






































































































































































































































































































































































































































































































































CHAPTER THREE RESULTS
SECTION A : THE BONES OF THE SKULL 19 : THE PALATINE BONE : OS PALATINUM

147
It would be convenient to constantly denote a pars maxillaris (16 16 ) and a pars palatina (19 3 ) for the palatine sinus, as
well as the same two parts  for the palatine suture and for the palatine septum. (See footnotes 136 & 137.) Without such
distinctions, confusion can arise when one considers the maxillary sinus - which has proper and palatine parts - and the
palate and its sinus. When one considers the boney palate per se (as an aerated osseus structure), then it has as a maxillary
component (presently the palatine part) as well as the (proper) palatine part. It would also be convenient to distinguish
in a distinct way between the external and the internal surfaces of the dorsal (nasal surface) and the ventral laminae
(palatine surface) of the horizontal part of the palatine bone. It is suggested to denote the terms “Facies antenasalis” and
“Facies antepalatina” to these faces of the nasal and palatine surfaces of the maxillary and palatine parts of the palate,
to abridge these semantic problems. Similarly - in the case of the lacrimal bone - will terms such as “ante-orbital”,
“antefacial” and “antenasal”, help to ease up the description of these surfaces for that bone.

148
The vertical septa form as result of the exaggerated suture formation that occurs on the lines where the palatine bone fuses
with the palatine process of the maxilla.
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voluminous palatine part of the palatine sinus (Sinus palatinus 19 6 )* 147 . The layers of

the horizontal part of the palate are connected to each other by means of vertical septa as

a result of the extensive aeration of the palate * 148 . These septa form the median (19 6` ),

rostral (19 6`` ) and lateral (19 6``` ) borders of the sinus - and of the horizontal lamina - of

the palatine bone. 

Rostro-laterally however, parts of the rostral and the lateral septa do not unite with the

nasal surface (19 1 ) of the palate, as the nasal surface of the palate in that region is fused

instead to the body of the ventral conchal bone at the conchopalatine suture (17 2`` ). The

complete conchopalatine as well as part of the palatomaxillary suture (19 5 ) on the nasal

surface (19 1 ) of the palatine bone are however incomplete due to the two large fissures

situated around the body of the ventral conchal bone. (See 17 2 & 3 as well as footnotes 143

& 144). 

The medial septa (19 6` ) of the left and the right-hand sides fuse along the median plane

at the interpalatine part of the median palatine suture. (See also 16 17 and footnote

136 for the intermaxillary part.) Similar to the intermaxillary part of that suture, the

antimeric median septa also form a double layered palatine septum (16 18 ). It divides the

palatine sinus completely into left and right-hand sides. The median palatine suture is

raised only  on the nasal surface. (See Crista nasalis 16 23 under the maxillary bone.)

The rostral septum (19 6`` ) is fused to a similar septum of the palatine process of the

maxillary bone at the palatomaxillary suture (19 5 ) to form a double layered transverse
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149
Because  both  the  vertical septa are incomplete rostro-laterally, and because both are also separated from the nasal
surface (19 1 ) in the same position, the rostral part of the palatine sinus can communicate dorso-laterally - between the
body of the conchal bone and the infraorbital canal via the maxillopalatine aperture 16 27 - with the lateral proper part of
the maxillary sinus.
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septum (see 16 19 ). Both layers of the transverse septum are incomplete laterally * 149 .

The lateral septum (19 6``` ) is more extensive than the former two septa :

Laterally, it is fused mainly to the alveolar process of the maxilla. In the skull of one

old animal studied, additional pneumatization of the dental alveoli between the second

and the third molar teeth (M2- and M3- ) was seen to occur. Effectively - in that case -

the interalveolar septum (16 12 ) between the molars was displaced. That means that the

lateral septum of the palatine sinus, in the region ventral to the infraorbital pillar and

ventral to the supporting septum (16 28` ) of the infraorbital canal, can extend as far

laterally as the lamina externa of the maxilla. Therefore the facial surface of the

maxilla (rather, its internal or “antefacial” surface - see footnote 147) may then form

the lateral border of the palatine sinus.

Unaffected by additional pneumatization - and as can only be seen from medially - the

‘dorsal border’ of the lateral septum (19 6``` ), has rostral (19 7 ) and caudal (19 8 )

parts. Both parts extend dorsally beyond the dorsal level of the palate and the alveolar

process of the maxilla. The medial surface of the rostral part is free and it forms part

of the lateral wall of the palatine sinus. The medial surface of the caudal part is united

with the smaller rostral part (19 13 ) of the perpendicular lamina that lies rostral to the

sphenopalatine incisure (19 15 , vide infra). The rostral and caudal parts (19 7 & 19 8 )

form the medial wall of the infraorbital pillar (15 17` ). (See footnote 132 under lacrimal

bone.) Dorsally, these parts of the pillar - and therefore also included into it the lateral

septum (19 6``` ) - is fused to a part of the orbital plate (11 3` b ) of the ethmoid bone, at

the palatoethmoidal suture (Sutura palatoethmoidalis 19 9 ). The rostral margin of

the pillar is separated from the body of the ventral conchal bone by the conchopalatine

part of the larger permanent compound fissure (17 3 ). (See also footnotes 143 & 144

under the ventral conchal bone.)
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The caudal free margin (19 4 ) of the palate is bordered on either side - at least as it appears

in ventral view - by a bulky para-median process (19 10 ). (Vide supra.) The process lies

at the same horizontal level as the ventral surface of the osseus palate and it forms the

ventral border of the perpendicular lamina (Lamina perpendicularis 19 10` ) of the palatine

bone. Lateral to the process (19 10 ), a wide incision - which is more pronounced in young

animals - separates the perpendicular lamina of the palatine bone from the maxillary tuber

(16 13 ). The medial or nasal surface (Facies nasalis 19 11 ) of the perpendicular lamina

faces the nasal cavity, and it forms the lateral wall of the boney choana (13 12 ). The

maxillary surface  (Facies maxillaris 19 12 )  of  the  perpendicular  lamina  faces  laterally,

towards the  maxillary  tuber (16 13 ),  forming  part  of  the  medial  wall  of  the

pterygopalatine fossa (13 30 ). Dorso-rostrally, the perpendicular lamina also forms part of

the medial wall of the maxillary foramen (16 33 ). Rostro-dorsally, the perpendicular lamina

is incompletely divided into a smaller rostral (19 13 ) and a larger caudal part (19 14 ) by

the sphenopalatine incisure (Incisura sphenopalatina 19 15 ). The sphenopalatine incisure

is the ventral part of the sphenopalatine foramen (13 31 ).

Rostro-laterally,  the  rostral  part  (19 13 )  is  fused  to  the lateral septum of the

horizontal part of  the  palatine  bone (19 6``` )  to  form  part  of  the  medial  wall  of  the

infraorbital pillar (15 17` ). The  rostral  part (19 13 )  is  fused  dorsally  to  a part of the

orbital plate (11 3 ` b ) of the ethmoid bone at a part of the palatoethmoidal suture (19 9 ).

(Also see footnote 132 under the lacrimal bone for a full description of the infraorbital

pillar 15 17` ).

Caudo-dorsally, the rostral part (19 13 ) also gives rise to a slender orbital process

(Processus orbitalis 19 16 ) which projects dorsally. The distal part of this process

forms a small part of the medial wall of the boney orbit (13 21 ). Caudally and rostrally,

the   process  is  fused  to  the orbital parts of the frontal and lacrimal bones

respectively at the frontopalatine (10 19 ) and palatolacrimal sutures (Sutura

palatolacrimalis 19 17 ). The proximal  part  of  the  orbital process (19 16 ) is fused

medially to a part of the orbital plate (11 3` b )  of  the  ethmoid  bone  at  a  more  lateral
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In the live animal, blood vessels and nerves pass from the pterygopalatine fossa via the sphenopalatine foramen (13 31 )
to the nasal cavity and vice versa. The nasal side of the sphenopalatine foramen is closed off further by nasal mucosa. 
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part  of  the  palatoethmoidal suture (19 9 ) to form the lateral part of the dorsal

quadrant of the sphenopalatine foramen (13 31 ). (Also  see  11 3  under  the ethmoid

bone.) The sphenopalatine incisure (19 15 , vide supra) forms the ventral three quarters

of the sphenopalatine foramen. (Also see 13 31 under the Introduction to the bones of

the face)* 150 .

The larger caudal part (19 14 ) of the perpendicular lamina is fused dorsally to the base

of the skull, to various bones situated rostral to the body of the basisphenoid bone.

Lateral, ventral and medial views reveal most of the following :

In lateral view, it can be seen that the lateral surface is fused dorsally to the wing of

the presphenoid bone at the sphenopalatine suture (5 20 ). (Also see footnote 49 under

the presphenoid bone). Caudally it is fused to the pterygoid process of the

basisphenoid bone  at  the  basisphenoid part  of  the  sphenopalatine suture  (5 20` ).

(See footnote 35 under the basisphenoid bone.) Dorso-caudally and caudo-ventrally

it is fused over small areas to the body and the larger process (6 5 ) of the pterygoid

bone at the pterygopalatine suture (6 2 ).

As revealed by a ventral view, the perpendicular lamina (19 10` ) of the palatine bone

is fused as follows : Caudally, the medial surface is fused to the larger process (6 5 )

of the pterygoid bone at a medial part of the sphenopalatine suture (5 20` ). The dorso-

medial border  is  fused caudally to the vomer at the vomeropalatine suture (12 9 ).

Rostrally, the perpendicular lamina (19 10` ) of the palatine bone is fused to a part of the

orbital plate (11 3` a ) of  the  ethmoid  bone  at  a  medial  part  of  the  palatoethmoidal

suture (19 9  , vide supra). The latter suture can best be evaluated if the skull is rotated

towards a median view. Unless the palatoethmoidal suture (19 9 ) is exposed by cutting

bone away, this suture cannot be differentiated from the vomeropalatine and the

vomero-ethmoidal sutures (12 9 and 12 10 ), due to intimate fusion between the ethmoid

plates, the wings of the vomer and the rostrum of the [prae-]sphenoid bone. 
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The  lateral  maxillary  surface  (19 12 )  of  the  caudal  part of the perpendicular lamina

(19 10` ) is rough and in old bulls it may show uneven patterns (19 18 ) resembling a

blood-vessel  network.  Next  to  the  para-median  process,  the  lateral  surface  bears

an  oval  raised  area (19 19 ). It is better developed in older animals. The caudal

palatine opening (Foramen palatinum caudale 19 20 ) of the major palatine canal

(Canalis palatinus major 19 21 ) opens dorso-lateral to the raised area (19 19 ). Rostrally,

the canal opens on the oral surface of the horizontal lamina at the major palatine

foramen (Foramen palatinum majus 19 22 ). This opening lies on or near the

palatomaxillary suture (19 5 ). The major palatine canal (19 21 and also see 13 33 )

connects the pterygopalatine fossa to the oral cavity. The canal traverses the palatine

sinus obliquely in a rostro-ventral direction. One to three lesser palatine canals

(Canales palatini minores 19 23 ) may split from the main canal to open caudal to the

main opening as the minor palatine openings (Foramina palatina minora 19 24 ). The

larger and the smaller canals are supported by ventral lamellae that rest on the internal

surface of the ventral horizontal lamina of the palatine bone. In young animals small

sections on the free aspects of these canals can be incomplete.

In a ventral view of the osseus palate, the combined palatomaxillary sutures (19 5 ) of the left

and the right-hand sides, has a rostral curve. The position of the suture laterally - taking the

molars as reference point - varies in animals of different ages :

Laterally  it  is  fused  to  the  lingual  surface  of  the alveolar processes of the first molar

(M 1- ) at approximately 4 months of age, to the second molar (M 2- ) in animals of

approximately 2 years, and to the lingual surface of the third molar (M 3- ) in old animals.

The level of the rostral border of the suture (at the most apical part of the convex curve),

is also not constant in animals of different ages. At approximately 4 months of age, a

median point on the palatomaxillary suture lies on a line drawn between the third and the

fourth deciduous premolars (Dp 3-  and Dp 4- ). At approximately 2 years of age it lies

between the last deciduous premolar (Dp 4- ) and the first molar (M 1- ). In old animals it lies

on a line between the first and the second molars (M 1- and M 2- ). (See the point Palatino-

orale (Po)*# under the section on the Craniometric data, and see measurement 62§.)
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The change in the relative position of the palatomaxillary suture is due to relative rostral

movement of the alveolar process of the maxillary bone relative to the position of the

caudal osseus palate. (See also paragraph following 16 14`` under the maxillary bone.) The

continued rostral movement of the dental alveoli of  cheek teeth throughout life, is part

of normal mesial drift (19 25 ) of teeth. Increased contact surface wear between the distal

parts of more mesially situated cheek teeth, would increase the magnitude of mesial drift

of the more distally situated cheek teeth, especially that of the last molar. This is due to

an additive effect caused by contact surface wear.

The caudal free margin of the boney palate between the bulky left and right para-median

processes (19 10 ), are concave, forming a semi-lunar horizontal arch. The arc demarcates the

rostro-ventral border of the boney choana (13 12 ). Because the keel of the vomer is not fused

to the palatine bone, the choana is therefore incompletely divided. In some individuals the

caudal free margin bears an inconspicuous or stubby unpaired caudal nasal process (Spina

nasalis caudalis 19 26 ) in the median plane.
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The N.A.V.  does not list a separate body (20 1 ̀  ) for the zygomatic bone. An Arcus zygomaticus is listed under the Cranial
bones (see 1 8 ), as well as under the zygomatic bone (20 1 ). It would be convenient to distinguish the processes of the
zygomatic bone from a zygomatic body. The zygomatic body can be distinguished as the rostral part of the whole arch.
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20. THE ZYGOMATIC BONE

( OS ZYGOMATICUM )

(See figures 3.26, 3.27, 3.31 - 3.34 & 3.39. Also see 3.7 & 3.11.)

The zygomatic bone forms the rostral part of the zygomatic arch (Arcus zygomaticus 20 1 ).

(See  7 18  and  10 6  for  the  temporal  and  frontal  contributions  to  the  zygomatic  arch.)

The zygomatic bone consists of a body and two processes. The exposed surfaces of the

zygomatic bone forms part of the boney orbit (13 21 ) and face, as well as a part of the

maxillary sinus wall, despite the fact that it is not a typically aerated bone.

The body (20 1` )* 151 has lateral and orbital surfaces, which in young animals, are arranged

approximately 90 degrees to each other (vide infra under 20 8 for the situation in old animals).

The  lateral  or  facial  surface  (Facies lateralis 20 2 )  forms the caudo-lateral part of the

face. The orbital surface (Facies orbitalis 20 3 ) forms the latero-ventral part of the boney

orbit (13 21 ). The two surfaces meet at the infraorbital margin (Margo infraorbitalis 20 4 ).

(See  also  15 10 .)  The  supraorbital margin (10 8 ) and the infraorbital margins together, form

the  orbital  margin  (see 13 20 ) at the orbital entrance (Aditus orbitae 20 4` ) to the boney

orbit (13 21 ). Medially, the body of the  zygomatic bone  is  fused  to  the  orbital  and  facial

parts of  the  lacrimal  bone  at the  lacrimozygomatic  suture  (15 2 ).  Rostrally  and  latero-

ventrally the  facial  part  of  the  body  is  fused to the maxilla at the zygomaticomaxillary

suture (Sutura zygomaticomaxillaris 20 5 ). The body of the zygomatic bone has a temporal

and a frontal process :

The temporal process (Processus temporalis 20 6 ) projects caudally and is fused to the

ventral aspect of the zygomatic process of the temporal bone at the temporozygomatic

suture (7 19 ). Together they form the caudal part of the zygomatic arch. The medial surface

of the temporal process (20 6 ) faces the lacrimal bulla (15 7 ).
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The frontal process (Processus frontalis 20 7 ) is based partially on the body and partially

on the temporal process of the zygomatic bone. It projects dorsally and is fused to the

zygomatic process of the frontal bone (10 6 ) at the frontozygomatic suture (Sutura

frontozygomatica 20 7` ). The zygomatic component of this part of the face, essentially

forms the ventral half of the lateral angle of the boney orbit (13 21 ). The rostro-caudal

dimension of the lateral osseus wall of the boney orbit (also contributed to by the frontal

bone), approximately has a four-fold increase in a rostral direction as the animal ages. In

young animals it is approximately 10 mm wide, and in old animals it can be up to 40 mm

wide. It is more prominent in old animals especially old bulls. This accentuates the

protruding infraorbital margin of old animals laterally. (See measurement §51 under the

Craniometric data.) The frontozygomatic suture (20 7` ) starts to ossify in animals of about

2 years. In some old animals, small remnants of the suture may remain un-ossified on the

medial side only. 

The  lateral  facial  surface  (20 2 )  of  the  zygomatic  body  is  divided  by  a  boney

ridge (20 8 ). In young animals, the ridge divides the facial surface of the zygomatic body

into  lateral  and  ventral  surfaces.  In  older  animals,  the ridge becomes more

prominent, and it divides the zygomatic contribution to the face into dorsal (20 8` ) and

ventral (20 8`` ) parts. The ridge is continued caudally onto the temporal process (20 6 ),

and rostrally onto the facial surface of the maxilla. The boney ridge (20 8 ) forms the

zygomatic component of the facial crest of old animals. (See 16 7 under the maxilla.) The

dorsal part (20 8` ) of the lateral facial surface is small and nonspecific. The ventral part

(20 8`` ) of the facial surface of the zygomatic bone is concave from dorsal to ventral. In

old animals it is even more concave, and its size increases at the expense of the dorsal

part (20 8` ). The extent to which the ventral part (20 8`` ) becomes ever more concave with

age, is related to that part  of  the  maxilla  that  also  lies  ventral  to the facial crest. In

old bulls, the ventral part (20 8`` ) of the facial surface, eventually lies opposite - and just

ventral to - the orbital surface of the zygomatic bone (20 3 ). This accentuates the

protruding infraorbital margin of   old  animals  ventrally. (See FINAL COMMENT 13

under section D : Craniometric data.) At least one foramen (20 8``` ) opens on the
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concave ventral part (20 8`` ) of the zygomatic bone. The foramen leads to a system of

branching nutrient canals (2 7```` ) that serves the zygomatic bone. 

The body of the zygomatic bone is not aerated in the typical way where diploë between

internal and external laminae are displaced. However, an internal or “antefacial” surface

of its rostral end (20 9 ) forms the caudal border of the lateral or proper part of the maxillary

sinus (16 26 ), just lateral to the ventral compartment of the lacrimal sinus (15 16``). (See

paragraph following (16 26 ) under the maxilla and footnote 147 under the palatine bone.)
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21. THE MANDIBLE

( MANDIBULA )

(See figures 3.43 - 3.49. Also see figure 4.2 under Discussion, and see 3.10 & 3.11.)

The mandible is the longest bone of the face, measuring approximately 220 mm in young

animals and up to 400 mm in old animals. Except for the most rostral part, the mandible is

laterally flattened and each part of the antimeres lies in a near sagittal plane. The mandible

is divided into caudal and rostral components. The caudal component is the mandibular

ramus (Ramus mandibulae 21 1 ). The general longitudinal orientation of the ramus itself is

nearly vertically placed. Caudally, each mandibular half articulates ipsilaterally with the

squamous part of the temporal bone of the skull. The rostral component of the mandible forms

the main part or body of the mandible (Corpus mandibulae 21 2 ). The antimeric bodies of

the  mandibular  halves,  converge  rostrally.  They  meet  and  articulate  with each other at

an  acute  angle  at  the intermandibular suture (Sutura intermandibularis 21 3 ). (See also

21 28 .) Both components of the mandible consist mainly of compact bone (1 3`). The dental

alveoli or sockets (16 10 ) that contain the teeth, consists of spongy bone of trabecular and

lamellar types (1 5`a & 2 31 ).

The ramus of the mandible :

The ramus (21 1 ) has rostral and caudal margins, as well as lateral and medial surfaces. The

caudal margin is concave dorsally and convex ventrally. The convexity of the latter part of

this margin continues onto the ventral margin of the mandibular body (21 2 ) to form the

mandibular angle (Angulus mandubulae 21 4 ). The rostral margin of the ramus is convex

dorsally, but concave where it is continued onto the dorsal margin of the mandibular body.

The lateral and the medial surfaces of the ramus are biconcave. The lateral concavity forms

the masseteric fossa (Fossa masseterica 21 5 ) and is well demarcated especially in old

individuals. The medial concavity forms the pterygoid fossa (Fossa pterygoidea 21 6 ), the

borders of which are not clearly demarcated. The pterygoid fossa is marked by an oblique

shallow groove (21 6` ) that crosses the fossa from rostro-ventrally to caudo-dorsally. In one
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