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Abstract

Bifid mandibular condyle is a rare anatomical anomaly with uncertain aetiology and pathogenesis. Theories for the development
of this condition include bony alterations post-trauma, however little evidence exists to support this theory. Furthermore, the like-
ly alterations to joint morphology over time as a result of this condition - including possible degenerative changes - have not
been highlighted. We describe a case of bifid mandibular condyle attributed to a post-traumatic aetiology with associated degen-
erative changes in a male Sri Lankan skull of approximately 40 to 50 years of age. Fractures of the left parietal bone, zygomat-
ic bone and damage to the orbit were observed in addition to a bifid left mandibular condyle that had anteromedial and pos-
terolateral condyles and remodeling of the mandible consistent with a fracture of the mandibular neck. Two fossae were noted
in the squamous part of the temporal bone that corresponded to the two condyles. Degenerative alterations to both joint sur-
faces included damage to the articular surface and osteophyte formation around the articular margins. This case provides cir-
cumstantial evidence to support the development of bifid mandibular condyles post-trauma with observations including long-
term modifications to temporomandibular joint morphology leading to subsequent alterations in masticatory muscle activity, and
the first evidence of degenerative change associated with this condition. Both outcomes will potentially result in a loss in tem-

poromandibular joint function and are clinically relevant consequences of bifid mandibular condyle.
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Introduction

Bifid mandibular condyle (BMC) is a rare anatomical
anomaly of unknown etiology and unclear pathogenesis
that is described both in clinical and anthropological liter-
ature."” BMC is asymptomatic in many patients, often
being detected on routine dental radiography,”” however
some individuals with BMC deformity suffer difficulties
with occlusion and mastication that may require surgical
intervention to allow restoration of temporomandibular
function.”” Bilateral BMC, although rare, has been report-
ed,”" and several cases of BMC associated with temporo-
mandibular joint ankylosis have been published."""” There
does not appear to be any racial or gender predilection”
although there appears to be interracial variations in

prevalence.”

Two popular theories exist for BMC development. It
has been suggested that BMC can be a consequence of a
dysplasic process of the condyle cartilage at the early stages
of its development, or that BMC can also be caused by
trauma via bone remodeling after articular trauma or
repeated micro-trauma from malocclusion."” To support
the theory of dysplasia, a developmental anomaly such as
an embryopathy by a teratogenic agent has been suggested
as a possible etiology where BMC exists without history of
trauma and with no apparent link with the patients medical
history."*"” A history of trauma to the mandibular condyle
has been suggested as a cause for 25% of all BMC cases,””
while BMC supposedly resulting from a sagittal condylar
fracture has only been reported once.”’ However, even a
clear history of trauma does not mean that the bifid
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condyle has been caused directly as a result of the trauma:
a BMC with a history of trauma was evaluated using his-
tology of the excised specimen and revealed evidence sup-
porting congenital etiology instead of trauma.”” Similarly,
other reports of trauma leading to bilateral BMC suggest
that trauma can be more coincidental than causative.”

Previous case reports have therefore supported both
the congenital dysplasic theory and demonstrate that in
some cases the actual aetiology is unclear. Furthermore,
despite the publication of cases supporting the theory of
BMC arising from trauma, few reports that have provid-
ed reasonable evidence for this mechanism”" contribut-
ing to the pathogenesis of BMC. In addition, there are
no reports of the potential articular or degenerative
effects of long-term BMC,”" an important consideration
when creating biomechanical models involving BMC
and when considering the long-term consequences of
leaving BMC untreated. Here we report on a skull with
unilateral BMC that includes circumstantial evidence to
support the pathogenesis of BMC arising from trauma,
and also highlights the possible consequences of degen-
erative changes that may occur from untreated BMC.

Case Report

A single skull with a unilateral BMC was identified in the
collection of the Department of Anatomy, University of
Colombo, Sri Lanka. The observations and measurements
of this skull were performed in a manner that complied
with local institutional ethical requirements. A detailed
osteological study was conducted that included assessment
of the general features of the skull, the temporomandibu-
lar joints, mandibular condyles, mandibular fossae and
skull base. All evidence of trauma as well as the bony land-
marks including left side temporomandibular joint and the
mandibular condyles were measured and photographed,
including a scale bar for reference, using a Canon
Powershot G10 14.7 megapixel camera (Canon Inc.,

Tokyo, Japan).

General observations

The skull with a BMC was from a modern Sri Lankan
male based on departmental records and confirmation by
biological anthropologists using sex-specific morphologi-
cal characteristics such as orbit shape, supraorbital ridge,
zygomatic and temporal lines, and external occipital pro-
tuberance. The approximate age at death was assessed as
being around 40 to 50 years.

The dentition was edentulous. Mandibular prog-
nathism was noted as well as left sided anterolateral cross
bite in the canine to first molar region (Figure 1). A par-
tially healed fracture-displacement was noted 3 mm inferi-
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Figure 1. Superior view of skull and mandible demonstrating mandibu-
lar prognathism and left sided anterolateral cross bite.

or to the left fronto-zygomatic suture (Figure 2); dis-
placement of the fracture with evidence of partial healing
suggested the fracture was untreated and non-reduced
(Figure 2). A healed depressed cranial vault fracture meas-
uring 15 mm by 25 mm was also noted in the left mid pari-
etal region, and a 1 mm by 4 mm sized bony fragment was
missing in the anterolateral wall of the left orbit suggest-
ing a unilateral level 3 Lefort fracture (Figure 2). It was
unclear whether this was the result of an ante mortem
injury or was a post mortem artifact.

Figure 2. Lateral view of a partially healed and displaced fracture
3mm inferior to the frontozygomatic suture on the left side (A) as well
as the depressed fracture of the left parietal region (B). Posterolateral
secondary fossa notches the posterior end of the zygomatic arch (C).
The groove between the posterior aspect of the two mandibular
condyles butts the lateral tymphanic plate (D).
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Figure 3. Superior view of the mandible showing the posterolateral
(A) and anteromedial (B) condyles on the left part of the mandible
with normal condyles on the right.

Mandible

An anteroposterior bifid condyle was noted on the left side
(Figures 3 and 4). Two distinct condylar heads were sep-
arated by a 4 mm deep oblique sagittal groove and bony
remodeling consistent with fracture of the mandibular
neck. The groove between the condyles corresponded to
the lateral lip of the tympanic plate of the temporal bone
indicating that secondary condyle has formed lateral to the
tympanic plate to accommodate condylar movement. On
the medial condyle there was a distinct bony spur project-
ing in an anteromedial direction (Figures 3 and 4). This is
compatible with the ossified attachment of the superior
head of the lateral pterygoid muscle or an osteophyte.

Both condylar surfaces were rough with damage to the
articular surface, sharp margins and osteophyte formation
that were representative of arthritic change. The magni-
tude of the bony alterations was indicative of chronic
osteoarthritis. No abnormalities were noted on the right
mandibular condyle. On the left side the primary condyle
was impinging on the posterior aspect of the mandibular
notch; the mandibular notch on the right side was normal.
No abnormalities were noted in the coronoid processes of
either side, and the attachment sites of medial pterygoid
muscle appeared normal on both sides. Gonial angles were
unaffected bilaterally.

Anterior

Figure 4. Superior and enlarged view of the bifid mandibular condyle.
The posterolateral (secondary) condyle (A) is separated from the antero-
medial (primary) condyle (B) by a deep sagittal groove (C). The bony spur
on the primary condyle (D) is pointing in an anteromedial direction.

Skull base

Two distinct medial and lateral fossae, separated by a
distinct ridge, were noted in the region of the left
mandibular fossa (Figure 5). The lateral fossa was situ-
ated more posteriorly than the medial fossa. The mor-
phology and anatomical location suggest that the pos-

Figure 5. Photograph of the left mandibular fossa region showing two
distinct fossae that are present in medial (A) and lateral (B) locations.
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terolateral fossa was the secondary fossa, with the
anteromedial fossa being primary. When compared with
the unaffected side, the antero-posterior length of the
articular eminence was reduced by 8 mm on the affected
side (12 mm on the right side, 4 mm on the left side). A
bony prominence of the articular margins caused by the
lateral lip of the secondary fossa was noted at the root of
the left zygomatic arch. The anterior region of the
infratemporal crest on the left side where the superior
head of the lateral pterygoid muscle attaches was more
prominent compared than the right. The lateral ptery-
goid plate was normal on both sides.

Discussion

"This case study reports on a unilateral BMC in a single
male skull of Sri Lankan origin, with circumstantial evi-
dence supporting a possible theory of BMC development
after trauma to the mandible by the presence of addi-
tional fractures to the cranium and frontozygomatic
region of the facial skeleton, and the bony defect at the
anterolateral wall of the orbit. Importantly, the case also
highlights the likely sequelae of degenerative change,
bony remodeling and potential chronic osteoarthritis
that may occur as a result of untreated unilateral BMC.
Information on degenerative bony changes in the articu-
lar surfaces of the joint secondary to BMC has not pre-
viously been reported and is of importance to clinicians
as such information highlights likely long term morpho-
logical and functional alterations from untreated post-
traumatic BMC.

Fractures and bony alterations

It is possible the initial trauma, responsible for all the vis-
ible fracture sites on the left side of the patients skull,
lead to a fracture of the neck of the left mandible that
resulted in the primary condyle being displaced antero-
medially due to the tension of the lateral pterygoid mus-
cle. The anterior region of the infratemporal crest was
more prominent on the affected side, and it is possible
that the altered direction of pull and unequal forces act-
ing on the left temporomandibular joint lead to
increased activity of the superior head of the lateral
pterygoid muscle as evidenced by the prominent attach-
ment site and bony spur (Figures 3 and 4). It is unclear
whether the muscle would have hypertrophied and the
increased forces lead to the bony alteration, or whether
increased patterns of repeated activation would have
contributed to such bony remodeling. Regardless, the
function of the lateral pterygoid muscle on the affected
side was likely abnormal thus contributing to the devel-
opment of the bony spur and confirming that long term
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BMC leads to alterations of masticatory muscle function.
The observed cross bite may have been due to the poste-
rior displacement of the secondary fossa (Figure 5) and
the secondary condyle with regard to the contralateral
mandibular fossa; such alterations are likely to have con-
tributed to malocclusion and alterations in masticatory
function.

Degenerative change

Closer inspection of both condylar surfaces and the left
mandibular fossa margin revealed rough edges, damage
to the articular surface and osteophyte formation that
would support a diagnosis of chronic osteoarthritis
(Figures 3-5). These degenerative changes were not
present on the unaffected side. In order to accommodate
the two mandibular condyles, the mandibular fossa on
the affected side had undergone adaptation that gave rise
to anteromedial and posterolateral fossae (Figure 5). A
bony prominence caused by the lateral lip of the pos-
terolateraly placed secondary fossa was also noted at the
root of the left zygomatic arch. It also contributed to a
left sided cross bite, however it is unclear if the BMC and
resulting alteration of temporomandibular, occlusal and
masticatory function contributed to the person’s edentu-
lous state. Degenerative change of this magnitude would
likely affect the individual’s temporomandibular func-
tion on a daily basis. Given the attachment of the tem-
poromandibular joint capsule to the articular margins, it
is likely that the BMC in this case caused some pain and
temporomandibular joint dysfunction.

In bioanthropological literature the term bifid
condyle often refers to pitting in the sagittal plain that
divides the condyle mediolaterally, though it has been
suggested that to avoid terminological ambiguity the
term bifid condyle should only be used when describing
multiple condyles in the sagittal plain as that this feature
describes a true bifid condyle.” In some instances it is
unclear whether reported cases of BMC are a naturally
occurring variation of intercondylar fissure depth as
opposed to true BMC.****

Limitations

The assessment and inferences of this case of BMC
being related to trauma is based on the assumption that
the observed injuries to the left side of the skull and
zygomatic region were related to the injury to the
mandible. In the event that the observed BMC was unre-
lated to the trauma, this report still provides valuable
information including previously unreported observa-
tions on degenerative changes that may arise as a result
of unilateral BMC.



Morphological and degenerative changes in a suspected post-traumatic bifid mandibular condyle

Conclusion

This case demonstrates an instance of ‘true’ BMC with
evidence that potentially supports post-traumatic aetiol-
ogy, as well as highlighting a pattern of degenerative
change and alteration in masticatory muscle function
that may occur as a result of unilateral BMC. This
important finding provides some indication of the poten-
tial type and severity of joint dysfunction that could
occur if clinical intervention is not undertaken. Further
osteoarcheological and clinical studies are required to
provide further information about the causes and long-
term outcomes in this rare condition.
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