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discipline. Developments that revolutionized diagnostic histopathology, which was in the
earlier years based on morphology, histochemistry and ultra structure only, have,
although advancing accuracy, compounded the practice of the specialty.

These

developments include amongst others immunohistochemistry, histomorphometry and
molecular pathology.

Fruitful research cooperation with a more recently qualified

colleague, Prof WFP Van Heerden, made my transition to molecular techniques easier. A
fair representation of these techniques as well as many papers co-authored by Prof van
Heerden are included in the list of publications submitted.

The morphology of normal tissues in and around the oral cavity is influenced by a
multitude of local and systemic disease states. Through my diagnostic histopathologic
service-rendering program that is focused on the orofacial region, a thorough
understanding of the morphology of normal tissue types as well as localized- and
systemic diseases afflicting this complex anatomical region has developed. The hardest
tissue type and most difficult to prepare from an analytical point of view, namely teeth,
are found in this region.

Unlike most other laboratories dealing with microscopic

techniques, those serving Oral Pathology departments are generally well acquainted with
the preparation of mineralized tissue samples for analytical purposes. I am furthermore
fortunate (from a researchers point of view) to be involved in the diagnosis of advanced
pathology that is the result of patient ignorance and neglect, rendering our material the
envy of many Oral Pathologists internationally.

My wife, who qualified as a

Dentomaxillofacial Radiologist joined our institution, and her enthusiasm for her subject
resulted in several collaborative studies encompassing histopathology and radiology.
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SUMMARY

This presentation consists of 50 selected publications that appeared

In

national and

international peer reviewed journals over the past 19 years (1984 - 2003).
presentations are summarized under the following headings:

The

Studies on multiple

myeloma; Studies on mineralized tissues: Bone and teeth; Salivary glands: Normal
structure and neoplastic proliferations and Diagnostic interpretation of jaw tumors and
cysts.

Studies on multiple myeloma
In this section 7 publications are presented. The publications reported on the solitary
tumorous orofacial presentation of multiple myeloma, ultrastructural appearance of
neoplastic plasma cells as well as myeloma- associated amyloidogenesis with particular
reference to deposits in the tongue. A theory on the cytogenesis of the distended
endoplasmic reticulum in a case of non-secretory myeloma is presented.

A unique study

on salivary immunoglobulin concentrations in myeloma patients concludes this section.

Studies on mineralized tissues: Bone and teeth
Fourteen publications are presented in this section, four of which deal with static and
dynamic histomorphometric studies on metabolic diseases of bone. The four publications
include a review article on the histopathologic changes in metabolic bone disease states.
In a series of cases of rickets a sub classification with therapeutic implications was
proposed.

Three publications reported on aspects of biochemical analyses of human

Vlll

dentin. In the first study two new amino acids were discovered in dentin. The other two
publications recorded the inorganic composition of opaque and translucent dentin and
inorganic composition of tubular and inter tubular areas in dentin respectively. The last
seven publications of this section deal with elephant ivory. Geographic variations in the
composition ivory were established as well as a theory on the histogenesis of the unique
chequered pattern thereof presented. Two manuscripts recorded the early development of
the tush (or deciduous tusk) and tusk as well as tusklesness, and a theory on the latter
phenomenon is presented.

The morphology of the tush was established and one

publication highlighted the importance of tusklessness as an indicator for the effect of
ivory harvesting on the ivory bearing genome.

The last publication demonstrated the

value of trace elements in sourcing the origin of ivory.

Salivary glands: Normal structure and neoplastic proliferations

In this section, ten publications are presented. Embryology, functions and proliferative
aspects of myoepithelial cells were analyzed in an invited review and aspects thereof
emphasized in a manuscript which focused on salivary gland myoepithelium. A paper is
presented on the structure of the salivary gland and composition of the saliva of the
elephant.

In a scanning electron microscopic study, aspects of the distribution of

myoepithelium in the elephant salivary glands were reported.

The remaining six

publications deal with diagnostic aspects of series and case studies of salivary gland
neoplasms in humans.

lX

Diagnostic interpretation of jaw tumors and cysts
Nineteen publications are presented in this section. The uniqueness of most publications
lies in the population sample studied . Most series on jaw tumors and cysts recorded
internationally are on population samples in the northern hemisphere.

Except for two

publications that reported on jaw pathology recorded in Germany, all manuscripts in this
section deal with pathology in a black South African population sample. Most studies
analyzed histopathologic and radiological features of jaw tumors and emphasized the late
manifestations thereof. A rare syndrome involving the development of enamel, absence
of teeth and tumorous fibrous proliferations in the jaw was described and a molecular
study identified a viral infection in an odontogenic tumor.

x

OPSOMMING

Hierdie voorlegging bestaan uit 50 geselekteerde publikasies wat in nasionale en
intemasionale wetenskaplike joemale oor die afgelope 19 jaar (1984 - 2003) gepubliseer
was.

Die voorlegging word opgesom onder die volgende hoofde:

veelvuldige mrelomatose;
Speekselkliere:

Studies van

Studies van gemineraliseerde weefsels: Been en tande;

Normale struktuur en neoplastiese proliferasies;

Diagnostiese

interpretasie van kakebeen tumore en siste.

Studies van veelvuldige m·ielomatose
Sewe publikasies word in hierdie seksie aangebied.

Hierdie publikasies beskryf die

solitere orofasiale kliniese presentasie van mleloom, ultrastrukturele voorkoms van
neoplastiese plasmaselle en mleloom geassosieerde amiloidose met spesifieke verwysing
na die tong. 'n Teorie oor die sitogenese van die uitgesette endoplasmiese retikulum in ' n
geval van nie- sekreterende mieloom word ingesluit. 'n Unieke studie wat handel oor die
speeksel immunoglobulien inhoud van mleloom pasiente sluit hierdie seksie af.

Studies van gemineraliseerde weefsel: Been en tande
Veertien publikasies word in hierdie seksie aangebied waarvan vier oor statiese en
dinamiese histomorfometriese analieses van been handel.

Hierdie vier pub1ikasies sluit

'n oorsigsartikel oor die histologiese veranderinge van metaboliese been siektes in. In 'n
reeks pasiente met ragitis word 'n histologiese subklassifikasie, wat terapeutiese waarde
het, voorgeste1.

Drie publikasies handel oor aspekte van die biochemiese samesteUing

Xl

van menslike dentien.

In die eerste hiervan word twee nuwe amino sure vir die eerste

keer in dentien aangetoon.

Die ander twee publikasies handle oor analieses van die

anorgaruese samestelling van opaak en deursigtige dentien asook die verskille in die
anorgaruese samestelling van tubulere en intertubulere dentien.
publikasies in die seksie het betrekking op olifant ivoor.

Die laaste sewe

Geografiese variasies in die

samestelling van ivoor asook 'n teorie oor die histogenese van die unieke patroon in
olifant ivoor word bespreek in twee voorJeggings.

'n Verdere twee artikels handel oor

die vroee ontwikkeling van die primere en permanente ivoortand asook tandloosheid en
'n teorie oor laasgenoemde verskynsel word aangebied. Die morfologie van die primere
ivoortand word vasgestel en in een publikasie word bespiegel oor die invloed van ivoor
jag op die genoom van die Afrika olifant. Die laaste artikel in hierdie seksie toon die
waarde van spoorelementele analieses in die bepaling van die oorsprong van ivoor van
die Afrika olifant.

Speekselkliere: Normale struktuur en neoplastiese proliferasies

In hierdie seksie word tien publikasies aangebied.

Die embriologie, funksies asook

proliferatiewe aspekte van die mioepiteelsel word ondersoek in 'n genooide oorsigsartikel
en verdere aspekte daarvan word beklemtoon in 'n artikel wat fokus op mioepiteelselle in
speekselkliere. Die struktuur van die parotis speekselklier asook die samestelling van die
speeksel van die olifant word aangebied. In 'n aftaselektronrnikroskopiese studie word
aspekte van die distribusie van mioepiteelselle in die speekselkliere van olifante
bespreek. Die laaste ses publikasies in hierdie seksie handel oor diagnostiese aspekte van
speekselklier tumore in mense.

Xli

Diagnostiese interpretasie van kakebeen tumore en siste
Negentien publikasies word aangebied in die seksie.

Hierdie studies is uitsonderlik

daarin dat almal, met die uitsondering van twee, gevorderde kaakpatologie in swart Suid
Afrikaanse pasiente rapporteer. Die meeste publikasies analieseer die histopatologiese en
radiologiese kenmerke van kaaktumore en presenter die laat manifestasies daarvan . ' n
Raar sindroom, wat die ontwikkeling van emalje, afwesigheid van tande en tumureuse
bindweefsel vergroeisels insluit word beskryf en 'n molekulere studie rapporteer ' n virus
infeksie in ' n odontogene tumor.
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1. STUDIES ON MULTIPLE MYELOMA

Declaration
Seven studies are submitted in this division, six of which (2 -7) were initiated by myself
and one by the late Professor 1 Dauth (1). I was responsible as fifth author in the first
study (1) for the microscopic analyses and relevant discussion only. In the second study
(2), I collected the data and performed the evaluation of the light microscopic and
ultrastructural features and prepared the manuscript, Dauth and de Coning did the
biochemistry, 10rdaan performed the biopsy and du Toit did the autopsy. I prepared the
manuscript in study (3) and Lello and Fayman took the biopsies and assisted with the
writing of the paragraph on the surgical management of the cases. Dauth, Dvornak and
Senekal performed the biochemical analyses and provided inputs on the evaluation
thereof

The ultrastructural interpretation in study (4) was done by myself, Dauth

assisted with the biochemical interpretation and van Wilpe performed the electron
nucroscopy.

Study (5) was written edited by me, Dauth provided inputs on the

biochemical- and Pretorius the clinical manifestations of the cases. I collected the data
and prepared the manuscripts in studies (6) and (7). In both, Dauth contributed to the
biochemical analyses of the cases whereas in study (7) van Heerden performed the
statistical analysis and van der Walt performed the salivary immunodiffusion analytic
technique.

2

Abstract
The orofacial manifestations of multiple myeloma in an African population sample had
never been reported in the literature.

Study (1) stimulated the authors interest in the

unique and up to that stage unreported tumorous orofacial manifestation of multiple
myeloma.

Another two patients with the same orofacial features were subsequently

recorded in study (3) and the principles in the management thereof established.

The

structural crystalline inclusions in the nuclei of the neoplastic plasma cells in study (2)
formed the basis of an ultrastructural investigation of 10 cases of multiple myeloma
presented in study (4). Ultrastructural diagnostic features, which characterize neoplastic
plasma

cells,

were

described

including

nuclear-cytoplasmic

asynchrony

and

erythrophagocytosis. Distention of the rough endoplasmic reticulum with accumulation
of colloid was shown in the plasma cells of a non-secretor myeloma in study (5) and a
hypothesis on the pathogenesis thereof presented.

Amyloidosis, a complication of

multiple myeloma, was investigated with light- and electron microscopic techniques in
tongue biopsies of 30 patients suffering multiple myeloma (6). The findings established
the tongue as a common site for amyloidogenesis. It was not possible to show a positive
correlation between the percentage of plasma cells in bone marrow aspirates or the
presence of urinary light chains and amyloidogenesis in multiple myeloma. Study (6) did
not support the reported higher amyloidogenic potential of lambda light chains. Study (7)
compared immunoglobulin concentrations in mixed saliva and blood of 24 myeloma
patients (the largest series on immunoglobulin related proteins in saliva of myeloma
patients reported).

The authors failed to confirm depressed salivary immunoglobulin

concentrations despite circulatory humoral immunoparesis.

This study added an

3
interesting

parameter

to

the

debate

on

multiple

myeloma

induced

selective

immunoparesis and partially explains the paucity of opportunistic oral infections in
patients suffering this disease.

2. STUDIES ON MINERALIZED TISSUES: BONE AND TEETH

Declaration
Fourteen publications are submitted in this section all of which were initiated and
planned by myself. In study (8) Dauth and I wrote the manuscript, De Villiers prepared
the graphics and Potgieter provided the clinical data and radiographs. Van Heerden and I
prepared the manuscript of study (9) and Potgieter and Golele provided clinical
information and radiographs. I analyzed the data and prepared the manuscripts in studies
(10) and (11) .

In studies (12), (13) and (14) Nkhumeleni prepared the specimen for

analyses and executed the literature reviews and Dauth, Van Heerden and myself
analyzed the data and wrote the manuscripts. Smith performed and Pitout interpreted the
amino acid analyses in study (12) and Turner and Dreyer performed the inorganic
analyses in study (13) and Turner in study (14) respectively. I prepared the manuscript in
study (15), Rama and Dreyer performed the inorganic analyses, Dauth assisted with the
interpretation thereof and Brown and Smith interpreted and performed the orgaruc
analyses respectively. I wrote the manuscripts of studies (16), (17) and (18) . Studies
(15) and (16) are based on my PhD thesis. Bosman and Noffke edited the manuscript of
study (16) and Vorster prepared the micrographs. The results of study (19) were partially
used by Van Niekerk for the dissertation of his masters degree.

Van Heerden, Van

Niekerk and myself prepared the publication, De Vos provided the material and Turner

4
executed the ultra structural examination.

I prepared the manuscript of study 20 and

provided the material for study 21. I assisted with the writing of the latter manuscript.

Abstract
Technical difficulties encountered during the preparation of specimen of mineralized
bone and teeth for analytical purposes are responsible for the paucity in the literature on
the morphology, composition and metabolic induced changes affecting these tissue types.
The abundance of material available to the author prompted this research program. Study
(8) served as an introduction to the techniques employed in dynamic labeling of bone and
the histomorphometric measurement thereof

After demonstrating that it was indeed

possible to monitor osteoblastic-, osteoclastic- and mineralization activities in bone
accurately, a histomorphometric diagnostic service was introduced. Study (9) emanated
from service rendering in this field and established the value of histomorphometry in the
diagnoses and management of rickets. Based on histomorphometric findings, rickets was
devided in hypertrophic- and atrophic types, with specific diagnostic and prognostic
implications.

Study (10) propagated the use of histomorphometry in the diagnoses and

monitoring of the responses to therapy of other metabolic bone disease states. A need for
a reVIew on the histopathologic changes in metabolic bone diseases arose which
prompted study (11).

This review was presented as invited guest speaker at the lOth

International Association of Oral Pathology meeting in Guatemala, 2000.

Analytical studies on human teeth were initiated concomitantly.

The ammo acid

composition of dentin was investigated in study (12) and two amino acids, identified for

5
the first time in human dentin, were recorded. In study (13) it was shown that there is a
significant difference in the magnesium, fluoride and zinc contents between opaque and
translucent dentin.

Study (14) proved higher levels of mineralization of the tissue that

occlude dentinal tubules than that between the tubules in translucent human dentine.

The potential of determining the geographic ongm of elephant ivory (dentin) on the
inorganic composition thereof was illustrated with the aid of atomic absorption
spectrometry, inductively coupled plasma optical emission spectroscopy and ion selective
electrodes in study (15). The histology of elephant ivory was described in study (16) and
a theory on the histogenesis of the unique chequered pattern proposed. Studies (17) and
(18) are detailed histologic descriptions of the intrauterine development of the tush
(deciduous tusk) and tusk of the elephant. The analyses of data obtained on elephant
tusklessness in the Kruger Park resulted in study (18), which proposed an explanation for
differences reported in the incidence rates of tusklessness amongst different elephant
populations in Africa.

In study (19) the morphologic characteristics of the tush were

recorded for the first time in the scientific literature. Study (20) demonstrated the weak
tusks of the Kaokoveld elephant to be the result of a probable vitamin C deficiency. This
hypothesis was based on the low level of hydrolyzed lysine found in Koakoveld ivory.
Results obtained through nuclear microprobe analyses for trace elements in ivory
validated the potential use of this technique for the determination of the geographic origin
of ivory (21).
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3.

STUDIES ON SALIVARY GLANDS: NORMAL STRUCTURE AND

NEOPLASTIC PROLIFERATIONS

Declaration
Ten publications are submitted in this section.

Studies (22) to (25) and (30) were

initiated and designed by me and studies (27) to (29) and (31) by Van Heerden.

I

collected the material, interpreted the light- and electron micrographs and prepared the
manuscripts of studies (22) and (23).
specimen analyzed in study (22).

All authors were involved in the collection of

Dreyer performed the biochemical analyses, Dauth

assisted with the interpretation thereof and I prepared the manuscript. In study (25) I
collected the material and prepared the manuscript with Van Niekerk, who also
performed the electron microscopy. Thein provided some of the cases in study (26) and
Van Heerden and I reviewed the microscopic sections and prepared the manuscript. In
studies (27), (28) and (29) I participated in the analyses of the data and preparation of the
manuscripts.

Van Heerden and I prepared the manuscript of study (30) whereas I

contributed to the material and participated in editing the manuscript of study (31).

Abstract
Study (22) followed on an invitation from the editor of Critical Reviews in Clinical
Laboratory Sciences to prepare a review article on the myoepithelial cell.

The

manuscript was written at a stage when developments pertaining to myoepithelial cells

7
revolutionized the understanding of their involvement in pathologic processes.

The

manuscript was illustrated with, amongst others, micrographs of tissues collected from
exocrine glands of the African elephant and buffalo.

Study (23) focused on salivary

myoepithelium and their differentiation in neoplasms of salivary gland origin.

The structure of the homocrine seromucIOous parotid salivary gland of the Mrican
elephant and the composition of its saliva was established in study (24) .

Unique

biochemical characteristics of elephant saliva, the first time reported on, include the
absence of amylase and elevated concentrations of potassium, urea, calcium and
phosphorus.

In study (25) the influence of secretory pressure on myoepithelial

development in the salivary system of the elephant was illustrated with the aid of
scanning electronmicroscopy after enzymatic digestion of the basement membranes of
the secretory apparatus.

Studies (26) to (31) investigated aspects of salivary gland neoplasia. In study (26) a
polymorphous low grade adenocarcinoma with tyrosine crystalloids had been reported,
refuting the claim that these deposits are unique to benign mixed tumors of salivary gland
ongIO.

The overlapping AgNOR count between various salivary gland neoplasms

demonstrated in study (27) mitigated against the use of this technique as an absolute
criterion in the diagnosis of this group of neoplasms.

The largest series on intraoral

salivary gland neoplasms reported in an Mrican population sample at the date of
publication appears under study (28).

This study showed significant differences in the

pattern and pathology of intraoral salivary gland neoplasms when compared with findings
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in studies performed at other geographic locations. In a study encompassing DNA flow
cytometry and AgNOR staining (29) a statistically insignificant but positive correlation
was found between these techniques.

The AgNOR technique, which is fast and cost

effective, was recommended above flow cytometry to deternline the proliferative
activities of tissue of salivary gland neoplasms imbedded in wax .

During the early nineties new approaches to the diagnosis and classification of salivary
gland neoplasms created confusion. This precipitated study (30) that attempted to clarifY
misconceptions and establish uniform diagnostic principles.

In study (31) the clinico

pathologic features, immunohistochemistry and DNA ploidy status of a series of intraoral
salivary duct carcinomas were reported.

The tumors were found to be composed

predominantly of ductal cells with prominent cytokeratin expression and the majority was
found to be aneuploid . The value of the ploidy status in determining the prognosis of
salivary duct carcinomas will however require a follow-up study of the patients
presented.

4. DIAGNOSTIC INTERPRETATION OF JAW TUMORS AND CYSTS

Declaration
Studies (32), (34), (37), (38), (41), (46), and (48) were initiated and planned by me. In
study (30) Van Heerden and I prepared the manuscript, Turner performed the sections for
microscopic analyses and Mare provided the material. I was involved in the evaluation
of the cases and preparation of the manuscript in study (33) and Weir and Kreidler
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provided clinical data and radiographs.

In study (34) Van Heerden assisted me in

analyzing the data and preparing the manuscript whereas Seeliger interpreted the
radiographs and Dreyer provided clinical data and treated the case. I contributed towards
the preparation of the manuscripts in studies (35) and (36) and collected data and
prepared the manuscript of study (37). Noffke interpreted the radiographs in the latter
study.

Van Heerden and myself analyzed the data and prepared the manuscripts in

studies (38) and (39), Sitzman and Heymer provided clinical data and Turner performed
the microscopic techniques. I participated in the analyses of the data and the preparation
of the manuscript in study (40). Van Heerden and I analyzed the data and prepared the
manuscript in study (41) and Kreidler provided the clinical information and radiographs.
I translated the manuscripts of studies (42) and (43) from German into English and
together with Van Heerden analyzed the pathological specimen and edited the final
versions of both manuscripts. I participated in the analyses of the data and preparation of
the manuscript in study (44).

My role in study (45) was limited to the microscopic

analyses of the case. Van Heerden and I analyzed the microscopic slides and prepared
the manuscript in study (46) and Noffke interpreted the radiographs. I participated in the
microscopic analyses and preparation of the manuscript in study (47). The microscopic
appearances of the tumors in studies (48) and (49) were analyzed by me, Lello provided
the clinical data in study (48), Noffke performed the radiographic analyses in study (49)
and all the authors contributed to the preparation of the manuscripts.

I did the

microscopic examination and assisted in the preparation of the manuscript in study (50).
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Abstract
Descriptions of odontogenic tumors in large mammals are unusual. Study (32) described
the features of an odontoma in the mandible of an Mrican elephant. The tumor was at
the stage of publication the largest odontoma reported in the literature.

Studies (33) and (35) described the c1inico-pathologic features of extremely large
examples of ossifying fibroma and adenomatoid odontogenic tumor respectively.

In

study (33) a shift towards a greater fibrous tissue component at the expense of bone as
well as an increased incidence of aneurysmal bone cyst formation in large ossifying
fibromas were demonstrated. The large adenomatoid odontogenic tumors in study (34)
proved unrestricted growth potential, thereby negating the hypothesis that they are
hamartomatous rather than neoplastic in nature.

Studies (35), (36) and (37) described hitherto unreported syndromes, which exhibit
multiple hamartomatous odontogenic fibroma-like proliferations.

Studies (35) and (37)

demonstrated the unique association between multiple unerupted teeth,
malformation and central odontogenic fibroma-like lesions.

enamel

At the time of reporting,

study (38) represented the fourth case of true peripheral dentinogenic ghost cell tumour
reported in the English literature.

Studies (39) and (40) analyzed the c1inico-pathologic features of glandular odontogenic
cysts.

Electron microscopy employed in study (39) showed a process morphologically

similar to apoptosis in the epithelial lining of these cysts. Study (40) analyzed nine cases
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of glandular odontogenic cyst, bringing the total number reported in the literature to 54.
This study represents the most detailed radiological description of these cysts thus far and
proposes a histopathologic overlap with the central type mucoepidermoid carcinoma.

Studies (41), (42) and (43) reported on the classification, differential diagnosis of
dentigerous-like cysts and relative frequencies of cysts-like lesions affecting the
jawbones. In study (41) new developments in the classification of odontogenic cysts of
the jaws were reported . Pitfalls in the clinical diagnosis of dentigerous cyst-like lesions
were highlighted in study (42).

It was demonstrated that a significant percentage of

lesions with a dentigerous appearance were in fact unicystic ameloblastomas or
odontogenic keratocysts. This study emphasized the need for microscopic examination in
order to establish an accurate diagnosis. In the extensive review of jaw cyst-like lesions
in a German population sample (43), the presentation of unicystic amelob1astomas in a
significantly higher age category than is generally reported, was demonstrated.

The

relative frequencies of jaw cysts in this population sample differ in many respects from
our expenence.

Ameloblastomas were analyzed in studies (44), (45) and (46). A retrospective study of
30 unicystic ameloblastomas (44) revealed their aggressive behavior as well as a need for
thorough microscopic examination of the cyst wall in order to determine the extent of
surgical removal. HPV type 18 DNA was found in a verrucous lesion within the lining of
a locule in a polycystic ameloblastoma in study (45). Identification of the virus, which
was considered to represent a secondary infection, was the first description of its kind in

12
an ameloblastoma.

A detailed microscopic investigation of a senes of 108

ameloblastomas (46) demonstrated clinico-pathological diversity in a significant number
of tumors. The association of ameloblastomas with adenomatoid odontogenic tumor-like
proliferations, ameloblastic fibroma- like areas, melanocytes, mucous- and squamous cell
metaplasia and stromal desmoplasia amongst others were reported.

Study (47) reviewed the literature and reported a case of calcifYing epithelial odontogenic
tumor with intracranial extension.

This study demonstrated the serious complications

following neglect of a benign maxillary odontogenic neoplasm.

Studies (48) and (49)

highlighted the potential pitfalls in the diagnosis of low-grade osteosarcomas and extra
nodal Hodgkins lymphomas of the jaws respectively. Study (50) reported on a rare case
of tumoral calcinosis involving the temporomandibular joint, emphasizing the differential
diagnosis thereof.
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Unusual presentation of multiple
myeloma
A report of 2 cases
J. DAUTH,

J. P. DE CONING,

W. M. POLITZER,

Summary
The diagnosis of multiple myeloma (overt plasma cell
dyscrasia) is usually not considered in patients under
30 years of age. Furthermore, multiple myeloma with
coexistent megaloblafitic and iron deficiency anaemia
is very uncommon. Within 6 months we encountered 2
patients under 30 years of age who had multiple
myeloma, one with advanced secondary amyloidosis
and the other with severe megaloblastic and iron
deficiency anaemia.

T. ROBERTSON,

E. J. RAUBENHEIM ER

Radiograp hic studies showed destruction of T7 and lytic
lesions in the right parietal area of the skull, the posterior part of
the right sixth rib and right ischium and. pubis. There was also
erosion of the anterior surface of L4. In view of the radiographic
findings the following differential diagnoses were considered:
lymphoma with bony and soft-tissue infiltration, multiple
myeloma and histiocytosis X. The relevant biochemical and
haematological findings are shown in Tables I and II respec
tively.
Serum protein electrophoresis showed a faint monoclonal
peak in the early 'Y area with normal IgG, IgA and IgM levels:
Bence Jones protein was present in the urine . The serum and
urine immuno~electrophoretic patterns are shown in Fig. 2. JgG,

S AfrMedJ 1984: 65: 968 · 971.

TABLE I. RELEVANT BIOCHEMICAL FINDINGS IN CASE 1

At the time of diagnosis of multip le myeloma the mean age of
patients is reported to be 62 years. ' Less than 2% of patients with
multiple myeloma are below the age of 40 years, and very few
well-documented cases in patients below the age of30 years have
been reported.2
The pathological features of multiple myeloma or overt
plasma cell dyscrasia include the following :3 (I) local or wide
spread proliferation of B-type lymp hocytes; (iz) excessive pro
duction of one of the monoclonal types of immunoglobulin or its
subunits, viz. heavy or light chains; and (iiz) often decreased
production of normal immunoglobulins. These factors have to
be considered in the diagnosis of multiple myeloma or overt
plasma cell dyscrasia when an abnormal band is detected on
serum protein electrophoresis. Special investigations such as
bone marrow aspiration, biopsy, comprehensive radiographic
skeletal studies and relevant biochemical determinations on
blood and urine samples will then establish the diagnosis.

Case reports

Patient's values

Normal ranges

Serum
Urea (mmolll)
Creatinine (ILmol/l)
Uric acid (mmol/I)
Total protein (gil)
Albumin (gil)
Magnesium (mmol/I)
Total calcium (mmol/I)
IgG (gil)
IgA (gil)
IgM (gil)

4,1
70
0,42
67
38
0,65
1,94
12,0
1,2
0,75

2,5·6,7
53·97
0,1 ·0,5
60·80
26·52
0,75·1,25
2,25·2,70
.6,4 • 13,5
0,7·3,12
0,56·3,5

Urine
Total protein (gil)

42

TABLE II. RELEVANT HAEMATOLOGICAL FINDINGS IN
CASE 1

Case 1
A 25-year-old Black man (Fig . I) was referred from a rural
hospital complaining of having had painless swellings below the
tongue and over both parotid glands for 'many years'. On
examination bilateral enlargement of the parotid and subman
dibular salivary glands and submental lymph nodes was noted.
The tongue was hard and enlarged with limited mobility, and an
epulis was present in the anterior mandibular sulcus.

Departments of Chemical Pathology, Haematology and Oral
Pathology and Oral Biology, Medical University of Southern
Africa andGa-Rankuwa Hospital, Pretoria

J. DAUTH, M.B. CHB, M.MED (PATH.), D.P.H .• D.I.H .
J. P. DE CONING, BSC
W. M. POLITZER, M.D. (PRAG UE)
T. ROBERTSON, A.I.M.L.S., M.T.
E. J. RA UBENHEIMER, BCH .D, M.CH. D.

< 0,08

WBC
RBC
Hb (g/dl)
MCV(fI)
MCH (pg)
Differential count (%)
Polymorphs
Lymphocytes
Monocytes
Platelets
Reticulocytes (%)
ESR (mm/h)

Patient's values

Normal ranges
(males)

7,8x10 9 11
4,2x 10'2 11
12,2
91 ,0
29,0

7,5 ± 3,5 x 109 11
5,8 ± 1,Ox 10'211
16,4±2,5
85,0±8,0
29,5 ±2,5

40
58
2

40·75
20·45
2·10

365x10 9 11
4,0
45 (Wintrobe)

150 - 400x 109 /1
0-2
0 - 20

WBe = total white ce ll count; ABC = red ce ll count; Hb :::: haemoglobin concentration;
MeV = mean corpuscu lar volume; MCH = mean corpuscular haemoglobin: ESR =
erythrocyte sedimen tation rate.'
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Fig. 1. Patient 1 -

frontal and lateral views showing enlargement of the parotid and submandibular salivary glands.

IgA and IgM as well as K and A light chains were present in the
serum, while immuno-electrophoresis of the urine showed the
presence of K chains identical to those in the serum and also a
smaller number of A chains.
Microscopic examination of both bone marrow aspirate and a
biopsy specimen showed a 40% diffuse infiltrate of pleomorphic
plasmacytoid cells. Immunoperoxidase staining (Immunolok
Histoset, Immunolok Inc.; Carpinteria, USA) of bone marrow
3ettions showed the presence of K light chains in the cytoplasm of
. :he plasma cells.
The tongue, parotid gland and intra-oral epulis showed
extensive deposits of amyloid, this reacting positively with
methyl violet and Congo red stains. Numerous dilated capillaries
and patchy infiltrates of foamy histiocytes and giant cells were
present in the deposits .
On the basis of the radiological, haematological and bio
chemical findings the. diagnosis of multiple myeloma with
secondary amyloidosis was made and a course of chemotherapy
was instituted.

Case 2
A 26-year-old Black male patient was seen in the casualty
. department of Ga-Rankuwa Hospital, Pretoria, in a comatose
condition with generalized oedema. Since 1981 he had been
treated at an outside clinic with thioridazine hydrochloride for
a 'psychiatric condition' . On examination the patient responded
to pain only. The pulse rate was 1OO/min and the blood pressure
was 90/50 mmHg. The patient had deep, sighing breathing with
bilateral rhonchi. Multiple petechial haemorrhages were present
all over the body. The patient was then admitted to the intensive
care unit.

A full blood count revealed severe macrocytic normochromic
anaemia and a leuco-erythroblastic reaction, and blood gas
analysis showed the presence of metabolic acidosis (Tables III
and IV). On the basis of the haematological findings bone
marrow aspiration was performed before packed red blood cells

TABLE III. RELEVANT HAEMATOLOGICAL FINDINGS IN
CASE 2
Patient's values
WBC

6,1 x10 9 /1
7,5±3,5x109 /1
(corrected)
0,43x 10'2/1
5,B±1,Ox10'2/1
. 16,4±2,6
1,9
156
B5±B
46
29,5±2,5

RBC
Hb (g/dl)
MCV (II)
MCH (pg)
Differential count (%)
Polymorphs
Lymphocytes
Monocytes
Eosinophils
Promyelocytes
Myelocytes
Metamyelocytes
NRBC/100 WBC
Megaloblasts present
Platelets
Reticulocytes (%)
NR8C / 100 W8C

Normal ranges
(males)

60
26
1
1

40
20
1
1

-

75
45
10
6

5
2
2
1B
10x 10 9 /1
1,5

= nucleated red blood cell s/ 100 WBC.

150 - 400x 10 9 /1
0-2
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ELECTROPHORETIC PATTERNS
SPE:

1

1

IEP:

UPE:

1
1
Fig. 2. Serum and urine electrophoretic patterns (SPE and UPE respectively) as well as densitrometric scans 01 case 1
appear on the lell. The peaks (arrows) reflect albumin. On the right, immuno-electrophoretic membranes on both
serum (top) and urine (bottom) are shown. In both cases the patients' specimens were put in the wells with even
numbers, while control serum was used in the unevenly numbered wells. Antisera were placed in the troughs as
lollo~s: A = polyvalent; B = anti-lgG; C = anti-lgA; D = anti-lgM; E= anti-K; F = anti-A .

TABLE IV. BIOCHEMICAL FINDINGS AVAILABLE IN CASE 2
Serum
Urea (mmolll)
Creatinine (,",molll)
Arterial blood
pH
Pco, (kPa)
Po, (kPa)
HC0 3 (mmolll)
Total CO, (mmolll)
Base excess
(mmolll)
0, saturation (%)
IgG (gil)
IgA(gll)
IgM (gil)

Patient's values

Normal ranges

11,4
172

2,5 - 6,7
53 - 97

7,45
2,09
10,09
10,9
11,3
-12,0
94,5
58,4
0,17
0,47

7,35
4,67
10,00
20
24,5

-

7,45
6,00
13,33
26
30,0

-3,0 - +1,0
96 - 100
6,4 - 13,5
0,7 - 3,12
0,56 - 3,5

were transfused. Despite treatment for cardiac failure and
pulmonary oedema the patient never regained consciousness and
died within a few hours. Consent for performance of an autopsy
could not be obtained.
The bone marrow showed marked hypercellularity without
stainable iron and decreased erythropoiesis and granulopoiesis.
The majority of the red cell precursors were megaloblastic and
there was a 50% plasma cell infiltrate . On account of the bone

marrow findings the small amount of serum available was used
for serum protein electrophoresis. An abnormal monoclonal
band was found in [he early I' area with immunoparesis. The
immunoglobulin levels are shown in Table IV. Immuno
electrophoresis of the serum showed the presence of IgG and K
light chains. The diagnosis of megaloblastic and iron deficienc"
anaemia with multiple myeloma was made.

Discussion
Case I demonstrated that serum protein electrophoresis has
certain pitfalls, since the faint monoclonal band could be
mistaken for an oligoclonal gammopathy.' Furthermore, there
was no immunoparesis and the age of the patient was far below
the expected mean age of 62 years. It was only after examination
of the urine for Bence Jones protein, radiographic studies and
bone marrow aspiration and biopsy that the diagnosis of multiple
myeloma could be made.
The amyloid deposits were suggestive of a pattern I distri
bution;3 this principally involves the tongue, gastro-intestinal
tract, skin, nerves, muscles and carpal ligaments and is frequently
seen in multiple myeloma-related amyloidosis. K light chains
were demonstrated in the plasma cells, serum and urine of this
patient. Isobe and Osserman s found A light chains in 50 patients
with pattern I amyloid distribution.
The demonstration of multiple myeloma in case 2 was
unexpected. A leuco-erythroblastic reaction is rare and is seen in
association with heavy infiltration of the bone marrow by
neoplastic disease, including multiple myeloma .6 The patient's
sudden death prevented us from establishing the cause of the

SA MEDIESE TYDSKRIF DEEL 65 16 JUNE 1984

megaloblastic anaemia. Larsson 7 has described the coexistence
of multiple myeloma and pernicious anaemia, and Di Bisceglie
and Hodkinson 8 have reported a similar occurrence in a Black
patient aged 72 years. However, our patient was not of that age
group. Hoffbrand el al. 9 described mild megaloblastic changes in
patients with myeloma due to vitamin B1 2 or folate deficiency,
but none of his patients showed 'florid megaloblastic changes
seen in severe megaloblastic anaemia'. Since our patient had
severe megaloblastic anaemia, he may have had a combined
deficiency.
In conclusion, the fact that 2 patients below the age of 30 years
with multiple myeloma were encountered within a period of 6
months suggests that this disease may occur at a much earlier age
in Black patients.
We are indebted to Drs J. M. C. Hoog and R. Meek and the
Audiovisual Department of MEDUNSA for assistance with these 2
cases.
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T umours of accessory parotid glands
Case reports
A. T. RICHARDS,

L. A. CHAIT,

R. B. SKUDOWITZ

Case reports

Summary
Tumours arising in accessory parotid glands are a
distinct entity and a pitfall for the unwary. The diagnosis
is made on the basis of clin ical examination and a high
index of suspicion is essential. Treatment is by wide
exposure and careful dissection because of the
relationship of the accessory parotid gland to the
facial nerve and parotid duel Four cases are described.
S AIr Med J 1984; 65; 971.- 972.

The accessory parotid gland is recognized as a distinct entity in
the Nomina AnalOmica. It can be described as salivary tissue
adjacent to the parotid duct (Stensen's duct) and separate from
the main body of the gland l to distinguish it from an anterior
fac.ial process, which is parotid tissue extending anteriorly from
the main gland but remaining in continuity with it.
Lesions arising in accessory parotid tissue are well described,
not all that uncommon, and very often misdiagnosed. During the
past 2 years we have treated 4 patients with such lesions .

All the lesions occurred in adult patients between the ages of 25
and 35 years; 2 patients were male and 2 female. The patients
presented with a mid-cheek, painless nodule about I - 2 cm in
diameter and lying deep to the skin just below the zygomatic
arch, and easily felt against the tensed masseter muscle. Sialo
graphy performed on 3 patients did not demonstrate a lesion.

Anatomy
In order to prevent damage to vital structures at operation it is
important to understand . the anatomy of the accessory parotid
gland. It always lies between the zygomatic (buccal) branch of
the facial nerve (above) and the parotid duct (below). One or
more fine ducts drain the accessory gland and enter the parotid
duct (Fig. I).

rotid gland
ccal branch of
facial nerve
ctopic salivary gland

Park Lane Clinic, Johannesburg
A. T. RICHARDS, M.B. B.CH., F.C.S. (SA), F.R.C.S, FAC. S
L. A. CHAIT, M.B. B CH , F.R .C.S.
R. B. SKUDOWITZ, M.B. B.CH., D.T .M. & H., F .E PAT H. (S. A.)

rotid duct

Fig. 1. Anatomical relations of the accessory parotid gland.
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MULTIPLE MYELOMA PRESENTING AS A SOLITARY EXPANSILE
MANDIBULAR TUMOR
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Johann B. Jordaan, M.Ch.D., M.F.O.S.,3 Lourens M. du Toit, M.B.Ch.4
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University of Southern Africa

Oral Manifestations of M.M.

In a radiographic and case record survey
of 59 cases, Bruce and Royer7 found : jaw
SUMMARY
involvement in 17 patients with M.M. A
more recent study showed that the incidence
A case of multiple myeloma of the mandi
ble presenting as a solitary expansile lesion of jaw involvement may even be higher. 8
Jaw lesions are more commonly found in the
is reported. Factors influencing the diagno
mandible7,9 and are associated with areas of
sis and prognosis of the disease are dis
hemopoiesis,
namely tpe premolar- and
cussed and a multidisciplinary approach to
molar regions and the ascending ramus. 7,9.IO
the diagnosis of suspected cases em
The typical radiographic appearance is
phasized. The unexpected finding ofcrystal
line inclusions in the nuclei of neoplastic that of multiple radiolucent lesions with
round, well defined, non-corticated bor
plasma cells demonstrated by ultrastruc
ders. t t Rarely, diffuse involvement of the
tural examination is considered.
jaws occur with a radiographic appearance
of osteoporosis. Root resorbtion of associ
INTRODUCTION
ated teeth is characteristically absentt2 and
Mutliple myeloma (M.M.) is charac- · mandibular lesions may be associated with
terized by a neoplastic proliferation of one pathologic fractures. '3 Common oral
or more clones of plasma cells. The disease symptoms include pain, swelling, numbness
occurs most frequently in the 6th and 7th of the jaw, mobility of teeth and soft tissue
decades of life 1,2 and the neoplastic plasma tumors. to Enlargement of the tongue and
cells synthesize monoclonal immunoglobu
salivary glands are the result of amyloid de
lins or subunits thereof (heavy or light posits.' 2
chains) which may be detected in serum
We report a case with multiple myeloma
even before lesions become clinically ap
of the mandible which presented as a soli
parenL I,3 If abnormal light chains are pro
tary expansile tumor.
duced they are excreted in urine as Bence
CASE PRESENTATION
Jones proteins, causing renal tubular dam
A
female
patient, 70 years of age, was
2
age and eventually renal failure. Additional
admitted
from
a rural hospital with a history
laboratory findings include normocytic
of
a
rapid
increasing
swelling and pares
normochromic anemia,2 raised erythrocyte
thesia of the lower jaw. She was in a poor
sedimentation rate (ESR), thrombocyto
penia4 and immunoparesis . 2 Furthermore, systemic condition with a hemoglobin value
excessive light chain production leads to of 6 g/dt for which whole blood infusion was
.
amyloid deposits in soft tissues and organs S administered.
A soft swelling was present over the lower
in 6-16% of patients with M.M.6
third of her face. (Fig. 1). A large indurated
tumor (10 x 6 cm) extended along the length
of the corpus of the mandible breaking the
'Professor, Department of Oral Pathology
'Associate Professor, Department of Chemical Pathology
lip seal and protruding extra-orally. Dis
'Professor, Department of Maxillo-Facial Surgery
placed
teeth and consequent traumatic ul
'Regis tar. Department of Anatomical Pathology
'Medical Natural Scientist, Department of Chemical Pathology
cerations were present on the mucosa
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Fig . 1: Clinical appearance of mandibular tumor.

SPE

overlying the tumor. The size of the lesion
made satisfactory radiographs difficult, but
a poorly defined osteolytic lesion with corti
cal expansion and destruction extending
from the 33 to 47 region was identified .
Teeth 44 and 45 were displaced without any
sign of root resorbtion. The differential
diagnoses of an ameloblastoma, osteogenic
sarcoma or metastatic deposit from an un
known primary malignancy were made. The
patient bled profusely from the tumor 2
weeks after admittance. Local hemostatic
measures and a further whole blood infusion
were needed to stabilize her condition.
Serum protein electrophoresis (SPE)
showed a paraprotein band in the inter-j3 
i¥2 area. With immunofixation (Beckman
Paragon™ I.F.E., Beckman Instruments,
Inc . Immuno Systems Operations Brea,
C.A.) this band proved to be a monoclonal
light chain of the A-type (Fig. 2) . Other stig
mata of multiple myeloma included impair-

1$10

IgA

11M

K

.\

Fig. 2: Serum protein electrophoretogram and dens
itometric scan (top) showing an abnormal band in the
inter f3 - "'2 region (arrow). Serum immunofixation (bottom)
demonstrates the presence of X-light chains ,

ment of renal function, normocytic normo
chromic anemia and a raised erythrocyte
sedimentation rate (ESR) (Table I). Unfor
tunately, urinalysis was not done after the
provisional diagnosis of Bence Jones
lambda light chain multiple myeloma had
been established due to the patient's sudden
exitus caused by acute renal failure.
Microscopic examination of the ante mor
tem biopsy of the tumor and post mortem
tissue removed from the mandible and sixth
rib showed extensive infiltration of imma
ture plasma cells (plasmablasts) (Fig. 3a).
There was a marked reduction of hemopoie
tic tissue and fat and immunoperoxidase
stains (Immunolok Histoset, Immunolok
Inc.; Carpinteria, USA) demonstrated the
presence of A-light chains in the cytoplasm
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Table 1
THE RELEVANT BIOCHEMICAL AND
HEMATOWGICAL FINDINGS IN THE PATIENT

SERUM
Total Protein (gle)
Albumin (gle)
Urea (m moVe)
Creatininellj.<moVe)

IgG

(gle)
JgA (gif)
JgM (glf)

HEMATOLOGY
WBC (x 1O'1f)
RBC (x 10"le) (Females)
Hb (gidf) (Females)
MCV (ft)
ESR (mmih WinlrObe) (Females)
Platelets (x 1O'1f)

PATIENT'S

REFERENCE

VALUES

RANGES

57

28
28,9
477

9,61
1,60
0,70

(60 - 80)
(26 - 52)
(2,5 - 6,7)
(53 - 97)
(6,4 - 13 ,5)
(0,7 - 3,12)
(0,56 - 3,50)

9,89

(7,5'" 3,5)

2,69

(4,8", 0,6)
(14,0'" 2.0)

8,9
90,0
64
338

(85 ,0 '" 8,0)
(0 - 20)
(150 - 400)

Fig. 3(a, terti : Photomicrograph showing infiltration of the bone ·
marrow by plasmablasts . (Hematoxylin and eosin stain. Mag
nification, x400)

of the plasma cells. Congo-red stains failed
to demonstrate amyloid deposits. In addi
tion to the expected features of plasma
blasts, electronmicroscopy showed intranu
clear inclusions in some cells. These inclu
sions were not membrane bound, had a
diameter of 400-700 nanometer(nm,) and a
lattice-like crystalline structure, (Fig. 3b).

DISCUSSION

The large, solitary expansile tumor of the
mandible and absence of immunoparesis are
not characteristic features of multiple
myeloma. On the other hand, the age of the
patient, 1,2 anemia with raised ESR,2 absence
of tooth resorbtion, 12 paresis of the jaw, I 0
hemorrhagic diathesis 6 and renal complica
tions I are features commonly found in pa
tients with M.M.
Anemia is present in 80% of cases and
correlates with the extent of plasma cell in
filtration in the bone marrow, eryth
rophagocytosis by myeloma cells, folate and

Fig. 3(b, right): Electronrnicrograph of a plasmacell nucleus
containing crystalline inclusions (arrows). (Magnification, x7
SOO.)

vitamin BIZ deficiency or chronic blood loss
due to a hemorrhagic diathesis. 2•6 ,13 Chronic
blood loss was probably responsible for the
low hemoglobin levels in our patient as eryth
rophagocytosis could not be demonstrated
microscopically and the extent of systemic
red bone marrow displacement was not suf~
ficient to account for her anemia. Fur
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thermore, a megaloblastic anemia, sec
ondary to Vitamin BIz or folate deficiency
was absent. The mechanisms by which
M.M. contribute to hemorrhagic disorders
are numerous and complex. It could be the
result of a thrombocytopenia secondary to
the oblit,eration of bone marrow, interaction
between myeloma proteins and coagulation
factors, improper platelet function due to
the "coating action" of the abnormal pro
teins or the hyperviscosity syndrome. 2 This
syndrome has been reported in a small per
centage of myelomas l4 and is the direct re
sult of the high concentration of circulating
immunoglobulin components. The in
creased viscosity of plasma may lead to an
increasep resistance to blood flow in capil
laries 2 which predisposes to hemorrhages
from the gingiva, mucous membranes of the
gastro-intestinal tract and sites of minor sur
gery or trauma. 4 The bleeding tendency in
our patient was not associated with a throm
bocyopenia or the hyperviscosity syndrome
as the platelet count and total serum protein
values were normal. Impaired platelet func
tion and interaction between coagulation
factors and abnormal circulating proteins
therefore seem to be the most likely cause of
our patient's hemorrhagic diathesis.
A multidisciplinary approach in the diag
nosis of M.M. is essential as biochemical,
radiographic and microscopic parameters
are not only useful in the diagnosis of sus
pected c~ses, but also provide valuable in
formatiop regardin~ classification, stage of
progression, complications and prognosis of
the disease. 2.15 ,16
Microscopically, a myelomatous infiltrate
is classified as either plasmacytic or plas
mablastic. 2 The former is characterized by
small, normal appearing plasma cells with a
low mitotic index and is associated with a
longer survival time. The plasmablastic type
shows infiltration by immature nucleolated
plasma cell precursors and has a less favour
able prognosis. 2.1 6 The diagnosis of M.M. on
bone marrow plasmacytosis alone is unreli
able as numerous other common conditions,
like chronic inflammation, malignancies un
related to plasma cells and autoimmune dis
eases often cause a plasma cell infiltrate in
excess of 50 volume percenL 17 ,18 However,
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periarterial and endosteal accumulations of
plasma cells, which are characteristic of
M.M,,16 were also present in our micro
scopic preparations. Concomitant hypo
plasia of haemopoietic tissue and increased
osseous remodelling are also more in favour
of a neoplastic lesion rather than reactive
bone marrow plasma cell infiltrate.!9 The
extent of the lytic bone lesions and degree of
plasmacytosis of uninvolved bone marrow
adds valuable information regarding the
stage of progression of disease.!6
Immunochemical typing is helpful in pre
dicting complications and prognoses of pa
tients with M.M. It has been shown that light
chain secreting myelomas are frequently as
sociated with amyloidosis 4,20-23 and that they
also have the highest mitotic rate. 2,24 Fur
thermore, the median survival time of pa
tients with A-light chain disease is reported
to be significantly less than in K-light chain
disease. 1,24 The plasmablastic cell type and
A-light chain secretory activity placed our
patient in a low prognostic category. This is
supported by the rapid deterioration of her
renal function which was the cause of death,
a complication often encountered in patients
with M.M.2s
The absence of macroglossia and our ina
bility to demonstrate amyloid histochemi
cally supports Smith's observation that
amyloid deposits of the tongue are not asso
ciated with M.M. of the jaws. 26 However,
Smith's conclusion may be incorrect as most
patients with amyloidosis present with sys
temic complications for which rectal, and
not tongue biopsies are performed.
Detailed reports on the ultrastructure of
plasma cells in M.M. have appeared in the
medicaF7-33 and dentaP4 literature. In addi
tion to the normal ultrastructural features of
plasma cells, 28 the cells in M.M. may exhibit
phagocytic vacuoles containing iron,33
erythrocytes 2o ,3o,33 platelets 3! and lympho
cytes. 30 Perinuclear microfilaments may be
responsible for cell mobility and phago
cytosisY Intracytoplasmic crystalline in
clusions in neoplastic plasma cells have
been studied extensively28,32 and based on
histochemical and ultrastructural features,
these cytoplasmic inclusions are fibrillar,
proteinaceous in nature and often sur
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rounded by a smooth limiting membrane. 32
Brilliant staining of the inclusions with acid
phosphatase- and glucoronidase techniques
suggest that they are essentially lysosomal in
nature .32 The origin of intranuclear inclu
sions, however, is poorly understood. 28 Ab
sence of a membrane surrounding the intra
nuclear inclusions in the case under study ,
negates the possibility of these being located
in cytoplasmic-nuclear invaginations . A
transmissible agent, probably a virus, was
isolated from multiple myelomas in mice,35
mink,36 and humans. 37 Passenger viruses,
finding optimal growth conditions in the
milieu of myeloma cells, have recently been
reported. 29 The latticelike structure of the
inclusions and the diameter of the individual
crystals in our case do not resemble the
shape and size of any known virus. It is
therefore possible that the inclusions repre
sents crystallization of a protein formed
within the nucleus of the neoplastic plasma
cells.
CONCLUSION

!

The presentation of the myelomatous
tumour as a large, solitary expansile jaw le
sion adds an interesting aspect to the re
ported clinical features of M.M. A multidis
ciplinary approach , including biochemical
and microscopical parameters is helpful in
the diagnosis,prediction of complications
and determination of the prognosis. Fur
thermore, intranuclear crystalline inclu
sions , as seen in this case, are probably ac
cumulations of unknown proteins in the nu
clei of the neoplastic plasmacells. This
phenonemon requires further ultrastructural
and biochemical investigation.

Reprints: Professor E.J. Raubenheimer
Department of Oral Pathology and Oral
Biology Medical University of Southern
Africa, P.O. Medunsa 0204, Republic of
South Africa .
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Multiple myeloma presenting as
localized expansile jaw tumour
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E. 1. Raubenheimer, G. E. Lel/o , 1. Dauth , M. S. Fayman, N. Dvornak and J. C.
S enekal: Multiple myeloma presenting as localized expansile jaw tumour. Int. 1. Oral
Maxillo/ac. Surg. 1988, 17. 382-385

Abstract. Myelomatous involvement of the maxilla is an exceptionally rare occur
rence, and the presentation of the lesion as an expansile jaw bone tumour has not
been reported. 2 cases, one with a maxillary lesion, the other with a mandibular
lesion are presented, both of which illustrate gross bone expansions. Additionally,
I case presented with a rare biclonal TgG kappa and IgG lambda light chain
secreting myeloma. Relevant clinical , immunological, histological , biochemical and
histochemical features are presented and discussed, and suggestions pertaining to
surgical. management made.

Multiple myeloma is a malignant neo
plastic condition characterized by un
controlled proliferation of a clone of
abnormal plasma cells. The clinical fea
tures of the disease may be directly due
to the proliferating process itself and/or
indirectly to substances released by the
neoplastic cells. The former results in
bone marrow displacement and mul
tiple osteolytic lesions with pathologic
fractures and pain, while the latter re
sults in the elaboration of high levels of
circulating monoclonal immunoglobu
lins , osteoclast-activating factor and
other regulating substances. The circu
lating monoclonal immunoglobulins or
their sub-units may lead to proteinuria,
renal tubular damage and amyloid de
posits. Stimulation of osteoclasts may
result in hypercalcaemia and bone loss.
Myelomatous infiltrates have a predi
lection for areas of haemopoiesis and
commonly involve the calvaria and
mandible' , pelvis, ribs, sternum, clav
icles and proximal portions of the hu
merus and femur. Multiple myeloma is
usually not associated with extraskeletal
lesions, but occasionally lymph nodes,
liver, spleen, and other organs are in
volved. The preliminary clinical diag
nosis often relies on the identification
of multiple, punched-out, lytic bone
lesions. Involvement of the maxiJla is
regarded as exceptional 4. 9 and the clin
ical presentation of myeloma as an ex
pansile jaw bone tumour is a rarely
described feature'O Myeloma as an ex
pansile bone tumour in other skeletal

Key words: myetoma; jaw tumours .
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inferior turbinate bone, maxillary sinus, right
infratemporal space, orbital floor and palati
ne bone. Technetium phosphate bone scans
revealed no lesions in the rest of the skeleton.
A differential diagnosis of a carcinoma of the
maxillary sinus, an ost.eogenic Sll ;coma or
odontogenic myxoma was made at this stage.
Case histories
Serum protein electroplioresis showed a
Case no. 1
monoclonal band in the gamma region which
on immunofixation electrophoresis (IFE) was
A 40-year-old black man presented with a
shown to be distinct monoclonal IgG bands ,
swelling in the region of the right zygomatic
one with kappa and the other with lambda
eminence. The swelling had been present for
light chains (Fig. 2a); IFE of urine showed
a few months, and had progressively enlarged
low concen trations of IgG kappa only. Brad
during this period. Although the patient re
shaw and boiling tests for Bence-Jones prote
ported some recent, unexplained weight loss,
inuria were negative. immunoparesis was ab
a more detailed history was unobtainable. He
sent, but the patient had a slight nonnocytic
was a known schizophrenic for which he had
normochromic anaemia with a severely
received treatment for the past 3 years.
raised erythrocyte sedimentation rate (ESR).
On examination, a 4 x 3 cm bony hard,
painless, fixed mass was palpable in the re- . · Other relevant biochemical and haematolo
gic findings shown in Table' were normal.
gion of the right zygomatic eminence, with
Microscopic examination of a maxillary
sorter, more nodular and slightly mobile ex
biopsy showed a diffuse infiltrate of plasma
tensions beneath the right lower eye lid, lat
cells. Endosteal invasion with extensive oste
eral to the right nasal ala, and in the right
oclastic activity was noted (Fig. 2b) and scat
temporal region. The margins of the lesion
tered foci of tumour necrosis were associated
were poorly delineated (Fig. la). No neck
with an infiltrate of eosinophils. immuno
Iymphnodes were palpable.
peroxidase stains (Immunolok Histoset, Im
Infra-orbital nerve sensation was dimin
munolok Inc.; Carpinteria, USA) were dis
ished, and intra-orally, the occlusion was un
tinctly positive for IgG and kappa light
impaired despite some expansion of the lat
chains and scattered neoplastic cells also re
eral wall of the sinus into the maxillary buc
acted positively for lambda light chains, con
cal vestibulum. Orbital movements were full,
firming the biclonal nature of the infiltrate.
and gross vision intact. Although a physical
A diagnosis of a biclonal IgG kappa and
examination was normal, the patient was di
IgG lambda light chain-secreting myeloma
soriented in time and place. X-rays showed
with only mid-facial involvement was estab
an ostcolytic lesion involving the frontal and
li shed and a course of radiotherapy was
zygomatic processes ot' the maxilla and the
given.
right zygoma. The antero-lateral wall of the
right maxillary sinus was expanded and er
Case no. 2
oded, as was the right inferior orbital margin
(Fig. I b). A computer tomographic scan con
A female patient, approximately 70 years of
firmed the invasion of the tumour into the
age, was admitted from a rural hosptial with

regions has been adequately covered in
the literature. 2 cases are presented, il
lustrating features of expansile jaw bone
tumours.
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Fig. 1. (a). 40-year-old male (case no. 1) with myelomatous tumours above the right zygomatic arch, beneath the orbit, lateral to the ala and
overlying the zygomatic eminence. (b) Radiograph of the case depicted in (a), showing destruction of the right maxillary sinus, inferior orbital
margin, zygoma and lateral wall of the nose.

a history of painful mandibular teeth associ
ated with a rapidly enlarging swelling. On
external examination, a 10 x 6 cm tumour
appeared to extend from the right mandibu
lar second premolar area to the angle of the
jaw on the left side. The tumour protruded
extraorally, preventing lip closure, and sen
sory function of the left and right mandibular
nerve was lost. Intraoral examination reveal
ed traumatic mucosal ulcerations and severe
displacement of teeth. A lipoma, 15 cm in
diameter, was present in her right scapular
region and she was severely anaemic. Radio
graphs of the mandible showed a poorly-de
fined lytic lesion with cortical bone destruc
tion and extension into the symphysis of the
left mandible. Full body radiographic exam
ination revealed no further abnormalities. A
clinical differential diagnosis of an odonto
genic myxoma or osteogenic sarcoma was
made.
Serum protein electrophoresis and immu
nofixation techniques showed a monoclonal
lambda light chain band in the inter beta
region. Other findings included impairment
of renal function , normocytic normochromic
anaemia and a raised ESR (Table 1). Urinal
ysis was not done due to the patient's sudden

exitus caused by acute renal failure. Micro
scopic examination of the mandibular tu
mour revealed a diffuse infiltrate of plasma
blasts. Many cells were severely pleomorphic
and extensive bone resorption was observed.
All neoplastic cells stained positive with im
munoperoxidase techniques for lambda light
chains only. At autopsy, an interstitial ne
phritis with renal tubular damage, and a I x 2
em lytic lesion ·of the right 6th rib with a
microscopic appearance consistent with my
eloma, was revealed . A diagnosis of lambda
light-chain-secreting myeloma presenting
clinically as a solitary expansible mandibular
tumour, was made.
Discussion

MUltiple myeloma should be dis
tinguished from solitary piasmacytoma
of bone, a condition which is described
as a single plasma cell proliferation in
the absence of anaemia2 • Plasmacytoma
of bone has a better prognosis than mul
tiple myeloma and has at least a 3-year
disease-free period after adequate radio
therapy. The distinction between soli

tary plasmacytoma and myeloma, how
ever, is not always clear and both these
disease processes probably form part of
a continuous spectrum of neoplastic
plasma-cell proliferation. Although our
cases may have originated as plasmacy
tomas, we regard both as overt myel
omas. Case no . I exhibited signs of lo
calized dissemination with involvement
of the maxilla, maxillary antrum and
zygoma, and case no. 2 had a profound
anaemia and a distant neoplastic de
posit.
The laboratory diagnosis of multiple
myeloma is multidisciplinary and pri
marily encompasses biochemical identi
fication of a monoclonal peak of immu
noglobulin or subunits thereof, and
microscopic demonstration of a plasma
cell infiltrate in excess of 30 volume %
is diagnostic ofmyeloma 2• Furthermore,
microscopic and biochemical par
ameters are important in determining
the prognosis of the disease. Light-chai
n-secreting myelomas are said to have
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Fig . 2. (a) Serum IFE of case no. 1 showing 2 monoclonal IgG bands (arrows) with their
corresponding kappa and lambda light chains (arrows). (b) Diffuse infiltrate of plasma cells
(case no. 1). Note the disruption of the endosteum and osteoclastic activity (arrows). (HE
stai n, x 60).

the fastest growth rate and are associ
ated with more osteolytic lesions than
other immunochemical varieties 7. '2 and
typing of the light chain by means of
IFE (or other methods), should always
be carried out, because the median sur
vival time of lambda light-chain disease
is reported to be significantly shorter
than kappa-light diseaseS. Plasma cell
maturity and the extent of infiltration
of myeloma cells in the biopsy is highly
significant in predicting the duration of
survival'. Plasmablastic myelomas are
characterized by an infiltrate of nucelo
lated plasma cells and usually have a
grave prognosis which is aggravated by
hypercalcaemia and renal insuf
ficiency '.8.

Biclonal gammopathies, although
relatively rare, are well documented 7 •
These authors found 57 patients with
biclonal gammopathies between 1966
and 1979 and only 6 had 2 IgG com
ponents (similar to our case no . 1). The
immunoperoxidase stains of plasma
cells in our case showed that there were
2 different cell populations synthesizing
the para-proteins, and not a single cell
population or precursor cells "switch
ing" from one immunoglobulin class to
another6. Furthermore, in a study of 56
patients with more than one paraprote
in, GORE et al. 6 found no evidence that
multiband myeloma has a worse prog
nosis than myeloma with a monoclonal
protein. KYLE et af.7 also found the clin

ical features of biclonal gammopathy
and its response to therapy similar to
those of monoclonal gammopathy.
Although myleoma does not present
frequently as a solitary expansile tu
mour, it should not be excluded from
the differential diagnosis of a localized
expansile tumour of the jaw. If multiple
myeloma is suspected, a multidisciplina
ry approach towards the diagnosis
should always be followed. The phys
ician should obtain a full blood count
with differential and platelet counts ,
biochemical assessment of renal func
tion, calcium status, serum protein elec
trophoresis, quantification of immuno
globulins, IFE or immunoelectrophore
sis, bone marrow biopsy and aspiration,
urinalysis which includes IFE and a
radiographic skeleton surveyS
Surgery has few indications in the
treatment of lesions within the jaw
bones. Decortication of adjacent sec
tions of the mandible or removal of se
questrae when osteomyelitis intervenes
as a consequence of impaired and de
pressed immunity may be necessary.
Pathological fractures of the man
dible may require long-term splinting by
means of arch bars or metal cap splints
in order to minimize patient discomfort
when fractured bone ends fail to unite.
Small lesions related to pathological
fractures could be excised and the gap
bridged by an appropriate metal plate
and fixation screws, placed well clear of
the lesion, in order to splint the mobile
bone segments. In this way, the patient
with a good prognosis will be afforded
the ability to function until such time,
should it arise, when graft reconstruc
tion may be contemplated. Immediate
reconstruction of resected segments of
involved bone should be attempted,
particularly when a patient, debilitated
only in terms of jaw function but with
an otherwise good prognosis, presents
for treatment. Less readily excisable
lesions may be debulked, especially
when encroaching upon such important
organs as the eye, and particularly so
when the prognosis is good . It must
however be borne in mind that although
a patient may present with only one
detectable lesion, as in our second case,
the disease is held by many to be mul
ticentric in originll and thus apparent
control of the primary lesion may prove
fallacious . The prognosis may be par
ticularly difficult to determine. Further
more, rapid deterioration and demise
may occur as a result of secondary com
plications, as happened in our 2nd case.

-

Multiple myeloma
Table 1. Relevant biochemical and haematological findings
Reference ranges
total protein (g/I)
albumin (g/I)
urea (mmol/I)
creatinine (pmol/I)
total calcium (mmolfl)
IgG (g/I)
IgA (g/l)
IgM (g/I)
WBC (x 109/1)
RBC (x 10"/1)
Hb (g/dl)
ESR (mm/ h Westergren)
platelets (x 10'/ 1)

These complications include predom
inantly renal failure, infection and ana
emia. Patients presenting with multiple
myeloma lesions have a poor prognosis,
with a median survival time of 2-3
years, a nd surgical considerations
should be weighed against this back
ground and the patients' response to
radiation and chemotherapy, as surgery
can on ly be comtemplated as a palli
ative procedure.
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Rauhenheimer EJ , Dauth J , Van Wilpe E. Multiple myeloma: a study of 10
cases. J Oral Pathol 1987: 16 383-388.
The clinical, radiographical, biochemical, microscopical and ultrastructural
features of 10 cases of multiple myeloma were studied. The skull and jaw
regions were frequently involved by the disease and although the diagnosis
remain s multidisciplinary, microscopical parameters differentiating a
myelomatous bone marrow infiltrate from a reactive plasmacytosis are
discussed. Biochemical and microscopical factors influencing the prognosis are
highlighted and significant ultrastructural findings include erythrophagocytosis ,
cytoplasmic nuclear asynchrony of plasmablasts and intranuclear viral like
inclusions.

Multiple myeloma (MM), a disease of
the elderly, is characterized by neoplas
tic proliferation of a clone of plama
cells capable of synthesizing and secret
ing immunoglobulin (Ig) or its sub
units. Common systemic findings in
clude multiple lytic bone lesions with
pathologic and compression fractures .
hypercalcemia, anemia. renal tubular
disease with renal insufficiency and in
fections secondary to immunosuppres
sion (1). Frequent oral manifestations
of multiple myeloma are pain, swelling.
numbnees, mobility of teeth (2) and en
largement of the tongue . salivary
glands and soft tissue tumors as a result
of amyloid deposits (3). Radiolytic le
sions are rarely found in the maxilla (4)
and although lytic bone lesions are
more frequ ent in the mandible , MM
patients may present with diffuse os
teoporosis (3), or even a destructive ex
pan siJe mandibular tumor (5).
Monoclonal Ig 's or fractions thereof
secreted by the neoplastic plasma cells
can be demonstrated in the serum and
urine of the majority of patients and
circulating free light chains (Bence
Jones proteins) are often associated
with amyloid deposits in tissues (I)
Only in rare instances are the secretory
products absent and these cases are re 
ferred to as non-secretory myelomas.
The IgG class of MM accounts for ap
proximately 66% whil e the combined
IgA. 191'.1 and Bence Jones types con
stitute 29% of cases. Rare variations of
MM (including the IgD . IgE and heavy
chain types) and biclonal and triclon al
forms account for the rem ainder ( I).

As a multitude of non-neoplastic
conditions can give rise to a bone mar
row plasm acy tosis, the. diagnosis of
MM should always follow a multidisci
plinary approach encompassing radio
graphic. biochemical and bone .marrow
microscopic investigations. A bone bi
opsy. however , provides useful infor
mation on the diagnosis, classification
and staging of patients with MM (6).
A limited number of investigations
on the ultrastructure of neoplastic
plasma cells have heen reported in the
literature . Characteristically the cells
exhibit large amounts of rough endo
plasmic reticulum arranged in lamellar
patterns . ahundant mitochondria in
perinuclear locations. prominent Golgi
complexes (7. 8) and cytoplasmic mi
crofilaments (9), Occasional erythro
phagocytosis and uptake of cells of the
myeloid series and even platelets by
myeloma cells may result in a hemolytic
anemia (9. 10) . Intranuclear and intra
cvtoplasmic crystalline inclusions have
been suggested to be rel ated to the pro
cess of abnormal immunoglobulin syn
thesis (11) . may be of lysosomal ori gin
(12) or ma y even represent viral inclus
ions (13)
This study was undertaken to corre
late the light and electron microscop
ical appearances of biopsies of 10 con
secuti ve cases of MM with clinical. ra
dlographical and bioch emical findings .
Furth ermore. the incidence of oral and
skull involvement in the group of pa
ti ents \vas determined.

Protessor E. J. Raubenheimer, Department of
Oral Pathology, Medical University of Southern
Africa , PO Medunsa 0204, SOuth Africa .
Accepted for publication June 1st, 1987.

Material and methods

The age and sex incidence , presenting
compl aints. radiographic distribution
of lesions. immunochemical subtype
and other releva nt biochemical changes
of ]0 consecutive cases with MM were
studied on admission . Serum total pro
tein , albumin , urea and creatinine lev
els were determined with a continuous
flow analyzer (SMA II, Technicon In 
struments Corp, Tarrytown ; NY 10591)
and serum total calcium levels by
atomic absorption spectrophotometry
(Perkin-Elmer Corp ., Norwalk , COD
necticut 06856 USA) . Quantitation of
IgG , IgA and IgM levels were done
with rate nephelometry (Auto rcs ,
Beckman Instruments Inc , Fullerton .
USA) . Immunochemical typing of the
heavy and light chains in serum and
concentrated urine was carried out with
immunofixation electrophoresis (Para
gon ™ IFE gels, Beckman Instrumen ts
Inc . ).
Trephine biopsies were taken of lytic
hone lesions and fixed in buffered for
malin and glutaraldehyde followed by
osmium tetroxide for light and trans
mission electron microscopy respec
tively Biopsies intended for light mi
croscopy were divided into 2 portions .
One portion wa s routinel y deca lcified
(EDTA) and embedded in paraffin
wax. Sections 4 ~ thick were cut and
stained with hemato xylin, eosin . Go
mori's stain for reticulin fibre s. periodi c
aCid schiff (PAS) for gl ycoprotein s.
Berlin Blue stain for iro n and immuno
peroxidase stains (lmmunoiok Hi sto

o-, -;
( ()

Table I. Biochemical findings.
Patient (sex and age)

Reference
value

Serum

Case 2 Casc .1
Case J
(M .2SY) (M.7ny) (M.72Y)

Ca~e ~

Case 4
(F.WI')

(F.72Y)

97
31
7<,
99
23:;
IgA
lambda

140
32
56
87
2.61
IgG
kappa

9.1
31
10. 1
IOn
300
IgG
kappa

650
0.45
0.26

6J
43
8.S
63
2.72
IgA
kappa
non·
secretor
605
0.32
0.47

8 ..1
60.70
0.40

104
834
0.40

69.9
0.49
0.27

9.6
1.6(1
0.70

ab se nt

absent

absent

kappa

abse nt

lambda

Total protein (g/I)
Albumin (g/I)
Urea (mmol/I)
Creatinine (umolll)
Total calcium (mmol/I)
Immunochemical
type

60-80
28-52
2.5-6 .7
53-97
2.25-2 70

67
38
4. J
70
1.94
BenceJones
kappa

63
27
19.5
527
2.16
IgG
lambda

IOJ
24
5.6
101
2.09
IgG
lambda

97
46
6.2
61
not done
IgG
kappa

98
29
5.5
86
2.58
\gG
kappa

IgG (gil)
IgA (gil)
IgM (gil)

64-135
0.7-3.12
0.56-3 .50

120
1.20
0.75

15 .9
4.44

136

849
107
0.58

379
0.65
0.62

kappa

lambda

lambda

kappa

Urine
Light chain type

set, Immunoloc Inc ., Carpinteria , Cal
ifornia) for IgG, IgA , IgM and kappa
and lambda light chains . The other por
tion of the biopsy was embedded in
plastic without decalcification and sec
tions 2 JA thick were cut and stained
with hematoxylin, eosin , modified Go
mori's stain for reticulin, methyl green
pyronine stain for plasma cells and
Prussian blue stain for ferric iron. Tis
sues for electron microscopy were em
bedded in Araldite and ultrathin sec
tions were cut and examined with a Joel
100 cx II electron microscope.
Four quantitative and 3 semiquanti
tative parameters were studied light mi
croscopically. The quantitative par
ameters included the predominant
morphologic cell type (plasmablastic or
plasmacytic determined by the pres·
ence or absence of a nucleolus). the im·

Case 7
Case R Case I} Case IO
(M.65Y) (M.62Y) (M.6SYJ (F.7f1Y)

Casc n
(F.67Y)

munochemical subtype (lgA, IgM,
IgG, kappa or lambda), the stage of the
disease (according to the quantity of
plasma cell infiltration in the " biopsy:
Stage 1 less than 20 volume percent,
Stage 2:20 - 50 vol. %, Stage 3 more
than 50 vol. %) and trabecular bone.
volume (expressed as percentage of to
tal surface area of the section as meas
ured with an image analyzer). The se
miquantitative parameters included the
proliferation pattern of the plasma cells
(nodular or diffuse), endosteal inva
sion. disruption of the reticulin pattern
of the bone marrow and the degree of
hemopoietic depression which were ex
pressed as absent. slight, moderate or
severe.
Ultrastructurally,
attention
was
given to deviations of cytoplasmic and
nuclear morphology .

57
28
281)

477
not done
Bence·
Jone s
lambd a

Results
The series consisted of 4 female and 6
male patients and the age at diagnosis
varied from 25-76 years (mean 63
years). Two patients presented with
complaints of generalized skeletal
pains , 2 with vertebral collapse and
paraplegia, 2 with oral and paraoral
complications and one with a patholog
ical fracture of the left femur. The pres
enting symptoms of 3 patients were un
known. Of the 3 with oral complaints.
Case 1 had an enlarged tongue. parotid
glands and mucosal swellings. Micro
scopical examination of these lesions
revealed extensive amyloid deposits.
The other. Case 10. had a large tumour
(lOx6 em) consisting of a neoplastic
plasma cell infiltrate involving the ante·
rior mandible.

Table 2. Microscopical findings .
Microscopical
parameter

I

MorphologicaJ cell
type

.~

,l

j

Immunochemical
cell type
Stage
Trabecular bone volume
Proliferation pattern
Endosteal invasion
Reticulin disruption
Hemopoietic depressio n
= absent

+
++
-i-+ +

= slight
= moderate
= severe

Patients
. Case 1

Case 2

Case 3

Case 4

Case 5

Case 6

Case 7

Case S

Case 9

Case 10

Plasma
cytic

Plasma·
blastic

Plasma·
blastic

Plasmacytic

Plasma·
cytic

Plasma·
cvtic

Plasma blastic

Pla smacytic

Plasma·
cvtic

Pl asm a
blastic
with
bizarre
cells

kappa

IgG
lambda

IgG
. Iambda

IgG
kappa
3
2103
diffuse
present
++
++

IgG
ka-ppa
2
0.12
diffuse
absent
+
+

IgA
ka-ppa
1
1368
diffuse
absent

IQA
lambda

IgG
kappa
.1
JI
diffuse
present

negative

negatIve

10.14
nodul ar

18
nodular
presen t

+++

+

~

3

3

8.31
diffuse
absent
+++
+++

0.52
nodular
present
+".
++

13.52
diffuse
present
++
+++

~

16 .21
diffu se
present

+++

ab~ent

+++

"
J L ;'
O

I ·

sian with increased osteoclastic activity
: was (denJifiedin 6.cases (Fig.' 2) . Of all
myelomas. those with multiple lytic le
sions exhibited the least bone (9.86%
of the total surface area of the section
compared to an average 14.07% for
cases with one or no lytic lesions). The
one case with diffuse osteoporosis and
no lytic lesion s (Case 5) only had as
little as 0.12% trabecular bone in the
biopsy. Abundant cytoplasm ic colloid.
reacting with the PAS technique, was a
prominent feature of the neoplastic
cells in Case 6 (the non-secretor my
eloma) and the immunoperoxidase
technique confirmed the presence of in
tracytoplasmic IgA and kappa light
chains in these cells. Immunoperoxid
ase stains facilitated the identification
of the monoclonal nature of the infil
trat e and correlated positively with the
immunochemical type in 8 cases, the
remaining 2 (Cases 9. 10) being nega
tive with thi s technique.
I n contrast to the ultrastructural fea
tures of normal plasma cells, electron
microscopical investigations revealed a
distended endoplasmic reticulum con
Fig. 1. Electron micrograph of a plasmablast. Note the prominent nucleolus and mature cy
taining colloid in Case 6 (Fig. 3), red
toplasm with endoplasmic reticulum. mitochondri a and lysosomal iron pigment (arrow) (Bar
blood cell phagocytosis and lysosomal
= 2!-l)
iron pigment in Cases 4 and 8 (Fig 1).
prominent cytoplasmic microfilaments
Multiple radiolytic lesions were pres
in Cases 3 and 8. and cytoplasmic con
stains were particularly helpful in iden
ent in 5 patients and involved the skull
tifying dIsruption of the reticulin fibre
strictions suggesting amoeboid move
and vertebral bodies (4 cases), pelvic
system of the bone marrow and the pat
ment and numerous microvilli on cell
bones (3 cases) ribs and long hones (2
tern of proliferation. Endosteal inva
surfaces adjacent to other plasmacells
cases) and mandible (1 case) Localized
lesions were present in 2 patients. af
fecting the femur head (Case 9) and
mandible (Case 10). Case 6 exhibited
diffuse osteoporosis, while one case
had no bone lesion~ (Case 3) and radio
graphs were unobtainable in Case 2.
Post mOrtem examination of the pa
tient with the expa nsi le mandibular tu
mor (Case 10) re\'ealed an additional
mvelomatous deposit in the right sixth
rib.
The relevant biochemical findings
are shown in Table 1. Th e most com
mon immunochemical rype of Ml\1 was
IgG kappa followed bl IgG lambd a
Light chains were absent from urine in
-4 cases. one being the IgA non- secretor
m\eloma. Suppression of the levels of
one or more normal (residual) tmmu
noglobultm, was found in (', C3sn . Thre e
case, had hypocalcemia an d severe h\, 
percalcemiil wa~ preS enr in one ca se
o nh (Case 9)
The micro scopical findings arc re
necred tn Table 2. Four C<lses ",ere of
the plasm ablasric rype (Fig. j) and (',
hr:. ] PhOlomicrog.Jrh shOWing. endostealln\asion by neoplastic plasma cells (arrows) with
Cilses of rhe plasmacl'tic tvpe Gomori
,"tclKlast ic dctinllion (asteri sk) and bone resorption (H&E. x400) .
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Fig. 3. Electron micrograph of a plasma cell in Case 6 showing distended endoplasmic re
ticulum (arrows) containing colloid (asterisk) (Bar = !,().

in Case 8 (Fig. 4). Case 10 showed in
tranuclear lattice like crystalline inclus
ions (Fig. 5) and all plasma blastic my
elomas exhibited a discrepancy be
tween
nuclear
and
cytyoplamic
maturity (Fig. 1).
Three patients (Cases 1, 5 and 10)
died within one year of diagnosis. Post
mortem examination revealed a
chronic interstitial nephritis with renal
tubular damage in Cases 1 and 10 and a
fulminant opportunistic lung infection
in Case 5

Royer (4) found jaw involvement LD 17
patients with MM . A more recent study
indicated that the incidence of jaw in
volvement may even be higher (16). In
our series 3 patients had radiographic
demonstrable jaw lesions: one had a
lytic lesion of the mandibular ramus (as

part of multiple skeletal radiolucen
cies). one pre se nted with a mandibular
tumor which proved to be a myeloma
tous infiltrate and one patient pre
sented with mandibular osteoporosis as
part of a generalized osteoporosis. Fur
thermore. extensive oral and paraoral
amyloid deposits in a fourth patient
caused us to suspect and to investigate
for MM . proving that oral involvement
in this disease may be as high as 40%. If
cranial involvement is also taken into
accounL the skull and jaw may be re
garded as the region most commonly
affected by MM. The extent of hemo
poiesis in the calvaria of the skull may
serve to explain thi s phenomenon as
myelomatous infiltrate s are reported to
have a predilection for these areas (2,
4) . The low incidence of maxillary in
volvement in MM (17) is supported by
our study .
The occurence of the different immu
nochemical subtypes of myeloma in our
study follows the pattern reported in
the literature (1). However, Case 6. be
ing a non-secretory IgA MM did not
show any detectable paraprotein in the
serum or urine. The final diagnosis was
established only after radiographic and
microscopic bone marrow investiga
tions with immunoperoxidase staining
had been performed . The presence of
immune suppression further supported
the diagnosis of MM. Non-secretory
MM is a rare condition with a reported
incidence of 1-5% of cases QfMM (18.
19). Although our study indicates that
immune suppression with decreased
levels of one or more residual immuno
globulins do not occur in as many as the
reported 98% of myeloma patients (1),

Discussion

The average age at the time of diagno
sis of multiple myeloma is reponed to
be 62 years with less than 2~o of all
cases occuring before 40 years (14).
The se findings are supported by our se
ries except for Case 1 whom should be
regarded as exceptionally young for
MM.
Involvement of the paraoral tissues .
jaw and cranium ranks high as pres
enting clinical features of mu Itiple my
eloma In a radiographic and case rec
ord survey of 59 cases. Bruce and

Fig. 4. Electron micrograph of plasma cell with a cytoplasmic constriction (centre). Note mi
crovIlli on the opposed surfaces of adjace nt plasma cells (arrows) (Bar = 4~).

(, 7 1

U .)
Multiplemyeloma

Fig. 5 . Electron micrograph of tissue removed during autopsy from Case 6. The nucleus of a
plasmablast contain s a proteinaceous vir al-like inclusion (arrow) and the cytoplasm show,
autolytic change (Bar = 2).1).

this complication, which was identified
in 6 of our cases. may lead to opportu
nistic infections and death.
Renal involvement due to the excre
tion of excessive light chains (20) and
hvpercalcemia (14) are 2 of the most
important causes of renal failure and
death in patients with myeloma . Light
chain secreting myelomas are said to
have the fastest growth rate and is asso
ciated with more osteolytic lesions than
other immunochemical varieties (21).
Furthermore. the median survival time
of lambd~-light chain disease is repor
ted to be significantly shorter than kap
pa light chain di sease (15. 2 1) Al
though o ur series was not large enough
to draw definite conclusions on the
prog no sis of the immunochemical sub
types. both patients with light chain di s
ease died within one year of diagnosis .
",eoplastic plasmacells Jre capable of
inducing bone resorption b\ secreting
osteoclast activating factor (OAF) (21).
d ohenomenon which is reported to be
Jss(lci3ted with frequent hlpercalce mia
(I . 2~1 Although o ur st ud I supports
the llCcurence of increased oste ocla stic
aCli\it v and hone los':. in Mil-I. a 10 \\ to
n(lrmalle\el of IOta! circulating ca lcium
JPpC~lf to be more prnei a nt than hy
perc cilcemia . A s approximately one

half of the total calcium is bound to al
bumin (25), hypocalcemia in patients
with multiple mye loma may be asso
ciated with low levels of albumin which
ma y be secondary to renal damage with
albuminuria. However, only Case 2
with hypocalcemia had severe renal
function impairment with low albumin
level s while Case 1 with the lowest total
calcium concentration had a normal se
rum albumin level. The reason for
these findings remain unclear but we
feel that the determination of ionized
calcium levels in cases with MM may be
more helpful as these determinations
give a better assess men t of the calcemic
status especiallv in patients with renal
function impairment (25).
Although micro scopical examination
of a bone ma rrow biopsy is reported to
be more reliable in the diagnosis of
multiple mveloma than aspiration cy
to logl ((»). lhe former technique has its
limitation s. It is often difficult to distin
guish a neoplasti c from a reactive bone
marrow infiltrate . as the latter could
lead to a bone marrow plasmacvtosis in
exces, of SU volume percent (2(») Our
studl supports the observations of
Bartl et 31. (6) thal microscopic finding>
sllch as the monoclonal nature of the
infillrate. plcsma cell maturit y. endo
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steal invasion. depression of hemopoie
sis. hone resorption and disruption of
the reticulin fibre pattern may be help
ful in identifying a myematous infiltrate
in a bone marrow biopsy. Furthermore.
Stage 3 infiltrates in our patients were
associated with moderate to severe re
ticulin fibre disruption and hemopoietic
depre ssion and exhibited more fre
quent endosteal invasion than Stages J
and 2. With progression of the disease,
the significance of the abovementioned
microscopic parameters therefore ap
pea rs to increase . It should be empha
sized however. that unle ss the micro
scopical changes are convincing, the di
agnosis of MM should not be
established without biochemical and ra
diographic support.
Multiple myeloma of the plasmacytic
type is characterized by the infiltration
of small normal appearing plasma cells.
The infiltrate in plasmablastic myelo
mas . on the other hand. are character
ized by nucleolated and often pleomor
phic cells. The nigher mitotic rate of
plasma blasts compared to plasmacytes
and the fact that 2 of the 4 patients in
our series with plasmablastic myelomas
died within one year of diagnosis, sup
port's Bartl's observation (6) that this
type is associated with a rapid clinical
deterioration.
Ultrastructurally, all plasmablastic
infiltrates had a primitive nucleolated
nucleus contained in a highly differenti
at ed organelle-rich cytoplasm. The dis
crepancy in nuclear/cy toplasmic matu 
rity (or nuclear/cy toplasmic as yn
chrony)
may
prove
helpful
in
distinguishing neoplastic from reactive
plasmablasts . the latter which would be
expected to show matching cytoplasmic
maturity with nuclear morphology . Cy
toplasmic microfi laments may facilitate
amoeboid movement and the identifi
cation of erythrophagocytosis may
serve to explain the occurance of ane
mia. especially in cases not associa ted
with extensive neoplastic bone marrow
displacement. The significance of cy
toplasmic microvilli which appeared to
make contact with adjacent neoplastic
cells remains speculative. Distention of
the rough endoplasmic reticulum in the
no n-secretor myeloma cells ma y be in
dicative of an intact synthetic but defec
tive immunoglobulin excreton mech- .
anism. Immunoperoxidase srain, sup
port thi s observati on as monoclonal
c\toplasmic immunoglobulins of the
IgA kappa type could be identified in
this case. The lattice-like intranuclear
inclusions identified in Case !O were

nj 7 ~)
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not membrane bound and, therefore ,
do not represent nuclear invagination
of crystalline cytoplasmic proteinace
ous deposits. The inclusions may either
be related to intranuclear protein syn
thesis (11) or represent 'passenger' vir
usses (13) finding optimal growth con
ditions within the milieu of the my
eloma cell.
Acknowledgements - The authors wish to
thank Mrs C. S. Begemann for secreterial
assistance and Mr D. P. du Plessis for prep
aration of immunoperoxidase stains. We are
also indebted to Drs N . Dvornak, 1. Elias, J .
Loitering. 1. C. Senekal and P. van der Walt
for collection of material and Mrs L. Boyes
and Mrs B. Lentz for their assistance with
special laboratory techniques.

References
1. Ritzmann SE . Immunoglobulin abnor
malities. In: Ritzmann SE, Daniels lC
eds . Serum protein abnormalities. Di
agnostic and clinical aspects. Boston:
Little, Brown, 1975: 35 l.
2. Lewin RW, Cataldo E . Multiple my
eloma discovered from oral manifesta
tions : report of case. 1 Oral Surg 1967:
25.' 68
3. Ep ste in lB, Voss N1S , Stevens-Moore
P. Maxillofacial manifestations of multi
ple myeloma . An unusual case and a re
view of the literature . Oral Surg 1984:
57: 267 .
4 . Bruce KW, Royer RQ. MUltiple my
eloma occuring in the jaws. A study of
17 cases. Oral Surg 1953: 6: 729.
5. Raubenheimer El, Dauth 1, 10rdaan
lB . du Toii LM. de Coning lP. Multiple
myeloma presenting as a solitary expan
sile mandibular tumor. 1 Oral Med (in
press)

6 . Bartl R. Frisch B , Burkhardt R, et al.
Bone marrow histology in myeloma : its
importance in diagnosis , prognosis.
classification and staging Br J Haema
to11982 : 51. 361.
7. Chen S Ultrastructure of plasma-cell
myeloma of th e mandible . Oral Surg
1979 : 48. 57 .
8. Lazarus HM. Kellermey c r RW, Aikawa
M , Herzig RH. Multiple myeloma in
young men . Clinical course and electron
microscopic studies of bone marrow
plasma ce lls. Cancer 1980: 46: 1397.
9. Win DP, Grogan TM. Payne CM, et a!.
Phagocytic , lambda light chain , plasm ~
cell myeloma . Am 1 Clin Pathol 1983
80 75.
10. Ludwig H. Pavelka M . Phagocytic
plasma cells in a patient with multiple
myeloma . Blood 1980: 56: 173 .
11. Muldonado lE, Brown AL. Bayrd ED ,
Pease GL. Cytoplasmic and intran
uclear elec tron-dense bodie s in the my
eloma cell. Arch Pathol 1966 : 81: 484
12 . Raman SBK . van Slyck EJ. Nature of
intracytoplasmic crystalline inclusions in
myeloma cells (morphologic , cytochem
ical, ultrastructural and immunofluor
escent studies). Am 1 Clin Pat hoi 1983 :
80. 224.
13. Tavassoli M . Baughan M . Virus-lik e
particles in human myeloma without
paraproteinemia . Arch Pat hoi 1973 : 96.
347.
14 . Kyle RA . MUltiple m ye loma . Review of
869 ca ses. Mayo Clin Proc 1975 : 50.' 29.
15 . Farhangi M , Ossermann EF. Biology .
clinical patterns and treatment of multi
ple myeloma and related plasma ceJl
dyscrasias . In : Twomey lJ. Good RA
eds. The immunopathology of Iympho
reticular neoplasms , comprehensive im
munology. New York: Plenum. 1978:
641.

16 . Cataldo E. Meyer I. Solitary and multi
ple plasma cell tumors of the jaws and
oral cavity. Oral Surg 1966: 22. 628
17. Silverman LM. Shklar G. Multiple my
eloma . A report of a case . Oral Surg
1962 : 15. 301.
18. Mancilla R. Davis GL. Non-secretory
multiple myeloma. Immunohistologic
and ultrastructural observations on two
patients. Am J Med 1977: 63: 1015.
19. Bartoloni C, Flamini G. Logroscino C.
et al. JgD (kappa) "non-secretory" mul
tiple myeloma : report of a case. Blood
1980: 56. 898.
20. 10nes DB. Kidney. In : Kissane JM . ed.
Anderson's pathology . SI.
Louis:
Mosby. 1985 730.
21. Shustik C. Bergsagel DE, Pruzanski W .
Kappa and lambda-light chain disease:
survival rates and clinical manifesta
tions. Blood 1976 48.· 41.
22. Mundy GR. Luben RA , Raisz LG, Op
penheim JJ, Buell DN . Bone resorbing
activity in supernatants from lymphoid
cell lines. N Engl J Med , 1974: 290: 867.
23. Mundy GR. Raisz LG, Cooper RA,
Schechter GP, Salmon SE. Evidence for
the secretion of an osteoclast stimulat
ing factor in myeloma. N EnglJ Med
1974: 291. 1041 .
24. Zilva IF, Pannall PRo Plasma proteins
and immunoglobulins : proteinuria. In:
Clinical chemistry in diagnosis and
treatment. London : Lloyd-Luke , 1979:
305.
25. Cannella .G, Cristinelli L . Cancarini
Gc. Maccagnola S. Sandrini S. Maiorca
R. Assessment of calcemic status in di
alyzed uraemic patients . Scand J Clin
Invest 1983: 43 (Suppl ): 105 .
26 . Huyn BH . Kua D. Gabaldon H , Ashton
lK Reactive plasmacvtic lesions of the
bone marrow. Am J Pathol 1975: 65.'
921.

380

I~'
U

Brief reports

/', -,:,
J

, . .'

Histopathology 1991. 19, 380-382

BRIEF REPORT

Non-secretory IgA K myeloma with distended endoplasmic
reticulum: a case report
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A case of non-secretory multi pIe myeloma is presented.
Plasma cells showed abundant cytoplasmic colloid con
tained in distended rough endoplasmic reticulum.
Uniform cytoplasmic positivity for IgA heavy- and K
light-chains was demonstrated with the immunoperoxi
dase staining technique. It is proposed that distension of
the endoplasmic reticulum by immunoglobulin-related
proteins is indicative of a block in their excretion or of the
presence of active synthesis of the immunoglobulins or
their subunits.
Keywords: non-secretory myeloma, ultrastructure

Introduction
Non-secretory myelomas comprise approximately 1 % of
cases with multiple myeloma l . The laboratory diagnosis
of this condition is made difficult by the absence of
circulating monoclonal protein, and pathologists have
to rely on the clinical presentation, radiographs and
miCroscopic findings for the diagnosis and subsequent
typing of the infiltrate.

were paresis of IgG, IgA and IgM and hypercalcaemia.
The ery~procyte sedimentation rate was elevated and the
patient had a normocytic, normochromic anaemia.

PATHOLOGICAL FINDINGS

A bone marrow aspiration and needle biopsy showed a
diffuse infiltrate of plasma cells in excess of 30% of the
total cell count. Most of tbe plasma cells contained
abundant cytoplasmic colloid displacing the nucleus
(Figure la). Immunoperoxidase staining of bone mar
row sections showed the uniform presence of IgA heavy
and K light-chains in the distended cytoplasm of the
plasma cells (Figure 1). Stains for other immunoglobulin
heavy and light chains were negative. Electronmicrosco
pical studies of the plasma cells showed distended
endoplasmic reticulum containing colloid (Figure Ib).
On account of the monoclonal plasma cell infiltrate,
the clinical, biochemical. haematological and radio
graphic appearances and an absence of a circulating
monoclonal component, the diagnosis of a non-secreting
IgA K myeloma was made.

Case report
A 5 7-year-old woman presented with generalized bone
pains, weight loss and a pathological fracture of the left
femur. Radiographic studies showed diffuse osteolytic
bone lesions highly suggestive of mUltiple myeloma.
Neither specimens submitted for serum and urine
protein electrophoreses nor those submitted for
immuno-fixation electrophoreses showed any mono
clonal proteins. Other Significant biochemical changes
Address for correspondence: Professor E.J,Raubenheimer.
Department of Oral Pathology, Medical University of Southern
Africa, PO Medunsa. 0 204, Republic of South Africa.

Discussion
Failure to detect a monoclonal component in the serum
and/or urine of a patient with other clinical signs of
myeloma is the characteristic feature of non-secretory
myeloma. Significant abnormalities found in our patient
and supporting the diagnosis of myeloma were multiple
lytic bone lesions, immunoparesis, a raised serum
calcium, elevated erythrocyte sedimentation rate, anae
mia and a bone marrow plasmacytosis in excess of 30%.
Immunoperoxidase stains proved the infiltrate of plasma
cells to be a monoclonal IgA K type.
The term non-secretory , coined for this variety of
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Figure 1. a Light microscopy of a bone marrow section. showing plasma cells with abundant cytoplasmic colloid (arrows). Inset: positive
staining of the cytoplasmic colloid for IgA. b Electronmicroscopical view of a plasma cell with distended endoplasmic reticulum (arrows).
x 8200.

myeloma. implies that a block in its release rather than
in its synthesis accounts for the absence of a paraprot
einaemia. The absence of a Circulating monoclonal spike
associated with the lack of intracellular immunoglobu
lins. on the other hand. suggests a block in immuno
globulin production2. These cases are often referred to as
'non-producers' 3 and immunoperoxidase stains for im
munoglobulin typing would be negative.
The phenomenon of non-secretion in multiple mye
loma is perplexing. Most studies have failed to reveal
plasma cell abnormalities associated with the lack of a
circulating monoclonal protein in non-secretory myelo
mas2.4. It is accepted. however. that the degree of
distension of the rough endoplasmic reticulum cisternae
in plasma cells at any particular time is influenced by the
amount of immunoglobulin synthesized and the kinetics
of its secretion. The distension of the rough endoplasmic

reticulum by immunoglobulin-related proteins in our
patient is. therefore. indicative of a block in excretion in
the presence of active synthesis of the immunoglobulins
or their subunits. It is important to note that plasma cells
with distended endoplasmic reticulum are occasionally
observed in infiltrates of secretory types of multiple
myelomas. It would be interesting to determine whether
these cells also exhibit decreased secretory activity.
The signet-ring cell change exhibited by the IgG /(
myeloma reported by Eyden & Banerjee 6 resembles the
infiltrate in our case and was also caused by large
cytoplasmic membrane bound vesicles which com
pressed the nucleus against the cell membrane.
Although the authors postulate the phenomenon to
represent a membrane re-cycling defect. strong vacuolar
staining for IgG and /( light-chains is indicative of a
process similar to that proposed in our case.
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Introduction
Lymphadenoma is a newly characterized skin neoplasm,
occurring mostly in the head and neck region of young
and middle-aged adultsl. The histogenesis of this pecu
liar tumour is unknown, but it has been suggested to be
of possible pilosebaceous derivation. We report one such
case, and provide evidence that this represents a sweat
duct tumour.

Case report
A 30-year-old woman presented with a skin nodule over
the left upper eyelid. A whitish firm nodule measuring
6 x 5 x 3 mm was excised with the overlying ellipse of
skin. There was no recurrence after 2 years.
The lesion was located in the dermis and was non
circumscribed (Figure 1). It was composed of irregular,
Address for correspondence: Dr W.Y.W.Tsang, Institute of
Pathology, Queen Elizabeth Hospital, Wylie Road, Kowloon,
Hong Kong .

sometimes anastomosing, epithelial islands of variable
sizes and shapes dispersed among a cellular fibrous
stroma. Some of the islands assumed a tadpole-shaped
configuration. These islands were bounded by one to
several layers of vaguely palisaded epithelial cells. Their
centres were composed of more loosely arranged cells,
including some large polygonal cells with retracted
eosinophilic cytoplasm, vesicular nuclei and prominent
nucleoli, reminiscent of lacunar cells (Figure 2). There
was a variable infiltrate of small lymphocytes possessing
slightly irregular or elongated nuclei. Rarely, ductules
lined by a single layer of cuboidal cells were found within
the epithelial islands (Figure 3a), They were highlighted
by immunostaining for carcino-embryonic antigen
(Figure 3b), which also stained the surrounding sweat
ducts and sebaceous glands. The epithelial nature of the
cellular islands, including the large cells, was confirmed
by immunostaining for cytokeratin (AE1/AE3, CAM
5.2). Staining with CAM S.2 was generally weak.
whereas staining with AE1/AE3 was more intense, with
accentuation in the ductular elements within the epi
thelial islands. The cellular islands showed weak cyto
plasmic staining for epithelial membrane antigen. while
the ductules showed strong luminal staining. Immuno
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Raubenheimer EJ, Dauth J , Pretorius FJ . Multiple myeloma and amyloidosis of
the tongue . J Oral Pathol 1988: 17: 554-559.
Tongue biopsies of 30 diagnosed cases of multiple myeloma were examined light
and electron microscopically and amyloid deposits were identified in 8 patients.
Immunochemical typing of amyloid in kappa and lambda subtypes was
performed successfully although positive staining of tissue-associated
immunoglobulin light chains made reliable identification of am yloid with this
technique difficult. Cells of macrophage lineage appear to playa central role in
light chain-associated amyloidogenesis. Our findings do not agree with the
reported higher amyloidogenic potential of lambda light chains and we were
unable to show a positive correlation between the percentage plasma cells in
bone marrow aspirates or the presence of urinary light chains and myeloma
associated amyloidosis .

Multiple myeloma (MM) is character
ized by a malignant proliferation of
plasma cells which , in most instances,
secrete large quantities of monoclonal
immunoglobulins or subunits thereof.
Amyloidosis is frequent in patients suf

fering from MM and leads to organ dys
function including cardiac and renal
failure, malabsorption syndromes, and
peripheral neuropathies (1). It is gener
ally agreed that amyloid fibrils in pa
tients with MM are derived from mono

Fig. lao Mild perivascular amyloid deposits (arrows) in Case 7. (Congo red stain, bar
light.
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clonal immunoglobulin light chains
(Bence Jones proteins) (2). Although
the exact mechanism involved in the
extracellular depositioned of light
chain-associated amyloid is less clear,
considerable evidence supports the role

= 501-1) Inset: Congo red stain viewed with polarized
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Fig. Zb. Severe perivascular amyloid deposits in Case 1. (Congo red stain, bar = 35 iJ.) Inset: Congo red stain viewed with polarized light.

macro phages play in MM-related amy
loidogenesis (3). The light chain class
found in amyloidosis in MM is reported
to be more commonly of the lambda
than the kappa type with a frequency of
2 to 1. This ratio is the reverse of that
seen in most cases of monoclonal gam
mopathy (1). Furthermore , amyloido
genesis in MM appears to be related to
the presence of kappa or lambda light
chains in urine and a high percentage
bone marrow plasma cells (4).
It was previously stressed that pri
mary amyloidosis (including amyloido
sis occurring with MM) typically in
volves such mesodermal tissues as
smooth and skeletal muscle, as well as
the cardiovascular system, whereas sec
ondary amyloidosis affects the liver,
spleen and kidneys (5). An extensive
overlap in the distribution of primary
and secondary amyloidosis has been re
ported (6 , 7) and differential organ in
volvement is no longer considered to be
a useful basis for the classification of
amyloidosis. With increasing accept
ance of the role light chains play in
amyloidogenesis, the amyloid type as
sociated with MM was designated AL

protein (A for amyloid fibril protein
and L for immunoglobulin light chain)
in recent amyloid classification systems
(1).
The purpose of this study was to de
termine the incidence of amyloidosis of
the tongue in patients with MM ad
mitted to the Ga-Rankuwa hospital.
Furthermore, immunochemical subtyp
ing of amyloid deposits was performed
and the biochemical changes associated
with MM-related amyloid deposits
noted.

Material and methods

The tongues of 30 proven cases of MM
were examined clinically and incision
biopsies were performed on the lateral
borders thereof. The tissue was divided
and fixed in 3% buffered formalin and
4 % glutaraldehyde and processed for
LM and TEM, respectively. Sections
for LM were stained with H&E, Congo
red stain for amyloid and the immuno
peroxidase technique (Immunolok His
toset, Immunolok, Carpinteria, CA)
was employed for the detection of

kappa and lambda light chains and
IgG, IgA, or IgM. Heavy and light
chains in the serum and urine were
typed utilizing immunofixation electro
phoresis (Paragon ™ IFE Gels, Beck
man Instruments, Fullerton, U.S.A .)
and immunoglobulin concentrations, as
well as light chain levels in the serum
and urine, were quantitated by rate ne
phelometry (Auto ICS, Beckman) .
Bone marrow aspirations of the iliac
crest or sternum were performed as
part of the diagnosis of MM and the
volume of plasma cells expressed as a
percentage of the total nucleate cell
count. The microscopic features were
correlated with the percentage plasma
cells in the bone marrow aspirates , the
secretory type of myeloma and serum
and urinary biochemical findings.
Results

Biopsy wounds of all cases healed with
out complication or patient complaints
except in Case 26 where an unexpected
hemorrhage occurred. This complica
tion was, however, readily brought un
der control by suturing.
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Fig. Ie. Diffuse amyloid deposits with giant cells in Case 17. (Congo red stain, bar
chains (arrows) (Immunoperoxidase stain for ka ppa light chains).

Examination of Congo red stains
viewed with polarized light identified
amyloid deposits in 7 cases, ranging
from mild (4 cases, Fig. la) to severe (1
case , Fig. Ib) perivascular deposits.
Two cases exhibited diffuse amyloid de
posits extending against an atrophic
mucous membrane. The amyloid in the
latter patients contained large, dilated
and thin walled bloodvessels and many
macrophages and giant cells (Fig. lc).
Of the positive cases , only 3 exhibited
macroglossia, 2 of which had mucosal
atrophy, diffuse amyloid deposits and
mucosal nodules composed of amyloid.
Tongue enlargement was present in 4
patients without amyloidosis (Table 1).
Electron microscopic examination
confirmed amyloid in all positive cases
and identified in addition , amyloid fi
brils in an eighth patient (Fig. 1d).Im
munoperoxidase stains for light chains
showed kappa or lambda positivity of
amyloid which corresponded to the rel
evant MM light chain type in the se
rum. Positive staining of tissue associ
ated-monoclonal immunoglobulins and
light chains concurring with the MM

=

40 Il) Inset: Giant cell containing cytoplasmic kappa

secretory type , made identification of
small amyloid deposits in the immuno
peroxidase stained sections difficult
(Fig. 2). The relevant MM light chain
was present in the cytoplasm of amy
loid-associated giant cells in the 2 cases
with diffuse mucosal deposits (Fig . lc),
Immunoperoxidase stains further iden
tified in both amyloid-positive and
-negative cases the relevant monoclo
nal immunoglobulin and light chain
type in groups of keratinocytes and
spindleshaped cells in the basal cell re
gion of the mucous membrane (Fig . 3) .
The positive epithelial cells corre
sponded to foci of clear cells observed
in hematoxylin- and eosin-stained sec
tions .
Four patients, 2 of whom had amy
loid deposits, were under 35 years old,
well below the reported mean age of 62
years for MM (8), Case 13, who pre
sented with a solitary maxillary tumor,
had a biclonal gammopathy (IgG kappa
and IgG lambda). Urinary light chains
were absent in 3 cases with amyloido
sis. One patient with amyloidosis (Case
13) only had 10% plasma cells io his

bone marrow aspirate. Other relevant
clinical, biochemical and microscopical
findings are in Table 1.

Discussion

To date there is no accurate non-in
vasive diagnostic procedure for amyloi
dosis. Although rectal biopsies have
been advocated as more successful than
biopsies of the gingiva for the identifi
cation of amyloid (9) , the risks and pa
tient discomfort are greater than with
intraoral biopsy techniques (10). De
spite immune suppression which occurs
frequently in patients with MM , post
biopsy infections were not encountered
in our study. The difficulty in controll
ing hemorrhage and the high risk of
infection following rectal biopsy render
this procedure less attractive. As amy
loid deposits are often limited to the
deeper parts of the submucosa (1),
tongue biopsies are more appropriate
than the more superficial gingival biop
sies. This study furthermore indicates
that tongue biopsies are probably more
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Table 1. Clinical , biochemical , and microscopical data of 30 MM patients.
Case
no

Age

Sex

MM
type

Tongue
enlargement

Residual
Ig levels

light

K
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

66
34
60
69
78
79
60
60
42
72
36
52
40
45
40
60
25
70
57
33
70
55
62
55
60
33
35
53
60
60

N.A. - Not available.

F

Ox

M

OJ...
OJ...

F
M
M
M

F
M
M
M
M
M
M
M

F
F
M

F
M
M
F
M

F
F
M
M
M
M
M
M

Ax
Ox
Ox
Ox
Ax

OJ...
OJ...
Ox
Ox
Ox+OJ...
Ax
AJ...
AJ...
x
J..

OJ...
x

OJ...
J..
Ox
Ox
Gx
Gx

OJ...
Gx
Gx
AJ...

Yes
No
No
Yes
No
No
No
No
Yes
No
No
No
No
No
No
Yes
No
Yes
No
No
Yes
No
No
No
No
Yes
No
No
No

pv . - perivascular

% plasma
cells

Urinary

t
t
t
t

chain
J...

+

Normal

+

t
t
t
t

+
+

t

+

t
!
t

+

+

Normal
Normal
Normal
+
+

Normal
Normal
Normal

+
N.A.

!
!
!

+

!
!
!
!
!
!

+
+

N.A.
+
+

Normal

Normal

+

Amyloid
type

distribution

60
65
5
70
30
80
40
30
80
5
3
30

K

Severe pv.
Mild pv.

K

Mild pv.
Mild pv.

10

N.A.

EM pv .

K

Diffuse

J..

Diffuse

K

Mild pv.

15
30
N .A.
30
N.A.
70
N .A.
N.A .
33
30
55
N.A.
N.A .
40
2
30
20

J..

K

K

EM - electron microscopic.

i

I'
I

I

j
I

I

Fig. Id. Transmission electron micrograph of amyloid (A) deposits in Case 13. Note collagen fibres (C) and cytoplasmic process of
macrophage (M). (Bar = 2 J.L) .
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Fig. 2. Immunoperoxidase stain for
kappa light chains in Case 29. Note
pericapillary amyloid deposits
(arrows). (B ar = 4011).

successful than biopsies of other areas
of the gastrointestinal tract for the
identification of amyloid as our inci
dence of MM-associated amyloidosis of

27% is higher than the 6-15 % generally
reported in the literature (1, 6, 7). It
could be argued that the amyloid de
posits in some of our positive cases

were unrelated to MM and represented
senile amyloidosis, a significant per
centage of which is of the AL type (1).
This seems unlikely as the AL amyloid

i·
I

·

I
)

.

Fig. 3. Immunoperoxidase
stain for IgG in Case 6.
Note positive staining of
focal groups epithelial cells
(arrows). (Bar = 10011).
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subtypes in our study corresponded
with the patients' MM secretory type.
Furthermore, a recent study (11) failed
to identify senile amyloid in tongue
biopsies of 94 patients beyond the age
of 40 years.
Macroglossia is a feature which has
been reported in one fifth of patients
with MM-associated amyloidosis (1,
12). Our study indicates that although
macroglossia does occur more fre
quently in MM patients with amyloido
sis, tongue enlargement can also be en
countered in the absence of amyloid
(Table 1). The presence of mucosal
nodules covered by an atrophic mucous
membrane is probably a more specific
clinical sign indicative of amyloidosis of
the tongue.
Although EM is the technique of
choice for the identification of minute
amyloid deposits and intracellular fi
brils, LM examination of Congo red
stains yields acceptable results. Our
study supports the feasibility of kappa
and lambda subtyping of AL amyloid
with the immunoperoxidase method
(13). However, the high concentration
of tissue-associated monoclonal immu
noglobulin chains or fragments thereof
in MM makes identification of amyloid
in these sections difficult. The presence
of amyloid-associated giant cells which
contained light chains, supports the
role macrophages play in AL type amy"
loidogenesis.
The relevant MM secretory type im
munoglobulin and light chain in focal
groups of epithelial cells in the tongue
mucosa is a feature not yet described.
Preliminary investigations suggest that
spindle-shaped cells in the basal region
of the tongue mucosa are involved in
the presentation of phagocytosed im
munoglobulin chains to the basal epi
thelialcell layer. Although the signif
icance of this phenomenon is specula
tive, it may form part of a process of
trans-mucosal elimination of excessive
proteins and · the role of Langerhans
cells in this process needs to be investi
gated.
Only 4 patients in our series had

36

Oral Pathology 17:9-10. 1988

Bence Jones (or light chain secreting)
MM and 2 of these exhibited amyloid
deposits. It is noteworthy that the amy
loid in these 2 cases had a diffuse distri
bution and contained the most striking
macrophage and giant cell reaction.
Our study does not s upport a higher
amyloidogenic potential for lambda
light chains, as the majority of deposits
were of the kappa type . Furthermore ,
our youngest patient, Case 17, with a
kappa light chain secreting MM pre
sented with the most extensive amyloid
deposits of all. Three patients with
amyloidosis had no urinary light chains
even though extremely sensitive immu
nochemical techniques were employed
for the detection thereof. Urinary light
chain excretion is dependent on a va
riety of factors, of which renal tubular
function plays an important role: light
chains will be absent from the urine
while the ability of the renal tubuli 'to
absorb and catabolize light chains are
maintained. We detected light chains in
the urine of 11 patients without amyloi
dosis and, therefore, suggest that the
presence of urinary light chains as in
dicative of co-existing amyloidosis be
used with caution.
The association between amyloidosis
and a high percentage plasma cells in
random bone marrow aspirations or
biopsies appears to be inconsistant.
Both techniques may fail to identify sig
nificant plasma cell levels due to the
patchy and often atypical distribution
of the tumor mass , as illustrated by our
Case 13. The absence of amyloid in
patients with 70% or more bone mar
row plasma cells in our study further
supports our scepticism of this correla
tion.
Amyloidosis is a recognised and
grave complication of MM . As no bio
chemical or hematological parameter
appears to be associated with amyloi
dosis in MM, we suggest that routine
tongue biopsies be performed on pa
tients with MM for the identification
and immunochemical sUbtyping af AL
type amyloid.
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Salivary Immunoglobulin Related Proteins in
24 Patients with Multiple Myeloma
Erich Raubenheimer, Willie van Heerden, Joseph Dauth
and Tracy van der Walt
Mixed saliva and blood of24 cases of multiple myeloma (MM) were collected and the immunoglobulin
and light chain concentrations compared with that found in the saliva and blood of 16 age matched
control patients. The concentrations of salivary IgA, IgG and lambda light chains were significantly
increased in IgA-, IgG- and lambda light chain producing MM respectively. Salivary IgA concentration
in non-IgA MM and salivary IgG concentration in non-IgG MM were within normal ranges. Despite
a significant decrease in circulating normal immunoglobulins, this study fails to support suppression
of normal salivary immunoglobulin concentrations in patients suffering MM.
Oral Oneal, Eur J Cancer, Vol. 29B, No.4, pp. 295-297, 1993.
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INTRODUCTION
IN THE majority of patients with multiple myeloma (MM)
serum protein electrophoresis will disclose the presence of a
monoclonal paraprotein which may present as an increase in
one of the immunoglobulin classes and / or immunoglobulin
related light chains (Bence-Jones proteins) . MM are immuno
chemically typed according to the circulating monoclonal
immunoglobulin and / or light chain type produced by the dis
seminated neoplastic plasma cells. This typing is helpful in
predicting complications and prognosis of patients suffering
MM [1]. The decrease in the concentrations of circulating
normal immunoglobulins predispose to opportunistic infec
tions, a serious and often terminal complication in MM [2].
Reports on the presence of abnormal immunoglobulin
related proteins in secretions of MM patients are infrequent
in the literature. Analysis of saliva of lO patients with MM
[3], identified monoclonal IgA in 5 out of 7 patients with IgA
MM and monoclonal IgG in both patients with IgG MM:--No
free light chains were detected in the saliva of the 1 patient
with light chain producing MM. An increased concentration
of IgG was present in the saliva of 1 case of IgG MM studied
by Brandtzaeg [4].
The purpose of this study was to determine the concentra
tions of immunoglobulins and light chains in saliva and serum
of 24 patients with MM and to compare the values obtained
with that found in age matched, systemically healthy patients.
PATIENTS AND METHODS
Whole saliva and blood of 24 patients with MM and 16 age
matched systemically healthy control patients were collected
after a thorough clinical oral examination. The saliva was
expressed with the aid of a sterile syringe from a cortonwool
swab after it had been chewed for 3 min . Patients with overt
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signs of gingivitis or periodontitis were excluded from the
control group of the study. Quantitation of IgA, IgG and IgM
levels in serum were done with rate nephelometry (Auto ICS,
Beckman Instruments Inc. Fullerton, U.S.A.). Immuno
chemical typing of the light chains in serum was carried out
with immunofixation electrophoresis (Paragon™ IFE gels,
Beckman Instruments Inc.).
Salivary immunoglobulins and light chains were quantitated
with low concentration radial immunodiffusion plates (LC
Partigen® and M-Partigen®, Behringwerke AG, Marburg,
West Germany). The concentrations were expressed in grams
per litre (g/ I), compared with the respective circulating con
centrations and the findings were subjected to statistical ana
lysis using Student's (-test for uncorrelated data.

RESULTS
Clinical examination of the MM patients revealed no signs
of oral mucosal infections. 17 patients had IgG MM, 4 IgA
MM and 3 light chain producing MM (two kappa- and one
lambda MM) . The mean concentrations and standard devia
tions of the major immunoglobulin classes in MM patients
and the control group are expressed in Table 1 and the
immunoglobulin light chain concentrations in Table 2. The
circulating residual immunoglobulin concentrations in MM
patients were generally below the normal ranges (Table 3)
and that of the control group (Table 1). No significant differ
ences were found between salivary IgA concentrations in non
IgA MM and the control group (P> 0.05) and salivary IgG
levels in non-IgG MM and the control group (P> 0.8). In
IgA MM, salivary IgA concentrations were found to be sig
nificantly higher than in the control group (P < O.OI). A sig
nificant increase in salivary IgG in IgG MM (P < 0.01 was
also present. The concentration of lambda light chains in the
saliva of lambda-producing MM was significantly higher thao
the control group (P < 0.01). Although salivary kappa light
chain concentrations in kappa-producing MM showed great
variations, with single values far above those of control
patients, statistical analysis failed to prove a significantly
higher concentration of kappa light chains in kappa-producing
MM when compared to the control group (P > 0 .05).
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Table I. Concencrations of major immunoglobulin types in MM- and control patients

Saliva gi l

IgAMM
(2 x 19A 1('S 2 x IgA A's)
IgGMM
(12 x IgG 1(, 5 x IgG A)
Lambda MM
(n= I)
Kappa MM
(n=2)
Control
(n= 16

Serum gil

IgG

IgA

IgG

IgA

19M

0.04±0.03

1.l±0.9

5.85±4.4

41.5 ±25.3

2.0±3.5

0.22±0.16

0.05±0.05

75.9±32.4

0.63±0.6

0.57±0.42

0

0.14

5.5

0.3

0.2

0.7±0.01

0.04

13.1±1.5

0.65 ±0.07

0.25 ± 0.07

0.047±0.03

0.081 ±0.03

20.0±6.6

3.28 ± 1.3

2.16± 1.7

Table 2. Light chain concentrations in MM- and concrol patients

Saliva gil
1(
1(-producing MM
(n= 16)
A-producing MM
(n= 8)
Control
(n= 16)

0.44± 1.0

A
0.006±0.01

I

43.5 ±24.5

2.2± 1.8
55.1 ±37.0

0.16±0.12

4.4±2.9

0.03±0.03

0.02±0 .01

13.4±5.3

14.4-22.7 gi l
1.9-4.7 gil
0.7-2.6 gi l
5.66-13 .0 gi l
3.04-7.35 gi l

0.05-0.48 (mean 0.137) g/ l*
0.007-0.037 (mean 0.016) gil

N/A
N/A

i

I

A

0.03±0.06

Table 3. Normal ranges

Serum
IgG
IgA
IgM
1(
A
Saliva
IgA
19G
1(
A

Serum gil
1(

*Gronblad 1981 [5).

DISCUSSION
This study represents the largest series in which the concen
trations of immunoglobulin related proteins in saliva of
patients with mUltiple myeloma were detennined. Although
changes in the circulating immunoglobulin concentrations are
well documented [2], little is known of alterations in salivary
immunoglobulins and immunoglobulin related proteins in this
disease.
A study using immunoelectrophoresis to detennine the
presence of salivary immunoglobulins in 10 patients suffering
MM [3] failed to express the concentrations and the findings
can therefore not be compared directly to ours. These authors
conclude that although the concentration of monoclonal
immunoglobulin is low in saliva, its presence is adequate proof
that circulating immunoglobulins can find their way into
external secretions. The technique employed in our study is
more sensitive and made accurate quantitation of the different
immunoglobulin-related proteins possible. All our cases of
IgA MM had significantly increased concentrations of IgA in
saliva when compared to the salivary IgA concentrations
found in the control group. The same applies to salivary IgG

7.04±1.5

in IgG MM and lambda light chain concentrations in the
saliva oflambda producing MM . Despite a few kappa produc
ing MM that had high salivary kappa concentrations, statist
ical analysis failed to support a significant increase in salivary
kappa concentrations in kappa producing MM when com
pared to control values. Although transmission of circulating
immunoglobulin related proteins to saliva appears to be
enhanced by elevated serum concentrations, no direct correla
tion could be fo~nd between these values.
The occurrence of systemic immune suppression in MM is
well documented . This study supports the findings of Coelho
et at. [3] which failed to identify salivary immunoglobulin
impairment in MM. No statistical evidence of a decrease in
the concentration of normal salivary IgA in non-IgA MM
patients could be found in our study. This was confinned in
that no clinical evidence of an opportunistic infection was
seen in the oral cavities of our MM patients. The mechanism
by which nonnal immunoglobulin production is suppressed
in MM, is not clearly understood [6]. It has been postulated
that neoplastic plasma cells secrete a factor capable of activat
ing suppressor macrophages which in turn inhibit normal B
cell function [7]. The observation that salivary gland associ
ated immunoglobulin production is not altered in MM, adds
an interesting parameter to the debate on MM-induced
immunoparesis.
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The Relation Between Tenporanandi.b..llar J oint Internal De~
O::clusion and Parafunction. W 0 SNYMI\N*, J C NEL and J DE VRIES I
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in Diameter with Starldu:rd cylindrical posts. M.P.Lom.;
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Ccclusal discrepancies and parafunction have teen frequently cited as causes of
Standard parallel-sided posts are roW1d in cross sec tion and are di fficult to
both condylar and mas ticatory muscl e disorders.
It has been postulated that
fit into the oval shape of mos t root canals. Cast posts overcome this problem
~th these fa~rs result, in mandibular displacerrent, causing ccmpres sion of the
but cannot be made parallel and there f ore ~uffers from lack of retention. A new
111tracapsular tl.ssues, nucre-trauma, pain, irnpairrrent of the b l (X)Cj supply and
commercial product, !ITriax" (T), with oval cross-sec tion, was subj ected to
t ens ile, shear and torq ue forces and compared to a commercially available
c:x'nsequently degenerative changes in the temp:>ranandibular joint. '!his theory
l.S , s~ppor:t-e'l by the .fact ~t alteration to the occlusion is followed. by a
cylindrical pos t , Para post Plus (P ) .
Roo ts '....er e covered 'tli th silicone and mounted in brass containers wi th acryl i c .
c l1111.Cal l.lrprovement 111 a high percentage of patients
'!he purpose of this study was to detennine whether or not an association exists
The r oot canals of t he teeth were pre ps-red for l a terally condensed sealing and
teo..een par.afuncti?n,1 occ l usal discrepancies and internal derangenent of the
post- charmels I'i e r e drilled at low speed wi th the j igs and drills specif i ed by
temporananchbular )0111t. A total of 273 patients treated for tenrp:m::llrandibular
t he manufacturers. The different posts '....i t h a s t andardis ed core was cemented
"tii th zi nc-pho s phate cemen t a ccording to t he A. D.A. specificati ons and the
,dysfunction at the 'D-O c linic, Department o f Restorative Dentisty, Uni versity of
~ Pre~or~a ~re ex.arn.iJ1~ for signs and symptcms o f anterior displaca:rent of the
toot h-post- core a ssembl y tested t o fai lure by means of the three rr.en t i oned f orce
lmen~sc li Wltt: reduction. (ADTMR). ~e occlusal status was determined by means of
va riables in a Lloyds Jay-Jay T5C01 tens ile testing machi ne .
RESULTS a r e not stati sti cally significant mainly because an i nsuffici ent munbe r
'aIl occlu.:-al 111dex prev~ous ly described . The results i ndicated a small poSitive
oorrelatl.on
(r
= + 0.18) between ADI'MR and eccentric bruxism (P<"0. 0005 ), a
.of tes ts could be completed due to pro blems encoLUltered with j igs and cores.
ihi gher correlatiiin (r = + 0.39) between Arm1R and centric bruxism (P"' 0,000 5) ,
TEll8ILE: (p) n=20; f orce=298 ,2) 1I{,',<l.ons) (8 .D. =61,7S) : (T) n=14; force=)46,45 N
land an even higher .&rrelation beb.>een l\DMR (r
= + 0 . 556) and RCIIC dis
(8. D.=108,)6. SHEAR, (P) n=7; forc e=1105 ,77 II
(S .D. =226 , 20 1:
(T )
n=6;
:crepancies
(P':::O,0005)
s
forc e=1418,5 3 N (8. 0.=325,)6). 1DRQUE: {PI n=4; f orce= 0,96 Newton M. tr~s
i ~t can be concluded that a reasonably high pos itive correlation exists between
(S.D.=O, .37). (T) n=1 Jj force=1.59 Ne'..rton ;'~e tre s (S.D. =l J 20 ) .
J..nterna l derangarent of the Temporananl.duJ:ai J01nt, occlusal dl.screpanCl.es and
Some cr.an es ''''ill be r uired in the t estin
rotocol but it a
rs as tho h
eentr, e brux~ _ _ _
_
_ __ _ _ _
~e_ T
sts have better r etentio n than the Posts.
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The Pa ttel n a nd Patcology of Skele ,, 1 Osteosa rcoma 1n Pretona
VAl~ HEERDEN & A.J. LI(.TH£LM. Un i ve~sit y or Pr etoria
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Cyst Volume and Cyst Grow th Potential - An In vitro Ev a luation
[ : A..J. LIGTHELM* & W.J.C. COtTi EE
:..Jl!l~~~i.!Y .-9.LP ;:et 9."r.:·
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The i~creas~ in size s nd growth pot ential o f cys t s of the jaws play an important
.
ir 0 1e In th. e lr b e h aVlour
and pr ognos is. The paramete r s used to d e tennine the si ze
10f crs t s.lnc lude vol~me. the gr e a t est area and perimeter as we ll as the d iameter.
l ~ongltudll}al evaluatlon of cys t $rowth is th e correc t way to eva luate the increas
,l~ cyst Sl~e . . At present th ere LS no reliable method in f!)(is tence neithe r in
.v 7tro ':lor Ln Vl VO,. for the det ermi na ti o n of c yst growth. " No con tact" thre e

The moder n inten sive surgi ca l and chemothe rape utic ap pr oach t o the treatment of I
skelet al. osteosarcoma nece ssitates de t q il ed investigation of the pre va le nc e and 1
pat hologlcal ~ea~ures of this tum?ur. . This s~udy \"'3S undertaken to determine tht.
age and ra ce lnCldenc~. th e l oc allzatl on, rad l ologic.)1 a nd patho l og i ca l appear- 1
a nce as l.1ell ElS t h e hlsto l ogica l clas s ifi cat i on o f o st e osa rcoma.
· One hu,:,dred an d seven cas e s of th is tum?ur \"'~r e d iagnose-:i at dcpartn~ents of
Anatomlcal and Oral Pa ~hol og:t of the Un1ver~tt.y of Pre t or ia. These cases were .
all re a s s es s ed an~ ravl.sed wl.~h r e g3rd t. o hlscolo [; ical clas s i f ication . There
I
· wer e 77 b l ack patle n ts, 28 W~lt.~ s a nd onE' coloured dnd Ind i a n patie n t. respective~
ly. Awo n gst bla c k s t he.se ~ lncld ence.wa s M:f=I,5:1 and arr:ongst whites M:f=O.5: 1j
In both races th~ p€' .Jk l nc ldence ":'.:lS In the s e cond decade. Afflic t.ion o f 10ng- ,
b(:)O€s .1... as found In 761. of case~ wl~h ~he distal femur th e mo st common an a tomical
s lt e 1n bot.h r ace groups . A hlgh l.ncldence ( 17% ) of ja~ tumou rs \Jas found
~mon $ s~ blacks.
The general patt ern with regard to hl sto l ogic al cla ssificat i o n I
LS Slm llar t.o thae report ed in other series.

:~~;~~i ~~i~~ ~;~~U!i~~ ~~du~:n~; ~~;w~~f!~~e~~ ~~~~cope off ers the possibility of
'Histol?gical sections of implantation cysts in rats were e valuated by three opera
,t ors wLth :espect to·the .g reatest area and perimeter as to'e ll as the greatest and
;~:! t~:~ .d l amete r. Se ctlo ns made at 1 ,2, l. ,8 and 12 weeks after impl a ntation were

I

The hi~her preva l e nc e of osteosarcomas amo n st blacks in this series corr elate s I
wtth t e hlghe r lncldence 0 sarcomas 10 e nera amon st
ac s tn r e orla
,
com ara e to 0 er s~ries
· lhe patte rn o r os te~sarcoma 1n t ns se r1 e s l S arge
, In the heeraturc. Wlt
e exce ptl on 0 a n l.nver e seX- lnCl en ce amongs t Y" 1. ea .
T~ e hl gh lnclde n c e of ] a .... euroours amongst blacks f urthe r 1.ndi cates a dlstlnct
dlffer e n c ~ when coo)pa re d to o tht!r series .

___ _
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~he reflex. m~croscope haS a ~pecific accuracy of 4,5 and ISf'-m in res pect of X. I{
; nd Z co - ord lnate s and the dtffer ences b~tw een the measurements t.aken by the th n..
operators of. the g rea test a,:,d ~m ~ ll e st ~lameters were significant (p (C, 05:
~rus~al-Wa.lll~ Test ) . No stgmftcant dLffe r e nce s cou ld be sholom (p) O. 05: Kruskal
~ahrl:elSoTpeeSrat)torUs'. the measurements of the grea t e s t area and diameter mad e by t.he

I

-t:

~;

'"

t.he evaluati~n o f ~ he paramet e rs o f area aod diamete r the si:o: e of th e c"sts
could be dete rmlned
th
'
<.;.y~
I
Wl
gr eat e r precLSion and could be r epeated 1.n r e spec t of
~ 'e c~sts at ~he a bove mentl ooed times . Consequent:.!x, longi tudinal evaluation of

________~ 'I :~O:.:'.'''. ' ."~-=:=:'.
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Cl eldo-c r a nlal Dysplas1.a (C CD) 1.n the South ~ Iestern Cape
L. BARTMANN. PH. BEIGiITON. E HORN.;; E PARKER. M G. S"~SODIEN.
J. STAZ*. C. \iALLI S. U.C.T. an d U.Ii. C.

I Amel o bl astoma s

I M.J .?

<C""

of the Jaws at Ga -Ran kUl"a Hospital : 1982 - -:1"""9""87"".- --'

HA RRIS ' and E.J. RAUBEHHEH1ER.
Africa, P. O. Medunsa .

~ -

This aut osoma l dominan t gene tic di sorder i s wid esprea d and l.,rell doc umen ted
most reports however referring usually to indi vid uals or rel a ti ve l y sma ll
groups o f cases.
Jackson (1951) a nd Beighton (1978) es tablished it s
prevalence in th e South Western Cape .
Ja ckson recorded 356 descendants
~f a Chi nese seaman from Java who ar rived at the Cape in 1896, settl ed
1.n Some rse t West, ado pted the name of Arnol d. embra ced t he Mos lem Fal eh
and :seven wi ves . and had an ext e ns i ve progeny.
Of these at lea s t 70 or
19% ex~ibited t he manifestation of this di sord er.
The present pr o ject
i s .de.slgned co pursue f urther these obser va tions, to trace more family
r a ml.flcations, to study in det.ail sel ec t ed c ase s and to note trends, i f
any in the incidence of this dysplasia.
To da t e (Ju ne 1987) 828
descendants, som e comp r i sing fi ve genera tions have been noted of whom
68 or .8% ar e affected.
Sixty one were examined in detail. their ages
extendl.Og from th ree mont.hs (N.A .D,) , nine months (with evidence) up t o
There is no sexual differ ent iation in
79 year s (marked ev id e nce).
t ransmission . ~re limi oary findings. sub ject t o biostatiscal evaluation,
s~gge ~ t tha.t Jon many . cases the pen.atration of C.C .D. is decreasing.
e speCI a ll y 1.0 the claVlcles, with an lncrease in the number of unaffe cted
de s c e ndants.
Th is study is supported by the Medical Re s e arch Council of So th At .
and the Univ ersit y of the Wes t er n Cape .
u
n CB

OM ., . . .

Medical University of So uthern
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Modern literature has indicated tha t there i s a variation in the age, sex and
I' site o f occurrence of amel ob l astoma s in the various population groups.
The purp ose o f th1s study was to inves tigate th .e clinical and hi stopat hological
data of 34 patients with ameloblastomas diagnose d over a peri od of 5 years at
Ga -Rankuwa Ho sp ital (a referral hosp it al for th e no rthern region s of Southern
I Africa). The age of the patients va r ied from 7 yea rs to 30 yea rs with an
a ve rage of 30 years. The ameloblastomas were histoloqically co nfirmed and
clas s ified accordingl y as either unicyst ic or solid. Th e g r oss patterns of the
. latter subtype were noted as either ple xiform o r follicular or a mixed
appearan ce . Any differentiati o n in the s t e llat e reticulum was al so noted.

I

!

Thi s tumour occurred mainl y in females with an average of 32 ,5 yea rs. The
f emale to male ratio \,Ia s 1,8 : 1 and the ave rage age of the males was 25,5 years.
Children under 18 years acco unted for 26,5 '; Of the total cases and thi s
parallels the findings of Daramola. et al (1975). The preferred site of
occurrence was the mandibular body and ramus which cont rad i cts the study of
Akinosi and Williams ( 196 9) . Six cases of unicystic amel ob la s toma s were
identified and the a verage age was 18.2 yell. rs . . It wo uld appea r that
f amelobla stomas with a lexiform rowth pattern occur at a youn er a e than do

II
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- - ,QUa ntita tive Bonechanges- iilRicket s·.- -P-:-DE·Vl i.i.iERS · ~-E- RAUBENHElMERI
J. DAtrrH and P. POTGI E'I'ER. Departments of Ora l Pat.ho l ogy, Chem ical
! ~_~_~.~_~!C9,
_ ~.~.n_. d x~
. _~~.l~~.3.e~i.C s.ur ery.,_ . Medi.cal univ. er.~it.Y._Of_SOuthern
._ _ _ _
_
.___ ..
_
_
i croscoPiC diagno st i C cri teria in ricket.s a re ill defi ned. This study was
u ndertak en t.o determ ine q uantitative microscopic bone changes in r ickets and
Icorrelat.e t.hese with biochemical fi nding s.
jStandardized transcortical iliac bone biopsies of 9 patie nt. s adtDit. ted at
,Ga-Ra nkuwa Rospit.al wit.h ciini cal, biochemical and radiographi c evidence o f
' rick~ts wer e fixed in 70\ alcohoi and) micrometer thick undemincralized sec tions
:prcpa.red and s t ained accordingly with hema t oxyl in and eosin, von Kossa a nd
~ Picrosirius t.echniques. All sections were subjected to imag e anal YSis using a
!VIDS II c omputer ized sy s t elll.
The bone parameters assessed were to ta l trabecula r
bone volwue , mean cortical width, trabecular osteoid vol ume, mean ost eoid seam
!width, osteoblas ts per square millime t er biopsy area, trabecular resorptive
~ surface and os t eoc l as ti c resorptive surface.
Blood i eve ls of alkaline phospha
' tase, parathyrOid hormone , ionized calcium and inorganic ph osphorus we re
correla ted with the histomor"phomet..ric f indings.
'This study demon strtlt.ed t ha t a reduction of the mean cor t ica i .... idt.h « 570
micron s) , increased trabecul ar ' o s teoid volume (> 4 , GB'!.) ,_ int;:r eas.ed mean osteoid
seam. width t:::> 11 ,19 microns) and dec reased trabecular resorr ti ve surface
« J, 7611 ) are t he mos t con sis ten t bone c h anges in rick et.s.
Furthcnnore, there
a ppea rs to be a linear function between the high alkaline phosphatase levels
·and. the number of osteoblasts p er square millimeter b iopsy area.
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Hi s t o l oo:; p c Mo nitoring of Mi ncra l.ua t.ion Activit.y in Rlcke t.s.
E.J. RAU8ENHEIM.ERIr, P.I.A. DE VILLIERS, J. DAUTH and D . POTGIETER.
Depart.mcnts o f Or a l Pat.hology, Chemical Patho l ogy and Orthopaedic

Eva lua t ion of th e effect. of a suppl emented diet on the bone f ormation rat e in
rickets is based o n subj ective c linic al and radiographic impressions over
prolonged periods. This st.udy was undertaken 'to det e rmine mineraliz ation
act.ivity microscopically in rachit.ic pa t ients receiving a balanced hospital diet.
Sta nd ardi zed transcortical iliac biops i es o f ni ne hospitalized pa t.i en t s
suffering r ickets were taken after two three day cycles of tetr acyc iine
! a dminist.rat ion twelve days apart. The tissue s we r e fi xed in 70 percent alcohol
I and undemi ne ro,l ized 5 micron thick sections cut. . These we r e stain ed \,'ith
; hem a t.oxy lin and cos in. von KOSS<l s t ain for c..licium and a f urt.her section mounted
Wl s t 8. in ed . The dist.rib ution of minera li za t.i on f ro nts w E'({~ st udied on von Kossa
s t.ains and unsta i ned sections were subjected to fluorescent microscopy. The
percen tage t .rabecular bone surface labe lled and the average distance between
tetracycline lines were measured and the bone formation rates or BPR (expressed
in microns per day) and m.i ne rali za tion i ag time or MLT (expre ssed in days)
calcu lated. M~asurelDents obta1.ned were compa red with accepted norma l va lues
I (Vigor ita , 198 4).
Evaluation of the mi ne raliza tion fr ont was found t o be subjecti v e. Determina
tion of EFR und MLT proved measurab l e and Significant.. 4 cases showed _.
suffi ci ent minera lization i:1c tivit.y, 4 case s req uired addi tionu.l Vit. . D and
mi n er~'!l supp lemen tclt. i on and a bone f ormation r ate of z ero orOOp-ted further
l~_x amin ~tiOn and t~e diagnosis o f a malformation s yndrome in one Cdse ;
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Static and dynamic bone changes in hospitalized patients suffering from rickets histomorphometric study
Aims: The aim of this study was to assess static and
dynamic bone changes in patients suffering from
rickets. Methods Clnd results: Transcortical iliac crest
biopsies of 15 hospitalized children with rickets were
taken after labelling new bone form a tion with two
cycles of tetracycline administration 10 days apart.
Undecalcified sections were prepared. appropriately stained
and histomorphometric analysis performed. Static and
dynamic bone changes were measured including the
volume of bone and osteoid, trabecular and cortical bone
dimensions and resorptive and mineralization activities.
The results were compared with normal values. The
nature of the mineralization fronts was noted. Trabecular
osteoid volumes of all but one patient was above the

a

normal range of 1.9'X, (::!:: 0.4%). This patient suffered
rickets associated with the Kwashiorkor-Marasmus
syndrome. Tetracycline labeUing was found to be more
sensitive than subjective evaluation of the nature of the
mineralization fronts . Despite a balanced hospital diet. a
bone formation rate of zero was found in three cases,
indicating a need lor vitamin D and mineral supplemen
tation. Seven cases had decreased mineralization lag
times, indicating response to the balanced diet. Conchl
sions: This study showed that histometric analysis of
labelled bone biopsies is a helpful adjunct to the diagnosis
but particularly assessment of response to management of
deficiency states in children.

Keywords: rickets , histomorphometry. bone metabolism

Introduction
Rickets is a disease of children characterized by
decreased mineralization of osteoid with abnormalities
of bone growth. Failure of mineralization occurs when
the plasma c\evel of either calcium or phosphate is
decreased over a prolonged period. The most common
cause of rickets in developing countries is a dietary
deficiency of vitamin D or calcium. In developed
countries. other causes, notably renal disease, mal
absorption states and inherited conditions characterized
by increased phosphate loss in the renal tubules or end
organ insensitivity to vitamin D (vitamin D resistant
rickets) are more common than nutritional deficiencyl.
The diagnosis of rickets is multidisciplinary. Clinical
Address for correspondence: Proressor E.J.Raubenheimer, ivledical
University of Southern Africa (MEDUNSA). Department of Oral
Pathology and Oral Biology. Box 024. PO. ivlEDUNSA, 0204. South
Africa,
© 1997 Blackwell. Sciencc Limiled,

signs are related to deficient bone mineralization and
manifest as skeletal growth retardation with bone loss,
enlargement of the metaphysical regions and deformities
of weight-bearing bones. Biochemical criteria include
decreased plasma concentrations of calcium and phos
phate, elevated alkaline phosphatase and chronic acidosis l .
Bone biopsy is the only reliable technique through
which the static bone volume can be established with
accuracy. In conjunction with tetracycline labelling,
dynamic parameters at cellular level. such as the rate of
mineralization, can be expressed and weighted against
standardized norms 2 . This study was undertaken to
determine the volume of mineralized and unmineralized
bone and establish the rate of new bone formation in
hospitalized patients with rickets .

Materials and methods
Two cycles of tetracycline (250 mg three times a day) for
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3 days, respectively, were administered at an interval of
10 days to 15 hospitalized patients suffering rickets
(Figure 1). All patients received a normal balanced
hospital diet without vitamin D and calcium supple
mentation 2 weeks prior to the taking of the biopsy.
Transcortical iliac crest biopsies were fL'{ed in 80%
ethanol and embedded in a plastic polymerizing resin.
Undecalcified sections of 5 ~m were cut and stained with
haematoxylin and eosin and the von Kossa technique to
evaluate mineralization and the Picrosirius technique to
highlight osteoid. One unstained section was prepared
to determine tetracycline incorporation with ultraviolet
illumination. The sections were viewed with a transmis
sion light microscope attached to an image analyser
(Flexible Image Processing System, CSIR, Pretoria,
South Africa) and microscopic parameters. as proposed
by Vigorita in 1984 2 • were quantified (Table 1).

Results

I
I
r

I
i

The his to morphometric findings are summarized in
Table 2 and the reference values are those for iliac crest
bone in children 2 . The trabecular osteoid volume of all
cases except case 9 were found to be Significantly
increased. Microscopic examination of the von Kossa
stains of cases 1 .2 ,4,S,9,12-1S showed a sharp.,.--interface
between mineralized bone and osteoid. A calcification
rate (CR) of above 1 ~m per day was generally associated
with a mottled and broad mineralization front as seen in
cases 3, 6, 7, 8. 10 and 11 (Figure 2). Microscopic
examination of unstained sections with ultraviolet
illumination showed distinct lines of fluorescence of
the tetracycline labels at the interface between osteoid
and bone and in varying distance apart in all cases
except 1, 12 and 15 (Figure 3).

Discussion
The taking of a'iione biopsy for screening purposes in
patients with suspected metabolic bone disease has little
justification; less invasive methods such as radiology
and blood biochemistry can be employed for this
purpose. However, most of the drugs involved in the
treatment of rickets are expensive and serious complica
tions are frequently seen from vitamin D intoxication 3 .
The taking of a bone biopsy to determine the response to
initial therapy is justified as it offers the possibility to
quantify the volume of osteoid and establish the rate of
new bone formation, thereby providing important
information on the prognosis of a specific therapeutic
regime. This procedure identifies non-responders during
the initial stage of therapy which consisted in our study
of a normal balanced hospital diet. The success of
© 1997 Blackwell Science Ltd. Histopathology. 31. 12-17.

Figure 1. Clinical appearance or case 4. Note the bOwing of weight
bearing bones.

dynamic bone histomorphometry relies on the labelling
of new bone formed over a set period before taking the
biopsy. This is done by administering two 3-day cycles of
tetracycline at least 10 days apart. The iliac crest is the
site most frequently used for biopsy because it is easily
accessible, non-weight bearing, and therefore not
susceptible to stress-induced skeletal changes 4 . Biopsies
are fixed in 80% ethanol to prevent loss of tetracycline
which occurs during formalin fixation 2 . The technique
requires special image analysis equipment and expertise
and clinicians are advised to, before taking a biopsy,
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Table 1. Histomorphometric parameters determined

Term

Abbreviation

Trabecular bone volume

TBV

Mean trabecular width

MTW

Mean cortical width
Trabecular osteoid surface

MeW
TOS

Trabecular osteoid volume

TOV

Mean osteoid seam width

MOSW

Trabecular resorptive surface

TRS

Osteoclastic resorptive surface

ORS

Osteoclasts per mm of
trabecular perimeter

OTP

Calcification (apposition) rate

CR

Mineralization lag time

ML1\

Bone form a tion rate

BFR

Percentage of trabecular
surface labelled
Mineralization front

TSL

I
I
f

II
I'
I
I

MF

ascertain whether the histopathology laboratory is
equipped to perform this investigation.
In contrast-fo osteoporosis, the bone in rickets and its
adult counterpart, osteomalacia , is qualitatively abnor
mal and characterized by a failure of mineralization.
The earliest bone change occurring in rickets is the
disappearance of mineralization (ronts. The border
between osteoid and mineralized bone loses its ill
defined granular nature and is replaced by a distinct line
separating unmineralized and mineralized bone. This
change is associated with impairment of mineralization
of osteoid and impacts on the dynamic measurements
as a decreased uptake of the tetracycline label. The
percentage of trabecular surface labelled (TSL) subse
quently decreases and the calcification rate (CR) falls
below 0.54!Lm per day2.5. These parameters are also the

Definition
The percentage of the medullary cavity
occupied by mineralized and
unmineralized bone.
The average width of all trabecular
bone spicules.
The mean thickness of both cortices .
The percentage of bone surface covered
by osteoid.
The osteoid area expressed as a
percentage of trabecular bone area.
The osteoid area divided by mm of bone
surface covered by osteoid .
The percentage of bone surface showing
Howship 's lacunae.
The percentage of bone surface lin ed by
osteoclas ts.
The number of osteoclasts per mm of
bone perimeter.
The distance between the middle of all
double tetracycline labels divided by the
number of days between the
administration of two labels.
The mean osteOid seam width divided by
the bone formation rate.
The calcification rate times the
percentage of trabecular surface
labelled.
The percentage of bone surfaces labelled
by tetracycline labels.
The nature of the line of mineralization
between osteOid and mineralized bone.

first to respond to effective treatment. The sharp
mineralization fronts (as seen in cases 1, 2. 4, 5, 9,
12-15) are indicative of a lack of sufficient mineraliza
tion of osteoid. Tetracycline labelling, however, appears
to be more sensitive, as in a number of these cases (2, 4 ,
5, 9 , 13 and 14) the rate of mineralized bone formation
(BFR) was found to be adequate despite sharp miner
alization fronts. The BFR, which is decreased in
untreated rickets. brings the CR into perspective by
expressing the dimensional volume of new bone formed
more accurately. This parameter prognosticates the
potential outcome of a therapeutic regime and may
obviate the necessity to introduce vitamin D and
mineral supplementation. The three cases in our study
with BFRs of zero warrant vitamin D and mineral
supplementation. Failing response, further investigations
© 1997 Blackwell SCience Ltd . Histopathology. 31. 12-1 7.
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Figure 2. Photomicrograph of a mineralized bone trabeculum (black) covered by a wide osteoid seam (von Kossa stain, x 100). The inset
shows a higher magnification of a wide and mottled mineraliza tion front (arrow) (von Kossa stain, x 250). "

,,".

should be employed in order to exclude poor compliance to
therapy or establish a non-nutritional cause for their bone
deficient state. In the event of not finding any other cause,
the status of the osteoid matrix may be so abnormal as to
prevent mineralization 6 . The mineralization lag time
(lv.ILT) , which is generally longer in rickets than in other
bone deficiency states, is an indication of the discrepancy
between the process of osteoid and mineralized bone
formation. This parameter is generally lengthened in
rickets and a decrease thereof is an indication of response
to therapy, as achieved in seven of our cases.
After mineralization has ceased, the second patho
gnomonic microscopic feature of rickets is introduced
during which the osteoblasts continue to produce
osteoid which remains unmineralized, and an increase
in the volume of osteoid occurs. This change manifests
as a widening of the osteoid seams and reflects as an
increased mean osteoid seam width (MOSW). Even
tually, the osteoblasts cease to deposit osteoid, dediffer
entiate and osteoblasts elsewhere on the bone surface
lay down osteoid which also thickens and subsequently
© 1997 Blackwell Science Ltd. Histopathology. 31. 12-17.

becomes inactive. The bone surface covered by osteoid
increases and the trabecular osteoid surface (TOS) and
volume of osteoid (TOV) subsequently rises. This phase
continues until large areas or bone surface are covered
by abundant osteoid. The increase in the trabecular
bone volume (TBV) in rickets is therefore a result of
osteoid formation. Extensive osteoid coverage prevents
osteoclast mediated bone resorption and reflects as a
decrease in the osteoclast-associated parameters 2,s. In
most of our cases, the osteoclastic resorptive surface
(ORS) and osteoclasts per mm of trabecular perimeter
(OTP) were found to be elevated despite abundant
osteoid. This is probably indicative of the osteoclast
activating effect of secondary hyperparathyroidism. In
the atrophic (or porotic) form of rickets, osteoid is,
however, reduced in volume. This manifestation is seen
in the Kwashiorkor-Marasmus syndrome associated
with rickets and indicates the coexistence or two
defiCiency states in the same child 7 . Our case 9, which
exhibited narrow osteoid seams and a low trabecular
osteoid surface, falls in this category. These changes in
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Table 2. Histomorphometric findings in 15 pa tients treated for rickets
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Ref.
Value
(SD)2

Case 1
Case 2 Case 3
Male
Female
Male
13 years 15 years 6 years

Case 4
Male
5 years

Case 5
Male
7 years

Case 6
Male
6 years

Case 7
Male
3 years

Case 8
Male
5 years

Case 9 Case 10 Case 11 Case 12 Case 13 Case 14 Case 15
Male
Male
Male
Female
Male
Male
Female
5 years 4 years 4 years 13 years 5 years 5 years 3 years

'"
~i
'"
--:
.....
'"

12..
TBV
MTW

22.5%
(3.5)
213 /l
(65)

15.4

23.6

23 .3

14.1

36.2

21.2

11.5

29.7

22.9

20.8

14.9

16.2

24.4

35.4

128.3

186.1

187.2

121.5

258 .1

126.4

127.5

152.4

130

155

203.8

158.5

59.4

159.8

110

104.9

570.4

~4

416 .3

419

120

379.4

421

344

748

579

103 .4

271.1

186

29.3

8.1

68.8

34.3

55.9

20.9

24.0

21.3

14.2

31.8

10.4

15.5

95

64

45.5

1.9%
(0.4)

35.3

10.3

9.4

9.9

14.8

11.0

11.3

4.7

0.6

6.1

3.9

8.5

57.8

28.9

21.8

9.7/l

44.1

27.2

29.2

23.7

31.8

29.5

13.7

18.2

5.0

10.2

10.8

16.1

33.5

40.4

16.9

MCW

909/l

TOS

(98 )
18.9%

1157

26.5

(5)
TOV
MOSW
TRS
ORS
OTP
@
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CR
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1.3

2.4

3.2

5.4

2.0

0.7

3.8

1.7

3.6

1.3

2.1

3.9

4.2

4.6

0.8

0.3

0.5

0.8

1.4

0.1

0.2

1.4

0.2

0.6

0.3

0.1

0.2

0.6

2.5

0.1

0.07

0.1

0.1

0.4

0.06

0.04

0.4

0.04

0.1

0.06

0.04

0.05

0.8

5.1
< 0.1

0.64/l

0

0.9

1.6

0 .6

0.8

1.3

1.4

1.9

0.9

1.6

1.6

0

0.7

0.2

MLT

> 100

0 .8

0.5

3.3

5.6

0.5

0.2

3.6

0.4

0.4

1.5

> 100

0.8

33.7

> 100

BFR

(3)
0.44/l

0

35.8

63.2

7.1

5.7

59.0

57.7

5.1

12.8

24

7

0

42

1.2

0

0

39.3

39.5

11.8

7.1

45.4

41.2

13.2

14

15

5

0

60

6

0
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Figure 3. Fluorescing tetracycline Iabels. a. The arrows show spacing between the fluorescing lines in a case with a normal CR. b, The super
imposed lines on the right (arrows) indicate inadequate mineralization activity (unstained sections viewed under ultraviolet light. x 20).

rickets indicate the need for a more extensive therapeutic
regime addressing protein and calorific malnutrition.
Histomorphometric analysis of bone is a helpful
adjunct to the diagnosis and therapeutic management
of bone deficiency states. The refinement which it
introduces contributes to accurate diagnosis and limit
the usage of broad and non-specific terminology like
juvenile osteoporosis. Labelling of dynamic bone changes
and the quantification of the respons€\ to a normal
balanced hospital diet obviates the need for expensive and
potential toxic vitamin D supplementation in most
patients with rickets. It furthermore contributes signifi
cantly to the early identification of those in whom
additional investigations are required to diagnose a non
nutritional cause for the bone deficiency state.
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Meeting Abstracts

This presentation will enunciate .the following:
1. What is telepathology
2. Classification, description, advantages and disadvantages of differ
ent telepathology systems
i Static telepathology
ii Robotic (Dynamic) telepathology
3. Requirements of a telepathology system: The hardware and the
software
4. Transmission of images
5. Causes of failure of telepathology systems
6. Results of a study of the use of telepathology in the field of oral
pathology

Objectives: The objective of this study was to determine the role of
dynamic microscopic changes in the diagnosis and management of
metabolic bone diseases.
Methods: Biopsies were taken of tetracycline labeled bone of 30 patients
suffering metabolic bone diseases of diverse etiologies. The biopsies
were fixed in 80% alcohol, embedded in resin, sectioned and stained
with the picrosirius-, von Kossa- and H&E staining techniques. Un
stained sections were viewed with ultraviolet illumination. Static and
dynamic bone parameters of osteoblastic -, osteoclastic - and mineral
ization activities were measured with the aid of an image analysis
system linked to a light microscope. Histomorphometric findings of
each case were matched with reference values, biochemical results, the
final diagnOSiS and therapeutic responses.
Results: The study showed that the responses to mineral supplementa
tion of patients suffering rickets and osteomalacia were greatly influ
enced by the volume of osteoid. Cases in which more than 80% bone
surfaces were coved by osteoid were characterized by hypocalcemia.
Rickets associated with the kwashiorkor - marasmus syndrome
showed low osteoid volumes and a poor clinical response to mineral
supplementation. Active tunneling resorption was found to be the
benchmark of hyperparathyroidism and diletescence rather than os
teoclastic activity the cause of bone loss in disuse osteopenia. In
chronic liver failure, hypogonadism and osteogenesis imperfecta all
osteoblast - and mineralization activities were found to be reduced.
Spindle shaped osteoblasts distinguished the bone changes in osteo
genesis imperfecta from those of liver failure and hypogonadism. Re
nal osteodystrophy could be classified on histomorphometric par
ameters in hyper- and hypo dynamic subtypes and provided useful
information on the need for parathyroidectomy.
Conclusion: Histomorphometry plays a central role in the diagnosis
and management of metabolic bone diseases.

Oral papillomatous lesions are a manifestation of human papillomavi
rus infection that have been noted infrequently in HIV-infected per
sons. In the era of HAART the incidence of oral warts in HIV-seroposi
tive patients appears to be increasing, whereas the prevalence of oral
lesions strongly associated with HIV-infection have been noted to be
decreasing.
Objective: Aim of this study was to characterize oral papillomatous
lesions and their relapses in patients with HIV infection treated with
HAART on their clinical aspects, to determine the presence of HPV
DNA by PCR and to specify the HPV genotypes by sequencing
analysis.
Material and method: 25 biopsies of oral papillomatous lesions diag
nosed according to accepted features were obtained from six HIV-pa
tients receiving HAART for > 6 months (homosexual males, median
age 36.5 year. [29-68year.]' median CD4 ::': cells 238/~L [32-460~L],
median viral load < 50/mL [ < 50-12000/mL]). 8/25 biopsies were
taken from recurrent lesions. Clinically the lesions were diagnosed as
verruca vulgo.ris (7/25), condyloma accuminatum (16/25) and focal
epithelial hyperplasia (FEH) 2/25. In two patients the lesions were
multiple and spread throughout the entire mucosa. Routine histopath
ology was performed, additionally, biopsies were tested for the evi
dence of HPV-DNA by PCR using L1 consensus primers and subjected
to sequencing analysis.
Results: 22/25 biopsies harboured HPV-DNA. Sequencing analysis re
vealed HPV-32 in 10/21 specimens, HPV-72 in 6/21, HPV-55 in 1/21
and HPV-7 in 1/21 cases. In one patient an unknown HPV-type was
identified. In condylomata accurninata HPV-32 and -72 was detected,
in verrucae vulgares HPV-7 and 32, in FEH HPV-55 and one HPV
genotype not yet identified. In one patient the biopsy obtained from
recurrent lesion clinically diagnosed as verruca vulgaris revealed two
different types of HPV (-7 and -32) .
Discussion: Studies on HPV-associated oral lesions have suggested a
correlation between FEH and HPV-13 and -32, verruca vulgariS with
HPV-2 and -4 and condyloma accuminatum with HPV-6 and -11.
However, in HIV-patients unusual HPV types such as HPV-7 have
been identified from oral warts. In the present study HPV-DNA of a
single type could be found in oral papillomatous lesions of different
clinical appearances and different HPV-genotypes could be identified
in--WSions of similar appearance. HPV-55 which was associated with
FEH in this study is mainly related to lesions of the genital tract. So
far, HPV-72 has only once been identified in an oral wart with atypia
in a HIV-positive patient. In our study HPV-72 was evident in two
patients with multiple condylomata. This study suggests that (1) HIV
infection seems to predispose individuals to oral infection with un
common as well as new HPV-types and (2) the increased risk of HPV
infection in patients receiving HAART may represent a form of im
mune reconstitution syndrome occuring in response to improved cell
mediated immune function.
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Summary: Metabolic bone disease encompasses a heterogeneous group of disorders that
influence skeletal metabolism and structure. They are generally diagnosed at an advanced
stage and manifest clinically with stunted skeletal growth in children and pathological
fractures in adults. Biochemical markers for bone metabolism are equivocal and microscopic
examination of labelled bone remains the gold standard for the diagnosis and accurate
monitoring of the response to therapy. This article reviews the role of microscopic bone
changes in the diagnosis and management of metabolic bone disease.

Keywords: metabolic bone disease, rate of bone formation, histomorphometry
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INTRODUCTION

Metabolic bone disease encompasses a heterogeneous group of disorders that affect skeletal
collagen or mineral deposition.

These include malnutrition, malabsorption, ageing,

immobilization, endocrine and neoplastic diseases, drugs and toxins, genetic conditions,
kidney disease and HIV infection. In developed countries the most common associations are
old age, immobility and the use of drugs whereas in the developing world, nutritional factors
are more frequently implicated. Metabolic bone disease generally progress sub-clinically and
are diagnosed late when clinical manifestations focus attention on end stage skeletal
debilitation. During childhood, growth of the skeleton is retarded and although all bones are
affected, most changes impact on the growth centres of long bones . Significant mortality,

morbidity and societal expense result in adults where pathological fracture is the key
manifestation.

DISCUSSION

Assessment of bone metabolism
Until recently, the only available biochemical markers for bone turnover were total serum
alkaline phosphatase for the monitoring of bone formation and urinary hydroxyproline for
bone resorption. Both are not specific to bone metabolism and unable to detect small changes

in bone turnover. The lack of sensitive markers for bone metabolism has directed efforts to
develop new and more specific biochemical assays. Bone GLA-protein (BGP), also called
osteocalcin, is the only protein found to be specific for bone and dentin. It is produced by
osteoblasts and might playa role in the recruitment of osteoclasts thereby being one of the
mediators that couple the activities of these cells. A fraction of newly synthesized BGP is
released into circulation, where it can be measured by radioimmunoassay.

Serum BGP

measurements should be interpreted with caution as many unresolved questions remain on the
volume distribution, metabolic clearance, influence of vitamin D deficiency, circadian rhythm
and breakdown thereof by osteoclasts (1). Urinary excretion of pyridinium cross-links is the
most tangible improvement in the search for a specific biochemical marker for bone
resorption. Hydroxylysylpyrinoline (HP) is widely distributed in type I collagen of bone and
the type II collagen of cartilage, but is absent in skin collagen. Lysylpyrinoline (LP) is present
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only in type I collagen of bone (2). An increase in urinary HP and LP has limited application
and has been associated with hyperparathyroidism (3), menopause (1), rheumatoid arthritis
and osteoarthritis (4). Finding a sensitive biochemical marker for bone resorption remains a
challenge, the outcome of which may lie in studies on the multitude of peptides released
during osteoclast induced bone resorption.

Refinements of histological methods not only established microscopy as the gold standard in
the diagnosis of metabolic bone disease (Table 1), but also contributed significantly to the
understanding thereof (5,6). In order to assess sub clinical bone changes at cellular level, a
transcortical biopsy of a non-weight bearing bone, like the iliac crest, is advised (5). The
biopsy is performed 2 days after the last of two 3-day cycles of tetracycline administration.,
which are at least 10 days apart (7). The presence of both cortical and trabecular bone in the
biopsy is important, as significant differences exist in the metabolism of these two bone
compartments. Cortical bone, which makes up 85% of the total bone mass of the body, is
exposed to the periosteum and is remodelled internally through an extensive network of
Haversian and Volkmann canals. Trabecular (or cancellous) bone constitutes the remaining
15% (8), is enveloped in fat and marrow, each spicule is remodelled on its surface and is
relatively avascular internally.
tetracycline.

Fixation of the biopsy in 90% ethanol minimizes loss of

Undecalcified sections are stained with the Von Kossa- and Picrosirius

techniques which highlight mineral and osteoid content respectively. Unstained sections are
examined with ultraviolet illumination in order to assess the extent of tetracycline
incorporation. Static and dynamic bone changes are measured with the aid of an image
analyzer. The static changes represent the state of the bone at the time at which the biopsy
was taken. These include indices reflecting bone mass, volume of osteoid and osteoclastic
resorption. The dynamic parameters reflect the rate and extent of incorporation of mineral
(tetracycline) into bone between administrations of the labels.

Static and dynamic

histomorphometric measurements are compared with standardized norms in young healthy
adults (Table 2)(5) and correlated with clinical, radiologic and biochemical findings thereby
accurately assessing all aspects of bone metabolism. A recommended diagnostic flow chart is
reflected in Figure 1.
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Factors influencing bone metabolism
Malnutrition
Failure of mineralization occurs when plasma concentrations of either calciwn (Ca) or
phosphate (P) are decreased over a prolonged period. The most common causes thereof in
developing countries are dietary deficiencies of Vitamin D (Vit D) or Ca whereas in
developed countries, other factors like renal disease and malabsorption states are more
frequently implicated (9).

In growing children these conditions lead to rickets and after

skeletal growth has ceased, osteomalacia

Rickets is amongst other clinical features

characterized by cranial deformities including frontal bossing and craniotabes (softening of the
skull), softening of the metaphysis and bowing of weight bearing bones (Fig. 2). With Vit D
and / or Ca deficiencies stimulation of PTH secretion is aimed at maintaining normal serwn Ca
levels. These biochemical changes are associated with quantifiable microscopic alterations to
the morphology of bone. In contrast to osteoporosis, bone in rickets is qualitatively abnormal
and characterized by excessive osteoid deposits (reflected as an increase in indices of osteoid)
and a lack of mineralization (manilesting as a decrease of indices of mineralization).
Secondary hyperparathyroidism, which occurs only in Ca and Vit D deficiency states (10)
leads to increased osteoclast induced resorbtive activity. Normal blood Ca concentrations are
maintained as long as exposed bone surfaces show resorbtive facets (Fig. 3).

When all

surfaces are covered by osteoid, further osteoclast-mediated bone resorption is prevented and
hypocalcemia develops. The term ' hypertrophic' rickets has been used to describe patients
with broad osteoid seams lacking mineralization (9). These patients usually respond favorably
to mineral and Vit D supplementation. A broad mineralization front and increased dynamic
measurements are therefore indicators of a good response to therapy (Fig. 4).

In the

' atrophic' form of rickets osteoid is significantly reduced in volume, dynamic measurements
are low and mineralization fronts narrow.

This manilestation is often seen as part of the

kwashiorrkor-marasmus syndrome (or protein calorie malnutrition) complicated by Ca and P
deficiencies. This complex deficiency state is resistant to Vit D and mineral administration
alone and requires additional amino acid supplementation in order to provide nutritients for
osteoid production (7).

The histomorphometric findings in rickets and osteomalacia are

diagnostic (Table 3).
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Diets high in fibre may adversely affect Ca retention (11) and decrease Ca absorption from the
gastrointestinal tract (12). This is the result of the high Ca binding capacity of wheat bran
(13). Moreover there is evidence that the Vit D mediated mechanism for active absorption of
dietary Ca may be diminished by dietary fibre (14). The diets of vegetarians must be carefully
monitored, as they are inadvertently Vit D deficient due to their low fat content (15).
Osteomalacia in vegetarians is characterized by a severe reduction of trabecular bone
volumes, an increase in the trabecular surfaces covered by osteoid, severely thickened osteoid
seams and reduced mineralization activities. Serum markers are of no value as the majority of
patients have normal Ca, Vit D and alkaline phosphatase concentrations (16) . Magnesium
(Mg) deficiency is an important risk factor for osteoporosis in humans. Several studies have
reported significant reductions in serum - and bone Mg concentrations in postmenopausal
women with osteoporosis. Elderly women who consumed less than 1 'f)'1 mg Mg per day were
found to have significantly lower bone mineral densities than women whose average dietary
Mg intake exceeded this figure.

Western diets have intakes of Mg which are significantly

below recommended levels. This leads to reduced bone formation and subsequent reduced
bone volume with increased skeletal fragility (17). Vitamin C deficiency results in a decreased
bone formation rate with normal resorption, resulting in a decreased bone volume (18)
Failure to respond to dietary supplementation should prompt further investigations to exclude
vitamin D resistant rickets, malabsorption syndromes, debilitating disease states or poor
patient compliance.

Causes of malabsorption include gluten sensitive enteropathy,

gastrectomy, gastrointestinal tuberculosis, Crohn's disease, sarcoidosis and conditions leading
to a deficiency of bile salts in the intestine. Bile salts are an absolute requirement for optimal
Vit D and Ca absorption in the gastrointestinal tract (15).

Ageing
Although age related bone changes are not classifiable as disease, they are being recognised as
a major health and medical economic problem (19) .

The overall direct cost, including

rehabilitation, of osteoporosis (which is defmed as quantitively reduced but qualitively normal
bone) in both men and women were estimated in 1997 to be 52.5 million US$ per million of
the population of the United States annually (20). During puberty bone mass increases about
3-fold over a few years (21). Peak skeletal bone mass is achieved between 25 and 35 years of
age (22). It is generally accepted that those who achieve a higher peak bone mass are less at
risk of developing osteoporotic fractures in later life. Between 60% and 80% of variance in
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bone phenotypic expression at any age is genetically determined and the effect of lifestyle and
hormonal factors modifying the remaining.

The former include diet, exercise, alcohol

consumption and tobacco use amongst a range of others that are less well characterized.
Excessive ingestion of common salt, phosphorus or caffeine and the use of tobacco and
alcohol have been associated with increased fracture incidence in epidemiological studies.
Dietary intake of Ca has been a major focus in age related osteoporosis. Intakes of 1200 
1500 mg/day have been recommended around puberty and after menopause and 800 - 1000
mg/day suggested for other stages of life (23). The administration of Ca and Vit D reduces
the incidence of hip fracture among elderly women in nursing homes (24). Estrogen hormone
replacement therapy in estrogen deficient postmenopausal women leads to a gain in alveolar
bone density (25) as well as a significantly lower risk for tooth loss than age matched non
estrogen users (26) .

Histomorphometric studies are valuable in diagnosing and monitoring the response to therapy
of patients suffering osteoporosis (Table 4). Men., like women, loose trabecular bone more
rapidly than cortical bone and several studies have shown that the trabecular bone volume of
the iliac crest declines with age at approximately equal rates in men and women (27). Data
indicate that age related osteoporosis occurs predominantly by a process that removes entire
structural elements and is characterized by trabecular bone loss rather than thinning (Fig. 5).
The trabeculae that remain are more widely separated and some may even undergo
compensatory thickening (28). The concept of two osteoporotic syndromes in women, type I
with predominantly trabecular bone loss related to gonadal steroid deficiency and type II with
cortical bone loss greater or equal to trabecular bone loss due to ageing (29) has not yet been
demonstrated in men. The lower incidence of complications of osteoporosis in men may be
due to a higher peak bone mass at skeletal maturity (30), shorter life expectancy and the
absence of a distinct menopause equivalent with accelerated bone loss in men (31).

The causes of age related osteoporosis in healthy individuals are certainly multifactorial. A
recent study suggests that preserved osteoclast activity and decreased osteoblast function are
the cellular events responsible for bone loss during ageing (31). Osteoblasts of both genders
appear to deposit inadequate volumes of new bone insufficiently balancing sustained
osteoclast resorption. This results in loss of bone trabeculae at foci of resorption.

The

trabecular bone volume is reported to reduce by 40% between the ages of 20 to 80 years in
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healthy individuals and the osteoblast to osteoid interface and osteoid labelling for mineral
depositioning each by more than 18% (27). However not all bone is lost through osteoclastic
activity.

Bone loss from quiescent lamellar bone surfaces, without osteoclastic activity,

termed delitescence, could partly be responsible for age related osteoporosis (32) .

The

standardized norms reflected in Table 2 should in practice be adapted to the age of the
patient.

Immobility

Physical activity is important for the maintenance of skeletal bone mass. In the absence of
mechanical stimulation, the surface area of bones decrease significantly when compared to
those subjected to mechanical stimulation (33). Disuse osteoporosis may be generalized or

confined to immobilized skeletal segments. The loss of skeletal mass could be as high as 25 
45% over periods as short as 30 - 36 weeks . Orbital space flight, which results in unloading
of the skeleton, leads to bone loss approximating 20% of the skeletal mass in some astronauts
during short-term weightlessness (34). The resulting bone loss can be arrested by estrogen
replacement (35) . Disuse osteoporosis results from a combination of a moderate decrease in
osteoblastic activity and a marked increase in osteoclastic resorption of trabecular bone.
Bone loss is primarily trabecular and subperiosteal scalloping of cortical bone may be evident.
Hypocalcemia, hypercalcuria, ectopic calcifications and hydroxyprolinuria frequently occur in
disuse osteoporosis.

Phosphorus supplementation and corticoids may prove effective in

reversing the hypocalcemia and hypercalcuria associated with immobilization and prevent
metastatic calcifications from occurring (34).

Endocrine factors

Growth hormone (GH) regulate bone resorption and bone formation and has a direct effect
on osteoblasts via GH binding sites as well as an indirect effect via insulin-like growth factor
(lGF-l).

Estrogen facilitates the GH - IGF-1 axis whereas glucocorticoids appear to

suppress GH induced action of IGF-l.

Although little success has been achieved in the

identification of GH receptors on osteoclasts, it has been proven that GH regulates osteoclast
formation in bone marrow cultures. This explains the biphasic action of GH. GH secretion
initially results in increased bone resorption with a concomitant bone loss followed later by
increased bone formation.

The point where bone formation balances bone resorption, is

usually reached after 6 months. Net bone mass gain after GH therapy may take some time as
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the initial decrease in bone mass must first be replaced. Both cortical and trabecular bone
parameters are increased by prolonged GH secretion. Conversely, cortical and trabecular bone
measurements are reduced in pituitary dwarfism (36).

2

In normal subjects 0.2 ostec1asts should be present per mm trabecular bone and 5% of bone
surfaces show Howships lacunae (Table 2).

Recent onset hyperparathyroidism is

characterized microscopically by foci oftwmelling resorption (Fig.3) as weB as an elevation of
all indices of resorbtive and osteoblastic activities. Subperiosteal osteoclasts are rare, and
when present indicative of a high resorbtive state as seen in hyperparathyroidism.

The

development of brown tumors of hyperparathyroidism is, unlike generally believed, a rare
event and occurs only in a small percentage of cases with increased parathyroid activity.
Fibrous marrow scars may be indicative of healed or long-standing hyperparathyroidism (7).
The rate at which osteoid is deposited in empty Howships lacunae after restoration of normal
parathyroid function, is indicative of the efficiency of recruitment of new osteoblasts. Skeletal
changes similar to those seen in hyperparathyroidism but associated with normal PTH
concentrations are indicative of Jansens disease, a condition characterized by normal PTH
secretion with overactive PTH receptors on osteoclast (37) .

Sixty seven percent of men with spinal osteoporosis suffer an identifiable cause, which may
include ethanol abuse, hypogonadism or hypercortisolism (38).

Hypogonadism in males

appear to affect mainly the bony cortex (39) whereas gonadal steroid deficiency in females
leads predominantly to cancel\ous bone loss (29).

Corticosteroid deficiency manifests as

cancellous osteopaenia whereas excess results in decreased bone growth, except in growing
males (40).

Decreased bone growth is aggravated by corticosteriodal inhibition of

gastrointestinal absorption of Ca, which leads to secondary hyperparathyroidism and bone
resorption.

Excessive thyroid hormone replacement therapy causes accelerated bone loss

with subsequent osteoporosis due to thyroid hormone induced osteoclastic activity (41) .

Neoplastic disease
Malignancy is frequently associated with significant skeletal changes. An excellent summary
of the effect of malignant disease on bone was recently published (8).

By far the most

common causes of hypercalcemia are primary hyperparathyroidism and malignancy, the latter
being one of the more common paraneoplastic syndromes.
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Malignancies most frequently

associated with hypercalcemia are carcmomas of the lungs (35%), breast (25%),
hematological system (14%) and the head and neck region (6%). Hypercalcemia associated
with malignancies may be due to a combination of humoral factors secreted by the neoplastic
cells and that act systemically on target organs, local factors released by neoplastic cells in
bone and that directly stimulate bone resorption and coexisting primary hyperparathyroidism.
The secretion of an immunologically distinct factor with PTH-like biological activity, better
known as PTHrP, has been identified in several neoplasms, including renal carcinoma,
squamous cell carcinoma and carcinoma of the breast. PTHrP may also mediate lactation
associated bone loss as it is expressed in lactating mammary tissue. Approximately 80% of
hypercalcemic patients with solid tumors have detectable plasma PTHrP concentrations.
PTHrP may also playa role in hypercalcemia of patients with non-Hodgkin's lymphoma, of
these 62% had increased PTHrP concentrations. PTHrP increases renal tubular absorption of
Ca, reduces renal phosphorus uptake and increases osteoclastic bone resorption. It differs
from the action of PTH by decreasing serum concentrations of 1,25(OH)2 Vit D, an important
distinction from patients with primary hyperparathyroidism where the opposite applies.
Hypercalcemia of malignancy is usually associated with suppressed PTH concentrations and
ectopic production of PTH by neoplasms remain a rare event. It differs from hypercalcemia
secondary to hyperparathyroidism by the uncoupling of bone formation from bone resorption,
two processes that are generally linked. In primary hyperparathyroidism both osteoclastic
and osteo blastic activities increase, whereas in patients with hypercalcemia of malignancy only
osteoclastic activities increase (Table 5). Serum osteocalcin concentrations are significantly
lower in patients with bone metastases.

PTHrP is thought to be responsible for these

biochemical changes. Biphosphonates have become the most useful anti-resorbtive agent for
the treatment of malignancy-induced hypercalcemia. The action of these drugs is discussed
elsewhere in this review.

The mechanism responsible for the hypercalcemia associated with hematological malignancies
is multifactorial and includes the secretion of local bone active cytokines, such as IL-6, IL-1
and lymphotoxin or

TNBF~.

In the early stages of multiple myeloma both the recruitment of

osteoblasts and activity of osteoclasts are enhanced. Stimulated osteoblasts produce IL-6, a
potent myeloma cell growth factor and a critical cytokine for the formation of osteoclasts in
bone marrow. In overt myeloma, osteoblastic activity becomes significantly reduced resulting
in net bone loss (42). Uncoupling of osteoblastic and osteoclastic activities appears to be a
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key event in bone loss of myeloma, the latter of which

IS

aggravated by high dose

glucocorticoid therapy (43).

Drugs and toxins
Drugs and chemical substances may exert profound influences on bone metabolism.
Glucocorticoid therapy directly depresses bone formation and inhibits gastrointestinal Ca
absorption, leading to hypocalcemia and secondary hyperparathyroidism with increased bone
resorption (44). Osteoporosis is a well known complication of ethanol abuse. It results from
complex nutritional deficiencies (implicating Ca, Vit D and protein), decreased exposure to
sunlight and testosterone deficiency (31). The effect of ethanol on cortisol metabolism (the
pseudo Cushing's syndrome) as well as direct inhibition of osteoblastic function by ethanol
may contribute to the net bone loss experienced by alcoholics. Cigarette smoking is a risk
factor for osteoporosis in both genders (31) and may relate to smoking induced reduction of
Ca absorption in the gastrointestinal tract, accelerated estrogen metabolism, decreased
testosterone concentrations in men and earlier menopause in women. Diphenylhydantoin and
phenobarbital may cause a decrease in Vit D concentrations due to hepatic breakdown of Vit
D, secondary hyperparathyroidism and accelerated cortical bone loss (31). Long term intake
of slow release sodium fluoride and calcium citrate increases bone mass, improves bone
quality and significantly reduces vertebral fracture rate in osteoporotic patients.

These

improvements are reflected as increases in bone density and mineral apposition rates, reduced
trabecular spacing and an increase in the mean number of nodes in cancellous bone (45).
People living in communities with high levels of fluoride in their water supply (2.5 mg/l or
more) have significantly higher bone mineral densities than their counterparts from
communities with low (0.03 mgll) and moderate (0.7 mg/i) fluoride concentrations. Exposure
to fluoride at levels considered to be optimal to prevent dental decay (0.7 - 1.2 mg/I) appears
to have no significant impact on bone mineral density (46).

A group of drugs, collectively known as the bisphosphonates and extensively reviewed by
Fleisch in 1998 (47), inhibit both ectopic mineralization and bone resorption. The former is
due to a direct physicochemical mechanism during which the formation and aggregation of
Ca-P crystals from clear solutions are inhibited, transformation of amorphous Ca-P into
hydroxyapatite blocked and aggregation of apatite crystals delayed. The inhibiting effect on
the formation of calcium salts are valuable in the treatment of diseases with ectopic
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mineralization such as atherosclerosis. Prevention of the formation of dental calculus deposits
has already been proven as a potential benefit of these drugs. Bisphosphonates are powerful
inhibitors of bone resorption.

They play an important role in the management of diseases

characterized by bone resorption, such as Pagets disease of bone, bone resorption associated
with neoplastic disease, hyperparathyroidism and osteoporosis. A decrease in bone loss and
increase in bone mineral density have been reported in subjects with postmenopausal
osteoporosis

and

bisphosphonates.

corticosteroid

induced

bone loss

and

who

were

treated

with

When given in high dosage, bisphosphonates impact on the mechanical

properties of the skeleton. Strong inhibition of bone resorption can lead to bone fragility as a
result of the inability to replace old bone and repair micro cracks (Fig. 6).

In humans,

bisphosphonates inhibit tumor induced bone resorption, correct hypocalcemia, reduce pa.in,
prevent development of new osteolytic lesions and fractures and improve quality of life. They
are now the treatment of choice in hypocalcemia of malignancy.

At the cellular level,

bisphosphonates inhibit osteoclast recruitment, adhesion and lifespan and decrease their
activity. This is reflected histologically as a decrease in osteoclast numbers and shallower
than normal resorbtive facets on bone surfaces. As cells of the osteoblastic linage control the
recruitment and

activity of osteoclasts under physiological and most pathological

circumstances, bisphosphonates may act through the modulation of the interaction between
osteoclasts and os teo blasts.

Children treated with chemotherapeutic agents expenence a decrease in skeletal growth.
These agents have a direct effect on the skeleton itself and its effect is not the result of a
disturbance in GH secretion. Disruption of the columnar arrangement and a decrease in the
number of chondrocytes within the growth plates occur. Some workers reported a permanent
deficit whereas others demonstrated a catch-up growth, with only minimaI loss in final body
height.

In addition to chemotherapeutic drugs, glucocorticoids are frequently used in the

treatment of certain childhood malignancies.

These drugs reduce linear growth, which is

variably balanced by GH therapy, as their action is at least in part caused by antagonism of
GH's action (48).

Utilizing double tetracycline labelling before biopsy, Compston and co-workers demonstrated
reduced bone formation in farm workers exposed to organophosphate pesticides (49) and
Gulf war veterans (50). In the latter study a significant reduction in the volume of trabecular
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bone was found to be associated with decreased osteoblast activity. Resorbtive facets on
bone surfaces were increased, a phenomenon explained on the basis of failure of the
suppressed osteoblasts to cover eroded bone surfaces rather than increased osteoclast activity.
Nearly all veterans have a history of exposure to organophosphates and pyridostigmine which
could explain the suppression of osteoblasts.

Another possible cause is that changes in

lifestyle of these subjects, including tobacco, excessive alcohol consumption and reduced
levels of physical activity may be the key to their bone changes.

Genetic conditions
Racial differences could account for slight variations

ill

the histomorphometric norms

reflected in Table 2. American blacks have a greater bone mass and a lower incidence of
osteoporosis and hip fractures than their white counterparts. The rate of bone turnover is
lower in blacks than in whites, an observation supported by the significantly lower level of
serum GLA in blacks. This provides a mechanism to explain the decrease loss of bone mass
in blacks compared to whites during ageing (51).

Osteogenesis impenecta is transmitted as a dominant autosomal trait. The severity of its
skeletal manifestations divides affected individuals into a congenita (multiple fractures occur
in early life and even in utero) or tarda (fractures generally occur after weight bearing)
subtypes.

Blue sclera, dental involvement (dentinogenesis irnperfecta) and hyper extensile

joints are frequent findings, signifying a collagen deficiency as the basis of the disease (52).
Microscopy shows a highly variable picture. Many cases show large osteocytic lacunae, an
increased proportion of primary lamellar bone and a marked lack of secondary Haversian
systems. The osteoblasts are densely staining and resemble fibroblasts (Fig. 7). Sheets of
cormective tissue lie adjacent to new sites of bone formation.

Vitamin D resistant rickets (or hypophosphatasia) is a rare disorder caused by an autosomal
recessively inherited defect in P reabsorption in the proximal renal tubules. Cases differ in
clinical severity, ranging from fractures in utero to a mild form of rickets.

Biochemical

abnormalities include hypophosphatasia and hypocalcemia with hypercalcuria (52).

The

underlying defect appears to correlate with a lack of mineralization activity. The bone has
wide osteoid borders, which lack mineralization activity and a diagnosis of hypertrophic
rickets is generally proposed on static bone measurements.
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Analyses of dynamic

measurements however show a lack of mineral deposition despite dietary mineral
supplementatioin.

Since it was described by Albers-Schonberg nearly 100 years ago, osteopetrosis or marble
bone disease has remained one of the most dramatic bone dysplasias affecting humans. It
presents in various forms of inheritance and severity, extending from lethal varieties
(malignant osteopetrosis) to forms that manifest with mild hematological and neurological
symptoms. The clinical manifestations of the mild forms are due to compression of nerves
and displacement of marrow by excessive bone. The rate of formation of bone has been
reported to be normal or excessive and bone resorption highly suppressed. Osteoclasts are
abnormal and exhibit absence of ruffled borders (53 ,54) (Fig. 8).

Cortical width and

trabecular volumes are significantly increased resulting in a reduction in the volume of the
bone marrow (54). Unresorbed cartilage inclusions and lack of Haversian systems (56,57) are
other characteristic microscopic features.

Repopulation of the bone marrow with T-cell

depleted HLA compatible bone marrow transplants appear to be successful in establishing a
normal osteoclast population (54) and reversal of net bone formation.

The mean age of survival of patients with cystic fibrosis has increased dramatically to over
30 years during the past decades. The increased life span has resulted in new complications
amongst which bone loss and osteoporosis feature. It is well known that patients with cystic
fibrosis are growth retarded and young adults have short and narrow bones. Because of a
significant decrease in bone volume, these patients may develop osteoporotic fractures
prematurely (58).

Renal disease
Kidneys play an important role in bone metabolism by producing active Vit D metabolites and
through the filtration- and reabsorption of divalent ions.

An early and virtually universal

feature of chronic renal failure is a rise in serum PTH accompanied by hyperplasia of the
parathyroid glands.

The stimulus is hypocalcemia and several factors amongst which

decreased production of active Vit D, P retention and skeletal resistance to the action ofPTH
lead to this. The pathological classification of renal bone disease is based on static and
dynamic histomorphometric evaluation and divides the bone changes in high turnover - and
low turnover uremic bone disease (Table 6). The former is characterized by osteitis fibrosa
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and mixed osteopathy. Osteitis fibrosa results from PTH hyper secretion and is characterized
by an elevated rate of bone formation , increased number of osteoblasts and osteoclasts,
abillldant resorbtive facets, increased osteoid production and bone marrow fibrosis (hence the
name of the disease) (59). The mixed osteopathy is characterised by increased medullary
fibrosis with an increased osteoid volume (60). The major difference from a nutritionally
induced osteomalacia is an increased osteoid thickness and not volume for a given rate of
bone formation (61) . Low turnover uremic bone disease is characterized by a low bone
formation rate and a normal or decreased osteoid seam thickness. These changes are also
referred to as adynamic bone disease and the mechanism leading to its primary low bone
formation rate is complex (59). Accurate assessment of the bone formation rate is essential
before a decision is made to perform a parathyroidectomy on a patient in renal failure (62).

Once dialysis begins, the bony changes can be complicated by aluminium bone disease, if
aluminium is present in the water supply (dialysis patients are exposed to 300 - 400 litres of
water across the dialysis membrane per week). Aluminium poisons osteoblasts, as it is readily
absorbed and deposited in osteoid and acts in many ways opposite to the action of PTH
Employing the tricarboxilic acid or the solochrome azurine staining method facilitate
detection of aluminium in osteoid . An iron stain must be used in conjunction as positive
results may be caused by iron deposits (28). Beta 2 microglobulin deposits are furthermore
frequently present in the periosteum of patients on prolonged hemodialysis.
majority develop femoral neck fractures.

Of these, the

Periosteal ~2 microglobulin may therefore be

helpful in predicting a renal dialysis patient's susceptibility to femoral fracture (63).

HIV infection
HIV-I infected patients show a notable decrease in bone turnover. This change appears to
correlate with the severity of the disease, according to the CDC classification and the number
of CD4+T lymphocytes. All osteoblastic parameters (osteoid volumes, osteoid seam widths
and mineralization activity) as well as the number of osteoclasts are reduced. Although the
exact mechanism is not yet clear, it has been possible to infect continuous human osteoblast
cell lines with different strains of HIV-I, suggesting a direct effect of the virus on bone
forming cells (64).
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Ideopathic metabolic bone disease
A small percentage of patients suffer progressive bone loss with either a speculative or
unidentifiable cause (34).

Juvenile idiopathic osteoporosis is related to reduced bone

formation rather than increased resorption and disturbances in GH or IGF-I production have
been implicated (65).

Although the exact mechanism of osteopenia in patients suffering

ankylosing spondilitis remains to be determined, both trabecular thinning and loss of
structural bony elements are involved (66). The fragile bone syndrome is characterised by
bone fragility, calvarial and/or gnathial fibro-osseous lesions and metaphesial under modelling
of the tubular bones.

Bone histomorphometry has shown increased osteoid surfaces and

osteoid volumes, making it distinctly different from osteogenesis imperfecta (67). The early
phase of Paget's disease of bone is characterized by bone resorption (osteoclastic parameters
are 10 - 20 times increased). This phase is soon followed by an osteoblastic response with
bone depositioning.

Both resorption and formation occur in small areas adjacent to each

other. Small pieces of bone rather than complete osteones are subsequently formed. The
marrow spaces generally show foci of increased spindle shaped cells with mild fibrosis,
indicative of increased recruitment of undifferentiated precursor cells.

The net result

IS

broadening of the bone with irregular cementallines referred to as a mosaic pattern (52).

CONCLUSION
Recent advances in the study of dynamic bone changes provide valuable information on the
morphogenesis of metabolic diseases.

Early diagnosis and accurate monitoring of these

debilitating skeletal states are now within reach ofthe Pathologist.

REFERENCES
1. Delmas PD.

Biochemical markers of bone turnover for the clinical assessment of

metabolic bone disease. Endocrin Metab Clin North Am 1990; 19(1): 1-19.
2. Eyre D. Collagen crosslinking amino-acids. Methods EnzymoI1987;144:115-139.
3. Uebelhart D, Gineyts E, Delmas PD. Uninary excretion of pyridinium crosslinks, a
marker for bone turnover. J Bone Min Res 1989;4(Suppl 1): S407.
4. Robins S, Stewart P, Astbury C.

Measurement of the cross-linking compound,

pyridinoline, in urine as an index of collagen degradation in joint disease. Ann Rheum

Dis 1986;45:969-973.

16

r,.'r, -,
n

I

\ ..':

5. Vigorita VJ. The tissue pathological features of metabolic bone disease. Orthop Clin

North Am 1984;15(4):613-629.
6. Amala I. Use of histological methods in studies of osteoporosis. Calcif Tissue Int
1991 ;49(Suppl):531-532.
7. Raubenheimer EJ, Van Heerden WFP, Potgieter D, Golele R.

Static and dynamic

bone changes in hospitalised patients suffering from rickets - a histomorphometric
study. Histopathology 1997;31 : 12-17.
8. Guise TA, Mundy GR. Cancer and bone. Endocrine R ev 1998;19(1): 18-54.
9. Jaffe HL. Rickets and osteomalacia In: Jaffe HL, ed. Metabolic degenerative and

inflammatory disease oj bones and jOints. Philadelphia: Lea & Febiger, 1975 ;381
447.
10. Klein GL, Simmons DJ. Nutritional rickets: Thoughts about pathogenesis . Ann Med
1993;25:379-384.
11. Spiller G, Story JA, Wong LG, Nunes JD, Alton M, Petro MS , Furumoto EJ,
Whittam JH, Scala J. Effect of increasing levels of hard wheat fibre on fecal weight,
minerals and steroids and gastrointestinal transit time in healthy young women.

J

Nutrition 1986 ;116:778-785.
12. Knox TA, Kassarjian Z, Dawson-Hughes B, Golner BP, Dallal GE, Arora S, Russel
RM. Calcium absorption in elderly subjects on high- and low fibre diets - effects on
gastric acidity. Am J Clin Nutr 1991 ;53 : 1480-1486.
13 . Weaver CM, Heaney RP, Teegarden D, Hinders M. Wheat bran abolishes the inverse
relationship between calcium load size and absorption fraction in women. J Nutrition
1996;126:303-307.
14. Batchelor AJ, Compston JE. Reduced plasma half life of radio-labelled 25
hydroxyvitamin D3 in subjects receiving a high fibre diet. Br J Nutr 1983 ;49:213-216.
15 . Dent CE, Stamp CB. Vitamin D, Rickets and Osteomalacia In: Avioli LV, Krane
SM, eds. M etabolic Bone Disease Vol 1. New York: Academic Press, 1977;237-305.
16. Bisballe S, Eriksen EF, Melsen F, Mosekilde L, Sorenson OH, Hessov I.
Osteopaenia and osteomalacia after gastrectomy: interrelations between biochemical
markers of bone remodelling, vitamin D metabolites and bone histomorphometry. Gut
1991 ;32(11): 1303-1307 .

17

\...)

I

07 0
17. Creedon A, Flynn A, Cashman K

The effect of moderately and severely restricted

dietary magnesium intakes on bone composition and bone metabolism in the rat. Br J

Nutr 1999;82:63-71.
18. Tsusenari T, Fukase M, Fujita T. Bone histomorphometric analysis for the cause of
osteopaenia in vitamin C - deficient rat (ODS-rats). CalcifTissue Int 1991 ;48(1) : 18
27.
19. Hannan MR, Felsen DR, Anderson JA
women:

Bone mineral density in elderly men and

results from the Farmingham osteoporosis study.

J Bone Min Res

1992;7;547-553.
20. Ray NF, Chan JK, Thamer M, Melton LJ. Medical expenditures for the treatment of
osteoporotic fractures in the United States in 1995:

report from the National

Osteoporosis Foundation J Bone Min Res 1997;12:24-35.
21. Lonzer MD, Imrie R, Rogers D, Worley D, Licata A, Secic M. Effects of hereditary,
age, weight, puberty, activity and calcium intake on bone and mineral density in
children. Clin Pediatr 1996;35: 185-189.
22. Steiniche T. Bone histomorphometry in the pathophysiological evaluation of primary
and secondary osteoporosis and various treatment modalities .

APMIS Suppl

1995;51: 1-44.
23. Eisman JA Genetics of osteoporosis. Endocrine Rev 1999;20(6):788-804.
24. Cormier C.

Epidemiology, diagnosis and treatment of osteoporosis.

Curr Opin

RheumatoI1994;6(3):329-335.
25. Payne J, Sachs N, Reinhardt R, Numikoski P, Patil K

The association between

oestrogen status and alveolar bone density changes in post menopausal women with a
history of periodontitis. J Periodontal 1997 ;68(1):24-31.
26. Grodstein F, Colditz G, Stampfer M. Post-menopausal hormone use and tooth loss :
A prospective study. JADA 1996;127:370-377.
27. Clarke BL, Wynne AG, Wilson DAM, Fitzpatrick LA Osteomalacia associated with
adult Fanconi ' s syndrome: clinical and diagnostic features.

Clin Endocrinol Ox!

1995;43(4):479-490.
28. Parfitt AM, Mathews CHE, Villaneauve AR, Kleerekoper M, Frame B, Rao DS .
Relationship between surface, volume and thickness of iliac trabecular bone in ageing
osteoporosis. J Clin Invest 1983 ;72: 1396-1409.

18

07 1
29. Riggs BL, Melton LJ.

Evidence for two distinct syndromes of involutional

osteopororsis (editorial). Am J Med 1983)5 :899-901 .
30. Mazess RB. On ageing bone loss. Clin Orthop Rei Res 1982;165:239-252.
31. Jackson JA, Kleerekoper M. Osteoporosis in men: Pathophysiology and prevention.

Medicine 1990;69(3): 137-152.
32. Nyssen-Behets C, Dhem A.

The fate of Quiescent surfaces of lamellar bone.

Gerontology 1992;38 : 153-159.
33 . Rubin CT, Gross TS , Mcleod KJ, Bain SD. Morphologic stages in lamellar bone
formation stimulated by a potent mechanical stimulus.

J Bone Miner Res

1995; 10(3):488-495.
34. Avioli LV. Osteoporosis: Pathogenesis and Therapy. In: Avioli LV, Krane SM,
eds. Metabolic Bone Disease Vol. I. New York: Academic Press, 1977 ;307 -370.
35. Cavolina 1M, Evans GL, Harris SA, Zhang M, Westerlind KC, Turner RT.

The

effects of orbital space flight on bone histomorphometry and messenger ribonucleic
acid levels for bone matrix proteins and skeletal signalling peptides in overectomized
growing rats. EndocrinoI1997;138(4): 1567-1576.
36. Ohlsson C, Bengtsson BA, Isaksson OGP, Andreassen KT, Siootweg MC. Growth
hormone and bone. Endocrine Rev 1998;19(1 ):55-79.
37. Parfitt AM, Schipani E, Rao DS , Kupin W, Han ZH, Juppner H. Hypocalcaemia due
to constitutive activity of the parathyroid hormone (PTH)/PTH-related peptide
receptor: comparison with primary hyperparathyroidism. J Clin Endocrinol Metab
1996;81 (10) :3584-3588.
38. Delichatsios HK, Lane 1M, Rivlin RS. Bone histomorphometry in men with spinal
osteoporosis. CalcifTissue Int 1995 ;56(5) :359-363.
39. Turner RT, Wakley GK, Hannon KS . Differential effect of androgens on cortical
bone histomorphometry in gonadectomized male and female rats. J Orthop Res
1990;8(4) :612-617 .
40. Li M, Shen Y, Halloran BP, Baumann BD, Miller K, Wronski TJ. Skeletal response
to corticosteroid deficiency and access in growing male rats. Bone 1996;19(2): 81-88.
41. Fallon MD, Perry HM, Bergfeld M, Droke D, Teitelbaum SL, Avioli LV. Exogenous
hyperthyroidism with osteoporosis. Arch Intern Med 1983 ; 143: 442 - 444.

19

-, ')
0/ {
42. Bataille R, Chap pard D, Marcelli C, Dessau P, Baldet P, Sany J, Alexandre C.
Recruitment of new osteoblasts and osteoclasts is the earliest critical event in the
pathogenesis of multiple myeloma. J Clin Invest 1991; 88: 62-66.
43. Diamond T, Levy S, Day P, Barbagallo S, Manoharan A, Kwan YK Biochemical,
histomorphometric and densitometric changes in patients with multiple myeloma:
effects of glucocorticoid therapy and disease activity. Br J Haematol 1997;97(3):641
648.
44. Kimberg DV, Baerg RD, Gershon E, Graudusiusus RT. Effect of cortisone treatment
on the active transport of calcium by the small intestine. J Clin Invest 1971 ;50: 1309
1321.
45. Zerewekh JE, Hagler HK, Sakhaee K, Gottshalk F, Peterson RD , Pak

eye.

Effect

of slow-release sodium fluoride on cancellous bone histology and connectivity in
osteoporosis. Bone 1994;15(6): 691-699.
46. Phipps KR., Orwoll ES , Bevan L. The association between water-borne fluoride and
bone mineral density in older adults. J D ent Res 1998;77(9): 1739-1748.
47. Fleisch H. Bisphosphonates: Mechanism of action. Endocrine Rev 1998;19(1):80
100.
48. Robson H. Bone growth mechanisms and the effects of cytotoxic drugs. Arch Dis
Child 1999;81:360-364.

49. Compston JE, Vedi S, Stephen AB et al. Reduced bone formation after exposure to
organophosphates. Lancet 1999; 24: 297-304.
50. Compston JE, Vedi S, Stephan AB, Bord S, Lyons

AR Hodges SJ, Scammell BE.

Reduced bone formation in UK Gulf War veterans: a bone histomorphometric study. J
Clin Pathol2002; 55 :897-899.

51. Weinstein RS, Bell NH. Diminished rates of bone formation in normal Black adults.
New Engl J M ed 1988;319:1698-1701.

52. Jowsey J.

Metabolic diseases of bone.

Philadelphia: W.B. Sounders Company,

1977: 172-191.
53 . Shapiro F, Gleimcher 1\IU, Holtrop ME, Tashjian AH, Brickley-Passons D, Kenzora
JE. Human osteopetrosis. A histological, ultrastructural and biochemical study
Bone and JOint Surg 1980;62-A:384-399.

20

J

r'U7I 7.J
54. Helfrich MH, Aronson, Dc, Everts V, Mieremet RHP, Gerritsen EJA, Eckhardt PG,
Groot CG, Scherft JP . Morphologic features of bone in human osteoporosis. Bone
1991 ;12:411-419.
55 . Bollerslev J, Steiniche T, Melsen F, Mosekilde L. Structural and hisomorphometric
studies of iliac crest trabecular and cortical bone in autosomal dominant osteopetrosis:
A study of2 radiological types. Bone 1989;10:19-24.
56. Kuo TT, Davis CPo Osteopetrosis: a scanning electron microscopic study. Human

Path 1981 ; 12(4):376-379.
57. Milgram JW, Jasty M. Osteopetrosis. J Bone Joint Surg 1982;64A(6):912-929.
58. Laursen EM, Moldgaard C, Michaaelsen KF, Koch C, Muller 1. Bone mineral status
in 134 patients with cystic fibrosis . Arch Dis Child 1999;81 :235-240.
59. Fournier A, Oprisiu R, Said S, Sechet A, Ghazali A, Marie A, EI Esper I, Brazier M,
Achard JM, Moriniere P.

Invasive versus non-invasive diagnosis of renal bone

disease. Curr Opin Nephr Hyperten 1997;6:333-348.
60. Wang M , Hercz G, Sherrard DJ, Maloney NA, Segre GV, Pey Y

Relationship

between intace 1-84 parathyroid hormone and bone histomorphometric parameters in
dialysis patients without aluminium toxicity. Am J Kidney Dis 1995;26:836-844.
6 1. Parfitt

AM.

histomorphometry.

The
In:

physiologic

and

pathogenetic

Coe F, Favus M, eds.

significance

of

bone

Disorders of bone and mineral

metabolism. New York : Raven Press, 1992:455-474.
62. Dahl E, Nordal KP, Ralse 1.

Chronic renal failure:

diagnostic measures before

parathyroidectomy. Scan J Urol NephroI1994;28(3) :291-294.
63. Onishi S, Andress DL, Maloney NA, Coburn JW, Sherrard D1. Beta-2 micro globulin
deposition in bone in chronic renal failure. Kidney Int 1991;39(5):990-995.
64. Serrano S, Marinoso ML, Soriano JC, Rubies-Prat J, Aubia J, ColI J, Bosch J, Del
Rio L, Vila J, Goday A, Nacher M . Bone remodelling in human immunodeficiency
Virus-l infected patients . Ahistomorphometric study. Bone 1995 ;16:185-19l.
65 . Johansson AG, Eriksen EF, Lindh E, Langdahl B, Lindahl A, Ljunggren 0, Ljunghall
M. Reduced serum levels of the growth hormone dependant insulin-like growth factor
binding protein and a negative bone balance at the level of individual remodelling units

in idiopathic osteoporosis in men. J Clin Endocrinol Metab 1997;82(9):2795-2798.

21

66. Lee YS, Scholtzhauer T, Ott SM, Van Vollenhoven RF, Hunter J, Shapiro J, Marcus
R, Mcguire fl.. Skeletal status of men with early and late ankylosing spondylitis. Am
J Med 1997;103(3):233-24l.

67 . Nishimura G, Haga N, Ikeuchi S, Yamaguchi T, Aoki Y, Yamato M. Fragile bone
syndrome associated with craniognathic fibro-osseous lesions and abnonnal moderling
of the lobular bones; a report of two cases and a review of the literature. Skeletal
Radiol 1996;25(8):717-722.

Legends:
FIG. 1. Outline of a diagnostic flow chart for metabolic bone disease.
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FIG. 2. Clinical features of rickets.

FIG. 3. Trabecular bone in rickets showing extensive coverage of bony surfaces by osteoid.
Note the focus of tunnelling resorption, indicative of hyperparathyroidism (arrows)
(Picrosirius stain, XlS0) .

FIG. 4. Active mineralization of osteoid as depicted by the extent of - and the distance
between the two fluorescent lines (arrows) (unstained section viewed with UV light, X2S0).

FIG. 5. Stereo micrograph of trabecular bone in a patient with osteoporosis. Note the loss
of structural elements depicted by the blunt ending trabeculae (arrows) (Bar = 0.5 mm).

FIG. 6.

Stereomicroscopic view of trabecular micro cracks in a patient on high dosage

bisphosphonates (Bar = 0.3 mm).

FIG. 7. Microscopic features of trabecular bone in osteogenesis imperfecta Note the large
osteocytic lacunae and fibroblast - like osteoblasts (H&E stain, X2S0) .

FIG. 8. Osteoclast in a Howships lacuna in osteopetrosis. Note the absence of a ruffled
cytoplasmic border (arrows) (Bar = IS microns).
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TABLE 1:

Conditions commonly diagnosed and managed through bone histomorphometry

I.

Rickets/Osteomalacia
acquired type
Vit D resistant type

2.

Osteoporosis
female type
male type
immobility

3.

Hyperparathyroidism

4.

Osteopetrosis

5.

Uremic bone disease

6.

Paget's disease
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TABLE 2:

Histomorphometric terms and reference values (5).

Term

Reference Values
Mean± SD

DefInition

Indices of Bone Mass
Trabecular bone volume
Mean trabecular width
Mean cortical width

Indices of Osteoid
Trabecular osteoid surface
Trabecular osteoid volume
Mean osteoid seam width

% of medullary cavity occupied by mineralized and unmineralized bone
Average width of all trabecular bone spicules
Mean thickness of both cortices

22.5 ± 3.5%
213 ± 65 microns
909 ± 98 microns

% of bone surface covered by osteoid
Osteoid area expressed as a % of trabecular bone area
Osteoid area divided by the millimetres of bone surface covered by osteoid

18.9 ± 5.0%
1.9±0.4%
9.7 ± 0.4 microns

Indices of Resorption
Trabecular resorptive surface
Osteoclastic resorptive surface
Osteoclasts per nun of
trabecular perimeter

% of bone surface showing Howship's lacunae
% of bone surface lined by osteoclasts
Number of osteoclasts per millimetre of bone perimeter

5.1±0.6%
0.13±0.6%
0.11 ± 0.04%

Distance between double tetracycline labels d:vided by the number of days
between administration of labels
Mean osteoid seam width divided by the bone formation rate
CalcifIcation rate times % of trabecular surface labelled
% of bone surfaces labelled by tetracycline

0.03 ± 0.01%

Indices of Mineralization
CalcifIcation (apposition) rate
Mineralization lag time
Bone formation rate
Percentage of trabecular
surface labelled
Mineralization front

Nature ofline of mineralization between osteoid and mineralized bone
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0.20 ± 0.04%
0.64 ± 0.10 microns/day
12.8 ± 2.3%
73.4 ± 26.5%
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TABLE 3:

Characteristic histomorphometric features of rickets/osteomalacia.

Feature

Status

Mineralized bone mass

decreased

Indices of osteoid

increased* or
decreased**

Indices of resorption

increased

Indices of mineralization

decreased

*hypertrophic rickets/osteomalacia
**atrophic rickets/osteomalacia
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TABLE 4:

Characteristic histopathologic features of osteoporosis

Feature

Status

Trabecular bone volume

decreased

Mean trabecular width

normal or
increased

Mean cortical width

normal* or
decreased* *

* female type I
* * female type II
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TABLES:

Histopathologic differences between bone changes induced by primary hyperparathyroidism
(PTH related) and malignancy induced (pTHrP related).

PTH

PTHrP

Indices of osteoid

increased

nonnal

Indices of resorption

increased

increased
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TABLE 6: Histomorphometricfindings in renal bone disease

Indices of osteoid

High turnover renal bone disease
increased

Low turnover renal bone disease
normal or reduced

Indices of resorption

increased

normal

Bone marrow fibrosis

prominent

inconspicuous
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SHORT COMMUNICATION
AMINO ACID COMPOSITION OF DENTINE IN
PERMANENT HUMAN TEETH
F. S. NKHUMELENI,' E. J. RAUBENHElMER,l J. DAUTH,2W. F. P. VAN HEERDEN ,l P. D. SMITH 2 and
M. J. PITOUT 3
lDepartments of Oral Pathology and Biology, 2Chemical Pathology, Medunsa 0204 and JDepartment of
Medical Biochemistry, University of Pretoria, Republic of South Africa

(Accepted 20 August 1991)
Summary-Dentine of permanent mandibular incisors from nine individuals was hydrolysed and the
amino acid composition determined by ion-exchange chromatography against a standard calibrant of 41
amino acids. Nineteen amino acids were detected, including small quantities of I-methylhistidine and
aspa ragine, two amino acids whose existence had apparently not been recorded before in human dentine.
The total content of hydroxylysine plus lysine varied between 2.6 and 3.3 residues per 100 (SO, 0.74) in
different teeth, which therefore did not support previous studies that had proposed a constant total value.
This and other quantifiable differences between present and previous findings may be the result of the
different methods and the influence of dietary and other regional factors on dentinogenesis.
Key words: human dentine, amino acids.

Dentine is the major component of teeth, responsible
for most of the weight, volume and overall shape
(Butler, Munksgaard and Richardson, 1979). Ninety
per cent of the organic matrix of human dentine
consists of collagenous proteins (Jones and Leaver,
1974) and the remaining 10% is made up of non
collagenous proteins, proteoglycans, glycoproteins
and lipids (Avery, 1987). Various analytical methods,
some of which are historic, have been used for
determination of amino acids in dentine, namely:
microbiological assay (Hess, Lee and Neidig, 1952),
qu antitative paper chromatography (Battistone and
Burnett, 1956) and ion-exchange chromatography
(Eastoe, 1963).
Our objective now was to determine the amino acid
composition of human dentinal matrix with a modern
technique and to compare it with previously pub
lished data.
Permanent mandibular incisors were extracted
from nine bodies of known age and sex in the
Forensic Medicine mortuary of Ga-Rankuwa Hospi
tal, situated 32 km north of Pretoria . Before process
ing, the crowns and cementum were removed with a
dental bur, and the pulp with an endodontic file.
Pieces of radicular dentine of approx . 0.20 g were
washed , dried and hydrolysed in 6 M hydrochloric
acid (HCI) for 24 h at 110°C. The hydrolysates were
neutralized with neutralizer (Spitz, 1973) and citrate
buffers in the ratio I : 2: 2, filtered (Millex-GS
0.22 ,urn) and then diluted further I : I with the citrate
buffer. Calibrants containing 41 amino acids were
prepared and diluted as above . The amino acids of
dentine and the calibrants were separated in duplicate
by ion exchange on a Beckman 6300 amino acid
analyser which incorporates a 25-cm lithium column
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and a four-buffer system. Chromatograms thus
obtained were integrated and quantitated with a
Hewlett-Packard 3390A integrator and the results
expressed as a per cent residues detected. The results
were tabled ' as the average of the total number of
residues per 100 and the SD for each amino acid was
calculated.
Nineteen amino acids were detected (Table 1).
Asparagine and I-methylhistidine, which have not
previously been identified in human dentine, were
present in small quantities. Asparagine was present in
all our hydrolysates. In a serial study of hydrolysis,
asparagine was detected only after 16 h and remained
present in all acid hydrolysates for 24 h. In hy
drolysatesJstored at 4°C, asparagine could be detected
over as long as 12 months. No explanation for this
phenomenon could be found . Acid hydrolysis of a
pure mixture of aspartic acid, asparagine, glutamic
acid and glutamine showed complete hydrolysis of
asparagine and glutamine within 30 min . The concen
tration of aspartic acid and glutamic acid increased
and high levels were detected under these conditions .
It is suggested that asparagine in dentine may be
'protected' against complete hydrolysis. Further
more, our monitoring system may have been more
sensitive and with improved resolution as larger
quantities of aspartic acid, glutamic acid, arginine,
leucine, iso-leucine and valine were found than pre
viously reported (Table I).
Linde (1984) reported that the total content of
hydroxylysine plus lysine in dentine is constant at 3.5
residues per 100. In our study, we found a variation
between 2.6 and 3.3 residues per 100 (SD, 0.74),
supporting Eastoe's (1963) finding of a variation in
the total content of hydroxylysine and lysine over a

nu u0·'J
F. S.
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Table I. Comparison of our findings (average of nine cases, with SD) with those of previous investigations (expressed as
resid ues per 100)
Human dentine
amino acids
Aspartic acid
Hydroxyproline
Threonine
Serine
Asparagine
Glutamic acid
Proline
Glycine
Alanine
Valine
Methionine
Iso-leucine
Leucine
Phenylalanine
Hydroxylysine
Lysine
I-Methylhistidine
Histidine
Arginine

Hess et al.
(1952)

Battistone
and Burnett
(1956)

Eastoe
(1963)

Linde
(1984)

Present study (1992)

4.4
10.3
2.7
3.4

5.4
11.6
2.0
3.0

5.5
10.1
1.9
3.8

4.5
9.6
1.8
4.1

7.4
14.5
30.9
9.8
2.6
0.35
1.0
2.8
1.2
0.64
2.4

7.6
9.7
31.3
11.2
2.5
0.46
*
*
*
0.71
2.2

7.3
11.5
319
11 .2
2.5
0.52
10
2.6
1.4
0.84
2.3

7.2
11.9
33.4
10.2
2.3
0.7
1.0
2.4
1.4

0.54

0.43

0.53

4.4

5.0

4.7

X

SD

5.9
10.4
2.1
4.0
0.3
8.8
11 .8
30.1
8.6
3.0
0.5
1.3
3.0
1.5
l.l
2.1
0.3

0.06
0.24
0.11
0.28
0.08
0. 15
0.28
0.30
0.31
0.15
0.05
0.00
0.04
0.05
0.11
0.17
0.07

0.4

0 .3

0.19

5.2

5.6

0.17

1.5

2.0

*Total of leucine, iso-leucine and phenylalanine is 6.4.

comparatively narrow range (2.91-3.35 residues per
100). The presence of two amino acids that have not
hitherto been reported in dentine as well as other
differences between our study and earlier ones may,
amongst other factors, be the result of different
methods. The more efficient buffer system and the
modern lithium columns that we used facilitate the
separation of isomers and increase the resolution of
the various amino acids . The reported differences in
the amino acid content of human dentine may also
reflect dietary and other regional factors that may
influence the formation of dental hard tissues.
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The Effect of Modem Oentine Bonding Systems on Human Dentine.
f A DE WET* and M R FERREIRA, faculty of Dentistry, University of
Pretoria South Africa.

10

IPretoria

Most modern dentine bonding systems contain primers or cleansers which are
used to remove or alter the smear layer or dentine before resin appltcation.
The purpose of this study was to aSSeSs the effect of four modem dentine
bonding systems (DBS), three with primers/cleansers and one without, on the
appearance of human dentine.
Dentheslve Bond (0, Kulzer), Pertac Universal Bond (P. LS.P.E.), Prlsma
Universal Bond 3 (PUB3. Dentsply) and Syntac (S, Vlvadent) were included In
the study. The crowns of 80 sound, human, molar teeth were Imbedded in rings,
leaving the occlusal · surfaces projecting. These surfaces where ground wet on
220 grit Si C paper to expose superficial dentine. Fifteen dentine surfaces
were then treated with each of the four OBS. Cylinders of matching compOSites
were thereafter bonded to these surfaces, using a rubber split mould. After
24 hours storage in water the specilllens were stressed to fai lUre using a shear
load in.an lnstron. Fracture sites were evaluated In a SEM . Five abraded

denttne surfaces were treated

with the

respective primer/cleanser of

each

of 3

DBS. Dentln~ treated with the 0 and S cleanser/primer, and debonded specimens
of D and S. displayed open dentinal tubules. Subsequent application of an
adhesive closed almost all the tubules. Pieces of fractured dentine were
attached to- some compOSite stubs, showing resin tags clearly penetrating deep
into. and even through the dentine fragments. It can be concluded that only 2
of the 4 OBS tested ooened the dentinal tubuli.
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I Film Thlckn85s Evaluation ~ Implementing the BEN COR MULTI-T Sya1em. C.H . ORIESSEN-,
FA DE WET and W.J,C. COETZEE. Faculty of Dentl.trv. Unlvotalty of Pretoria. Sooth
Africa .

Vatiou8 techniquB:i have been described for the determination of film thicknals of dental C8mctOtI. The
pu·rpose of this study was to as.:iess tha effectivity of the BENCOR MUl11· T eyat4lm, and to explore the
eHect of load variation Gn the film thicknua data. Four luting coments wore {ncluded in this study I.e. X-fl
IONOMER (XI, a gliSS lonomar; Mirege·Fl.C 1M', I dUll CUnl m:sin; UNITY lUI. a seH curing resin; Ind
POL Y-F Plus (PI, a polyeartoxylat&. Th" BENeOA MUl TI- T device (Drlea&erl, 1990) was used for tlllting.
The system Is ba&8d upon dIrect force application derived from any cajibratable iOUrc& through it's active
rod onto the specimen material placed berweon two 22mmO gla5.1 dllCS. The latter I,·covered with teflon
discs for the purpose of: (11 slmullting oral temperature, (2) transfering viaibla light Of needed) for the
curing
a VlC material and (31 protecting the 160pm gins dl.ccs from dirK1 metlllimpact. Measuring
of the speamens was done by ~ectronlc digital calipers ~th control by reftax mlCfClscope data and SEM
image observation . Ten samples of each product were t&5ted ullng IOKg and 15Kg forca In order to
asses.s the effect of different loads on the fUm thlc:kn83S. AU deta were stldstlcany anetys-d. It was found
1hat the tecniQue enabled operator, to measurt! film thickness of dental camenta accur8t8.iy. lastty, fast
and with only small variations. Statistical analyses sllowed a ,lgntfk:am dlfforeoce (p<0.05) between
application ·of .10Kg and 15Kg load of (XI{25,76:19,60pml and (UIl28,80:14,20pml but not for
(M)[31.14:30,80vml and {P)f38.00:34,00pml. It caD be concluded thot tho BENCQR Mut 11·1 system
i$ obit to easily assoss tho Wm thickness of dental c!!mentl and that a 15Kg load reduces film rhicknw
compated to lh, lOKg Igad

0'
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Effect of Respiratory Ackiosis on Faeell Auorlda E;xcration in A,lS.
S.D. JANSE VAN RENSBURG· and C.A. VAN DER MERWE; University of Pretoria, and
Medical Ae.seatch Council. Preton., South Afrlc. .

RespIratory acidOSis Is characterised by a primarify increased PCO a with a compensated Increased IHCO;J
whieh may effect thl pH of blood. As the permeation of fluoride (A through epfthelia is dependent on
the pH, IS well IS F conCentrAtion, respiratory acidosiS" could hilve an effect on faocal f excretion, and
merafor& on the F balance of the body. Sixteen young adutt female Spraque-Oawlay rats were used In
this &rudy. They wars divided into a control group (Group Ai receiving a normal etmo.spheric 01'
mlxture) end an axperimenta' groop (Group B: subjected to an IItmo.spheric CO 2 content of 7%1. All the
rats were fed a k>w F diet « tppml and r1tC8lved water with a fluoride content {IF)J of 20pprn lid Jib for
7 week.s. Water and food conaumptlon ware monttored deify. F Intake/NIt/day v;a water and food was
calculated from the date. Aft." sedation. blood was collected aneeroblcalfy In heparinlsed syringes from
the deacandlng aona. Faecea were collacted from the large intestine. 1ll.e (A of the faee •• was
determined potentiometJicany after HMOS diffuaion. Blood gel analv.is. were done using the ABl blood
gas analY5er. The data were subjected to thl Mann-Whitney procedure to detect dtfferences betWeen
the group$., and to multiple regression analyS"il to explain tha variation in dle fA of the faaces. Although
the F intake via the 'NIter differed slgnlficantty (p<0,05) between tha groups. there was no significent
difference between the F Intake v;a food Ip ClO, 197) or the total F intake (p -0.0711. There was a
51gnifjcant difference (p< 0,05) In the (FJ of the felON (A:x = 148.33 ppm; B:i:::;o 213,20 ppm) between
the groups. Taking the lFJ of faeen as the depe.ndant variable, 68.89% of the variation In the fA of
faeces In the ·experimental group could be expleined by the combination of the independent ~ari.blas
H1 CO, or PeOl. and total F Intake. A 46,92 % euoclation between the variablH was found in the control
group. RUDjralorv acidosis enhanced faecal QXcretion of fluoride In rats The higher (FJ gf tbe taKes
In thl flxDorimental group cguld possibly bB dug to nIt SQCrBtlon of fluoride Into the gut lumen. TN.
project was partilily sUPPOrted by a grant from Afrox Ply Ltd.
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~el Surface Roughness after CO, Laser Radiation, in vitro Assessment.
S.H. PAN', C. BAKER, J. DE VRIBS, P.J. BECKER and 5.5. MASHElE.
Dept. ~tive Dentisoy, Fa~ty of .DentisUy•.MEllilN"SA~S:>..llA~____
Recently. a
, ' liSer basbeen used suc=sfully to enhance dental bonding. Knowledge of
surface roughness is essential to r~ucc bond failures. The objectives were to: 1)
determine the rurface roughness after conventional drilling with/without l"",r radiatioo and
with/without acid etching using the Bendix Profilometer. 2) enmine under Scanning
Electron Microscope (SEM) the ultrastructure of the enamel surfaoc: after CO, laser
radiation. Thirty-two buman maxillary central incisor teeth were select~ and stored in 10%
buffer~ formalin. Conventional drilling and combined treatmeot with laser radiation were
raodomised 00 the labial enamel surface in Ibe vertical dimension of 3 x Smm. u..er
radiatioo was SCI at a repeat pulse energy intensity of below 3W for a period of 10 so<:oods.
Acid etclting was performed 00 balf of the specimens and the surfaoc: roughness was
measured with the Bendix Profilorneter. The SEM assessment was also noted. The
experiment was designed as a randomil;ed block but test results showed \bat roughness
caused by laser produced the marirnum measurable roughness of 10 micron for each sample
point. The analysis tben focused on conventional high/low speed drilling and 00 significant
diflerencc 'was found between acid etching teclmiques. (p ~ 0,4270) or between drilling
speeds (p = 0.7355). Compared 10 laser the roughness after conventional drilling was
clinically less. - An improved understandin& of rouehness caused W
laser radIation on enamel surfaces
may lead ·to lXlAAm1c clinical APPlication in aesthetic restorative dentisto'
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Evaluation of the Ktf'ect1 veness of an Ore.l Heal th Preventatlve
S.~a.r, K. Lalloo, A. Bawa. M.H. 1loo1a. University

PrograJae.

L-~o=C-=~~~we~.=~~~~~~

____________________________________

This study was designed to measure the effectiveness of an oral
health preventative programme based in a school population in tl
Cape Peninsula.

The objective of the study ",as to measure the

difference between schoolchildren who were exposed to the
programme and children who were not.
Three experimental (programme) and two control schools were
selected for the study. A total of no children in the
experimental group and 102 in the control group were examined
(Total; ZlZ) 1n the age group 11-12 years. The examiners Were
calibrated for reproducibility using WHO (1986) criteria for
dent~l ca!'ies.
The re.ul ts of the study .howed a mean DMF( 5) 01
7.B (±3.11 for the exoerimental schools and 24.5 (tB) for the
control schools. 6'-\ of thfi experimental qroup and 60' of
control group were caries free. 98' of the experimental group
and 65% of experim.ental group had an M component of 0.42' of th(
control group; 8% of experimental group had at-least one 1st
molar tooth decayed .. These results clearly showed that the
programme is successful in a community based school dental
service,

Th1s project 1. supported by an NRC grant.
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I Cross-inloctlon Risks ~socl.tod with High·speed Oentel Handpiece.. C.H ..
HAUMAN.· Department of Oral Pathology, faculty of Dentistry, Univatsity (
Stsltenbosch. Tvgorberg. South Africa

Dental handpiecel ani pan..icularly prone to contamination with patlant material, which can then t
lr"iI.nsmltted to the next patient. The common approach of disinfecting handplK'U by external chem ic
Mpmg In comblnatkln wtth ftusnlng may po.. . un.oceptably high ri,ka to tho.. lndtvktuata: treated ~c
lftet Infected patients.
rhe aim of this study WII to evaluate the efficacy of chemical disInfection of hIgh-speed hlndplBce:
A.utociavad high-speed hendpleces were ·contamlnated ~th an oVllrnlght culturt! of Sr~hylOCOCCL
wr.W ond dried In a hot ait Ovan for 90 minute'. The outlr surfaces of equal numberS" of the~
handpi&ees were wfped with 70% alcohol, alcohol·ln-hlbftana and Aa8PIya (Iodophor) . The from, bac
and ald6a of the head. of these handpiBON were prea.sed onto th41 surface of blood agar plateS". I
addition. contaminated handpJecls were anoched to the dental unit and 'NIter was flushed throuQh ttl
I'landpiece onto the suffice of blOod agar J:M"II. for 2 seconds. Handpl.cea used In the Tygerbe(
Dental Hoapltal wert! te6ted In a sim~.r way after routIne lubrication Ind alcohol 'Wlbbing. Aesidu;
contamination of handpiecel after flushing for apeciflc petiods cir time were also te.tad. Afu
overnight incubotlon, growth WN recorded. Although the nul1\ber& were reduced. S. tlureus could Stl
be cuttured.from the Outer aurfacas of artificially conUlminated handp~ aher wiping with all thre
alsinfectants. HandpHt~s used In the clink yielded vinueUy no growth from the extamal S"urfaces Itt(
routine ctaaNjng. Confluent or 2 + growth was obtained with umples from tha 'ntelior 6urtaces c
belth arttfk:lally contaminated handpiecas and handplecaa from tha c£1nlc . S . • ut.(J$ was anll preS6r
on the Intemal aurfecta..of artifidally contaminated handpiaces eftar fluehlng for 5 minutes.
Sterilia8tion of both tho intlrna' and .¥t0rnpl itJrfaCH of handpiecu Is neeoMaN to exclydo the !iU..s
[(ron·infection in the daml .yrgltC{
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/ lnoIpniC Cooccn!> ofOpoquoaod Tronsluccm Radicular Dentine, F.S. NKHUMELENl'.
E,). RAUBENHEIMER, W.P,P. VAN HEERDEN. M.L. TURNERomd M.l. DREYER.
D...ts, Oral PathoIO!IV aod Chemical PalhoIOltV. MEDUNSA, P 0 Mcdunsa.

This study was undertaken to compare the calcium, rnagJiesium, phosphorus, zinc and fluoride
contents of opaque and tronahlceot radirular deuti!lo. Twd.... I1WIdibuiar inciJors were utiliud
The Cl'OWlUi and cementum were n:moved using. • dental bur, The specimens were then
hydrolysed individually in 1M perchloric acid. Calcium, zine and magnesium were determined
utilWng the ammoniwu phosphomolybdate calorimetric method and fluoride by ion selective
electrode method. The mean values (mws) of opaque ond transiuceDl donti!lo respectively were :
(SO: 3.60) and
244.17
(5D ±4.10);
Celcium (Ca) 244.65
(SD: 0.42) and
6,97
(SD: 0.69);
Magnesium (Mg) 8.25
F1uoride(F) 0.22
(SD:O,01) and
0.27
(5D:0.02);
Phosphorus (P) 127.70
(SD ± 2.43) and
125.00
(SO: 2.33);
Zinc (Zn)
0.14
(SO %0.01) and
0,20
(SO ± 0,03).
The Mann Whitney test showed that there was • significant difference between Ibe Mg, F !lld Zn
conlenlS of opaque and tnnSIucenl deIItine (p<O,OS). Our findings do not ruppon those of
Moore and Lgycr (974) who found tba.!. only CaJcium yalyes wore ignificontlv lower I!l
trwIuceni dentine- - .
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I Levels
Rel.~nofBetween
Blood, Molar, Cortical Bone and Trabacular Bone lead
Rats.
R.J. ROSSOUW' and S.R. · GROBLER. Faculry 01
Dentistry, University of Stellenhosch, Tygarberg, South Africa

Bone i~ the maior re.ervoir of body lead stores. Loosely and deeply bound lead
. companments in bone provide Short- and long·llved sources of this toxic element to
blood and 50ft tissues.
Several groups of Inbred SO-IX rata were continuously exposed to nebulized aeroso l
of lead for different time periods. Furthermore, tho effect of different post-expose
periods on the lead concentration. Were also Investigated . The lead concentrations
were determined In blood, molars, tail vertebra and lIIaca crost of the mt. ThO
graphite furnace atomic absorption spectrophotometer was used .

d

The blood. mola·r. tall and Iliaca crest lead levels differed significantly (p<O,05J
among the exposed groups.
However. only the blood and lIlaca crest lea
concentrations differed significantly (p<O.06) In the post-exposure periods .

Mhce=~ol}tfdai~~
I~b=~ J~P~~~~=:
r=:Sk01dl~tJ3
bwI¥..
' .
.
This study was supported by the MRC.
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CcmpooiUoa or1\lbular ud ImonubuJot AIoa& ioT......m....t Doo._ P.S.NICHIJJ.II!LBNr.
BJ. RAUBlINBlllIdl!P.ud M.1.. TURNIIR. Foc:oJty or DeoIloUy. !l.dlc.oI UDivoftJ.ly of
Soutbero Afria.

Most rooearcIters seem to agree lhal the changes which cause root dentine to
appear lIIIll>lucenl occur in the} lumina of dentinal tubule<. The JlUIJlO"C of this
study was to compore the occloding JIIIltcrilll and ad)acent lntmubular dentine.
The radicular Ira!\slUOOlt dentine of mandibular inciaors from nine subjects were
coaled with a 10012nm gold- film. The specimens were examined in an lSi SX30
SEM equiped with a UnkSY'tems BDAX-analyocr. Two areas were InvmtlpJied,
namely malerW occluding the tubules and areas not mare than 5 micxons from
the edge of the obliterated tubule. The mean YIlues of occluding material and
intertubular 'dentine (%) reapectivcly were as follows:
and 60.9 (SO = 7.9)
Calcium
(Ca) 67.4 (SO z 12.4)
and 33.9 (SO = 8.4)
PhOOphoru.
(P)
40.7 (SO = 8.7)
Ca:P . ratio
1. 7 (SD = O.S)
and
1.8 (SO - 0.6)
was a .ignificant difference between the calcium and phosph0ru8 C<m\eIU
of !he occluding material and adjticen\ lnzrtllbular dentine (p < 0.05). Our
fiiidirigl did not support tho," of Brinkmann and Hartmann (1980) who found no
correIaIIon between dentioe tran,lucency and its mineral content.
The male.riaI !S!!!!li!ll: l!!~ dlmti!l.i! wbDI~ II mao: mlcal&lll !ball iIl~lllll!ylil:
mu illtriDsI~ dentine,

Thom

,
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L.aaer EIlBct. on Pulpal FlOOr 1ltld<ne6S and l~ra.iSpal Tooth Stren~n·
S H PAN·' and C. BAKER" and J De Vries. Faalily of Dentistry •
& MRC{W!TS, DRlli EM Unit, MEOUNSA1, R.SA. _____

MEOuNSA

Corbon d1o><ld. (CO.) la9&I'S have beensuccessfuUy used to fuse the apBllte of enamel
with that of dontlne. In order to assess 1hti eIfecllll8lleSS 01 thia fuston, K Is essential to
8!IC9rt8in thet strongtfl 01 II premolar tooth, The eIIn of this study was 10 determine tne
opIImaI pUpal ftoor thlci<nf)ss after-CO. laSer IrradiatiOn. Repeat pulsed CO. laser .wIt11
en8l' densities of 10-15 J.cm" WIll! applied to 10 conventlonaKy prepared M·O-D cavities.
'The ~malnlng 10 teeth were prepared by convenlklnal drilling r:JrI;f. All 01 the teeth were
fittIld wit!I the Indlrvct cast reM Inlay I'1IS1Ot1IIlons QsosII·N) and luIed w'Ilh resin cement
(VIvadent) Teeth were subjecl8d 10 a lIITe'S (± 20·60 MPa) causing !hem to fl'acture_
.
lIITengths 01 I9fJIh from the experimental and controlled Ilroups were
com~Uf8ments 01 puIpalftoor thlCkNmS wars canted out by IrmIge Analysis and
~ l1)li OIHII'aU observBdon vector (N/OIIA). It was round 'hili '1'1I8Im8nta dlllefed
Stgnificanuy (p=O,OO84), thIcknesS (. 2mm; < 2mm) ~ algn1llca~ (P-O,0028), v.tl~e
Interac!iQn W8S found b8tweentreetmenl and thlcl<n8911 (p-O,1164).
no ot!jiiAlIritercus"'" tnoth' !!I[l!!lglb ltla pLllplll ftgg[ thlckMss !llIl31 ba • 21m! 51D~
~!fOI may IO\/QIV& a comb!nlllklll qI convantlooal drBllrlll and

=

I jaHr tradla!loo.

I Comparinc!he SIlNI' Bond SIrmcth of On., Two IIId Tbroo Step Dentl... Bondi",

I
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8,.c ...... P.J:,VAN DER VVVI!R, V.A. DE WIlT, W.K. VOIlSl'ER and J. OOSTFol:IJIty of Dmdstry, Un~....lty Dr 1'roIDrIo, l'roIorIo, South Arr....

HUY~.,

So_ of tho IIlOSIIcaportant footur.. wilen cbo.1Dg o dentine boDdloj system II the .... to use, aDd the
Umo mjUlrod fA) apply tho .yalem. Tbo )l<Icposo of thto .tudy was to comp... tho Ill.., bond .rrenp
of one, two, and th.roo otq> _
bondbJg .ylleml.
One bwndrod IDd twenty aouOO. hum.." molar teeth WOltI colloc:<8d and tho crow.. lIIllboddod In dnp.
The oohwJ .~ _ . JTOUDd wet 0lI2l0 grit SIC poper in ortIor In tIpOIe mpedic\IJ de.tltil>e. Th.
umpI.. wmo rmIotnIy as.il'lod In 6 IOitllfOUPS conslstlni of 20 _ ..<h. Ono ""up ..... Uled In
evttluate eooh ofth. followl", l1W«lols: Pcrtac 80Dd (PB). Tokuso Light Bood ('I'Ll!), An Boud (AB).
Prilm. Uol.... al Bond 3 (pUB'3), Scot<hboad Multl-Pu'P"'" (SMP) and OptIbond (OB). Of the
rproduc1l, two wono 0lICHI1Dp .y.teIns i. •. PB IIIKI n.B, ""othor two wore two...., ,y""", Le. AD oDd
pUB). and the lat two wore thrOHlqJ Jyatem1l •. SMP and OB. SMP etcbant wu used with OB
to .cIlleve I<Ital smtar-layer remOVal, making It a ~ syaum. Twenty deJttine IlUtfa"""
were b'ealed with eadl of the 6 bonding systems. aDd cyllndet!! of _citloa' composillol therafter bonded
to the sumces. )IIl.oj a rubbOl spill mooJd. All umpt.. were ""red In distilled Wltor II 37"C for 24
haUl'll before thy were 3tre6sed to Dillure ~IOj a ahear load In an Wtron. Dati were onaIyzod
.tatbtlcolly (ANOVA). Thebood.1mII!Iu fer thedllt:uonl prodD... (MP') ....... OS fullo"" PB: 11,21
± 1.54; n.B" 6,T± 1..7; AB: IS ± 2,3, PUB) : 14.3; SMP: 23.6 ± 2.S and OB: 24,1 ± 2,5.
to detllJruo!h1ll the I and 2 otep sy~
Th. tbJu.slop bondlDg 1ys\etM showed hiBher bond
The two-<lop systems also hid a hip boruI'tmtaIh tIw! the """"'"" .y>ttmI.
Am&lDai &b12 Jil ~IHtl:m tszt§d lbllbes:a IIG Ii~ mo:dda:l ibD best ~ tNDd strr.nfth :£111.11:&.
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_Uon or OptIboad _
.....t ... flaun SoaImt. P.J. VAN DER VYVER,
F.A. DE WI!1I' and J. 008l'IIUYS1Il'!", Jl'ocuIty ., DoIJdIlry, UaI....wy or ~,
Pre40rla South AfrIco.

'!be Optlbood bo!1dlni .]I!ittm hu multiple u.... lncludlq bandin, 10 _ . _ . porceloln. compos1tJ>
Uld meta!. Sinco tho sy&1em OODialDs .. 48" twa!, ndlopaquo aDd fluoddo-rctoulq, dua1~ cataly'1
pate. it might havo ldcaJ pmperUCi for uille .. a fiAva~. The purpolC of chi. lfudy wu to evaluate

<he.- baod •.,.q,b(SBS) of Optlbond

(Dual Cum ')'II~ _

used ... tI...",...tonl o. kumu dcabJ

.....01.

Pourty frOIbJy cdr..tcd, 50UIJd, h\tJlll:tt, -.mOll! teeIh were coU«:tecl, tho toOtI ad palps removed &lid 0.0

in ri"". Tho ..poood occl.aot &Urlaceo ""'" ;n>IIIJd _ 00 2»,0. SiC pap« 10 prodo""
& tt.t ClWDet &\I~. All enamel sum.c.r:. were e:tcllod. tor 30 lecoW with 37" phOlplloric Idd. rlosed md
dried. Th. OptiboRd pIlmor .... then applied IOOOtdlng 10 ....ufl<:lu....• Imtructtons ...d n&ht-<:Umd tor 20
"""ada. Optlboad duol-<>Ul'e (coD&lotinl or. COI&IJII willi t<>I1aoua Uqull1 oed. fI1Icd -=11....,,, poole) .....
mixed. IUd cyllnd<% iI1Ub.oflho JMtorlaI til.. bondod to the """""''''''''''''' awfaocuolq • .ntoo.. _spUI
1lO\lJ.d. AIl lamplc& 'were CUftd for L mimrtD from thD OCXlJual dinIotiou, aDd aD. addltloMl 2 mltJU1C5 after'
CI'OWDlI ...boddod

remonl of tile tplX mould (1 miautc racb. from 2 diffeteal dlrectioDl) ~1y bmtdod Amplea ~ IIl:cIftIicd
tIoiluJO lS mIDiI... ""'" bondi... by ulna. 011_ lood I. anI"""", oed .......aIDdcr _
tor 24 ~oun
in di.1tl1od -.r .. 31·C prior 10 1c5Iiq. The IDOOIl SBS ..... oalcuJaIod Ibr each ""up, tho data IDIlyocd
~ tho ~1·T .... aDd ..von.! _
&lim cumlDCd In th. SBM.
n.o SB9 at\., 15- miD_ ROd 24 bOW'l ""'" 15.96 ± 3.59 MPo ....l 20.3. ± .,71 MFa ro<p<dlvcly
(P<O.OI). SI!M in~&1!on dcmoo&t..1Od mixod oob..ivelodboolv.
II raG Il!C! ~M1udod Sk!l1bR ~» of OotIborw::l lQ
1&1: ~gdi gf:bsl1h U m1um ad :H bl2w:a In!:
adcqua1e for 111110 10 pUnlcaJ fiNw gUll titpadooa, friO, tho bJghetl bopd Itrpp!d.l:v! bel" pbtaIned aftq 24
II>
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.. -,

effod 10 QDIltiJwcl to Impnwe thiI MrV1ce ~aCIC:red b, tb.. Ortl.cdcrttic DcpartJmo& of tI.
UDivemity of PRilori., it,.. tM pwpoae or tN. Wdy to lUNA, petilDClllltllDdiq tbo omocLoe.ric ctiuic. An
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mod. of _
aod ~-r of ......nod (P-O.U3) or mJuod (P-O.29'l) .~. No
liaaificu.t corftIIatioa (P-O.17.5) Mtwe. poJnPlUcai abc.de &Dd IIIiRod or C«IOd1.d A~1mI:Iu.tt wu
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Lr:ad ~ ~ Lead l&vela in Ral Tiloues. RJ. ROSSOUW· and
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ClROBlBR. acuity ofDcmlllry, Univenlty of Stdlcrbosch. Tygert>etg.
~~.~::t:hl.~=~"i~:~~~~b.;dJrec~
~ at ""JIOOW1'.
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wed< wu d<1a>o on Rat~
ratIuI norve&k;us. Omu of 0 Inbred ~ _
ex
to: (1) ·cloan air· (0.05 g Pblm

airbomI> Ieod 00IlCCD1nIIiDn and

~ day.;
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(2) 77 g
for 7Q days; (3) l4 I'i Pb/m3 for 28:r:; and (4) 1 S46 1"
Pb/m for ~ days. aIf the rots In ach """" were tbcIIldlIed and the
half Io:pt in "clean
air" until the blood Ieod of &fOUIIS 1>3' had recumed to oormaL Tall vutcbJIc, IJlaao creIt and
epiphyses' ttIdin" ~ blood were a.nalyzod for Ieod by atomic abIospdon IJIOCIrophottlmecly. In
the 131. Idlled Immediately aftr:r
leod levels of bIDOd or ili"", <tat or
or
tall verldJra.e differed ;:::ticandy (p < O.
amon, all 4 Jl'OUPI, except between ""uJlfti and 3
for the tail vertebrae.
01' the poIHlI~rota, the blood sbowed no .lItnificant
ermres
~>o.05) among ""up!'! . 2 ~ 3.
• for tall ver!eb".. or Uioco <rest Of epiphyses DO
gnIlicant d1ffererice.s were faund betweea 1fO\IPI2 and 3.
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bone) mood lead became .UOPIemwlc!d IIzrpugb
s:Qmnarfinl:lWl
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,:~eqQat\ey of PravMluble.~ KAloc.c.\u.aions in the Hued Dentition: A
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•
.lLA. lii11:.oh:iJ:a.,n.partme.a.t of
IOrthodontics, Faculty 'of D.nti.try, Univenity ot. fte.torh" Pretoria
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Specific defined qut.loeelusion.9, ¥here eaTiy recognition 4nd 5iaple interc~l'tive.
t-reatm.e.J:l.t may minimise aT: .liminat. the need for c~ple:x .P?li.\n£.B thflT4py,h4'Ve
bQBn identified and c ertaIn age, of tpeele.l visilauc.e in the dllVlIlQpmg den:tition
a-re -recagnisad. 'The a.im ot this ' loogitudinal study il to deteTJlline the. percentage
of m.alocclusioOJ!l' at the lise of 1()-:-11 yO-illf'. th~t cOlild have bUn p-r8ventad or
~inimhlld, if causlltive hctort bad be-e.a diapoaed. ud tJ;eated f~ th~ AS! D~
8-9 yean. A notal of 961 childTe.n, Aled 8 and. 9 YUTS vera 4u{iQD~'ned by 3 l.nVea
tigators at 9 schooltl~. in the P-retoTia suburbe of frv.tQ.i. -Wut .-nd ~tteTld&evilh
to collect: baseline data on the ou-rrent statue of o(:~ludoQ in dlne groups. An
average of 67,9% of CUBS p'C'e.sented witb .. CLUB I mohr -relationship; 1(),9% yith
a Class II. 7,45X wi.th a ct ... III .:nd 12~ U with • C~·IlP-tO-c:..uJlp -mol.ar retAtion
ship_ J:!arly loIS of Ie.cond ptilllary tIIOlArS , oecured ~ the m.axiUa (5,~I) ' aad io
the lI1andible (7,S%~ Pirst pd..lu.ry ..molArs wer4 lo.t ill .s,4X of e ••e. i .. the J1U
ilIa and in 1',3% i the ma.ndible. Space w. .. . euf .U c:ient i.n 71,9% of. cuea, but
18,3% I:howed. a Shortening ot eTch tength. Ectopi.c ar~ptiDnli, ankylosis of primary
molars, supernumeTary ' teet;h went". veTY rare. Single tODtb ante-rio-r ct:ollsbitu V8Te
",.•• ~.1""I!\t: in 7,2:7: <:of QIIIIVIl • • 7.1% b,a<J, W?r .. t"lIlin ?nv t",,<:oth in "nt ... --:-i..:---:- ':".....,..,,'b-it'r'
Posteri.or, single. tooth crol!l8bites V'e-re found in 2,.5% and .ultiple loatb croea
bite. Ln 0,6% pU' qUAdr4Qt. 45% of c.bi1<1xCD. bad a. nOl:1D81 overbite. 30. U h~d a
deep bite.·S.aX had an ed,.-to-.dll. bite and 14~7:1 pru.nted. with ap anteriot'
fpenbits. Tha ma' oTity of 'childTCTI had ellIS_ 1 tua.lcc:clusicm. witla .. uf£i"eiellt. arch
length and a seem ogly oormal deve Opj n.~ occlus on.
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LongItudinal Study on the Oral Yo••t Carralgeln Children. E. BUGNAUT,
R. SENEKAL' and J . KROON . F8~"lty of Oant1!111y, University of Pretorle.
Pretoria .

Yeast. are om<>ng.t the ve,y firat microorganisms to colonise the oral cavity of the
nawborne. Since yeasu occur widely in nature. it Is inevitable that humans should
come Into contact with them end previous studies have shown yeasts to be amongst
tho normal oral flora of 50%·70% of healthy Individuals. It was also thought that the
tongue Is the moat likely placo oi i';sldenca for oral yeasts and IilBtlstlC. from preViou$
studle. are based mainly on a one. only .pe~lmen taken from the tongue or saliva of
a partlculer IndIvidual.
In ordar to eatablish.whether tho occuranca of yeasts are merely Incldontal at the tlma
of sampling, 172 children ranging In 81/8 betw.en 3 and 8 yeaT8 wore studiod over a
2 year perIod . Specimens ware takon from both plaque and saliva and Immedlatly
plated onto chalk apar. While yeast. woro 180lated from an everage of 22,6% of
children at one tlme or the other, only 2,9% Of the children were yeast posilive on bath
occasions of which one had different species from the one year to the noxt. DurIng
tile 1992' lItudy, four children hed yoelt. In both saliva end plaque of which 3
exhibited different specie. while only one was positive for both speclme"" during thl'
1993 study.
From 1hcII r~I!.I1l:i 11 QI[] till ~aSih,waa 1tud lbil gUI:UUlltD 121 ~Hlli ID Itll inlll ~iI~ll¥

at aD IDdhddual fiU

a aaal"Yiu[ IKIIOllo lima dgu 001 irnalic:DtA I ca[[kl[ mtil.

PERGAMON

ARCHIVES
OF
ORAL
BIOLOGY
Archives of Oral Biology 43 (1998) 641-647
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Abstract
Tracing the source of origin of illegal ivory will contribute to the identification of poorly managed game parks
and facilitate steps taken to prevent the African elephant from becoming extinct. This study was aimed at
establishing a database on the composition of ivory obtained from elephant sanctuary areas in Southern Africa.
Fragments of elephant ivory from seven geographically distinct areas in South Africa, Namibia and Botswana were
analysed for inorganic and organic content. A total of 20 elements was detected in the inorganic fraction of ivory,
some in concentrations as low as 0.25 j1.g/g. The concentrations of calcium, phosphate, magnesium, fluoride, cobalt
and zinc showed statistically significant differences (p < 0.007) between ivory obtained from different regions.
Analyses of the organic fraction identified 17 amino acids. Ivory from arid regions showed significantly lower
proline plus hydroxyproline content and under-hydroxylation of lysine residues. This study indicates that chemical
analyses of ivory could be beneficial in tracing the source of illegal ivory. © 1998 Elsevier Science Ltd. All rights
reserved.
Keywords: Elephant ivory; Composition; Environment; Organic and inorganic analyses

1. Introduction

The illegal harvesting of ivory is generally restricted
to poorly managed game-sanctuary areas in Africa
and, if unabated, will lead to the eradication of ele
phant from large parts of the continent (Armstrong
and Bridgland, 1989; Ottichilo, 1986). The rapid
decrease in elephant numbers was met by a listing of
the African elephant as a protected species by the
Convention on Trade in Endangered Species (CITES).
Despite doubt about the future of the African ele
phant, their numbers in protected areas in certain

• To whom all correspondence should be addressed.
Fax: (012) 521 4838; E-mail: ejraub@mcd4330.medunsa.ac.za

African countries are indisputably growing (Armstrong
and Brid-gland, 1989; Hall-Martin, 1992).
Dentine (or ivory) forms the bulk of the substance
of most teeth of mammals and is composed of organic
and inorganic fractions. The inorganic composition of
the ivory of the elephant has not yet been investigated
in detail except for work done on its isotope compo
sition. The carbon isotope ratios (13e: 12 C) of ivory dis
tinguish between elephant roaming the woodland and
those in dense forests (Van der Merwe, et aI., 1988).
Similarly, nitrogen isotope ratios ('sN: 14 N) in the ivory
of the African elephant are related to water stress or
rainfall. Overlap in the distribution of carbon and
nitrogen isotopes can be expected when dealing with
ivory of elephant from similar environments. In such
cases, strontium isotopes may be helpful in making a
distinction, as 87Sr:86Sr ratios in tusks reflect the local
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geology of a particular region (Van der Merwe et ai.,
1990). No scientific information is available on the or
ganic composition of elephant ivory.
Science can contribute to the exposure of those areas
in which illegal ivory harvesting is taking place by estab
lishing a databank on geographical variations in the
chemical composition of ivory. This would contribute
significantly to the identification of the source of origin
of illegal ivory, making more specific intervention in
poorly controlled elephant sanctuaries possible.
Our purpose now was to determine variations in the
inorganic and organic composition of ivory obtained
from seven distinct elephant-sanctuary areas 111
Southern Africa.

2. Materials and methods

Sixty-four fragments of ivory were obtained through
the National Parks Board of South Africa from the
following areas: north-western Namibia (Kaokoveld),
northern Namibia (Etosha National Park), north-east
ern Namibia (Caprivi), northern Botswana (Kavango),
north-eastern South Africa (Kruger National Park),
northern Natal (Tembe Elephant Park) and eastern
Cape (Addo Elephant Park) (Fig. I). The habitats vary
between arid CKaokoveld), African woody savannah
(Kruger National Park and Caprivi), savannah with
salt pans (Etosha), subtropical forests (Kavango),
dense Karoo shrub CAddo Elephant Park) and coastal
dune forest (Tembe Elephant Park). All ivory was
obtained within 7 days of death from animals that had
died of natural causes or as part of the population
control programmes employed in the respective areas.

/

2.1. Inorganic analyses
The dry weights of all fragments were determined
accurately after carefully removing the ensheathing
layer of cementum with a rotating diamond disc. The
specimens were agitated in a weak acid (0.1 M HC1)
for 10 min to remove traces of metal that may have
contaminated the ivory during sample preparation.
The fragments were washed for 15 min in distilled
water and demineralized in I M perchloric acid at
room temperature for 3 weeks. Complete demineraliza
tion was confirmed microscopically by embedding, sec
tioning and staining of the organic residue with von
Kossa. The inorganic composition was determined by
atomic absorption spectrophotometry (Perkin Elmer
500; Norwalk, CT, U.S.A.), Astra 8 analyser
(Beckman Instruments Inc., Brea, CA, U.S.A.) and
ion-selective electrodes (Radiometer, Copenhagen,
Denmark). The mean values obtained per site of origin
as well as the 'SD were expressed in mg/g dry weight
and tabulated. The level of significance between the
findings for each element and at each site was deter
mined with the aid of the student's I-test for unequal
variances after standard distribution curves had been
established between paired values.
The trace-elemental composition of 27 fragments
was determined with an ARL 34000 inductively
coupled plasma optical emission spectroscope (ARL,
Boston, MA, U.S.A.) consisting of inductively coupled
argon plasma operating at 27 MHz with direct reading
on a 29-channel spectrometer. Perchloric acid (I M)
was used as control in order to monitor the possibility
of contamination of the demineralizing solution. The
mean concentrations and SD were expressed in !lg/g
ivory and tabulated. The level of significance between
the concentrations of each element at different geo
graphical sites was determined by the student I-test for
unequal variances.
2.2. Organic analyses

2

Namibia

7

Fig. 1. Origin of ivory (I, Kaokoveld; 2, Etosha National
Park; 3, Caprivi ; 4, Kavango; 5, Kruger National Park; 6,
Tembe Elephant Park; 7, Addo Elephant Park, RSA,
Republic of South Africa).

Fragments of peripulpal ivory devoid of cementum
and weighing between 1 and 3 grams were prepared
from five tusks of the Kruger National Park, six of
Kaokoveld elephant, fifteen from Etosha, four from
Tembe and two from Addo Elephant Park. The solid
particles were hydrolysed in sealed tubes containing
5 ml 6 M HCl at IlQOC for 24 h. The hydrolysates
were neutralized , filtered (Millex-GS, 0.22 !lm) and
diluted 1:1 with citrate buffer (PH 2.2). Calibrants of a
standard of 43 amino acids were prepared, and the
amino acids of the hydrolysates and caJibrants were
separated in a Beckman 6300 amino acid analyser
(Beckman Instruments Inc. , Palo Alto, CA, U.S.A.) ,
which incorporated a 25-cm lithium column and a
four-buffer system. The chromatograms were inte
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grated and quantitated with a Hewlett-Packard 3390A
integrator (Hewlett-Packard Co., Palo Alto, CA,
U .S.A.). The analyses were done in duplicate in order
to eliminate methodological errors. The results were
tabulated as the average of the total number of residues
per 100 and the SD for each amino acid calculated. The
differences in the amino acid compositions between the
regions with a sample size of five or more were analysed
with the student t-test assuming unequal variances.

3. Results

3.1. Inorganic composition
The fragments of ivory weighed between 1.101 and
3.570 g after drying and Von Kossa staining of all spe
cimens demineralized for 14 days showed complete loss
of calcium. The concentrations of calcium, phosphate,
magnesium and fluoride are expressed per region a nd a
sample mean is given for each element in Table I .
Statistical analyses showed that the differences between
the respective elements in the following geographical
locations were highly significant (p < 0.002):
For calcium: Addo vs all other locations, Etosha vs
Caprivi, Etosha vs Kavango, Caprivi vs Tembe.
For phosphate: Kruger National Park vs Kaokoveld,
Addo vs Kaokoveld.
For magnesium: Addo vs Kruger National Park,
Caprivi a nd Tembe vs Addo and Kaokoveld vs
Caprivi.
For fluoride: Kaokoveld vs all other locations except
Etosha and Etosha vs all other locations except
Kaokoveld.
The respective concentrations of the trace elements
are shown in Table 2. Due to the size of the samples,
statistical analyses could be made only on the Addo,
Etosha and Kruger National Park groups of specimen.
Differences in the concentrations of the following el-

ements between the respective groups were found to be
significant:
For cobalt: Addo vs Kruger National Park (p < .
0.007).
For zinc: Addo vs Kruger National Park (p <
0.002) .
Twice the sample mean or higher concentrations
were analysed in ivory from a single tusk in the follow
ing locations (sample mean in parentheses):
Olifantsbad (Etosha)-copper = 7.5 (2.2) pg/g;
Tembe-manganese = II (0.6) pg/g;
Ombika (Etosha)-manganese = 1.5 (0.6) pg/g;
Kavango-iron = 8.8 (4.4) pg/ g;
Ombika (Etosha)-iron = 13 (4.4) pg/g;
Olifantsbad (Etosha)-zinc = 40 (20) pg/g;
Ombika (Etosha)-zinc = 54 (20) pg/g;
Koinseb (Etosha)-aluminium = 23 (6.2) pg/ g.

3.2. Organic composition
Ivory obtained from the Kaokoveld was more brittle
than that from other regions. Complete hydrolysis of
Kaokoveld and Etosha ivory was obtained in less than
half the time than that required for ivory from other
regions . The amino acid composition of hydrolysed
ivory is expressed per site of origin in Table 3. Due to
the small number of samples, statistical analyses were
made on ivory obtained from the Kruger National
Park (n = 5), Kaokoveld (n = 6) and Etosha (n = 15)
only. Highly significant differences (p < 0.001) were
found in the respective amino-acid compositions of
ivory from the following regions:

Hydroxyproline

Proline

J

Kruger ivory (10.2 parts/l0 6 , SD
2.6) significantly higher than Etosha
ivory (9.2 parts/ 10 6, SD 0.7);
Kruger ivory (13.1 parts/10 6 , SD
0.5) significantly higher than Etosha
ivory (ll.6 parts/ 10 6 , SD 0.8) ;

Table I
Inorganic composition of ivory per site of origin (average mg/g dry wt, SD in parentheses)
Origin

Number of
specimens

Ca

PO.

Mg

F

KNPI
Kaoko 2
Etosha
Caprivi
Kavango
Tembe
Addo
Sample mean

13
9
26
6
4
3
3
64

195.8(17) .
193.7 (15.9)
192 (16)
208.9 (6.4)
205.9 (1.8)
191.1 (8.9)
170.8 (2.5)
195.6 (i 5.7)

115.5(5)
118 (2.6)
116 (3 .5)
1I4.7 (4)
115.3 (3)
113.1 (5)
113 (i.4)
115.5 (4)

14.6(3.2)
18.2 (4.2)
15.3 (4.2)
13.1 (0.9)
12.2 (2.7)
14.7 (1.2)
17.3 (0.4)
16.4 (4.4)

0.08(0.01)
0.11 (0.02)
0.12 (0 .03)
007 (0.01)
0.06 (0.01)
0.05 (0.01)
0.03 (0.02)
0.09 (0.04)

I Kruger National Park;

2

Koakoveld.

Q\

t
T able 2
Trace elemental compositi on of ivory per site o f origin (mean (flgfg dry wt, SD in pa rentheses)
Origin

No. Spec. As

KNP
Kaoko
Etosha
Caprivi
Kavango
T embe
Addo
Sample mean

5
3
6

8.5(0.7)
7.2(0.6)
8(1 .4 )
6. 0
8.2(1.3)
9.3(2 .4)
7.8(2.0)
8.0(1.4)

3
4
25

Cd

Cr

Co

Cu

Pb

Mn

Hg

Ni

Fe

Zn

Mo

AI

0.44(0.03)
0.4(0.02)
0.4(0.03)
0.37
0.44(0.03)
0.4(0.2)
0.36(0.04)
0.4(0.04)

4.1(0.2)
3.4(10)
3.8(0.4)
2.6
4.0(2.0)
3.9(0.3)
3. 1(0.5)
3.7(0.6)

0.8(0.07)
0.77(0.05)
0.7(0. 09)
0. 75
0. 68(0.09)
0.7(0.02)
0.64(0.06)
0. 72(0. 1)

2.06(0. 3)
1.9(0.2)
2.8(2.4)
2.0
2.3(0.4)
2. 2(0. 6)
1.9(0 .5)
2.2 ( 1.2)

8.9( 1 0)
9. 7(0.4)
8.6(1.2)
11.0
9.1(2. 7)
8.4(0.3)
8.0(1.4)
8.7( 1.2)

0.3(0.09)
0.44(0.3)
0.6 1(0 .4)
0.25
2.43(2.9)
2.2(4.3)
0.39(0.1)
0.6(0.9)

1.5(0.2)
1.5(0.2)
1.4(0.2)
1.2
1.5(0.1)
1.6(0.1 )
13(0.2)
1.4(0.2)

0.9(0.0 8)
1.0(0.08)
0.9(0.1)
0.79
0.9(0. 13)
0.9 (0.05)
0.8(0.1 )
0.89(0.1)

2.3(0.3)
4.0( 1.1)
6.6(4.5)
16
5.8(4 .2)
5.2(2.3)
33 (1.5)
4.4(3.2)

20.4(3.0)
17 .0(8.4)
27.8( 17)
13.0
24( 12. 7)
22.0(7.0)
16.6(5 .8)
20(10.8 )

0.6 (0.02)
0.56(0.08)
0.55(0.06)
0.47
0 .58(0.0)
0.6(0.03)
0.5(0.07)
0.56(0.06)

3.8(0.4)
6 .5(0.2)
8.8(6.6)
3. 6
8.5(5.0)
6.2(1.1)
4.6(1. 6)
6 .2(4.3)

t»
:--..
::tl
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Origin a bbreviations as in Table I.
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Table 3
Total amino-acid composition of hydrolysed ivory (expressed as the average of the total number of residues per 100 above, SDs below)
Origin
Specimens

Sample
size
Asp

KNP

5

Kaoko

6

Etosha

15

Tembe

4

Addo

2

Sample mean

32

5.3
0.2
5.0
0. 3
5.0
03
5.0
0. 2
5.0
0
5.1
0.3

Hyp ro
10.2
2.6
9.8
0. 8
92
0.7

11.3
0.2
11.4
0.1
9.9
1.0

Thr

Ser

Glu

2.2
0.4
2.1
0. 2
1.9
0.2
2.0
0.1
2.0
0.1
2.0
0.2

4.2
0.3
4.0
0.1
4.0
0.2
4.0
0.2
3.9
0.1
4 .0
0.2

8.3
0.2
8.2
0.2
8.3
0.2
8.1
0. 1
8. 2
0.0
8.0
13

Pro
13. 1
0.5
12.5
1.0
11. 6

o~

12.
0.1
12.4
0.0
12.2

1.2

Gly
30.6
0. 5
30.7
0. 7
31.3
1.2
30.1
0.4
300
0.1
30.8
1. 0

Ala

Val

9.8

2.6
0.3
2.5
0.3
2.3
0.3
1.9
0. 1
1.9
0
2.3
0.3

OJ
10

1.1
108

1.2
9.3
0. 1
92
0.1
10
1.2

Met
0.3
0. 1
0. 2
0. 1
05
0.1
0.4
0. 1
0.5
0
0.4
. 0.4

c.

b,

lIeu

Leu

Phe

Hylys

Lys

His

Arg

l.l
0. 1
12
0.1
1.2
0.1
II
0.1
II
0
1.2
0. 1

3.0
0. 3
3.0
02
2.9
0. 1
3.0
0.2
3. 0
0. 1
3.0
0.1

1.5
0.2
1.5
02
1.5
0.1

0.7
0.1
0.4
0.2
0.4
0. 1
0.6
0. 1
0.3
0
0.4
0.2

1.4
0.3
2.9
06
3.0
0.2
1.6
0 .2
3.3
0
2.7
0.7

0. 8
0.4
0.6
0. 1
0.7
0. 2
0.8
0.1
0.6
0
0.7
0.2

4.2
0.5
4 .5
0.5
4. 6
0 .3
4 .3
0.4
4.9
0
4 .6
0.4

1.5
0. 1
1. 6
0
1.5
0.1

g".
""
v..,

-

.'0
....
~

'
0

""-

~
""-

"

Asp, aspartic acid; H ypro, hydroxyproline; Thr, threonine; Ser, serine; Glu, glutamic acid; Pro , proline; Gly, glycine; Ala, alanine; Val , va line; M et , methionine; lie, isoleucine;
Le, leucine; Phe, phenyl alanine; Hylys, hydroxylysine; L ys, lysine; His, histidine; Arg, arginine.
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Lysine

Hydroxylysine

Etosha (3 parts/ I 06 , SD 0.2) and
Kaokoveld (2.9 parts/10 6 , SD 06)
significantly higher than Kruger
ivory (1.4 parts/10 6 , SD 0.3);
Kruger ivory (0.7 parts/10 6, SD 0.1)
significantly higher than Etosha (0.4
parts/ 106 , SD 0.1) and Kaokoveld
ivory (0.4 parts/ 10 6 , SD 0.2).

The difference in the hydroxylysine content between
Kruger and Kaokoveld ivory was significant
(p < 0.01). Although the number of tusks analysed
from Addo and Tembe was too small for statistical
analyses, the concentrations of the mentioned amino
acids in these regions tended to folJow the pattern
observed in Kruger ivory and appeared to differ from
those of ivory obtained from Etosha and the
Kaokoveld in the mentioned respects.

4. Discussion

During the formation of dentine (or ivory) , which is
essentially a biological apatite deposited on an organic
matrix, over 45 elements compete for incorporation
(Wetherell and Robinson, 1973). It is, however, not
clear whether all these elements are structural substi
tutes in the hydroxyapatite crystal or whether they are
absorbed onto the crystal surface. The inorganic com
position of ivory reflects greatly the composition of an
animal's diet (Posner and Tannenbaum, 1984). Unlike
bone or any other tissue, the composition of ivory
remains stable after its formation as it is not subject to
turnover and remodelling throughout life. This
phenomenon can be exploited to monitor environmen
tal pollution and identify the site of origin of a tusk.
An extensive databank on the composition of ivory
from the different conservation areas in Africa could
assist in tracing the origin of ivory and might playa
key role in identifying regions in which illegal tusk har
vesting is taking place. This study, as well as others
(Van der Merwe et aI., 1988; Van der Merwe et aI. ,
1990; Vogel et aI., 1990), clearly indica tes the realistic
possibility of tracing the source of ivory on its chemi
cal composition. The techniques used in the trivariate
isotope analyses reported by those groups are expens
ive and the equipment is not readily available. Our
study indicates that the concentrations of elements
such as calcium , phosphate, magnesium, fluoride,
cobalt and zinc are of potential value in identifying the
site of origin of Southern African ivory. Addo,
Kaokoveld and Etosha ivory in particular have unique
compositions: Addo ivory is distinguished by its low
calcium content and Kaokoveld and Etosha ivory by a
high fluoride content. Cobalt, zinc and magnesium

I
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content hold great potential in facilitating a distinction
between ivory from the Kruger National Park a nd
Addo Elephant Park, phosphate to distinguish between
Kaokoveld and Kruger ivory, and calcium and mag
nesium between Caprivi and Tembe ivory. The hig h
concentrations of copper, manganese, iron, zinc and
aluminium in selected tusks obtained from different
regions in Etosha are interesting and warrant further
investigation. The area is characterized by many salt
pans. Rain is sporadic and, owing to evaporation, the
salinity of wa ter in most of the pans is high . High iron
concentra tions in ivory should, however, be interpreted
with caution as haemolysis or pulpal haemorrhage
during death could theoretically lead to an increase in
iron. The overlap in composition of ivory obtained
from the Kaokoveld and Etosha supports the fact that
the geochemistry of the regions is similar in many
respects and that elephant migrate between these
regions.
The geochemical composition of a particular region
is subject to change. Following the ra pid economic
growth experienced in urban areas after the Second
World War, diseases associated with environmental
pollution increased due to delayed implementation of
countermeasures preventing spillage of heavy metals
and other elements in the environment (Kagawa,
1994). The determination of the elementa l load in the
tissues of man and animals will play an increasing part
in future preven tive environmental medicine. For
reasons already mentioned, the study of the compo
sition of ivory (or dentine) is ideal for this purpose.
The concentrations of the 17 elements identified in ele
phant ivory in this stud y reflect the chemical nature of
the environments in which these animals roam . Most
of these elements occur in higher concentrations in
heavy industrialized and polluted areas (Hirano and
Suzuki, 1996; Andersen et aI., 1996; Kusaka et aI.,
1996) and our findings could serve as baseline values
to monitor future pollution of na tural resources in
Africa.
The presence of minute quantities of mercury and
lead in ivory is proof that these elements, which are
generally regarded as pollutants, are present in natural
ecological systems. In 5000-year-old premolars from
Nubia and in 500-year-oJd teeth from Greenland the
lead concentrations were between 0.39 and 3.4 J1.g/g or
less tha n 25% of the sample mean of ivory in our
study. Modern teeth from the same regions contain
10-100 times more lead (Grandjea n and Jorgenson,
1990). Many elements occur in the foliage of plants
and seasonal fluctuations in the concentrations of cad
mium, lead , copper, zinc, manganese and selenium in
the liver and kidneys of reindeer in Svalbard in
Norwa y have been reported (Borch-Ionson et aI.,
1996). Lead is present in plants and soils, and its
metabolism follows closely that of calcium, particularly
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its deposition in mineralized tissue (Browning, 1969a),
and over 90% of the body's burden of lead is located
in the skeleton (McDonald et aI., 1951). Mercury
occurs in minute quantities in nearly all foods and is
widely distributed as free metal in soils, dust and water
(Browning, 1969b). Arsenic is present in all soils in
amounts varying from less than 10 to 500 partsjl 06
and is stored in all tissues, particularly the hair and
nails (Browning, 1969c). Most mammals, including
man but excluding chimpanzees, methylate arsenic to
methylarsonic acid, which is rapidly excreted in the
urine (Vahter et aI., 1995). The presence of arsenic in
all the ivory samples studied is indicative of the ele
phant's inability to methylate and detoxify arsenic.
Cadmium is present in the order of I partjl 06 in many
plant and animal tissues and occurs in abdominal
organs and in smaller quantities in bone and teeth
(Browning, 1969d). All our ivory samples had a cad
mium content of below I partjl 06 A concentration of
0.2,ug/l was found in the drinking water in Germany
(Muller et aI., 1996) and certain plants accumulate all
available cadmium from the medium in which they
grow (Devi et aI., 1996). The vegetation of a particular
region could therefore concentrate the available cad
mium and contribute to dietary overload. The cad
mium content of rice samples from various areas in the
world varied between 0.88 and l33.2 ng/g (Watanabe
et aI., 1996).
Chromium occurs in nature as chrome iron ore and
is found in small quantities in soils and plants
(Browning, 196ge). Cobalt is present in complex chemi
cal compounds in ore as well as plants growing in
cobalt-containing soil. Cobalt is essential to animal
nutrition as anaemia develops in its absence
(Browning, 1969f). Copper is widely distributed in ani
mal tissues and human ingestion is estimated to be in
the region of 2 mg/day. It occurs free as native copper
or in ores, and is found in trace amounts in plants
(Browning, 1969g). Manganese is essential for the
nutrition of plants and animals, and is widely distribu
ted in nature as an oxide, a sulphide, a carbonate, a
silicate or in other ores (Browning, 1969h). Nickel con
stitutes approx. 0.016% of the earth's crust and is
widely distributed in plants, especially green leafy veg
etables (Browning, 1969i). The chief storage depots are
the spinal cord, brain, lungs and heart (Ware et aI.,
1954). Zinc is estimated to represent 0.004% of the
earth's substance and is 25th in order of occurrence,
approaching that of iron and greater than copper or
manganese (Lutz, 1926). Zinc is required for enzymatic
function and the highest amounts have been found in
the liver, voluntary muscle and bone, with a total body
zinc content of 1.36-2.32 g in man (Browning, 1969j).
Molybdenum is essential for all nitrogen-fixing higher
plants, and legumes, cereal grains and green leafy veg
etables are good sources. Its metabolism in animals is

closely linked to that of copper, with which it appears
to have reciprocal antagonism. The concentration of
molybdenum is similar to that of manganese, where it
is highest in the liver (1-3 partsjl06) (Browning,
1969k). Aluminium is present in a natural diet in
amounts that are very low in animal products but high
in plants. A significant proportion of aluminium is
inhaled, and the amount of aluminium in the organs,
blood and urine is small (Browning, 19691).
The increased brittleness and rapid rate of hydroly
sation of ivory from the Kaokoveld and Etosha com
pared to the other regions are of interest. The annual
rainfall in the Kaokoveld and parts of Etosha is below
200 mm/year. The arid ness of the region, characterized
by dry savannah and shrub, has led to the term 'desert
elephant' for those elephant that were driven into the
region by human inhabitation of the more arable land
(Viljoen, 1987; Pauw, 1990). There is good reason to
believe that the diet of these elephant differ signifi
cantly from those in the other regions studied.
Analyses of ivory from the Kaokoveld and Etosha
show the highest fluoride concentrations, lowest total
proline plus hydroxyproline content and under-hydrox
ylation of lysine as unique characteristics. The high flu
oride content is probably the result of the water that
collects in the closed systems of the salt pans and
becomes concentrated by evaporation. Although the
substitution of the hydroxyl group with fluoride in the
hydroxyapatite crystal increases its resistance to dental
caries, it softens the mineral phase of the ivory signifi
cantly (Lavelle, 1975), thereby weakening the crystal.
The low proline plus hydroxyproline content, as well
as the under-hydroxylation of lysine, are likely to be
the result of malnutrition and may also have a pro
found effect on the strength of the collagen scaffold of
mineralized tissue (Chatterjee, 1978). Vitamin C, iron
and oxygen are cofactors required for the enzymatic
hydrolysation of lysine during biosynthesis of the tro
pocollagen molecule (Anderson, 1992). Insufficient
dietary vitamin C is likely to be the main cause of syn
thesis of the under-hydroxylated lysine-containing col
lagen in Kaokoveld and Etosha ivory. This is
supported by the craving of the Kaokoveld elephant
for fresh fruit, especially citrus, to the dismay of many
travellers through the region.
Acknowledgements

This study was supported by a grant from the foun
dation for Research Development.

References

Anderson, J.e., 1992. Bioch,emical basis of connective tissue
disease. In: L. Gardner (Ed.). Pathological basis of the con

!.

09~
E. I

Raubenheimer et af. / Archives of Oral Biology 43 (1998) 641-647

nective tissue diseases, ChA. Lea & Febiger, Philadelphia,
pp. 174-226.
Anderson, V., Maage, A., Johannsen, P.J., 1996. Heavy
metals in blue muscles (Mytifus edulis) in the Bergen har
bour area, West Norway. Bull Environ Contam Toxicol 75
(4), 589-596.
Armstrong, S., Bridgland, F., 1989. Elephants and the ivory
tower. New Sci. 124 (1679), 37-41.
Borch-Ionsen, B., Nilssen, K.J., Norheim, G., 1996. The influ
ence of season and diet on liver and kidney content of
essential elements and heavy metals in Svalbard reindeer.
BioI Trace Elemen Res 51 (3),235-247.
Browning, E., 1969a. Lead. Toxicity of industrial metals, 2nd
Edition. Butterworth and Company, London, pp. Ch. 20,
pp.I72-199.
Browning, E., 1969b. Mercury. Toxicity of industrial metals,
2nd Edition. Butterworth and Company, London, pp. Ch.
24, pp. 226- 242.
Browning, E. , 1969c. Arsenic. Toxicity of industrial metals,
2nd Edition, Ch. 4. Butterworth and Company, London,
pp. 39-60.
Browning, E., 1969d. Cadmium. Toxicity of industrial metals,
2nd Edition, Ch. 9. Butterworth and Company, London,
pp.98-108.
Browning, E., 196ge. Chromium. Toxicity of industrial
metals, 2nd Edition. Butterworth and Company, London,
pp. Ch. 12, pp. 119-131.
Browning, E., 1969f. Cobalt. Toxicity of industrial metals,
2nd Edition. Butterworth and Company, London, pp. Ch.
13,pp.132-142.
Browning, E., 1969g. Copper. Toxicity of industrial metals,
2nd Edition. Butterworth and Company, London, pp. Ch.
15, pp. 145-152.
Browning, E., 1969h. Manganese. Toxicity of industrial
metals, 2nd Edition, Ch. 23. Butterworth and Company,
London, pp. 213-252.
Browning, E., 1969i. Nickel. In Toxicity of industrial metals.
2nd edn. Ch. 26. Butterworth and Company, London. pp.
249-260.
Browning, E., 1969j. Zinc. In Toxicity of industrial metals.
2nd edn. Ch. 44. Butterworth and Company, London. pp.
348-355.
Browning, E., 1969k. Molybdenum. In Toxicity of industrial
metals. 2nd edn. Ch. 25. Butterworth and Company,
London. pp. 243-248.
Browning, E. 19691. Aluminium. In Toxicity of industrial
metals. 2nd edn. Ch. 2. Butterworth and Company,
London. pp. 3-22.
Chatterjee, G.e. , 1978. Nutritional deficiencies in animals:
Vitamin e. In: M. Rechcigl (Ed.). CRC Handbook series in
nutrition and food, Section E: Nutritional disorders, Vol.
II. CRC Press, Florida, pp. 149-176.
Devi, M., Thomas, D.A., Barber, J.T., Fingerman, M., 1996.
Accumulation and physiological and biochemical effects of
cadmium in a simple aquatic food chain. Ecotoxicol
Environ Saf 33 (I), 38-43.

647

Grandjean, P., Jorgenson, P.J., 1990. Review. Retention of
lead and cadmium in prehistoric and modern human teeth.
Environ Res 53, 6-15.
Hall-Martin, A., 1992. Distribution and status of the African
elephant Loxodonta africalla in South Africa, 1652-1992,
65, 88. Koedoe.
Hirano, S., Suzuki, K.T. , 1996. Exposure, metabolism and
toxicity of rare earths and related compounds. Environ
Health Perspect 104 (suppl I) , 85-95.
Kagawa, 1., 1994. Atmospheric pollution due to mobile
sources and effects on human health in Japan. Environ
Health Perspect 102 (suppl. 4), 93-99.
Kusaka, Y., Kumagai, S., Goto, S. , 1996. Decreased venti
latory function in hard metal workers. Occup Environ Med
53 (3), 194-199.
Lavelle, e.L.B., 1975. Applied physiology of the mouth. John
Wright and Sons Ltd., Bristol, pp. 56-60.
Lutz, R.E., 1926. The normal occurrence of zinc in biological
materials. J Industr Hyg 8,177-183.
McDonald, N.S., Ezmirlian, F., Spain, P., McArthus, e.,
1951. The ultimate site of skeletal depositioning of stron
tium and lead. J Bioi Chem 187, 387-399.
Muller, M., Anke, M., Hartmann, E., lIIing-Gunther, H.,
1996. Oral cadmium exposure of adults in Germany. 1:
Cadmium contents of foodstuffs and beverages. Food
Addit Contam 13 (3) , 359-378.
Ottichilo, W.K., 1986. Age structure of elephants in Tsavo
National Park, Kenya. Afr J Ecol. 24 (2), 629-675.
Pauw, e., 1990. Desert elephants collared. Afr Wildl. 44 (I),
5.
Posner, A.S., Tannenbaum, P.J., 1984. The mineral phase of
dentine. In: A. Linde (Ed.). Dentine and Dentinogenesis,
Vol. II. CRC Press, Boca Raton , Florida, pp. 17-36.
Vahter, M., Couch, R., Nermell, B., Nilsson , R. , 1995. Lack
of methylation of inorganic arsenic in the chimpanzee.
Toxicol Appl Pharmacol 133 (2), 262- 268.
Van der Merwe, N.J., LeeThorpe, J.A., Bell, R.H. V. , 1988.
Carbon isotopes as indicators of elephant diets and African
environments. Afr J Ecol. 26, 163-172.
Van der Merwe, N.J., LeeThorpe, J.A., Thackeray, J.F., Hall
Martin, A., Kruger, F.J., Coetzee, H., Bell, R .H.V.,
Lindeque, M., 1990. Source-area determination of elephant
ivory by isotope analysis. Nature 346 (6286), 744-746.
Viljoen, P.J., 1987. Status and past and present distribution of
elephants in the Kaokoveld, South-West Africa Namibia . S
....."J
A J of Zool. 22, 247-257.
Vogel , J.e., Eglington, B., Auret, J.M., 1990. Isotope finger
prints in elephant bone and ivory. Nature (Lond) 346
(6286),747-749.
Ware, A.W., Goss, D.M., Boyd, MJ., 1954. The metabolism
of nickel. Arch Biochem 51 , 1-14.
Watanabe, T., Shimbo, S., Moon, e.S., Zhang, Z.W., Ikeda,
M., 1996. Cadmium contents in rice samples from various
areas in the world . Sc. Total Environ 184 (3), 191-196.
Wetherell, J.A., Robinson, e., 1973. The inorganic compo
sition of teeth. In Biological Mineralization. Ed. Zipkin I.
Chap. 1.43.

........

ARCHIVES
OF
ORAL
BIOLOGY

PERGAMON

Archives of Oral Biology 43 (1998) 969-977

Histogenesis of the chequered pattern of ivory of the
African elephant (Loxodonta Africana)
E.1. Raubenheimer a . *, M.e. Bosman b, R. Vorster a , C.E. Noffke a
Medical University 0/ Soufhem A/i'iea, P.O. M ED UNSA , 0204, Republic
Soulh AJi'iea
bDeparfmenf 0/ Anafomy, Medica! Universify 0/ Soufhem A/i"ica, P.O. MEDUNSA, 0204, Republic o/Soulh AJi'ica

"Deparfmen{

0/ Ora!

Pafho!ogy, Faculty

0/ Denfislry,

C!/

Accepted [6 June [998

Abstract
This study aimed to propose a hypothesis on the events which lead to the development of the characteristic
chequered pattern of elephant ivory. Twenty fragments of ivory and six elephant tusks were obtained through the
National Parks Board of South Africa, Polished surfaces were prepared in sagittal and longitudinal planes and the
characteristics of the distinctive chequered pattern described. Light- and electron-microscopical techniques and
image analyses were employed to determine the morphological basis of the pattern and to describe the spatial
distribution, density and morphology of the dentinal tubules. These investigations showed that the distinctive
pattern was the result of the sinusoidal, centripetal course followed by dentinal tubules. The apical, slanted part of
the sinusoidal curve is the result of the centripetally moving odontoblast, which, during formation of ivory,
progresses towards the centre of the tusk on a decreasing circumference. It is suggested that this leads to cell
crowding, increased pressure between odontoblasts and subsequent apical movement of their cell bodies, cell
degeneration and fusion, Odontoblastic degeneration and fusion probably relieve the pressure between the crowded
odontoblasts by reducing their numbers and the remaining odontoblasts now orientate their centripetal course
towards the tip of the tusk, thereby forming the anterior-directed part of the sinusoidal path of the tubule. As
odontoblasts progress centripetally the diameter of the pulpal cavity decreases further and the processes of apical
movement, fusion and degeneration of odontoblasts are repeated, This occurs until the pulpal cavity is obliterated,
© 1998 Elsevier Science Ltd. All rights reserved,
Keywords: Elephant ivory; Dentinal tubules; Dentine; Odontoblastic movement

1. Introduction
Elephants are characterized by a highly pneumatic
skull with a premaxilla that descends vertically, bearing
the roots of the paired tusks, which represent enor
mously enlarged maxillary incisors, The growth of the
tusk is continuous throughout life and its size at any
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ejraub@mcd4330,medunsa,ac.za,

age is dependent on the sex of the animal, the rate of
attrition and breakage of the tooth, as well as genetic
and environmental factors (Hall-Martin, 1982), The
record length of a single tusk is 3,51 m and record
weight 117 kg, The bulk of the tusk consists of ivory
(or dentine), ensheathed by a layer of cementum
(Sikes, 1971),
The unique chequered pattern of polished ivory,
which has not been described in great detail in the lit
erature (Sognnaes, 1960; Miles and Boyde, 1961; Sikes,
1971; Raubenheimer et aI., 1990), has made it a
sought-after product in the manufacturing of jewellery
and other works of art. Our purpose now was to pro
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pose a hypothesis on the histogenesis of the unique
chequered pattern of elephant ivory.

2. Materials and methods
Twenty fragments of ivory and five tusks of African
elephant (Loxodonta Afrieana) and a developing tusk
of a 22-month fetus were obtained through the
National Parks Board of South Africa. The ivory was
harvested from animals that had died as a result of
natural causes or as part of the population-control
programme of the National Parks Board. The fetal tis
sue was obtained within 20 min of death. The biopsies
were taken with a sharp scalpel from the peripulpal
ivory of the proximal part of the tusk, Cllt in thin slices
and then fixed in 10% phosphate-buffered formalin at
21°C.
The five tusks, with masses between 0.7 and 9.3 kg,
were sectioned and polished in sagittal and coronal
planes. The morphological characteristics of the che
quered pattern were described on polished surfaces
prepared in both planes. Irregularities affecting the pat
tern were noted.

Ground sections were prepared parallel and perpen
dicular to the long axis of 12 different fragments of
ivory by cutting 300-j.lm thick slices of ivory from the
respective planes with a rotating diamond saw. The
thick slices were fixed to glass slides with methylmetha
crylate cement and ground to a thickness of approx.
40 j.lm on a rotating disc utilizing different grades of
diamond pastes. The ground sections were covered
wi th glass cover-slips after debridemen t wi th a weak
acid solution (0,] M HCI) and a soft brush, and exam
ined by transmission light microscopy under standard
illumination.
Standardized techniques for the preparation of scan
ning electron micrographs of hard tissues were
employed to visualize the morphology and distribution
of dentinal tubules of six different tusks when viewed
from the pulpal surface of the ivory. The presence of
light or dark bands was noted during the preparation
of an additional to sections at different levels perpen
dicular to tHe long axis of the tubules. The levels were
selected so that five sections passed through light
bands and five through dark bands. All surfaces were
cleaned before scanning with a 0.1 M HCl solution
and a soft brush, and flushed with deionized water to

Fig.!. Cross-seclion through the solid part of a tusk. Note the undulating course the cementum-ivory junction follows and the
geometric ehequered pattern (bar = 4 em).
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remove debris. The distance between tubules was
ex pressed as the sma llest linear measurement between
two adjacent tubules and the tubule density as the
number of tubules per mm 2 At least 10 3 tubules were
counted for each measurement. An image analyser was
used (Flexible Image Processing System, CSIR ,
Pretoria) and findings were sUbjected to the Student's
I-test for unequal variances.

3. Results
The entire outer surfaces of the tusks were covered
by a layer of cellular cementum. Ivory was exposed on
the working surfaces of erupted tusks through cemen
tal abrasion. The cementum-ivory junction was visible
as a dark, concentric ring demarcating the peripheral
border of the ivory. In cross-sections through the tllsk,
the cementum-ivory junction followed an undulating ·
circular course, forming irregular excrescences altern at
ing with shallow convexities or concavities (Fig. I).
The excrescences were more pronounced in tusks with
smaller diameters. Occasional invaginations of cemen
tum, which were 2-3 mm deep, were present in the
outer layer of the ivory. The external contour of the
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cementum followed the morphology of the cementum
ivory junction, resulting in longitudinal and parallel
ridges and troughs had been visible upon external
examination of the tusks. These ridges and troughs
had been abraded away on the anterior and more
exposed surface of the tusk. The pulpal surface of the
ivory was smoo th and the pulpal cavity conical in
shape, with the tip of the tusk composed of solid ivory
and the apical foramen wide open (Fig. 2).
The unique chequered pattern was evident on
polished surfaces of cross-sections through the tusk
(Fig. I). The pattern consisted of two systems of alter
nating light and dark lines which started adjacent to
the cementum. One system swept clockwise and the
other anticlockwise towards the centre of the tusk ,
intersecting a t regular intervals. The chequered pattern
corresponded to parallel alternating light and dark
lines evident on polished surfaces prepared in the sagit
tal pla'l1e (Fig. 3). The cementum-ivory junction was
straight when viewed in this plane. Planes of fracture
through ivory tended to follow the contours of the
dark bands.
The outermost layer of ivor y (mantle ivory) was
between 40 and 80 Ilm thick and consisted of irregu
larly spaced dentinal tubules which were sla nted api-

Fig. 2. Tusk of an elephant bull (top) and cow (bottom) . Note the parallel ridges and troughs on the posterior surface of the bull's
tu sk (arrows). The broken line in the lower tusk represen ts the wall of the conical pulpal cavity (bar = 10 em).
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Fig. 3. Sagittal section through a tusk. Note the conical pulpal cavity and parallel light and dark bands in the ivory, the latter of
which are evident in the outer third (bar = 4 cm).

cally at a sharp angle to the cementum- ivory junction
(Fig. 4). These tubules appeared to branch extensively,
a feature which was best observed when focusing at
different planes in the section. Morphologically, the
mantle ivory resembled the granular layer of human
radicular dentine. After passing through the mantle
ivory, the tubules became more regularly spaced and
graduaJIy changed their course by curving towards the
tip of the tusk. This curvature was the beginning of
the regular, sinusoidal course foJIowed by the dentinal
tubules in a pulpal direction and was evident only in
sections prepared in the sagittal plane. The convexities
and concavities of this sinusoidal pattern corresponded
to the alternating light and dark bands seen macro
scopically on surfaces prepared in the sagittal plane
(Fig. 5). The dark bands correlated with that part of
the dentinal tubules that curved apically. On high
power magnification, many dentinal tubules appeared
to end blind and scattered tubules appeared to fuse
forming one tubule (Fig. 6). The blind-ending tubules
were more frequent in the dark bands in ivory (16
blind-ending tubules per 100 tubules, SD 7 tubules)

than in the light bands (6 blind-ending tubules, SD 3
tubules) as measured over 2500 tubules in each of the
dark and light bands, respectively (p < 0.001). The
process of apparent fusion involved the main dentinal
tubule and was distinct from the fine lateral branches
that seemed to anastomose with those of adjacent
tubules. Demineralized sections of newly formed ivory
in the fetal tissue showed crowding of distally slanted
odontoblasts and scattered pyknotic cells, highly sug
gestive of individual ceJI death (Fig. 7).
Scanning electron microscopy showed that the pul
pal openings of the dentinal tubules were oval with the
greatest dimension parallel to the long axis of the tusk.
The indentations of scattered cell bodies, which
appeared larger than those of adjacent cells and in
which two distinct tubules terminated, were focaJIy evi
dent (Fig. 8). Dentinal tubules were closer packed in
areas where they curve apically (i.e., the dark bands)
(mean distance 4.6 ± 1.7!lm SD) than in the part of
the tubule that curves towards the tip of the tusk (i.e.,
the light bands) (mean distance 7.2 ± 2.8 !lm SD). This
difference was significant (p < 0.00 I).
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Fig. 4. Microscopic appearance of mantle ivory. Note the sharp, apical-directed slant of the first part of the dentinal tubules
(arrows) (bar = 50 /lm; magnification x200).

4. Discussion

The cell responsible for the formation of ivory (or
dentine) is the odontoblast. Odontoblasts are derived
from the mesenchyme of the adjacent dental papilla,
and, after differentiation and cytoplasmic maturation,
they move in a centripetal direction and deposit ivory
along their pathway. The tip of the conical pulp soon
becomes solid and lengthening of the apical edge co
incides with forward displacement of the tusk.
The morphological characteristics of ivory can be
explained by events which result from the differen
tiation and centripetal movement of the odontoblast.
When the first ivory is formed, cuboidal odontoblasts
lie tightly packed around the periphery of the pulp.
The circumference of the circular plane along which
they lie is 2 x n x R. As the odontoblast moves centri
petally, a reduction in the radius (or R) by one unit
would result in a decrease of the circumference by 6.28
units. Because of this significant reduction in the cir
cumference during centripetal movement of odonto
blasts, they probably soon become more tightly packed
along their course and the lateral pressure between
them increases. Differentiation of odontoblasts, which
is characteri zed by an increase in the volume of cyto

plasmic organelles (Sasaki and Garant, 1996) and
resultant cell enlargement, may also contribute to
odontoblastic crowding during the early stages of den
tinogenesis. During the first phase of formation of the
early (most peripheral) ivory and before mineralization
takes place, the pressure caused by cell crowding (j.nd
cytoplasmic enlargement probably results in the undu
lating course followed by the ivory-cementum junc
tion. That course accommodates more odontoblasts
per unit length than would a regular curve, thereby
relieving this pressure. The reduction of the circumfer
ence per unit movement of the odontoblast on the
radial axis is greater in tusks with a smaller diameter
and the undulating course of the ivory- cementum
junction is therefore more pronounced in smaller
tusks. After mineralization of the first ivory has taken
place, further folding of the ivory--cementum junction
fails to occur, owing to the rigidity which the depo
sition of mineral salts introduces to the newly formed
ivory. This initiates a new set of events which accom
modates odontoblastic crowding during their centripe
tal movement. These events result in the sinusoidal
pathway followed by the odontoblasts when viewed in
a sagittal plane along their course toward the centre of
the tusk.
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The pulpal cavity of the tusk is conical when viewed
in a sagi ttal plane and confined on all aspects by
mineralized ivory except for the large apical opening
through which the vascular and nerve supplies pass.
The only means by which the growing pressure
between centripetally moving odontoblasts on an ever
decreasing pulpal perimeter can be accommoda ted is
through apical movement of the odontoblastic cell
mass or a reduction in the number of odontoblasts. A
reduction in the number of odontoblasts could be

achieved through odontoblastic cell dea th or fusion.
There is morphological evidence tha t all these pro
cesses occur during the formation of elephant ivory.
The following features favour this hypothesis:
I. Acute slanting of the first part of the odontoblastic
processes toward s the apical aspect of the tusk is in
dicati ve of a force which displ aces the odontoblasts
bodily and in an apical direction during early centri
petal mo vement from the ivory-cementum junction.

Fig. 5. Microscopic appearance of the regular sinusoidal course followed by the odontoblastic tubules when viewed in the sagittal
plane. Note the a lternating dark and light bands, the former correspond ing with the apically orientated slant of the tubules
(bar = 120 Ifm; magnification x 80).
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Fig. 6. Blind-ending tubules (dark arrows) and fu sing tubules (open arrow s) in the dark bands of ivory (bar = 20 /Lm; magnification
x600). The pulpal cavity is orientated towards the lower margin of the figure.

Fig. 7. Apically slanted odontoblasts lining the pulpal surface of newly formed ivory (i). Note scattered pyknotic odontoblasts
(arrows) (H&E sta in; bar = 40 /Lm ; magnification x300).
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Fi g. 8. Sca nning electro n micrograph of the pulpa l surface of ivory. Dentinal tubules are ova l with their long axis parallel to the
axis of the tusk . Note the large , unilocular indentat ion (arrow) into which two tubules open (bar = 3 pm).

This displacement is probably due to cell crowding,
which is likely to be the result of enlargement of
differentiating cells as well as a progressive re
duction of the pulpal circumference.
In human dentine major, fine and microbranches
have been described along the course of dentinal
tubules. The major branches are characteristically
Y-shaped, dichotomous or trichotomous, with their
general direction being generally parallel, whereas
the other form s of branching extend from the main
tubules at about 45° (Mjor and Nordahl, 1996).
2. The morphological phenomenon of fusion of dent
inal tubules probably represents fusion of odonto
blastic cell bodies. Fusing tubules feature in regions
represented macroscopically by dark band s and co
incide with the point at which the sinusoidal curve
begins to turn towards the tip of the tusk . In the
subsequent portion of the centripetal course of the
odontoblasts (i.e. , the light bands), fu sion has been
shown to be less extensive. This indicates that dis
tinct phases of odontobla stic fusion are triggered
through pressure which builds up between the cells
during their centripetal course. It is proposed that
odontoblastic fusion alleviates cell crowding by
reducing the number of cells on a rapidly decreasing
pulpal circumference.

3. Microscopic examina tion of thin sections through
ivory indicates that more tubules appear to end
blindly when entering the posteriorly slanted por
tion of their centripetal course. This, together with
the scattered pyk notic odontoblasts seen in sections
of rapidly fixed fresh specimens of developing tusks,
indica tes that crowding with resulting intercellular
pressure may in fact induce degeneration of individ
ual odontoblasts. The effect of this would be to
reduce the number of odontoblastic cell bodies on a
progressively decreasing pulpal circumference,
thereby making more space available for the
remaining odontoblasts.
4. In planes where the odontoblast cell bodies slant
posteriorly, and where crowding of cells with fusion
and cell death take place, the dentinal tubules are
more closely packed. This is supported by the histo
morphometric findings, which clearly indica te tha t
dentinal tubules are closer packed in zones where
they curve towards the tip of the tusk (i.e., the
darks bands) than in those areas where the tubules
curve anteriorly (i.e., the light bands). The reduced
volume of mineralized ivory and increased density
of tubules in the dark bands proba bly result in in
herent planes of weakness. This could be one of the
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Fig. 9. Schematic representation of part of the sin usoida l
pathway followed by the dentinal tubule in its cen tripeta l
course. Note th e crowd ing of odontoblasts, odontobla stic
fus ion (F) and degeneratioD (D) cr, ivory; P, pulpal' cavity).
reason s wh y planes of cleavage in fractured ivory
tend to follow the contou rs of the dark bands.
A scanning electron-microscopic investigation of
human
dentinal
tubules
(Garberoglio
and
Brannstrom, 1976) showed th a t tubule density
increases towards the pulp. Their counts ranged
from a mean of 19,000 tubules per mm 2 3.1-3.5 mm
2
from the pulp to 45,000 tubules per mm in dentine
0.1-0.5 mm from the pulp. This increase in tubule
density as the odontoblast progresses towards the
human dental pulp is indicative th a t the human
odontoblasts are subj ec ted to the same forces as
proposed in the elephant.
5. Scanning electron microscopy of the pulpal surface
of ivory shows large, unilocular indentations (poss
ibly representing one large, fused cell body) with
two distinctly separate tubules (perhaps representing
the cytoplasmic processes of two separate cells) per
meating the ivory. These features support our hy
pothesis that odontoblastic fusion occurs during
their centripetal movement.
6. The oval shape of the dentinal tubule whe n v iewed
perpendicular to its course, is morphological ev i
dence of circumfe re ntia l pressure which builds up
between cent ripe ta ll y moving odontoblasts.
The processes of odontoblastic crowding, followed
by a bodily apical movement of odontoblasts and a
relief of the intercellular pressure through cell fusion
and death, with a subsequent change in the direction
of movement of the cell body of the remaining odonto
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blasts, are probably responsible for the regular sin uso i
dal course followed by the odontoblas t 10 its
centripeta l co urse during the formation of ivory
(Fig . 9). The sin usoidal course of th e den ti na l tubule is
reflected as parallel and alternating light and dark
bands which are seen on polished surfaces prepared
along the long axis of the tusk. The light and dark
bands were found to be th e resu lt of the varying com
pactness of dentinal tubules between the secto rs of the
sinuso id a l curve of the tubules that slant towards the
tip of the tusk or its apex, respectively. The scattering
of li ght, which was proposed by M iles and Boyde
(1961) as an expla nation for the bands, probably has
less of a ro le in the morphogenesis of the pattern. On
cross-secti o ns, the chequered pattern is a reflectio n of
the a lternating ligh t and dark bands see n on surfaces
prepared in le ngth . This implies th at when the layer of
odontoblasts is viewed from a radial perspective, apical
moveml>,nt of the odontoblasts with curving of the
dentinal tubules does not occur at the same time but
rather as a wave that spreads circumferentially along
the layer of odontoblasts.
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Abstract
This early development was studied from a serial histological sections of eight elephant embryos with masses
varying between 1 and 240 g. The tush and the tusk develop from one tooth germ in a deciduous to permanent tooth
relation. In order to study the mineralization of the dental organ of the tush and cap and bell stage of the tusk,
embryos older than 3-months' gestation (weighing more than 250 g) would be required. © 2000 Elsevier Science Ltd.
All rights reserved.
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1. Introduction
The tusk of the African elephant, Loxodonla
africana, is a maxillary incisor tooth, which grows
continuously throughout life. In contrast to the Asian
elephant, Elephas maximus, tusks of the African ele
phant are well developed in both the sexes, with those
of males being longer, more conical and thicker for
their length than those of females (Pilgram and West
ern, 1986). Elephant calves exhibit a tooth adjacent to
the tusk, which is commonly referred to as the 'tush'
(Sikes, 1971). The tush does not erupt, but is pushed
aside by the growing tusk and is eventually resorbed in
the surrounding tissue (Raubenheimer et aI., 1994).
Gestation lasts an average of 22 months and the tusk
erupts approximately 1 year after birth (Sikes, 1971;
Ricuitti, 1980). Although it has been accepted by most
that the tusk is the permanent successor to the 'decidu
ous' tush (Sikes, 1971; Raubenheimer et ai., 1994),
I
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Anthony, 1933 regarded the tush as a rudimentary
incisor belonging to a neighbouring position to the
tusk. Furthermore, palaeontological data indicate that
these two teeth are not homologous and both pairs of
incisors of Proboscideans are teeth of the primary (or
deciduous) dentition with no dental replacement by a
permanent tooth (Tassy, 1987). No study has been
executed on the early embryological development of the
tush and tusk of the elephant.
The purpose of this study was to establish whether
the tush and the tusk of the African elephant represent
separate teeth or develop from one tooth germ in a
deciduous to permanent tooth relation.

2. Materials and methods
Eight elephant embryos were harvested during the
popUlation control programme of the Kruger National
Park (de Vos, 1983). AJI embryos were obtained from
cows with tusks, except for the 48.4-g embryo, which
had a tusk less mother. The masses (sex and gestational
age; Sikes, 1971) of the embryos were 1 g (unknown,
less than 1 month), 6.5 g (unknown, 1 month), 48.4 g

0003-9969/001$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PII: S0003-9969(00)00068-6

(1 '

LJ J
984

E.J. Raubenheimer / Archives of Oral Biology 45 (2000) 983-986

Fig. I. External features of four of the elephant embryos, (a) I g; (b) 6.5 g; (cl 48.4 g and (d) 94.4 g. Bar = I em.

(unknown, 2 months), 93 g (male, 2- 3 months), 94.4 g
(male , 2-3 months), 107 g (female, 2-3 months), 136 g
(male, 2-3 months) and 240 g (male, 3 months). The
heads of all but the smallest were hemisected, radio
graphed, fixed in buffered formalin and processed for
routine light microscopy. The head of the I-g embryo
was not hemisected. Serial sections were cut of each in
the sagittal plane and stained with haematoxylin and
eosin. The developmental chronologies of the lamina
dentalis and the primordia of the tush and tusk were
recorded through microscopic examination.

Microscopic examination of the I-g embryo showed
the stomodeum lined by primitive epithelium. No den
tal lamina could be identified by serial sectioning. The
early development of the dental lamina of the tush was
present in the 6.5-g (I month) embryo . Ectomes
enchyme aggregated densely around the tip of the
dental lamina at this stage (Fig. 2). Formation of the
cap stage of the dental organ of the tush was evident in

3. Results
On external examination, the eye placodes and sto
modeal openings were macroscopically evident in all
embryos and only the l-g specimen did not show
evidence of a developing trunk (Fig. 1). Radiological
examination failed to identify mineralized tissues in the
nasomaxillary complexes of the I and 6.5-g embryos.
The earliest stage at which it was possible to iden tify
the os incisivum (the part of the nasomaxillary complex
in which the tush and tusk develop) radiologically was
in the 48.4-g embryo. The os incisivum in the 136-g
embryo showed a central radiolucent area where early
development of the tush was taking place.

Fig. 2. Low-power microscopic view of the stomodeum of the
6.5-g embryo; note the dental lamina (arrow) growing towards
the os incisivum (*) . Haematoxylin and eosin, 80 x .
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dental organ of the tush were evident
specimen.

lD

the 240-g

4. Discussion

Fig. 3. Cap stage of the tush of the 48.4-g embryo (arrow);
note the formation of bone around the dental organ. Haema
toxylin and eosin, 30 x . Inset: Higher magnification of the
dental organ 80 x .

Fig. 4. Bell stage of the denta l organ of the tush of the 136-g
embryo; note the formation of the bud for the development of
the of tIle tu sk which originates from the external epithelial
layer of the dental organ of the tush (arrow) 200 x .

The bud stage of the tusk of the African elephant has
its origin from the cap stage of the developing tush. The
tush and the tusk of the African elephant develop in
succession and have a deciduous to permanent tooth
relation. These findings are contrary to those of Anthony
(1933) and Tassy (1987), who proposed the tush and tusk
to represent separate teeth of the same series of incisors.
My observation is supported by a previous publication
(Raubenheimer et al. , 1994) on the later embryologic
development of the tush, which, in a dissected specimen,
had shown the fully developed tush to be located anterior
to the follicle of the developing tusk. After completion
of development, the tush frequently fails to erupt, is
pushed aside by the growing tusk a nd is eventually
resorbed. The displacement of the tush by the enlarging
tusk, which is clearly evident in dissected specimens of
newly born elephant calves, may have prompted
Anthony (1933)in his observation that the tush develops
adjacent to and separately from the tusk.
Although the tush could be viewed as a non-functional
ves tigial dental remnant, it plays an important part in the
development of the tusk. The primordium of the tush not
only provides the anlage for the development of the tusk,
but also orientates the dental organ of the tusk in the os
incisivum and creates a pathway for the eruption thereof.
It furthermore delays the onset of development of the
tusk by several months during the first trimester of
pregnancy. This delay may be important in retarding
the eruption of the tusk until well after birth, there
by facilitating breast feeding during the first year of
life.
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Development of the tush and tusk and tusklessness in African elephant
(Loxodonta africana)
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Raubenheimer, EJ. 2000. Development of the tush and tusk and tuskles sness in the
African elephant (Loxodonta a/ricana ). Ko edoe 43(2): 57-64. Pretoria. ISSN

0075-6458.
The embryologic development of the tush and tu sk of the African elephant was studied
by means of serial histologic sections prepared from elephant embryos with masses
varying between Ig and 240 g. Statistics on tuskJessness obtained during a four year
population control programme in the Kruger National Park were analysed and compared
with those reported in other elephant reserves in Southern Africa. Maxillae of eight ele
phant embryos, the maternal histories of which were available in six cases , were radi
ographed , dissected and examined microscopically. This study has shown that the tush
and tusk develop from one tooth germ in a deciduous to permanent tooth relationship.
Tusklessness was found to be unilateral or bilateral and associated with either the
absence or presence of a tush. The possible causes of the differences in the frequency of
bilateral tusklessness in different elephant populations are discussed.
Key words: African elephant, embryology of tu sk and tush, tuskJess ness.
E. 1. Raubenheimel; Department of Oral Pathology, Medical University of Southern
Africa, P. O. Medunsa, 0204, South Africa. (ejraub@medllnsa.ac.za)

Introduction

the hierarchical position of a particular ele
phant in a herd. The most powerful cow, usu
ally the largest tusker fulfils the role of the
matriarch and determines the breeding pat
tern within her herd (Sikes 1971). Although
large tusk-bearing elephant receive consider
able attention in the literature (Hall-Martin
1981 ; Pilgram & Western 1986), little is
known of those failing to develop tusks other
than their low hierarchal status within the
herd. In a study performed on foot in the
Mana Pools Game Reserve in the Zambezi
valley, 10 percent of 150 adult elephant were
found to be tuskless. The tuskless elephant
were divided in eight different groups, with
one herd consisting of six tuskless elephant
and only two with tusks. Amongst immature
animals, 23 percent were found to be tusk
less. This may indicate an increase in tusk
less ness in immature elephant in the area
(Owen-Smith 1966). Although detailed data
could not be obtained from the South African
National Parks, the majority of elephant
cows in the Addo Elephant Park are tuskless
(Hall-Martin 1998). The incidence of tusk-

The tusk of the African elephant (Loxodonta
africana) is a pre-maxillary lateral incisor
tooth which erupts at an age of approximate
ly one year (Grzimek 1972). It is preceded by
a deciduous incisor which is commonly
referred to as the 'tush' (Sikes 1971).
Although it has been accepted by most that
the tusk is a permanent successor to the
"deciduous" tush (Sikes 1971; Rauben
heimer et al. 1995), Anthony (1933) regard
ed the tush as a rudimentary incisor belong
ing to a neighbouring position to the tusk.
Paleontological data indicate that these two
teeth are not homologous and incisors of Pro
boscideans are teeth of the primary (or decid
uous) dentition with no dental replacement
by a permanent tooth (Tassy 1987). The tush
does not appear to erupt frequently and is
pushed aside by growing tusk where it is
resorbed in the adjacent tissue (Rauben
heimer et al. 1995).
The tusk grows continuously throughout life,
the size of which is important in determining
ISSN 0075-6458
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Fig. I. The external appearances of tuskless elephant. Unilateral tusklessness (A) and bilateral tusklessness
(B).

lessness amongst Asian elephant (Elephas
maximus) is significantly higher than its
African counterpart with by far the most ani
mals being born without the capacity to grow
tusks (Sikes 1971; Grzimek 1972).

gestational age) were harvested during the popula
tion control programme of the Kruger National Park
(De Vos 1983). The heads of all but the smallest
were hemisected, radiographed , fixed in buffered
formalin and processed for routine light microscopy.
The heads of all except the smallest embryo (1 g)
was hemisected. Serial sections were prepared of
each in the sagittal plane and stained with haema
toxylin and eosin. The developmental chronology of
the lamina dentalis and the primordial of the tush and
tusk were recorded through microscopic examina
tion.

This paper reports on the early development
of the tush and tusk and the occurrence and
anatomical considerations of tusklessness of
elephant in the Kruger National Park. It fur
thermore proposes a theory on the role
human interaction may play in selection for
tusklessness in elephant breeding patterns.

Statistics were obtained during the 1990-1993 ele
phant population control programme of the Kruger
National Park (De Vos 1983). The culling pro
gramme was carried out on a random basis and
across the whole territory of the park. Results were
analysed with particular reference to the occurrence
of bilateral- and unilateral absence of tusks in adult

Methods
Eight elephant embryos, varying in mass between I g
(less than one month gestation) and 240g (3 months

Table I
Distribution of bilateral- and unilateral tusklessness amongst ele
phant bulls and cows
Unilateral

Bilateral

Koedoe 43/2 (2000)

Left

Right

Bull (n = 229)

2(0.87%)

2(0.87%)

4(1.75%)

Cow (n =409)

l7(4.16%)

6(1.46%)

15(3.67%)
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Fig. 3. The early development of the den tal lamina
(white arrow) in the stomodeum of the 6.5-g embryo.
Note the de veloping tongue (T), lip (L) and trunk (Tr)
(H&E stain, magnification x80).

Fig. 2. Os incisivum of a 136-g embryo (arrow)
showing a central radiolucent area where tbe
development of the tush and tusk takes place (Bar
= 2 cm).

intact at this stage and ectomesenchymal
aggregates formed the dental follicle and den
tal papilla. Formation of bone was present
around the dental organ (Fig. 4). A 94-g
embryo showed loss of continuity of the den
tal lamina and maturation towards the bell
stage of the dental organ of the tush was evi
dent in sections of the 136-g embryo. At this

elephant (Figs. lA & B). The maxillae of four
embryos and fou r foetuses varying in gestational
ages from 2-22 months were obtained for radi
ographic examination, dissection and microscopi
cal examination. The tusked status of the maternal
animals of four embryos and two foetuses were
known.

Results

I

The earliest stage at which it was possible
to identify the os incisivum (the part of the
nasomaxillary complex in which the tush
and tusk develop) radiologically was in a
48.8 g (2 months gestational age) embryo.
The os incisivum in a 136 g (2-3 month
gestational age) showed a central radiolu
cent area where early development of the
tush and tusk was taking place (Fig. 2).
Microscopic examination of the Ig
embryo showed a stomodeum lined by .
primitive squamous epithelium. No dental
development could be identified with ser
ial sectioning. Early development of a
dental lamina was evident in the 6.5 g (1
month) embryo (Fig. 3) and the formation
of the cap stage of the dental organ of the
tush was evident in sections of the 48-g
embryo. The dental lamina was partially
ISSN 0075-6458

Fig. 4. The dental follicle (asterisk) and dental papilla
(black arrow) of the cap stage of the dental organ of
the 48-g embryo. Note the partially intact dental lam
in a (w hite arrow). Formation of bone around the den
tal folli cle is evident (b) (H& E stain, magnification
xI80).
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Fig. 5. Formation of the bud stage of the tu sk (arrow)
from the external epithelial layer of the dental organ of
the tu sh (H&E stain, magnification xlOO). Inset:
High magnification of the bud of the tusk (H&E stain,
magnifica tion x250).

stage, epithelial proliferation of the external
enamel epithelium of the bell stage of the
tush formed the bud stage of the succesional
tooth germ, the tusk (Fig. 5).

Fig. 7. Lateral radiograp hic view showing complete
absence of tush and tusk (arrows) in the premaxilla
of a 59 kg foetu s. (Bar = 5 cm).

Bilateral absence of tusks affected 19 ele
phant (or 3 % of the total) and the frequency
thereof was higher in cows than bulls (17: 2).
This difference was statistically significant
when evaluated with the Chi-square test with
Yates correction (P = 0.03). Although devel
opment of the tush and tusk was recorded in
the majority of embryos and foetuses either
microscopically or radiographically (Fig. 6),

Of the 638 elephant (409 cows and 229
bulls) culled between 1990 and 1993,46 (38
females and eight males) showed either uni
lateral or bilateral absence of tusks (Table 1).

Fig. 8. Occlusal radiograph of the premaxilla of the

90 kg foetus showing the presence of both tushes
only (arrows). Note the absence of tusk develop
ment between the developing molars ('m') and the
tu shes. (Bar = 5 cm).

Fig. 6. Radiograph showing normal development of
}he tush (arrow) and tusk (X) in the premaxilla of the
53 kg foetus. (Bar = 5 cm).

Koedoe 43/2 (2000)

60

ISSN 0075-6458

)
I ..

plays an important role in the development
of the tusk. The primordium of the tush not
only provides the epithelial anlage for the
development of the tusk, but also orientates
the enamel organ of the tusk in the os inci
sivum and creates a pathway for the eruption
thereof. FUlthermore it delays the onset of
the development of the tusk by several
months during the first trimester of pregnan
cy. This delay may be important in retarding
the eruption of the tusk until well after bilth,
thereby facilitating breast-feeding during the
first year of life.

one foetus showed complete absence of both
the tush and tusk (Fig. 7) and another the
presence of a tush only (Fig. 8). Unilateral
absence of a tush or tusk was not seen in any
of the embryos or foetuses examined
(Table 2).

Discussion
This study has shown that the tush and tusk
of the African elephant develop in succes
sion and have a deciduous to permanent rela
tionship. These findings are contrary to those
of Anthony(1933) and Tassy (1987) who
proposed the tush and tusk to represent sep
arate teeth of the same series of incisors.
This observation is supported by the radi
ograph in which the tush is demonstrated to
lie anterior to the developing tusk . After
completion of development the tush fre
quently fails to erupt, is pushed aside by the
growing tusk and eventually resorbed in the
connective tissue surrounding the os inci
sivum. The displacement of the tush by the
growing tusk, which is clearly evident in dis
sected specimen of newly born elephant
calves (Raubenheimer et al. 1994), may have
prompted Anthony's observation that the
tush develops adjacent to and separate from
the tusk. Although the tush seems to be a
non-functional vestigial dental structure, it

Absence of both tusks is generally congeni
tal and may follow an inherited pattern. The
occurrence of bilateral tusklessness is signif
icantly higher in females (4.16 %) than
males (0.89 %) in the Kruger National Park.
TuskIessness in this sanctuary, where no
selection through hunting has taken place
and breeding herds remain intact, probably
represents a natural mutation, which appears
to be sex linked. Random culling in the
Kruger National Park has contributed to this
reserve becoming known for its large ivory
bearing elephant (Hall-Martin 1981; Hall
MaItin 1982), a sight which has disappeared
from most of the Africancontinent (Ottichi
10 1986; Pilgram & Western 1986). The
approach towards hunting within the ecolog
ical boundaries of the Kruger National Park

Table 2
Status o/tush and tusk development in elephant embryos and/oetuses
Mass

Gestational
age (mnths)

Tush

Tusk

Maternal status

< 1

unknown"

unknown"

tusks L&R

L&R

unknown"

tusks L&R

L&R

unknown"

tuskless L&R

L&R

unknown a

tusks L&R

1g
6.5 g
48.4 g

2

107 g

2-3

53 kg

17

L&R

L&R

unknown

59 kg

18

absent L&R

absent L&R

tusk L only

90 kg

21

L&R

absent L&R

unknown

94 kg

21

L&R

L&R

L&R

" The stage of embryonal development is to early to determine the presence of tush and! or tusk.
ISSN 0075-6458
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seems to be changing. A hunting concession
was recently granted to a neighbouring com
munity in exchange for an agreement not to
settle in an ecologically sensitive part of the
park that was handed back after a successful
land claim (Steyn 2000) . Although limited in
extent, this concession may hold conse
quences for future negotiations on the right
to hunt in the Kruger National Park.

In order to compare the occurrence of tusk
lessness in the Kruger National Park with
those in other elephant sanctuaries, the uni
lateral absence of tusks in our study was not
be taken into account as in most reports only
bilateral tusklessness is recorded. This study
has shown that the incidence of bilateral
tusklessness varies significantly between
different regions . Three percent of our total
sample suffered bilateral tusklessness com
pared to 10% in Mana Pools. The reasons
for the more frequent occurrence of tuskless
ness in Mana Pools when compared with the
Kruger National Park are speculative. An
explanation for this can possibly be found in
the different population control measures
employed in the two regions. In the Kruger
National Park, culling has been performed
randomly (De Vos 1983) and there is no
chance of selection of any kind. The Kruger
National Park is fenced and illegal hunting is
generally under control. The elephant popu
lation in Mana Pools is managed through
hunting concessions. The area is not fenced
and the elephant population is exposed ille
gal ivory harvesting. Elephant in the Eastern
Cape Province of South Africa reached vir
tual extinction by 1931 when only 11 sur
vived the onslaught of ivory hunters in the
dense Addo bush. Most of these elephant
were tuskless. The selection for the tuskless
gene is presently, 60 years after hunting was
prohibited and the region declared a national
park still evident, as most of the cows in the
present population of 272 elephant are tusk
less (Hall-Martin 1998). The shift towards
tusklessness is significantly more pro
nounced in the elephant populations of Asia
(Elder 1970; Pilgram & Western 1986) that
has been exposed to modern man - hunter
for much longer than its African counterpart.
Most Asian elephant cows fail to develop
tusks (Sikes 1971) whereas the incidence of
tusklessness amongst Asian elephant bulls is
much higher than on the African continent.
Only 10 % of elephant bulls in Sri Lanka are
reported to have tusks (Grzimek 1972).
Three thousand years of exposure to man
who hunted for ivory and domesticated ele
phant to perform work, thereby disrupting
hierarchal order and breeding patterns,

Individual animals in a tusked herd may
become tuskless in later life as a result of
injury or disease (Sikes 1971). This occur
rence could be designated as acquired tusk
lessness and is usually unilateral with normal
tusk development on the unaffected side.
Unilateral tusklessness could however also
be congenital resulting from failure of
embryological development of the tusk on
one side only. Radiographic examination,
dissect.ion and a thorough family history are
essential III dis tinguishing unilateral
acquired- from unilateral congenital tusk
lessness. The right-sided absence of a tusk in
a cow in our study is probably genetically
linked as her foetus failed to develop tushes
and tusks on both sides. The 27 elephant
with unilateral tusklessness were not exam
ined thoroughly enough to distinguish the
congenital from the acquired type. The high
er frequency of right sided tusklessness may
be indicative of tusk breakage being the most
important cause for the absence of a tusk, as
elephant are generally right tusked (Sikes
1971).
The involvement of the tush in tuskless ele
phant has not yet been recorded. Congenital
absence of both the tush and the tusk imply
failure to develop a lamina dental is dUling
the first month gestation. The presence of a
tush only indicate arrest of development of
the primordium of the tusk wich takes place
during the second month of gestation. Tusk
lessness with or without tushlessness will be
indistinguishable with external examination
only as the tush of elephant does not appear
to erupt and is pushed aside into the sur
rounding tissue by the growing tusk
(Raubenheimer et al. 1994).
Koedoe 4312 (2000)
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hierarchy within her breeding herd could
result in cows of lesser status (i.e., those
without tusks) entering the reproductive
cycle. Once the genetic balance has swung in
favour of tusklessness, a return to normal
hierarchical order may not be sufficient to
re-establish the ivory bearing genome. This
is clearly witnessed in the present day Asian
elephant population.

selected for a phenotype, which generally
lacks the genetic capacity to develop ivory
tusks.
The modern high velocity rifle no longer
respects and in fact selects the large tusk
bearing elephant as its contribution to the
population control programmes of areas
managed through hunting concessions. The
undisputed illegal ivory harvesting by those
who frequently use armour piercing weapon
ry in immobilising a large tusker, contribute
significantly to the heavy demand placed on
the already compromised genetic pool of
large tusk carriers. This is in contrast to the
methods of hunting employed before the
arrival of technology to the African conti
nent. During most of the 19 th century and
even in the early 20 th century elephant hunt
ing and trapping methods like the falling
spear, the wheel trap, trunk snare, hamstring
and tendon slashing as well as group hunting
with heavy short shafted spears (Sikes 1971)
were more successful in killing smaller and
weaker animals and in fact probably con
tributed positively towards the selection for a
larger tusked phenotype. The arrival of the
modern weapons in Africa coincided with
the rapid disappearance of large tusk bearing
elephant (Sikes 1971; Ottichilo 1986).
Although elephant with tusks weighing in
access of 80 kg was a common sight in the
past century, elephant herds in most areas
now consist of small-tusked animals only.
Over a long period, this selection will not
only lead to a decrease in the large tusked
population, but also a relative increase in
tuskless animals due to the hunters' lack of
interest in elephant without tusks. The trend
towards bilateral tusklessness is even higher
in the sub adult elephant population in Mana
Pools (Owen-Smith 1966), implying that a
genetic shift towards tusklessness may have
taken place amongst younger animals in cer
tain regions. These changes can possibly be
explained by the dominant role the matriarch
(usually the cow with the largest tusks Sikes 1971) play in selecting cows for breed
ing within her breeding herd. If she is shot
(her large tusks usually make her the animal
of choice during both trophy hunting and
illegal ivory harvesting) a breakdown of the
ISSN 0075-6458

Monitoring of the size 9f tusks as well as the
incidence of bilateral tusklessness are impor
tant indicators for genetic selection in nature
conservation areas. Randomised population
control programmes should be introduced
where a reduction of elephant numbers are
necessary. Authorities issuing hunting con
cessions in Africa should take note of the
trends reported in this manuscript and intro
duce a tariff structure, which would encour
age hunting of a broader spectrum of ele
phant in a herd. Restoration of the matriar
chal dominance in a breeding herd seems
imperative to the long-term survival of the
ivory bearing gene. The granting of permits
for international trade in ivory should, in the
long term, be based on whether a region is
successful in maintaining the ivory bearing
phenotype during their population control
programme.
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SHORT COMMUNICATION

MORPHOLOGY OF THE DECIDUOUS TUSK (TUSH) OF
THE AFRICAN ELEPHANT (LOXODONTA AFRICANA)
E. J. RAUBENHEIMER,1 W. F. P. VAN HEERDEN,1 P. J. VAN NIEKERK,1 V. DE VOS 2
and M. J. TURNER I
Department of 10ral Pathology and Oral Biology, P.O. Medunsa, 0204 and 2Research Division, Skukuza,
Kruger National Park, Republic of Souih Africa
.

(A ccepted 10 January 1995)
Summary-The tusk of the African elephant is preceded by a deciduous tooth generally known as the tush.
Tushes from nine elephant fetuses and six calves younger than I year were exposed by dissection and
described morphologically. All tushes consisted of a crown, root and pulpal cavity, the forma tion of which
is completed soon after birth. They rea'Ched a maximum length of 5 cm, appeared not to erupt through
the skin and were pushed aside and resorbed during enlargement of the distally located primordium of
the tusk . Dental enamel, which covered the crown, could easily be removed and consisted of rods with
an interwoven arrangement; the dentine-enamel junction was flat. Cellular cementum extended for
variable distances over the crown and the dentine was tubular in nature. Although the tush apparently
has no function, it provides the anlage and orientation for the development of its permanent successor.
Key words: tush , African elephant, Lox odonta a/ricana,

The tusk of the African elephant (Loxodonta
africana) is a modified premaxillary lateral incisor
tooth which erupts at an age of approx. I year
(Grzimek, 1972). It is preceded by a deciduous tooth
commonly referred to as the 'tush'. The tush is
reported to develop in the same alveolar cavity as the
tusk and may reach a length of 5 cm (Sikes, 1971).
Although it is generally accepted tha t the tush is the
deciduous precursor to the tusk, palaeontological
data provide some evidence that the two teeth de
velop independently and that they could represent
deciduous central and deciduous lateral incisors, re
spectively (Tassy, 1987). Our purpose now was to
determine the morphology of the tush of the African
elephant, Loxodonta africana_
The maxillae of the nine elephant fetuses and six
calves younger than I year were obtained during the
elephant popUlation control programme of the
Kruger National Park (de Vos, 1983) and fixed in
buffered formalin. The specimens were examined
radiographically and the tushes exposed by dissec
tion. The relation to the developing tusk was noted
and all the tushes removed. Each tush was measured
and divided along its length in two halves. One half
was processed for light microscopy and the other for
scanning electron microscopy. Half of the samples for
light microscopy were mineralized, routinely sec
tioned and stained with a haematoxylin and
eosin; ground sections were prepared from the re
mainder.
All tushes were embedded in the premaxillae and
located anteriorly to the primordium of the develop
571

d~iduous

tusk .

ing tusk (Fig. I). The tush and the primordium of the
tusk were in the same bony cavity. The crowns of the
tushes in the older calves were visible outside the
alveolar bone. None of the specimens showed a tush
which had erupted through the overlying skin . A
radiograph, which was taken of the tusk of a' 5-year
old elephant, demonstrated the crown of a tush
embedded in the soft tissue around the girth of the
tusk (Fig. 2). All tushes could, by external examin
ation, be subdivided into a crown covered by enamel
and a slender root. A cervical constriction was absent
and the incisal margin rounded (Fig. 3). The for
mation of enamel was incomplete in the incisor region
of five tushes, of which two were from the same
animal (Fig. 4) . The longest tush measured 5 cm in
length and forination of the crown appeared to be
completed after 16 months of gestation. Root for
mation was found to be completed during the first 3
months post partum, whereafter root resorption,
mediated by osteoclast-like giant cells, coincided with
progressive enlargement of the distally located pri
mordium of the tusk (Figs 5 and 6). External resorp
tion was not only restricted to the root, but also
involved the crown of the tushes.
The enamel, which covered the crown, CQuid be
removed with a sharp instrument without difficulty
from the underlying dentine. It consisted of rods of
4-6 J1 dia. Bundles of enamel rods followed an inter
woven course to the surface of the tooth (Fig. 7). This
arrangement was consistent throughout the entire
enamel. The enamel-dentinal junction was flat,
enamel tufts were infrequent and the dentine was of
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Fig. I. Length section through the premaxilla of a fetus. The tush ( ~ ) is located anterior to the follicle
of the developing tusk (.). Scale in mm.
.

a tubular nature. Cellular cementum covered the
roots and in fully formed teeth extended over the
external surface of the crown (Fig. 8).

Fig. 2. Radiographic view of the girth of the tusk of a
5-year-old elephant. Note the crown of the tush, its rounded
tip pointing anteriorly, which was pushed aside and found
to be located in the subcutaneous soft tissue (~).
Bar = I cm.

The question whether the tush represents a
deciduous precursor to the tusk (Sikes, 1971) ' or
whether it is an incisor which develops independently
from the tusk (Tassy, 1987) cannot be resolved in
a study of this nature. Dissection of embryos at
an earlier stage of development will throw more
light on the initial relation between the foJlicles of the
two teeth. In the specimens we examined the possi
bility of independent tush development seems un
likely as both the tush and tusk were located in one
alveolar cavity, with the tush anterior to the develop
ing tusk.
Although superficial reference has been made to
the tush of the African elephant (Sikes, 1971;
Grzimek, 1972), its morphology, structure and func
tions have never, to the best of our knowledge, been
recorded. The function of this deciduous incisor is
unclear because, unlike the tusk, it does not appear
to make its presence visible by erupting through the
skin. The pressure exerted by the growing tusk leads
to resorption of the root of the tush by osteoclast-like
giant cells soon after birth and it appears as if its
crown is pushed aside and into the soft tissue sur
rounding the girth of the growing tusk. The fate of
the displaced crown is speculative, although it seems
likely that it is eventually completely resorbed. It may
be argued that the tush represents an evolutionary
remnant of a tooth that may have had a function in
the earlier extinct Proboscideans, where incisor teeth
had a more pronounced masticatory function (Grz
imek, 1972). When viewed in an embryological con
text, the primordia of primary teeth provide the
anlage and orientation for the development of their
permanent successors (Bhaskar, 1980). This may

Tush of the African elephant

Fig. 3. Section cut in length through a fully formed tush. Bar

represent the only distinct function of the tush of the
African elephant.
Despite its apparent regression in the course of
evolution, the tush is composed of an orderly ar
rangement of all tissue types found in mammalian
incisors. The ease with which the enamel could be
removed from the underlying dentine is explained by
the flat enamel--dentinal junction. Incomplete enamel
formation , involving particularly the incisal margin,
appears to be a frequent occurrence. Formation of
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cementum on the external surface of the crown is not
uncommon in the animal kingdom. In many animals,
the reduced enamel epithelium breaks down long
before the tooth erupts, allowing the ectomes- .
enchyme of the tooth follicle to come into contact
with the enamel. This is followed by the differen
tiation of cementoblasts and the deposition of coro
nal cementum.
The stage of dental development reflects the age of
fetuses and infants. Although a limited number. of

Fig. 4. A dissected specimen in which the skin and soft tissue of the premaxilla had been removed, thereby
partially exposing the crown of a tush, which is viewed from the anterior. Note the area of deficient enamel
formation (-». Bar = 2 cm.
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. Fig. 5. Longitudinal section through tush of a newborn calf, which ha s erupted through the cortical plate
of the alveolar bone. Note the proximity of the tip of the enlarging tusk (.) and its association with
resorption of the root of the tush ( -.). Bar = 1.6 em.

elephants have been examined, it appears as if the
crown of the tush is completed by the 16th month of
intrauterine life and root development ceases 3
months after birth, which follows after 22 months'

gestation (Sikes, 1971). After formation of the tush
has been completed , the enlarging primordium of the
tusk displaces it and resorption commences before the
postnatal age of I year.

Fig. 6. Photomicrograph showing active resorption of the dentine of the root of a tush by multinucleated
giant cells (-.). H & E, x 400; ba r = 50 tim.

Tush of the African elephant

Fig. 7. Scanning electron micrograph of a fracture surface of enamel (bottom left-dentinal junction, top
right-outer surface). x 72; bar = 200 ",m .

Fig. 8. Cellula r cementum (C) extending on to the external surface of the crown. Note the fiat
dentine--enamel junction. Ground section, x 20; bar = I mm.
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Morphological aspects and composition of African elephant (Loxodonta
africana) ivory
E.J.

RAUBENHEIMER

Raubenheimer, E.] 1999. Morphological aspect and composition of African elephant
(Loxodonta africana) ivory. Koedo e 42(2): 57-64. Pretoria. ISSN 0075-6458.
This study was aimed at detennining the origin of the diamond shaped pattern and com
position of ivory of the African elephant. Fragments of ivory and tusks were obtained
through the National Parks Board from the Kruger Park, Addo Elephant Park,
Kaokoveld, Capri vi, Etosha, Kavango and Tembe Elephant Park. Polished surfaces
were prepared in different planes and examined with light and electron microscopical
techniques. Analyses of the inorganic composition were performed using atomic
absorption spectrophotometry, ion selective electrodes and inductively coupled optical
emission spectroscopy. The total amino acid composition was determined with the aid
of an amino acid analyser. Morphological investigations showed the distincti ve diamond
shaped pattern of ivory to be caused by the sinusoidal surface to pulpal course followed
by odontoblastic tubules. This course is the result of pressure which builds up .between
tightly packed odontoblasts on their centripetal course a long an ever decreasing pulpal
circumference during formation of ivory. A total of 17 elements were detected in the
inorganic fraction of ivory, some in concentrations as low as 0.25 fJg/g. The concentra
tionsof calcium, magnesium, fluoride, cobalt and zinc showed statistically significant
differences (P < 0.007) between selected regions and may prove valuable in distin
guishing chemically between ivory from different geographical locations. The organic
content of ivory showed J 7 amino acids in varying concentrations. The possible causes
of these variations are discussed.
Key words: elephant ivory, morphology, composition

E.J. Raubenheimer, Department of Oral Pathology, MEDUNSA, PO. Medunsa, 0204
Republic of South Africa (ejraub@mcd4330.medunsa. ac.za).

Introduction

.,

in elephant products. The effect of this ban
on well managed elephant populations in
Southern African states remains controver
sial.

The paired tusks of the African elephant are
incisors which develop in the os incisivum of
the nasomaxillary complex of bones and
which grow continuously throughout life.
The unique diamond shaped pattern of ele
phant ivory, which has not been researched in
great detail (Sognnaes 1960; Miles & Boyde
1961 ; Sikes 1971; Raubenheimer et al. 1990)
has made it a sought-after product in the
manufacturing of works of art. The flourish
ing illegal trade in ivory has contributed to a
significant decrease in elephant numbers on
the African continent over the past decades
(Armstrong & Bridgland 1989). The
Convention on International Trade in
Endangered Species (CITES) at its biennial
meeting in Lausanne, Switzerland in October
1989 responded by placing a ban on the trade
ISSN 0075·6458

Dentine (or ivory) forms the bulk of most
teeth and is composed of organic and inor
ganic fractions. The inorganic composition
of elephant ivory has not yet been investigat
ed in detail except for distinguished work
done on its carbon and nitrogen isotope
ratios. The carbon isotope ratios (13C:12C) of
ivory distinguishes between elephant roam
ing woodland and those in dense forests (Van
der Merwe et al. 1990). The aims of this
study were to determine the origin of the
chequered (diamond shaped) pattern of ele
phant ivory and establish a databank on the
inorganic and organic composition of ivory
from the Southern African region.
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tive
electrodes
(Radiometer,
Copenhagen,
Denmark). The mean values obtained per site of ori
gin as weU as the standard deviations (SDs) were
expressed in mg/g ' dry weight and tabulated. The
level of significance between the concentrations of
each element at different geographical sites was
determined with the Student I-test for unequal vari
ances. The trace elemental composition of 25 frag
ments was determined with an inductively coupled
plasma optical emission spectroscope (ARL 3400,
Boston, MA, U.S .A.). Perchloric acid (I M) was
used as a control. The mean concentrations and SDs
were expressed in Ilg/g ivory.

Material and methods
Twenty fragments of ivory and five tusks, with mass
es between 0.7 and 9.3 kg were sectioned and pol
ished in cross sections and sagittal planes and the
characteristic diamond shaped pattern studied. One
developing tusk was harvested from a full-time fetus
20 minutes after death. Biopsies were taken from the
pulpal ivory and soft tissue, cut in thin slices and
fixed in 10 % phosphate buffered formalin. Ground
sections, 40 11 thick were prepared parallel and per
pendicular to the long axis of 12 different fragments
of ivory and subjected to light microscopic examina
tion. Routine techniques for the preparation of scan
ning electron mi crographs of hard tissue were
employed to visualise the morphology and distribu
tion of dentinal tubules of six different tusks. An
image analyser (FIPS, CSIR, Pretoria) was used to
measure the distances between the tubules in the
light and dark bands respectively.

Samples of ivory, weighing between one and three
grams, were prepared from 32 fragments of ivory
obtained from Kruger National Park (5) , Kaokoveld
(6), Etosha (15), Tembe (4), and Addo Elephant
National Park (2). The samples were hydrolysed in
sealed tubes containing 5 ml 6M HCl at 110 °C for
24 hours. The hydrolysates were neutralised, filtered
(MiUex-GS, 0.22 11) and diluted I : 1 with citrate
buffer (pH 2.2). Calibrants of 43 amino acids were
prepared and the amino acid composition of the
hydrolysate and calibrants determined using a
Beckman 6300 Amino Acid Analyser. The chro
matograms were integrated and quantified using a
Hewlett-Packard 3390A integrator. The results were
tabled as the average of the residues per 100 and the
standard deviation for each amino acid calculated.

Sixty four fragments of ivory were obtained through
the South African National Parks from Kaokoveld,
Etosha National Park, Caprivi, Kavango, Kruge r
National Park, Tembe Elephant Park and Addo
Elephant Park. Specimens weighing between 0.5 g
and 1.0 g were prepared by removing the ensheath
ing layer of cementum with a rotating diamond disc.
The specimens were agitated in a weak acid (O.IM
HC I) for 10 minutes to remove all traces of metal
that may have contaminated the ivory during sample
preparation. The fragments were washed for 15 min
utes in distilled water and the dry weights of each
fragment determined accurately. Each specimen was
completely demineralised in 1M perchloric acid. The
inorganic composition was determined by atomic
absorption spectrophotometry (Perkin Elmer 500;
Norwalk, CT, U.S.A.), Astra 8 analyser (Beckman
Instruments Inc., Brea, CA, U.S .A.) and ion selec

Results
The pulpal cavity of the tusks were conical
in shape, had a smooth surface and a large
pulpal opening. The bulk of a large tusk
consisted of ivory (Fig. 1a). The entire outer

Fig. 1a. Partially dissected tusk exposing the conical pulpal cavity, diamond-shaped pattern (exposed on a
polished surface prepared on a cross section) and parallel and alternating light and dark lines (on polished sur
face prepared in the sagittal plane). Note the large apical opening of the pulp on the left an d the solid ivory
forming the bulk of the tip of the tusk.
Koedoe 42/2 (J 999)
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surfaces of the tusks were found to be covered by
a layer of cellular cementum. The cementum to
ivory junction was visible as a dark concentric
ring. In cross sections, the ivory to cementum
junction followed an undulating circular course,
forming inegular excrescences alternating with
shallow convexities or concavities (Fig. Ib). In
this plane, the unique diamond-shaped pattern of
the ivory consisted of two systems of alternating
light and dark lines which radiate clockwise and
antic\ockwise, respectively, from the axis of the
tusk. The diamond-shaped pattern cOITesponded
to parallel light and dark lines evident on polished
surfaces prepared in the sagittal plane (Fig. lc).
The external surface of the tusk followed the con
tour of the cementum to ivory junction, resulting
in parallel longitudinal ridges and troughs which
were visible upon external examination of a tusk.

Fig. I b. Closer view of the diamond-shaped
pattern on cross section through the tusk.
Note the ensheathing layer of cementum and
scalloped ivory to cementum junction.

Fig. Ic. Closer view of the sagittal surface
showing the alternating dark and light lines.

ISSN 0075-6458

The outermost layer of ivory (mantle layer) con
sisted of irregularly-spaced odontoblastic tubules
which slanted apically and branched extensively.
When followed towards the axis of the tusk, the
tubules became more evenly spaced and gradual
ly changed their course by curving towards the tip
of the tusk. This curvature was found to be the
beginning of the regular, sinusoidal course fol
lowed by the odontoblastic tubules in a pulpal
direction and was present only in sections pre
pared in the sagittal plane. The convexities and
concavities of the sinusoidal pattern corf,espond
ed to the alternating light and dark bartds seen
macroscopically on surfaces prepared in the sagit
tal plane. The dark bands corresponded with that
part of the tubule that curved towards the pulpal
opening (Fig. 2a). On high power maginification
many dentinal tubules appeared to end blind and
others fused, forming one tubule (Fig. 2b). The
process of fusion was distinct from the fine later
al branches that seemed to anastomose with those
of adjacent tubules. Blind ending tubuli occured
more frequently in the dark bands (16 blind end
ing tubules per 100 tubules, SD 7) than in the
light bands (6 blind ending tubules per 100
tubules, SD 3) as counted over 2 500 tubules in
each of the bands respectively. Microscopic sec
tions of biopsies of the foetal tusk confirmed the
distal slant of the odontoblasts and scattered
pyknotic cells, highly suggestive of individual
cell death (Fig. 3).
59

Koedoe 4212 (1999)

1

I

'J [
[ ,l

Fig. 2a. The regular sinusoidal curve followed by the
odontoblastic tubules . The curve to the right coin
cides with a dark band (top of figure) , an optical
phenomenon caused by the increased density of
tubules in this region . The tip of the tusk is towards
the left. (Unstained section, magnification xlSO).

Fig. 2b. Higher power magnificatio n in a dark band,
showing fusion of tubles (arrow s) (Unstained sec
tion, magnification x400).

Scanning electron microscopy showed the
pulpal openings of tubules to be oval, with
the greatest dimension paralJel to the long
axis of the tusk (Figs. 4a & 4b). Dentinal
tubules were closer packed in areas where
they curve towards the pupal opening (i.e.
dark bands) (mean distance 4.6 ± 1.7 f.lrn
SD) than in the part of the tubule that curves

towards the tip of the tusk (i .e, light bands)
(mean distance 7.2 ± 2.8 f.lm SD) (Fig. 2a).
This difference was significant (P < 0.001).
The number of tubules/mm 2 varied between
31.6 x 103 and 54. 3 x 103.
The inorganic composition of ivory is
reflected in Table 1. Statistical analyses
showed the differences between the respec-

Fig. 3. Microscopic appearance of
the foetal tusk. Note the newly
formed ivory (asterisk) slanting of
the odontoblasts and occasional
cells exhibiting cell death (arrows)
(H&E stain, magnification x250).
Koedoe 42/2 (1999)
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Fig. 4a. Electron micrograph of a fractured
surface of ivory. Note the exposed odonto
genic tubuli (arrows) (bar = 10 11m).

Fig. 4b. High power magnification of the
pulpal opening of an odontoblastic
tubule (bar = 111m).

tive elements in the following geographical
locations were highly significant (P < 0.002):

Fluoride: Kaokoveld vs. all locations except
Etosha and Etosha vs. all locations
except Kaokoveld .

Calcium: Addo vs. all other locations,
Etosha vs. Capri vi, Etosha vs.
Kavango and Caprivi vs. Tembe.

The following trace elements were detected
in ivory (average content expressed in flg/g
dry weight, SD in brackets: As:8.0 (lA),
Cd:OA (0.04), Cr:3.7 (0.6), Co:O.72 (0.09),
Cu:2.2 (1.2), Pb:8.7 (1.2), Mn:0.9 (0.6),
Hg: 1A (0.2), Ni:0.89 (0.1), Zn:20 (10.8),
Mo:0.56 (0.06) and AI :6.2 (4.3).

Phosphate : Kruger Park vs. Kaokoveld,
Addo vs. Kaokoveld.
Magnesium: Addo vs. Kruger Park, Caprivi
and Tembe vs. Addo and Kaokoveld
vs. Capri vi.

Table 1
Main inorganic elements in ivory. expressed per site of
origin (average mg/g dry weight. SD in brackets)
KNPI

Kaoko z

Etosha

Caprivi

Kavango

Tembe

Addo

13

9

26

6

4

3

3

Ca

195.8
(17)

193.7
(15.9)

192
(16)

208.9
(6.4)

205.9
(1.8)

191.1
(8.9)

170.8
(2.5)

P0 4

1155
(5)

118
(2.6)

116
(3.5)

114.7
(4)

115.3
(3)

113.1
(5)

113
(1.4)

Mg

14.6
(3.2)

18.2
(4.2)

15.3
(4.2)

13.1
(0.9)

12.2
(2.7)

14.7
(1.2)

17.3
(0.4)

0.076
(0.014)

0.106
(0.017)

0.124
(0.029)

0.069
(0.012)

0.058
(0.01)

0.054
(0.009)

0.035
(0.019)

No. of
Specimens

F

I Kruger National Park
Kaokoveld

Z
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Ivory obtained from the Kaokoveld was
more brittle and hydrolysed more rapidly
than those from other regions. The amino
acid composition of hydrolysed ivory is
expressed in Table 2. The difference in the·
hydroxylysine content between Kruger and
Northern Namibian ivory (Kaokoveld and
Etosha) was significant (P < 0.01) (Kruger
ivory 0.7 ppm, SD 0.1; Etosha 0.4 ppm, SD
0.1; Kaokoveld 0.4 ppm, SD 0.2).

Discussion
The cell responsible for the formation of
ivory (or dentine) is the odontoblast.
Odontoblasts are derived from the mes
enchyme of the dental pulp and after differ
entiation they move centripetally (i.e.
towards the axis of the tusk) and deposit
ivory along their pathway. Each odontoblast
is responsible for the formation of a cyto
plasmic extension. Mineralisation of ivory
around this extension forms tubules which
traverse the diameter of the ivory. The
microporosity of ivory, which is well beyond
the resolution of the human eye, is responsi
ble for the absorbent and tactile characteris
tics thereof, which has made it an unequalled
product for the manufacturing of piano keys .
Table 2
Total aminoacid composition of 32 samples of
hydrolysed ivory
Aminoacid
Aspartic acid
Hydroxyproline
Threonine
Serine
Glutamine
Proline
Glycine
Alanine
Valine
Methionine
Isoleucine
Leucine
Phenylalanine
Hydroxylysine
Lysine
Histamine
Arginine
Koedoe 4212 (1999)

Residuesll 00 (SD)
5.1

9.9
2.0
4.0
8.0
12.2
30.8

(0.3)
(\.0)
(0.2)
(0.2)
(1.3)

(\,2)
(1.0)

10

(1.2)

2.3
0.4
1.2
3.0
1.5
0.4
2.7
0.7
4.6

(0.3)
(0.4)
(0.1)
(0.1)
(OJ)

(0.2)
(0.7)
(0.2)
(0.4)

.,

The tip of the concial pulp becomes solid as
ivory depositioning progresses and lengthen
ing of the proximal edge coincides with for
ward movement and elongation of the tusk.
The centripetal movement of odontoblasts
during the formation of ivory leads to a rapid
decline in the pulpal circumference. As a
result, odontoblasts become progressively
more tightly packed and intercellular pres
sure increases as the pulpal circumference
becomes smaller. Morphological manifesta
tions of the increased pressure between
odontoblasts are reflected as a significant
reduction in the distance between odonto
blastic tubules in the dark bands, the oval
shape of the tubules as well as the slanting of
odontoblastic cell bodies towards the pulpal
opening. The only means by which the
growing pressure between the centripetally
. moving odontoblasts on a rapidly decreasing
perimeter can be accommodated, is through
two processes namely, movement of the
odontoblastic cell mass towards the pulpal
opening or a reduction in the number of
odontoblasts. There is morphologic evi
dence that both these phenomena occur dur
ing the formation of ivory. Movement of the
odontoblastic cell bodies towards the pulpal
opening coincide with the dark bands (i.e.
slanting of the sinusoidal curve of the odon
toblastic tubuli towards the pulpal opening).
As pressure increases , the number of odonto
blasts are reduced through fusion of cells
(represented by fusing tubules) and cell
death (represented by blind-ending tubules).
The occurance of the latter phenomenon is
supported by the presence of pyknotic odon
toblasts seen in microscopic sections of the
rapidly fixed biopsies of the foetal tusk. The
relief of intercellular pressure through these
mechanisms results in a change in the direc
tion of odontoblastic movement towards the
tip of the tusk. This coincides with the ante
riorly directed part of the sinusoidal curve.
The process of odontoblastic crowding, fol
lowed by a bodily movement of odontoblasts
towards the pulpal opening and a relief of
intercellular pressure through cell fusion and
death, with subsequent change in the direc
tion of movement of the cell bodies are prob
ably responsible for the regular sinusoidal
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course followed by odontoblasts. This
hypothesis is reflected graphically in Fig. S.
The sinusoidal course of the tubules in ivory
is reflected as parallel and alternating light
and dark bands which are seen on polished
surfaces prepared along the axis of the tusk.
The light and dark bands were found to be
the result of the varying compactness of
dentinal tubules between the sectors of the
sinusoidal curve of the tubules that slant
towards the tip of the tusk or towards the
pulpal opening respectively. On cross sec
tions, the diamond-shaped pattern is a reflec
tion of the alternating light and dark bands
seen on surfaces prepared in length. This
implies that when the layer of odontoblasts
are viewed in a radial perspective, move
ment of odontoblasts towards the pulpal
opening with curving of odontoblastic

tubules does not occur at the same time but
rather as a wave that s preads circumferen
tially along the peri pulpal layer of odonto
blasts. On microscopic examination, it was
observed that fractures through ivory gener
ally follow the dark bands. The higher num
ber of tubules per unit area probably makes
the dark bands weaker than the light bands.

Fig. 5. Schematic representation of the sinusoidal
course followed by the odontoblastic tubules (sagit
tal plane, the tip of the tusk is towards the right, sur
face towards the top and pulpal cavity towards the
bottom of the figure). Note odontoblastic fu sion (F)
which results in odontoblastic tubules uniting and
apoptosis (A) which gives rise to blind ending
tubules , thereby effectively reducing the number of
odontoblasts during their centripetal movement
(arrows indicate the centripetal course fo llowed by
the odontoblasts, I - ivory).

Extreme care should be taken when harvest
ing ivory for chemical analyses. The proxi
mal feather edge of the tusk as well as the
layer of mineralised tissue ensheathing the
tusk consists of cellular dental cementum
and not ivory. Studies which provide no
clarity on the exact part of the tusk that was
harvested for chemical analyses, should be
viewed with caution. During the formation
of dentine (or ivory), which is essentially a
hydroxyapatite deposited on an organic
matrix, over 4S elements could potentially
compete for incorporation (Wetherell &
Robinson 1973). The inorganic composition
of ivory reflects the composition of an ani
mal's diet. Unlike bone, the composition of
ivory remains stable and is not subjected to
turnover and remodelling after formation
thereof (Posner & Tannenbaum 1984). An
extensive databank on the composition of
ivory from different areas in Africa could
assist in tracing the origin of ivory and might
play a key role in identifying regions in
which illegal ivory harvesting is taking
ISSN 0075-6458

place. This study as well as others (Van der
Merwe et al. 1988, Van der Merwe et al.
1990, Vogel et al. 1990), clearly indicate the
tracing of the source of ivory on its chemical
composition to be a realistic possibility. The
techniques used by these groups are expen
sive and the equipment used is not readily
available. Our study indicated that the con
centrations of calcium, phosphate, magne
sium and fluoride are of potential value in
identifying the site of origin of Southern
African ivory. Addo, Etosha and Kaokoveld
ivory in particular have unique composi
tions . Addo ivory was distinguished by its
low calcium content and Kaokoveld and
Etosha ivory by its high fluoride content.
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The rapid rate of hydrolisation of ivory from
the Kaokoveld and Etosha compared to other
regions was of interest. The annual rainfall
in these regions are low. The arid environ
ment, characterised by dry savannah and
shrub, has led to the term ' desert elephant' to
those animals that were driven into the
region by human inhabitation of the more
arable land (Viljoen, 1987). There is good
reason to accept that the diet of these ele
phant differ significantly from those in the
other regions studied. Analyses of ivory
from Kaokoveld and Etosha show the high
est fluoride concentration, lowest total pro
line plus hydroxyproline content and under
hydroxylation of lysine as unique character
istics. The high fluoride content is likely the
result of the water that collects in the closed
systems of salt pans and which becomes con
centrated due to evaporation. Although
excessive fluoride could influence the
strength of the hydroxyapatite crystal
(Lavelle 1975), the under-hydroxylation of
lysine would affect the strength of the organ
ic scaffold of collagen fibres (Chatterjee
1978). Vitamin C, iron and oxygen are co
factors required for the enzymatic hydroxy
lation of lysine during the biosynthesis of the
tropocollagen molecule (Anderson 1992).
Insufficient dietary Vitamin C intake, linked
to the arid vegetation, is likely to be the main
cause of reduced hydroxylation of lysine in
the collagen of Kaokoveld and Etosha ivory.

nutrition and food. Section E: Nutritional
Disorders . Vol. 2. Florida: CRC Press.
LAVELLE, C.L.B. 1975. Applied Physiology of rhe
Mouth. Bristol: John Wright.
MILES, A.E.W. & A. BoyDE. 1961. Observations on
the structure of elephant ivory. Journ al of
Anatomy (London) 95:450.
POSNER, A.S . & PJ. TANNENBAUM. 1984. The min
eral phase of dentine. Pp. 17-36. In: LiNDE, A.
(ed.) . Dentine and D enlinogenesis. Vol.2.

Florida: e.R.e. Press.
RAUBENHEIMER, E.J., J. DAUTH, M.J. DREYER, P.D.
SMITH & M.L. TURNER. 1990. Structure and
composition of ivory of the African elephant
(Loxodonta africana). South African Journal of
Science 86: 192-193.
SIKES, S.K. 1971. The natural hisrory of the African
elephanl. London: Weidenfeld and Nicholson.
SOGGNAES, R.F. 1960. The ivory core of tusks and
teeth.
Journal of Clinical Orthopaedics
17:43-61.

VAN DER MERWE, N.J., J.A. LEE THORPE & R.H.Y.
BELL. 1988. Carbon isotopes as indicators of
elephant diets and African environments.
African Journal of Ecology 26: 163-172.
VA N DER MERWE, N.J., J.A. LEE THORPE, J.F.
THACKERAY, A. HALL-MARTIN, FJ. KRUGER, H.
COETZEE, R.H.Y. BELL & M. LrNDEQuE. 1990.
Source area determination of elephant ivory by
isotope analysis. Nature 346(6286): 744-746.
VruoEN, PJ. 1987. Status and past and present dis
tribution of elephants in the Kaokoveld, South
West Africa Namibia. South African Journal of

Acknowledgements
The author wishes to thank Mrs e.S. Begemann for
typographical support, the National Parks Board and
in particular Dr Y. De Vos for making the tusks and
fragments of iv:ory available and the Department of
Chemical Pathology and Electronmicroscope Unit at
Medunsa for technical support. This study was
supported by a grant from the Foundation for
Research Development.

Zoology 22:247-257.

VOGEL, J.e., B. EGLlNGTON & LM. AURET. 1990.
Isotope fingerprints in elephant bone and ivory.
Nature (London) 346(6286): 747-749.
WETHERELL, J.A. & e. ROBINSON. 1973. The inor
ganic composition of teeth. P. 43. In: ZIPKIN, 1.
(ed.). Biological Mineralization . New York:
Wiley.

References
ANDERSON, J.e. 1992. Biochemical basis of connec
tive tissue disease. Pp. 174 - 226. In: GARD-

Koedoe 4212 (1999)

"

64

ISSN 0075-6458

"-)-

Nuclear Instruments and Methods in Physics Research B 104 (1995) 638-644

I

~DCWB

Beam Interactions
with Materials & Atoms

ELSEVIER

Trace element concentration and distribution in ivory
V.M. Prozeskya,*, E.J. Raubenheimer b , W.F.P. Van Heerden\ W.P. Grotepass b ,
W.J. Przybylowicza , 1, c.A. Pineda c , R. Swart d
b

, Van de Graaff Group, National Accelerator Centre. P.G. Box 72. 713 J Faure, South Africa
Department of Dral Pathology and Dral Biology. Faculty of Dentistry. Medical University of South Africa, Garankua. South Africa
' Groote Schuur Hospital. P.G. Box 7925. Dbservatory. Cape Town. South Africa
d Department of Geology. Stellenbosch University. Stel/enbosch. South Africa

Abstract
The trace element content and distribution in ivory from elephants and hippopotami were measured for both natural
elements and elements present due to pollution . The National Accelerator Centre Nuclear Microprobe was used to
investigate trace elements heavier than Ca, and distributions of these trac;: elements were measured over small areas (ca.
I mm 2 ), using the Dynamic Analysis imaging method in the GeoPIXE software package. Quantitativity of elemental
maps was checked by complementary point analyses in the same area as where the elemental maps were taken from and
found to be accurate to within around 10%. The possibility of locating ivory on the basis of the trace element
concentrations, determined by the environment in which these animals live, was demonstrated by using correspondence
analysis.

1. Introduction

Mineralised tissue from living organisms has been the
subject of many studies with analytical techniques during
the last few decades [1-7J, as the composition and trace
elements concentration and distribution is maintained
over time. Other reasons are the relatively little sample
preparation necessary for analysis, and the fact that thick
samples can be analysed with relative ease, due to the
fairly constant composition of the matrix. Teeth, in con- ·
trast with bone, can generally be considered to be repre
sentative of the in vivo matrix for a long time after
extraction. Teeth with a matrix consisting of calcium
hydroxy-apatite, and ivory in particular, offer excellent
opportunities to study a part of the history of an animal
over a period of time, and include elements which were
part of the environment, whether present naturally or as
pollutants added by man. As examples, this allowed the
study of trace elements in human teeth with the aim of
establishing causes and catalysts for diseases [4,5J and
the effects of pollutants such as Pb on mental health
[2, 3,6]. Teeth in animals have also been analysed,
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yielding information on the biological process of forma
tion [7]. The environmental history of the subject may
also be traced by using the trace elemental composition
of the teeth.
Mammalian ivory is a very good example of such
material, and this study was aimed at establishing the
effect of the environment, such as vegetation, climate and
geology, on the trace element composition of ivory, espe
cially elephant, from bearers around Southern Africa and
Siberia. These elements absorbed in the plant life and
water, become incorporated in the diet of the animals,
and are finally reflected in the tissue of the animal, includ
ing the ivory.
One of the difficulties in controlling the sales of eleph
ant ivory is the problem of poaching, which has led both
the elephant and rhinocerous to become endangered
species. For this reason there is a total ban on the sales of
ivory, even for countries with legal ivory stocks obtained
from culling and natural death of elephants. The develop
ment of techniques for tracing the origin of ivory is
therefore extremely important to allow authorities to
establish the legality of ivory in the market. The deter
mination of trace element concentrations could contrib
ute to solve some of the above problems and this study
was partly aimed to determine the possibility of local
ising ivory on the basis of trace element concentrations,
as measured by the PIXE technique.
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A further advantage of determination of trace element
concentrations in ivory , is the fact that environmental
pollution might be detected in the ivory of bearers from
different areas. The Eastern Transvaal in South Africa,
which includes the Kruger National Park, is partly in
dustrialised with most of these industries based on the
extraction of minerals. The detection of heavy elements,
which invariably end up in the rivers of these areas, also
led to the study of pollution as a function of time and
geographical area in ivory bearers. For example it has
been shown before that the Olifants river has a F content
5 times higher than normally found in similar areas [8].
Although the PIXE technique has been applied suc
cessfully in many studies of teeth, the study of ivory has
not received a lot of attention. Elephant and rhino ivory
have previously been studied with NAA [9, 1OJ, with the
aim of localising ivory from different areas, based on
different isotopic ratios (e.g. C, Nand Sr) and concentra
tions of different trace elements. The technique uses the
fact that the isotopic ratios and concentrations of ele
ments vary from region to region, due to differences in
the environmental conditions. In this pilot study nine
trace elements were detected in samples of ashed and raw
ivory samples. Samples from different regions could be
separated with the aid of statistical packages, such as
correspondence analysis, although the number of sam
ples analysed was small, with insufficient statistical in
formation.

2. Ivory and sample preparation
The ivory matrix consists of calcium-hydroxy-apatite
(CHA), offering an excellent matrix for PIXE analysis of
heavy elements. The CHA is partly formed as an
amorphous and crystalline structure. A schematic of el
ephant ivory, with an indication of the growth direction,
is indicated in Fig. I. The growth of the ivory is initiated
in the pulpal cavity, and the tissue is transported in
helical tubili to the growth sites, on the outside of the
dentine. The site from where the samples were taken
from, is indicated by a polygon.
The ivory samples were cut with a saw, and these
surfaces were polished with diamond paste. Paste with
grain sizes of 6 and 1 11m were used consecutively, with
the resulting surface polished to a high quality. The
diamond paste and polishing cloth were separately ana
lysed to establish the possibility of contamination of the
samples during polishing. The highest contribution to
contamination was found for the diamond paste, with
a Cu concentration of around 20 ppm. Considering the
concentration of paste left on the surface after polishing,
this was considered negligible. The samples were never
theless then washed in distilled and demineralised water,
and wiped dry with the same polishing cloth. Although
the ivory samples did not produce significant charge-up
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Fig. I. A schematic of elephant ivory, with the growth direction
indicated. The tissue for depos ition is transported in the helical
tubili for deposition on the outside of the dentine. The location
where the samples analysed were taken from is also indicated.

problems during analysis, the samples were coated with
a thin layer of carbon to ensure that conduction of beam
charge was adequate.

3. Experimental
The Nuclear Microprobe (NMP) [11, 12J of the Na
tional Accelerator Centre (NAC) was used for the analy
sis. The beam energy selected was 3.0 MeV protons, and
the X-rays were detected in an 80 mm 2 Si(Li) detector
situated at 135°, with an energy resolution of 175 eV at
5.9keV. The facility has been described before [11 , 13J,
and details can be obtained from these references. Sec
ondary electrons were maintained on the target using an
electron suppression ring with a negative bias of 1500 V.
The bulk of the X-rays from Ca were filtered out from the
spectra using an 80 /-lm AI filter. All single point analyses
were made with a total collected charge of 2.5 /-lc. These
spectra were analysed using the GeoPIXE software pack
age [14J, with full thick target corrections applied. El
emental maps were also collected to study the variation
of trace element concentrations as a function of position.
The Dynamic Analysis (DA) method of mapping incorp
orated in this software package, in conjunction with the
XSYS [12J data accumulation system, allowed the
aquisition of true elemental maps during on-line analysis.
The beam size used was around 10 x 10 /-lm, both for the
line scans and the elemental mapping.

4. Results
4.1. Line scans and elemental maps
Care was exercised after it was found that some ele
ments, such as Zn, were fairly mobile during beam bom
bardment. This was studied as a function of ion current
and total dose, with the total dose alone showing no
contribution to changes in any of the studied trace ele
ments. The beam current was then optimised so as to
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ensure no change in elemental concentrations, still ensur
ing that adequate detection limits could be obtained in
a relati vely short time. The beam current used was al
ways around 5 nA.
A typical set of results for a few ivory samples are
indicated in Table 1, with ivory from different geographi
cal areas yielding different sets of concentrations. The
table indicates the elements of interest, with the highest
yield for trace elements obtained from Sr, which is biolo
gically competing with Ca. A high yield for Fe was
obtained for the Siberian ivory, values which were more
than an order of magnitude larger than for all the other
samples from other areas in Southern Africa. The lower
limits of detection (LLD) were calculated using a 99%
confidence interval, and the error values include a 3%
filter error.
After establishing that the trace element concentra
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ivory samples, line scans were made for different areas on
the ivory. The results showed large deviations from most
of the elements, with some of the results for a Siberian
ivory specimen indicated in Fig. 2(a)-(c). In these figures
the trace element concentration is indica ted as a function
of position, with the distance scale corresponding to
1.8 mm.
To eliminate the possibility of beam induced effects,
the scan was made in both directions, the backward steps
filling the gaps of the forward scan. Elements such as Mn,
Zn and Sr showed the largest deviations, with maximum
variations of up to 40 % for Mn and Zn, and 12 % for Sf.
These variations prompted the use of the elemental
mapping facility of the GeoPIXE software package, and
elemental maps were accumulated for a sample from the
Kruger National Park. The scan size used was
1.3 x 1.3 mm. The resulting maps of Ca and Sr are in
dicated in Fig. 3 (a) and (b), showing marked variation in
content as a function of position. The scales shown on the
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presentation was made by the Interactive Data Language
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The varia tions in these elements complement the line
scan results, with large deviations in concentrations over
a rela tively small area. Although the samples analysed
were too small to confirm ( < 3 x 3 mm), the results may
show a 'tree ring' effect, of variations based on seasonal
variations due to rain and plant differences. This is
strengthened by comparing the growth rate of 2 mm per
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Fig. 2. Results of line scans across an ivory sample, indicating the changes in trace element concentrations for (a) Mn, (b) Zn and (c) Sr.
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Fig. 3. Elemental maps (1.3 x 1.3 mm) for a sample from the Kruger National Park for (a) Ca and (b) Sr concentration. The intensity
scale on the right-hand side of the maps are in ppm. The numbered dots on the maps are the spots analysed to compare with the
mapping results. The comparisons are given in Table 2.

Table 2
Comparison of the results of the point analyses and mapping. The points are indicated as small numbered dots on the maps. The results
of the mapping are given as the range of the pixel value at that specific spot in the map, compared to the accurate results of the point
analyses. The numbers of the points are indicated in Fig. 3(a) and (b)
Position

Ca concentration
(point) (%)

Ca concentration
(map) (%)

Sr concentration
(point) (ppm)

Sr concentration
(map) (ppm)

I

34.9
40.7
33.7
39.0
26.5

34.4
37.5
28.1
37.5
25.0

592 ± 9.0
615±1l.4
503 ± 9.5
896 ± 16.3
812 ± 13.3

625
625
500
1000
875

2
3
4
5

± 10.5

± 12.3
± 10.2
± 118
± 11.4

-

37.5
40.6
31.3
40.6
28.1

elemental maps were taken from. These points are in
dicated in Fig. 3(a) and (b) as small numbered dots. The
comparison of results of point analyses and mapping
results is shown in Table 2. The results of the mapping
are given as the range of the pixel value at that specific
spot in the map, compared to the results of the point
analyses. The results compare favourably, and the map
ping results typically agree within 10% of the accurate
point analyses. The relatively large error bars of the Ca
results are due to the 80 fim AI filter used to reduce the
yield of Ca X-rays in the spectrum.
The results of Table 1 also showed no correlated en
hancement of elements associated with pollution, such as
Pb, Br and Ag. This might be due to the relatively low
density of industries in areas with game parks, and might
indicate that the rivers are not significantly polluted with
heavy metals.



-

750
750
625
1125
1000

4.2. Point analyses

With the large variations obtained it is clear that the
analysis of single points with a small beam size would
yield erroneous results in attempting to determine the
trace element concentrations in ivory. For this reason the
beam was defocused to around 80 x 80 ~m to allow the
analysis of a more representative area of the ivory. In
addition to this, three spots were analysed per sample,
and the results averaged for final analysis. For this analy
sis a group of hippopotamus ivory was included . These
animals were all from one area, and were considered to
be a separate grouping, in addition to the elephant
groupings.
From the results in Table 1, it is clear that the localisa
tion of the ivory bearers could not be made by using one
or two elements, and that more complex multivariate
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Fig. 4. Plot of the first two axes of the correspondence analysis data showing groupings of ivory from different geographical areas.

techniques should be used to include information on
a variety of trace elements studied. The correspondence
analysis package SIMCA [16J was used to group the
results according to trace element concentration. The
elements used were Zn, Br, Sr, Sn, Pb and Ag. The results
of the statistical analysis are shown in Fig. 4. The group
ing of the ivory is shown in two dimensions which con
tain almost 90% of the inertia, with the dimensions
calculated on the basis of the trace element concentra
tions. Results from three pieces of ivory from Siberia are
not included in the statistical analysis, as they are so far
separated from the other results that they distort the
scale. In Fig. 4 these results would be about - 2.0 on
Axis 1 and 0 on Axis 2. There is a strong correlation
between the samples from the Kruger National Park and
the Addo Park. It is not impossible, however, that eleph
ants from the Kruger Park were relocated in the Addo
Park, as such actions are executed from time to time.
There is also one outlier in the Kruger Park results, that
did not conform to the tight grouping of the rest of the
Kruger Park samples. This sample, however, did not lead
to overlap with other groups.

S. Conclusions

We have shown that trace element concentrations in
ivory offer exciting results in terms of differences on
a microscale, with environmental effects, such as season,
water and plants, playing a role. It was also possible to
localise ivory from different geographical areas with the
aid of statistical correspondence analysis, showing trace

element variation on the macroscale. These results offer
new possibilities for localising ivory in trade, and might
lead to the detection of poached ivory.
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I. INTRODUCTION
Myoepithelial cells (or basket cells) were accurately described and illustrated in sali
vary, lacrimal, mammary, and sweat glands by histologists of the previous century.
They lie within the epithelial basement membrane of the secretory and terminal duc
tular portion of most exocrine glands and display a cytoplasmic organization quite
similar to smooth muscle cells. Although the structure of myoepithelial cells is agreed
upon, divergent views are held on many functional and developmental facets and their
participation in proliferative glandular disorders. These differences of opinion are the
result of nonspecific criteria which had been employed during myoepithelial identifi
cation and serve to underscore the subjectivity of conventional light and electron mi
croscopic studies. The rapidly developing fields of immunocytochemistry and immu
noelectron microscopy invalidated some long-held concepts and facilitated a surge of
advanced information on myoepithelial proliferations, especially in the neoplastic
state when definition of participating cells becomes difficult. This paper will revise
the current status of myoepithelial research, concentrating on pertinent aspects of
their development, functions, microscopic identification, and participation in pathologic
conditions of exocrine glands. For more detailed information on the structure of myoe
pithelial cells in salivary, mammary, and sweat glands, readers are referred to other
sources. 1 - 4

II. EMBRYOLOGY AND FUNCTIONS
A. Salivary Gland Myoepithelium
1. Embryology

It is generally accepted that the major and a significant number of minor salivary
glands are of ectodermal origin; the remainder is derived from entoderm. From their
respective germ layers, buds of proliferating progenitor cells extend into the adjacent
mesenchyme to form a proximal and a distal epithelial cell mass. The proximal cell
mass (excretory duct reserve cell) ultimately gives rise to the main excretory duct and
the inter and proximal intralobular ducts.
Rep ri nled from [he eRe Critical Reviews in Clinical Laboralory Sciences, Vol. 25, lssue 2, pages 16J- 193 , 4) 1987 by eRe Press, Inc.
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FIGURE 1.
tion x 200.)

A 22-week-old fetal parotid. Formation of terminal tubules. (Hematoxylin-eosin; magnifica

In the distal cell mass, an elegant process of micro filament contraction narrows the
basal portion of discrete groups of cells so that they appear to sink inwards forming
clefts.5.6 Several well-formed epithelial branches extend into the mesenchyme and each
terminates in one or more cellular bulbs. Lumen formation gives rise to terminal tub
ules (Figure 1) lined by progenitor cells which eventually differentiate into intercalated
duct cells and other specialized cells of the secretory unit. 7 Myoepithelial and secretory
epithelial differentiation, which takes place mainly during postnatal life,8 appears to
be synchronized" Most workers believe that both of these cell types lose their mitotic
capacity when fully differentiated.7.10. 11
In mature human salivary glands, the pluripotential intercalated duct cell or IDC
(also referred to as the intercalated duct reserve cell) gives rise to other IDCs, acinar
cells, striated duct cells, and myoepithelial cells.1.7·,o.'2 The excretory duct reserve cell
(or EDRC) acts as stem cell compartment for the remainder of the ductular system
(Figure 2). Clear cells which are present in the secretory unit of the submandibular
gland transform directly into myoepithelium 13 and should be regarded as an interme
diate stage in their development.
Interaction between epithelial cells of the developing salivary gland and mesenchy
mal elements, basement membrane proteins, and nerve axons appears to be of funda
mental importance during the process of morphogenesis and cytodifferentiation; epi
thelial mesenchymal contacts through the basement membrane of the developing rat
submandibular gland have been identified 14 and it has also been proven that collagen
is involved in initiating new branching points and stabilizes epithelium participating in
this process. 15 .16 Furthermore, branching morphogenesis is dependent on the presence
of extracellular basement membrane proteoglycan 17 (an acid mucopolisaccaride) and
epithelial nerve contacts have been postulated to playa role in salivary gland epithelial
differentiation. 7
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FIGURE 2. Schematic representation of the components of a human salivary gland unit. (Redrawn
from Batsakis, J. G., Tumors of the Head and Neck, Clinical and Pathological Considerations, Williams
& Wilkins, Baltimore, 1979, chap.. !. With permission.)

2. Functions
Evidence from structural and functional studies supports the belief that salivary
gIan(.1 myoepithelium has a contractile function. I 8-21 Although species differences do
exist, these cells have a dual innervation by parasympathetic as well as sympathetic
nerves and impulses from both types cause contraction. 22 . z, Synchronization of con
traction is made possible by gap junctions and overlaps between myoepithelial cell
processes. Z5 . Z6
Contraction of the stellate-shaped acinar myoepithelial cells facilitates expulsion of
secrete by rupturing "ripe" mucus cells,>1 reducing lumenal volume" and preventing
distention of acini. Z5.Z7 The acini of the rat,>S.30 rabbit,31 and African elephant (Loxo
donta africanaJ37 parotid glands which excrete a watery product are devoid of myoe
pithelial cells. This phenomenon is the most likely explanation for the lower intraductal
pressure developed by the rat parotid in comparison with that of the submandibular
gland during autonomic stimulation . 3Z The sublingual gland of the monotreme echn
ida, Tachyglossus aculeatus, which secretes an extremely viscous saliva, shows well
developed acinar myoepithelial cells, almost forming a complete muscular coat around
the endpieces. l l A similar arrangement has been demonstrated in the submandibular
salivary gland of the African elephant (Figure 3). The saliva produced by this gland is,
however, of a watery (serous) nature and factors other than the viscosity of the secrete
also appear to have a bearing on the prominence of acinar myoepithelial cells.
Acinar myoepithelial contraction may modify the concentration of saliva by decreas
ing the surface area of the secretory apparatus exposed to interstitial fluid. 2! Such an
effect would diminish loss of fluid into the tissues and is probably important when
viscid saliva has to be forced through narrow ductules in a giand. 22 Myoepithelial cilia,
projecting into invaginations in adjacent secretory cells, 11.21 .22 may act as chemorecep
tors in this regard as they have been postulated a sensory function. 21
Contraction of elongated myoepithelial cells surrounding the intercalated ducts
shortens and widens these structures,28.33.34 thereby overcoming peripheral resistance.
Extension of their processes onto the proximal regions of allied acini facilitates rigidity
and patency in glands which may become distorted by masticatory movements. 2S
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FIGURE 3. Scanning electron micrograph of acinar myoepithelium in the submandibular salivary gland
of the African elephant after removal of the basement membrane . Note the interdigitating myoepithelial cell
processes.

The role of the myoepithelial cell in transportation of metabolites to and from secre
tory cells is a controversial issue.,,·3. Basal infoldings of human submandibular sali
vary gland myoepithelium 36 and finger-like extensions on the surface of rat lacrimal
myoepithelium 37 could serve to increase the surface area 36 and pinocytotic vesicles;21 .38
positive staining for the iron binding protein ferritin 39 and high levels of alkaline phos
phatase and magnesium-dependent adenosine triphosphatase (ATPase) activity40." are
all features supporting active myoepithelial involvement in the transportation of me
tabolites involved in the secretory process. It has been pointed ou t, however, that AT
pase and adenylate cyclase activity in myoepithelial cells of the palatine glands of rats
are rather implicated in cell contraction and that the vesicle-like structures are in fact
invaginations of the plasma membrane and continuous with the extracellular space. 42
Finally, myoepithelial cells are important in the formation and maintenance of the
basement membrane. Fibronectin, laminin, and elastin are major components of base
ment membranes and are found to be produced by myoepithelial cells. 39 .43 Any epithe
lial cell in a basal location, however, could be expected to synthesize basement mem
brane components. 4.
B. Mammary Gland Myoepithelium

1. Embryology
A thickening of the ectoderm, the ectodermal ridge (or milk line), appears on the
anterior body wall during the sixth week of intrauterine development. Normally the
thickening regresses except in the pectoral region, where, during the 5th month of
intrauterine life, a group of 15 to 20 solid chords grow deeper into the subcutaneous
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(s.c.) tissue. 46 After a process of branching and lumen formation which extends
throughout juvenile life, the distal portions (or terminal buds) differentiate into two
cell types. Radioactive thymidine studies 46 have indicated that these cells represent two
distinct lineages; the outer layer ultimately develops into myoepithelium and the inner
lumenal epithelium. The early stage of differentiation of myoepithelial cells is charac
terized mainly by slight condensation of chromatin, numerous polyribosomes, and
sparse myofilaments. 47 These cells are probably identical to type I promyoepithelial
cells described on immunohistochemical grounds. 48 In a later stage of development,
myoepithelial precursors are characterized by rather well-developed ergastoplasmic cis
ternae and Golgi apparatus, association of myofilaments to form bundles, and the
appearance of dense bodies and small attachment areas. These cells are closely associ
ated with basement membrane deposits47 and correspond to the type II promyoepithe
lial cell. 48 Although a simple stem cell origin for myoepithelial and lumenal epithelial
cell types is not supported by all workers,49 in vitro tissue culture 50 and ultrastructural
studies 47 .51 favor this concept. A recent immunohistochemical investigation 48 failed to
identify cells with markers for both lineages, an indication that the long-held view of
transition between myoepithelial and lumenal epithelial cell types is incorrect.
Multiplication of stem cells, two cell-type differentiation, and cellular maturation in
the terminal bud!: are controlled by both hOfmo;1es amI t:llvirunmental factors. EstrO
gen, progesterone, insulin, relaxin, and pituitary polypeptide growth hormones stimu
late mitotic activity and facilitate extension of the ductular system.47.52-54 In males,
testosterone, that begins to be secreted in midgestation, inhibits growth and develop
ment of the ductules. 55 Hormonal factors may also playa role in selecting morphologic
cell types during stem cell differentiation. 56 Attachment of breast epithelial cells to type
IV (basement membrane) collagen is a specific environmental requirement for multi
plication and differentiation. 57-59 This process is enhanced by the presence of laminin,
a glycoprotein found in the lamina lucida of basement membranes, which binds to type
IV collagen forming a laminin-type IV collagen complex.56.58.60 Breast epithelial cells
do not grow on type I collagen 57 and collagenase-digested epithelial explants proliferate
less markedly than nonenzyme~treated duct explants. 61
Hormones released during pregnancy result in slight hyperplasia of myoepithelial
cells,62.63 followed by epithelial cell proliferation and formation of the first true lobulo
alveolar structures. 49 Before parturition lumenal cells of the acinus enlarge due to their
accumulation of secrete and myoepithelial cell processes are stretched and become thin
and tenuous. 62 Portions of the secretory epithelial cells bulge outwards and appear to
embed myoepithelial cell processes (Figure 4). The number of myoepithelial cells and
primary cytoplasmic processes per cell remains unchanged, but that of secondary and
tertiary processes increases moderately. 64.65 Myoepithelial hypertrophy ceases by the
end of pregnancy. 6.
Electron microscopic investigation of the normal female breast identified, in addi
tion to myoepithelial cells, basally located clear cells. 67 These cells were initially re
garded as variants of myoepithelium. 68 A more recent ultrastructural study, 69 however,
has proved thec1ear cells to be unrelated to epithelium and to have phagocytic capacity
with an important role in the uptake of cellular debris after lactation. This phenome
non has led Hamperpo to incorrectly hypothesize a phagocytic function for myoepi
thelium.
2. Functions
Myoepithelial contraction in the lactating female breast facilitates ejection of milk
and is triggered by oxytocin, a pituitary hormone released after mechanical stimulation
of the nipple. Specific oxytocin binding sites are present in the cytoplasmic membranes
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FIGURE 4. Scanning electron micrograph of acinar myoepithelial cells in the lactating mammary
gland of the African elephant after removal of the basement membrane. 'Note acinar enlargement,
stretching of myoepithelial processes, and outward bulging·ofportions of secretory cells.

of isolated myoepithelial cells,71 and due to close intercellular contact, stimulation
leads to contraction of a functional syncitium ofcells. '2 Oxytocin receptor affinity and
availability appear to be modified by the presence of certain metal ions.1t Myoepithe
lial sensitivity increases with pregnancy and is the greatest postpartum. This is the
result of an increase in the number of receptor sites on hypertrophied and elongated
myoepithelial cells of the lactating breast. Elevation ofmyoepithelial oxytocin receptor
concentration appears to persist afterpostlactationinvolution, a phenomenon which
facilitates removal of dead secretory epithelial cells by myoepithelial contraction. 11
Furthermore,duringpostlactation involution, myoepithelial cells are more resistant to
degeneration than secretory epithelium and apparently play an important role in main
taining structural integrity of the acinus. '3 The terminal ductules, around which myoe
'pithelia:IceUs are arranged longitudinally, have been shown to widen and shorten in
response to oxytocin at a state of involution when degenerating alveoli no longer se
crete milk. 33 This dilatation reduces the chance of ductular obstruction during passage
of cellular debris.
The myoepithelial cell membrane forms part of the hypothetic epithelial stromal
junction (ESJ) of the mammary gland which consists of the plasma membranes of
epithelial and myoepithelial cells, intercellular substance, basement membrane, adja
cent fibrillar connective tissue, and a layer of delimiting fibroblasts. " Transport of
metabolites to and from secretory cells is mediated by the ESJ. The concentration of
alkaline phosphatase, an enzyme .implicated in the transport of substances over cell
membranes, was. demonstrated to be ten times greater in myoepithelial cells than in
purified lumenal epithelium.1'1 In addition, the presence of transferrin 's and frequent
pinocytotic vesicles 69 appears to be more than adequate for myoepithelial cell metabo
lism especially if their relatively low anabolic requirement (proven by the scanty cyto
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Transmission electron micrograph of a cultured rat mammary myoepithelial cell cilium.

plasmic o.rganelles) is taken into. acco.unt. Mo.rpho.lo.gic evidence therefo.re indicates
that myo.epitheliai cells may in fact participate in the transPo.rtatio.n o.f metabo.lites to.
and fro.m secreto.ry cells . Plasmalemmal interdigitatio.ns and micro.villi o.n surfaces in
co.ntact with adjacent secreto.ry cells 69 may serve to. enlarge the cell-to.-cell co.ntact area,
a feature whichco.uld increase the effectiveness o.f a pro.Po.sed transPo.rt mechariism .
Myo.epitheliai cells synthesize fibronectin, laminin, and co.llagen type IV59.76 and are
pro.bably resPo.nsible fo.r the pro.ductio.n o.f mo.st o.f the epithelial basement membrane
o.f the breast. 59 .76-79 As indicated earlier, basement membrane co.mpo.nents are neces
sary no.t o.nly fo.r gro.wth and differentiatio.n, but also. mammary cell survival. 80 Accu
mulatio.n o.f basement membrane depo.sits seen in the lactating mammary gland is evi
dence o.f increased myo.epitheliai metabo.lic activity. On the o.ther hand, degeneratio.n
o.f the basement membrane in the invo.luting gland is a sign o.f decreased myo.epitheliai
anabo.lism 77 and leads to. a loss o.f secretory epithelial cell viability. 59
The functio.n o.f myo.epitheliai cilia (Figure 5), which are in clo.se co.ntact with secre
tory epithelial cells, is speculative. They may act as mechano.- o.r even chemo.receptors
and initiate co.ntractio.n UPo.n stimulatio.n. 81
C. Sweat Gland Myo.epithelium
1. Embryology
The stratum germinativum .o.f the embryo.nai skin differentiates into. three distinct
pro.genito.r cell Po.Pulatio.ns. The basal cells give rise to. the keratinizing epidermis, pri
mary epithelial germs to. hair fo.llicles, sebaceo.us glands and apo.crine glands and ec
crine gland germs to. eccrine glands. 82 Of all these structures, o.nly the secreto.ry por
tio.ns o.f apo.crine 4 . 83 and eccrine glands 84 co.ntain myo.epitheliai cells.
Bo.th primary epithelial and eccrine gland germs initially co.nsist of crowding o.f
deeply baso.phylic cells in the basal layer o.f the epidermis. Proliferatio.n o.f these cells
gives rise to. So.lid epithelial buds which protrude into. the dermis. 82
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Transmission electron micrograph of a cultured rat mammary myoepithelial cell cilium.

plasmic organelles) is taken into account. Morphologic evidence therefore indicates
that myoepithelial cells may in fact participate in the transportation of metabolites to
and from secretory cells. Plasmalemmal interdigitations and microvilli on surfaces in
contact with adjacent secretory cells 69 may serve to enlarge the cell-to-cell contact area,
a feature which could increase the effectiveness of a proposed transport mechanism.
Myoepithelial cells synthesize fibronectin, laminin, and collagen type IV59.76 and are
probably responsible for the production of most of the epithelial basement membrane
of the breast.59.76.79 As indicated earlier, basement membrane components are neces
sary not only for growth and differentiation, bULalso mammary cell survival. 80 Accu
mulation of basement membrane deposits seen in the lactating mammary gland is evi
dence of increased myoepithelial metabolic activity. On the other hand, degeneration
of the basement membrane in the involuting gland is a sign of decreased myoepithelial
anabolism 77 and leads to a loss of secretory epithelial cell viability ~ 59
The function of myoepithelial cilia (Figure 5), which are in close contact with secre
tory epithelial cells, is speculative. They may act as mechano- or even chemoreceptors
and initiate contraction upon stimu1ation. 81
C. Sweat Gland Myoepithelium
1. Embryology
The stratum germinativum .of the embryonal skin differentiates into three distinct
progenitor cell populations. The basal cells give rise to the keratinizing epidermis, pri
mary epithelial germs to hair follicles, sebaceous glands and apocrine glands and ec
crine gland germs to eccrine glands. 82 Of all these structures, only the secretory por
tions of apocrine 4 . 83 and eccrine glands 84 contain myoepithelial cells.
Both primary epithelial and eccrine gland germs initially consist of crowding of
deeply basophylic cells in the basal layer of the epidermis. Proliferation of these cells
gives rise to solid epithelial buds which protrude into the dermis. 82
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At 16 weeks of gestation, the distal tip of the solid eccrine gland anlagen begins to
form a coil in the dermis and lumen formation takes place by separation of desmoso
mal attachments . 85 The primitive tubular structure is lined at this stage by an inner
(lumenal) and outer (basal) cell layer. The outer cells of the distal coiled portion give
rise to secretory epithelium and small pyramidal-shaped cells wedged in between the
basal portions of secretory epithelial cells. 86 These cells develop myoepithelial charac
teristics at 22 weeks of embryonal age. 85 At birth, most eccrine glands seem to have
completed development and resemble that of the adult. 82 Regenerative capacity of ec
crine secretory and myoepithelial cells resides in scattered germinal cells in the secretory
segment of the gland. 87
In apocrine glands, which only become fully developed at puberty, myoepithelial
cells appear to originate from basal cells of the terminal portion of the intradermal
duct. Myoepithelial cell numbers increase gradually towards the secretory portion of
the gland where all mitotic activity ceases. 83

2. Functions
Myoepithelial cells are exclusive to the secretory portion of eccrine and apocrine
glands and it therefore does not seem unreasonable to postulate their participation in
the formation or propulsion of sweat. Furthermore, the smooth muscle-like features
of myoepithelium and firm attachment to secretory epithelium 84 support a contractile
function. Myoepithelial contraction appears to be responsible for the pulsatile nature
of low-grade sweating 88 and peristaltic contractile waves have been identified in apo
crine myoepithelial cells after mechanical, neural, and hormonal stimulation. 89 Myoe
pithelial contraction also influences the composition of the secrete by altering the pore
size of the membranes of secretory cells. 88 Moreover, myoepithelial cell processes de
crease in diameter during contraction, a phenomenon which may open wide gaps al
lowing interstitial fluid to come in direct contact with secretory cells! Alkaline phos
phatase in apocrine myoepithelium 83 and eccrine myoepithelium 3.87 ,9o and ATPase 3,9o
and micropinocytotic vesicles 90 in eccrine myoepithelium are probably associated with
active transport of metabolites to secretory cells (these enzymes are also present in
capillary endothelium 87 which are known to have a transport function). Complex fold
ings of the plasma membrane of myoepithelial cells 83 increase their surface area and
could playa role in improving the efficiency of a hypothetic transport mechanism.
Most electron microscopic studies failed to identify secretory activity in cells with
myoepithelial features! ,83.85 invalidating a previously held concept of transition be
tween myoepithelial and secretory epithelial cell types. 84

III. MYOEPITHELIAL IDENTIFICATION
Although myoepithelial cells are recognized with difficulty in routine paraffin sec
tions, their location in the terminal portion of most exocrine glands (Figure 6) makes
reliable identification possible. The value of reports postulating myoepithelial differ
entiation in pathologic conditions where all landmarks are lost depends to a great ex
tent on the criteria applied during their characterization. Publications dealing with
myoepithelial differentiation in pathologic conditions require careful scrutiny in this
respect.
The three principle light microscopic presentations of myoepithelial cells in patho
logic conditions of salivary glands are reported to be hyaline or plasmacytoid (Figure
7), fibroblastic or myoid (Figure 8), and epithelial-like. 91 The latter often appears as
mucin-negative glycogen-rich clear cells (Figure 9). It should be noted that clear cells
unrelated to myoepithelium are often found in a number of definable salivary gland
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FIGURE 6. Myoepithelial cell (M) located beneath the epithelial basement membrane (B) of the parotid
gland of the African buffalo (Syncerus caffir). Note the fibroblast (F) located on the mesenchymal aspect of
the basement membrane. (Hematoxylin-eosin; magnification x 1250.)

FIGURE 7. Plasmacytoid-type myoepithelial differentation, pleomorphic adenoma of the palate. (Hema
toxylin-eosin; magnification x 300.)
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FIGURE 8. Fibroblastic (myoid)-type myoepithelial differentiation, pleomorphic adenoma of the parotid.
Note ductular differentiation. (Hematoxylin-eosin; magnification x 300.)

FIGURE 9. Epithelial-like or clear cell-type myoepithelial differentiation, pleomorphic adenoma of the
parotid. (Hematoxylin-eosin; magnification x 300.)
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tumors of which mucous clear cells in mucoepidermoid tumors and sebaceous clear
cells in sebaceous lymphadenomas are only two examples. 92 Furthermore, plasmacy
toid (or hyaline cell) differentiation is not uncommon in tumors unrelated to myoepi
thelium 93 and various mesenchymal proliferations may give rise to cells with fibro
blastic or myoid features.
Ultrastructurally, cytoplasmic myofilaments are present in myoepithelial cells,
smooth muscle cells, and myofibroblasts. Frequent participation of the latter cell type
in pathologic conditions of the breast 94 has led to erroneous reports postulating myoe
pithelial involvement. In contrast to myoepithelium, myofibroblasts stain positive for
collagen type lIps and vim entin, a marker protein for cells of mesenchymal origin. 96
All eukaryotic cells contain contractile proteins 97 and neoplastic change is usually as
sociated with a sharp increase in their concentration. 98 Furthermore, myofilaments in
myoepithelial cells have been reported to exhibit features similar to tonofilaments in
epithelial cells, S1.99 an additional source of confusion on the ultrastructural level. 2
Positive enzyme histochemical reactions for alkaline phosphatase, acid phosphatase,
and ATPase were regarded by many as characteristic of myoepithelium. Their presence
is of limited value and should not be accepted as exclusive to myoepithelial cells. Al
kaline phosphatase activity is also localized in the plasma membranes of endothelium
engaged in active transpoit/°o.lol acid phosphatase has been demonstrated in myoepi
thelial cells, secretory epithelium of involuting rat mammary glands, and capillary en
dothelium,102 and magnesium-dependent ATPase activity is found in both secretory
epithelial and myoepithelial cells of rat mammary glands. A second type of ATPase
activity, which is not magnesium but sodium and potassium dependent, appears to be
an exclusive feature of rat mammary myoepithelial cells. l03 Species differences in the
distribution of enzymes in salivary gland myoepithelium appear to make animal studies
meaningless; the alkaline phosphatase reaction is useful in salivary gland myoepithelial
identification in the cat and rat, but not in man, dog, or opossum, while the ATPase
reaction is useful in man, but not in the cat or dog.24.28 .104
Immunochemical typing of cytoplasmic filaments has aided myoepithelial identifi
cation. Archer and Kao, lOS Archer et al.,<5 and others 4 4.106 demonstrated the presence
of myosin and actomyosin related proteins in myoepithelial cells of human salivary,
sweat, and mammary glands. The use of antiactin antibodies in salivary myoepithelial
identification has been questioned as it appears that although the antibody stains
myoepithelial cells, it is not sufficient to differentiate clearly between myoepithelial
and duct epithelial cells of normal salivary glands. 44 Identification of myosin appears
to be more specific. The presence of this micro filament, however, is by no means
exclusive to salivary myoepithelium, as it is found in a wide range of cells, including
nonmuscle cells of epithelial origin and their tumors.107.108 In the human female breast,
myoepithelial cells are distinguished from mature lumenal.epithelium by staining pos
itive with antibodies to myosin and actin 77.1os. 109.1I0 and by staining negative with an
tim ilk protein antibodies. 48 Intermediate-sized cytoplasmic filaments of the cytokeratin
type in salivary"I.112 and mammary77.109.110 myoepithelia and the demonstration of
basement membrane proteins, the production of which has already been referred to,
are useful immunocytochemical aids in improving the reliability of myoepithelial iden
tification. In addition, S 100 protein has been reported to be a marker for myoepithelial
cells in normal and neoplastic salivary glands l13 (Figure 10), sweat glands, and mam
mary glands. 11. Immunoelectron microscopyll3 showed that S100b protein is distrib
uted on the membrane of the endoplasmic reticulum and the outer nuclear membrane
of salivary gland myoepithelial cells. This seems to indicate that the protein is produced
by myoepithelial cells themselves.
The foregoing discussion emphasizes that myoepithelial cells share features in com
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FIGURE 10. SlOOb positive cells (arrows) embedded in cartilagenous deposits in a pleomorphic adenoma.
(Peroxidase antiperoxidase technique; magnification x 400.)

mon with other cell types. Reliable proof of their presence in pathologic conditions is
therefore best achieved by a combination of structural, histochemical, and immuno
cytochemical techniques.

IV. MYOEPITHELIAL PROLIFERATIONS
A. Salivary Glands

1. Nonneoplastic Conditions
The bulk of research on salivary gland myoepithelial proliferations is focused on
neoplasms and very little is subsequently known of myoepithelial participation in non
neoplastic conditions.
Emmelin et al. '1S found architectural changes affecting myoepithelial cells of the
parotid and submandibular glands of cats after ductal ligation. Processes of myoepi
thelial cells protruded into the interstitial spaces, giving rise to bizarre appearances. In
addition, folds of basal lamina tended to be aggregated, especially around protruber
ant parts of myoepithelial cells thereby increasing the space between their cell mem
branes and nerve endings. This probably reduces neuroeffector efficiency and together
with the mechanical disadvantage of the altered arrangement of myoepithelial cells
helps to explain the modified intraductal pressure responses that occurred after stimu
lation. Ensuing increase in the intraductal pressure when inducing secretion often
caused ballooning disruption of the first parts of the striated ducts which lack support
by myoepithelial cells. 22 It is not yet known whether a similar mechanism has any
bearing on human sialectasis. Alkaline phosphatase, when present, tends to be lost
from myoepithelial cells by the time that extensive parenchymal atrophy has occurred
after ductal obstruction.
The diagnostic terms, lymphoepithelial lesion, chronic recurrent (punctate) sialad
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FIGURE II. Epimyoepithelial island in a benign lymphoepithelial lesion of the parotid. (Hematoxylin
eosin; magnification x 200.)

enitis, sicca syndrome, and Sjogren's syndrome, share nearly common histopathologic
changes characterized by a lymphoreticular cell proliferation associated with atrophy
of the parenchyma and ductal changes ending in so-called "epimyoepithelial islands"
(Figure 11). These islands are formed by metaplastic proliferation of ductal epithelium
accompanied by myoepithelial cells. Controversy exists on the prominence of the latter
cell type. Some workers believe myoepithelial cells to be few in number and located
around the periphery of the islands. 117 The majority, however, agrees that myoepithe
lial cells are prominent and form an integral part of the epimyoepithelial islands!,s.1l9
This controversy emphasizes the difficulty in identifying myoepithelial cells in a state
other than normal.

2. Neoplastic Conditions
It is generally accepted that the basal cells of the excretory duct (or EDRC) and the
intercalated duct cells (or IDC) act as stem cell compartments for the more differen
tiated portions of salivary-type glands both during the later stages of development and
in the mature gland. The EDRC gives rise to columnar and squamous cells of the
excretory duct and the IDC gives rise to acinar cells, other intercalated duct cells,
striated duct cells, and myoepithelial cells.'·120.121 It is important to note that of the two
stem cells, only the IDC has the potential to differentiate into myoepithelial and acinar
cells (Figure 12).
The bicellular theory on the histogenesis of salivary gland neoplasms, initially pro
posed by Eversole 122 and recently modified by Regezi and Batsakis' 20 and Batsakis, 121
divides these lesions into two groups, based on the stem cell population of origin.
Depending on where on the curve of differentiation an oncogenic stimulus acts, the
IDC population is the epithelial source for adenoid cystic carcinomas, acinous cell
carcinomas, monomorphic adenomas, mixed tumors, and some of the ductal carcino
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FIGURE 12. Epithelium of the intercalated duct (IDC) indicating its relationship to myoepithelial cells (M)
and secretory epithelial cells (S) in the parotid gland of the African buffalo. (Toluidine blue stain; magnifi
cation x 1000.)

mas. 121. 123-'25 Theoretically, most of these tumors and even some monomorphic aden
omas may, to a greater or lesser extent, contain myoepithelial cells. 126 The possibility
of myoepithelial differentiation on the other hand should, according to this theory,
not be considered in tumors that arise from the EDRC (mucoepidermoid carcinomas,
papillary mucinous adenocarcinomas, and primary salivary squamous carcinomas). 9'
If the reserve epithelial cell populations of salivary glands are accepted as the pro
genitor for salivary gland neoplasms, what is the significance of myoepithelial differ
entiation? Although this question remains greatly unanswered, it should be noted that
in the sister exocrine gland, the pancreas, which lacks myoepithelial cells, the variety
and diversity of salivary gland neoplasms are absent. 123 Implication, however, is not
proof and the deficient evidence on myoepithelial differentiation in neoplasms is in
part the result of the difficulty in recognizing myoepithelial cells with certainty.

a. Mixed Tumor
In the past, a variety of cellular differentiation pathways have been proposed to
account for the derivation of mixed tumors. Throughout recent years, the mixed epi
thelial mesenchymal theory of origin ,27 has lost ground and differentiation of neoplas
tic myoepithelial cells in these tumors has been proven beyond doubt. '28.129 Although
duct cells are the major component of mixed tumors,'4.130.131 a variety of epithelial cell
types .participate, ranging from secretory epithelial cells at one end of the spectrum to
myoepithelium at the other with less-differentiated cells in between. 39 ,41,1J2 This spec
trum corresponds to the differentiation potential of the IDC",'2o,'2' In addition, a
histogenetic link has been proposed between the IDC and epithelial component of pleo
morphic adenomas after detecting lysozyme and lactoferrin in both cell types , 133 Mixed
tumors therefore probably represent neoplastic transformation of the IDCI2O,'34 and
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form a central and major component of a class of epithelial neoplasms with mono
morphic adenomas (constituted entirely of ductal or excretory cells) at one pole of the
spectrum and myoepitheliomas (constituted entirely of myoepithelial cells) at the
other.120.13S
The phenotypic expression of myoepithelial differentiation in mixed tumors may be
hyaline (or plasmacytoid)136 (Figure 7), fibroblastic (or myoid)91 (Figure 8), or that of
mucin-negative glycogen-rich clear cells 92 (Figure 9). Some cellular mixed tumors,
sparse in myoepithelial cells, resemble monomorphic adenomas in appearance. In
other examples, the bulk of the. lesion is largely composed of myoepithelial cells and
stroma, Le., a mixed tumor with myoepithelial dominance. These lesions are often
misinterpreted as. mesenchymal neoplasms. 137
Much of the debate on the histogenesis of mixed tumors has centered around the
identity of characteristic myxoid, chondroid, osteoid, elastic, and fibrous interstitial
deposits. It has been investigated chemically, histochemically, and ultrastructurally
and in tissue cultures. The mesenchymal nature of these deposits has been proven be
yond doubt 138 · 139 and evidence on myoepithelial participation in their production has
accumulated.'9.43.120.128.138-141 Some of the spindle-shaped cells, often associated with
stromal deposits, were found to react positively with immunochemical stains for S100
protein113.129.142 (Figure 10), microfilaments of-the myosin and actin type129.143 and in
termediate-sized filaments of the prekeratin type,112.144 characteristics not short from
proving myoepithelial differentiation. In addition, these cells display a positive vim en
tin stainJ9.IJ2.144,145 which can be regarded as immunochemical evidence of mesenchy
mal conversation, a phenomenon proved in other epithelial-derived cell lines. 146 This
finding introduces new concepts with regard to the mixed nature of these tumors,
among which an origin from cells which is characterized by prekeratin filaments, but
which after neoplastic transformation acquires the ability to produce vimentin fila
ments, were suggested,144 a proposal not far separated from an earlier theory postulat
ing mesenchymal metaplasia of neoplastic myoepithelium.7o.120.141 Since myoepithelial
cells already exhibit features of smooth muscle, neoplastic change. may expose other
mesenchymal characteristics. 120
Myoepithelial participation in malignant mixed tumors has not yet been determined.
Metastatic deposits of these rare lesions contain tissues of epithelial and mesenchymal
nature (either as a homologue of a benign appearing mixed tumor or a carcinosar
coma). This could lead one to hypothesize that although the neoplastic cells undergo
malignant transformation (i.e., develop metastatic potential), a relatively high level of
cytodifferentiation is responsible for the "mixed" features of the. malignancy. Meta
static deposits should therefore contain epithelial and myoepithelial cells and mesen
chymal interstitial deposits related to the latter cell type. However, whether a direct
parallel could be drawn between benign and. malignant mixed tumors remains to be
proven.

b. Myoepithelioma
Myoepitheliomas are histogenetically related . to mixed tumors as both lesions origi
nate from IDes. 120 ,147 It is extremely rare for these tumors to occur in a pure (mono
morphic) form l48 and a diagnosis of myoepithelioma should only be made in the ab
sence of chondroid interstitial deposits and/or conspicuous epithelial differentiation
usually in the form of ducts. Pure myoepitheliomas are composed primarily of spindle
shaped cells, plasmacytoid (hyaline) cells (Figure 13), or a combination of the two cell
types; stellate and clear <:eli variants are less common. 147 The neoplastic cells in these
tumors have been shown to possess synthetic and secretory activityl49 and are.capable
of producing connective tissue mucins. ISO A total of 39 of the 41 myoepitheliomas of
the head and neck reported in the English literature are benign with a behavior and
postoperative recurrence rate similar to that of mixed tumors.!47
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FIGURE 13 . Plasmacytoid myoepithelioma of the palate. Note the extensive plasmacytoid differentiation
of neoplastic myoepithelial cells. (Hematoxylin-eosin; magnification x 200.)

c. Adenoid Cystic Carcinoma
Although adenoid cystic carcinomas occur more commonly in salivary glands, tu
mors with this growth pattern have been recognized in other organs including the trach
eobronchial tree, nasal cavity, paranasal sinuses and larynx, breast, uterine, cervix,
Bartholins gland, lacrimal gland, skin, and prostate. Participation of myoepithelial
cells in adenoid cystic carcinomas was initially emphasized by Bauer and FOX,ISI who
introduced the term "adenomyoepithelioma". Although this concept was initially sup
ported,152 a few ultrastructural reports failed to identify myoepithelial differentiation
in these tumors. 1S3 · 1S4 This failure could be related to embedding artifacts or poorly
differentiated features of the tumors studied as recent ultrastructural, 155-151 histochem
ical,15,:5.151 and immunofluorescent'5. investigations support myoepithelial differentia
tion in adenoid cystic carcinoma. Hoshino and Yamamoto 155 go further and consider
the myoepithelial cell to be responsible for the high recurrence rate after radiation. The
characteristic pseudocysts (Figure 14) are extracellular spaces containing connective
tissue mucins, multilayered basement membrane material, 138.156.159 and elastic tissue. 160
These spaces are lined by cells exhibiting cytoplasmic filaments of the actin and keratin
types and produce basement membrane collagen type IV, 158 features sufficient for pos
itive myoepithelial identification. Similar deposits surround nests of tumor cells and
account for the so-called cylindromatous appearance of one of the forms of adenoid
cystic carcinoma. 161 The second cell type in adenoid cystic carcinoma forms true acinar
structures and is of a secretory epithelial nature.155.156.158 Myoepithelial and secretory
epithelial differentiation producing epithelial and connective tissue mucins, respec
tively,159 are hallmarks of these tumors. These cells correspond to the differentiation
potential of the IDe, from which the origin of salivary gland adenoid cystic carcino
mas has been postulated. 15.
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FIGURE 14. Pseudocysts containing basement membrane-like material. (Adenoid cystic carcinoma, PAS
stain; magnification x 200.)

d. Epithelial-Myoepithelial Carcinoma
Primary malignant tumors of IDC origin not only include adenoid cystic carcinomas
and malignant mixed tumors, bu t also a recently described en ti ty, epi thelial
myoepithelial'6l or tubular 91 carcinoma. These lesions have a bicellular histologic com
position, with variable proportions of the two cell types evident from case to case as
well as within the same lesion!' ,16) Characteristically, dark cells with few cytoplasmic
organelles (resembling IDCs) from the inner layer of ductular structures and clear cells
rich in glycogen (myoepithelial differentiation) form the outer layer 91 ,16l (Figure 15). A
distinctive interepithelial hyaline-like ground substance separates the double-layered
ducts.91 The appearance of a dual population of cells is expressive of a dichotomatous
differentiation pattern of a common precursor. the IDC.163 The complex growth pat
tern and stromal complexity of the mixed tumor, however, are not seen in the epithe
lial-myoepithelial carcinoma. 16 ) Analogous cases have been described in the literature
under a variety of names. including tubular solid adenoma. 164 cystic adenoma,165 ad
enomyoepithelioma,7o.166 clear cell adenoma,'67 and glycogen-rich adenoma. 16B Recent
publications I62 ,169.17o clearly point to the strong probability that the majority. if not all
of the nonmucinous clear cell tumors of the major and minor salivary glands, are at
least low-grade carcinomas. Although epithelial-myoepithelial carcinoma exhibits a
high degree of cellular differentiation. it is considered to be malignant because of its
infiltrative and destructive growth pattern, multifocal growth tendency. perineural in
volvement with remote metastasis, frequent recurrences, and foci of necrosis. 92 ,162

e. Lobular Carcinoma of Minor Salivary Glands
Although this tumor has been referred to in the past as "polymorphous low-grade
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FIGURE 15 . Epithelial-myoepithelial carcinoma, parotid. Tubular structures exhibiting two cell-type dif
ferentiation. Note the hyaline-like basement membrane interfacing with the clear cell component of the
tumor. (Hematoxylin-eosin; .magnification x 250.)

adenocarcinoma of minor salivary gland origin" 171 or "terminal duct carcinoma", 125
lobular carcinoma 172 . 113 appears to be the most appropriate designation as the micro
scopic appearance of the lesion calls to mind that of mammary lobular carcinoma.
Salivary gland lobular carcinomas occur most frequently on the palate i13 and are likely
related to the clear cell class of salivary gland neoplasia,92 specifically the epithelial
myoepithelial carcinoma of intercalated duct cell origin. '25 The peripheral clear cell,
often glycogen-rich, mantle distinguishes the latter neoplasm from lobular carcinoma
which consists of duct-like structures often surrounded by spindle-shaped cells ar
. ranged ina characteristic lobular configuration. Only a small number.. of these neo ~
plasms have been reported '73 and their clinical course appears to be akin to that of
adenoid cystic carcinomas, with neural invasion as a prominent feature. '25 Whether
they represent histopathologic variants of adenoid cystic carcinomas, however, cannot
be confirmed yet. Although a mucohyaline stromal element, faintly reminiscent of the
myxoidchange in pleomorphic adenomas, is seen in many lobular carcinomas, myoe
pithelial differentiation has not yet been proven beyond doubt. The elongated appear
ance of some cells appears to be the result of stromal compression ofa single cell type
rather than an expression of biphasic cellularity. 173
B. Mammary Glands

1. Nonneoplastic Conditions
Proliferation of myoepithelial cells has been identified in breast tissue of elderly
females, especially in cases of senile involution where glandular atrophy and hyalini
zation of the fibrous stroma is evident. '74 Groups or "rosettes" of myoepithelial cells
with a clear vacuolated cytoplasm are initially seen on the periphery of the ductules. '75

" . .i
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FIGURE 16. Ductular hyperplasia in the early stage of gynecomastia. Note the prominent peripheral flat
tened myoepithelial cell layer, the cytoplasm of which stains granular with antimyo sin serum (arrows). (In
direct immunofluorescence; magnification x 400.)

It has been reported that in some cases glandular structures disappear, resulting in the

formation of nests of hyperchromatic densely packed spindle cells, interpreted as
myoepithelium, in a dense fibrous stroma. 174 Experimentally, changes similar to senile
involution have been induced by blocking basement membrane collagen (type IV) for
mation by myoepithelial cells. 8 0 In the quiescent stage of gynecomastia, when ductular
atrophy and fibrosis occurs, myoepithelial cells appear to persist longer than lumenal
epithelium,176 supporting the concept of pure myoepithelial islands in breast conditions
characterized by fibrosis and atrophy. In the early (florid) stage of gynecomastia, hy
peresterinism probably induces ductular hyperplasia (Figure 16).'71 Myoepithelial cells
may either proliferate alone, forming projections into the periductule connective tis
sue, or together , with lumenal epithelium leading to intraductal epithelial growth. 176
Focal hyperplasia of myoepithelial cells has been demonstrated in cystic disease of
the breasP74,17s and it has been postulated that these cells play an important role in
initiating the condition. I78 Ultrastructural examination and alkaline and acid phos
phatase stains identified stretched myoepithelial cells mainly in the walls of small and
medium-sized cysts. 179 . 180 In areas of apocrine (oncocytic) metaplasia, basally located
myoepithelial cells were reported to be quite conspicuous, with well-developed myofi
laments 2 and increased numbers of mitochondria,181 the significance of which appears
to be speculative.
Various morphologic types of periductal myoepithelial proliferations have been re
viewed by Hamper!. 70 Circumscribed hyperplasia of myoepithelial cells in the lining of
a duct may either protrude outwards (centrifugal) or inwards (cetripetal) and both
forms occur in gynecomastia. Diffuse hyperplasia of myoepithelial cells is occasionally
associated with partial or circumferential basement membrane deposits, the latter lead
ing to so-called "cylindromatous transformation". The occurrence of diffuse myoe
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pithelial proliferations in chronic mastopathies is an indication that the extent of hy
perplasia is not an indication of the type, but rather the stage of a proliferative breast
disease .

2. Neoplastic Conditions
Although a myoepithelial histogenesis has been suggested for certain fibrosarcomas,
osteosarcomas, and carcinosarcomas of the breast, 70 all cases studied lack convincing
evidence of myoepithelial participation. Only neoplasms in which myoepithelial differ
entiation has been proved beyond doubt will subsequently be discussed.

a. Intraductal Epithelial Proliferations
Epitheliosis (benign intraductal epithelial proliferation) is often difficult to distin
guish microscopically from ductal carcinoma in situ. This indecision is reflected by the
designation "atypical hyperplasia". Ahmed 179 found that ductal epitheliosis is com
prised principally of myoepithelial cells and regarded it as an important distinguishing
feature from carcinoma . It should be pointed out that the positive enzyme histochem
ical reactions which he utilized as confirmatory evidence of the principal myoepithelial
nature of epitheliosis lack specificity . Only an occasional myoepithelial cell could be
demonstrated ultrastructurally in typical epitheliosis by Fischer,' substantiating the in
accuracy in Ahmed's description . A recent study, utilizing immunological markers,
identified an intact basement membrane and normal peripherally located myoepithelial
cells in epitheliosis.l0 9 In addition, the intralumenal proliferation was found to consist
of a major epithelial and minor myoepithelial component. Distinction between epithe
liosis and intraduct carcinoma on the myoepithelial cell component appears to be more
pragmatic than real and pathologists should rather utilize other cardinal criteria which
have proved to be diagnostic.1 82 However, loss of definition of the basement mem
brane, discontinuities in the myoepithelial cell layer, and an epithelial rather than
myoepithelial cell type seem to favor a diagnosis of carcinoma in situ. 78 ,99,109,183,184
Another pitfall in diagnostic histopathology is the interpretation of papillary lesions
of the breast. Two cell-type differentiation is for practical purposes a feature of
papillomas"o and statements by various authors that myoepithelial differentiation is
present in papillary carcinomas should be rejected as these studies utilized nonspecific
techniques and applied doubtful criteria during myoepithelial identification. Immu
nocytochemical methods for epithelial and myoepithelial cell markers employed on
fixed and paraffin-embedded tissue ,09 offer the best potential in distinguishing benign
from malignant papillary lesions of the breast. 110

b. Ductal Carcinoma
Cellular differentiation in infiltrating ductal carcinomas is predominantly towards
cells with epithelial as opposed to myoepithelial characteristics. l09,185 Analogies can
perhaps be drawn with rat mammary tumors where neoplastic cells with a common
ancestry are capable of differentiating into more than one morphologic cell type .'6 The
selection of differentiating patterns appears to be related to clonal, environmental,
and!or hormonal factors influencing variation in gene expression. 5 6.109 Myoepithelial
cell differentiation in some infiltrating breast carcinomas is supported by immunohis
tochemical identification of scattered laminin positive cells '86 and cells staining with
antimyosin antibodies. ,o7 Experimental studies have indicated that laminin may pro
mote the attachment of neoplastic cells to subendothelial basement membrane proteins
during the process of metastatic spread 188 and identification of lymph nodal micro met
astasis is facilited by staining for laminin. 186 The degree of myoepithelial differentia
tion and presence of extracellular basement membrane deposits appear to be related to
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Scirrhous carcinoma, female breast. (Hematoxylin-eosin; magnification x 150.)

the differentiation of the neoplasm: in better differentiated lesions, positive staining
for basement membrane proteins is present iB6 and the number of cells with myoepithe
lial features appears increased. iB •. i•e Loss of basement membrane in poorly differen
tiated tumors could be related to the production of plasminogen activators resulting in
proteolytic degradation. 19i As already pointed out, care should be taken not to inter
pret stromal myofibroblasts, a prominent component in scirrhous carcinomas (Figure
17), as myoepithelial in origin.

c. Lobular Carcinoma
In an immunocheinical and ultrastructural study of five cases of lobular carcinoma
in situ,191 the orientation of myoepithelial cells appeared to identify three distinct
phases of the disease: in an early stage, myoepithelial cells exhibited the classic periph
eral arrangement. In other cases, they appeared perpendicular to the basement mem
brane and showed several cytoplasmic projections extending between the neoplastic
cells. One advanced case, associated with infiltrative carcinoma, exhibited myoepithe
lial cells diffusely dispersed among neoplastic cells that filled the ductules. This change
in myoepithelial orientation and distribution indicates a process of myoepithelial hy
perplasia and migration (tumoral colonization) analogous to that of nonneoplastic me
lanocytes colonizing infiltrative breast carcinomai.3 or basal cell carcinomas of the
skin ' •4 and could identify a preinvasive stage of lobular carcinoma in situ.'92 Further
more, in light of the supportive nutritional function of myoepithelial cells, hyperplasia
may be related to the increased nutritional requirement of the fast-proliferating neo
plastic epithelial cells!9.195 Secretory epithelial differentiation was proven both
uitrastructurally99.J96 and immunochemically'96, 197 in infiltrating lobular carcinoma, in
validating the long-held view that this neoplasm was primarily of myoepithelial origin.
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d. Fibroadenoma, Sclerosing Adenosis, and Phylloides Tumor
In fibroadenoma, sclerosing adenosis, and phylloides tumor, myoepithelial cells are
generally arranged in a single layer, though multilayering is not infrequent.78.178 .•98 The
basal portion of myoepithelial cells often appears markedly undulated with long finger
like projections referred to as "budding". In sclerosing adenosis, the number of acini
initially increases and then develops through a series of phases in which myoepithelial
cells play an ever increasing role, until the epithelial elements become compressed and
myoepithelial cells take on a spindle morphology!09 Apparent bridging of myoepithe
lial cells from one ductule to the other may also be observed. 78
Multiple layering of myoepithelial. cells appears rather characteristic of well-differ
entiated proliferative disease processes .•83 It is not surprising to find reduplication of
the basement membrane in such areas, as myoepithelial cells are, as already pointed
out, responsible for production of basement membrane proteins. Peripherally located
myoepithelial cells resting on a delimiting basement membrane are, however, not a
feature of all benign epithelial breast lesions. Microglandular adenosis, a tumor often
misinterpreted as tubular carcinoma, can be distinguished from other forms of aden
osis by the absence of myoepithelial cells and basement membrane deposits .•99

e. Mixed Tumor
Mixed adenomas (salivary type) of the human female breast are very rare and only
a few undisputed cases have been reported. The histogenesis is apparently similar to
that of its rival in salivary glands.2oo.20. In animals, especially dogs, these tumors are
more common and electron microscopic,202.203 histochemical,204 and immunohisto
chemicap03 studies support the myoepithelial nature of stromal cells. Demonstration
of desosomes between undifferentiated cells, however; is not enough evidence for
myoepithelial derivation as they may also be present between a variety of mesenchymal
cell types.
f. Adenoid Cystic Carcinoma

Adenoid cystic carcinomas of the female breast originate from stem cells in the ter
minal ducts which have the capacity to produce all the epithelial elements of the gland
and so recapitulate the ductal acinar unit. 20S Immunofluorescent,206 light, and electron
microscopic studies'8.20'.208 identified myoepithelial cells at the periphery of the ductal
epithelial islands in adenoid cystic carcinomas. The biphasic histologic growth
pattern 206 and the production of basement membrane proteins by the myoepithelial
component'8.201 are well differentiated histologic features compatible with an excellent
prognosis.

g. Myoepithelioma
Although hyperplasia of myoepithelial cells is encountered in many benign neo
plasms of the breast, it is rarely the main component of a tumor. A few undisputed
myoepitheliomas of the human female breast have recently been reported.209 -212 These
cases probably represent one pole of a spectrum of tumors ranging from uniform spin
dle-cell proliferations such as the mammary myoepithelioma reported by Erlandson
and Rosen 211 and the leiomyoma-like myoepithelioma reported by Toth 210 to prolifer
ations of basiloid ductal cells without a myoepithelial component such as seen in tu
bular carcinomas!8.208 Incases where both myoepithelial and epithelial components
are active participants in the neoplastic process, the lesions are referred to as adenom
yoepitheliomas.209.212 These observations support a hypothetic stem cell origin with
multidirectional differentiating potential!" Furthermore, neoplastic transformation
of mature myoepithelial cells is not possible as they are highly differentiated and not
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FIGURE 18. Apocrine hydrocystoma . Note myoepithelial differentiation (arrows). (Hematoxylin-eosin;
magnification x 400.)

capable of proliferation. 2lO Although Schlotke213 produced a well-documented report
of metastasizing malignant myoepitheliomas found in bitch mammary glands, the clin
ical behavior of a lesion of this nature in humans is unknown and, until larger series
are available, therapy should be directed to complete excision of the tumor. The one
case reported in the literature as a low-grade malignant myoepithelioma 212 does not
warrant this diagnoses as a recurrent growth is not necessarily an indication of malig
nancy. Furthermore, suggestions that some spindle-cell carcinomas of the breast'14 and
even leiomyosarcomas 215 originate from myoepithelial cells should not be accepted
without immunocytochemical evidence.
C, Sweat Glands
Neoplastic conditions of skin appendages do not arise from mature cells or dormant
embryonal epithelial rests as believed earlier, but from pluripotential precursor cells
that form continuously during life. 216 Only tumors originating from the precursor cells
of secretory coils of eccrine and apocrine glands have the capacity to differentiate
towards myoepithelium,217
Apocrine and eccrine nevi, which represent hyperplastic proliferations of apocrine
and eccrine glands, respectively, resemble their mature counterparts 216 and contain a
normal myoepithelial component.
Apocrine hydrocystoma, a tumor characterized by large cystic spaces lined by cells
showing "decapitation secretion" ,"6 contains a peripheral layer of elongated myoepi
thelial cells 21B (Figure 18). This feature is in contrast with eccrine hydrocystomas, where
a fully differentiated myoepithelial cell layer is reported to be absent. 216 An outer layer
of cuboidal cells, staining positive with alkaline phosphatase and containing numerous
myofilaments ultrastructurally.219·220 represents myoepithelial differentiation in hidra
denoma papilliferum.
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FIGURE 19. Chondroid syringoma. Myoepithelial cells (arrows) proliferating from a ductal structure into
the interstitial tissue . (Hematoxylin-eosin; magnification x 1250.)

A few myoepithelial cells have been identified around the periphery of the tubular
structures in eccrine spiradenoma.lll .lll Clear cell hidradenoma, referred to in the past
as clear cell myoepithelioma/13.114 shows differentiation towards intraepidermal as well
as intradermal eccrine structures, ranging from poral epithelium to cells of the secre
tory segment. U5 A multipotential reserve cell theory of origin l16 serves as an explana
tion for the diverse cellular differentiation seen in this tumor. Although myoepithelial
differentiation appears to be a hypothetical possibility, the clear cells, which were orig
inally accepted as representing myoepithelial cells,"6.113.114 do not contain alkaline phos
phatase or myofilaments and should rather be regarded as immature poral epithelial
cells l16 or cells of the outer sheath of hair follicles. 1l7
Chondroid syringomas (mixed tumors of the skin) originate from a multipotential
stem cell differentiating towards eccrine ductal epithelial and myoepithelial cellslI6.118
and are histologically identical to mixed tumors of salivary glands. 119 Myoepithelial
cells proliferate into the stroma (Figure 19) and produce the characteristic chondroid
deposits.11 6.118 This is supported by positive staining of cells incorporated in the chon
droid deposits for S100 protein. '14 The cartilage-forming myoepithelial cells differ
from chondrocytes by being enveloped in a basement membrane and contain large
numbers of intracytoplasmic fibrils and no glycogen.l2B The stroma is, although pro
duced by myoepithelial cells, histochemically similar to normal cartilage. 130
Tumors dominated by myoepithelial cells are relatively rare in the skin. Efskind and
Eker 214 studied 21 tumors which allegedly consisted mainly of myoepithelial cells in
two forms: a polygonal cell with a clear glycogen-rich cytoplasm and a spindle-shaped
cell arranged in chords and strands. Most examples contained variable numbers of
glands lined by epithelium with apocrine features. Their study is unfortunately based
on conventional light microscopic techniques only.
Cylindromas (occasionally referred to as turban tumors) are innocuous lesions con
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stituted of tubular structures and epithelial nests, comprised of cells with small dark
staining nuclei arranged in a palissade at the periphery and cells with large light-stain
ing nuclei in the center. 216 Analogous and nearly homologous relationship has been
found between dermal cylindromas and certain monomorphic adenomas of salivary
gland origin. 13l Although the absence of myoepithelial differentiation in cylindromas
has been reported in ultrastructural studies,232 these tumors warrant further immuno
histochemical investigation as their morphology appears to be consistent with variable
cytodifferentiation of a basic stem cell of apocrine ductal origin.216.232
Primary adenoid cystic carcinoma of the skin has been a very rarely reported neo
plasm and due to the absence of ultrastructural and immunohistochemical investiga
tions, it is not possible to delineate myoepithelial participation. Light microscopic evi
dence appears to indicate that these lesions have a histogenesis and biologic behavior
similar to that of adenoid cystic carcinomas of salivary gland origin. 233
Basal cell epitheliomas are derived not from basal cells, but rather primary
epithelial 23 • and eccrine gland germs and they represent the least differentiated of the
appendage tumors. 216 All studies so far have failed to identify significant myoepithelial
differen tia tion.
D. Other
Myoepithelial cells have not been described in the human uterine cervix. Their dif
ferentiation in cervical adenoid cystic carcinomas probably takes place after neoplastic
transformation of the subcolumnar reserve cells which are thought to be the progeni
tors of most other cervical carcinomas .156.158 A similar histogenesis can be propogated
for prostatic adenoid cystic carcinomas as ultrastructural 235 and recent immunoflu
orescent· 5 studies have failed to identify contractile cells in the basal region of human
prostatic glands.
The absence of myoepithelial cells in the pancreas should not rule out the possibility
of their occurrence in pancreatic tumors. The concept of dedifferentiation, metaplastic
neoplasia, or regression could explain their occurrence in a pancreatic microcystic ad
enoma reported recently. 236 Myoepithelial differentiation in pancreatic tumors should,
until further evidence becomes available, be regarded as exceptional.
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SUMMARY

OPSOMMING

Myoepithelial cells are difficult to identify on routine
microscopic preparations and before the advent of mod
ern scanning electron microscopic and immunochemical
techniques, little was known of their distribution and
Junctions in salivary glands. Acinar myoepithelial cells
have been proven to play an important role in the forma
tion and propulsion of saliva, and contraction of inter
calated duct associated myoepithelium reduces peripheral
resistance by dilating and shortening the ductular portion
of the secretory unit. Myoepithelial cells are furthermore
responsible for the production of basement membrane
proteins and their cilia, which project into invaginations
in adjacent secretory cells, . may act as salivary chemo
receptors.

Mioepiteelselle is moeilik aantoonbaar met roetine mik
roskopiese tegnieke en voor die era van moderne skan
deer elektronmikroskopie en immunositochemiese teg
nieke, w~' baie min bekend oor hulle verspreiding en
funksies in speekselkliere. Asinere mioepiteel speel 'n
belangrike rol in die formasie en voortdrywing van speek
sel en sametrekking van mioepiteelselle geassosieer met
die interkaLere buis, verminder perifere weerstand deur
dilatasie en verkorting van die tubulere gedeelte van die
sekretoriese eenheid. Mioepiteelselle is verder verant
woordelik vir die produksie van basaalmembraan pro
teiene en hulle silia, wat in invaginasies van sekretoriese
epiteel projekteer, funksioneer waarskynlik as speeksel
chemoreseptore.

The study of myoepithelial participation in pathologic
conditions gained momentum by the identification of
stem cell populations in mature salivary glands. Myo
epithelial differentiation has been proven in neoplasms of
intercalated duct origin and although epithelial in nature,
they playa central role in the production ofmesenchymal
stromal deposits in mixed salivary gland tumors.

Die studie van mioepiteel deelname in patologiese toe
stande is bevorder deur die identifikasie van stamsel
populasies in volwasse speekselkliere. Mioepiteel differ
ensiasie is aangetoon in neoplasms van interkalere buise
oorsprong en alhoewel epiteel van aard, speel hulle 'n
sentrale rol in die neerlegging van mesenkiemale stromale
weefsel in gemengde speekselklier tumore.

INTRODUCTION

periacinar connective tissue and basement membrane
deposits, a technique which was partially developed in
our laboratory (van Niekerk and Raubenheimer, 1986)
has made three dimensional scanning electron micro
scopic examinations possible (Fig. 1).

Myoepithelial cells are located beneath the basement
membrane of the terminal portion of most exocrine
glands. Those surrounding acini of salivary glands are
stdlate- or star shaped whereas intercalated duct associ
ated myoepithelial cells are spindle shaped and their
cytoplasmic processes usually run parallel to the direc
tion of the duct. In view of the presence of prominent
cytoplasmic myofilaments, they have long been ac
cepted as contractile in nature and probably play an
important role in propulsion of the secretion (Shear,
1966).

The difficulty with which myoepithelial cells are identi
fied in salivary glands is compounded by disease pro
cesses which disturb glandular architecture. Myoepithe
lial identification reaches virtually speculative
proportions in neoplastic states where all microscopic
landmarks are lost and participating cells exhibit various
degrees of cytodifferentiation. Fortunately, immunocy
tochemical identification of myoepithelial cytoplasmic
filaments such as cytokeratin, actin (Caselitz et ai, 1981),
myosin (Palmer et ai, 1985) and S100 protein (Hara et ai,
1983) have facilitated the study of their participation in
pathologic salivary gland conditions. These proteins are
. unfortunately shared by many other cell types and reli
able myoepithelial identifications in diseased salivary

Positive identification of salivary gland myoepithelial
cells on routine microscopic preparations is unreliable
and until recently very little was known of their dis
tribution and functions in salivary glands. Fortunately,
modern sophisticated microscopic techniques have
resulted in a surge of new information on this cell. Ex
posure of myoepithelial cells by chemical removal of
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Fig. 1: Scanning electron
micrograph of a
periacinar myo
epithelial cell (M)
of the sublingual
salivary gland of a
vervet monkey after
chemical removal of
periacinar connec
tive tissue and base
ment membrane
deposits. (Bar =
10/Lm.)

DISTRIBUTION OF SALIVARY GLAND
MYOEPITHELIAL CELLS
Species differences and also differences in the distribu
tion of myoepithelial cells in salivary glands of the same
animal exist. The acini of the rat (Redman, Sweney and
McLaughlin, 1980), rabbit (Cope, Pratten and Williams,
1976) and African elephant, which secrete a serous
(watery) saliva, are devoid of myoepithelial cells and
only cytoplasmic processes of intercalated duct associ
ated myoepithelium extend onto the adjacent surfaces
of allied acini (Fig. 2). Acinar myoepithelial cells have
been identified in the human submandibular gland
(Nagai and Nagai, 1985 and Tandler, 1965) and labial
salivary gland (Tandler et aI, 1970) where they cover
only a portion of the acinar surface. Myoepithelial cells
appear to be more prominent around the acini of palatal
mucous glands of humans (Han, Kim and Cho, 1976) .
The acini of the sublingual glands of the monotreme
echnida, Tachyglossus ucleatus, which secretes a viscous
saliva, are ensheathed by interdigitating myoepithelial ·
processes, almost forming a.continuous periacinar mus
cular coat (Young and van Lennep, 1978). These obser
vations have led to the belief that acinar myoepithelial
development is amongst other factors, related to the
viscosity of the secretory product. Myoepithelial cells of
the retrolingual salivary gland of the hedgehog have an
unusual three dimensional configuration, the signifi
cance of which is unknown. Many of their cytoplasmic
processes are not closely apposed to secretory epithelial
cells but pursue a seemingly inciependant course in the
connective tissue (Tandler, 1986).

Fig. 2: Iiighpowerphotomicrograph demonstrating interca

lated duct associated myoepithelial cells (arrows) in tbe
parotid salivary gland of the African elephant. Note the
absence ofmyoepithelium on allied acini.

The processes of intercalated duct associated myo
epithelial cells often extend onto the striated duct (Riva
et aI, 1976). Although they are usually fusiform (or
spindle shaped) and run parallel to the length of the
duct, myoepithelial cells in the parotid of the nine
banded armadillo (Ruby, 1978) and retrolingual salivary
gland of the Eur:opean hedgehog (Tandler, 1986) encir
cle the intercalated duct. In the rat submandibular sa
livary gland , the intercalated ducts are devoid of myo-

glands is best achieved by a combination of structural,
ultrastructural and immunochemical techniques (Rau
ben heimer, 1986).
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Fig. 3: Transmission elec

tron micrograph of
a myoepithelial cell
(M) of an elephant
submandibular
salivary gland.
Desmosomal at
tachments (0) and
cytoplasmic myofi
laments (F) feature

prominent. (Bar

=

5/Lm.)

have a similar shape, but possess an extremely electron
lucent cytoplasm that contains almost no organelles.
Electron microscopic observations indicate that these
cells, termed clear cells, are transformed directly into
myoepithelium, since all morphological intergrades be
tween the two cell types have been recognised. These
clear cell appear to develop from intercalated duct cells
(Tandler, 1965). Myoepithelium therefore probably
sha.res a common.ancestry with secreting epithelial cells,
which are also of mtercalated duct cell origin (Riva et ai
1976).
'

epithelial cells and those identified adjacent to these
ducts on transmission electron micrographs are prob
ably an expression of a myoepithelial network extending
between adjacent acini (Brocco and Tamarin, 1979).
STRUCTURE OF MYOEPITHELIAL CELLS
Myoepithelial cells appear to be similar in structure
irrespective of the organ or species in which they ar~
studied. Those on secretory endpieces (or acini) have
4-8 primary cytoplasmic branches each with two or more
secondary branches. The cytoplasmic extensions of
myoepithelial cells located on intercalated ducts usually
lie longitudinal and seldom divide.

FUNCTIONS OF SALIVARY MYOEPITHELIAL
CELLS

The stromal (or outer) surface of myoepithelial cells
contain caveolar invaginations which are abundant in
areas where nerve fibres abut (Young and van Lennep,
1978). The visceral cell surface is smooth, attached by
desmosomes to secretory cells (Tandler, 1965) (Fig. 3)
and contain isolated cilia which invaginate the basal
cytoplasmic membrane and protrude deep into the cyto
plasm of the secretory epithelial cell (Tandler et ai,
1970). Micropinocytotic vesicles are often present on the ·
surface facing secretory cells (Ruby, 1978).

Although species. differences do exist, it is generally
accepted that salivary myoepithelial cells have a dual
innervation. of parasympathetic as well as sympathetic
nerves and Impulses from both types cause contraction
(Garrett and Emmelin, 1979). The association between
nerve axons ~nd .salivary gland myoepithelial cells sug
gests that activatIOn occurs by diffusion of a transmitter
substance comparable to that suggested for smooth mus
cle cells (Tamarin, 1966). Synchronisation of contrac
tion is made possible by gap junctions and overlaps
between myoepithelial cell processes (Brocco and Tam
arin, 1979).

Myo~pithelial nuclei are ellipsoidal, surrounded by a
few nbosomes and mitochondria are scattered through
out the cytoplasm of the cell body. Other cytoplasmic
organelles are in the juxtanuclear position (Tamar in
1966). Cytoplasmic myofilaments are uniform in dia~ ·
meter, their density varying because of the distance
between individual filaments. They run in bundles which
often fuse with other bundles, are compact in areas
resembling dense elongated bodies characteristic of
smooth muscle cells and terminate in attachment devices
. on the stromal c~11 me?Ibrane (Youn~ and van Lennep,
1978). Intermediate sized cytoplasmiC filaments of the
~yto~eratin type (Caselitz et ai, 1981) are demonstrable
m salivary gland myoepithelium .

Acinar myoepithelial contraction (as demonstrated in
Fig. 4) facilitates rapid expulsion of the secretion by
rupt~ring .'ripe' .mucous cells (Tandler et ai, 1970), pre
ventmg distenSIOn of secretory endpieces (Emmelin
Garret and Ohlin, 1968) and reducing lumenal volum~
~Garr~tt and Emmelin, 1979). All salivary glands lack
mg acmar myoepithelial cells (which were referred to
previously), notably secrete a watery (serous) saliva. It
has recently been shown that the intraductal pressure
developed by the rat parotid gland during autonomic .
nerve stimulation is always lower than that of the rat
mandi~ular. gland C~andler, 1976). The paucity of acinar
myoepithelial cells m the rat parotid gland would lead

Myoepithelial cells are often adjacent to cells which
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Fig. 4: Scanning electron
micrograph of a
contracted myo
epithelial cell
surrounding the
acinus of the
submandibular
salivary gland of a
vervet monkey.
Note the con
tracted appear
ance of the cyto
plasmic processes
(arrow). (Bar =
10 p.m.)

one to expect such a result. Furthermore, the pancreas
which lacks myoepithelial cells, secretes a watery pro
duct and is more prone to irreparable acinar or duct .
rupture from degrees of obstruction slight enough to
produce no ill effects in salivary glands. In contrast, the
sublingual salivary gland of the monotreme echnida,
Tachyglossus ucleatus, which has been referred to ,
shows extraordinary development of acinar myoepithe
lial cells. The supporting and contractile functions of
acinar myoepithelial cells is therefore likely to be partic
ularly valuable when the viscosity of the saliva is high
(Garrett and Emmelin, 1979) . However, other factors
such as the anatomical location of the gland may also be
important. Salivary glands in the floor of the mouth
continuously excrete against a vertical pressure gradient
and will theoretically require more acinar myoepithelial
support than glands located above the orifice of their
main excretory duct.
.

metabolites to and from secretory cells is a controversial
issue . Basal infoldings of human submandibular salivary
gland myoepithelium (Nagai and Nagai, 1985) could
serve to increase the surface area exposed to tissue fluid.
Pinocytotic vesicles (Tandler et ai, 1970) , positive stain
ing for the iron binding protein ferritin (Toto , 1985) and
an increased alkaline phosphatase and magnesium de
pendant adenosine triphosphatase (ATPase) activity
(Yoskihara, Kanda and Kaneko, 1984) are all features
supporting this view. It has been pointed out however,
that ATPase activity in myoepithelial cells of the pala
tine glands of rats are rather implicated in cell contrac
tion and, that the vesicle-like structures are in fact inva
ginations of the 'plasma membranes and are continuous
with the extracellular space (Han et ai, 1976).
Finally, myoepithelial cells are important in the forma
tion and maintenance of the enveloping basement mem
brane . Fibronectin, laminin and elastin are major com
ponents of basement membranes and are found to be
produced by myoepithelial cells (Toto, 1985). Basement
membrane proteins are not only an essential scaffold for
epithelial multiplication and differentiation (Kleinman,
Klebe and Martin, 1981) but also form part of the hypo
. thetic epithelial mesenchymal junction through which
all metabolites involved in the synthesis of saliva, pass.

Acinar myoepithelial contraction may also modify the
concentration of saliva by decreasing the surface area of
the secretory apparatus exposed to interstitial fluid
(Tandler et ai, 1970). Such an effect would diminish the
loss of fluid from the secretion and is probably important
when viscid saliva has to be forced through narrow chan
nels in a gland (Garrett and Emmelin, 1979). Myoe
pithelial cilia, which have already been referred to, may
act as chemoreceptors in this regard as they have been
postulated to have a sensory function (Tandler et ai,
1970).

NON-NEOPLASTIC MYOEPITHELIAL
PROLIFERATIONS

Contraction of myoepithelial cells surrounding interca
lated ducts reduces lumenal volume and shortens and
widens these structures thereby decreasing peripheral
resistance (Young and van Lennep, 1977). Extension of
their processes onto proximal surfaces of allied acini
may serve to align the acinar lumen with that of the duct
during contraction, a function which may be particularly
important in glands which are continuously distorted
during mastication.

The bulk of research is focused on the role of myoepithe
lium in salivary gland neoplasms and very little is known
of their participation in non-neoplastic conditions .
After ductal ligation of the parotid and submandibular
salivary glands of cats, processes of myoepithelial cells
extend into the interstitial spaces and folds of basal
lamina aggregate around protruberant parts of the cell
thereby increasing the distance between the cell mem
brane and nerve endings (Emmelin, Garrett and Ohlin,
1974). These alterations may reduce the neuro-effector

The role of the myoepithelial cell in transportation of
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efficiency and together with the mechanical disadvan
tage of rearranged myoepithelial processes, help to ex
plain the altered intraductal pressure responses that
occurred after stimulation. Induction of secretion lead
ing to a rise in the intraductal pressure of ligated glands,
often causes distention and even disruption of the first
part of the striated duct , which lacks myoepithelial sup
port (Garrett and Emmelin , 1979).
Lymphoreticular cell proliferation associated with atro
phy of the glandular parenchyma and ductal changes
ending in so-called 'epimyoepithelial islands' are charac
teristics of chronic recurrent (punctate) sialadenitis,
sicca syndrome, Sjogrens syndrome and benign lympho
epithelial lesion. The epimyoepithelial islands are
formed by metaplastic transformation of ductal epithe
lial and myoepithelial cells . Some believe myoepithelial
cells are few in number and located only around the
periphery of the islands (Takeda , 1980) whereas the
majority of workers agree that myoepithelium forms an
integral part of epimyoepithelial islands (Seifert and
Donath, 1976). This controversy underlines the diffi
culty by which myoepithelial cells are identified micro
scopically in a state other than normal.
NEOPLASTIC MYOEPITHELIAL
PROLIFERA TIONS
It is generally known that the exocrine pancreas , which
is phylogenetically and structurally related to salivary
glands except for the absence of myoepithelial cells,
lacks the variety and diversity of salivary gland neo
plasms. The wide spectrum of morphologic presentation
of salivary gland neoplasms, exceeded only by neo
plasms of gonadal origin, is to a great extent a result of
the two sided expression of myoepithelium: although
epithelial in origin, their cytoplasmic organization is
quite similar to mesenchymal smooth muscle . It is there
fore not surprising that neoplastic myoepithelial cells
have three principal morphologic presentations namely ,
fibroblastic (or myoid) (Fig. Sa) , epithelial-like (or gly
cogen rich clear cell) (Fig . 5b) and hyaline (or plasma
cytoid) (Fig. 5c). Care should be taken not to interpret
clear cell formation arising from fixation artefact as
myoepithelial differentiation.

Fig.5(a): Fibroblastic (or myoid) myoepithelial differentiation
in a myoepithelioma of the palate. Arrows indicate
intercalated duct differentiaiton (H & E, X200).

As neoplasms develop after oncogenic transformation
of mitotically active undifferentiated cells, a study of the
reserve (or stem cell) compartments of salivary glands
are necessary before attempting to master salivary gland
oncogenesis. The basal cells of the excretory duct (the
excretory duct reserve cell or EDRC) and the interca
lated duct cell (or IDC) act respectively as stem cells for
the differentiated ductal and secretory portions of ma
ture salivary glands (Fig. 6) . The EDRC has a genetic
potential to give rise to columnar and squamous cells
(and metaplastic mucus producing cells) lining the ex
cretory duct and the IDC to acinar cells, intercalated
duct cells, striated duct cells and myoepithelial cells
(Batsakis,1979) .
According to the " bicellular theory" on salivary gland
oncogenesis the IDC population is postulated to be the
epithelial source for myoepitheliomas, mixed tumours
(pleomorphic adenomas), adenoid cystic carcinomas,
epithelial myoepithelial carcinomas (or tubular carcino

Fig . 5(b): Epithelial (or clear cell) differentiation (arrows)
surrounding an intercalated duct-like structure in a
mixed salivary gland tumour of the parotid (H & E,
X200).
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mas) lobular carcinoma (or terminal duct adenocarci
noma) monomorphic adenoma and acinous cell carci
noma (Batsakis, 1980). Theoretically most of these
neoplasms and even monomorphic adenomas may, to a
greater or lesser extent, exhibit myoepithelial differen
tiation (Batsakis, Brannon and Scuibba , 1981). The
possibility of myoepithelial differentiation, on the other
hand should, according to the bicellular theory, be ex
cluded from neoplasms that are postulated to arise from
the EDRC (muco-epidermoidcarcinoma, papillary mu
cinous adenocarcinoma and primary salivary squamous
carcinoma) (Batsakis, Kraemer and Scuibba, 1983).
Much of the debate on the significance of myoepithelial
differentiation in salivary gland neoplasms, have fo
cused around the identity of the characteristic myxoid,
chondroid, osteoid , elastic and fibrous interstitial de
posits in mixed tumours. After tissue culturing and
chemical and ultrastructural investigations, the mesen
chymal nature of these deposits has been proven beyond
doubt (Azzopardi and Smith, 1959) and evidence of
myoepithelial participation in their production has accu

mulated (Toto and Hsu, 1985; Regezi and Batsakis,
1977; Doyle et at, 1968 and Caselitz and Loning, 1981).
Some of the spindle shaped cells, often associated with
stromal deposits, were found to react positively with
immunochemical stains for S100 protein (Nakazato et aI ,
1982) (Fig. 7) and cytoplasmic filaments of the myosin,
actin (Caselitz and Loning, 1981) and prekeratin types,
(Caselitz et at, 1981) characteristics which strongly sug
gest myoepithelial differentiation. Since myoepithelial
cells already exhibit features of smooth muscle , neoplas-

Fig. 5(c): Hyaline (or plasmacytoid) myoepithelial differentia
tion in the myoepithelioma of the palate (H & E
X300).

ACINUS

INTERCALATED
DUCT

STRIATED
DUCT

EXCRETORY
DUCT

secretory granules
secretory epithelial cell

basal invaginations
and mitochondria

myoepithelial cell

Fig. 6: Diagrammatic representation of the stem ceU compartments of mature salivary glands (I DC = intercalated duct ceU and
EDRC = excretory duct reserve ceU). (Reproduced with permission from Batsakis, 1979, pp.4).
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Fig. 7: Cytoplasmic 8100 protein positivity (arrows) indicating
myoepithelial differentiation in a myxoid area of a
mixed tumour of the parotid salivary gland (Immuno
peroxidase stain for 8100 protein, X200).

tic change may expose other mesenchymal characteris
tics which could lead to the deposition of myxoid, chon
droid, fibrous, elastic and even osteoid tissues. These
findings not only introduce a new pathologic concept of
mesenchymal metaplasia of neoplastic epithelium, but
also lessens the rigid classical distinction, based on prod
uct definition, made between tissues of ectodermal and
mesodermal origin.
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PAROTID SALIVARY GLAND OF THE AFRICAN ELEPHANT (LOXODONTA
AFRICANA): STRUCTURE AI\JD COMPOSITION OF SALIVA
EJ RAUBENHEIMER·. J DAUTH' •. M J DREYER' • and V DE VOS' ••

ABSTRACT
Specimens from parotid salivary glands of full-grown elephant Loxodon
to offlcana a (n = 6) and saliva aspirated from their main excretory ducts
were examined macroscopically and microscopically and analysed
bloohemlcally. The composition of the saliva was compared to that of
the blood. The parotids (n=12;
= 7,4 kg) are homocrlne and of a
seromucous nature. Myoepithelial celfs are well-developed along Inter
caloted ducts and their processes extend to proximal portions of allied
acinI. The sativa is hypotonic and contains relatively low concentrations
of sodium and glucose and high concentrations of potassium. urea.
calcium and phosphorus. Absence of detectable levels of a-amylase
negates a digestive role and the voluminous secrete evidently aids
swallowing by molsturlslng and lubricating the large mass of Ingested
leaves, grass and bark.
Key words: Parotid salivary gland. African elephant, Loxodonta
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Raubenhelmer E.J.; Dauth J.; Dreyer M.J.; De Vos V. Parotid salivary
gland of the African elephant (Loxodonta ofr/cana): structur~ and com
position of saliva. Journal of the South African Veterinary Association
(1988) 59 No.4. 184-187 (En). Department of Oral Pathology. Medical
University of Southern Afrloa, 0204 Medunsa, Republic of South Africa.

INTRODUCTION
The bulk of research on salivary glands
and most studies on the composition of
saliva have been performed In man and
laboratory animals, Little is known of the
structure of the salivary glands of large
mammals and the compositon of their
saliva , Investigations which correlate the
feeding habits of animals wiih the struc
ture of their salivary glands and the com
position of saliva, could throw more light
on many findings which are apparently of
a speculative nature,
The functional development of salivary
glands is generally adapted to the
fAeding habits of an animal. Among
Jatic mammals, where lubrication of
' J0d is not necessary, the glands may be
absent. as in most Cetacea (dolphins
and whales)8, At the opposite extreme
are ruminants that habitually ingest dry
food : their salivary glands are often ex
ceptionally large and well-developed
and the volume of saliva secreted is so
great that major changes in plasma pH
and electrolyte concentrations occur in a
tidal fashion with each feeding period 15 ,
In general terms, salivary glands of mam
mals can be considered as subservient to
various different functions, First, and
perhaps most important. they evidently
provide lubrication to aid the swallowing
of food, The lubricant may take tne form
01 s'iimy mucus as is usual in lower
vertebrates , More serous secretions, as
are formed by the parotid glands of most
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mammals, clearly achieve the same pur
pose when the ingested food is very dry,
Secondly, by secreting enzymes, salivary
glands are able to playa role In diges
tion. Most mammals have relatively high
concentrations of amylase in parotid
saliva, Nevertheless, the parotid saliva of
animals of the order Carnivora (which In
cludes the dog and cat) and the family
Bovldae (which include sheep) contains
no amylase , Other possible functions of.
salivary glands include the secretion of
hormones,. regulation of body tempera
ture by wetting of the fur and the excre
tion of toxic substances which play an im
portant role in defence, paralysing and
killing of prey21.
The functional unit of all compound
tubulo-acinar salivary glands is compos
ed of a secretory end piece which may
be spheroid (acinar) or tubular in shape,
an intercalated duct and a striated duCt
which leads to the larger interlobular
and eventually the main excretory dud,1,
Greatly modified striated ducts, referred
to as granular ducts, are found in the
salivary glands of certain animals and
are probably implicated in the produc
tion and secretion of digestive enzymes 14 ,
Traditionally, homocrine glands are
classified according to the acinar
secretory cell type as either serous,
mucinous or seromucous (mucoid), The
term "heterocrine" (or mixed) is used to
describe glands with both serous (or
seromucous) and mucinous cells in acini.
Both acini and intercalated ducts are
generally accepted to be surrounded by
myoepithelial cells which lie on the Inside
of the epithelial basement membrane,
Their distribution appears to depend,
amongst other factors, on the viscosity of
the secretion 10 Saliva is secreted into the
acinar lumen and propelled along the

duct system by pressures which develop
during the process of secretion and
myoepithelial cell contraction , Resorption
of water and exchange of electrolytes
take place in the striated ductW
The African elephant. (Loxodonta
africana), belongs to the order Pro
boscidea and is the largest land animal:
an adult animal can weigh close to 7000
kg 1 , It occurs only in Africa south of the
Sahara Desert and occupies large areas
of semi-arid wooded savannah , Accor
ding to their feeding habits, elephants
are classified as grazers and browsers 5,
Each animal ingests up to 170 kg of
forage a d ay9 consisting of leaves, dry
grass and bark,
As no scientific information is available
on the salivary gland system of the
African elephant. we undertook this stuc'
to determine the structure of the parok
gland and the composition of its saliva,
MATERIAL AND METHODS
The parotid salivary glands of fully grown
African elephant (n=6) immobilised dur
ing a population control programme6 ,
were removed and the mass determined,
Fresh tissue specimens, representing all
areas of the glands, were selected, excis
ed and fixed in buffered formalin and
2,5% gluteraldehyde. Specimens were
embedded in Epon, serially sectioned (1
micrometer thick) and alternate haema
toxylin/eosin and periodic acid Schiff
stains performed,
Saliva was aspirated from the main ex
cretory ducts of 2 animals and stored at
4°C before biochemical analyses,
WholevenousbJoodsampl.es were col
lected from 20 animals, centrifuged and
subjected to biochemical analyses In a
batch. The viscosity of the serum and
saliva was measured with a Coulter
Harkness Viscometer and expressed ,
centipoise or cp (one hundredth of
dyne per second per square centimetre),
RESULTS
The parotid salivary glands of the African
elephant are paired organs located
caudal to the mandibular ramus and
condylar process, rostral to the external
auditory meatus and deep to the cervical
musculature. Each gland measures 29 x
22 x 19 cm and has an average mass of
7.4 kg (range 6.4 - 8,2 kg), The main ex
cretory duct has a diameter of 9 - 13 mm
and leaves the gland at the rostro-ventral
pole, follows a rostral and ventral course
and opens up on the buccal mucosa in
the oral vestibule in relation to the upper
caudal teeth , On cut surface, the parotid
is seen to have a well-developed fibrous
capsule with fibrous septae dividing the
gland into many lobes (Fig, 1),
Microscopically the parotid gland Is of
a complex tubulo-acinar type with slightly
elongated homocrine acini. the latter
containing secretory cells of the sero
mucous type (Fig . 2) . These cells are in
termediate between serous and muci
nous cells, contain secretory granules
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Which are larger than those of serous cells
and no stainable epithelial mucin. The in
tercalated ducts vary in length (4 - 12
cells) and are lined with flattened.
glycogen-rich cells . The transition be
tween intercalated ducts and striated
ducts is abrupt (Fig. 2). Striated ducts
show extensive branching and extend in
to the interlobular fibrous septae and are
surrounded by a rich capillary network
(Fig. 3). The striated ducts are lined by
cuboidal to columnar cells with centrally
placed nuclei and foldings of the basal
cytoplasmic membrane. The larger inter
lobular ducts are lined by pseudostrati
fled cylindrical epithelium with scattered
goblet cells. Stratified squamous epithe
lium is evident close to the orifice of the
main excretory duct.
The composition and viscosity of the
parotid saliva in comparrson to blood
values are reflected in Table 1.

DISCUSSION
The parotid of the African elephant is pro
bably the largest salivary gland in the
animal kingdom. It has been shown 19 that
stimulated salivary gland tissue produces
between 60 and 200 microlitres of saliva
min -1 gram wet tissue -1. Both parotids of
.
elephant theoretically therefore
1
l.. .Id secrete in excess of 50e saliva h- .
During a normal feeding cycle. which ex
tends over the greatest part of 24h 18 • this
voluminous secretion evidentiy aids
swa llowing by moisturising and lubrI
cating the large mass of Ingested leaves.
bark and grass. The seromucous nature
and hypotonicity of the saliva. which.
although watery. contains more
glycoproteins than serous saliva i ? are
best adapted to fulfil these functions.
Structurally. the parotid is less varied
among different species than are the
other major salivary glands. ' Although
tubular secretory endpieces are occa
Sionally encountered. they usually have
an acinar configuration as In the

1

7
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Fig. 1:' Cut surface of the parolld of the African elephant. Note the main excretory duct

(arrow) leaving the rostro-ventral surface of the gland

Fig. 2: Homocrine seromucous acinus (asterisk) opening up In an intercalated duct. lined by flattened epithelium and which leads into a striated duct (right
upper corner). Note myoepithelial cell body located on interface between acinus and duct (arrow). (H.E. stain. magnification x500)
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Fig. 3: Striated ducts In a vascular·rich environment. (H E stain magnification x200)

Table 1: Biochemical findings in serum and saliva of the African elephant
Serum (±SD)

Sodium (mmol r- 1)
Potassium (mmol P- 1)
Chloride (mmol P- 1)
Urea (mmol e- 1)
Creatinine (Ilmol P- 1)
Total protein (g e- 1)
Albumin (g p-1)
Phosphorus (mmol P- 1)
Total calcium (mmol P- 1)
Magnesium [mmol p-1)
Actual Co + + (mmol P- 1)
pH
Ca+ + at pH 7.4 (mmol p-1)
Glucose (mmol p-1)
Viscosity (cp)
Amylase (IU p-1)

127 (2)
6,6 (0,9)
85 (2)
2,7(0,5)
123 (25)
89 (5)
33 (2)
1,92 (0,26)
2,92 (0, 13)
1,57 (0,23)
1.48 (0,07)
7,01 (0,13)
1, 17 (0,9)
7,11 (1,26)
1,81 (plasma)
923 (321)

elephant, but the secretory cells are most
ly homocrine and of a serous nature 21 .
Seromucous parotid glands, similar to
those of the African elephant, were also
reported in the domestic cat and dog 13
21 , in the brush-tail possum and
Trichosurus 21 , Djungarian hamster16 and
in man 11 21. In most animals, the junction
of the endpiece and intercalated duct. is
usually sharply defined and the inter
calated ducts are fairly uniform. The
striated ducts, on the other hand, are
more varied among species. They are
conspicuous in the African elephant and
dog and completely absent in some
marine carnivora 21 . Myoepithelial
development in the gland reflects the
relatively low viscosity of the secretion.
Unlike the case of mucinous glands which
secrete saliva with a high viscosity21.
myoepithelial cells are absent from the
peripheral portion of the acini. Inter·
calated duct-associated myoepithelial
cell processes which extend to acini, pro
bably align the latter with allied ducts
and ensure patency, especially when the
gland is distorted during masticatory
movements of the mandible. The bulk of
the parotid lies above or on the same
186

Saliva
(Mean values)
Negative
63
26
6,3
130
41
Negative
15,7
5,74
4,25
2,05
6,53
1,10
0.4
2,01
Negative

level as the orifice of the main duct and
the main forces propelling the saliva pro
bably include gravitation, pressures
which develop during the process of
secretion and contraction of intercalated
duct-associated myoepithelial cells. The
latter probably not only facilitate propul
sion by reducing luminal volume, but also
regulate the salivary flow rate by dilating
the intercalated ducts, thereby decreas
ing peripheral resistance.
The absence of ",-amylase in the saliva of
the elephant probably negates a diges
tive role. This is in contrast to human
parotid saliva which is considerably
richer in O'-amylase than saliva from the
other major human salivary glands. The
concentrations of sodium, chloride, total
protein, albumin and glucose are signifi
cantly less in saliva when compared to
serum, whereas the 90ncentrations of
potassium, urea, phosphorus, calcium
and magnesium are higher. Although the
functional significance of many of these
alterations are unknown, it supports the
proposed active role played by the
striated ducts and their vascular environ
ment in rendering the saliva sodium-free
and hypotonic 12 20. Furthermore, it has

been proven that the ducts of the rat a
rabbit mandibular gland reabsol
sodium and chloride and secrete
potassium and bicarbonate 19
The total calcium, ionised calcium
(Ca+ +) and magnesium concentrations
of the elephant saliva appear to be
higher than serum concentrations, con
trary to what is generally found 19 The
high concentration of salivary calcium
may, however, be the result of sym
pathetic nerve activity, as Burgen & Em
melin 2 reported an increase in salivary
calcium in the dog mandibular gland
after sympathetic stimulation. The
phosphorus concentrations are com
parable to those of human 4 and sh eep3
parotid saliva. It should be emphasised
however, that the electrolyte composition
of saliva may vary with the age, hydration
state and hormonal status of the animal
and the salivary secretory rate 19 .
Elephant parotid saliva is low in glucose
and hypotonic owing to the absence of
sodium. These findings are comparable
to those reported in human parot!'
saliva 7 12 In contrast to humans howev\:.
where the salivary urea concentration is
approximately 75 - 90% of the content in
blood 7 , elephant saliva contains a much
higher urea concentration, which is pro
bably indicative of a recycling
mechanism similar to that found in cattle
where digestive protozoa and bacteria
utilise urea for metabolic processes.
Future investigations of this nature on
other animals may clarify the function of
the other components of saliva.
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ULTRASTRUCTURE OF MYOEPITHELIUM IN SALIVARY GLANDS OF AFRICAN
ELEPHANT (LOXODONTA AFRICANA)
J P VAN NIEKERK and E J RAUBENHEIMER

Electron Microscope Unit and Department of Oral Pathology
Medical University of Southern Africa, Republic of South Africa
The great potential of scanning electron microscopy (SEM) in salivary
gland research has not yet been rea 1i zed.
Th i s tec hn i que has however,
been utilized in describing the three dimensional features of acinar
myoepithelial cells of the submandibular gland of the male mouse (1) and
rat (2), sublingual gland of the rat (2,3) and human submandibular gland
(4). The acinus of the rat parotid gland appears to be devoid of myoepi
thelium (2,5), with only the processes of the intercalated duct myoepi
thelial cells extending onto the basal region "of the acinus (6). A simi
lar distribution has also been observed in the parotid of the rabbit (7).
The purpose of this study was to establish the surface morphology of
myoepithelial cells of the parotid and submandibular salivary glands of
the largest terestrial animal, ' the African elephant (Loxodonta africana).
Fresh surgica 1 specimens of the parotid and mandibular sa 11 vary g lands of
three full grown elephant bulls were fixed in 2,5% glutaraldehyde and
buffered in O,lM sodium cacodylate.
After fixation the samples were
treated in 8N HCl and ultrasonically cleaned.
With stromal tissue and basement membranes removed, myoepithelial cell
bodies or processes could not be identified on the parenchymal aspect of
the acini of the parotid glands (Fig;
1).
The absence of acinar
myoepithelial cells was confirmed with transmission. electron miC'roscopy
The submandibular glands on the other hand, showed prominent
(Fig. 2).
interdigitating myoepithelial processes forming an uninterrupted layer
around the acini (Fig. 3).
The cell bodies appeared to be situated
eccentrically towards the junction of the acinus and intercalated duct.
The prominence of myoepithelial cells in the submandibular glands of the
anirnalsunder study, is reminiscent of myoepithelial development in the
sublingual gland of the monotreme echnida, Tachyglossus aculeatus, which
is reported to secrete an extremely viscous saliva (8).
ThlS phenomenon
lead some investigators to postulate that the supporting function of
salivary myoepithelial cells is likely to be particularly valuable when
the content of mucin in the secretory product is high (9).
. This
observation is also supported by other independent studies (2). ' Although
we agree that the viscosity of saliva could parallel acinar myoepithelial
development,
other factors probably have an equal bearing on the
prominence of these cells as both the submandibular and parotid salivary
glands in elephants secrete a serous (watery) saliva.
Much of the
parotid gland . of the elephant is located on the level of or above the
orifice of the main excretory duct.
Propuls .i ve forces created by the
secretory process and contraction of myoepithelial cells surrounding
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intercalated ducts should therefore be sufficient for flow of saliva in
this gland.
The submandibular gland, however, which is situated much
lower than its orifice, excretes against a higher pressure gradient.
Acinar myoepithelial cells therefore not only play an important
supportive role against acinar distention potentiated by this increased
luminal pressure, . but also add a supplementary propulsive force through
their well established contractile function.
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Tyrosine-rich crystalloids in a polymorphous
low-grade adenocarcinoma
Erich J. Raubenheimer, MChD, a Willem F. P. van Heerden, MChD, b and Thomas Thein,c
Medunsa, Republic of South Africa
MEDICAL UNIVERSITY OF SOUTHERN AFRICA
A polymorphous low-grade adenocarcinoma with tyrosine-rich crystalloid deposits is reported . The literature
is reviewed, and diagnostic and histogenetic implications of this finding are discussed.
(ORAL SURG ORAL MED ORAL PATHOL 1990;70:480-2)
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Tyrosine-rich crystalloids occur mainly in salivary
gland mixed tumors where they are reported in
between 1.5% and 21% of cases. I -4 The incidence of
these deposits appears higher in mixed tumors involv
ing black patient3 than white paticnls . 2. $ Salivary
gland carcinomas that have been reported to contain
tyrosine-rich crystalloids include one terminal duct
adenocarcinoma,6 an adenoid cystic carcinoma,7 and
a malignant mixed tumor.8
The origin of tyrosine-rich crystalloids in salivary
gland neoplasms is speculative. The principal tumor
cell associated with these deposits is the modified
neoplastic myoepithelial cell, 6 which is also believed
to be the source of the stromal matrix deposits in
mixed tumors.9
CASE REPORT

A 36-year-old black female patient had a 3 x 2 em, firm
midline swelIing at the junction of the hard and soft palate.
No ulceration was present. A clinical diagnosis of benign
mixed tumor was made and an incisional biopsy taken. Al
though tyrosine crystals were observed, perineural invasion
prompted a provisional diagnosis of a polymorphous low
grade adenocarcinoma and wide excision was recommended .
Microscopic examination of the surgical specimen showed
an infiltrative neoplastic growth with a lobular architecture.
Solid masses of epithelial cells, areas exhibiting ductlike
differentia tion, and cells arranged in long, single-layered
strands were observed. The neoplasm was further charac
terized by a low mitotic activity, histologic diversity with
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cylindric, clear cell, and mucus cell differentiation, and a
lack of pleomorphism. Evidence of perineural invasion was
present (Fig. I) . Extensive crystalloid deposits were present
in the connective tissue stroma and between the cells in the
solid epithelio.l mo.33C, (Fig. 2). Thcse

cly~lals

showed dis

tinct brown staining with the Millon reaction and were
non birefringent under polarized light. A diagnosis of poly
morphous low-grade adenocarcinoma of minor salivary
gland origin with tyrosine-rich crystalloid deposits was
made.
DISCUSSION

Polymorphous low-grade adenocarcinoma, also re
ferred to as terminal duct adenocarcinoma or lobular
carcinoma of minor salivary gland origin, 9. 10 is a re
cently described entity occurring most commonly in
the palate and is characterized by a favorable prog
nosis. Histologically, the lesion is distinguished from
other malignant tumors of salivary gland origin by its
frequent lobular growth pattern, low mitotic rate, and
cytologic uniformity. Although extensive nerve inva
sion and a cribriform growth pattern may resemble
adenoid cystic carcinoma, polymorphous low-grade
adenocarcinomas are characterized by histologic di
versity, with cells exhibiting cuboidal to low columnar
differentiation and an eosinophilic cytoplasm. The
stroma, furthermore, often exhibits mucohyaline
change in contrast to the bland basement membrane
like deposits of adenoid cystic carcinoma. 10- 12 If these
criteria are to be applied, it appears as if the adenoid
cystic carcinoma containing tyrosine-rich crystalloids
reported by Gould and coworkers 7 might possibly
have been a polymorphous lowcgrade adenocarcino
ma. If this case were to be accepted as a polymorphous
low-grade adenocarcinoma, it would bring the total
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Fig. 1. Distinctly lobular arrangement and infiltrative growth of tumor (left) with perineural infiltration
(right) . (Hematoxylin-eosin stain; original magnification, X40.)

Fig. 2. Stromal and interepithelial (inset) deposits of tyrosine-rich crystalloids. (Hematoxylin-eosin stain;
original magnification, X200.)

number with tyrosine-rich crystalloids to three, in
cluding the case described by Harris and Shipkey 6 as
a "terminal duct adenocarcinoma."
The identification: of tyrosine-rich crystalloids in a
neoplasm other than benign mixed tumor has impor
tant diagnostic implications, as many recent publica
tions regard these crystalloids as a unique microscopic
feature of salivary gland mixed tumors. 13 - IS It is

speculated that the formation of tyrosine-rich crys
talloids in polymorphous low-grade adenocarcinomas
may place these lesions on a level of cytodifferentia
tion closer to that of benign mixed tUmors than to the
other more malignant tumors of salivary gland origin.
We thank Mrs. C. S. Begemann for secretarial assistance
in preparing the manuscript.
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Evaluation of the nucleolar
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Van Heerden WFP, Raubenheimer EJ: Evaluation of the nucleolar organizer
region associated proteins in minor salivary gland tumors. J Oral Pathol Med 1991;
20: 291-5.
Forty-three intraoral salivary gland tumors were studied to determine the value
of the AgNOR technique in the assessment of these neoplasms. Well defined
black dots were visible in the nucleii of all the specimens studied. The mean.
AgNOR count per nucleus for each tumor was calculated as follows: pleomorphic
adenoma (n = IS) 1.52; Polymorphous low-grade adenocarcinoma (n = 12) 1.90;
adenoid cystic carcinoma (n = 6) 2.92; mucoepidermoid carcinoma (n = 4) 1.93;
carcinoma ex mixed tumor (n=4) 2.05; undifferentiated carcinoma (n= I) 3.13
and epithelial-myoepithelial carcinoma (n= I) 2.23. The difference between the
means of benign and malignant tumors (P < O.OI) and polymorphous low-grade
adenocarcinoma and adenoid cystic carcinoma (P < O.OI) were highly signifi
cant. The overlapping of the AgNOR count bet wen various tumors prohibited
the use of this technique as an absolute criterion in establishing a final diagnosis.
It could however be used as a diagnostic aid in differentiating between salivary
gland neoplasms.

Nucleolar organizer regions (NORs) are
loops of ribosomal DNA that transcribe
to ribosomal RNA and thus ultimately
to protein (I). NORs have been utilized
by cytogeneticists for the evaluation of
certain genetic disorders, notably triso
mies and are located ou the short arms
of the five acrosentric chromosomes 13,
14, 15,21, and 22 (2). The NORs can
be demonstrated by means of a silver
staining technique (AgNORs) that is
performed at room temperature on par
affin embedded tissues (3). This tech
nique is based on the argyrophylia of
the NOR-associated proteins. The
known NOR associated proteins are
RNA polymerase 1, C23 (nucleolin),
B23, lOOK and 80K protein (1). Their
function is uncertain although a role in
rDNA transcription is postulated (1).
AgNOR counts appear to relate to
cell ploidy (4) as well as the rate of
cellular proliferation of individual cells
(5) . Quantification of NORs by means
of the AgNOR technique has been used
to distinguish between high and low
grade lymphomas (5) and between be
nign and malignant counterparts of var
ious origins (6-9).
Small biopsy specimens from salivary

gland tumors is often difficult to inter
pret and additional microscopic criteria
can only benefit the diagnostic process .
MORGAN et al. (10) and MATSUMURA et
al. (11) have found a statistically signifi
cant difference between the numbers of
AgNORs in the nuclei of benign versus
malignant salivary gland neoplasms. For
this technique to have an application in
diagnostic histopathology, it's ease of in
terpretation and reproducibility between
laboratories is important. This study was
undertaken to evaluate the AgNOR
staining technique as a diagnostic aid for
salivary gland neoplasms.
Material and methods

Forty-three intraoral salivary gland tu
mors were retrieved from the files of the
Department of Oral Pathology, Medical
University of Southern Africa. Fifteen
were diagnosed as pleomorphic adeno
mas (PA) twelve as polymorphous low
grade adenocarcinomas (PLA), six as
adenoid cystic carcinomas (ACC), four
carcinomas ex pleomorphic adenoma,
four as mucoepidermoid carcinomas
(MEC), one as an undifferentiated car
cinoma and one as an epithelial-myoepi

Key words: nucleolar organizer regions;
salivary gland tumor.
Willie F. P. van Heerden, Department ot Oral
Pathology and Oral Biology, Medical
University of Southern Africa, P.O. Medunsa,
0204, Republic of South Africa .
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thelia I carcinoma. The tissue samples
had all been fixed in 10% formalin and
processed to paraffin wax. Two 3 11m
paraffin sections of each specimen were
cut. One was stained with hematoxylin
eosin and the other with the AgNOR
method as described by PLUTON et al.
(3). The H&E sections were all reas
sessed and revised with regards to histo
logic classification. The AgNOR stained
sections were examined under a lOOX
oil immersion lens by the two authors
and intranuclear dots were counted in
200 randomly selected nuclei using an
eyepiece graticule to prevent recount
ing. Nuclei of overlapping tumor cells
were not included . Nucleolar clusters
were counted as a single AgNOR and
no attempt was made to resolve the clus
ters into their discernible number of dis
crete dots. The mean number of Ag
NOR dots per nucleus was determined
for each specimen. The resulting data
were analyzed by means of student's t
test for uncorrelated data.
Results

The NOR associated proteins were visi
ble as well defined black dots inside and
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Table I. Mean number of AgNORs in the nuclei of salivary gland neoplasms
PA (Type)

PLA

I
2
3
4
5
6
7
8
9
10
11
12
13
14
15

l.ll (I)
1.3 7 (1)
1.23 (Ill)
1.75 (l) .
1.73 (I)
1.71 (I)
0.98 (I)
1.52 (II)
1.93 (I)
141 (I)
1.60 (I)
1.48 (I)
1.30 (I)
2.25 (I)
1.37 (III)

1.30
1.96
1.53
1.84
1.86
1.88
2.02
1.93
2.47
2.09
2.24
1.64

3.06 (T)
2.00 (T)
3.01 (T)
4.29 (C) . ...
2.84 (C)
1.78(C)

Mean
SD

1.52
0.32

1.90
0.31

2.83
0.89

Specimen

ACC (Growth Pattern)

MEC (Grade)

(Ca ex PAl

Undiff ca

EP[

1.19 (lG)
1.80 ([G)
2.34 (HG)
2.36 (HGj '

2.37
1.40
2.63
1.79

3.13

2.23

2.05
0.55

3.13

2.23

1.93
0.55

PA = pleomorphic ademona; PLA = polymorphous low-grade adenocarcinoma; ACC =adenoid cystic carcinoma; MEC = mucoepidermoid
carcinoma; CA ex PA = carcinoma ex pleomorphic adenoma; U ndiff Ca = Undifferentiated carcinoma; EPI = epithelial-myoepithelial carcino
ma; T = tubular/ trabecular; S = solid; C = cribriform; IG = intermediate grade; HG = high grade

outside of the nucleolus of the tumor
cells studied. Careful focussing was
essential to clearly identify all the dots.
The results were summarized in Table
1. The lowest mean of AgNOR dots per
nucleus was found in PA (Fig. 1) and
the highest in an ACC (Fig. 2). The
dots in the malignant neoplasms had
a greater variability in size and shape
compared to those in the PA. The differ
ence in the mean number of dots per

nucleus between PA and PLA (Fig. 3)
and between PLA and ACC were sta
tistically highly significant (P < 0.0 I).
The correlation coefficient between the
two observers was 0.97.
Discussion

The reason for the varying quantities of
AgNORs in nuclei of different tumors
is uncertain. The NORs are located on

the 5 acrocentric chromosomes result
ing in 10 NOR bearing chromosomes
during metaphase. These individual
NORs are usually not discernible be
cause they are tightly aggregated in the
one or two nucleoli normally present in
a cell (12). Active cell proliferation may
be accompanied by nucleolar dissocia
tion, resulting in dispersed AgNORs
throughout the nucleus. This as well as
an increase in transcriptional activity

Fig. 1. Pleomorphic adenoma with plasmacytoid tumor cells. x 200. Inset: most cells contained one AgNOR dot per nucleus. x 400.
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Fig. 2. Adenoid cystic carcinoma with cribriform growth pattern. x 200. Inset: multiple small AgNOR dots were present in nuclei. x 1000.

Fig. 3. Polymorphous low-grade adenocarcinoma. x 200. Inset: nuclei contained one or two large AgNOR dots. x 1000.
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Table 2. Reported mean AgNOR counts in salivary gland neoplasms
Neoplasm
PA
ACC
MEC

Present study

MORGAN et al.(IO)

MATSUMURA et al. (II)

1.52
2.83
1.93

1.47
3.92
4.25

1.62-1.68*
2.78
2.59

PA = pleomorphic adenoma; ACC = adenoid cystic carcinoma; MEC = mucoepidermoid carci
noma; * = different cell types in the same tumor were separately counted

will result in an increase in the mean
AgNOR count of a cell population. In
malignancy, the AgNORs tend to be
come more dispersed through the nucle
us and thus more readibly discern able
(12) . HALL et al. (13) have shown that
there is a significant correlation between
the AgNOR count and presence of posi
tive Ki-67 immunostaining in cells. Ki
67 is a monoclonal antibody that recog
nizes a nuclear antigen present only in
proliferating cells (14). The possibility
that the AgNOR count is related to cel
lular activity is also suggested by PLO
TON et al. (3). SURESH et al. (4) have
shown that AgNOR counts in non neo
plastic trophoblastic tissue are a reflec
tion of ploidy rather than cell prolifera
tion. They suggested that the relation
ship between cell ploidy and AgNOR
counts can be obscured in neoplastic
lesions because of excessive proliferative
activity of tumor cells .
Both ACC and PLA have an infiltra
tive growth pattern with an affinity for
perineural spread. Cribriform, tubular
and solid tumor cell arrangements can
be found in ACC and PLA (15). Histo
logically, ACC differs from PLA in that
the tumor cells have very little cyto
plasm and contains hyperchromatic nu
cleii. Mitotic activity can be found in
both tumors, although none of the PLA
in our collection had a mitotic index of
more than 5 mitotic figures per 10 high
power fields ( x 400) . Pleomorphism is
absent in PLA whereas polymorphism
is seldom seen in ACC. Despite these
differences, it can be very difficult to
distinguish between PLA and ACC, es
pecially when only a small tissue frag
ment is submitted for histologic exami
nation. ACC and PLA are thought to
develop from the same precursor cell
line (16) with the result that special
staining techniques used as diagnostic
procedures must be able to distinguish
between cellular differentiation or activ
ity of the two lesions. Various immuno
histochemical techniques have shown
potential with regards to the pathogene
sis and differentiation of salivary gland
tumors, although their reliability and
diagnostic value is often unclear (10) . A

statistically significant difference be
tween the mean AgNOR count in PLA
and ACC was found in the present
study. The higher count in ACC could
probably be related to the more aggres
sive behaviour of this neoplasm when
compared to PLA. The mean count in
ACC did not correlate with the histolog
ic growth pattern, a prognostic factor
for tumor behavior in ACC. The highest
count was present in a tumor with a
predominantly
cribriform
growth
pattern. In a study to evaluate the prog
nostic factors for ACC, HAMPER et at.
(17) inter alia assessed DNA contents of
the tumor cells using single cell scanning
cytophotometry. . They concluded that
the shortest survival time was found in
patients with tumors showing atypical
histograms of nuclear contents of which
42% had a cribriform growth pattern.
Previous studies (10, 11) evaluating the
AgNOR technique in salivary gland
neoplasms did not identify PLA as a
separate entity, making comparison
with the present study regarding PLA
impossible. The overlapping of the Ag
NOR count between PLA and ACC
prohibited the use of this technique as
an absolute criterion to establish a final
diagnosis but it could be used as a diag
nostic aid to differentiate between these
two neoplasms.
The mean value for MEC in the pres
ent study was lower than the value de
termined by MORGAN et al. (10) and
MATSUMURA et al. (11) (Table 2). They
do not specity the histologic grade of
MEC included in their study. Although
ooly four MEC's were examined in the
present study, a substantial higher Ag
NOR count was found in the two high
grade MEC. No significant difference
in the AgNOR counts was found be
tween the different types of BMT as
classified using the criteria of SEIFERT et
at. (18). This is supported by the
findings of CHAU & RADDBN, (19) that
there is no difference in the recurrence
rate and frequency of capsular infiltra
tion between the different subtypes of
BMT.
The overlap between the AgNOR
ranges in different tumors can be ex-

pected, since the absolute numbers of
AgNORs in nucleii are not counted in
3 ilm sections. Some AgNORs may have
been missed in the 3 ilm sections, espe
cially in the malignant and high grade
tumors where the nuclei were large and
mUltiple small AgNORs were present.
The argyrophilic staining of AgNOR
is not a method for demonstrating the
nucleolus, but rather a technique to de
monstrate its substructures in such a
way as to allow study of their shape
and number. Although the evaluation of
AgNOR stains are time consuming, it
appears to be of value in differentiating
between salivary gland neoplasms.
Acknowledgments - The authors wish to
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Intraoral salivary gland neoplasms: A
retrospective study of seventy cases in an
African po pula tion
Willem F. P. van Heerden, MChD,a and Erich J. Raubenheimer, MChD,b
Medunsa, Republic of Sputh Africa
MEDICAL UNIVERSITY OF SOUTHERN AFRICA

Intraoral salivary gland neoplasms diagnesed in the Department of Oral Pathology, Medical University of
Southern Africa, Medunsa. were reassessed and revised with regard to histologic diagnosis. New entities
and subclassifications that have been described In recent years were taken into account. Seventy cases
were diagnosed during an 8·year period, lind the sample consisted 01 black patients only. Benign mixed
tumor was the most common entity and accounted for 48% of all tumors. Polymorphous low·grade
adenocarcinoma comprised 15;7% of the sample and was the most frequent malignant tumor. The mean
age of patients with benign and malignant tumors were 36.5 and 49.8 years, respectively (p < 0.05), and
the palate was the most common site involved. Geographic differences do exist in the pattern and
pathology of Intrabral salivary gland neoplasms whiln compared with findings in other studies.
(ORAL SURG ORAL MEO ORAL PATHOL

1991;71:579-82)

T

he distribution and frequency of intraoral salivary
gland neoplasms has been discussed in several pub
lished series,l-s in the majority of which the World
Health~brganization (WHO) c1assification 6 was used.
However, various new entities and subclassifications
that are not included in these articles have been de
scribed in recent years.?· 8 This study was undertaken
to determine the relative frequency and distribution of
intraoral salivary gland neoplasms in a predominantly
rural black African popula tion and to provide dil ta for
comparison with findings in other geographic loca
tions.
MATERIAL AND METHODS

All the intraoral salivary gland neoplasms diag
nosed during the last 8 years were retrieved from the

'Senior Lecturer, Department of Oral Pathology and Oral Biology.
bprofessor, Department of Oral Pathology and Oral Biology.
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files of the Department of Oral Pathology; Medical
University of Southern Africa, Medunsa. Most pa
tients seen at the hospitals served by the department
are black and of rural southern African origin. Rep
resentative slides stained with hematoxylin and eosin
were available for review, and, where necessary, ap
propriate special stains were used to establish a diag
nosis. All cases were reassessed and revised with re
gard to histologic classification. Diagnosis was made
with the WHO c1assification 6 as the basis. New enti
ties such as polymorphous low-grade adenocarcino
ma, and subclassifications that have been described in
recent years, were taken into account. This includes
the subclassification of mixed salivary gland tumors
into types I to IV according to the propOrtion of the
. stroma in the tumor mass. 8 The polymorphous low
grade adenocarcinomas were divided into the termi
nal duct type and the papillary type according to the
criteria of Slootweg and Miiller. 9 The working clas
sification used in this study is shown in Table I. Age,
sex, and site were noted from the clinical records.
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Table I. Working classification
Benign
Mixed tumor
Type I (stroma 30%-50%)
Type II (stroma >80%)
Type III (stroma <20%)
Type IV (myoepithelioma)
Monomorphic adenoma
Malignant
Mucoepidermoid carcinoma
Low grade
Intermediate grade
High grade
Adenoid cystic carcinoma
Cribriform
Tubular jtrabecular
Solid
Polymorphous low-grade adenocarcinoma
Terminal duct
Papillary
Acinic cell carcinoma
Carcinoma ex mixed tumor
Epidermoid carcinoma
Adenocarcinoma
Epithelial-myoepithelial carcinoma
Undifferentiated carcinoma

RESULTS

The sample consisted of a total of 70 cases of
intraoral salivary gland neoplasms. Forty-three (62%)
of the patients were female and 27 (38%) were male,
yielding a female/male ratio of 1.6: 1. The patients
ranged in age from 10 to 85 years. Thirty-four cases.
(48%) were classified as benign; all these were mixed
tumors in patients ranging in age from 10 to 64 years,
with a mean age (± SD) of 36.5 ± 14.7 years. The
female/male ratio was 2.4:1, with the mean age for
females 34.9 ± 14.9 years and 40.3 ± 13.1 years for
males. The palate was most commonly affected,
accounting for 31 tumors (91 %). The remaining
mixed tumors were found on the upper lip. The loca
tion and subclassification of mixed tumors according
to the criteria of Seifert et al. 8 are shown in Table II.
Thirty-six cases (52%) were classified as malig
nant. The patients ranged in age from 22 to 85 years,
with a mean age of 49.8 ± 16.3 years. The difference
in the mean age of patients with benign tumors and
that of those with malignant tumors was statistically
significant (p < 0.05). The female/male ratio was
1.1: I for patients with malignant neoplasms. The dis
tribution and location of the malignant t\lmors are
shown in Table III.
Eleven tumors were diagnosed as polymorphous
low-grade adenocarcinoma, accounting for 30% of the
malignant neoplasms and 15.7% of all neoplasms. The
patients' ages were between 32 and 70 years, with a
mean age of 53 ± 12.6 years, and the female/male

Table II. Location and subclassification of 34 mixed

tumors
Type

II
III

Palate

Upper lip

26 (76)
2 (6)
6 (18)

25
2
5

o

IV
Total (%)

3T (91)

Total (%)

"3

(9)

34 (100)

ratio was 1.2: I. Nine lesions (82%) occurred on the
palate, and one each in the buccal mucosa and upper
lip, respectively. Two tumors had a papillary-type
irowth pattern. and nine were either lobular or tubu
lar in appearance. Nerve infiltration was present in
one papillary-type and in two terminal duct-type tu
mors.
Nine cases of adenoid cystic carcinoma accounted
for q.8% of all tumors and 25% of the malignant tu
mors. The patients had a age range of 33 to 85 years
with a mean of 54 ± 15.5 years, and the male/female
ratio was 1.2: I. Seven patients had lesions on the pal
ate, and one lesion each was located in the floor of the
mouth and on the upper lip. Five tumors had a pre
dominantly cribriform growth pattern, and two each
had solid and tubular or trabecular growth, respec
tively.
Six patients with mucoepidermoid carcinoma ac
counted for 8.6% of all tumors and 16.7% of malig
nant tumors. The youngest patient was 22 years and
the oldest 52 ye~rs of age, and the mean age at time
of consultation was 39.8 ± 10.1 years. Sex distribu
tion was equal, and the most common site of occur
rence was the palate, with four tumors. One tumor
was 16cated on the buccal mucosa and mandibular
gingiva, respectively. One mucoepidermoid carci
. noma was ·classified microscopically as low grade,
three as intermediate grade, and two as high grade.
Five carcinomas ex mixed tumor were diagnosed.
Three of the patients were women and two were men:
they ranged in age from 31 to 70 years, with a mean
age of 48.2 ± 19.3 years. Four tumors occurred on
the palate, and one in the retromolar area. The car
cinomatous component in all five was classified as un
differentiated.
Three cases were diagnosed as adenocarcinomas,
not otherwise specified. Two tumors were located in
the buccal mucosa and one on the palate. Two cases
occurred in females, and the mean age of this group
was 57.3 ± 13.2 years. One tumor that occurred on
the palate of a 49-year-old woman was diagnosed a~
an undifferentiated carcinoma.
One patient, a 65-year-old woman, had a epithelial·
myoepithelial carcinoma of the palate. No case 01
monomorphic adenoma, acinic cell carcinoma, 01
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Table III.

Distribution and location of malignant tumors

PLA
ACC
Mucoepidermoid CA
CA ex mixed tumor
Adenocarcinoma
Undifferentiated CA
E·M CA
Total (%)

% of
malignant

Mandibular
gingiva

Tumor

II
9
6
5
3

9
7
4
4
2

-.l
27 (75)

-

2 (5.5)

-.l
4 (11)

1 (2.8)

I (2 ,8)

1 (2.8)

30
25
16.7
14
8.3
2.8
2.8

15 .7
12.8
8.6
7.1
4.3
1.4
1.4

36

ACe. Adenoid cystic adenocarcinoma: CA . carcinoma: E-M. Epllhelial·myoepilhelial: PLA. polymorphous low-grade adenocarcinoma .

epidermoid carcinoma of the minor salivary glands
occurred in this series.

Table IV. Reported frequency of intraoral salivary
gland tumors of pala te
Frequency (%)

DISCUSSION

In most studies benign mixed tumors constitute the
, jority of minor salivary gland neoplasms. I •5 The
frequency of benign mixed tumors is reported as 43%
in the study of Eveson and Cawson,4 41 % by Waldron
et al.,1 and 54% by Chau and Radden. 5 In Isacsson
and Shear's series 2 70% of the tumors were classified
as benign mixed tumors. They postulated that the
high frequency in their series was the result of the
relative higher number of black than white Patients,
although 60% of their white patients had mixed
tumors diagnosed. Schulenburg lO reported that in
traoral benign mixed tumors in his South African
samp1e were 3.S times more common in black than in
white patients. In the present series, where the sam
ple consisted of black patients only, 34 (48%) of the
tumors were classified as benign mixed tumors, a fre
quency comparable to that reported in population
samples in the United States and Europe. I , 4
The majority of tumors (S2%) in the present study
were malignant, a finding that does not support the
. ) of b~nign to malignant tumors in recent reports.
The proportion of benign tumors varied from 53%11
to 72%2 in recent studies. However, 80% of the cases
reported by Spiro et al. 12 were classified as malignant.
This high percentage of malignant tumors can be ex
plained by the fact that their institution is a major
cancer referring center.
The palate was the most common site of involve
ment of both malignant and benign tumors. The pro
portion of benign tumors occurring on the palate was
larger than in the malignant group, although the dif
ference is not statistically significant. Eighty-one per
cent of benign mixed tumors reported by Isacsson and
Shear 2 occurred on the palate. This high frequency of
palatal involvement might be due to the presence of
black patients in both samples. The distribution of
palatal tumors from several large series compared
with our findings is reflected in Table IV.

Author

Mixed
tumor

Malignant
tumor

Present study
Thomas et al. 14
Isacsson and Shear 2
Eveson and Cawson 4
Waldron et aLI
Regezi et al. J
Chau and Radden s
Chaudhry et aLII

91
65
81
60
54
55
70
65

75
63
60
55
42
49
54
35

The benign mix~ tumors occurred at a signifi
cantly younger age than did the malignant tumors
(p < O.OS), and a high percentage of the benign
tumors affected female patients. These observations
su pport the proposal by Isacsson and Shear 2 that in an
African population a salivary gland tumor of the pal
ate occurring in a relatively young patient is more
likely to be benign than malignant. This appears to be
especially true in women.
Seifert et al. 8 divided benign mixed tumors into
four types according to the volume and properties of
the stroma and the differentiation of the epithelial
cells. Although types III and IV constituted 3S% of
minor salivary gland mixed tumors in their series, al
most SO% of the carcinomas ex mixed tumor arose
from tumors with these growth patterns. s We are un
able to comment on the rate of malignant transfor
mation of types III and IV because only small frag
ments of benign mixed tumor were present in the car
cinomas ex mixed tumor in our series. The finding of
Seifert et a1. 8 could be related to the more common
occurrence of mitotic activity in the solid areas. The
majority of benign mixed tumors in the present series
were classified as type 1. Although mitotic activity,
when present, was usually restricted to the solid parts
of the tumor, the subclassification depended on the
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amount of sections taken, because the growth pattern
varied through the tumor.
The absence of monomorphic adenomas in the
present study may be due to the fact that our sample
consisted of black patients only. Isacsson and Shear 2
found three monomorphic adenomas (2.2%) in their
sample of 136 black patients. Davies et al.,13 in a study
of salivary gland tumors in Uganda, found no mono
morphic adenomas in 33 intraoral tumors. Thomas et
al.,14 who analyzed salivary gland tumors in Malawi,
found one monomorphic adenoma (2%) in their total
of 57 minor tumors. These frequencies are in contrast
with the 10.7% reported by Waldron et al.,l 11% by
Evenson and Cawson,4 and 10% by Regezi et al. 3
Polymorphous low-grade adenocarcinoma was the
most common malignant tumor in the present series.
Comparison of the frequency of polymorphous low
grade adenocarcinoma with that reported in other
studies is difficult because the majority employed the
WHO classification,l> which does not recognize poly
morphous low-grade adenocarcinomas as a separate
entity. Polymorphous low-grade adenocarcinoma con
stituted 30% of the malignant tumors in the present
study. Freedman and Lumerman IS found polymor
phous low-grade adenocarcinoma to constitute 7% of
the t 50 malignant intraoral tumors they examined.
Aberle et a!. III reviewed 109 cases of adenocarcinoma
not otherwise specified, malignant mixed tumor, and
adenoid cystic carcinoma, and found that 17% of their
cases met the criteria of polymorphous low-grade
adenocarcinoma. In the study of Waldron et al.I 26%
of the malignant tumors were diagnosed as polymor
phous low-grade adenocarcinoma. The differences
among these findings are probably related to the cri
teria used for diagnosis of polymorphous low-grade
adenocarcinoma, because overlapping histologic fea
tures with adenoid cystic carcinoma do exist.
The frequency of adenoid cystic carcinoma (12.8%)
in our series is similar to that reported in the litera
ture, for example, 13.1 % by Eveson and Cawson,4
10.9% by Regezi et al.,3 and 10.4% by Isacsson and
Shear. 2 Adenoid cystic carcinoma accounted for 25%
of the malignant tumors in our series, a figure lower
than the 38% reported by Isacsson and Shear 2 and the
31 % of Regezi et a!. ) Polymorphous low-grade ade
nocarcinoma was not classified as a separate entity in
the previously mentioned series, and the reported fre
quencies of adenoid cystic carcinoma are probably too
high.
In the majority of studies mucoepidermoid carci
noma was the most frequent type of malignanttumor\
accounting for 15%1 to 34%11 of all intraoral salivary
gland tumors. Mucoepidermoid carcinoma accounted
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for 8.6% of aJltumors in the present series. This figure
compares with the 6.5% reported by Isacsson and
Shear.2 also in a South Afdcan popUlation. This cor
roborates the suggestion by Everson and Cawson 17
that a geographic variation in the frequency of muco
epidermoid carcinoma exists.
We thank Mrs. C. S. Begemann for secretarial assistance
in preparing the manuscript.
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The relationship between Nucleolar
95
Organiser Regions and DNA content in Salivary
Gland Neoplasms
W.F.P. VAN HEERDEN 1, E.J. RAUBENHEIMER 1 , R. LE ROUX 2
IDepartments of Oral Pathology and Oral Biology, and 2Anatomical Pathology, Medunsa .
Abstract
Thirty-three intraoral salivary gland neoplasms were
evaluated to determine the proliferative index (+ GzM
fraction) and ploidy status and to correlate these findings
with the nucleolar organiser regions (NOR) counts . Formalin
fixed , paraffin~embedded tissue was used in all the cases .
The mean proliferative index for each tumour was calculated
as follows : pleomorphic adenoma (n = 11) 4 .1; polymor
phous Ibw grade adenocarcinoma (n = 8) 6.8; adenoid cystic
carcinoma (n = 3) 6.7; mucoepidermoid carcinoma (n = 4)
7. 3; carcinoma ex pleomorphic adenoma (n = 3) 5.1; undif
ferentiated carcinoma (n = 1) 4.5 and epithelial-myoepithe
lial carcinoma (n = 1) 8.2. Three tumours, two adenoid cystic
ucinomas and one carcinoma ex pleomorphic adenoma
showed aneuploid stemlines.
Although a positive correlation between the AgNOR
count and proliferative index of the salivary gland neoplasms
was found. it was statistically not significant .
Introduction
Nucleolar organiser regions (NORs) are collections of nucleo
lar proteins associated with ribosomal genes that can be
demonstrated in histologic sections using a silver staining
technique (AgNOR)(I ). This technique is based on the
argyrophylia of the NOR-associated proteins(2). NORs are
located on the short arms of the five acrocentric chromo
somes 13, 14, 15, 21 and 22. The known NORs are RNA
polymerase I, nucleolin, B23, lOOK and 80K protein(1).
Their function is uncertain but a role in rDNA transcription
is postulated. The quantification of AgNORs in histologic
sections has been used as a diagnostic aid in distinguishing
between benign and malignant tumours of various
origins(; - 6)
DNA content can be determined by flow cytometry by
Sing fluorescent dyes that bind stoichiometrically to
DNA(7). The fluorescence intensity emitted by each
nucleus through laser excitation is directly proportional to
the DNA content of the celjP). The cell cycle is divided
according to the amount of DNA in the nucleus at a particu
lar time . Nuclei of cycling cells in the pre synthesis or G 1
phase has a diploid or 2N amount of DNA . When the cells
start to duplicate their DNA they have an intermediate
amount of DNA between 2N and 4N. This phase is referred
to as the synthesis phase (S-phase) and is of variable
duration. Mter completion of the S-phase the cells enter
the post synthesis pha.se (G2 phase) in which they have a
4N amount of DNA. The cells finally enter the mitotic
phase (M -phase) and divide. whereafter they rerum to the
G 1 phase or enter a resting (GO phase). In flow cytometry ,
cells in the GO and G 1 phases cannot be distinguished from
each other , as they all have 2N DNA content. The same
implies to cells in the G2 and M phases with a 4N DNA
content (Figure 1).
The association between aneuploidy and · aggressive
tumour behaviour has been established for neoplasms from
various sites(8- 10). The proliferation rate as defined by the
S-phase fraction has also been used as a prognostic factor
in adenoid cystic carcinomas of the head and neck(lI).
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Figure 1: Schematic representation of the relationship
between DNA changes dunng the cell cycle.and DNA histo
gram by flow cytometry. GO represents the restzng celts not
taking part in the cell cycle.
The reason for different quantities of AgNORs in nuclei
is uncertain. The relationship between the AgNOR count
and cellular activity has been demonstrated by Crocker and
Nar(3). Suresh e1 al however. have shown that AgNOR
counts in non-neoplastic trophoblastic tissue are a reflection
of ploidy rather than cell proliferation(l2). The purpose of
this study was to detetmine the proliferative index and the
ploidy status of minor salivary gland neoplasms and to
correlate these findings with the AgNOR counts previously
evaluated in the same tumours.
Materials and Method
Formalin fixed. paraffin embedded tissue from thirty-three
intraoral salivary gland neoplasms, all included in a previous
study where the AgNOR counts were evaluated(l3) were
retrieved . The tissue samples had all been fixed in 10 %
formalin and processed to paraffin wax. Sections were cut
at 3cm thickness and dewaxed. The AgNOR solution com
prised 2 % gelatin in 1 % formic acid that was mixed in a
proportion of 1: 2 volumes with 50% aqueous silver ni trate.
This was immediately poured over the tissue sections and
left for 30 min at room temperature . Counter staining was
not performed. The AgNOR stairied sections were examined
under a lOOx oil immersion lens and intranucleur dots were
counted in 200 randomly selected nuclei using an eyepiece
graticule to prevent recounting. Nuclei of overlapping
tumour cells were not included. Nucleolar clusters were
counted as a single AgNOR and no attempt was made to
resolve the clusters into their discernible number of descrete
dots. The mean number of AgNOR dots per nucleus was
determined for each specimen. Eleven were diagnosed as
pleomorphic adenomas (PA), eight as polymorphous low
grade adenocarcinomas (PLA). five as adenoid cystic carci
nomas (ACC), four as mucoepidermoid carcinomas (MEC),
three as carcinoma ex pleomorphic adenoma. one as an
undifferentiated carcinoma and one as an epithelial
myoepithelial carcinoma. Four 50Jilll sections from each
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paraffin embedded block: were cut and prepared for flow
cytometry according to the Hedley method using a 0,5 %
pepsin solullon(I4). The final cell suspension was passed
through a 35mn mesh and the cell concentration established
by means of a Coulter counter (Model FZ, Coulter Elec
tronics, Hialeah, Fl). The cell concentration was adjusted
to ± 2.0xl0 G cells/ml. The nuclei were stained with
Propidium Iodide using a Coulter DNA Prep system,
according to the manufacturers instructions. The cells were
then analysed on an Epics Elite flow cytometer (Coulter
Electronics, Hialeah, Fl) which had been calibrated with
chicken red blood cells and DNA check beads. The Elite
was operated at 15 mWand emitted an Argon ion laser at
488nm. The date rate varied between 20 - 200 events/
second and 10 000 - 20 000 events were collected on a single
parameter histogram. All data was collected in Iistmode
fashion and the DNA histograms were analysed using Multi
cycle DNA analysis software program (Phoenix Flow
Systems, San Diego, CA).
By convention, when using paraffin embedded tissue, the
first peak was considered to be the normal DNA diploid
peak representing the GOG 1 phase of the cycle. DNA
aneuploidy was reported when at least 2 separate GO / G 1
peaks could be demonstrated. The coefficient of variation
(CV) was calculated using the width of the peak (number
of channels) at 61 % of the maximum peak height divided
by the peak height channel number, multiplied by a factor
of 2.
The proliferative index (PI) was defined as the percentage
of cells in the S + G2M phases combined. The correlation
between the AgNOR count and PI were analysed using the
Pearson's method while the Mann-Whitney Test was used
to compare the PI between benign and malignant salivary
gland neoplasms.

results were 3.96 ± 3.1 (SD). The proliferative inJe(~a~
AgNOR counts of the diploid tumours are summarised in
Table 1.
A positive correlation between the mean PI and mean
AgNOR counts in the various neoplasms were found. This
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Figure Z: DNA histogram ofan adenoid cystic carcznoma
showing aneuploidy.
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Results
Three tumours had aneuploid stemlines. Two were adenoid
cystic carcinomas and the other was a carcinoma ex
pleomorphic adenoma (Figure 2). The predominant growth
pattern in the ACC were cribriform and tubular/trabecular
respectively. Their AgNOR counts were 4.29 and 3.01
(Figure 3). The AgNOR count for the carcinoma ex PA was
2.37. Diploid stemlines were present in the remaining 30
neoplasms (Figure 4). The mean CV of the flow cytometry
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Figure 4: Diploid DNA histogram from a Pleomorphic

adenoma.

Figure 3: AgNOR stain of a

cribn/orm adenoid cystic carci
noma with an aneuploid DNA
content. Ong,inal magnifica
tion, x 400.
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The PI

~nd

AgNOR cowu of dlC' diploid salivary gland neopl;ums

PA
PI
AgNOR

4.1.l.l
1.48.0.3
II

PLA

ACC

6.8.5.3 6.7 d.ll
1.85.0.3 2.28. 0.7
8
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ea PA
7.302.3 \.1.5.6
1.93.0.5 1.60.0.3
1
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Ca ex PA '"' carcinoma ex pleomorphic adenoma ; Undiff Ca
undifferentiated Or(ill oma:
EPI = cpithclial.mytXpilhclial carcinoma : PI
prolifC'mivl:' index.
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correlatio'n however, was statistically not significant
(P = 0.4 5). The difference between the mean PI of the
benign salivary gland neoplasms and the diploid malignant
salivary gland neoplasms was also not significant.
Discussion
The cell cycle distribution as determined by flow cytometey
is usually calculated using commercially available ma~he
matical software programs. Corrections are made to subtract
background debri which intervene with the various phases
of the cell cycle. Creation of debri by means of tissue
preparation is a problem especially when using paraffin
embedded tissue for flow cytometric analysis. Although
these corrections have shown to enhance the prognostic value
of particularly the S-phase(15 ), it must always be borne in
mind that neoplastic cells might be eliminated as debri.
Expression of exact percentages of cells in the various stages
of cell is therefore proliferation, a questionable practice. It
is much more reliable to use the PI as a rough indicator of
proliferative activity, especially when evaluating paraffin
embedded tissues.
The number of aneuploid tumours (n = 3) in the present
study was too small to make definite comments regarding
its correlation with the AgNOR counts. It is interesting to
note however, that the two AgNOR counts of the aneuplbid
ACC were the first and third highest count among the
salivary gland neoplasms. In a study to evaluate the
prognostic factors for ACC, Hamper et al concluded that
the shortest survival time was found in patients with tumours
showing aneuploid DNA contents(16). Forty-two percent of
these tumours had a predominant cribriform growth
pattern . This fact correlates with our finding that the mean
AgNOR count in ACC ' did not correspond with the
histologic growth pattern, a prognostic factor for tumour
behaviour in ACe. The highest count was present in a
tumour with a predominant cribriform growth pattern. The
same applied for the flow cytometric analysis. The two
aneuploid ACC had more favourable cribriform and tubular
growth patterns respectively. Luna et al however, found that
aneuploidy is more frequently present . in the solid
pattern(l7). This is an indication that the growth pattern in
ACC alone is not solely responsible for tumour behaviour.
The fact that only 3 rumours of the sample that included
22 malignant neoplasms were aneuploid is probably related
to the phenomenon that malignant salivary gland neoplasms
generally have a less aggressive behaviour compared to other
malignancies.
A high AgNOR count in neoplasms may be related to
an increase in cell ploidy due to a real increase in the number
of chromosomes. Since the NORs are present only on the
5 acrocentric chromosomes, it may be possible that these
chromosomes are not affected in a neoplastic transformation
that is accompanied with hyperploidy. The NORs are usually
tightly aggregated in one or two nucleoli in acell(l8). Proli
ferative activity may be associated with nucleolar dissocation
resulting in spreading of AgNORs through the nucleus.
This, together with the transcriptional activity may result
in an increase in the mean AgNOR count(I8).
A variety of techniques are available to determine cellular
proliferation in histological material. Visualisation of the.
NORs by means of a silver staining technique is frequently
used. The percentage of cells in the S + .G2M phases of the
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cell cycle can be determined with flow cytometry and
immunohistochemical techniques using antibodies against
proliferating cell nuclear antigen (PCNA) as well as Ki-67,
a monoclonal antibody that recognises a nuclear antigen
present only in proliferating cells, are some of the more
advanced methods used.
This study failed to show a significant relationship
between the mean PI and mean AgNOR count of the
various neoplasms although they were positively correlated.
Crocker et al found a significant linear correlation between
the mean AgNOR count and S-phase fraction of high and
low grade non Hodgkin's lymphomas, but not between the
AgNOR count and ploidy status(l 9) The difference
between the mean PI of the benign and malignant tumours '
was not significant. This is in contrast to the highly signi
ficant difference between the same tumours when evaluating
the mean AgNOR countS(13). From this study it would
appear that the AgNOR technique, which is fast and in
expensive, may be more suitable to accurately determine
the proliferative activity when using paraffin embedded
tissues
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A review of recent developments in the diagnosis of epithelial
neoplasms of salivary gland origin
E. 1.

RAUBENHEIMER a ,

W.F.P. VAN HEERDENa

Abstract The adoption by the World Health Or
ganization of a revised classification for salivary
gland neoplasms has introduced a new chapter in
the diagnosis of these diverse growths. Universal ac
ceptance of this proposal will contribute significant
ly to diagnostic uniformity. The introduction of an
outline for the grading of malignant salivary gland
neoplasms benefit preoperative prognostication and

rationalize therapeutic regimes. The utilization of
fine needle aspiration and frozen section for the es
tablishment of a diagnosis are discouraged. Despite
recent devoelopments in histochemistry, immunohis
tochemistry and DNA content analyses of salivary
gland neoplasms, the diagnosis still relies mainly on
the growth pattern and cytologic features of a tn
mor. (Eur J Lab Med 1995;1:107-112).

Introduction

The purpose of this paper is to gi ve an overview
of recent developments in the diagnosis of salivary
gland neoplasms.

Although salivary glands share similar cellular
phenotypes wi th sweat glands, mammary glands
and the exocrine pancreas, neoplastic proliferations
in the former are infinitely more complex and, from
a cellular viewpoint, represent the most heteroge
nous group of proliferations in the human body. De
spite recent developments in the understanding of
the histogenesis of salivary gland neoplasms, the di
agnostic process still relies mainly upon growth
characteristics and cellular morphology. Special la
boratory investigations like electron microscopy
and cellular markers form a minor part of the diag
nostic process and often only subtle microscopic
differences distinguish neoplasms with diverse
clinical outcomes. The subjectivity involved in the
diagnosis of salivary gland neoplasms is highlighted
in a recent study where 101 salivary gland neo
plasms were reevaluated by a panel of senior pa
thologists. In a third there were minor disagree
ments, mostly related to subclassification, whereas
major diagreements relating to benign versus malig
nant occurred in 7.9% of cases!.
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Classification
For universal acceptance, a classification of
pathologic proliferations should be based on pat
terns of differentiation that reflect the cell types of
the parental tissue and simultaneously group neo
plasms in prognostic categories. The most likable
classification of salivary gland neoplasms is the
morphologic working classification initially pro
posed by the Armed Forces Institute of Pathology 2
(Table I) and later adopted by the World Health
Organization's Committee on salivary gland tumors.
Although the patterns of differentiation of salivary
gland neoplasms is not addressed systematically in
this classification, malignant growths are now for
the first time prognostically grouped. The diagnos
tic refinement introduced by this new approach is
clearly evident in a study which revised salivary
gland neoplasms originally diagnosed according to
the 1972 World Health Organizations classifica
tion 3• In 29 cases the original diagnosis was
changed and in 7 it resulted in a change from be
nign to malignant or vice versa4 • Although the new
approach to the classification has valuable clinical
implications, it is by no means complete. Entities
like the salivary gland anlage tumor, sialoblasto
ma 6•7 and hyalizing clear cell carcinoma8 lack suffi-
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Table 1. AFIP classification of primary epithelial neoplasms of
salivary gland origin
Benign
Mixed tumor (pleomorphic adenoma)
Papillary cystadenoma Iymphomatosum (Warthin's tumor)
Oncocytoma
Cystadenoma
Basal cell adenoma
Ductal papillomas
- Sialadenoma papilliferum
- Inverted ductal papilloma
- Intraductal papilloma
Myoepithelioma
Sebaceous adenomas
- sebaceous adenoma
- sebaceous lymphadenoma
Adenoma NOS
Malignant
Low-Grade
Mucoepidermoid carcinoma (low grade)
Acinic cell adenocarcinoma
Polymorphous low grade adenocarcinoma
Basal cell adenocarcinoma
Adenocarcinoma (NOS) low grade
Metastasizing mixed tumor
Intermediate-Grade
Mucoepidermoid carcinoma (intermediate grade)
Adenoid cystic carcinoma (cribriform-tubular types)
Epithelial-myoepithelial carcinoma
Adenocarcinoma NOS (intermediate grade)
Clear cell carcinoma
Cystadenocarcinoma
- papillary
- non papillary
Sebaceous carcinomas
- sebaceous carcinoma
- sebaceous Iymphadenocarcinoma
Mucinous adenocarcinoma
High-Grade
Mucoepidermoid carcinoma (high grade)
Adenoid cystic carcinoma (solid)
Malignant mixed tumor
- carcinoma ex mixed tumor
- carcinosarcoma
Adenocarcinoma NOS (high grade)
Squamous cell carcinoma
Undifferentiated carcinoma
Oncocytic carcinoma
Adenosquamous carcinoma
Salivary duct carcinoma
Myoepithelial carcinoma

cient numbers for the establishment of behavioral
patterns and may only find their way into future re
appraisals of this classification.
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Terminology
Arguments on the preferentiability of the desig
nation "mixed tumor" or the term "pleomorphic
adenoma" are unproductive and both are now ac
cepted. "Adenolymphoma" as a synonym for papil
lary cystadenoma lymphomatosum should fall in
disuse because any implication that this benign tu
mor is linked to lymphoma is misleading. Oxyphil
cell adenoma and oncocytoma are used interchan
gebly. The ambiguous term "monomorphic adeno
ma" has fallen into disuse and all unclassifiable
adenomas are now proposed to be designated as
"adenoma, not otherwise specified". Although
myoepithelioma is classified as a separate entity, no
counter argument exists that this neoplasm is in fact
an extreme differentiation on the diverse spectrum
of pleoD1orphic adenoma. Separate categorization of
myoepithelioma may however, prevent confusion
with benign mesenchymal neoplasms, many of
which resemble myoepitheliomas microscopically.
The term malignant mixed tumor (or malignant
pleomorphic adenoma) should not be used as a spe
cific diagnosis as it includes three different entities:
carcinoma ex mixed tumor (or a carcinoma arising
in a mixed tumor), carcinosarcoma (true malignant
mixed tumor) and metastasizing mixed tumor. The
suffix-tumor is now replaced by "carcinoma" in two
neoplasms which are now known to be malignant:
acinic cell carcinoma and mucoepidermoid carci
noma. As refinements in classifications proceed,
the utilization of terms like "adenocarcinoma not
otherwise specified" decrease. Although new clini
co-pathological entities such as salivary duct carci
noma, terminal duct carcinoma and epithelial
myoepithelial carcinoma reduce the frequency by
which this category is used, there still remain those
adenocarcinomas which cannot be accommodated
in other categories.
Frozen sections and fine needle aspirations
Frozen sections (FS) and fine needle aspirations
(FNA) are increasingly accepted as cost effective
and time saving techniques for the diagnosis of ab
normal body masses. The cellular diversity which
may be experienced within a salivary gland neo
plasm decreases the potential accuracy of all tech
niques which suffer the disadvantage of not repre
senting all cell types in a neoplastic proliferation.
The status of invasion is one of the most important
parameters in predicting the biologic behavior of
salivary gland neoplasms 2 • The small sample ob
tained through FNA precludes the disclosure of this
important parameter. Studies investigating the sen
sitivity and specificity of FNA frequently compare
its diagnostic accuracy with histological diagnoses
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based on dated classification systems, most of
which do not recognize modern refinements in the
diagnosis of salivary gland neoplasms . FNA ap
pears to have a high success rate in distinguishing
between benign and malignant salivary gland neo
plasms 9.l! . The distinction between benign and ma
lignant in a diagnosis on which the therapeutic ap
proach is decided, is probably equally important to
the grading of a specific malignant growth. In this
respect, the limited sample obtained through FNA
is often inadequate and its results cannot be com
pared with those obtained through incision biopsy.
The cytological atypia frequently present in benign
salivary gland neoplasms9.1213 and potential confu
sion with non-epithelial stromal neoplasms 14 are
further pitfalls in the interpretation of FNA. Al
though there are unquestionable clinical indica
tions for FNA, none merit its inclusion as part of the
systematic evaluation on which the therapeutic ap
proach is based l5 .
In a series of 310 patients subjected to FS, the
correct type of malignancy was diagnosed in only
51 % of cases and in four patients, a false positive
diagnosis of malignancy was made. The authors of
this study conclude that FS is no more accurate in
the evaluation of salivary gland tumors than FNN6.
Although there are no indications against the util
ization of FS for determining clear margins during
excision, a primary diagnosis should not be estab
lished on FS alone.
Grading of salivary gland malignancies
This aspect of the diagnosis of malignant neo
plasms is important particularly in the case of mu
coepidermoid carcinomas, adenoid cystic carcino
ma and adenocarcinoma which may be classified in
more than one grade of malignant behavior. The mi
croscopic criteria applied for grading are controver
sial and often highly subjective. Auclair, Goode and
Ellis l7 proposed a point scoring system for the ob
jective grading of muco-epidermoid carcinomas.
The histopathologic features that indicate high
grade behavior are an intracystic component of less
than 20%, four or more mitoses per 10 high-power
fields, neural invasion, necrosis and cellular ana
plasia. Most differences of opinion involve the dis
tinction between low and intermediate grades and
their proposed point system may provide a basis for
an objective solution. Factors that indicate a poor
prognosis in adenoid cystic carcinomas encompass
failure of local disease control at the initial surgical
procedure, a solid pattern histologically, recurrent
disease and distant metastases 2. Despite the de
scription of new clinicopathological entities like the
salivary duct carcinoma and epithelial myoepithe
lial carcinoma which were formerly grouped in the

adenocarcinoma "not otherwise specified" category,
there still remain a group of adenocarcinomas that
cannot be accommodated in conventional classifi
cations. These malignancies are divided into low-,
intermediate- and high grade categories on growth
patterns and cytologic features 2. Although histo
pathologic grading of acinic cell adenocarcinomas
is possible, the influence of the different grades on
the prognosis is debateable I8. 19 . The limited malig
nant potential and excellent survival of patients
with polymorphous low-grade adenocarcinoma is
little affected by patterns of differentiation 20 .

Histochemistry and immunohistochemistry
Although histochemical and immunohistochemi
cal techniq,ues have played an important role in in
vestigations of the histogenesis of salivary gland
neoplasms, their diagnostic applications are limit
ed. This is mainly due to the wide spectrum of dif
ferentiation which may occur within a single sali
vary gland neoplasm, with each growth pattern ex
hibiting its own immunohistochemical characteris
tics 21.23 . Salivary gland neoplasms furthermore often
share immunohistochemical staining characteris
tics with other neoplasms. Positive staining for
prostate-specific antigen and prostate-specific acid
phosphatase are frequently found in benign and
malignant salivary neoplasms 2\ a pitfall in the mi 
croscopic distinction between salivary gland carci
nomas and metastatic deposits of prostatic carcino
ma. Alpha I-antitrypsin is a useful marker of base
ment membrane-like materia}25 and can be helpful
in distinguishing this product from myxoid intersti
tial deposits. A potential distraction to the diagnosis
of myoepithelial tumors of salivary glands (i.e .
myoepithelioma and myoepithelial carcinoma) is
confusion with spindle cell mesenchymal prolifera
tions. Demonstration of myoepithelial differentia
tion requires careful evaluation of immunohisto
chemical stains. The identification of S100 protein,
actin and keratin either focally or diffusely, is help
ful in confirming myoepithelial differentiation 26.
Microscopically, myoepitheliomas differentiate
into three distinct cellular patterns: a spindle cell-,
plasmacytoid- or a combination of plasmacytoid
and spindle shaped cellular patterns 2. If immuno
histochemical criteria had to be applied rigorously,
it is debateable whether the plasmacytoid variety,
which is reported to stain negative for muscle spe
cific actin, does represent true myoepithelial diffe
rentiation 27 .
Confusion between the microscopic appearances
of polymorphous low grade adenocarcinoma and be
nign pleomorphic adenoma may be avoided by em
ploying stains for glial fibrillary acidic protein
(GFAP). The former does not stain for this antigen

Eur J Lab Med, Vol. 3, No . 1, 1995

109

European Journal of Laboratory Medicine

whereas its pOSitiVity is common in pleomorphic
adenomas 28 . A greater diagnostic dilemma is the
distinction between polymorphous low grade adeno
carcinoma and adenoid cystic carcinoma. The im
munochemical reactions of these two tumors are not
sufficiently dissimilar to be of any practical value 29
and differences are mainly cytological and to a less
er extent morphological in nature. The presence of
both sex steroids and the receptor for progesterone
in adenoid cystic carcinomas3o suggests a good pos
sibility that some tumors in this group may respond
to endocrine therapy.
Various reports propose a useful place for the
counting of nucleolar organizer regions (NOR's) in
order to predict the proliferative activity and prog
nosis of malignant salivary gland neoplasms31 . 33
and distinguish between benign and malignant
growths 34 • Our experience with this technique 3S as
well as those of other researchers 36 were less re
warding and we believe this technique provides
nothing but redundant information.
Research into the use of cellular markers to pre
dict the behavior of salivary gland tumors is in its in
fancy. An association is reported between the expres
sion of erbb2 oncoprotein and aggressiveness of ma
lignant salivary gland tumours·37,38. Loss of cellular
differentiation appears to be linked with under
expression of the c-fos oncogene39 and evaluation of
Ki-67 expression40 , immunoreactivity for peNNI and
c-myc, ras p21 and p53 expression42 may become
important determinants for malignant behavior.
DNA content analysis
The positive correlation between prognosis and
ploidy status of malignant neoplasms is well estab
lished. Despite the presence of atypical cells in be
nign pleomorphic adenomas, all benign salivary
gland tumours have diploid DNA contents and the
malignant ones frequently display an aneuploid
pattern4,,·44. A statistically significant correlation was
found between DNA content and tumor size, histo
logical grade, lymph node metastasis and lethality
of 55 salivary gland carcinomas4S • Flow cytometry
was however, unable to predict the development of
metastasis in cases of proven metastasizing mixed
tumor46 • DNA ploidy was shown to correlate with
the prognosis of epithelial-myoepithelial carcino
ma47 myoepithelioma4<l and muco-epidermoid carci
noma49 • The value of this technique in prognosticat
ing adenoid cystic carcinomas is debateable 5o•s1
whereas no prognostic correlation could be found
between DNA ploidy and the course of acinic cell
adenocarcinomas 52.5.'l. Larger series will shed more
light on the usefulness of DNA content analysis in
the prediction of the behavior of salivary gland tu
mors.
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Materials and Methods

Salivary duct carcinoma (SDC) is a high-grade ma
lignant epithelial tumor of salivary glands first de
scribed by Kleinsasser et al. 1 It has also been
termed cribriform salivary carcinoma of excretory
ducts,2 infiltrating salivary duct carcinoma,3 and
intraductal carcinoma.4 SDC has a poor progno
sis,2,s,6 although patients with prolonged disease
free survival have been reported,2 ,5 Low-grade vari
ants of SDC have also been describedJ,s
The peak incidence of SDCs is in the sixth and
seventh decades of life, and it has a male predomi
nance.6,9 This neoplasm has a striking resemblance to
ductal breast carcinoma and is characterized by the
presence of intraductal, circumscribed tumor islands
with a papillary, Cribriform, or solid growth pattern
associated with an infiltrative component. Comedo
necrosis is frequently present.
SDCs occur almost exclusively in the major salivary
glands with the parotid gland predominantly af
fected ,lO Only isolated cases involving minor salivary
glands have been reported. 1 ,s,lUS In this study, we
report the clinicopathologic and immunohistochemi
cal features of 5 cases of intraoral SDC. The DNA
ploidy status of these tumors was also studied.

Malignant intraoral salivary gland tumors diagnosed
at the Departments of Oral Pathology at the University
of Pretoria and Medical University of Southem Africa
were reviewed. Four cases of SDC were included
while aii additional case was reclassified as an SDC
according to the criteria of the World Health Organi
zation I9 Clinical and follow-up information was ob
tained from the patients' files and supplemented by
communication with the referring practitioners or
clinics and immediate family members. All the speci
mens were fixed in 10% buffered formalin , and the
histologic features were evaluated by reviewing all
the sections stained with hematoxylin and eosin. Ad
ditional slides of paraffin blocks were prepared for
immunohistochemical analysis using the standard avi
din-biotin peroxidase method. A panel of commer
cially available antibodies with appropriate controls
was used (fable 1). The extent of immunohistochem
ical staining was evaluated and scored as + (1% to 9%
of tumor cells), + + (10% to 50% of tumor ceUs), and
+ + + (>50% of tumor cells). Staining intensity was
not evaluated.
Flow cytometry was performed on 50 /-Lm sec
tions of the formalin-fixed paraffin-embedded tumor
blocks. Tissue was processed according to the modi
fied method described by Heiden et al. 20 The sections
were enfolded with 50-/-Lm nylon mesh and deparaf
finized in xylene, hydrated in graded alcohols, and
digested with Carlsberg solution. The nuclei were
stained with DAPI solution (4' ,6-diamidino-phenylin
dole) containing 0.2 M trisodium citrate dihydrate,
and at least 10,000 events from each case were ana
lyzed using a PAS III flow cytometer equipped with a
high-pressure 100-W mercury lamp (partec, Munster,
Germany).
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The patients ranged in age from 47 to 71 years
(mean age, 58.2 years). Two were female and 3 were
male. All of the tumors were located in the palate and
ranged in size from 5 to 14 cm. The tumors presented
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Table 1. SPECIFICATIONS Of. ANTIBODIES USED

Antibody

Source

Dilution

Antigen Retrieval

High-molecular-weight cytokeratin
a-Smooth muscle actin
Vimentin
Anti-S-lOOA

DAKO (34BE12)
DAKO (lA4)
DAKO (V9)

Prediluttd
Prediluted
Prediluted
Prediluted

None
None

DAKO

Detection
DAKO
DAKO
DAKO
DAKO

LSAB2
LSAB2

LSABi
LSAB2

'Microwave pressure cooker in citric buffer, pH 6.0.

Discussion

as painful masses (Figs 1 through 3). No association
with the parotid gland could be shown in any case
using computed tomography investigation (Fig 4).
The possibility of metastasis from an intraductal
breast carcinoma was also excluded. Clinical evi
dence of regional lymph node metastasis was present
in 2 cases. Three patients refused any form of treat
ment and were subsequently lost to follow-up. No
information could be obtained from the referring clin
ics. One patient was treated with radical resection
and is currently receiving postoperative radiotherapy.
The clinicopathologic findings are summarized in Ta
ble 2.
Microscopically, all tumors consisted of an intra
ductal component with a predominantly cribriform
pattern and central comedonecrosis (Fig 5). Infiltrat
ing tumor islands, in a trabecular and cribriform pat
tern, in a stroma that varied from cellular to regions of
hyalinization were also present in all 4 cases (Fig 6) .
The tumor cells had well-defined cell borders with
eosinophilic cytoplasm and vesicular nuclei. Mitotic
activity varied from moderate to high (Fig 7). The
immunohistochemical results are shown in Table 3.
Flow cytometry analysis showed 4 tumors to be
aneuploid (Fig 8) and one diploid (case 2) (Fig 9). The
coefficient of variance (CV) of all the measurements
was less than 3%.

The possibility of metastases should be eliminated
before a final diagnosis of SOC is made. Metastatic
ductal carcinoma from the breast could be excluded
with careful clinical examination and mammography.
The his't ologic features of these tumors are very sim
ilar, although the presence of estrogen receptor pro
tein and absence of carcinoembryonic antigen in
breast carcinomas have been used to differentiate
between SOC and ductal carcinoma of the breast.21
Metastatic prostatic carcinoma can in the majority of
cases be excluded by the absence of both prostate
specific antigen and prostate-specific acid phospha
tase in the tumor cells.
The histologic differential diagnosis of SOC in
cludes high-grade mucoepidermoid carcinoma,
undifferentiated carcinoma, adenocarcinoma (not
otherwise specified), dedifferentiated acinic cell car
cinoma, and adenoid cystic carcinoma. High-grade
mucoepidermoid carcinomas have epidermoid and
intermediate basaloid cells as well as cells with muci
carmine demonstrable intracellular mucin, whereas
only luminal mucin is found in SOc. Cribriform and
papillary-cystic growth patterns are not found in mu
coepidermoid carcinomas. Undifferentiated carci
noma lacks the eosinophilic cytoplasm of SOC and
does not form glandular structures. Adenocarcinoma,

FIGURE 1. Intraoral view of case I showing a massive tumor de
stroying the right maxilla, extending across the midline.

FIGURE 2. A tumor located in the leff maxilla w ith buccal and palatal
expansion from case 2.
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FIGURE 3. Case 3 presenting with an ulcerated tumor in the ri ght
palate involving the alveolar ridge .

not otherwise specified, shows glandular and ductal
differentiation but lacks the distinctive features of
SDC and is basically a diagnosis of exclusion. lo Dedi
fferentiated acinic cell carcinoma may present as a
poorly differentiated adenocarcinoma or undifferenti
ated adenocarcinoma but always in association with a
usual-type low-grade acinic cell carcinoma. 22 Adenoid
cystic carcinoma cells usually contain little cytoplasm
and have ~gu1ated, basophilic nuclei. Comedonecro
sis is also not a feature of adenoid cystic carcinoma.
The diagnosis of primary intraoral SDC necessitates
exclusion of direct spread from one of the major
salivary glands, especially the parotid, where most
SDC arise. Computed tomography scans and other
imaging techniques should not show any association

FIGURE 4. Computed tomography -scan of patient described in case
2 shOWing a tumor in the leh maxilla and palate w ith no parotid
involvemenl.

with the parotid or any other major salivary gland.
This is especially true when SDC of the cheek is
diagnosed, which is not a common site for minor
salivary gland tumors.23

Tab" 2. CUNI(OPATHOGIC FEATURES 0' 5 PATIENTS WITH INTRAORAL SDCs

Patient

Age
(yr)

Gender

1

53

F

Right palate and
right alveolar
ridge

2

71

M

Left palate and
buccal sulcus

3

57

M

4

63

5

47

Site

Clinical Presentation

Tumor
Size (cm)

Treatment

Fungating mass;
difficulty in
breathing and
eating;
lymphadenopathy
Pain, nerve fallout of
II, III, Vb' and VII;
lymphadenopathy

= 14

Biopsy

2::5

Biopsy

Right palate

Ulcerated tumor

=6

F

Left palate

Painful, ulcerated
twnor

=7

M

Left palate

Fungating,
nonulcerated
tumor

=5

Follow-Up
Patient refused
treatment,
lost to
follow-up

Patient refused
treatment,
lost to
follow-up
Biopsy
Patient refused
treatment,
lost to
follow-up
Maxillectomy,
No
left neck
recurrences
dissection,
after 10
postoperative
months
radiotherapy
Biopsy
Patient still
considering
surgical
treatment
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FIGURE 5. Photomicrogroph of a n SDC showing intraducta l growth

FIGURE 7. The tumar cells had ves icular nuclei w ith prom inen t

patte rn with a cribrifo rm appeara nce a nd comedonecrosls In the
larger tumor islands (hematoxylin-eos in sta in, original magnification x

nucleoli . M itol ic figures were prom inent (hemaloxylin-eos in stain , ong'
inal magn iFk:alia n x200).

251.

Carcinoma ex pleomorphic adenoma is not uncom
mon in minor salivary glands 23 and SDC have been
reported as the malignant component of these malig~
nancies.6,15,24 None of our cases had any histologic
evidence of a preexisting pleomorphic adenoma, nor
did a longstanding history suggest such an associa
tion . SDC has also been reported as a hybrid carci
noma of the minor salivary glands combined with an
adenoid cystic carcinoma25 and Warthin's tumor. 13
SDC of the major salivary glands is an aggressive,
high-grade malignancy. Comparison of the behavioral
quality of SDC originating from minor salivary glands
with that of the major glands is difficult, as only
isolated cases of SDC have been reported. The clinical
characteristics of our cases are similar to other studies
reported for SDC of the major glands in that predom
inantly older male patients were involved. It was not
possible to determine the clinical behavior of our 5

cases due to lack of follow-up information. However,
the clinical appearance Oarge size and ulceration) of
these tumors together with detectable peripheral neu
ropathy (ie, paresthesia, paralysis) and presence of
fixed lymph nodes suggesting metastatic spread was
supportive of an aggressive clinical behavior. The size
of primary SDC was found to correlate with malignant
potential. Hui et aF6 reported that tumors smaller
than 3 cm correlate with a lower malignant potential,
whereas Delgado et aP5 found a similar correlation
with tumors smaller than 2 cm.
Inununohistochemical evaluation of some interme
diate filaments in the tumor cells indicated that SDC is
composed of predominantly ductal cells with little or
no myoepithelial cell involvement. The strong expres
sion of cytokeratin in the tumor cells is supported by
the majority of studies on SDCS.2.6,15,27 The tumor
cells were negative for vimentin and smooth muscle
actin, whereas positive staining with S-100 antibody
was found in less than 10% of tumor cells in all 5
cases. Diffuse positive staining of S-100 was found by
Brandwein et aF in 7 of 9 cases as well as in a single
case of SDC reported in the palate.25 Most studies,
however, reported no immunoreactivity with S-100

Patient
Antibady
Keratin
a -Smooth muscle actin
Vimentin
S100
FIGURE 6. Infiltra ting tumor islands in a cellular strama (hematoxylin·
easin sla in, o ri g inal magnificalio n x l 00).

2

3

4

+++

++

+++

++

+

+

+

+

NOTE. - , Negative; +, 1% [0 9% of tumor cells; + +, 10% to 50%
of tumor cells; + + +, more than 50% of tumor cells.
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antibody.15,17,27 The isolated (1% to 10%) positive
staining of S-100 in our 4 cases may be due to the
presence of Langerhans cells be~een the tumor
cells, although tumor cells with a ductal differentia
tion may express S-100 protein. 28 Ultrastructurally,
SDCs are composed of cuboidal to polygonal cells
with interdigitations and cells forming ductlike struc
tures with microvilli and apical vesicles; myoepithe
lial cells are absent. These findings support the ductal
origin of SDC. 29
Four of the SDCs in the present study displayed
DNA aneuploidy. Several studies have measured the
DNA content of SDC using flow cytometry with var
ied results. The majority found no correlation be
~een the ploidy status and prognosis,6,24,3o whereas
Martinez-Barba et al z7 found a positive correlation
be~een aneuploidy and the presence of distant me
tastases and fatal clinical outcome. Nuclear suspen
sions for flow cytometry analyses were obtained from
paraffin-embedded sections in all of the above-men
tioned studies, but none of these studies mentioned
the CV obtained for the flow cytometry measure
ments. The CV of DNA measurements using paraffin
embedded tissue will invariably be higher than when
using fresh tissue from the same tumor. It is possible
that the reported diploid cases were in fact false
diploid as tumor cells with a near diplOid peak, im
plying small deviations of their DNA content from
normal diploid cells, could not be distinguished due
to the relatively high CV.
SDC is a distinct tumor that can Originate from
minor salivary glands. The histologic features are sim
ilar to those of tumors originating in the major salivary
glands. The palate appeared to be the most common
intraoral site for SDC. Although clinical features were
suggestive of an aggressive behaVior, more reported
cases are required to determine the behavior in SDCs
of minor salivary glands.

INTRAORAL SALIVARY DUCT CARCINOMA
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FIGURE 9. Diploid DNA histogram with diplOid cells at channell 00
and the small peak at channel 200 representing the cells at G 2 M
phose
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ODONTOMA IN AN AFRICAN ELEPHANT (Loxodonta africana)

E J RAUBENHEIMER", W F P VAN HEERDEN", M L TURNER' and L K MARE" •

ABSTRACT
The first known case of an odontoma in an African elephanf (Loxodonta
afr/cana) is described. The tumour was fused with the coronal cel'Tlen·
tum of the sixth right mandibular molar tooth. thus preventing Its eru~
tlon.
Key words: African elephant. Loxodonta africana, odontoma
Raubenhelmer E.J.; van Heerden W.F.P.; Turner M.L.;.Mare l.K. Odontomd
in an African elephant (Loxodonta tiff/cana). Journal of the Soufh Africqn
Veterinary hsociation (1989) 60 No. 3, 149·150 (En.) Department of Oral Pat·
hology and Biology, Medical University of Southern Africa. 0204 Medun·
so, Republic of South Africa.

INTRODUCTION
The term "odontoma" by definition alone,
refers to anx tumour of the dental tissues 4 .
Through usage, however, it has come to
be employed in a much more restricted
sense and refers to a tumour in which. in
duction has resulted In the development
of both enamel and dentine 1.
Odontomas
represent
a
hamar
tomatous malformation rather than a
neoplasm9 Thus, they are frequently form
ed in the place of a missing tooth, or if all
the teeth are present. an odontoma may
represent a malformation of a super
numerary tooth germ6. Odontomas are
subdivided according to morphological
features into complex and compound
odontomas. The complex odontoma con
sists of a mass of irregularly-arranged
enamel, dentine, cementum and con
nective tissue, bearing no morphologic
similarity to teeth. In the compound odon
toma the enamel. dentine and cemen
. tum are laid down in an orderly fashion so
that toothlike structures can be identified.
In humans the complex type of odontoma
is less common than the compound type,
although some lesions are a combination
. of both types b
Odontomas have been reported in
various animals, including
dogs 11 ,
horses 2 3 8 and nonhuman primates10 12
This report describes the first known case
of an odontoma occurring in an African
elephant (Loxodonto otricono).
CASE REPORT
A dried mandible of an African elephant.
containing a 350 x 250 x 200 mm
calcified tumour In the right corpus was
submitted to the Department of Oral
Department of Oral Pathology and Biology,
Medical University of Southern Africa. 0204
Medunsa. Republic of South Africa
•. P.O. Box 553, 1240 White River
I
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Pathology
for
examination
and
diagnosis. The tumour caused buccal
and lingual expansion (Fig. 1) and was
partially erupted and functional: the
abraded occlusal surface showed
haphazardly-arranged cementum, ena
mel and dentine./The tumour had an
irregular surface and was not attached to
the surrounding bone which showed
features of osteomyelitis. A portion of a
molar tooth protruded from the anterior
(rostral) surface of the lesion which had a
total mass of 7,8 kg (Fig. 2) . The
aSSOCiated molar tooth was clearly visible
·on the sectioned surface and the cemen o
tum of the tooth was fused to the tumour,
the latter of which was composed of
cementum-like tissue surrounding well
formed enamel and dentinal structures
(Fig. 3).
Radiographic e xamination of the distal
corpus and ramus of the right mandible
failed to exhibit additional developing
teeth . The 6th molar tooth on the left was
fully developed , erupted and partially
abraded.
Microscopic examination of the tumour
revealed cellular cementum, dental
enamel and regular dentine arranged in
an orderly fashion (Fig. 4) .

DISCUSSION
Odontomas develop in place of a tooth
or, if the normal complement of teeth are
present. from a. supernumerary tooth
germ. They follow the normal growth pat
tern of a developing tooth and even
though quite large dimensions may be
attained, the cellular activity of odon
tomas cease after completion of hard
tissue formation.
Unlike humans, elephant have a total of
6 successive developing molar teeth In
each quadrant which are abraded and
shed throughout the life of the animal. Ex
amination of the left mandible of our
specimen showed the 6th molar to be ful
ly developed and erupted and the age '
of the animal was estimated to be in .ex

cess of 35 years. As the chronology 01
tooth development in the specimen is
unknown, the origin of the odontoma sug·
gests two possibilities . The lesion may
have originated from the germ of the 5th
molar which develops and erupts be
tween the ages of 16 and 43 years 5. Alter
natively, in the presence of a normal
complement of teeth , the odontoma
could have developed from a super·
numerary tooth germ. The occurrence 01
supernumerary molar · teeth In elephanl
however, has not been described .
The macroscopic and microscopic ap
pearance of the leSion were consistent
with a mature compound type odon
toma. Enamel. dentine and cementum
were arranged in an orderly fashion and
the interface between these tissue types
resembles that found in a normal tooth.
Fusion between the cementum of the
odontoma and the associated molar
tooth 'was the result of cementum forma
tion on the enamel surfaces in both struc
tures. The formation of cementum on
enamel is a normal phenomenon in
many animals? The forces of eruption of
the fused molar tooth probably forced
the odontoma into occlusion with the op
posing maxillary molar tooth, hence the
smooth abraded area on the ventral sur
face thereof. Partial exposure of the
odontoma to the oral environment resul
·ted in the development of an
osteomyelitis in the bone surrounding the
lesion.
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Fig , 1:

Right corpus of mandible with partially erupted odon
toma , (arrow) and buccal and lingual bone expansion
(bar = 10 em) Note abraded surface

Fig. 2:

Molar tooth (arrow) with attached odontoma (asterisk)
(bar = 10 em)

Fig,

Length section through odontoma (asterisk) and molar
tooth (arrows), showing the enamel (e), dentine (d) and
cementum (c) of both structures (bar = 2 em)

Fig, 4:

Micrograph of the orderly-arranged cementum (c),
enamel (e) and dentine (d) of the odontoma (Ground
section, x 20)
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Giant ossifying fibroma: a
clinicopathologic study of 8
tumors
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van Heerden WFP, Raubenheimer EJ , Weir RG , Kreidler J: Giant ossifying
fibroma: a clinicopathologic study of 8 tumors. J. Oral Pathol Med 1989; 18:
506-509.
Clinical, radiographic and microscopic features of 8 ossifying fibromas
diagnosed in 7 patients and measuring more than 8 cm in greatest diameter,
were reviewed. The tumors occured in both juvenile and middle aged patients
and all lesions in women involved the maxilla . The abundance of fibrous
connective tissue and resorption of mineralized deposits are indicative of altered
cellular differentiation and proliferative activities in large ossifying fibromas.
Focal areas of aneurysmal bone cyst formation were identified in the majority
of lesions.

Ossifying fibromas are generally re
garded as slow growing and well cir
cumscribed jaw tumors which contain
foci of trabecular and spherical calcifi
cations resembling bone and cementum
respectively (1). They are reported to
be more common in blacks , occur fre
quently in women and the majority of
lesions involve the mandible (1, 2) .
Although no convincing definition of
giant ossifying fibromas are to be found
in the literature, these neoplasms were
reported by various authors as large tu
. morous fibro-cemento-osseous prolif
erations (3-7). Unfortunately, many of
the reported cases are not documented
satisfactorily. HAMNER et al. (1968)
however, arbitrarly defined giant le
sions as those exceeding 2 x 2 cm in
size or involving the space occupied by
two or more teeth .
There is no published series of giant
ossifying fibromas in the literature.
Therefore, this study was undertaken
to determine the clinical and radio
graphic appearances and the micro
scopic features of the large ossifying
fibromas diagnosed by the Department
of Oral Pathology at the Medical Uni
versity of Southern Africa (Medunsa)
over a 6-yr period.

Material and methods

All the cases diagnosed as ossifying fi
broma over the last 6 yr were retrieved
from the files of the Department of

Oral Pathology, Medunsa , Most pa
tients seen at the hospitals served by
the department are black and of rural
origin. The pathology reports were re
viewed and all lesions with a longitudi
nal diameter of 8 cm or more as mea
sured on the excision specimen, were
included in this study. Radiographs
were available in all the selected cases.
Histologic evaluation was done by
means of light microscopy. Three speci
mens (Cases 1, 3, 4) were bivalved in
the longitudinal diameter, and a 5 mm
slice of the entire cut surface was ob
tained by means of a band-saw. The
slice was then radiographed and
blocked into multiple squares, each of
which was numbered on a scheme cor
responding to the radiograph and proc
essed for routine light microscopy.
Representative histologic sections were
avialable in the remaining cases.
Results

Seven patients from a total of 30 cases
of ossifying fibroma were found to have
tumors larger than 8 cm in greatest di
ameter (Fig. 1). The age, sex, site and
size of the tumors are indicated in Table
1. Case 5 presented with a mandibular
and a maxillary tumor, both exceeding
8 cm. Signs and symptoms varied, the
most common of which was swelling.
At the age of 2 yr, Case 1 presented
with a mandibular tumor 4 cm in diam
eter. Biopsy showed a benign fibro
osseous proliferation and due to par-

Key words: fibro-osseous lesion; giant ossifying
fibroma; juvenile aggressive ossifying fibroma.
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enteral refusal the lesion was followed
over a period of 7 yr during which it
became less radiopaque and tripled in
diameter. The duration of the other le
sions could not be determined reliably .
Although the post-operative follow-up
is in some cases as short as one year,
none of the lesions have recurred.
All tumors involved the tooth-bear
ing areas of the jaws and were well
demarcated with scattered foci of ra
diopacities (Fig. 2) . Root resorption
were present in three cases .
Case 1 was treated with hemimandi
bulectomy. Enucleation of the tumor
was done in the other cases. No cortical
perforation was present, only expan
sion in all directions. On cut surface,
the tumors had a gray-white color with
a gritty consistency. Cystic spaces rep
resenting aneurysmal bone cyst chang
es and measuring up to 1 cm in diame
ter could be seen focally in six tumors.
The histologic features correlated
with the radiographic appearance of
the corresponding area . The inconspic
uous radiodense areas consisted of
woven trabecular bone, although a few
lamellar bony trabeculae and psammo
matous calcifications were also found.
Active resorption of the trabeculae
with accumulation of osteoclast type gi
ant cells were evident in all tumors
(Fig. 3). Vascularity was more promi
nent in the areas of resorption and the
fibrous component adjacent to these
areas were cellular.
The radiolucent zones consisted
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Fig. 1. A, clinical appearance of Case 3. B, clinical appearance of Case 4.

mainly of fibrous tissue. The stroma
varied from mature collagen to tissue
with a cellular storiform pattern (Fig.
4). Small amounts of mineralized tis
sue, mainly of a psammomatous ce
mentum-like nature were present in the
fibrous tissue. The aneurysmal bone
cyst changes were found in areas where
the fibrous tissue had a loose, edema
tous structure.
Discussion

The sizes of the eight tumors described
surpass that of all giant ossifying fibro-

Table 1. Clinical data of the seven patients.
Case
No

33

Age

1
2
3
4
5

. 13

6
7

49
57

9
7
46
40

Oral 18:9. 1989

Gender
M
W
W
W

M
M
W

Site

Size

mas reported in the literature. HAMNER

et at. (3), defining 'giant' lesions as
those exceeding 2 x 2 cm in diameter,
found 17% of their cases of cemento
ossifying fibromas to have reached
these dimensions. Seven (or 23%) of
our collection of ossifying fibromas had
a diameter of more than 8 cm . If the
criteria of Hamner et al. (3) had to be
applied to our collection of ossifying
fibromas , almost all of the 30 cases di
agnosed in our department over the last
6 yr will be regarded as 'giant'. The
large dimensions of our tumors is re
lated to the rural character of the pop
ulations served where proper diagnosis
and treatment is often delayed through
tribal customs.
The age range of our patients was
7-57 yr with an age peak in the first and
fifth

Mandible
Maxilla
Maxilla
Maxilla
Mandible
Maxilla
Mandible
Maxilla

12 em
8cm
13 em
15 em
8 em
10 em
10 em
10 em

decodeG ,

a

di3tribution

conc·

sponding to that generally reported for
ossifying fibromas (1). The occurrence
of large ossifying fibromas in young
children is of particular interest as it is
believed that these tumors require
many years of growth to attain large
dimensions (2). One of our cases, diag
nosed at 2 yr of age, showed an in

crease of 8 cm in diameter over a fol
low-up period of 7 yr . As far as we can
ascertain, this represents the youngest
age at which an ossifying fibroma had
been diagnosed. Five of the eight tu
mors and all lesions in women involved
the maxilla. This is in contrast to the
generally held view that ossifying fibro
mas occur more frequently in the man
dible (2).
Radiographically, the large ossifying
fibromas in our study contain relatively
less mineralized tissue than smaller le
sions. This finding is substantiated by
the microscopic appearance of the giant
lesions where the balance of cellular
activity favor fibrous tissue formation
and bone resorption at the expense of
new bone formation. Although the ma
jority of our lesions showed foci of
au"uly~lllal
bum: cySt formaTiOn ,
STRUTHERS & SHEAR (8) found this
change to occur in only 4% of their
ossifying fibromas and Eversole et al.
(9) noted aneurysmal bone cyst fea
tures in three of their 64 cases. The
high prevalence of aneurysmal bone
cyst formation in our lesions is prob
ably due to the prominent fibrous com
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ponent which contains more loose ede
matous areas than is found in smaller
ossifying fibromas. This feature is not
responsible for the giant dimensions , as
the foci of aneurysmal bone cyst change
are limited and the cystic spaces are of
relative small size.
HAMNER et at. (3) stated that ossify
ing fibromas containing c~mentum are
larger and more aggressive than pure
ossifying or cementifying lesions. HALL
et at. (10) consider mixed cementifying
and ossifying fibromas as a potentially
aggresive variant of ossifying fibroma.
WALDRON & GIANSANTI (11) however
stated that a separation into cementify
ing and ossifying types is artificial as
they could find no difference in the be
haviour of tumors with these histologic
designations. Cementum-like as well as
osseous deposits were present in all tu
mors in our series and we believe that if
representative tissues of ossifying fibro
mas are taken for microscopic exam
ination , most tumors will be found to
be of a mixed nature.
Our study furthermore suggests that
ossifying fibromas with a gigantiform
growth potential are characterized by
the appearance of large fibrous areas
which are represented radiographically
by less radiodense areas. This is in con
trast to the normal progression of these
lesions where the islands of mineral
izations are reported to increase in size
and coalesce resulting in a more radio
paque lesion (2).
The microscopic appearance of the
giant lesions does not resemble that of
juvenile aggressive ossifying fibromas.
The criteria defined by WALDRON (12)
for the diagnosis of juvenile aggressive
ossifying fibroma include a cellular vas
cular stroma with varying amounts of
giant cells and little collagen produc
tion. Osteoid lined by osteoblasts are
usually present. These lesions further
more appear most often in young pa
tients - predominantly younger than 20
yr and almost always below 40 yr of age
(13). None of the lesions in the three
young patients in our series can be clas
sified as the aggressive variant because
of the prominent fibrous tissue and col
lagen component and the scarcity of
osteoid formation. This however does
not exclude the possibility that at some
earlier stage our lesions may have had
the microscopic features of juvenile ag
gressive ossifying fibromas .
This study suggests that the shift in
cellular activity from osteoblastic in
small ossifying fibromas to fibroblastic
in the giant lesions represents a phe-

Fig. 2. A, radiograph of Case 3 shows a well demarcated lesion with smokescreen appear
ance and irregular radiolucent areas. B, Prominent lytic areas are present in Case 1 (arrows) .

nomen on associated with gigantiform
tumor enlargement.
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Adenomatoid odontogenic tumour: a
report of two large lesions
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Adenomatoid odontogenic tumours with a diameter of more than 4cm are uncommon . Two
cases, both measuring in excess of 7 cm, are described and the differential diagnosis discussed.
The progressive growth and cortical perforation in these two cases support the view that it is a
benign neoplasm rather than a hamartoma.
Keywords: Odontogenic tumours; maxilla

The adenomatoid odontogenic tumour (AOT) is a rare,
benign odontogenic tumour of which approximately
170 verifiable cases have been reported in the English
literature. It occurs most often in young females and
commonly involves the anterior maxilla. Although
many AOTs are detected during routine radiographic
examination, patients may present with a gradually'
enlarging, painless swelling which can lead to facial
asymmetry. Radiographs generally show a clearly
demarcated, radiolucent lesion surrounding ' an
unerupted tooth , usually a maxillary canine 1. 2.
Radiopaque foci frequently occur in the tumour. The
size of an AOT varies between 1.5 and 3.0 cm but some
as large as 9.0cm have been reported 3 . It is usually
diagnosed radiographically as a follicular, lateral
periodontal 1 , residual 4 or 'globulo-maxillary' cyst 2 . 5. If
calcification is present, the differential diagnosis should
also include calcifying odontogenic cyst, central ossify
ing fibroma, calcifying epithelial odontogenic tumour
and ameloblastic fibro-odontome. Microscopically,
AOTs are characterized by a well-defined fibrous
capsule surrounding sheets, strands and nodular masses
of epithelial cells which form tube-like structures and
rosettes I. The purpose of this paper is to report two
large AOTs with diameters of more thalJ"7 cm.

(Figure 1). Radiographs revealed a well-circumscribed
unilocular radiolucency containing the crown of the
unerupted permanent canine (Figures 2, 3). A clinical
diagnosis of follicular cyst was made and the lesion was
enucleated through an intra-oral approach . The speci
men submitted for pathological examination consisted
of a cystic lesion measuring 12 x 10 x 10 cm which
contained a normal maxillary canine . The lining of the
cyst contained multiple nodules measuring up to 5 mm
in diameter. Microscopic examination showed an
epithelial lining containing nodular masses of odonto
genic epithelial cells forming rosettes and pseudoglan
dular spaces. A diagnoses of AOT was made .

Case 2
A 9-year-old black female presented with a complaint
of swelling in the right maxilla obstructing her nose.
The lesion was painless and had been present for 3
years . On examination, there was a 9 x 8 cm swelling in
the right maxilla, which had elevated the right ala
(Figure 4). The maxillary permanent central incisors,

Case reports
Case 1
A 12-year-old black female presented complaining of a
maxillary swelling obstructing her nose; the duration of
the swelling was unknown. On examination, a maxil
lary tumour, extending from the lower border of the
right eye and crossing the midlirie of the face, was
present. The size of the lesion interfered with lip
closure . The nose was deviated , the nasal passage
obstructed and on palpation the bony cortex was
perforated, resulting in fluctuation. The skin overlying
the lesion had three parallel scars (each 4 cm long) .
Intra-oral examination showed mobile and displaced
maxillary permanent incisors and a primary canine , and
bulging of the right palatal shelf and buccal plate

Figure I Case 1. Tntraora I view of the tumour

©

1991 Butterworth-Heinemann fo r TADMFR
0250-832 x 91 /010043-03

Dentomaxillofac . Radiol., 1991, Vol. 20, February

43

Adenomatoid odontogenic tumoUr: E.J. Raubenheimer et al.

l'
1

!

1-.

Figure 2 Case 1. Lateral cephalometric radiograph. Note the
displacement of the permanent maxillary canine (arrow)

primary canines and molars were erupted and the
palatal shelf and buccal plate were expanded by a firm
swelling. Radiographically, there was a well
circumscribed radiolucent lesion, surrounding the
crown and neck of an unerupted maxillary canine; the
developing maxillary premolars were dilacerated and
the second incisor displaced and impacted (Figure 5).
In the absence of calcification in the wall of the lesion, a
clinical diagnosis of a follicular cyst was made. The
lesion was enucleated and an opened cyst, 8cm in
diameter, surrounding the crown and neck of an
unerupted maxillary canine and containing mural
granules, was submitted for pathological examination.
Microscopically, the cyst wall consisted of abundant
connective tissue lined by thin and inactive odontogenic
epithelium which surrounded nodular masses of epithe
Jial cells exhibiting rosettes and pseudoglandular
structures. A diagnosis of AOT was made.

Discussion
As far as can be ascertained , Case 1 represents the
largest AOT reported in the English literature.

\

.

..

'\

Another large tumour had a diameter of 9 cm and
formed ~art of a series of 13 cases occurring in Nigerian
patients . The large size of our two cases could be
related to their more rapid growth in younger patients,
certainly, the average age is higher in previous reports.
However, the size may also result from a delay in
seeking proper dental treatment. This view is sup
ported by the presence of linear scars on the skin
overlying the tumour in Case 1, an indication of regular
visits to tribal medicine men before seeking hospital
treatment.
The histogenesis of the AOT is unknown but the
possibilities range from the dental lamina to reduced
enamel epithelium6-8. One investigator 9 suggested that
the epithelial rests of Malassez at the apex of deciduous
teeth is the progenitor tissue. His argument is based, in

,

...

Figure 3 Case 1. Panoramic radiograph. Note the well circumscribed,
expansile lesion in the right maxilla with displacement of th e roots of
involved teeth as well as the canine
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Figure 4 Case 2. Frontal photograph
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Figure 5 Case 2 . Panoramic radiograph . Note the dilacerated first and
second permanent maxillary premolars (arrows).
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part, on the fact that AOTs have never occurred in
association with impacted deci duous teeth nor in areas
not preceded by deciduous teeth. The existence of
those lesions not associated with an unerupted tooth
and therefore not arising from the reduced enamel
epithelium, may be explained on this basis.
Courtney and Kerr lO from a study of 20 AOTs, as
well as others ll - 13 , believe the lesion to be an
hamartoma rather than a benign neoplasm. However ,
hamartomas have a limited growth potential and
progressively differentiate into more mature tissue with
ageing 14. Our cases do not support a limited growth
potential as postulated by Saito et ai.4 nor did they
exhibit maturation into more differentiated dental
tissues. We therefore believe the lesion to be a benign
neoplas m. The growth potential of AOTs is supponed
by Ajagbe et ai. and others 15.16 and earlier detection is
likely to be the reason for the small size of most cases
reported in the literature.
Radiographically both of our cases resembled a
follicular cyst, the most common lesion to consider in
the differential diagnosis of AOT. The well demarcated
radiolucency associated with an AOT is reported to
extend more apically on the root of the associated
unerupted tooth than in the case of a follicular cyst 17.
Another feature that could be helpful in distinguishing
between these two lesions is the virtual absence of root
resorption in AOTs 18. The dilaceration of the perma
nent premolars in Case 2 is most likely the result of
pressure exerted by the enlarging tumour on the roots
of the developing teeth.
Nasal obstruction is a common complaint in patients
with maxillary AOTs measuring 5 cm or more in
diameter 3 . 19 . Furthermore, erosion of bone has been
reported in a large AOT and actual perforation has led
to it being described as a 'fluctuant mass' 19. Our Case 1
also exhibited this feature but we do not agree with
Poulson and Greer 20 that its presence warrants the
exclusion of an AOT and the consideration of a more
aggressive tumour in the differential diagnosis.
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SUMMARY

OPSOMMING

Three types ofamelogenesis imperfecta (AI) are recognised,
namely hypoplastic, hypomature and hypocalcified vari
eties. We report on two cases ofhypoplastic AI, the type
which occurs mostfrequently. Bothpatients presented with
multiple impacted permanent teeth. Odontogenicfibromas
of the WHO type were found to be associated with the
crowns ofall the impacted teeth andare considered to have
prevented normal eruption. Dentinal dysplasiafound only
in thefurcation area ofthe multirooted impacted teeth was
evident. The macroscopic, microscopic andradiological ap
pearance ofthe affected teeth, pericoronal lesions and in
terradicular dentinal dysplasia are described, and the most
likely origins ofthe odontogenicfibromas andcalcifications
observed, are discussed.

Drie tipes amelogenese imperfekta (AI) word aangetref
namlik hipoplasties, hipo volwasse en hipogekalsifiseerde
tipes. Hierdie artikel beskryftwee gevalle van hipoplastiese
AI, die mees algemene tipe. A It wee pasiente het veelvuldige
geiinpakteerde tande gehad. Odontogenefibrome, WGO
tipe, is aangrensend tot die geiinpakteerde tandkrone ge
vind en het moontlik erupsie vertraag. Dentinale displasie
is slegs in diefurkasiegebied van die geiinpakteerde molaar
tan de gevind. Die makroskopiese, mikroskopiese en radi
ologiese beelde van die betrokke tande, perikoronale let
sels en den tin ale displasie word beskryfen die moontlike
oorsprong van die odontogenefibrome en kalsifikasies wat
waargeneem is, word bespreek.

INTRODUCTION

type of Al is the hypoplastic variety with a reported preva
lence that varies from 1:8 800 (Chosack et aI, 1979) to
1:6700 (Sundell and Valentin, 1986). Impacted teeth are
often associated with the smooth hypoplastic type and, less
frequently, with the rough hypoplastic type (Witkop and
Sauk, 1976).

Amelogenesis imperfecta (AI) is an inherited, congenital
defect that primarily affects enamel formation and which
is not accompanied by morphologic or metabolic defects
in other body systems except abnormal tooth form or erup
tion (Witkop, 1989). The recent classification of Witkop
(1989) describes different types of AI according to the
predominant clinical and histological characteristics as well
as the mode of Mendelian inheritance. The enamel abnor
mality can be either hypoplastic, hypomature, hypocalci
fied or a combination of these with autosomal dominant,
autosomal recessive, sex-linked dominant or sex-linked
recessive modes of inheritance (Table I). The hypoplastic
type is characterised by thin, hard enamel of normal radio
graphic translucency. This type is the result of insufficient
matrix formation with normal mineralisation. Hypomature
enamel is a result of a defect in the formation of crystalline
apatite in various parts oftheenamel rods and sheaths. The
enamel is of normal thickness with a mottled appearance,
is slightly softer than normal and chips off the dentine. Radi
ographically it has approximately the same density as den
tine. HYPocalcified enamel develops to a normal thickness
but is lost soon after eruption. It is the result of defective
. mineralisation of the formed matrix and radiographically
the enamel is less radiodense than dentine (Witkop and
Sauk, 1976).

The purpose of this paper is to report two cases of rough
hypoplastic amelogenesis imperfecta associated with im
pacted teeth and pericoronal odontogenic fibromas ofthe
WHO type.
CASE 1
A 14-year-old girl presented for treatment with the main
complaint of delayed eruption of her teeth. The child had
no systemic abnormalities. Intraoral examination revealed
thin, hard enamel on all the erupted teeth. The enamel sur
face varied from smooth to rough and had a yellow-white
colour. The teeth failed to meet at the interproximal con
tact points. The patient had 5 sisters of whom 3 had AI with
the same enamel appearance. The mother had normal teeth
but the father was edentulous. His teeth had been extract
ed at a young age. This mode of inheritance was suggestive
of an autosomal dominant inheritance pattern.
Radiographic examination revealed the normal number of
teeth, of which 13 were unerupted, including the 4develop
ing third molars. Dilated follicles or cyst-like lesions were
apparent as well demarcated radiolucencies with sclerotic
margins associated with the crowns of the unerupted teeth
(Fig 1). No well developed enamel could be seen. The roots
of the molar teeth showed gross disfigurement with struc
tures suggestive of pulpal calcifications.

The combined prevalence of all types of AI has been report
ed to be I: 14000 in the United States (Witkop and Sauk,
1976); 1:8 000 in Israel (Chosack et aI, 1979) and 1:4000
in Sweden (Sundell and Valentin, 1986). The most common
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Table I: Classification of amelogenesis imperfecta according to Witkop (1989)
TY~1

. IA
IE

Ie

ID

IE
IF
IG
Type II
I1A
lIB

lID

-

Hypoplastic
hypoplastic, pitted au tosomal dominant
hypoplastic , local autosomal dominant
hypoplastic, local autosomal recessive
hypo plastic, smooth autosomal domi nan t
hypoplastic, smooth X-linked dominant
hypoplastic, rough autosomal dom inant
enamel agenesis, autosomal recessive

-

Hypomaturation
hypomaturation, pigmented au toso mal recessive
hypomaturation, X·linked recessive
snow capped teeth, autosomal dominant

Type III
lIlA
lIIB

- H ypocalcified
- autosomal dominant
- autosomal recessive

T ype IV
IVA

- H ypomaturation-hypo plastic with taurodontism
- H ypomaturation-hypoplastic with taurodont ism, autosomal
dominant
- H ypo plastic-h ypomaturation with taurodontism, autosomal
dominant

IVB

Fig. 2: Ground section of an unerupted molar tooth witb irregular enamel and globn
lar calcifications (bold arrows) . Note tbe straigbt dentinoenamel
junction (fine arrows) x 100.

Fig. I: Case 1. Pantomograph showing unerupted teeth wilh pericoronal radiolucen
cies(smaU arrows). No evidenccof enamelis present and the unerupted molar
teetb sbow gross root disfigurement (large arrows) .

Fig. 3: Interradicular dentine dysplasia (bold arrows) associated with bypercemen
tosis (c) and globular calcifications (fine arrows). Ground section, unstained
X 10. Insel: Calcified globules with an onion-like appearance . Ground sec
tion, unstained X 200.

All the unerupted teeth with the associated pericoronal tis
sue were removed surgically under general anaesthesia. The
bone was found to be normal in texture and no excessive hae
morrhage was encountered. Post-operative healing was
uneventful.

The pericoronal tissue consisted of fibrous tissue that varied
in cellularity. No evidence of a cystic lining was found.
Odontogenic epithelial cell rests were scattered in the con
nective tissue. These epithelial cells appeared to be inactive
with no peripheral pallisading of ameloblast like cells. Some
of the epithelial cells had a vacuolated appearance. Two
types of calcifications were present in the fibrous tissue. The
most common type consisted of psammomatous lamellar
bodies with an eosinophilic centre and a more basophilic
peripheral zone. The second type consisted ofeosinophilic
material with a fibrillar matrix and peripheral tu fts resem
bling Sharpey's fibres. Both types were closely associated
with the odontogenic epithelial cell rests (Fig 6). The lesions
were considered to be odontogenic fibromas, WHO type.

Light microscopy of ground sections of the molar teeth
showed irregular hypoplastic enamel with globular calcifi
cations. The dentinoenamel junction lacked the normal
scalloping (Fig 2). The dentine ofthe crowns and roots
showed no abnormalities. An irregular mass of dentine was
present in the interradicular area at the level of root bifur
cation in all the molar teeth. Hypercementosis, consisting
of cellular cementum extending into the interradicular space
of the roots, was present.
Calcified globules with an onion-like appearance were
present in the cementum in close association with the irregu
lar dentine (Fig 3). False pulpal stones, not associated with
the dentinal wall, were observed.
Scanning electron microscopy (SEM) of the outer enamel
surface showed irregular globular and linear masses in
association with depressions (Fig 4). SEM of the fractured
surface confirmed the straight dentinoenameljunction and
showed normal dentine. The enamel had voids and loss of
structure with a resulting honeycomb appearance through
out its full thickness (Fig 5) .

CASE 2

A 26-year-old black female reported to the hospital, re
questing that she be fitted with full upper and lower den
tures. The patient was clinically edentulous and had marked
vertical enlargement of the entire alveolar ridge in all four
quadrants. No abnormalities were found on systemic
examination.
Radiological examination confirmed the enlargement of all
four quadrants with both maxillary tuberosities markedly
overdeveloped. There was evidence 0 f recent tooth extrac
tions in the mandible in the form of healing sockets and 13
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Fig. 4: The outer enamel surface showing globular (fine arrows) and linear (bold
arrows) masses associated with depressions x 2 000.

Fig . 6: Odontogenic epithelium (arrows) associated witb psammomatouscalcifica
lions in a fibrous stroma. Hand E x 100. Inset: FibriUar calcification witb
peripheral tufts. Hand E x 200.

Fig. 7: ease 2. Pantomograph showing impacted teeth witbpericoronal radiolucen
cies (arrows).

impacted teeth could be observed within the four quadrants.
The enamel of the crowns of all teeth appeared markedly
hypoplastic, with abnormally shaped pulp chambers which.
were smaller than normal. The roots of the teeth were mal
formed, shorter than normal, with occasional dilaceration.
The crowns oftheimpacted teeth were surrounded bywhat
looked like hyperplastic follicles. The follicular spaces were
less radiolucent than normal (Fig 7). Radiological exami
nation of the skeleton showed no abnormalities.
Fig. 5: SEM of the fractured surface confirmed tbestraigbt dentinoenameljunction
(bold arrows) and a boneycomb appearance in tbeenamel (fmearrows) x 72.

Macroscopic examination of an impacted molar tooth re
vealed thin, hard enamel with a granular appearance. The '
enamel could easily be chipped off. Microscopic exam ina-
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tion of a 50 Jim ground section showed normal dentine with
an almost flat dentinoenamel junction. The enamel was
thinner than normal and short curling enamel rods were
seen. These were covered by irregular globular calcified
masses (Fig 8). These features were consistent with rough
hypoplastic amelogenesis imperfecta. The mode of in
heritance could not be established. The pericoronal lesions
had the same microscopic appearance as in case 1 (Fig 9).
DISCUSSION

Calcifications associated with odontogenic epithelial rem
nants have been reported in odontodysplasia, impacted
dens in dente, congenitally absent teethin which thereis an
attempt at tooth formation and several types of AI (Wit
kop and Sauk, 1976). Odontogenic epithelium was present
in 60 cases and calcifications in 54 cases of the 130 cases of
opercula of impacted third molars (Cutright, 1976). Gard
ner and Sapp (1973) described two types of calcifications
designated types A and B associated with the soft tissue and
a periapical area of an involved tooth of a patient with
regional odontodysplasia. The type A and B calcifications
are similar in appearance to the two types that were found
in our cases. Calcifications are also frequently found in the
excised gingivae covering unerupted teeth in patients with
AI (Nakata, Kimura and Bixler, 1985; Babetal1985, Ooya,
Nalbandian and Noikura, 1988).
Our radiological differential diagnosis of pericoronal radi
olucent lesions was dilated dental follicles, hyperplastic
dental follicles, follicular cysts or odontogenic fibrom,as.
Normally some teeth have dilated follicles in the pre
eruptive phase but according to Shear (1983) it does notsig
nify a cyst unless the pericoronal width is at least 3-4 mm
as measured on a radiograph. The hyperplastic follicle
presents macroscopically as a solid rather than cystic lesion
and no signs of a cyst can be seen microscopically. The histo
logical appearance of hyperplastic follicles and odontogenic
fibromas are similar . According to Gardner (1980) the dis
tinction is based on the size and location of the lesion. The
follicles are invariably associated with the crowns of
unerupted teeth whereas it is not necessarily true for odon
togenic fibromas. Sandler et al (1988) reported acase of a
16-year-old boy with 13 unerupted teeth, each one associat
ed with hyperplastic pericoronal tissue that had histologi
cal features suggestive of the WHO type of odontogenic
fibroma. The erupted as well as removed impacted teeth in
their case were macroscopically normal. Gardner (1980)
considers the WHO type of odontogenic fibroma to be a
fibroblastic neoplasm. The pericoronal location of the
tumours in our two patients suggested a follicular origin.
The association of this fibroma-like tissue with impacted
and unerupted teeth in AI suggested a hamartomatous le
sion rather than a neoplasm. It is possible that the WHO
type of odontogenic fibromas associated with impacted
teeth, as in our cases , have a different histogenesis than the
tumours described by Doyle, Lamster and Baden (1985),
as none of their 6 cases was in a pericoronal location. Dun
lap and Barker (1984) consider the central odontogenic
fibroma of the WHO type to be the morphologic and
histogenetic counterpart of the peripheral odontogenic
fibroma. The authors postulated an ectomesenchymal
epithelial interaction in the histogenesis ofthis tumour. The
close association ofcalcifications with odontogenic epitheli
um in both our cases supported their theory.

Fig. 8: Thin abnormal enamel covered by irregular glohular calcifications (bold
arrows). Unstained x lOO.

Fig. 9: Odontogenic epithelium (bold arrows) closely associated with psammoma·
tous calcifications (fine arrows) iD a ceUular fibrous tissue (F). Hand E x ISO.

AI associated with interradicular dentinal dysplasia has
been reported by Nakata et al (1985). They suggested 3 pos
sible mechanisms for the presence of dysplastic dentine:
resorption of the interradicular area followed by secondary
calcification; gene influence on matrix formation in this
area; and secondary calcification for some unknown rea
son. Nosign of resorption of roots or crowns oftheimpact
ed teeth in our cases was found. No abnormalities in the
roots of single rooted teeth were seen on radiological and
microscopic examination. This is an indication that the un
derlying cause is likely to be associated with the process of
root branching. A genetic influence responsible for the ab
normal interradicular dentine is unlikely since the abnormal
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dentine present in our first patient did not occur in her 3 sis
ters who had AI. They had no other dental abnormalities
orimpacted teeth. The erupted molar teeth of the first pa
tient showed no radiological evidence of root abnormali
ties. The association between the interradicular abnormal
ities and impactions was unclear. No abnormalities apart
from AI could be seen on the impacted single rooted teeth.
It is unlikely that a disturbance affecting the eruption oc
curred first and then caused a secondary abnormality of the
interradicular area of the impacted teeth as suggested by
Nakata et at (1985). It has been shown that eruption pro
ceeds normally in the absence of root formation (Cahill and
Marks, 1980). Both erupted and impacted molars in the AI
patient reported by Nakata et at had interradicular denti
nal dysplasia. The odontogenic fibromas WHO type as
sociated with the pericoronal areas were pro bably the main
reason for the impaction of teeth in both our cases. Thesug
gested follicular origin of the odontogenic fibromas as a
hamartomatous growth under the influence of the follicu
lar epithelium supported this statement as Cahill and Mar ks
(1980) have shown that a dental follicle is required for the
eruption of a tooth.
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Weber A, van Heerden WFP, Ligthelm AJ, Raubenheimer EJ: Diffuse peripheral
odontogenic fibroma: report of 3 cases. J Oral Pathol Med 1992; 21: 82-4.
Since peripheral odontogenic fibroma (POF) is characteristically described as a
solitary lesion and no diffuse POF had been reported in the literature, our cases
should be considered as extremely unusual. Three diffuse cases of POF are
described of which one case was seen in association with ocular and skin lesions.
The question arises whether POF should be considered as a true odontogenic
tumor rather than a diffuse hamartomatous lesion caused by uncontrolled
induction of the gingiva. It is also possible that such lesions could be part of a
yet undescribed syndrome.

The odontogenic fibroma is defined by
the World Health Organization as a be
nign odontogenic neoplasm of fibro
blastic origin characterized by relatively
mature collagenous fibrous tissue and
varying amounts of odontogenic epithe
lium, with the potential to occur in ei
ther a central or extraosseous location.
The extraosseous counterpart is desig
nated peripheral odontogenic fibroma
(POF) (I).
All the POF's described in the litera
ture presented as single, exophytic tu
mors which frequently prompted a clin
ical diagnosis of localized gingival hy
perplasia. Diffuse involvement of the
gingiva has not yet been reported. Three
cases with the histologic appearance of
POFwith diffuse involvement of the
gingiva, of which one case was associ
ated with dermatological and ocular ab
normalities, are presented.

Key words : hamartoma; mouth , neoplasms;
odontogenic fibroma; peripheral
odontogenic lesions.
A Weber, Department of Oral Pathology and
Oral Biology, University of Pretoria, PO.Box
1266, Pretoria, 0001, South Africa
Accepted for publication July 16, 1991

Fig. 2. Histologic appearance of lesion in Case I showing cellular fibrous tissue with inactive
odontogenic epithelium arranged in nests and strands (arrows).lOO.

Material and methods
Case 1

An 8-yr-old Black girl presented with
diffusely enlarged gingiva in both jaws,
causing delayed eruption of the perma-

Fig. 3. Microscopic examination of lesion in Case 2 showing strands of odontogenic epithelium
Fig. 1. Clinical photograph of Case I showing
diffusely enlarged gingivae in both jaws.

with prominent hyalinization (arrows).lOO. Inset: budding of overlying epithelium (ar
rows). 100.

Diffuse peripheral odontogenic fibroma

83

Fig. 4. Diffuse nodular gingival hyperplasia
(arrows) in Case 3.

nent incisors. Nodules were present in
the gingival masses which were firm in
consistency (Fig. I). The duration of the
lesions could not be determined and no
evidence of a family history was found .
Radiographic examination showed no
bone involvement or disturbance in
tooth development. Gingivectomy of
the hyperplastic tissue was done and the
tissue sent for histologic examination.
Microscopically, the lesion consisted
of cellular fibrous tissue with myxoma
tous areas. The odontogenic epithelium
appeared inactive and was arranged in
cell nests and strands (Fig. 2). No hard
tissue formation was seen. The overly
ing epithelium was hyperplastic without
evidence of downward proliferation of
the rete ridges.

Fig. 6. Histologic appearance of tumor in 'Case 3 showing islands and strands of odontogenic
epithelium (arrows) scattered in connective tissue. I 00.

Microscopically the gingival enlarge
ment resulted from a proliferation of
loose cellular connective tissue with
scattered islands of inactive odontogen
ic epithelium. Hyalinization and calcifi
cations were present in relation to the
odontogenic epithelial rests. Budding of
the overlying oral epithelium (Fig. 3)
and focal areas of chronic inflammation
were seen.
Case 3

Case 2

A 56-yr-old black woman presented
with diffuse gingival hyperplasia of both
jaws resulting in enlarged alveolar
ridges. The duration of the lesions was
not known. The mandibular canines
were displaced. All teeth were severely
afflicted by plaque and calculus de
posits. A biopsy of the lesion was per
formed and oral hygiene procedures im
plemented.

Fig. 5. Clinical photograph of Case 3 showing
xanthogranuloma on skin (arrows).

A 3-yr-old white boy presented with dif
fuse nodular maxillary and mandibular
gingival hyperplasia which became evi

dent soon after birth (Fig. 4). The nor
mal eruption pattern was disturbed but
no other abnormalities were found ra
diographically. The patient also had
small nodular skin lesions diagnosed as
xanthogranulomas (Fig. 5), as well as
corneal opacities. Corneal transplants
were done in the eye lesions which could
not be diagnosed as any specific patho
logical entity as yet. The oral lesions
were clinically diagnosed as gingival hy
perplasia and a biopsy performed.
Microscopically the lesion was com
posed of cellular fibrous tissue with is
lands and strands of odontogenic epi
thelium scattered in the connective

Fig. 7. Overlyi!lg epithelium in Case 3 showing downward proliferation into the connective
tissue (arrows).200.
.
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tissue (Fig. 6). No mineralized matrix
formation was evident and the surface
epithelium exhibited mild hyperplasia
with downward proliferation (Fig. 7) . A
diagnosis of POF was suggested and
gingivectomy of the hyperplastic tissue
was performed. All the tissue submitted
exhibited similar microscopic features.
Discussion

Not one of the accepted cases ofPOF in
the literature were described as a diffuse
gingival lesion. Furthermore , POF was
never before described in relation to any
other lesions as was seen in Case 3.
The question arises as to whether

POF is a true neoplasm or whether it
should be regarded as an hamartoma
tous developmental anomaly. The dif
fuse involvement of the gingiva in our
three cases supports the possibility that
POF does have an hamartomatous
origin rather than being a true benign
neoplastic lesion . We agree however,
that the distinction between an hamar
toma and a benign neoplasm is at best
difficult and is differently interpreted.
The authors are of the opinion that
POF should be considered as solitary
or diffuse hamartomatous lesions which
are caused by uncontrolled induction in
the gingiva in a local Or diffuse manner.
Furthermore, the possibility that POF is

an hamartomatous growth, which could
be part of a yet undescribed syndrome,
cannot be excluded , and should be in
vestiga ted.
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Central odontogenic fibroma-like tumors, hypodontia, and
enamel dysplasia: Review of the literature and report
of a case
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A patient with multiple odontogenic fibroma-like tumors in the mandible and enamel dysplasi a is presented,
bringing the total number of cases reported in the literature to 3 . In addition to these manifestations, this case had
hypodontia. The absen ce of associated teeth, the size of the lesions, the lingual expansion, and the green-yellow
pol arization of collagen with Picrosirius stains supported the neoplastic nature of the central odontogenic fibroma-like
tumors in the case presented. Laminated psammomatous deposits distinguished the tumors from the World Health
Orga nization-type central odontogenic fibroma. (Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002;94:74-7)

Odontogenic fibromas are defined by the World Health
Organization (WHO) as benign fibroblastic odonto
genic neoplasms containing varying amounts of appar
ently inactive odontogenic epithelium. l These neo
plasms occur either within jaw bones (central) or in an
extra osseous location (peripheral). Central odonto
genic fibromas (COFs) present over a wide age range
with a marked predilection for females . Most cases
occur in the maxilla anterior to the first permanent
molar tooth. In the mandible, half of the cases are
located posterior to the first permanent molar tooth.
Most COFs present as unilocular radiolucencies with
well-defined borders, but they may also show multilocular
appearances and in rare instances exhibit mixed radiolu
cent-radiopaque features with poorly defined borders.2
Microscopically, the spectrum of differentiation is
diverse. The simple type odontogenic fibroma is com
posed of stellate fibroblasts , fine collagen fibrils, and
considerable ground substance. Small groups of odon
togenic epithelium and foci of dystrophic calcifications
may be present. The so-called WHO type is more
complex, with, in addition to the simple type, long
strands of odontogenic epithelium and calcifications
composed of cementum-like material and dentinoid. 3
Other histologic variants include the granular cell type
and a hybrid odontogenic fibroma giant cell-like tu
mor.4-6 COFs have been linked to intracranial aneurysm
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and tuberous sclerosis. 7 Normal dental follicles associ
ated with unerupted teeth are frequently misinterpreted
histologically as COF. 8 Unerupted teeth occur com
monly in patients with amelogenesis imperfecta. 9 Two
cases with amelogenesis imperfecta and multiple un
erupted teeth, the crowns of which were surrounded by
large pericoronal radiolucencies that had been de
scribed as WHO-type COF-like lesions, were reported
from our laboratory more than a decade ago. 10 Hyper
plastic dental follicles with COF-like features and as
sociated with amelogenesis imperfecta were reported
by Peters, Cohen, and Altini 11 shortly thereafter. The
Picrosirius red staining technique has subsequently
been shown to be helpful in distinguishing hyperplastic
dental follicles from COFs, the latter exhibiting green
to greenish-yellow fluorescence of collagen bundles
with polarization microscopy .12 This article documents
an association between enamel dysplasia, hypodontia,
and multiple large well-demarcated multilocular tu
mors resembling WHO-type COFs.

CASE REPORT
A 19-year-old black man was seen with pain during mas
tication from unerupted molar teeth. Medical history and
general ph ysical condition were unremarkable. Intraoral ex
amination revealed hypodontia, with only the mandibular
incisors , right mandibular canine, 2 mandibular first premo
lars, maxillary incisors. left maxillary canine, and 2 maxillary
first premolars being fully erupted . Except for the recent
removal of maxillary canine, mandibular molar, and mandib
u lar canine teeth, the patient reported that he had had no
previous extractions. The crowns of the erupted teeth showed
diasthemas and thin enamel coverage of normal hardness. The
corpus of the mandible showed bilateral expansion of the
lingual cortices. An anterior open bite was evident, and a
clinical diagnosis of enamel dys plasia and hypodontia was
establi shed. Radiographic examination confirmed a diagnosis
of hypodontia, and no unerupted teeth were present. The
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Fig 1. Bilateral multilocular mixed radiolucent-radiopaque lesions in mandible with well-defined corticated borders.

extraction sockets of the maxillary canine, mandibular canine,
and mandibular molar teeth were evident, and the enamel of
the remaining teeth appeared thin and of normal radiodensity.
Multiple mixed radiolucent-radiopaque lesions with partially
sclerotic margins were seen in the left and right corpus of the
mandible (Fig 1). The patient was referred for biopsy.
An incision biopsy of a lesion in the left corpus of the
mandible was performed. On macroscopic examination, the
tissue appeared solid and contained calcifications. Micro
scopic examination showed fibrous connective tissue exhib
iting strands of inactive odontogenic epithelium with calcifi
cations resembling dentine and globular laminated
psammomatous deposits, some of which were calcified (Figs
2 and 3). Thioflavin T staining of the deposits showed fluo
rescence. The fibrous connective tissue was mature and dense
in areas and exhibited foci of myxomatous change. Exami
nation of Picrosirius red stains showed thick collagen fibers
exhibiting green and greerush-yellow change with polarizing
microscopy. The other mandibular tumors were removed and
showed similar microscopic features. The lesions were diag
nosed as WHO-type COF-like tumors.

DISCUSSION
This case is the third case of multiple COF-like
lesions associated with enamel dysplasia reported in the
literature. The first 2 cases of COF-like proliferations
and enamel dysplasia, the latter diagnosed as amelo
genesis imperfecta, were reported from our laborato
ry.1O The COF-like tumors in these cases differed from
the present case by being smaller and associated with
the crowns of unerupted teeth . One of the patients
reported initially had a normal number of permanent
teeth, whereas the second had hypodontia. The remain
ing teeth of the latter patient were all unerupted and

showed abnormal development with short dilacerated
roots. The mUltiple COF-like tumors in the present case
developed in place of teeth and were larger than those
previously reported. Calcified psammomatous laminar
deposits, frequently associated with inactive odonto
genic epithelium, were present in all 3 cases. The
morphology and staining characteristics of these depos
its were similar to those in calcifying epithelial odon
togenic tumors.! The deposits exhibited the staining
characteristics of amyloid and may have, as in calcify
ing epithelial odontogenic tumors, represented degra
dation of lamina densa material produced by the asso
ciated epithelium.3 It is interesting to note that these
deposits have not yet been reported in COFs and could
be regarded as an important microscopic feature in
distinguishing the COF-like tumors in the case reported
from true WHO-type COFs.
In addition to the 3 cases, the case reported by Peters,
Cohen, Altini II in 1992 with amelogenesis imperfecta
and hyperplastic dental follicles with COF-like features
may have in fact represented lesions, which had the
capacity , if untreated, to become as large as the COF
like tumors in our patient. This case also showed lam
inar psammomatous deposits microscopically.
It is interesting to note that all COF-like prolifera
tions associated with enamel dysplasia reported in the
literature occurred in South Africa (2 black females
aged 14 and 26 years and a black male aged 26 years).
Hamartomatous versus neoplastic nature of the lesions
is, however, speCUlative. Gardner!3 separates hyper
plastic dental follicles from odontogenic fibromas but
acknowledges the difficulty in distinguishing them.
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Fig 2. Fibrous connective tissue containing psammomatous calcifications (while arrows) and inactive islands of odontogenic
epithelium (black arrows; hematoxylin-eosin stain; original magnification, X200).

Fig 3. Inactive odontogenic epithelial islands (arrows), one of which is associated with ovoid calcified body with concentric
lamination (hematoxylin-eosin stain; original magnification, X 300).

Hirschberg, Buchner, and Oayan12 used Picrosirius red
stains examined with polarized light to differentiate
between COF and hyperplastic dental follicles. The

greenish to yellow polarizing fibers of COFs suggest
that the collagen in COFs is loosely packed and might
be composed of procollagens, intermediates, or other
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pathologic collagens rather than the tightly packed fi
bers seen in hyperplastic dental follicles. The COF-like
tumors in this case cannot be regarded as hyperplastic
follicles as the associated teeth failed to develop. Fur
thermore, the size of the lesions, lingual expansion, and
Picrosirius stains showing green-yellow polarizing col
lagen support a diagnosis of a neoplastic and yet un
classified variant of COF.
We thank Mrs C. S. Begemann for secretarial assistance.
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A case of dentinogenic ghost cell tumor, that has originated peripherally in the
jaw, is presented and the literature reviewed with particular reference to the origin
of the tumor. The total number of central and peripheral cases reported in the
English literature is 10 and although mucosal infiltration is common, peripheral
origin of the neoplasm could be verified in only 3 cases.

E. J. Raubenheimer, Department of Oral
Pathology. Medical University of Southern
Africa, P.O. Medunsa, Republic of South
Africa.

The calcifying odontogenic cyst is a
unique jaw lesion described as a distinct
entity in 1962 by GORLIN et at. (1). In a
study of 16 cases by PRAETORIUS et at.
(2), it became evident that this group of
lesions contains two entities, a cyst
(Type I) and a neoplasm (Type II), and
for the latter the term 'dentinogenic
ghost cell tumour' was proposed. The
neoplasm occurs predominantly in later
life and consists microscopically of
ameloblastoma-like odontogenic epi
thelial proliferations infiltrating the
bone and connective tissue. Ghost-cells
are present as well as varying amounts
of dentinoid the latter being closely as
sociated with odontogenic epithelium.
The purpose of this paper is to pres
ent an unique case of a dentinogenic
ghost cell tumour originating in an ex
traosseous location.

were evident in close association with
the epithelium (Fig. 3). The surrounding
connective tissue contained strands of
inactive epithelium associated with
small globular dentinoid deposits. Slight
inflammation with vasodilatation and
edema was present and a diagnosis of
peripheral dentinogenic ghost cell tu
mor was made. Six year follow-up after
removal failed to reveal a recurrence.

The surgical specimen measured 6 x
6 x 4 mm and had a firm consistency
with foci of calcifications. Microscopic
examination revealed hyperplasia of
overlying epithelium and a solid tumor,
composed of odontogenic epithelium
associated with calcifications in the sub
epithelial connective tissue (Fig. 2). The
neoplastic epithelium showed a well de
fined cuboidal to cylindrical basal cell
layer closely associated eosinophilic
cells with abrupt keratinization, resem
bling ghost cells (Fig. 3). Although the
epithelial cells displayed nuclear pleo
morphism, no mitotic figures were pres
ent. In focal areas, stellate reticulum
like differentiation as well as the forma
tion of dental lamina-like structures
were observed. Masses of acellular calci
fied material, resembling dentinoid,
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Discussion

Peripheral occurence of the cystic types
of calcifying odontogenic cysts (Type I)
is well documented in the English litera
ture (I, 3). This may result from cortical
bone perforation by a central lesion or
more rarely, true peripheral origin from
gingival epithelial remnants (4).

Case report

An 82-yr-old man presented in the De
partment of Dental Surgery and Radiol
ogy, University of Ulm, complaining of
a slow growing nodule on the mandib
ular right alveolar ridge. The lesion
started 6 yr ago after extraction of the
mandibular right canine. On examina
tion the patient was found to be edentu
lous. A 6 mm broad based polypoid
lesion was located on the mandibular
right alveolar ridge. Radiographic ex
amination revealed no underlying bone
involvement (Fig. I) and a clinical diag
nosis of a peripheral giant cell granulo
ma was made. During surgical removal,
the lesion was found to be located with
in the alveolar mucosa and the alveolar
bone was not involved.

Fig. 1. Panoramic radiographic view showing lack of bony involvement of the mandibular
right alveolar ridge.

94

RAUBENHEIMER et at.

.

, .. . ... .

Fig. 2. Well encapsulated tumor with ghost cell formation (arrows) and dentinoid deposits
(asterisks). H&E stain, x 30.

Conflicting data on the origin of the
solid type calcifying odontogenic cyst
(Type II) or dentinogenic ghost cell tu
mor are present in the literature. A re
cent review article summarizes the c1in
ico-pathological features of 10 cases
published in the' English literature. In
this article gingival swelling is consid
ered to be the most frequent clinical
feature. Radiographically all cases pre
sented as lucencies with poorly defined
margins (5). An earlier paper, reviewing
5 cases, proposed that dentinogenic
ghost cell tumors usually occur periph
erally and on the gingiva (6). Analysis
of the original publications, mostly case
reports, proves the discrepancy to lie in
the interpretation of the clinical descrip
tions. Both cases reported by PRAETORI

us (2) are described as being 'extraos
seous', despite radiographic signs of
bony and dental involvement. Although
peripheral involvement is probably im
plied by the authors, true peripheral
origin of these lesions need to be ques
tioned. The first of two cases reported
by F'EJERSKOV & KROGH (7) is described
as an exophytic palatal mass. Unfortu
nately roentgenograms were not avail
able and central origin of this case can
therefore not be excluded. Central den
tinogenic ghost cell tumors were also
reported by GDNHAN & SENGUN (8) 
1 case, - TAJIMA (9) - 1 case'- and
COLMENERO et at. (5) - I case -, bringing
the total number of central dentinogenic
ghost cell tumors in the literature to 7.
The 'peripheral odontogenic tumor with

ghost-cell keratinization' reported by
VULETIN et at. (10) contained no dentin
oid deposits and exhibited odontogenic
epithelium surrounded by cellular fibro
blastic tissue, resembling and primitive
dental pUlp. On microscopical grounds,
this lesion can not be classified as a
dentinogenic ghost cell tumor since
ghost cells are found in many other
odontogenic neoplasms (2) .
Peripheral presentation of dentino
genic ghost cell tumors is related to their
infiltrative behaviour and although this
feature appears to be common, true pe
ripheral origin is not as frequently re
ported. ABRAHAMS & HOWELL (II) de
scribe a dentinogenic ghost cell tumor
located entirely extraosseous and pala
tal to a maxillary cuspid. Peripheml
dentinogenic ghost cell tumors involv
ing only the gingiva or alveolar mucosa,
with radiographic support, were also re
ported in the lingual mandibular left
premolar region (6) and the anterior
part of the maxilla (I2). This brings the
number of true peripheral tumors to
four, including our case.
The average age reported in the liter
ature is 50, the oldest being 72 and the
youngest 17 (5). Our patient, with an
age of 82 yr, represents the most ad
vanced age at which a dentinogenic
ghost cell tumour has been diagnosed.
Although the central tumors have a
high rate of recurrence after removal
(5), long term follow-up of our case and
lack of proof of recurrence of any of
the other peripheral dentinogenic ghost
cell tumors suggests a favourable course
for the peripheral type.
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GLANDULAR ODONTOGENIC CYST
Willem F.P. van Heerden, MChD, Erich J. Raubenheimer, MChD, and
Martin L. Turner, DipTech(Med)

Two cases of glandular odontogenic cysts are reported . The
unique histological features, eg, the intraepithelial glandular
structure, papillary processes, and eosinophilic cuboidal and
larger granular superficial cells are sufficient to warrant glandu
lar odontogenic cyst as a distinct entity. Electron microscopic
examination of the superficial eosinophilic cuboidal cells are
suggestive of a process similar to apoptosis. Eroded cortical
plates suggest an aggressive behavior.
HEAD & NECK 14:316-320

The glandular odontogenic cyst (GOC) is a rare
cystic lesion that is not incorporated in classifi
cations of jaw cysts. Only a few examples of this
lesion have been described in the literature.
Gardner et all collected eight cases of GOC.
Padayachee and van Wyk 2 reported two cases,
which they described as "sialo-odontogenic cysts."
The GOC has an equal sex distribution and oc
curs in both the mandible and maxilla of adults. I ,2
These lesions, which can attain a large size, ap
pear on radiographs as uni- or multilocular lytic
lesions. The histologic features described by
Gardner et all include a cyst lining consisting of
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stratified squamous epithelium of varying thick
ness that contains pools of mucicarmine-positive
material. The superficial layer consists of eosino
philic cubiodal and occasionally mucous- and cil
iated cells. Spherical structures produced by
swirling epithelium and lack of cell polarization
are focally present in the epithelium lining. Ir
regular-shaped calcifications are occasionally
found in the subepithelial connective tissue.
This report describes the clinical, histopatho
logic, and ultrastructural features of two cysts.
CASE 1

A 27-year-old woman reported to the clinic com
plaining of a painless swelling in the anterior
mandible of three years' duration. Intraoral ex
amination revealed a 6 x 3 cm sized swelling ex
tending from the left first mandibular molar to
the right second premolar with buccal as well as
lingual bone expansion. The mucosa was intact,
but the bone was eroded in areas causing the
swelling to fluctuate on palpation (Figure 1). No
sensory nerve fallout was found. Radiography re
vealed a well-defined unilocular radiolucent le
sion with a scalloped border. Displacement of the
anterior teeth was present (Figure 2) . During bi
opsy, a unicystic cavity containing yellow serous
fluid was found. Differential diagnoses included
a unicystic ameloblastoma and odontogenic kera
tocyst.
Histologic examination of the incisional bi
opsy revealed a cyst lining consisting of a
nonkeratinized epithelium. The epithelium var
ied in thickness from double-layer cuboidal to
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FIGURE 1. Mandibular lesion showing buccal and lingual ex
pansion associated with tooth displacement.

FIGURE 2. Pantomograph exhibiting an unilocular radiolucency
(arrows) of the anterior mandible.

FIGURE 3. Papillary processes associated with epithelial
spheres (bold arrows) and superficial mucous cells (fine ar
rows). Hematoxylin & eosin; original magnification, x200. Inset:
The cyst lining is partly composed of a double layer cuboidal ep
ithelium. Hematoxylin & eosin; original magnification X200.

FIGURE 4. Superficial cell layer consisting of small cuboidal
cells with hyperchromatic nucleii and eosinophilic cytoplasms
(arrows) . Note ' the papillary processes. Hematoxylin & eosin;
original magnification, X200.

FIGURE 5. Glandular structure lined partly with granular cells
(bold arrow). Note the granular superficial cells (fine arrows).
Hematoxylin & eosin; original magnification, x200.
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FIGURE 6, Inflammatory induced changes in lining of case 1. A
glandular structure is visible (arrow). Hematoxylin & eosin; orig
inal magnification, x 200 . Inset: Epithelial arcading associated
with lymphocy1es. Hematoxylin & eosin; original magnification
x 100.

FIGURE 7. Transmission electron micrograph of the inflammed

FIGURE 8, Electron micrograph of the lining of case 1 repre
senting the superficial eosinophilic cuboidal cells. Note the
smaller, denser nucleoli in the more superficial cells (bold ar
rows) and the absence of nuclear material in the remainder of
the superficial cells (fine arrows). Original magnification, x 3300 .
Inset: Microvilli on the luminal aspect of the superficial cells.
Original magnification, x 10,000.

FIGURE 9. Occlusal radiograph revealed a well-circumscribed
radiolucency causing root divergence of the lateral and incisor
teeth.

stratified squamous. Papillary epithelial pro
cesses into the lumen were noted, especially
where epithelial thickenings were present. Epi
thelial spheres consisting of swirled epithelial
cells were found occasionally (Figure 3). The su
perficial cell layer consisted mainly of small
cuboidal cells with scanty eosinophilic cytoplasm
and hyperchromatic nuclei (Figure 4), Larger
cells with an eosinophilic granular cytoplasm
and a round nucleus, which was oriented away
from the surface, as well as scattered mucous
cells were also present in the superficial layer.
Ciliated cells were focally seen.
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lining revealed widened intercellular spaces containing finger
like protrUSions (arrows). Original magnification, X2600. Inset:
Well-formed desmosomes were present between the protru
sions. Original magnification, x 8300.

Intra-epithelial glandular structures, filled
with an eosinophilic, mucicarmine-positive ma
terial were present, the majority located in the
superficial half of the epithelium (Figure 5).
These glandular spaces were lined mainly by
granular cells, although mucous cells were fo
cally present. No mitotic figures were noted. Pal
isading of the basal cells were focally seen, and
no maturation changes of the epithelial cells
were noted. Cleaving between the epithelium
and connective tissue was focally observed.
The underlying connective tissue consisted of
dense fibrous tissue with a few vascular spaces.
No epithelial islands nor calcifications were
noted.
A diagnosis of a glandular odontogenic cyst
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was made, and the cyst lining was enucleated
under general anesthesia. The wound was closed
primarily and healing was uneventful. Small
fragments of the lining were fixed separately in
3% gluteraldehyde for electron microscopic ex
amination. Light microscopic examination of the
enucleated material revealed a dense, chronic in
flammatory cell infiltrate consisting mainly of
lymphocytes in the subepithelial connective tis
sue and neutrophils in the epithelium. The epi
thelial lining had lost most of the features de
scribed in the incisional biopsy material.
Epithelial hyperplasia and proliferation into the
underlying connective tissue with an arcading
effect were present. The eosinophilic cuboidal su
perficial cell layer as well as glandular struc
tures in the epithelium were focally present (Fig
ure 6) .
Electron microscopic examination revealed
widened intercellular spaces with numerous
fingerlike protrusions that attached adjoining
epithelial cells by well-formed desmosomes (Fig
ure 7). As the biopsies taken for electron micros
copy were not representative of all epithelial
types as seen in the sections of the incision bi
opsy, a small fragment was then removed from
the wax block of the noninflammed biopsy speci
men and processed for electron microscopy. This
epithelial lining consisted of tightly aggregated
cells with well-formed desmosomes. Microvilli
like projections were present on the luminal as
pect of the superficial cells, the majority of which
contained no nucleii. Their cell volume seemed
to be decreased, resulting in a closer association
of the desmosomes (Figure 8). The cells immedi
ately underneath the superficial cells contained
a denser nucleus, and signs of nuclear fragmen
tation were present.
CASE 2

A 14-year-old boy presented with swelling of
the right upper lip. Oral examination revealed
a firm buccal and palatal swelling involving
the right maxillary canine area. Radiographs
showed a well circumscribed, unilocular lytic
lesion in the globulo-maxillary area causing
root divergence of the lateral and incisor teeth
(Figure 9). A biopsy was taken, and microscop
ic examination showed a cyst lining with sim
ilar features as described in case 1 (Figure 10).
A diagnosis of a glandular odontogenic cyst
was made. The patient did not return for treat
ment.

Gland ular Odontogenic Cyst

FIGURE 10. Glandular structures were present in the lining epi
thelium (short arrows). The superficial cells had a granular ap
pearance (long arrows). Hematoxylin & eosin; original magnifi
cations, x 400.

DISCUSSION

There are sufficient criteria to regard GOe as a
distinct entity and not a variant of any other
cyst. The unique features include the presence of
eosinophilic cuboidal and larger granular super
ficial cells, intraepithelial glandular structures
lined by granular and mucous cells, and papil
lary processes protruding into the lumen. Epi
thelial spheres are also found in both lateral pe
riodontal cysts and dentigerous cysts. 3 The
presence of numerous mucous cells alone does
not warrant the diagnosis of GOe. Browne has
shown that mucous metaplasia is fairly common
in dentigerous cysts, and can be found in the ma
jority of jaw cysts. 4
The widened interepithelial cell spaces and
the finger-like protrusions found in inflammed
GOe tissue on electron microscopic examination
are also present in inflammed as well as non in
flammed radicular and follicular cysts.5 The
spinous cells of odontogenic keratocysts, how
ever, show a close intercellular relationship with
desmosomes rarely detected.5 The tissue frag
ment removed from the wax block for electron
microscopy study contained superficial eosino
philic cuboidal cells. It is tempting to speculate
that the superficial cells undergo a process simi
lar to apoptosis. This will explain the eosino
philic light microscopic appearance of the super
ficial cells with hyperchromatic nucleii, although
the microvilli-like projections seen on electron
microscopy are too small to represent apoptotic
bodies. 6
The prevalence of GOe is low. The two cases
reported in this study are the only GOes in our
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collection of 152 jaw cysts that were diagnosed
during an 8-year period. A contributory factor to
this low prevalence may be the difficulty in iden
tifying the characteristic features of a GOC in
inflammed tissue, especially if only material
from an incisional biopsy is available. The
changes brought about by an inflammatory pro
cess were evident in the excised tissue in case 1.
Glandular odontogenic cysts are considered to
be aggressive. One of the cases reported by Paday
achee and van Wyk 2 recurred, and recurrences
were present in two of the eight cases described by
Gardner et al. l Although no recurrence was
present in case 1, after 2 years, the eroded cortical
plates suggested aggressive behavior,
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REVIEW

The glandular odontogenic cyst: Clinical and radiological features;
review of the literature and report of nine cases
C Noffke*,l and EJ Raubenheimer 2
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1

Nine cases with glandular odontogenic cysts (GOC's) are p:t;,esented bringing the total number
reported in the literature to 54. Our 'study confirmed that most GOC's occur in the mandible,
whereas maxillary lesions present only in the globulo-maxillary region. The radiological
features were found to be non-distinctive and presented as well-defined radiolucencies with uni
and multilocular appearances. Most of the mandibular GOC's were unilocular, involved the
symphysis region and only one extended into the ramus. All GOC's larger than 6 cm in
diameter showed perforated margins radiologically. Our two multilocular GOC's demonstrated
microscopic features supporting their infiltrative radiological appearance. The invasive clinical
and radiological features of GOC support the notion of a possible histo-pathologic overlap
between GOC and low-grade central mucoepidermoid carcinoma of the jaw .
Dentomaxillofacial Radiology (2002) 31, 333 - 338. doi: 1O.1038 /sj.dmfr.4600730
Keywords: odontogenic cysts; radiography, dental ; jaw cysts; review literature

Introduction
Two multilocular mandibular cysts were originally
described by Padayachee and Van Wykl who
speculated on the possibility of salivary gland origin
and proposed the term sialo-odontogenic cyst.
Histological characteristics, which supported their
choice of terminology, were mucinous material within
the cystic spaces and epithelial thickening or plaques in
the epithelial lining. One of their cysts recurred. The
histological characteristics led to the association of the
cysts with the central mucoepidermoid tumour.
Gardner 2 reported eight cases in 1988 involving both
the maxilla and mandible, which occurred over a wide
age range in both genders and recurred if not excised
adequately. One of their cases was associated with an
ameloblastoma. Radiologically the lesions were re
ported to be either unilocular or multilocular with
smooth or scalloped margins. Based on their histo
pathological features they assumed the cysts to be of
odontogenic origin and a histologic variant of the
botryoid odontogenic cyst. The term glandular
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Medunsa , 0204, South Africa; E-mail: ejraub@medunsa.ac.za
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odontogenic cyst (GOC) was suggested. Shear 3
favoured the term muco-epidermoid cyst, which was
advocated by Sadeghi and co-workers.4 However, the
latter term had already been used by Hodson s to
describe simple radicular, residual and dentigerous
cysts showing mucous metaplasia of the epithelial
linings. In 1992 the World Health Organisation
accepted GOC as a distinct pathological entity and
classified it as a developmental odontogenic cyst. 3
Patron, Colmeri and Larrauri 6 reported three cases in
1991 , which did not recur after surgical removal. One
case was associated with a squamous odontogenic
tumour-like proliferation in its wall. They included
thirteen previously reported cases in their study and
found predilections for males (9/13) and the mandible
(10/ 13) and an age range of 19 to 85 years with a mean
age of 50 years. Radiologically they described the
lesions as well defined, uni- or multilocular without
specific diagnostic characteristics. The occurrence
during the fifth to seventh decade, location in the
mandibular premolar region, multilocularity, tendency
to recur and histological similarity of the epithelial
lining led them to support the suggestion that GOC's
are histologic variants of the botryoid odontogenic
cyst. In 1994 Takeda 7 reported a GOC in the
mandibular third molar region that presented as a
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findings were reported to be non-specific. 14 The mos!
recent literature research revealed a total of 47 reportee
cases , a male to female ratio of 19: 28 and mean age
46.7 years (range 14-75 years) in males and 50.0 yean
(range 21 - 72 years) in females , resulting in a mean age
of 48.3 years for both genders. 15
Our study was aimed at analysing the clinical,
radiological and histopathological features of seven
new cases of GOC's in a rural African population and
to compare our findings with those reported in the
literature. The aggressive nature of GOC's make~
distinction from other cystic lesions of the jawbones
important. Diagnosis prior to surgical intervention i~
essen tial in this regard .

lateral periodontal cyst with a unilocular appearance.
He supported the unsubstantiated hypothesis that a
lateral periodontal cyst may develop in a GOc.
Hussain, Edmondson and Browne 8 described four
new cases of GOC in the mandible, with a predilection
for females and a mean age of 44 years. The clinical
and the radiological features were described as non
specific. Semba et at added one new case in 1994,
reviewed the clinical features of GOC and compared it
with botryoid odontogenic cysts. He suggested that the
GOC and the latter are histological variants in a
separate group of non-keratizing odontogenic cysts,
but share the same epithelial origin, namely the dental
lamina, its remnants or reduced enamel epithelium.
There was no sign of recurrence 2 years after surgical
removal of their case.
Agreement has been reached on the aggressive,
somewhat neoplastic nature of GOC's and their
tendency to recur.2.6.1O.11 Toida and co-workers
(1994)12 in their review of the literature found a
predilection for the mandible (14/ 18), notably the
anterior region (13/18) and an equal gender distribu
tion. The age range was reported to be 14 to 85 years
(mean age of 49 years) and the majority of patients
were older than 40 years. Radiologically the lesion
lacked specific features making distinction from
ameloblastoma and odontogenic keratocyst difficult.
A more aggressive surgical removal rather than simple
curettage was suggested and cases should be carefully
followed up. Economopoulou and Patrikiou l3 added
one case to the literature in 1995 and reviewed 19 cases
in total. They found that GOC's occurred over a wide
age range, with a predilection for men and the anterior
mandible. The cysts may reach large dimensions, are
often associated with expansion and radiological

Report of new cases

Nine ~ases of GOC were diagnosed over the past 10
years in the Department of Oral Pathology at
Medunsa, which serves mainly a rural Black
population. Two of these were previously published
as case reports.1I None of our cases recurred ,
however follow-up is poor due to the remoteness of
the region . Clinical and radiological data are reflected
in Table 1. Radiographic examination was performed
with panoramic, occlusal, Waters and peri-apical
radiographs and measurements were made in
horizontal and vertical dimensions on standardized
panoramic films.
All GOC's showed cortical expansion (Figure 1) and
those with a diameter of more than 6 cm, perforation.
Maxillary GOC's had a well-circumscribed unilocular
radiological appearance without exception (Figure 2).
Both multilocular GOC's in our sample occurred in the

Table 1 Clinical and radiological features of eight cases
Gender

Age (years)

Site

Size (cm)

\"

M

14

3.2x 2

2"

F

27

3

M

50

4

M

15

5

M

17

6

F

58

7

F

II

8

F

59

9

F

59

R Max
12-13
L&R
Mand
36-45
L&R
Mand
34-43
R Max
22-23
L Max
12- \7
L&R
Mand
37-48
L&R
Mand
33-46
RMand
47ramus
Lmand
36-42

Case no .

*Appeared

as case reports ll
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Radiological features

Clinical

Unilocular, well ci rcumscribed, smooth
contour, tooth displacement
Unilocular, well circumscribed , irregular
borders, tooth displacement

Expansion
Expansion
Perforation

7 x 2.5

Unilocular, well circumscribed, smooth
borders, tooth displacement

Expansion
Perforation

3x 3

Unilocular, well circumscribed, smooth
borders, tooth displacement
Unilocular, well circumscribed, smooth
borders, tooth displacement
Multilocular, variable circumscription ,
irregular borders , partially sclerotic with
perforations, tooth displacement
Unilocular, well circumscribed, irregular
borders, tooth displacement

Expansion

6x3

4.5 x 4
16.5 x 4
5. 7 x 3

Expansion
Expansion
Perforation
Expansion

4 x2.7

Unilocular, well circumscribed, smooth
sclerotic borders

Expansion

9 x 4. 5

Multilocular, scalloped borders with
perforation and tooth displacement

Expansion
Perforation

-,
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Figure 1

Case 3: buccal and lingual expansion with tooth displacement

Figure 2

Case 4: unilocular well-circumscribed cyst in the maxilla between teeth 12 and 13, with smooth borders and tooth displacement

mandible and perforated through the cortex and into
the alveolar mucosa (Figures 3 and 4). All mandibular
cases were limited to the body and symphysis except
one case that extended into the ramus (Figure 5).

All cases fulfilled the histopathological criteria for a
diagnosis of GOC advocated by Gardner and co
workers in 1988. 2 The multilocular cases exhibited
daughter cyst formation . Early invasion was characterDentomaxillofacial Radiology
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Figure 3

Case 6: multilocular mandibular lesion with partially sclerotic margins showing foci of perforation (arrows)

Figure 4

Case 9: multilocular mandibular lesion showing mild tooth displacement and perforation into the alveolar mucosa (arrow)

ized by the formation of adenoid structures which
penetrated the connective tissue wall. These features
were not seen in the unilocular types.
Discussion

Our series of nine cases of GOC, of which two had
previously been reported 11 was diagnosed over a period
of 10 years, confirming its low prevalence. The male to
female ratio in our sample was found to be equal. Our
mean age (35 years) was a decade younger than
generally reported 14,15 mainly due to the significantly
younger average age of 24 years at presentation of our
Dentomaxillofacial Radiology

male patients. The younger age may represent a racial
difference in the manifestation of GOC. This tendency
is, however, in agreement with the literature where
males are generally reported to be affected at a younger
age. Twice as many cases occurred in the mandible
than maxilla, corresponding with the findings of other
studies. 6,12,14 , 16 In our sample five of the six mandibular
cases involved the symphysis area, the site of
prevalence reported in other series. One of our cases
occurred in the molar area of the mandible and
extended into the ramus. All our maxillary GOC's
were present in the globulomaxillary area. Two of these
were pear shaped and associated with divergence of the
roots of the lateral incisor and canine teeth and one
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Figure 5

Case 8: unilocular well-circumscribed lesion with smooth sclerotic borders involving the mandibular ramus

extended distally to the second molar tooth. No
maxillary GOC has been reported to occur in another
location. The sizes of our lesions ranged between 2 and
16.5 cm in horizontal dimensions, the latter being the
largest GOC reported thus far. The two multilocular
GOC's were the largest lesions in our series, measuring
16.5 and 9 cm in horizontal dimension respectively.
This may indicate that multilocularity is a size
dependant phenomenon, developing only in the larger
lesions. All our GOC's which measured in excess of
6 cm showed bone expansion with perforation, a
feature supporting their aggressive expansile beha
viour. 3
Most authors conclude that there is no radiological
feature distinctive for GOc. 14-16 All maxillary GOC's
in our series were well circumscribed unilocular with
regular borders, findings that correspond with those of
a previous paper. 15 In our sample unilocular GOC's
with irregular borders were common in the mandible
(two out of four lesions). Two of our mandibular
lesions showed sclerotic borders and one case scalloped
between the roots of mandibular canine and premolar
teeth. The two largest GOC were multilocular and
resembled ameloblastoma radiologically. Radiological
features which may be helpful in distinguishing
multilocular GOC's from ameloblastomas include
irregular loculations and a partially sclerotic border
with foci of perforation. One GOC was , however,
reported to be associated with an ameloblastoma 2 and
representative histological sampling of large multicystic
lesions is required to exclude the possibility of this
manifestation. The question whether a GOC in
association with an ameloblastoma represents a
collision growth of two initially distinct lesions or a
metaplastic phenomenon within an ameloblastoma (or

GOC) remains speculative. The epithelial lining of a
GOC may possess the ability to induce an ameloblas
tomatous proliferation in the connective tissue wall ,
similar to the phenomenon described in calcifying
odontogenic cystS. 17 The proliferative capacity of the
lining of GOC's could explain the histogenesis of the
squamous odontogenic tumour-like proliferation re
ported in the wall of a GOc. 6 The presence of the
epithelial plaques in a small number of GOC's is in our
opinion not sufficient to confirm an association
between this aggressive cyst type and the more
innocuous lateral periodontal - and botryoid odonto
genic cysts. Both our multilocular GOC's showed
proliferations that infiltrated the connective tissue
wall. This should not be confused with the plaques in
the latter two cyst types, which are in fact localized
thickenings consisting of mitotically inactive clear
cells. 18 The GOC's in our sample were not associated
with impacted teeth but rather tended to displace
erupted teeth. This finding is indicative that GOC's
generally develop after all permanent teeth have
erupted. No significant resorption of the roots of
involved teeth were observed in our study.
Taking the above mentioned radiological appear
ances into account, the provisional diagnoses for GOC
on a radiograph would include odontogenic keratocyst,
unicystic and multicystic ameloblastoma, lateral
periodontal cyst, botryoid odontogenic cyst, simple
bone cyst and central mucoepidermoid tumour.
Features which may increase a suspicion of GOC
include a sclerotic border with fine perforations or a
pear shaped unilocular cyst with smooth margins in the
globulo-maxillary region of the maxilla. Histologically
the central muco-epidennoid carcinoma is considered
the most important differential diagnosis.1 8 Care should
Dentomaxillofacial Radiology
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furthermore be taken not to interpret mucous cell
metaplasia, which occurs commonly in a variety of
odontogenic cysts and even ameiobiastomas I9 as foci of
GOC transformation. In order to prevent this from
occurring, microscopic criteria for the diagnosis of
GOC should stringently be applied. These include a
superficial layer of cuboidal or columnar epithelial cells
occasionally with cilia and a glandular or pseudo
glandular structures and intraepithelial crypts fre
quently containing mucin. The remaining of the cyst
may be lined by thin non keratinised stratified
squamous epithelium.3 Our study showed that the
multicystic type exhibits neoplastic features with
infiltration of the surrounding tissue and daughter
cyst formation . The distinction between low-grade
central mucoepidermoid carcinoma and GOC is
difficult, if not impossible. Both are reported to be

unilocular or multilocular and may infiltrate and
destroy bone. Microscopically, the lining of the cystic
spaces of both exhibit squamous-, cylindrical- and
cuboidal epithelium and mucus producing cells ar
ranged in papillary folds. Within the epithelial lining of
both mucus containing crypts (or gland-like structures)
are found. 2o ,2 1 The only feature which has not been
reported in low-grade central mucoepidermoid carci
noma and which may justify the existence of GOC as a
separate entity is occasional presence of epithelial
plaques, similar to those seen in lateral periodontal
cysts.
In conclusion, in view of the histogenetic relationship
that had been proposed between GOC and central
mucoepidermoid carcinoma of the jaw", IO,22 the
possibility that both entities represent a spectrum of
one disease, should be investigated.
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Classification of Odontogenic Cysts
of the Jaws
E.J. Raubenheimer, J. Kreidler, W.F.P. van Heerden
Recent developments in the classi
fication and diagnosis of cysts of the
jaws necessitate a revision of the
topic. This paper discusses the
revised World Health Organisation
classification of odontogenic cysts
and illustrates short descriptions of
cyst
types
with
appropriate
examples.

INTRODUCTION
Cysts are pathological, fluid filled
cavities lined by epithelium. They are
more common in the jaws than in any
other bone because of the epithelial
rests remaining in the tissue after den
tal development. Cysts of odontogenic
origin are the most common cause of
chronic swelling of the jaws and have
been
recognised
as
diagnostic
problems for a long time. During the
past few years, numerous articles have
appeared regarding the pathogenesis,
behaviour, diagnosis and treatment of
the different types of jaw cysts and
various new concepts have since
emerged. In order to standardize the
diagnoses of jaw cysts, utilization of
uniform diagnostic criteria is essential.
The purpose of this article is to present
the
revised
World
Health
Organisation's classification of odon
togenic cysts of the jaws and to il
lustrate the typical features with
appropriate examples obtained from
the files of the Department of Oral

Pathology, Medical
Southern Africa.

University

of

CLASSIFICATION
The classification of the odontogenic
cysts of the jaws is based on that
recommended in the World Health
Organization's (WHO) publication
Histological Typing of Odontogenic
Tumours l and a recently published
Table 7.

1. Developmental
1.1 Gingival cyst of infants
1 .2 Odontogenic keratocysts
1.3 Dentigerous (follicular) cyst
1.4 Eruption cyst
1 .5 Lateral periodontal cyst
1.6 Gingival cyst of adults
1.7 Botryoid odontogenic cyst
1.8 Glandular odontogenic cyst

2. Inflammatory
2.1 Radicular cyst (apical and lateral)
2.2 Residual cyst

2.3 Paradental cyst
2.4 Inflammatory collateral cyst

textbook on oral cysts 2 (Table 1). The
histogenetic division into 'Develop
mental' and 'Inflammatory' groups
remain unchanged.
This classification excludes the cal
cifying odontogenic cyst (which is
now categorized as an odontogenic
tumour) as well as other cystic tumours
like the unicystic ameloblastoma. It is
furthermore noteworthy that the con
cept of cysts developing in the closure
lines of embryologic processes (such
as median palatine cyst, median man
dibular cyst and globulo-maxillary
cyst) which were previously classified
as of non odontogenic origin, has been
rejected after detailed clinicap.4 and
embryologicaP·6 studies.

DEVELOPMENTAL

Gingival cysts of infants
Gingival cysts of infants, also referred
to as Bohn's nodules, occur commonly
on the alveolar processes of newborn
infants (Figure 1). They soon disappear
through involution and are seldom
seen after three months of age. These
cysts arise from the dental lamina and
although rarely biopsied, are lined by
keratinizing squamous epithelium. 2

Figure 1. Gingival

cyst of the infant
on the left man
dibular alveolus.
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Odontogenic keratocysts
The teon 'primordial cyst', which was
often used synonomously with odon
togenic keratocyst, has fallen in disuse
because no convinCing evidence for
development from a tooth primordium
has yet been forwarded . There is how
ever, evidence supporting origin from
primordial odontogenic epithelium,
that is, dental lamina or its remnants 7.8.
Although other odontogenic cysts may
exhibit foci of squamous metaplasia,
odontogenic keratocysts are primarily
recognised by their stretched and
keratinized epithelial lining with a well
defined, often palisaded basal cell
layer. Basal cell budding, as well as
daughter cyst foonation are found in
odontogenic keratocysts and are espe
cially pronounced in patients with the
naevoid basal cell carcinoma syn
drome in which multiple keratocysts
occur. These phenomena as well as the
fragility of the cyst wall are the
primary causes for incomplete surgical
removal and the high recurrance rate.
Odontogenic keratocysts may occur in
the place of a tooth (replacement
variety), around the crown of an im
pacted tooth (envelopmental variety)
in the ramus of the mandible (ex
traneous variety) or between the roots
of adjacent teeth (collateral variety)9.
Although the majority present as
unilocular radiolucencies (Figure 2),
scalloped
margins
may
be
misinterpreted as multilocularity lead
ing to an erroneous diagnosis of
ameloblastoma2 • The envelopmental
variety is often indistinguishable
radiologically from a dentigerous cyst
and the collateral variety from a lateral
periodontal or lateral placed radicular
cyst.
Dentigerous (follicular) cysts
A dentigerous cyst is one which
encloses the crown of an unerupted
tooth by expansion of its follicle, and
is attached to its neck 2 (Figure 3) . It
probably developes by accumulation
of fluid between the reduced enamel
epithelium and the enamel after for
maton of the crown has been com
pleted. The diagnosis of dentigerous

4

Figure 2. Odontogenic
keratocyst in the an
terior mandible. Note
the sclerotic margin sur
rounding the cyst.

Figure 3. Panoramic
view of a dentigerous
cyst surrounding the
im
crown of an
pacted maxillary central
canine. Note the dis
placement of the per
manent lateral incisor
and canine.

cyst should not be made on
radiographic evidence only, otherwise
keratocysts of the envelopmental
variety and unilocular ameloblastomas
involving adjacent unerupted teeth, are
liable to be misdiagnosed. The wall of
a .dentigerous cyst is lined by thin
epithelium of two to three layers of un
differentiated cells derived from
reduced enamel epithelium.

Eruption cyst
An eruption cyst is in effect a den
tigerous cyst which occurs in the soft
tissues . There
is
usually
no
radiographic evidence of bone involve
ment. The cyst is exposed to mas
ticatory trauma and many eruption
cysts burst spontaneously with only
few requiring surgical exposure of the
involved tooth.
lateral periodontal cyst
The designation ' lateral periodontal
cyst' is confined to those cysts which
occur in the lateral periodontal position
and in which an inflammatory aetiol
ogy and a diagnosis of collateral
keratocyst have been excluded on
clinical and histological grounds. JO
Radiographs show a round or oval,
well circumscribed, radiolucent area
somewhere between the apex and cer-

vical margin of a vital tooth (Figure 4) .
Various theories on the histogenesis of
this cyst type were forwarded, of
which the proposal that it arises initial
ly as a dentigerous cyst developing by
expansion of the follicle along the
lateral surface of the erupting tooth is
an attractive one". Most commonly,
the lateral periodontal cyst is lined by a
thin, non keratinized layer of
squamous or cuboidal epithelium with
small inconspicuous nucleii and con
voluted epithelial plaques, which
develop as a result of localized
proliferation of cells 2 •
The botryoid odontogenic cyst is a
multilocular variant of the lateral
periodontal cyst. This rare cyst has a

Figure 4. Periapical radiograph showing
a lateral periodontal cyst in the alveolus
between teeth 35 and 36.
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Figure 5. Multicystic ap
pearance of a botryoid
odontogenic cyst (H&E
. stain X40).

with occasional
cilia
and
the
epithelium has a glandular or pseudo
glandular
structure,
with
intra
epithelial crypts lined by cells similar
to those on the surface.

INflAMMATORY

lining similar to the lateral periodontal
cyst with thin connective tissue septae
separating distinct cystic cavities (Fig
ure 5).

This is supported by the numerous
similarities both clinically and his
tologically between these two cyst
types.

Gingival cyst of adults
The gingival cysts of adults is located
in the gingival soft tissue and presents
as a gingival swelling without any
radiographic signs of bone destruction.
Although many theories have been
proposed on its histogenesis, the most
favoured is derivation from gingival
odontogenic epithelial cell nests 2 or
reduced .e namel epithelium after the
eruption of a tooth.12.1J If the latter
theory is accepted, gingival cysts in
adults may represent the soft tissue
counterpart of lateral periodontal cysts.

Glandular odontogenic cyst
A cyst with fairly typical histological
features and which has some charac
teristics in common with lateral
periodontal cyst has recently been
reported I4 •15 . Radiographically, some
cases exhibit a unilocular radiolucency
with either smooth or scalloped mar
gins (Figure 6) , while others are dis
tinctly multilocular. The cyst may be
lined in parts by a non-keratinized
stratified squamous epithelium. The
superficial layer of the epithelial lining
consists of columnar or cubiodal cells

Figure 6. Glandular odontogenic cyst presenting as
an unilocular cyst in the maxilla. Note the displace
ment of the adjacent teeth.
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Radicular cyst
A radicular cyst is one which arises
from epithelial residues in the
periodontal ligament as a result of in
flammation 2 • The inflammation usually
follows necrosis of the dental pulp and
the identification of a non vital tooth
associated with the cyst is an important
diagnostic parameter. Although these
cysts are usually located around the
apex of a tooth (Figure 7), they may
also be found on the lateral surfaces of
a root in association with the opening
of an accessory pulpal canal.
Radiographically these cysts are char
acterized by round or ovoid radio
lucencies surrounded by a narrow
radio-opaque margin which extends
from the lamina dura of the involved
tooth. The size of the lesion is not reli
able in distinguishing it from a periapi
cal granuloma, unless it is larger than
2 cm in diameter in which case the
lesion is most likely a radicular cyst. 16
Almost all radicular cysts are lined

Figure 7. Radiograph of a radicular cyst surrounding the apex of a max
illary incisor.
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wholly or in part by stratified
squamous . epithelium. The epithelial
lining may proliferate and exhibits ar
cading and a considerable degree of
spongiosis with an intense inflam
matory infiltrate.

Residual cyst
A residual cyst can be described as a
radicular cyst of which the associated
tooth has been extracted. All the
radiographic and histological features
of radicular cysts except for the as
sociation with a non-vital tooth there
fore apply to residual cysts.

Paradental cyst
Craig (1976) wrote the first detailed
account of a cyst of inflammatory
origin which occured on the lateral
aspect of the roots of partially erupted
mandibular third molars where there
was an associated history of peri
coronitis. In these cases the teeth are
vital and radiographic examination
shows a well demarcated radiolucency
distally to a partially erupted tooth:
Ackerman, Cohen and Altini 17 like
Craig 18 favour origin from reduced
enamel epithelium but suggested that
cyst formation occurs as a result of
unilateral expansion of the dental fol
licle secondary to inflammatory
destruction of the periodontium and al
veolar bone. This is different from the
histogenesis of dentigerous cysts ·
where expansion occurs primarily with
consequent bone destruction.
Paradental cysts are microscopically
indistinguishable from radicular cysts
and a proper clinical history and
radiograph must accompany the biopsy
in order to facilitate a correct diag
nosis.

Inflammatory collateral cyst
This rare cyst type occurs as a result of
inflammatory process in the periodon
tal pocket2. The associated tooth is
vital and the cyst is microscopically in
disti,nguishable from radicular cysts.
Microscopic diagnosis relies heavily
on adequate clinical information. This
cyst appears to favour developing buc
cally . to the lower first or second
molars.

6

CONCLUSION
Accurate diagnosis of cysts of odon
togenic origin is important as various
cyst types like odontogenic keratocysts
and glandular odontogenic cysts are
aggressive lesions and tend to recurr
after incomplete removal. It is impor
tant that clinicians are aware of the un
reliability of radiographic inter
pretations. On the other hand, a micro
scopic diagnosis of biopsies taken
from densely inflamed cyst walls is
often difficult, if not impossible, to in
terpret without clinical information and
radiographs. A high degree of diagnos
tic accuracy, when dealing with jaw
cysts, can only be achieved thrpugh
conununication between the clinician
and resident pathologist.
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Differential diagnosis of dentigerous cyst-like lesions:
Clinico-pathologic features of 63 cases
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SUMMARY

OPSOMMING

A series of unilocular pathological conditions re
sembling dentigerous cysts was analyzed and the
clinical and radiographic features correlated with
the microscopic diagnosis. The most common
lesions were found to be true dentigerous cysts
followed by unicystic ameloblastomas and odon
togenic keratocysts. Unicystic ameloblastomas
with a dentigerous cyst-like appearance occurred
most frequently in the mandibular third molar re
gion and commonly caused expansion of the man
dible . The adjacent teeth in these cases showed
a high occurrence rate of root resorption. Unlike
the site distribution of true dentigerous cysts re
ported in other series, 50 per cent of our cases
occurred in the maxillary anterior and premolar
regions. Our study emphasizes the importance of
microscopic examination of all pericoronal cystic
lesions.

Die kliniese- en radiologiese beeld van 63 gevalle
van unilokuh§re patologiese toestande wat
tandhoudende siste naboots, is vergelyk met die
mikroskopiese diagnose. Die mees algemene
toestand wat voorgekom het, was tandhoudende
siste, gevolg deur unisistiese ameloblastoom en
odontogene keratosiste. Unisistiese ameloblastome
met die radiologiese beeld van 'n tandhoudende
sist, het mees algemeen in die mandibulere derde
molaar area presenteer en het dikwels beenek
spansie veroorsaak. Die aangrensende tande het
'n hoe frekwensie van eksterne wortelresorpsie
getoon. Anders as in ander reekse, het 50 persent
van tandhoudende siste in die maksillere anterior
en premolaar areas voorgekom. Hierdie studie
beklemtoon die belang van mikroskopiese ondersoek
van aile perikoronale sisteuse letsels.

INTRODUCTION

(Vedtofte and Praetorius, 1979; Ueno et al.,
1986). Accurate diagnosis of jaw cysts is therefore
essential for adequate treatment planning.

A dentigerous cyst is defined as a unicysticcavity
which encloses the crown of an unerupted tooth by
expansion of its follicle and is attached to the neck
of the tooth (Shear, 1992) . In a radiographic
context, a radiolucent area surrounding the crown
of an unerupted tooHl may be seen with odon
togenic keratocysts of the envelopmental or follic
ular variety as well as unicystic ameloblastomas
involving adjacent unerupted teeth, and these may
be misinterpreted as dentigerous cysts. This could
have prognostic consequences as the recurrence
rates of the various pathologic lesions that envel
op the crown of a tooth vary significantly. Simple
enucleation is an adequate form of treatment for
dentigerous cysts but more extensive surgery is
required for unicystic ameloblastomas and odon
togenic keratocysts. Even with adequate treat
ment, the recurrence rates of unicystic ameloblas
tomas and keratocysts are reported to be high

The purpose of this study was to appraise the
clinico-pathologic features of pericoronal radiolu
cencies resembling dentigerous cysts.

MATERIAL AND METHODS
Sixty three lesions with a radiologic appearance of
a dentigerous cyst were retrieved from the files of
the department of Maxillo-Facial and Oral Surgery
at the Medical University of Southern Africa. This
hospital ~s a reference centre for the Northern
Transvaal region and all patients in the study are
Black and mostly of rural origin. The radiologic
appearance with special reference to the size
(longest axis measured on panoramic radiograph)
and location of the lesion, the presence or ab
sence of root resorption of adjacent teeth, expan
sion of cortical plates and displacement of the
associated tooth, was compared with the age, sex
and microscopic diagnosis of the lesion.
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RESULTS
Sixty-three unilocular paracoronal cystic lesions
resembled dentigerous cysts radiologically. The
histological diagnosis of these lesions are listed in
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Fig. 1: Unicystic ameloblastoma with root resorption of the associ
ated teeth.

Fig . 6: Multiple keratocysts involving the left and right mandibular
ramus and right globulomaxillary area in a patient with the naevoid
basal cell carcinoma syndrome .

panoramic radiograph and the presence of root
resorption and tooth displacement are shown in
Table I. .

Fig. 2: Adenomatoid odontogenic tumour causing tooth displace
ment and root resorption.

Fig. 3: Unicystic ameloblastoma of the left mandible showing en
largement in all dimensions.

Fig. 4: Dentigerous cyst of the mandible showing enlargement
along the medullary space.
.

Fig. 5: Calcifying odontogenic cyst of the mandible associated with
an impacted canine and exhibiting mural calcifications (arrows).

Table I. Three of the calcifying odontogenic cysts
with a dentigerous cyst-like appearance were sub
classified according to Praetorius et al., (1981) as
type lA, and one each as type I B and Ie respec
tively. The sex distribution, mean age at presen
tation, average size of the cyst as measured on a

Unicystic ameloblastomas showed an equal sex
distribution, while dentigerous cysts, odontogenic
keratocysts and calcifying odontogenic cysts were
more common in males. Adenomatoid odontogen
ic tumours were found in females only. The mean
age at presentation of the six cyst types were not
found to differ significantly. The mean size of the
unicystic ameloblastomas were significantly larg
er than the odontogenic keratocysts and dentiger
ous cysts (p<O,005) while odontogenic keratocysts'
mean size were significantly larger than that of
dentigerous cysts (p<O,05). Root resorption was
most frequently observed in unicystic ameloblas
tomas (64 per cent of cases) (Fig. 1) and calcify
ing odontogenic cysts (60 per cent of cases).
Displacement of non-involved teeth was a con
stant finding in cystic adenomatoid odontogenic
tumours (Fig. 2). The enlargement of unicystic
ameloblastomas occurred in all dimensions and
frequently caused bony expansion (Fig . 3). En
largement of follicular and odontogenic keratocysts
in the mandible appeared to follow the medullary
space initially (Fig.4) with bony expansion seen
only in the largest examples.
All paradental cysts were associated with partially
erupted third molars. Six cystic adenomatoid odon
togenic tumours occurred in the maxilla and one in
the mandible. One very large lesion of the latter
type extended across the maxillary midline . Three
calcifying odontogenic cysts presented in the maxilla
and two in the mandible. One cyst in each jaw
showed radiographic evidence of calcifications
(Fig . 5).
Thirteen dentigerous cysts were located in the
maxilla, the majority of which were associated
with impacted central incisors (4 cysts), canines
(2 cysts) and premolars (4 cysts). In the mandi
ble, only 3 dentigerous cysts involved third mo
lars; one, a second molar, while two involved
canines. One dentigerous cyst was associated
with a primary maxillary canine. Eight odontogen
ic keratocysts were located in the mandibular (7
cases) or maxillary (one case) third molar areas
and 5 presented in the canine region (3 maxillary
and 2 mandibular) . Two patients presenting with
the basal cell nevus syndrome had multiple cysts
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Table I : Clinical data .
n

Unicystic Ameloblastoma
Denligerous Cyst
Odontogenic
Keratocyst
Adenomatoid Odontogenic Tumour
Calcifying Odontogenic Cyst
Paradental Cyst

Sex
Male

Female

14
21

7
16

7
5

13
7
S
3

10
.0
4
2

3
7
1

(Fig. 6). The unicystic ameloblastomas showed a
predeliction for the mandibular third molar region
(11 cysts) followed by the mandibular canine re
gion (3 cysts). l\Jo unicystic ameloblastomas with
a dentigerous cyst-like appearance occurred in
the maxilla .
DISCUSSION
The importance of an accurate diagnosis of a
lesion with a dentigerous cyst-like appearance,
especially in a Black population sample in which
dentigerous cysts are less common than in Whites
(Shear, 1992), cannot be over emphasized. By
the same token the presence of unicystic amelob
lastomas must not be underestimated, being the
second most common cystic lesion found in our
patients. Outstanding characteristics of this po
tentially aggressive neoplasm is its large size
when compared to the other cysts, its tendency to
expand more symmetrically than other cystic le
sion in the mandible as well as its common asso
ciation with root resorption of adjacent teeth.
Adenomatoid odontogenic tumours were found in
females only but although the majority seem to
affect the anterior maxilla, it also occurred in the
mandible in one instance. Tooth displacement
was more frequently observed in adenomatoid
odontogenic tumours than in any of the other
cystic lesions. Dentigerous cysts were more fre
quently encountered in the anterior maxilla and
their most frequent association with impacted
mandibular third molars (Shear, 1992) was not
found in our study. The lower frequency of impact
ed third molars in Blacks (Brown et al., 1982) may
account for this observation in our exclusively
Black sample . The attachment of the cyst wall to
the impacted tooth is reported to extend more
apically in ameloblastomas than dentigerous cysts
(Ikeshima et al., 1990). In large examples of den
tigerous cysts the associated tooth is often rotat
ed, making this measurement difficult to interpret
on panoramic radiographs.
Our study does not support the report that there is
a frequent occurrence of root resorption in associ
ation with dentigerous cysts (Struthers and Shear,
1976). The site distribution of odontogenic
keratocysts in our study conform to that of another
series (Shear, 1992). Forssell (1980) observed a
relationship between the cyst and the crown of a
tooth in 41 per cent of a series of 135 cases.
Mcivor (1972) however, demonstrated this rela
tionship exclusively in the mandible. In our study,

Mean
Age (SO)
15,5 ±6,3
16 ±16,2
15 ±12,5
12 ±3,9
23 ±7,0 .
21 ±2,0

Mean
Size in
mm (SO)

Root
Resorption

Tooth
Displacement

80 ±22 ,7
35 ±11 ,5
45 ±20 , 1
45±1S,7
40 ±6,S
10 ±12,7

4 maxillary odontogenic keratocysts presented in
association with impacted teeth. The frequent as
sociation of odontogenic keratocysts with impact
ed teeth have led Altini and Cohen (1980) to
introduce the term "follicular primordial cyst" for
this group of lesions. They postulated that this
association may arise following eruption of a tooth
into a pre-existing cystic cavity in the same way as
a tooth erupts into the oral cavity. Although we
have no microscopic evidence, we believe that this
hypothesis may be extended to all cysts in our series ,
except forihe follicular and paradental cysts, in both of
which types their association with an impacted tooth
have been satisfactorily explained (Shear, 1992).
Although certain specific features seen on radio
graphs, such as the size of lesion, its location, the
presence or absence of root resorption or tooth
displacement and other factors such as age and
sex of the patient may influence the clinical differ
ential diagnosis, a thorough histological examina
tion is essential in establishing an accurate diagnosis.
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A retrospective analysis of 367 cystic lesions of the jaw-the VIm
experience
Joachim F. Kreidlert, Eric J. Raubenheimer 2 , Willy F. P. van Heerden 2
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SUMMARY. Out of 846 cyst-like lesions of the jaws, 367 cases were retrieved from the files of the Department
of Oral and Maxillofacial Surgery at the University of Ulm and classified according to the new World Health
Organization's classification for odontogenic tumours and cysts. Radicular and residual cysts comprised 56.9%,
dentigerous cysts 21.3%, odontogenic keratocysts 10.6%, unicystic ameloblastomas 4.1 %, nasopalatine duct cysts
2.7%, glandular odontogenic cysts 1.6 % and paradental cysts, traumatic bone cyst, calcifying odontogenic cyst and
lateral periodontal cyst each less than 1 % of the sample. Nearly one third of the specimens were obtained from
military patients; despite an expected bias towards young males, unicystic ameloblastomas presented one and a half
decades later than is generally reported.

Bundeswehrkrankenhaus Ulm as well as from the
University Department. Only cases on which clinical
information, a radiograph and representative micro
scopic sections where available, were included in the
study. Each case was re-evaluated and cl assified
independently according to the criteria set in the
second edition of the World Health Organisations
classification of jaw cysts and tumours (Kramer et a!.,
1992) by two oral pathologists .

INTRODUCTION
Before the recent adoption of th e revised World
Health Organization's classification of odonotogenic
tumours and cysts (Kramer et a!., 1992), epidemiologi
cal studies on cystic jaw lesions were difficult to
interpret due to the omission of recently described
entities, which had not been taken up in any
classification system. Examples of these are the
paradental cyst which arises from odontogenic epi
thelial residues " stimulated into activity by inflam
mation (Craig, 1976) and the aggressive glandular
odontogenic cyst, the exact origin of which is less clear
(Shear, 1992). The calcifying odontogenic cyst, which
is now classified as an odontogenic tumour, occurs
both in neoplastic and cystic subtypes (Hong et a!. ,
1991). Unicystic amelobla stomas are divided into
three subtypes, a division which is based on the
histological nature of its epithelial lining. Type I
unicystic amelbblastomas exhibit a simple amelo
blastic epithelial lining whereas Type II shows
intraluminal proliferation and Type III mural in
vasion. The latter type is reported to be associated
with a higher recurrence rate (Ackermann et aI., 1988).
The purpose of this study was to revise and
reclassify cystic lesions of the jaws diagnosed and
treated in the Department of Oral and Maxillofacial
Surgery, University of Ulm , over the last 5 years.

RESULTS
367 cases were included in the study and 22 excluded
due to a lack of radiographs and / or unrepresentative
microscopic sections. Nearly one third of the cases
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The clinical examination forms and radiographs of all
cystic lesions affecting the jaws were retrieved from
the files of the Department of Oral and Maxillofacial
Surgery at the University of Ulm, Germany. 367 out
of 846 microscopic sections were supplied for re
examination by the Department of Pathology at the
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Fig. 1 - Distribution of jaw cysts. RAD - radicular ; RES 
res idual ; UNI - u nicystic ameloblastoma; FOLL - fo llicular;
GLAND - glandular odontogenic ; OKC - odontogenic
kerat ocys t; NPDC - nasopa lat ine duct cyst; TBC - traumatic
bone cyst; COC - calcifying odontogenic cyst; LPC - la teral
periodontal cyst.
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molar area. In 10 of those cysts , X-ray examination
showed teeth or rudiments inside the cavity which led
to a primary misdiagnosis of dentigerous cyst.
Unicystic ameloblastomas (n = 15) comprised
4.1 % of the sample and presented at a mean age of
40.7 years (SD = 18.8 years). The youngest patient
was in the second decade of life whereas 2 cases
presented in the eighth decade (Fig. 4) . 8 unicystic
ameloblastomas occurred in the mandibular molar
area, 6 of which appeared radiographically as denti
gerous-like cysts, and 4 lesions affected the maxilla. 13
unicys tic ameloblastomas were lined by non-invasive
odontogenic epithelium (Type I) and 2 cases exhibited
foci of mural invasion (Type III).
The mean ages at presentation of nasopalatine duct
cysts (n = 10, 2.7% of the sample) and glandular
odontogenic cysts (n = 6, 1.6 % of the sample) were
44.9 years (SD = 13 .5 years) and 46 years (SD = 14.3
years) respectively. The paradental cyst (n = 3),
traumatic bone cyst (n = 3), calcifying odontogenic
cyst (n = 2) and lateral periodontal cyst (n = 2) each
contributed to less than 1 % of the sample. No
examples of gingival cysts of infants and adults,
eruption cysts and nasolabial cysts were found in this
study.

Site

Fig. 3 - Site distribution of dentigerous cysts.
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Fig. 4 - Age distribution of unicystic amelobJastomas.

recorded were military patients treated in the Bundes
wehrkrankenhaus. The distribution of cystic jaw
lesions in this study is reflected in Figure I.
Radicular (n = 194) and residual cysts (n = 15)
comprised 56.9 % of lesions diagnosed . The mean age
at presentation of radicular and residual cysts was
34.4 years (SD = 14.2) and 52.7 years (SD = 13.2)
respecti vely. Radicular cysts occurred most commonly
in the maxillary incisor region (Fig. 2).
Dentigerous cysts (n = 78) comprised 21.3 % of th<:
sample and presented at a mean age of 37.1 years (SD
= 15.3 years). The mandibular third molars were
most frequently involved (Fig. 3).
Three patients out of a total of 39 with odontogenic
keratocysts, the latter comprising 10.6 % of the
sample, suffered from the basal cell naevus syndrome.
The mean age at presentation of odontogenic kerato
cysts was 40.3 years (SD = 19.5 years) and the
majority of cases (n = 21) involved the mandibular

Accurate diagnosis of cystic lesions of the jaw is
crucial as various types are aggressive and may lead to
local recurre.nce if incorrectly diagnosed and inappro
priately treated. Many cystic lesions of the jaw share
clinical and radiographic features and microscopic
examination forms an important part of the diagnostic
process. For this purpose, an in-depth knowledge of
an internationally accepted classification system, such
as that proposed by the World Health Organization
(Kramer et aI. , 1992) is essential.
The description of new cyst entities in combination
with the new WHO-classification on the one side and
improbable lack of diagnosed ameloblastomas on the
other prompted this retrospective investigation. It
shows the incapability of a general pathologist to
make a correct and specific diagnose of jaw cysts and
necessitates cooperation with an exp-eriencedoral
pathologist.
'Due to their association ' with the ghost cell
odontogenic tumour, the calcifying odontogenic cyst
is no longer grouped amongst cysts in this classifi
cation but is classified as a benign tumour originating
from the odontogenic apparatus. This cystic tumour,
as well as the odontogenic keratocyst (Brown, 1970;
Niemeyer et aI., 1985), unicystit ameloblastoma
(A ckermann et aI., 1988) and glandular odontogenic
cyst (Patron et aI., 1991), are notorious for their
aggressive behaviour and high recurrence rates (Mach
tens et aI., 1972). This implies that in the present
study, 17 % of the total sample of cystic jaw lesions,
required more than simple enucleation as a curative
surgical procedure. Type III unicystic ameloblasto
mas, of which 2 cases were diagnosed in this study,
exhibit infiltrative features and should be treated

A retrospective analysis of 367 cystic lesions of the jaw-the Vim experience

similarly to the polycystic types, with wide excision or
even resection of the involved jaw segment (Acker
mann et aI. , 1988). These results have induced a recall
of those patients with diagnosed aggressive cysts or
ameloblastomas in order to prove the necessity for
further treatment.
A large percentage of patients in this study were
military personnel and our data is probably biased
towards young males. The high mean age of 40.7 years
for unicystic ameloblastomas was therefore surprising
as these cystic tumours are reported to occur most
frequently in the first half of the third decade
(Robinson and Martinez, 1977; Gardner, 1981 ; Acker
mann et aI. , 1988). As no literature is available on
unicystic ameloblastomas in the German population,
this finding may point towards an older age incidence
for unicystic ameloblastomas in Germany. Unicystic
ameloblastomas frequently involved the mandibular

molar area where impaction of a mandibular third
molar in the cyst wall was common . Unless these
lesions are examined microscopically, they will be
misdiagnosed as dentigerous cysts.
The frequency of the different cyst types encoun
tered in this study, as well as the sites of involvement
of radicular, residual, dentigerous and odontogenic
keratocysts and unicystic ameloblastomas, are in
agreement with the recent literature (Shear , 1992).
The lack of examples of gingival cysts of infants and
adults and eruption cysts, as well as the infrequent
occurrence of paradental cysts is the result of exclusion
of all cases without a microscopic diagnosis. Most of
these lesions either go unnoticed or are not submitted
for microscopic examination after removal and are
probably more common than is reflected in a study of
this nature.
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Clinico-pathological study of 30 unicystic ameloblastomas
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OPSOMMING

SUMMARY

Die klinies-patologi~se rekords van 30 unisistiese
ameloblastome, wat oor 'n tydperk van 10 jaar
versamel is, is bestudeer. Die gemiddelde ouderdom
by diagnose was 18,0 jaar (SO ±8, 1). Die meeste
letsels was in die mandibula en was met
gei"mpakteerde tande, wortelresorbsie en tand
verplasing geassosieer. In 11 pasiente (4 vroulik,
7 manlik) ' het die unisistiese ameloblastome die
fibreuse wand binnegedring, in 4 gevalle (1 vroulik,
3 manlik) was intraluminale proliferasie teenwoordig
en in die oorblywende 15 gevalle (9 vroulik, 6
manlik) was die sist deur 'n nie-prolifererende
ameloblastiese epiteel. In twee geval/e het herhaling
onderskeidelik 3 en 7 jaar na die aanvanklike
chirurgiese verwydering voorgekom. Hierdie studie
bevestig die potensiele aggressiewe gedrag van
unisistiese ameloblastome en beklemtoon die
noodsaaklikheid van deeglike mikroskopiese
ondersoek vir subklassifikasie.

The clinico-pathological records of 30 un/cystic
ameloblastomas collected over a period of 10
years were studied. The mean age at diagnosis
was 18,0 years (SO ±8,1), most lesions were
located in the mandible and were frequently asso
ciated with impacted teeth, root resorption and
tooth displacement. The unicystic ameloblastomas
in 11 patients (4 females and 7 males) exhibited
- invasion of the fibrous wall, 4 cases (1 female and
3 males) showed intra-luminal proliferation and
the remaining 15 specimens (9 females and 6
males) were lined by non-proliferating ameloblastic
epithelium. Two cases recurred 3 and 7 years after
initial surgical removal. This study reveals the
potential aggressive behaviour of unicystic
ameloblastomas and underlines the importance of
a thorough microscopic examination for
sub-classification .

INTRODUCTION

trate into the fibrous cyst wall. Lesions in Group 2
sh,?w intra-luminal epithelial proliferation and the
epithelium in Group 3 lesions invade the fibrous
cyst wall. Group 1 and 2 lesions may be treated by
erlUcleation, whereas Group 3 lesions should be
treated more radically to prevent recurrences
(Ackermann et al., 1988).

The unicystic ameloblastoma is a unilocular, cystic
epithelial odontogenic tumour initially described
by Robinson and Martinez in 1977. Males and
females are affected approximately equally. The
lesions usually occur in the mandible and espe
-cially in the molar-ramus area, while the maxilla is
only occasionally affected (Ackerman, Altini and
Shear, 1988). They usually occur in the second to
fourth decades and the mean' age at the time of
diagnosis is reported to be 23,8 years. The lesions
appear radiologically as a well defined unilocular
radiolucency of varying size (Ackermann et al.,
1988). When associated with an unerupted tooth,
the appearance closely resembles a dentigerous
cyst. Involvement of the roots of teeth may give it
a radicular cyst-like appearance (Lucas, 1984)
and in many cases can only be distinguished from
odontogenic keratocysts by microscopic examina
tion. Unicystic ameloblastomas are divided into
three groups. Group 1 include the simple cystic
lesions lined by an epithelium that does not infil-

As a rule unicystic ameloblastomas behave more
aggressively than other odontogenic cysts. It is
important therefore to recognise the clinical fea
tures which may facilitate an accurate diagnosis
of the condition. This stUdy was u'ndertaken to
determine the clinico-pathological features of
unicystic ameloblastomas in a rural black popula
tion.
-

MATERIALS AND METHODS
Microscopic sections of all unicystic lesions that
were biopsied between 1982 and 1992 at Medunsa
were retrieved arid re-evaluated. The unicystic
ameloblastomas were subdivided into three groups
using the criteria of Ackermann et al., 1988. Clini
cal data and radiographs were obtained from pa
tient files. The site of occurrence was designated
as molar-ramus, premolar or incisor according to
the centre of the radiolucent lesion on a pano
ramic radiograph.
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RESULTS

Age Distribution

12

.Thirty cases were diagnosed as unicystic amelob
lastoma, 16 were males and 14 females. The
mean age of the patients was 18,0 years (SO
=±8,1) (range 8-43 years) and 63,3 per cent oc
curred in the second decade (Fig. 1). Twenty
seven of the lesions were present in the mandible
and only 3 in the maxilla (Fig. 2). The lesions
. varied in size from 2,5-12 cm mesio-distally and
22 of the lesions were more than 5 cm in diameter
on the panoramic radiographs. One mandibular
tumour was associated with a pathological frac
ture.
Radiologically, 11 of the lesions were associated
with impacted teeth (Fig. 3),13 with root resorption,
15 with tooth displacement and 8 with tooth dis
placement and root resorption. The impacted teeth
associated with the lesions were mainly the man
"9ular third molars (n=7), followed by mandibular
_dcond molars (n=3) and mandibular canines (n=2).
Two of the 3 maxillary lesions presented in the
"globulo-maxillary" a'rea. Of the 14 lesions in fe
males, 9 were classified as Group I (Fig. 4), 1 as
Group /I (Fig. 5) and 4 as Group /II. There were 6
Group I lesions and 7 Group II/ lesions amongst
the 16 males, the remaining 3 were Group /I
lesions (Fig. 6).
In 7 unicystic ameloblastomas, 50 per cent or
more of the lining was a nondescript type of epi
thelium (Fig. 7). Three out of 4 Group III lesions
had a plexiform intra-luminal proliferation, the other
had multiple mural nodules projecting into the
lumen (Fig. 8). Inflammation in 3 lesions was
associated with extensive epithelial arcading and
4 showed sub-epithelial hyalinization. Two cases
recurred as polycystic ameloblastomas 3 and 7
vears after surgical treatment respectively. The
( was originally classified as Group III (Fig. 9),
wnereas the other case was a Group I unicystic
ameloblastoma.
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Fig. 1: The histogram 01 the age distribution 01 males and females.
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Fig, 2: The site distribution 01 30 u.nicystlc .ameloblastomas.
Mand=mandlbular,
Max=maxllla,
M=molar
ramus
area,
P=premolar area, 1=lncisor area.

Fig, 3: Panoramic radiograph 01 an unlcystlc ameloblastoma asso
ciated with an Impacted mandibular third molar.

DISCUSSION
Since the original description of unicystic amelob
lastoma (Robinson and Matinez, 1977) various
reports on the aggressive behaviour of this cystic
lesion have appeared (Ackermann et al., 1988;
Gardner, Morton and Worsham, 1987; Kahn, 1989;
Keszler and Dominques, 1986; Punnia-Moorthy,
1989). Two patients in our study, which extends
over a period of 10 years, presented 3 and 7 years
after initial surgery with recurrences. Both recur
rences exhibited the growth pattern of a polycystic
ameloblastoma. Although Ackermann et al., (1988)
propose a more radical form of treatment for Group
III leSions, a Group I lesion recurred in our study
and this emphasizes the potentially aggressive
behaviour of all unicystic ameloblastomas and
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Fig. 4: Section through a resected mandible with a microscopically
confirmed Group I lesion , Note the simple unlcystlc cavity.
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Fig . 5: Cross section
through a microscopically
confirmed
mandibular
Group II lesion. Note the
Intra-luminal proliferation
(arrow).
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Fig . 8: The lining of a Group 11 lesion showing an intra-luminal
nodular proliferation (HE, Xl00).
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Fig. 6:The histogram of the different groups for females and males.

Fig. 9: The IInlfig of the Group 111 lesion that recurred. Note the
Islands of ameloblastlc epithelium In the connective tissue wall
(arrows). (HE, X180).

Fig. 7: Phot~mlcr~graph of a Group I lesion. Note the nondescript
epithelium (left) and the sharp transition (arrow) to typical ameloblastlc
epithelium. (HE, X300).

highlights the importance of complete surgical
removal. This recurrence may, on the other hand,
reflect an inherent weakness in the proposed sub
grouping of unicystic ameloblastomas. If the whole
cyst wall is not examined microscopically, an ex
ercise which is highly impractical if not impossible
in larger examples, mural invasion cannot be ex
cluded categorically. The diagnosis of an unicystic
ameloblastoma on a small biopsy specimen is not

recommended. Moreover, the frequent occurrence
of nondescript epithelium ~Jld inflammation may
mask the typical characteristics of the ameloblastic
epithelial lining. This microscopic sub-classifica
tion of unicystic ameloblastomas should therefore
not be attempted on anything less than a thorough
microscopic examination of the whole cyst wall.
After such an examination the number of lesions
placed in Group III would probably increase.
Our study supports the finding that there is an
equal sex distribution for the unicystic ameloblas
toma as well as a tendency for it to occur in young
patients. Our cases however, presented on aver
age 6 years earlier than those of Ackermann et al.,
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Although limited evidence is available on recur
rences of unicystic ameloblastomas, it appears as
if the latter may present either as a regrowth of the
original unicystic lesion or as a multicystic amel
oblastoma .

(1989), probably because patients were seeking
treatment sooner and had easier access to the
hospital in the years 1981-1991 . Most tumours
occurred in the mandible and maxillary involve
ment was less common. A large number of man
dibular lesions could be easily mistaken for denti
gerous cysts, because of their association with
impacted molars and canines. This is related fur
ther to the frequent occurrence of root resorption,
a feature often found in dentigerous cysts (Shear,
1992). In order to establish a correct diagnosis,
microscopic examination of all cystic jaw lesions
is mandatory.
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Group I lesions predominated in our study and
then followed Group III and lastly Group II unicystic
ameloblastomas. This is in contrast to Ackermann'S
1988 study in which Group III lesions were most
frequent. The ratio between female and male in
Group I lesions was 1,5:1 and in Group III lesions
'1,75. The significance of this finding is not known .
It is important to note that all unicystic
ameloblastomas, irrespective of grouping, are
neoplastic in nature and will recur if incompletely
removed.
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The 30th meeting of the International Standards Organisation's Technical Committee took place in
Ottawa, Canada from 10-15 October 1994.
The countries represented were Australia, Brazil, Canada, China, France, Germany, Hong Kong, Italy,
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in a forthcoming issue of the JOURNAL .
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Detection of human
papillomavirus DNA in an
ameloblastoma using the in situ
hybridization technique
Van Heerden WFP, van Rensburg EJ, Raubenheimer EJ, Venter EH: Detection
of human papillomavirus DNA in an ameloblastoma using the in situ hybridization
technique.
HPV type 18 DNA was identified in an intrabony ameloblastoma using radio
labelled in situ hybridization. The viral DNA was found in a verrucous lesion in
a cystic area of the tumor. The absence of HPV DNA in other epithelial areas
of the ameloblastoma is suggestive of a secondary infection. HPV is not consid
ered to be an etiological factor in the pathogenesis of this ameloblastoma.

Human papilloma viruses (HPVs) are
DNA viruses that infect only squamous
epithelium at selected locations in the
skin and mucosa. The virus usually in
fects the basal cell layers and viral DNA
are observed in low copy numbers in
these cells. An increase in copy numbers
of replicating viral DNA are found in
the more differentiated epithelial cells
while production of viral particles is re
stricted to the fully differentiated super
ficial epithelial cells (1). Since this state
of differentiation has not yet been
achieved in culture, it has not been pos
sible to reproduce HPV in the laborato
ry to study their natural life cycle (2) .
These viruses induce papillomatous, hy
perplastic or verrucous lesions depend
ing on the site of infection and the HPV
type implicated. HPV involvement in
upper respiratory and digestive tract
lesions like focal epithelial hyperplasia,
squamous cell papillomas, laryngeal
papillomas, leukoplakia and squamous
cell carcinoma has been demonstrated
by means of immunohistochemical,
DNA hybridization and polymerase
chain reaction studies (2-6). More than
60 types of HPV have been isolated to
date, of which types 1, 2, 4, 6, 7, 11, 13,
16, 18, 32 and 57 were found in the
different oral lesions (7).
The association between HPV and
odontogenic tumours and cysts has not

been studied to a great extent. HPV 16
DNA has been demonstrated in an
odontogenic keratocyst using Southern
blot hybridization (8), while KHAN
found HPV capsid antigen in 3 out of
10 ameloblastomas in young persons
(9). The purpose of this study was to
investigate an ameloblastoma with typi
cal HPV histologic changes for HPV
DNA using the in situ hybridization
technique. This is a sensitive technique
and has the advantage ofiocaJizing viral
DNA in tissue sections to the extent of
detecting them at the resolution of
single cells.
Material and methods

A 25-yr-old man reported to the Max
illofacial and Oral Surgery clinic com
plaining of a painless, bony hard swell
ing in the anterior mandible, Examina
tion showed a tumor extending from the
right mandibular angle to the contralat
eral first molar region. Expansion of the
lingual and buccal cortices was evident
with thinning and erosion of the buccal
cortex in the right premolar area. Ra
diographs showed a well-circumscribed,
multilocular lesion with root resorption
of the associated teeth. No signs of
mucosal ulceration were present.
After an incisional biopsy, a diagno
sis of a follicular aneloblastoma was
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made and the tumor was resected
through an intraoral approach . The
specimen was fixed in 10% buffered for
malin for pathologic examination.
Macroscopic examination showed a
gray-white solid tumor with cystic areas
of varying size. A papillomatous lesion
presenting as a luminal growth was
present in one cyst. Microscopy re
vealed a follicular ameloblastoma with
acanthomatous as well as granular cell
differentiation (Fig, I). The papilloma
tous lesion showed verrucous hyperpla
sia with hyperparakeratosis, elongation
of the rete-ridges and groups of koilo
cytes lying in the upper part of the epi
thelium. These features resembled those
of a verruca vulgaris (Fig. 2).
The biopsy material containing the
papillomatous lesion, as well as blocks
exhibiting the characteristic ameloblas
tomatous epithelium and including
areas of granular cell and acanthoma
tous differentiation, were examined for
the presence of HPV antigen using an
ABC immunoperoxidase kit for the
HPV group specific antigen (Lipshaw
Corporation, Detroit) as well as in situ
hybridization.
For HPV typing, the specific DNA
probes of HPV 2, 6, 7, 11, 13, 16, 18
and 30 cloned in either pBR322 or
pUC19 were used (kindly provided by
Dr E-M de Villiers, Human Papillomav
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Fig. 1. Follicular ameloblastoma with central
acanthomatous differentiation. HE x 200. In
set. Areas of granular cell differentiation.
HE x 200.

irus Reference Centre, DKFZ, Heidel
berg, Germany). The probes were
labelled with 3Zp dCTP using the multi
prime DNA labelling system (Amers
ham, U .K.). The labelled probes had a
. specific activity of 2- 5 x 108 counts I
min/flg of DNA. For in situ hybridiza
tion 5-10 ng of each probe was used on
individual sections.
pBR322 and pUCI9 vectors served
as negative control probes. Two paraffin
embedded tissue sections (a cervical
intraepithelial neoplasia and vulvar car
cinoma positive for HPV 6 and 16 re
spectively) were used as positive control
slides.
The tissue sections were incubated at
60 °C overnight using 3-aminopropyl
triethoxysilane coated slides (10). Slides
were deparaffinised and rehydrated by

sequential immersion into xylene (3 x 10
min) and ethanol. They were then incu
bated in 0.2 N HCI for 20 min at room
temperature and transferred to 2 x SSC
at 70 °C for 10 min. The tissue sections
were digested with a 2 x SSC, 0.1 % SDS
buffer solution containing Proteinase K
(Boehringer, Mannheim, Germany) at a
concentration of 0.0 I flg l ml at 3rC for
30 min. Sections were post-fixed for 5
min in 4% paraformaldehyde, 2 x SSC
and 5 mM MgCl z; 5 min in 50% for
mamide, 2 x SSPE and acetylated (2 x 5
min). The slides were prehydridised
(50% formamide, 10% dextran sulfate,
2 x SSPE, 100 mM glycin, 0.1% SDS,
2% 50 x Denhardts, 10 mM Tris pH 7.4
and 200 flg / ml salmon sperm DNA) for
30 min at 52°C prior to the application
of the probe solution. Heat-denatured

probe solution (either HPV 2, 6, 7, II ,
13, 16, 18 or 30) was added to each
section and slides were incubated for 16
hours at 52 °C in a humidified chamber.
Following hybridisation, the slides
were washed twice in a 2 x SSPEI 50%
formamide solution and once in 50%
fomamide, 0.1 % SDS, 2 x SSC, each
wash for one hour at 37 °C. Slides were
dehydrated through graded ethanols
containing 0.3 M NH4 acetate. Slides
were dipped in LM-l emulsion (Arners
ham, UK), following instructions of the
manufacturer. After exposure, slides
were developed, fixed and counter
stained with hematoxylin-eosin. The
presence of HPV DNA sequences in the
lesions was indicated by the condensa
tions of black silver grains superim
posed on the nuclei of cells.
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Fig. 2. Micrograph of the papillomatous
lesion showing parakeratosis, epithelial pap
illary processes and elongation of rete-ridges.
HE x 100. Inset. High power detail of koilo
cytes showing enlarged cells with slightly
irregular nuclei surrounded by a halo .
HE x 250.

Results

Immunohistochemical examination of
both the papillomatous lesion and typi
cal ameloblastoma areas was negative.
The in situ hybridization technique re
vealed HPV DNA type 18 in the papil
lomatous lesion (Fig. 3). The blocks
containing the typical ameloblastoma
features, including foci of granular cell
and acanthomatous differentiation,
were negative for the HPV DNA types
examined.
Discussion

Radiolabelled HPV DNA in situ hy
bridization was used instead of the more
commonly used biotinylated DNA in
situ hybridization because it is a more

sensitive method to detect HPV DNA may have facilitated cross-infection be
(11). The sensitivity of the radiolabelled tween oral epithelium and the amel
HPV DNA probe is 20-100 genome oblastoma. Although no ulceration of
copies per cell compared to the 100-800 the oral mucosa or skin was noted in
genome copies per cell of the biotin this patient, expansion of the buccal
labelled HPV DNA probe (I). The neg and lingual cortices with erosion of
ative immunohistochemical staining in the buccal cortex in the right premolar
our study may be due to the fact that area were present. This area corre
this technique identifies only the prod sponded with the location of the papil
uctive phase of the viral infection . . lomatous lesion in the ameloblastoma.
Furthermore, as this method is based on The specimen was thoroughly exam
an antigen-antibody reaction, the target ined for the presence of similar lesions
antigenic determinants may be distorted without success, supporting the link
by heating in paraffin, fixation in for
between the HPV-associated lesion
malin or digestion by trypsin (12).
and the eroded bone cortex. Direct
The presence of HPV type 18 DNA contact between tumor epithelium and
in a primary intra bony tumor of surface epithelium could not be dem
odontogenic epithelial origin is diffi onstrated.
cult to explain. Contact between the
Cox el at. demonstrated HPV 16
tumor epithelium and the oral mucosa DNA in an odontogenic keratocyst
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Fig. 3. Micrograph of the verrucous lesion
SUbjected to in situ hybridization shows the
presence of HPV 18 DNA as condensations
of black silver grains superimposed on the
nuclei (arrows). x 200. Inset. High power de
tail of positive cells. x 400.

lacking the typical histologic features of
an HPV infection (8) . This HPV was
implicated in the pathogenesis of the
odontogenic keratocyst because the ker
atin-producing lining of the cyst pro
vided squamous epithelium for viral
persistence as well as completion of the
virus life cycle. HPV 18 has an even
higher oncogenic potential than HPV
16 (13), and has also been detected in
oral epithelial dysplasias and oral squa
mous cell carcinomas (14). In our case
HPV DNA was detected only in the
solitary papillomatous lesion and not in
the other epithelial regions permissive
for viral infections, i.e. the acanthoma
totis and granular cell areas. We feel
that the restriction of HPV DNA positi
vity to the verrucous lesion represents a
secondary infection and is therefore not
an etiological factor in the pathogenesis
of this ameloblastoma.
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One hundred and eight ameloblastomas diagnosed in a rural black Africa popu
lation were analysed for clinicopathologic findings other than those classically de
scribed. One patient had a polycystic ameloblastoma adjacent to an ameloblastic
fibroma. Two other polycystic ameloblastomas showed aneurysmal bone cyst for
mation and one mandibular tumour was diagnosed as a keratoameloblastoma.
Microscopic changes resembling an adenomatoid odontogenic tumour were
present in association with two unicystic ameloblastomas and a HPV18-positive
verrucous lesion occurred in the lining of a cystic space of a polycystic ameloblasto
ma. Two ameloblastomas contained eosinophilic granules in all tumor cells and
melanocytes were diffusely preserit in another. One case exhibited a focus of mu
cous cell metaplasia. Two polycystic ameloblastomas showed diffuse interstitial
ossification. One mandibular tumor was diagnosed as a desmoplastic amel
oblastoma and another as an odontoameloblastoma. This study demonstrated
that although ameloblastomas are regarded as a fairly homogeneous group of
neoplasms, detailed investigations prove clinicopathologic diversity in a signi
ficant number of lesions.
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Ameloblastoma is the most common
neoplasm affecting the jaws. It is de
rived from odontogenic epithelium and
although located primarily intraos
seously, peripherally occuring amel
oblastomas involving soft tissue only
have occasionally been reported. Two
clinicopathologic variants of intraos
seous ameloblastomas are commonly
recognised. Polycystic ameloblastomas
occur mainly in the body and ascending
ramus of the mandible and most pa
tients with this type present in the 4th
decade of life (1). Unicystic ameloblas
tomas . present on average a decade
earlier (2) and are generally associated
with a lower post-operative recurrence
rate then the polycystic types . They can
be divided microscopically into Groups
1, 2 or 3 depending on either the pres
ence of a non-proliferating lining, intra
luminal proliferations or mural invasion
respectively (2). Ameloblastomas may
occur more frequently in black Africans
than in other racial groups (3).

rysmal bone cyst (13). HPV capsid anti
gen was proven positive with the im
munoperoxidase staining technique in 3
out of 10 ameloblastomas in children
(14) and mucormycosis infection was re
ported to have been superimposed on an
ameloblastoma in an elderly diabetic
woman (15). Stromal desmoplasia in a
significant number of ameloblastomas
has led to the use of the term 'desmoplas
tic ameloblastoma' (16) and extensive
interstitial bone formation in ameloblas
tomas has recently been reported in two
Japanese patients (17, 18). A case ofpap
illiferous keratoameloblastoma was re
ported by ALTfNI et at. (19) and other mi
croscopic rarities include melanocytes
between (20), and granular cell change in
all tumor cells (21).
The purpose of this study was to de
termine the spectrum of uncommon
clinical and pathological findings in a
large sample of ameloblastomas diag
nosed in a rural black African popUla
tion.

Several recently published large series
on ameloblastomas make no mention of
coincidental and infrequent clinicopath
ologic findings (2-5) and most informa
tion about these is obtained through
individual case reports. The secretion of
interleukin-l and a parathyroid hor
mone-like substance by an ameloblasto
ma was alleged to be the cause of hyper
calcemia in one patient (6). A multilocu
lar lytic mandibular lesion in a patient
with hyperparathyroidism was proven
microscopically to represent an amel
oblastoma associated with a brown tu
mor of hyperparathyroidism (7). The oc
currence of an ameloblastoma in a pa
tient with the basal cell nevus syndrome
(8) appears to be a sporadic rather than
a regular feature. Other tumors that have
been reported to be associated with
ameloblastomas include the calcifying
odontogenic cyst (9), acinic cell carcino
ma and adenolymphoma of salivary
gland origin (10), osteogenic sarcoma
(11), traumatic neuroma (12) and aneu-

Key words: ameloblastoma; infrequent
findings; jaw tumors; odontogenic tumors.
E.J. Raubenheimer, Department of Oral
Pathology and Oral Biology, Medunsa, PO.
Medunsa, 0204, Republic of South Africa.
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Material and methods

Clinical records, radiographs and hema
toxylin and eosin-stained microscopic
slides of biopsies and surgical resections
of 108 primary intraosseous ameloblas
tomas were scrutinized for extraordi
nary and coincidental pathologic fea
tures. At least four wax blocks were
available in most cases. The following
special staining techniques were em
ployed on selected cases: Mucicarmine
for epithelial mucins , Masson-Fontana
for melanin , Perl's Prussian blue for he
mosiderin pigment and the in situ hy
bridization technique for the presence of
HPY antigen. All cases were diagnosed
and treated in the Medunsa Dental Hos
pital which serves a black and mainly ru
ral African community.
Fig. 1. A resected specimen showing a polycystic ameloblastoma associated with an amelo
blastic fibroma (arrows).

Results

The sample consisted of 108 ameloblas
tomas of which 75 were polycystic and
33 unicystic. All cases originated in
traosseously. The sex and age distribu
tions are shown in Table I. All polycys
tic and 29 of the unicystic ameloblasto
mas occurred in the mandible and four
unicystic ameloblastomas presented as
maxillary swellings. The left mandible
was involved in 65 cases, right mandible
in 26 and symphysis area in 13 cases.
Twelve polycystic and 4 unicystic amel
oblastomas perforated the bony cortex
and caused soft tissue ulceration . A
mandibular ameloblastic fibroma in a
19-year-old woman was adjacent to and
continuous with a polycystic ameloblas
toma (Fig. I). Aneurysmal bone cyst
changes were identified in the latter
patient as well as in another poly
cystic ameloblastoma in a 20-year-old
woman . A polycystic ameloblastoma
which involved the anterior mandible of
a 13-year-old girl was associated with a
compound odontome (Fig. 2).
Microscopically, 47 polycystic amel
oblastomas were follicular, 23 plexi
form and 5 were of mixed follicular and

Table 1. Sex and age distribution
Sex

Average
age (range
in years)

N

M

F

108

50

58

29.3
(8-84)

Polycystic

75

33

42

35.4
(13-84)

Unicystic

33

17

16

16.5
(8-37)

Total sample

Fig. 2. Panoramic radiograph of the odontoamelob1astoma.

plexiform patterns. The stellate reticu
lum showed no differentiation in 35
cases, 22 cases presented with acantho
matous differentiation, 9 cases with
granular cell differentiation, 6 cases
with both granular cell and acantho
matous differentiation, and basal cell
differentiation was seen in one case. A
follicular ameloblastoma showed acan
thomatous differentiation and foci of
mucous cell metaplasia (Fig. 3). One tu
mor, which occurred in the mandible of
a 57-year-old woman, showed extensive
keratinisation and was diagnosed as a
keratoameloblastoma. The unicystic
ameloblastomas showed mural invasion
in 15 cases and intraluminal prolifera
tion in one case. The remaining 17 uni
cystic ameloblastomas were lined by

non-infiltrative epithelium. In 9 of the
latter group, less than 3 blocks were
available for microscopic examination.
Microscopic changes resembling an ad
enomatoid odontogenic tumor were
presention the walls of two unicystic
ameloblastomas (Fig. 4). HPV type 18
was identified in a verrucous lesion
which occurred in a polycystic amel
oblastoma and in one case melanocytes
were uniformly present between the
neoplastic epithelial cells. In two pa
tients aged 15 and 26 years respectively,
ameloblastic epithelium contained eo
sinophilic granules in all tumor cells
(Fig. 5). Hemosiderin pigment was
identified in the cytoplasm of neoplastic
odontogenic epithelial cells next to an
area of hemorrhage. A desmoplastic re-
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action was a common feature in the ex
traosseous component of ameloblasto
mas which perforated the bony cortex.
Desmoplasia of the intrabony part of
ameloblastomas was variable both be"
tween tumors and within the same tu
mor and depended upon the degree of
inflammation. Only one case was diag"
nosed as a desmoplastic ameloblastoma
on the basis of a uniform and mature
connective tissue proliferation in the ab"
sence of inflammation and which im
pinged upon the neoplastic epithelial
component (Fig. 6). Two polycystic
ameloblastomas were associated with
diffuse interstitial bony deposits which
led to radiographic diagnoses of fibro
osseous lesions.

Discussion

Fig. 3. Mucous-cell metaplasia (arrows) in an ameloblastoma (H&E, X240).

Large series published on ameloblasto
mas often make no mention of features
other than those classically described
and most infrequent findings are re"

Fig. 4. A unicystic ameloblastoma (right side of low power view and top right insert) which exhibited adenomatoid odontogenic tumour
differentiation (left side low power view and top left insert). (H&E, X40, X120, X200).
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Fig. 5. A plexiform proliferation of ameloblastic epithelium exhibiting granules in all tumour
cells. Typical features of ameloblastoma were not present (H&E, x 180).
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Fig. 6. Desmoplastic ameloblastoma characterized by compressed epithelial strands in a ma
ture connective tissue stroma. Typical features of ameloblastoma were not present (H&E,
x 180).

ported as case studies. This has led to a
generally accepted view that ameloblas
tomas are fairly homogeneous in their
clinical and pathologic presentation.
This review was undertaken to establish
the spectrum of extraordinary and co
incidental clinical and pathologic
findings in a large collection of amel
oblastomas diagnosed in a rural Afri
can population.
In the total sample, the left mandible
was affected 2.5 times more commonly

than the right. Although there appears
to be no apparent explanation for left
mandibular predominance in our study,
this finding is supported by a large Ja
panese series in which only 40% oc
curred on the right hand side (4).
The subclassification of unicystic
ameloblastomas according to the mi
croscopic appearance of the lining (2)
was found to be impractical. Although
areas of intraluminal proliferation or
mural invasion positively confirmed un

icystic ameloblastomas in Groups 2 and
3 respectively, the subdivision into
Group I lesions was found to be of
limited value unless the whole tumor
was processed for microscopic examina
tion. In the case of large unicystic amel
oblastomas, this was either impractical
or even impossible, making the micro
scopic identification of foci of mural in
vasion in larger lesions unlikely. This di
lemma is clearly illustrated in our study
where fewer than three wax blocks were
available for microscopic examination
in 9 cases ultimately subclassified as
Group I unicystic ameloblastomas.
Tumors which ocCur within bone
generally predispose to pathologic frac
ture and aneurysmal bone cyst forma
tion (22). Both these findings are, how
ever, infrequently reported in asso
ciation with ameloblastomas . The pre
senting symptom in only three of our
patients was directly associated with
pathologic fracture of the mandible.
Aneurysmal bone cysts are reported to
be rare in the jaws, occur mainly in
young patients, and approximately one
third are found in association with
other pathologies (23). A microscopic
study of 42 ameloblastomas found hall
marks of aneurysmal bone cysts in 7
(13) . Although the frequencey of aneu
rysmal bone cyst change in our study
was not as high, both our cases oc
curred in young patients. The coexist
ence of aneurysmal bone cyst with
ameloblastoma is significant because of
the excessive bleeding which may be en
coutered during surgery.
The association of an ameloblastic
fibroma with ameloblastoma has not
previously been reported. The example
described here could be regarded as co
incidental, as the patient was at an age
when ameloblastic fibroma occurs most
frequently. Simultaneous occurrence of
ameloblastoma and odontoma is rare
(24) . These tumors, which have been
designa ted as odontoameloblastomas,
consists of epithelial proliferations typi
cal of ameloblastomas associated with
highly differentiated dental tissues ei
ther scattered throughout the tumor or,
as in our case, as a single radiopaque
mass (I). Squamous metaplasia is a
well described and variable feature in
ameloblastoma. Extensive squamous
change, where follicles consist entirely
of squamous epithelium with only traits
of the original ameloblastoma to us
structure, is less frequent (23) . One
tumor in our series, which occurred in
an elderly woman patient, exhibited this
change and was diagnosed as a kera
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Although adeno
matoid odontogenic tumor-like differ
entiation has been reported in a dentig
erous cyst (25), this change in a
unicystic ameloblastoma has not yet
been described. Both our examples oc
curred in the anterior mandible and
this , together with the hitherto unde
scribed phenomenon of mucous cell
metaplasia, illustrates the differentia
tion protential of ameloblastic epithe
lium.
The presence of an HPV-induced
verucca in the epithelial lining of a po
lycystic ameloblastoma adds an inter
esting parameter to the study of papil- .
lomavirus-induced epithelial prolifera
tions. These lesions occur commonly on
the skin and lining mucosa, to our
knowledge this case, which was pub
lished recently (26), represents the first
description of a verucca in a cystic epi
thelial tumor, the lining of which was
within bone and not in contact with the
oral mucosa. The origin of the melano
cytes in odontogenic tumors and cysts
is speculative. The cells of the neural
crest interact in the development of
teeth and it is not surprising that mela
nocytes can occur in odontogenic
tissues. Although it is believed that mel
anotic odontogenic tumors occur more
frequently in black patients (25), the
number of cases reported is too low to
draw conclusions. Our one melanotic
ameloblastoma in the 108 cases studied
places the frequency of this phenome
non below 1% in a black African sam
ple and thus can hardly be regarded as
common. The presence of hemosiderin
in the neoplastic epithelium adjacent to
an area of hemorrhage emphasizes the
phagocytic capacity of neoplastic odon
togenic epithelium. Varying amounts of
granular cells are seen in the stellate re
ticulum of granular cell ameloblasto
mas. However, the presence of granules
in all cells, including the peripheral
layer, is rare. We believe this feature,
which was present in two of our cases,
represents full expression of granular
cell differentiation . The plexiform gran
ular cell odontogenic tumor reported by
ALTINI et at. (1986) (27) is probably an
example of this variant.
Quantification of stromal desmoplas
ia was found to be difficult as it varied
between tumors and within the same tu
mor. Generally, ameloblastomas which
infiltrate soft tissue and those which are
inflamed exhibit more desmoplasia than
others. Terminology such as "des
moplastic ameloblastoma' (16) should
be used with great circumspection as

the intensity of the desmoplasia is vari
able and forms part of a continuous
spectrum of stromal fibroplastic reac
tion in ame1oblastomas. We suggest
that certain criteria must be applied be
fore the diagnosis of a desmoplastic
ameloblastoma is made. These should
include the absence of inflammatory
changes and cortical bone perforation
as well as the uniform presence of a ma
ture, diffuse collagenous stromal tissue
compressing the neoplastic epithelial
component into strands. The two tu
. mors which contained extensive inter
stitial bony deposits resemble the Ja
panese cases published recently (17, 18)
and their clinical and radiographic dif
ferentiation from benign fibro-osseous
proliferations is a pitfall to be avoided .
The prominent bone formation ap
peared to be rea.ctive in natur'e, prob
ably linked to a process of interstitial
connective tissue metaplasia rather than
a result of induction, as the bony de
posits were generally separated from the
neoplastic epithelium by a broad band
of inactive connective tissue. Unlike a
recently published paper (28), we be
lieve the desmoplastic and osteoplastic
ameloblastomas are not distinct clinico
pathologic entities but rather variants
of the microscopic spectrum of stromal
reactions in ameloblastomas.
This
study demonstrates that
although ameloblastomas are generally
regarded as a homogeneous group of
neoplasms, detailed investigations prove
clinicopathologic diversity in a signi
ficant number of tumors . Many of these
changes emphasize the differentiation
potential of neoplastic odontogenic epi
thelium and add interesting parameters
to the study of tissue reactions associ
ated with this common odontogenic
tumor.
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Calcifying epithelial odontogenic tumor with intracranial
extension: Report of a case and review of the literature
M. M. R. Bouckaert,a E. J. Raubenheimer,band F. J. Jacobs,a Medunsa, South Africa
MEDICAL UNIVERSITY OF SOUTHERN AFRICA

The calcifying epithelial odontogenic tumor (CEOT) is a rare benign neoplasm, possibly of stratum intermedium
origin and occurring predominantly in the mandible of adults. The treatment varies, depending on its size, location , and
hi stology. A case oLan advanced CEOT arising in the maxilla with intracranial extension is reported. The report is supple
mented by a review of the literature. (Oral Surg Oral Med Oral 'Pathol Oral Radiol Endod 2000;90:656-62)
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The calcifying epithelial odontogenic tumor (CEOT) is
a rare benign odontogenic neoplasm of the jaws. Many
names have been given to this lesion. I Pindborg 2 was the
first to describe this lesion as a separate clinicopatho
logic entity, and he named it a calcifying epithelial odon
togenic tumor. Today, nearly 200 cases have been
reported in the literature. The origin of this neoplasm is
controversial, though it is generally accepted to have
derived from the oral epithelium, reduced enamel
epithelium, or stratum intermedium.3-7 Pindborg's pro
posed origin, from reduced enamel epithelium, is plau
sible because more than half are associated with
unerupted or impacted teeth 2 Chaudry's histochemical
studies support the theory that the CEOT arises fro(Tl the
I
stratum intermedium.~·8
Clinically, CEOT manifests as an intraosseous lesion
(central type) in the majority of cases (95%). Extra
osseous or peIipheral lesions account for less than 5% of
cases. The latter are usually in the anterior region of the
jaws. Most investigators agree that the central type is
usually located in the premolar and molar regions, with
a mandibular to maxillary ratio of 2 to I. The majority of
CEOTs (52%) are associated with impacted or
unerupted teeth. I .2 There is an almost equal distribution
"Department of Ma\illofacial and Oral Surgery, Medical
University of Southern Afri ca, Republic of South Afri ca.
bDepartment of Oral Pathology, Medical University or SOllthern
Afri ca, Republic of SOllth Africa.
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between men and women. The age of the patients
affected by this tumor range s from 8 to 92 years, with a
mean age of 40. This neoplasm occurs in different popu
lation groups, with a slight predilection for whites.1.2
However, this may merely reflect a reporting bias. The
most common radiographic finding is a well-defined
unilocular radiolucency, which resembles a dentigerous
cyst. The neoplasm may appear as a multilocular lesion
mimicking an ameloblastoma. Classically, areas of scat
tered flecks of calcifications in the central radiolucency
may be seen; however, calcifications may sometimes not
be evident on radiographs. I
The histologic criteria listed by Franklin and Pindborg I
and others(,R-J t for the diagnosis of CEOT are sheets of
polyhedral epithelial cells that have well-defined borders
and often show prominent intercellular bridges. There is
usually pleomorphism of the epithelial cells, and the
nuclei and nucleoli are often prominent. Mitotic figures
are rarely seen. A characteristic feature within the sheets
of epithelial cells is circular areas filled with a homoge
neous substance resembling amyloid-like material,
which stains positively with Congo red. Some of these
cells are also filled by calcified material in the form of
concentric Liesegang's rings, which are pathognomonic
of this tumor3.8- 10.12
Recently, variants of CEOT, which may have a
bearing on the prognosis and management, have
been described. Three such variants reported in the
English literature are the noncalcifying CEOT with
Langerhans' cells, the CEOT displaying cementum-like
and bone-like material , and the clear-cell CEOTI 2-17 The
former variant of noncalcifying epithelial odontogenic
tumor is histologically similar to the peripheral type of
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B
Fig I. A. Large swelling of left face causing severe left orbital dystopia. Note fistula below left eye, B, Panoramic
view of patient showing large, poorly demarcated lytic lesion with missing left central and lateral incisors.

CEOT but is devoid of calcifications, and one may spec
ulate that this variant's clinical behavior would be less
aggressive than the peripheral lesion. 12 .1.1 It has been
proposed that CEOTs with more amyloid and calcifica
tions could be treated less aggressively8.18 CEOTs with
large amounts of bone-like or cementum-like material
probably indicate a higher level of differentiation and
thus may account for their more self-limiting behavior,
unlike the ameloblastoma. 19 The clear-cell CEOT variant
is more aggressive with a higher recurrence rate (22%),
and some would consider this form to be a low-grade
odontogenic carcinoma. 2o
In 1984, Basll et aI3 reported a malignant CEOT that
showed evidence of local tissue invasion and regional
lymph node metastasis 8 .20 There have also been
reports of various other odontogenic lesions occurring
in association or in combination with CEOT. These
include dentigerous cysts 5 and adenomatoid odonto
genic tumors, 6.13 as well as presentation of CEOT as an
intramural lesion of the dental sac 7 .8
The purpose of this article is to report an unusual
CEOT arising in the maxilla that has expanded into the

cranial cavity, causing orbital dystopia and severe
intracranial complications.

I

CASE REPORT
A 54-year-old black man wa, refelTed to the Department of
Maxillofacial and Oral Surgery by a rural clinic for assessment
of a large swelling, causing severe left orbital dystopia and gross
facial asymmetry (Fig I, A). His family had noticed that he strug
gled to maintain his balance, and he presented with urinary
incontinence. He had noticed this slow-growing lesion for a
number of years , but had neglected to report it to his clinic
because it was asymptomatic. His medical history was
completely unremarkable, with no evidence of systemic
diseases. The patient had no vision in his left eye, Below this eye
was evidence of a pUS-draining fistula . No regional nerve pares
thesia or lymphadenopathy was present. [ntraorally, there was a
firm, expansile lesion , involving the left maxilla, with oblitera
tion of the left maxillary buccal vestibule. There was no palatal
expansion. The oral mucosa was intact and normal in color. The
left maxillary central. and lateral incisors were extracted many
years ago. The patient had very poor oral hygiene. A panoramic
radiograph showed a large, poorly demarcated lyric lesion with
irregular areas of opacities involving the left maxillary sinus and
orbit (Fig I, B). The differential diagnosis included cemento
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Fig 2. A, Axial CT scan at level of maxilla showing buccal expansion and cortical perforation (arro~~'). B.
Coronal CT scan through orbits showing tumor expanding intracranially, obliterating left maxillary antrum.
left orbit, nasal cavities, ethmoidal sinus, left frontal sinus, and displacing medial wall of right antrum (arroll)
and of right orbit. Note lack of palatal expansion.

oss ifying fibroma . ameloblastic odontoma, and CEOT.
Computed tomography (CT) scans of the maxilla and orbits
were obtained to show axial and coronal sections of the soft
tissues and facial bones. A well-circumscribed isodense mass

with expanding radiopaque margins containing areas of irrc~
stellate opacities was seen (Fig 2. A and B).
Magnetic resonance imaging showed a massi,'c tU I
destroying the left maxilla through to the anterior CI;!
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Fig 3. A. Axial magnetic resonance scan (T" series) sho wing displaced left eye and tumor extending into
frontal area (OrrOlI'j. Note well-circumscribed mass (asTerisk) posterior to tumor. B, Coronal magnetic reso
nance scan (T I series) showing massive infiltration into frontal area of brain.

fossa. The tumor invaded the left orbit and displaced the left
eye anterosuperolaterally (Fig 3, A). The left eye showed no
infiltration by tumor.
There was im'asion of the right orbit and the right antrum.
The tumor infiltrated through the ethmoid sinuses and the
cribiform plate into the frontal area (Fig 3, B). There was also
a large, well-circumscribed fluid-retained area in the frontal
lobe, which may have been an abscess with surrounding brain
edema. The midline of the brain was displaced to the ri ght
with compression of the adjacent right ventricle (Fig 4).
An angiogram of the left internal and external carotid artery
was done with the Seldinger technique. The intracranial
extension of the tumor showed displacement of the middle
cerebral artery laterally and the anterior cerebral artery medi
ally (Fig 5). An incisional biopsy of the left maxillary
vestibule was performed with the patient under local anes
thesia. The patient was admitted to the academic hospital for
further preoperati"e workup. Histolog ic examination showed
a fibro us connecti"e tissue capsule surro unding sheets of
pleomorphic polyhedral epithelial cells. containing nuclei of
varying forms and sizes and lacking mitotic activity. An
extracellular eosinophilic muterial resembling amyloid was
focally present. There were concent ric calcific<ltions with

Liesegang rings (Fig 6). The histologic diagnosis was

CEOT
The Department of Neurosu rgery was consulted, and the
patient was prescribed methylprednisolone to alleviate
{ brain edema. He showed dramatic recovery of neuro logic
symptoms and req uested to be discharged. At his follow-up
visit a month later, the patient had noticed a large amount
of pus draining from below the left eye . His condition
further improved over the next few days. A CT scan
showed a significant reduction in th e size of the fluid -filled
space in the frontal area of the brain. Several treatment
options were explained to the patient and his family. The
patient requested a temporary discharge and was then lost
to follow up.

DISCUSSION
CEOT is a rare benign epithelial odontogenic
neoplasm that was first desc ribed by Pindborg in an
abstract in 1955 and again as an article in 1958 .1.2
Though this tumor is benign, a few cases have been
reported as locally aggressive, invading surrounding
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Fig 5. Angiogram of left internal carotid artery, showing
lateral displacement of middle cerebral artery (white arroll')
and medial displacement of anterior cerebral artery (black
arrow).

Fig 4. Magnetic resonance imaging (coronal view) showing
large, well-circumscribed area causing midline shift, oblitera
tion of left ventricle, and compression of right ventricle
((/rrow).

soft tissues and bone. 21 CEOTs account for less than
J % of all odontogenic tumors. J.2
Ficarra et ail suggested that the neoplasm arises from
cell remnants frequently seen in the wall of the dental
sac that resemble the reduced enamel epithelium.
Regarding the extraosseous-type lesions, the origin is
less certain,8 but Ai Ru et aJ22 suggested that 'the
peripheral type arises from oral epithelium. The priva
lence in the molar region is 3 times that of the premolar
area. Fifty-two percent of cases are associated with an
unerupted tooth. l It would appear that our case also
arose from the anterior maxilla or from the wall of the
maxillary sinus and then expanded over the years by
the path of least resistance through the maxillary sinus
to the ethmoid sinus, eroding the cribiform plates into
the frontal area. No palatal expansion was evident,
despite extensive orbital and intracranial involvement.
CEOT arising in the maxillary sinus is extremely
rare 23 Three other cases have been described in the
English literature of CEOT that possibly originated in
the maxillary sinus wa11. 2 J.2425
The clinical features are usually those of a painless,
slow-growing intraosseous mass. However, a tumor in
the maxilla may cause pain, nasal obstruction, epis

taxis, headaches, and proptosis1.19 Our patient gave no
history of any of the above symptoms, and only when
neurologic symptoms occurred did he seek help.
Although intracranial extension was demonstrated
beyond doubt, the large fluid-filled space in the fron
toparietal area of the brain was probably not part of the
tumor. The pus that drained from below the left eye
was followed by a reduction in size of the fluid-filled
space, making it likely to be a brain abscess. It is
proposed that distortion of the paranasal sinuses may
have resulted in blockage of drainage and sinus infec
tio'!, which extended into the brain.
Treatment options for CEOT have ranged from
simple enucleation to radical and extensive resec
tion 8 Several authors initially advocated aggressive
treatment, but increasingly, histologic information
shows that this tumor does not appear to extend into
the intertrabecular bony spaces as does an ameloblas
toma 1.19; therefore, a more conservative approach is
warranted. 1o Sadeghi and Hopper26 believe the
surgical treatment of CEOT should be guided by the
site, size, and the histologic features of the lesion.
Thus, maxillary neoplasms would be treated more
aggressively because of their close proximity to vital
and important structures,23 whereas mandibular
lesions could be approached more conservatively.
OUf intended treatment plan was primarily to debulk
the tumor and then later, with reconstructive proce
dures , to repair soft and hard tissue defects. A modi
fied Weber incision, which would continue superi
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Fig 6. Polyhedral epithelial cells with concentric calcification
cation x 200).

orly as a paranasal incision that extends onto the
forehead vertically to join the superior limb of a left
temporal flap , would have allowed the whole facial
skin to reflect laterally, giving direct access to the
maxilla, cribrifo rm plate , and ethmoid area . The
patient unfortunately declined surgery and was lo st
to follow-up
Our case demonstrates that, although CEOTs are
benign, neglect of a maxillary lesion can lead to serious
intracranial involvement, which could se\'erely compli
cate patient management.
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Hodgkin's disease presenting in
the maxilla
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Acase report
G. E. Lello and E. Raubenheimer: Hodgkin's disease presenting in the maxilla.
A case report. Int. 1. Oral Maxillo/ac. Surg. 1989; 18: 7-9.
Abstract. A rare case of intra-oral, extra nodal, maxillary Hodgkin's disease
(Stage I), with no other discernible tissue involvement is described and discussed.
The pertinent literature is reviewed.

Hodgkin's disease, a malignant lympho
ma first described by Thomas Hodgkin
in 1832 1>, occurs most commonly in the
20- to 30-year age group, with a second
peak in incidence after the age of 55
years. Males are said to be affected
more frequently.
Presentation is most commonly in the
form of a painless but progressive en
largement of lymph nodes in the neck.
Extra nodal presentation with involve
ment of the spleen, bone marrow, skin,
intestines and liver is less common. Mal
aise, fever, weight loss and pruritus are
among the more frequently associated
signs and symptoms.
HistologicallY, the disease is char
acterized by the presence of malignant
lymphoid cells and inflammatory cells
including lymphocytes, histiocytes,
eosinophils and plasma cells; however
Reed-Sternberg cells: large, multi
nucleated cells with very large 'owl-eye'
neucleoli and 'mirror-image' nuclei,
must be identified within this cellular
background for the histological diag
nosis to be made.
Classification of the disease is in ac
cordance with the abundance of
lymphocytes observed within the infil
trate. The Rye classification IS is made
following histological examination of
an involved excised lymph node, and
is based on the nature and pattern of
lymphocytic infiltration of the node.
Prognostication of survival times
must, however, take into account the
staging of the disease, for which the Ann
Arbor classifications, based on the ana
tomical location of the lesion, is most
widely followed.
Hodgkin's disease uncommonly 10
volves bone clinically, and rarely 10

volves the jawbone; primary involve
ment of the maxilla has only been re
ported once previously20.
Case report
In January 1987, a 51-year-old black female
attended her dentist complaining of mobile
and painful II and 21 teeth. Both teeth were
extracted.
Approximately 2 months later, the mucosa
covering the crest of the alveolus at the ex
traction site ulcerated, with extension onto
the palate and into the buccal sulcus. The
ulcer was painful, and the patient reported
a putrid taste. 2 months later, the patient
consulted our unit.
On presentation, the patient's medical his
tory revealed that despite a good appetite,
she had recently lost weight. Clinically, the
patient appeared anaemic; however a general
physical examination failed to detect any
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other abnormalities. No lymphadenopathy
was present.
Intra-orally, the mucosa overlying the al
veolus between the 14 and the 23 had ulcer
ated with a similar area of palatal involve
ment (Fig. I). The 14, 13, 12,22 and 23 teeth
were mobile, vital and protruded from the
denuded, grey/black discoloured alveolar
bone. The upper lip was oedematous and
painful to the touch. A diagnosis of cancrum
oris was made, with underlying anaemia,
malnutrition and the trauma of tooth extrac
tion being considered as precipitating causes.
Swabs for bacteriological investigation
were taken from the area; haematological,
electrolyte, serological, immunological and
certain spesific tests were conducted; as chest
radiographs and electrocardiographs were
also taken, in order to exclude tuberculosis,
syphilis and bilharzia amoungst other con
ditions. Abnormal findings included a
haemoglobin level of 9 gm %, and a Klebsiel
la pneumonlae culture from the lesion.

Fig. 1. Necrosis and sloughing of the maxillary alveolar and sulcus mucosa with exposure of
alveolar bone (arrow).
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The patient was transfused 2 units of fresh,
whole blood, placed on a high protein died,
and administered appropriate antibiotics; de
bridement of the lesion with extraction of 12
was undertaken before covering the area with
bismuth-iodoform paste and petroleum jelly
gauze.
II days following admission, the haemo
globin level was 14.5 gm%, and the exposed
bone had been largely covered with granu
lation tissue, although swelling of the upper
lip persisted. The patient reported night
sweats. Pruritus was not present. Increased
weight loss had not occurred.
Biopsy of the alveolus and lip in the region
of 24 revealed a Hodgkin's lymphoma infil
trate consisting of Reed-Sternberg cells,
mononuclear Hodgkin cells and a mixed in
flammatory'infiltrate (Fig. 2). Biopsies of a
neck and groin lymphnode and bone marrow
of the iliac· crest and sternum revealed reac
tive oha.ngo~ only, with no cvidcnc<o of lylll
phoma. Gastroscopy and gastric and duo
denal biopsy were normal. Bone marrow
needle biopsies of the iliac crest and sternum
revealed hyperplastic changes only.
The patient was classified as having an
extra nodal Stage I Hodgkins Lymphoma.
Treatment with nitrogen mustard, vincristine,
vinblastine, procarbazine, prednisone and
oxhetazine, administered in a series of 8 cy
cles, was instituted. Following the first cycle
of treatment, the response was dramatic, with
complete clinical reversal of the lip and al
veolar lesion occurring. The rernaining cycles
were administered. I year post-treatment, the
patient has gained weight, reports an absence
of clinical symptoms, aDd the oral lesion has
healed (Fig. 3).

Fig. 3. I-year post-operative, at the time of extraction of

Discussion

The case described here is extremely un
usual in that the patient presented with
a Hodgkin's lymphoma lesion involving
only extra nodal tissue. WOOD &
COLTMAN 26 reported that Hodgkin's dis
ease limited to the extra nodal sites had
an incidence of 0.25%. Only 6 cases
appear to have been reported to involve
the oral mucosa 3,7,8,14,19,24.
Bone involvement in Hodgkin's di~-

Fig. 2. Mixed cellular infiltrate characteristic of Hodgkin's lymphoma. Note the Hodgkin'.s
cells (arrows) and Reed-Sternberg cells (asterisks).

n.

ease was reported to have occured in
only 269 of 2006 cases by STEINER 21 ,
while JACKSON & PARKER I3 and GRAN
GER & WHITAKER" report the incidence
of bone involvement to be 23% and
9.6%, respectively. BEARMAN et al. 4 re
port the range of bone involvement to
be between 5% and 15%; however STE
INER21 cautions that bone " biopsies at
post-mortem are likely to reveal about
a 78% bone involvement.
Hodgkin's lymphoma presenting as a
primary bone 'Iesion, was said by MIR
RAI7 to be in the region of 0.3% of all
cases. Furthermore, of the 12 reported.
cases of Hodgkin's lymphoma affecting
the jawbones 2,6,9,,o,'6,2-22,2s, only I case
"
has hitherto been reported as having
presented as a primary lesion: of the
maxilla20
In our patient, the infected, cancrum
oris-like lesion developing on the max
illa is in accordance with the findings of
COHEN et aU, who suggest that the se
vere infection accompanying Hodgkin's
lymphomatous involvement of the man
dible in their reported case is probably
a manifestation of the presumed T-cell
dysfunction thought to underlie Hodg
kin's disease23 .
Of interest is the comment of FOR
MAN & WESSON9 that primary bone ori
gin is unlikely, since no case existed on
record at that time of Hodgkin's disease
being confined to the skeleton alone. In
the present case, clinical examination of
the liver, spleen, skin, and histological
examination of neck and groin lym
ph nodes, as well as of biopsies of gastric
and duodenal mucosa, iliac crest and
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sternum, failed to detect Hodgkin's dis
ease. Liver, spleen and mediastinal scan
ning or a staging laparotomy with bi
opsies of the liver, spleen and lymph
nodes would be necessary to support or
refute the likelihood of this case having
only maxillary and oral mucosal in
volvement.
Although biopsy of the deeper por
tions of the alveolus as part of the debri
dement procedure histologically re
vealed the Hodgkin infiltrate to be wide
spread and deep within the alveolus, the
possibility cannot be entirely ruled out
that bone involvement was secondary to
primary alveolar mucosal involvement.
Prognosis for stage I Hodgkin's dis
ease would appear to be fair ls ,18.2J. Bone
involvement indicates a grave prognosis
according to FORMAN & WESSON 9, with
an overall survival rate when all cases
of Hodgkin's disease are taken into ac
count of 41 %, dropping to 4% for those
in whom bone lesions are detected c1in
icallyH Despite this, our patient with
Stage I extra nodal bone involvement,
responded excellently to chemotherapy.
Prognosis following involvement of
the jawbones has not been specifically
reported; however 3 patients with
Hodgkin's disease of the mandible 6,9,n
are reported to have died 15, 6 and 7
months following diagnosis, respec
tively.
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Low-grade intraosseous osteosarcoma of the jaws
Erich 1. Raubenheimer, MChD,a and Claudia E. Noffke, MSc,b Pretoria, South Africa
MEDICAL UNIVERSITY OF SOUTHERN AFRICA

Two cases of low-grade intraosseous osteosarcomas are reported, bringing the total number of such osteosarcomas in
the jawbones documented in recent literature to six. Our first case involved the maxilla of a 69-year-old man and the second
involved the mandible of an 18-year-old girl. In clinical and microscopic appearance, these neoplasms resemble benign prolif
erations in many respects. Subtle differences include cortical bone destruction, soft tissue infiltration, irregular bone produc
tion with foci of abundant osteoid, and mild cellular atypia. Complete removal at the first attempt is of paramount importance,
inasmuch as a Significant percentage of these neoplasms recur as high-grade osteosarcomas if they are inadequately treated.

(Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1998;86:82-5)

Low-grade intraosseous osteosarcomas are rare, and
they are often inappropriately diagnosed as benign
neoplasms. They represented 1.9% of all osteosar
comas in the files of the Mayo Clinic l and 1% of
osteosarcomas in a study conducted in ltaly.2 The
lesion has an equal gender distribution and commonly
affects a patient in the third decade of life. 3 Low-grade
intraosseous osteosarcomas are of endosteal origin,
and most occur in the metaphysis of the femur and
tibia. In the Mayo Clinic series of 80 cases, 12 low
grade intraosseous osteosarcomas occurred in flat
bones; 2 of these were in the mandible and I was in the
maxilla. 3
Microscopically, low-grade intraosseous osteosar
comas show an infiltrative growth pattern despite a low
mitotic index and lack of significant cellular atypia.
They are frequently misdiagnosed as fibrous
dysplasia4,5 or other benign fibro-osseous prolifera
tions. 2,6
The purpose of this study was to highlight the diag
nosis of low-grade osteosarcoma and to emphasize its
distinction from other benign proliferations of central '
bony origin.

CASE REPORTS
The files of the Department of Oral Pathology at
Medunsa, which serves a mainly rural and peri urban
black African population, were searched for low-grade
intraosseous osteosarcomas. Between 1985 and 1997,
36 cases of osteosarcoma were diagnosed. Of these, two
were reported as low-grade intraosseous osteosarcomas.
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Case 1
A 69.-year-old man appeared for treatment with a complaint
of a painless and rapidly enlarging swelling of the premaxilla
of less than 4 months duration. On external examination, a
tumor measuring 4 x 3 cm was seen to be elevating the upper
lip (Fig. I). The mucosal surface was ulcerated and the lesion
was bony-hard. The maxillary incisors were absent.
Radiographic examination showed both loss of the cortical
plate and a bone-forming lesion, the posterior margin of
which was well demarcated (Fig. 2). A clinical diagnosis of a
benign osseous proliferation was made~ and a biopsy was
performed. Microscopic examination showed sheets and
plates of mature bone with excessive osteoid formation
focally. Mitotic activity was below I mitosis per 10 high
power fields. The lesion infiltrated through the labial cortical
plate of the maxilla around groups of submucosal minor sali
vary glands (Fig. ~) and extended into the base of the ulcer on
the labial mucosa. A diagnosis of a low~grade intraosseous
osteosarcoma was made, and the tumor was removed with
wide excision.

Case 2
The second case involved the right mandible of an 18-year
old girl. She appeared for treatment with a 7-month history of
slow expansion of the inferior border of the mandible. The
swelling, which did not cause buccal or lingual enlargement,
was painful on palpation. Paresthesia of the inferior alveolar
nerve was not present. Radiographic examination showed a
well-defined lytic lesion extending from the right mandibular
canine to the second molar tooth. Erosion of the inferior
border of the mandible was present (Fig. 4). An intraoral inci
sional biopsy was performed. Microscopic examination
showed the presence of giant cells irregularly · arranged in a
mitotically inactive cellular stroma, foci of bone formation,
and cYstic spaces filled with blood. A diagnosis of a central
giant cell granuloma with aneurysmal bone cyst formation
was made, and the lesion was enucleated. In addition to the
changes observed in the biopsy, microscopic examination of
the enucleated specimen showed mildly cellular spindle
shaped areas with atypical osteoblasts that were assoCiated
with osteoid production (Fig. 5). The diagnosis was changed
to that of a low-grade osteosarcoma and the affected segment
of the mandible was resected.
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Fig. 1. Elevation with infiltration of upper lip in case 1. Note
ulcer on labial mucosa (inset).

Fig. 2. Radiographic view of case 1 shows demarcation of
lesion posteriorly.

DISCUSSION
Intraosseous low-grade osteosarcoma is a rare
variety of osteosarcoma. It warrants separate recogni
tion because its prognosis, unlike that of classical
osteosarcoma, is excellent. Parosteal osteosarcomas,
which develop outside bone, share this excellent prpg
nosis. Low-grade intraosseous osteosarcomas are,
however, less common than the latter variety and
distinguished by development within bone. l
Low-grade intraosseous osteosarcomas affecting the
jaws are infrequently reported . Kurt et aP documented
two cases in the mandible and one in the maxilla;
another case, with chondromyxoid fibroma-like '
features, was reported in the maxilla. 7 The latter case
affected the right maxilla of a 24-year-old male patient
who died 1 year after local excision of the neoplasm
with pulmonary metastasis. The 10 low-grade
intraosseous osteosarcomas reported by Bertoni et al. 2
in 1992 all involved extragnathic sites. No mention was
made of low-grade neoplasms in a series of 34
osteosarcomas affecting craniofacial bones. 8 A low
grade osteosarcoma of the sphenoid bone that
mimicked fibrous dysplasia was recently reported.s An
osteosarcoma involving the mandible that was micro
scopically interpreted as fibrous dysplasia on both the
incisional biopsy and excised specimen 4 probably

represented another example of low-grade intraosseous
osteosarcoma of the jawbones. It is our contention that
some of the earlier cases in which malignant change
was reported in fibrous dysplasia 9 in fact represented
low-grade intraosseous osteosarcoma from the onset.
The great pitfall in the diagnosis of low-grade
osteosarcoma lies in the fact that it is clinically, radi
ographically, and microscopically distinct from benign
conditions affecting bone. Accurate diagnosis is
primarily based on the clinical, radiographic, or micro
scopic identification of an infiltrative growth pattern. In
a series of 80 low-grade intraosseous osteosarcomas,
poor margination was present in two thirds of cases and
there was extension into soft tissue in one half of cases. 3
Seven of the 10 cases reported by Bertoni et al. 2 showed
cortical violation with soft tissue invasion. Both of our
cases demonstrate that although the histopathologic
features favor a benign process in many microscopic
fields, cortical destruction with dermal and mucosal
infiltration are the most important criteria in estab
lishing the final diagnosis. Microscopically, the infiltra
tive growth pattern in case 1 was reflected by the loss of
the buccal bone plate and by the bone-forming lesion
infIltrating the mucosa, growing around minor salivary
glands rather than displacing them. Our second case,
however, was well demarcated, and it exhibited sharp
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Fig. 3. Infiltration of well-differentiated bone-forming tumor
around minor salivary gland in case I; abundance of osteoid
(arrows) can also be seen (hematoxylin-eosin, original
magnification xIOO).

Fig. 4. Expansion of inferior border of mandible in case 2
(left, qrrows). Panoramic radiograph (right) shows well
defined lytic lesion with destruction of inferior border
(arrows).

margins, which were featured in 20% of the cases
reported by Kurt et aP and 3 of 10 cases in the series
of Bertoni et aI.2 Violation of the inferior border
of the mandible with infiltration of the dermis was
present, however.
Microscopically, low-grade intraosseous osteosar
coma is essentially a spindle-cell tumor with irregular
bone production, low cellularity, fewer than 4 mitoses
per 10 high-power fields, and an absence of pronounced
atypia. In most cases, heavy seams of irregular calcified
osteoid or scattered seams of osteoid embedded in a
collagen stroma with multiple vascular spaces are
seen. 3 Abundant osteoid with osteoblastic rimming may
mimic an osteoblastoma. 3 ,lO Other growth patterns
include areas resembling fibrous dysplasia, desmo
plastic fibroma, or fibromyxoid change. 2,7 Our second
case focally showed changes compatible with a central
giant cell granuloma with aneurysmal bone cyst forma
tion on initial biopsy.
From a differential diagnostic point of view, distinc
tion from fibrous dysplasia poses the most important
problem. It is frequently not possible to make the
distinction microscopically alone, and although low
grade intraosseous osteosarcomas may appear benign
on radiographs, fibrous dysplasia never shows the infil
trative characteristics of a malignancy.3 The solid areas
in aneurysmal bone cysts ·are sometimes mistaken for
low-grade intraosseous osteosarcoma. The latter is
hypocellular with little mitotic activity whereas
aneurysmal bone cyst shows increased cellularity and
brisk mitotic activity. 1,3 The scarcity of mitotic figures
in the stroma of the initial biopsy of our case 1 is an
indication that the proliferation is not entirely compat
ible with that found in a giant cell granuloma.
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Fig. 5. Microscopic appearance of excision specimen of case
2. Note spindle-shaped growth pattern (left; hematoxy
lin-eosin, original magnification xlOO). Abundant osteoid
and mildly atypical os teo blasts can also be seen (right;
. hematoxylin-eosin, original magnification x200).

Histologically there may be an overlap in the features of
low-grade osteosarcoma and parosteal osteosarcoma.
The latter is distinguished by its location on the surface
of the bone rather than centrally and within bone.2
Although our cases have not been followed for a
sufficient period of time, the literature makes it clear
that complete removal at the first attempt is important.
The transformation of low-grade intraosseous osteosar
coma into high-grade osteosarcoma at recurrence
occurred in 15% of patients in the Mayo Clinic series.
The course of cases with recurrent growths is reported
to be similar to that of cases of high-grade osteosar
coma, and the development of metastasis correlated
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with this transformation. 3 The treatment of choice is
therefore wide excision with amputation if technically
feasible . Lesional curettage or marginal excision
should be considered to be inadequate therapy2,3
We thank Mrs. C. S. Begemann for secretarial assistance.
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CASE REPORT
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Tumoral calcinosis of the temporomandibular joint region
C Notfke
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A r,lre case of tumoral ca lcinosis. discovered in the med ial pterygoid muscl e and around the
temporomClndibulClr joint on a rouline panoramic radiograph is presented. CT WClS found to be
ideal for th e clel er mination of the exact 10cCl tion of the calcifications. The differential diagnosi s
or lU1l1orai calcinosis is discussed.
Keywords: tumor,11 calcino sis: calcif1cCltion. pathologic: temporomandibular joint: fClcial
muscl es

Case report
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A 29-year-old Caucasian le male presen ted for routine
dental ex.amination. A p,l nor,llnic radiograph revealed
a calcified m,ISS superinlposed on the upper third of
the l'anlllS of the left side of the mandible (Figure I a).
The dental pl'actitioner interpreted the ma ss as an
ectopic tooth \\hich \\as ou tside the focal trough of
the panoramic r,ldiogr,lph The p,lt ient wa s referred to
an oral and m'lx.illol"'lcial surgeon for further manage
ment. CT (Figurc I hi showed a large area of
ullcitication. measuring I cm in diameter in th e left
med ial pterygoid muscle as \\cll as 1l1ultiple smaller
calcitiC<ltions in both til e mu scle and the soft ti ss ue
medial to the tempor omandibular joint. No otller
clinical signs or symptonh \\ere associated with th e
lesi on s. No hist o ry 01" traU1l1,1 co uld be obtclined. A
clinical diagno sis or met ,lS tatic so('t tissue cal cification
was made. Normal kidney ['unction · and ser um
calcium. ph os phide. 1.25-(OH ),-vitamin 0 and para
lhYI'oid hormone concentrations. however. failed to
confirm this diagnosis. The large calcifinltion wa s
removed usi ng an intra-or,11 appro,lch and submitted
for pathological ex.amination. On sectioning. the mass
\o\'as found to co nsist 01" a rriable. amorphou s, chalky
white mHlerial enclosed in a fibi'OUS C<l pSUIe. Micro
scopy showed the c,llcilication to be composed of a
concentric amorph o us deposit of calcined mat eri al
exhibiting bony llletapl ,lsia reripher,tily (Figure 2). A
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final diagnosis of tumoral calcinosis was made. No
familial history of the co ndition co uld be obtained.
Discussion
Tum o r,ti calcinosis is a rare disorder or unknown c,luse
first descr ibed by Duret in 1899. ' Ghormley and
McCrary' desCl' ibed a simil ,lr condition in three sisters
in 1942. but the term 'tuilloral calcinosis' wa s only
introduced by inclan in 194:;,' \\ho diagnosed the
disorder in three Black women. The condilion most
rrequcntly occurs in Black people.' particularly those of
African descenl. '-' and shows a slight prcdomiTlance in
fenwles In the first or sec ond decades of life.
De\ elopment is rare in patients o\er 50 ye,lrs o r age ."
TUllloral calcinosis presents with multiple calcified
masses ("tumors') commonly located in peri,lrticular
regions withollt being connected to the associated
joint.- Hip s, elbows and shoulders are most frequently
affected, the two latter areas being more prone to
recurrence and aggressi ve beha viour. The facc, fingers
and kn ees are rarel y invol ved." Three cases hav e been
documented in the region 01" the temporomandibular
Joint " , and one in the premaxillary area. "
In one-third of cases tumoral c,ticinosis manifests as
a component of an heri t,1 ble meta bolic disease,
tri\l1 slllitted either as an auto so lll ,ti recessive OL more
likely. a s an autosomal dominant with variable clinical
expressivity.'o A congenital del"ect In phosphate
metabolism has al so been suggested following a report
of an associated increase in serum phosrhate in siblings
with th e condition." In ollr case the se rulll pho sphate
was normal. In order to avoid confusion with
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a

Figure 2 Microscop ic appearance of the calcified mass (left) (H&E
section, magnification x 80). Bony metaplasia was present in the
peripheral part of the lesion (right) (H&E section, magnification
x 200)

b

!.

Figure 1 (a) Part of a panoramic radiograph showing calcified
masses superimposed on the upper third of the left mandibular ramus
(large arrow) and temporomandibular joint (small arrows). (b) Axial
CT scan through the left mandibular ramus showing the location of
the largest calcifica tion (arrow) and the sma ller lesions both an terior
and posterior to it

metastatic calcification, we agree with Zanetti 6 that the
term tumoral calcinosis should be restricted to those
cases in which both serum calcium and phosphate are
normal. The role of local trauma with inflammation
has been considered in the pathogenesis of tumoral

calcinosis since a history of trauma and degeneration
of the articular capsule was reported in a number of
cases. I ,6 ,12 No history of trauma could be obtained in
our case. Dystrophic calcification is a more appropriate
term for calcified deposits secondary to tissue damage
and we would discourage the use of the term tumoral
calcinosis in association with a history of trauma. Gal
et al 13 reported facial or intra-oral pathological changes
associated with tumoral calcinosis at a very young age.
These initial findings included erythematous patches
and a maculopapular rash on the face and extremities,
hoarseness and angular cheilitis. None of these findings
were present in our case.
Tumoral calcinosis grows rapidly, sometimes appear
ing in a matter of months. The masses may be huge
and are usually painless although pain may result
during joint movement. 4 Radiographically , the lesions
present as nodular peri-articular and soft tissue masses.
Surgical excision is recommended in cases presenting
with large lesions associated with deformities or
symptoms. Incomplete excision can lead to mUltiple
recurrences. 14
The differential radiological diagnosis of tumoral
calcinosis should include implanted foreign material ,
dystrophic or metastatic calcification, phlebolith,
calcified haemangioma, fibrodysplasia ossificans pro
gressiva, calcinosis cutis, gout and synovial osteochon
dromatosis . Implanted foreign material will be
associated with a history of trauma. Dystrophic
calcifications present as irregular foci of mineralization
within areas of tissue degeneration in necrotising
infections, malignant tumours or haemorrhage. Meta
static calcifications are associated with derangements in
mineral metabolism, most notably acute hyperpar
athyroidism and renal failure and present as diffuse
mineral deposits which have an affinity for the elastic
tissue of blood vessel walls. The calcifications in
phleboliths and calcified haem angiomas are associated
with thrombosed vascular spaces. Fibrodysplasia
ossificans progressiva is characterised by bony dysplaDentomaxillofacial Radio
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sia of connective tissue and skeletal muscle and the
mineralised deposits of calcinosis cutis are localised
close to the surface of the skin. In gout, deposits of
monosodium urate form within and around var ious

JOints, leading to chronic arthritis a nd a foreign body
giant cell reaction. Synovial osteochondromatosis is an
uncommon benign lesion , characterised by multiple
osteocartilaginous nodules in the synovium of joints,
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