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ABSTRACT
Recent findings indicate that there could be continued 
root development after the successful surgical removal 
of an impacted tooth. The paper provides a brief review 
of normal root development, emphasizing the chain of 
reciprocal epithelial–ectomesenchymal interactions which 
regulate all aspects of this process.

Mineralized dental structures are not an absolute 
requirement for tooth root development, but residual 
fragments of Hertwig’s epithelial root sheath (HERS), 
together with the associated ectomesenchymal cells, 
will enable continued growth. The findings presented 
in this paper have significant implications in forensic 
odontology, dental litigation and for routine and elective 
tooth extractions. 

INTRODuCTION
In 2015, during the routine forensic identification of a 
mutilated corpse, a peri-apical radiograph revealed a 
sizeable residual root in the 38 area (Figure 1). The ante-
mortem records supplied by an orthodontist consisted 
of a panoramic radiograph, taken of the deceased in 
December of 2009 (Figure 2). 

A maxillo-facial surgeon subsequently used this very 
radiograph four months later in March 2010 during surgery to 
remove the wisdom teeth for elective orthodontic purposes.

 

The ante-mortem panoramic radiograph clearly shows 
the root formation of the tooth 38 as Demirjian’s stage F 
with root length as great as the crown length (Figure 2).1 

The peri-apical radiograph taken during the post-mortem 
investigation was inconsistent with this ante-mortem re-
cord as it revealed a 
horizontally positioned 
residual root with a 
closed apex in the 
38 area and both the 
lamina dura and perio-
dontal ligament space 
were not only present 
but extended around 
the entire root surface 
(Figure 1). Unfortu-
nately, there were no 
post-extraction radio-
graphs available, nor 
documented records 
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ACRONYMS
DPSCs:  dental pulp stem cells 
ERK:   extra-cellular signal-related kinases
FGF2:   fibroblast growth factor
HERS:  Hertwig’s epithelial root sheath
MAPK:  mitogen-activated protein kinases 
PDLSCs:  periodontal ligament stem cells
PTHrP-PPR: parathyroid hormone-related protein receptor 
SCAP:  stem cells from the root apical papilla 
Sirt6:   Sirtuin-6 
TGF-β:  Transforming Growth Factor beta

Figure 1: Post-mortem peri-apical radio-
graph showing a residual root fragment in 
the 38 area. The lamina dura and periodontal 
ligament space extend around the entire root 
fragment. 

Figure 2: Ante-mortem panoramic radiograph showing the third molar (38) in 
Demirjian’s stage F of development.  Taken in December 2009.
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indicating whether any of the roots had fractured dur-
ing the extraction procedure. However, it would not have 
been possible for the 38 to have completed root develop-
ment as seen in Figure 1 in the four months between the 
taking of the panoramic radiograph and the extraction of 
the wisdom tooth. The presence of the developed root 
created a forensic dilemma, as it constituted an appar-
ently inexplicable discrepancy despite there being several 
other concordant dental features between the ante-mor-
tem and post-mortem radiographs. However, the body 
was later positively identified by fingerprints as that of the 
orthodontic patient. The confirmation of identity by non-
dental means implied that a residual root fragment had 
continued developing after the extraction of the tooth.

The hypotheses proposed: Remnants of the apical 
aspect of Hertwig’s epithelial root sheath (HERS) and 
the associated ectomesenchymal cells remained behind, 
leading to continued formation of the root.

REVIEW OF TOOTH ROOT DEVELOPMENT 
Tooth development is initiated and regulated by a 
cascade of reciprocal interactions between the dental 
epithelium and the associated ectomesenchyme.2 
The earliest sign of tooth development is regarded as 
a thickening of the odontogenic epithelium, wherein 
resides the initiating capacity to form teeth. As the dental 
ectomesenchyme condenses, this anlage is shifted to 
the underlying ectomesenchyme derived from the neural 
crest.3 Thereafter the reciprocal signalling between 
epithelial and ectomesenchymal cells continues through 
the characteristic bud, cap and bell stages of crown 
formation.4 This interaction is mediated through multiple 
pathways and a variety of different transcription factors.5-7 
Details on the precise molecules involved are however 
beyond the scope of this article. 

While the molecular and cellular mechanisms of early 
tooth development and crown morphogenesis have been 
extensively studied, less is known about the molecular 
mechanisms controlling tooth root formation.7,8 However, 
great progress has been made over the last ten years in 
this field.9 Root formation follows the completion of crown 
formation with the inner and outer enamel epithelium of 
the enamel organ forming a continuum at the cervical 
loop that extends apically as a thin sheath.10 This structure 
is known as Hertwig’s epithelial root sheath (HERS).11 
Morphologically, HERS forms a structural boundary 
between two dental ectomesenchymal tissues derived 
from neural crest cells, namely: the dental papilla and the 
dental follicle.9,10 HERS signals the ectomesenchymal cells 
of the dental papilla to differentiate into odontoblasts.10 

The secretion of Laminin 5 and TGF-β by HERS seems 
to be crucial in this process. Laminin 5 appears to 
induce migration, growth and differentiation of the 
ectomesenchymal cells while TGF-β is believed to induce 
the differentiation of these cells into odontoblasts.9 TGFβ1 
induces early odontoblast differentiation through the Smad 
signalling pathway whereas Nfic signalling modulates late 
odontoblast differentiation and mineralization.9 These 
newly differentiated odontoblasts then secrete predentine 
that will become mineralized root dentine.10 The epithelial 
component (i.e. HERS) is therefore crucial in initiating root 
formation and is responsible for guiding and determining 
the size, shape and number of roots.12-14 Any disturbance 

in HERS can result in irregularities in root development.15 

If the continuity of HERS is disrupted prematurely, the 
odontoblasts fail to differentiate with no subsequent 
dentin or cementum formation.9

As soon as the odontoblasts have differentiated, HERS 
undergoes fragmentation through the degradation 
of E-cadherin, again under the influence of TGF-β1.16 

Ectomesenchymal cells of the dental follicle then penetrate 
this bi-layer and deposit initial cementum.17 TGF-β1 signalling 
from HERS is responsible for inducing cementoblast 
differentiation.18 Some authors have postulated a different 
origin of cementoblasts where HERS cells themselves 
undergo epithelial-ectomesenchymal transformation and 
directly differentiate into cementoblasts.9,16,19 TGF-β1 and 
FGF2 have been proposed as factors stimulating this 
epithelial-ectomesenchymal transformation of HERS cells 
through a MAPK/ERK-dependent signalling pathway.20 

Further support for this theory is that HERS has shown 
expression of cementoblast markers.13 However, this 
remains a controversial issue with recent evidence 
confirming the mesenchymal origin of cementoblasts.21 

Current research suggests that there may be other 
systems and factors influencing root formation. Loss of 
the parathyroid hormone-related protein receptor (PTHrP-
PPR) signalling in dental mesenchymal cells has been 
shown to alter the morphology of the roots and dysregulate 
cementum formation.21 Deletion of Sirtuin-6 (Sirt6) in mice 
exhibited stunted development of tooth roots as well a 
delay in tooth eruption.22 

HYPOTHESIS REGARDING INDEPENDENT 
TOOTH ROOT FORMATION 
In 1989, Thomas and Kollar demonstrated that HERS 
could induce odontoblast differentiation from the dental 
papilla.23 It is however important to note that this could 
take place only in papillae in which a certain degree of 
commitment already existed. Therefore, the dental papilla 
must have been exposed to signalling factors from HERS 
in order to be able to differentiate into odontoblasts. 
Based on this, had the apical aspect of HERS and the 
associated ectomesenchymal cells of the dental papilla 
and follicle been left intact in the case illustrated in this 
paper, that could account for the continued development 
of the tooth root. 

The role of pre-programmed cells, as seen in stem cell 
studies, supports this hypothesis. Many investigators 
have used stem cells from dental tissues in the attempt 
to reconstruct a tooth that has normal physiological 
function.24-26 A 2006 study on miniature pigs used stem 
cells from the root apical papilla (SCAP) and periodontal 
ligament (PDLSCs) to construct a functional tooth root to 
which an artificial dental crown was fixed.27 The constructed 
root was successfully formed and functional, although the 
compressive strength of the bio-root was less than that of 
natural swine root dentin. SCAP can easily be isolated from 
the apical aspect of wisdom teeth in humans and show a 
greater tissue regeneration potential than do dental pulp 
stem cells (DPSCs).27 In the case presented, it is proposed 
that pre-programmed cells, SCAP and HERS, remained 
behind after the surgical procedure and retained the 
potential for continued root formation. The presence of a 
distinct periodontal ligament on the peri-apical radiograph 
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surrounding the root (Figure 1) indicates that dental 
follicle cells must also have been present in order for this 
structure to develop. 

Regenerative endodontic therapy for the treatment of 
immature non-vital teeth has similarly illustrated the 
functional advantages of viable HERS and SCAP in 
promoting further root formation and thickening of root 
dentin walls.28 In a recent study by Nazzal and Duggal on 
regenerative endodontics, the authors stress that although 
root development does occur, there is variability in the 
degree of success of these techniques. They continue by 
stating that preservation of structures like HERS will have 
a significant impact on the success of these treatments.29

The cascade of signalling events associated with 
the apical aspect of the developing tooth have not 
been completely elucidated.30 However, based on the 
availableexperimental data, we can hypothesize that a 
tooth root can continue to develop in the presence or 
absence of mineralized dental tissue. The presence of 
HERS with associated ectomesenchymal cells of the 
pulp and follicle remains crucial in order to maintain the 
epithelial-ectomesenchymal signalling cascade.

CLINICAL IMPLICATIONS
The dental identification of mutilated, decomposed and 
burned bodies relies on the comparison of ante-mortem 
and post-mortem dental records. An analysis of concordant 
features present may serve to either confirm or reject 
the identification of the mortal remains. This comparison 
involves all structures present in the dento-facial complex 
and can include: dental restorations, implant structures, 
tooth anatomy, sinus anatomy, dental anomalies, 
pathological lesions and any other recognisable features. 
The comparison of concordant features can be made 
with the aid of dental models, radiographs, constructed 
odontograms and hand written notes. Explicable 
discrepancies, as seen when radiographic angulations 
differ, are regularly observed and understood. However, the 
presence of a residual root, after the “complete” extraction 
of a particular tooth is more problematic. An undocumented 
residual root would constitute an inexplicable discrepancy 
and lead to a dental mis-match. The residual root in this 
case could only have been the result of continued growth 
of the root remnants left behind after the extraction of the 
tooth, which was at Demirjian’s stage “F” root at the time of 
surgery. A thorough search of the literature was done and 
to the best of our knowledge, this is the first documented 
case of a residual root developing from residual tooth 
structures or cellular remains left behind during surgery. 
Forensic odontologists should be alerted to the fact that 
ante-mortem and post-mortem discrepancies of this nature 
are possible and explicable.

The discovery of a residual root after the removal of 
wisdom teeth by a maxillo-facial surgeon under general 
anaesthetic could most certainly lead to litigation by the 
unhappy patient if he/she is not informed of the possible 
complications. The findings of this paper will assist the 
defendant in cases of this nature, especially where due 
caution had been applied. The dental practitioner should 
carefully consider the forensic implications following 
routine extractions, elective extractions for orthodontic 
purposes and the surgical removal of impacted teeth. The 
importance of post-operative imaging to confirm complete 
extraction should be considered. 

CONCLuSION
The evidence provided in the forensic case and 
consideration of the developmental biology, support the 
hypotheses that root formation could conceivably occur 
as long as pre-programmed cells for root formation 
are present, regardless of the presence or absence of 
mineralized dental tissues. 
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