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Osteochondroma (OC) is also known as osteo-
cartilaginous exostosis. It arises from the bone 
cortex as an exophytic lesion with a hyaline car-

tilaginous cap. It is one of the most common be-
nign tumors of the axial skeleton. It accounts for 
approximately one-third of benign bony lesions. 
OC may arise in any bone that develops from endo-
chondral ossification and it is rare in maxillofacial 
region as most of the craniofacial skeleton develops 
from intramembranous ossification. Embryonic 
development of temporomandibular joint by en-
dochondral ossification predisposes the coronoid 
and condylar process. The other reported sites are 
mandibular symphysis, body of mandible, in the 
soft tissues at the angle of the mandible, maxillary 
sinus and posterior maxilla. OC is usually seen in 
younger individuals with male predominance. OC 
may present in a solitary fashion or as multiple OCs 
seen in autosomal dominant syndrome known as 
osteochondromatosis.1

REPORT OF A CASE:

A 32 year old female presented to the senior au-
thor with a 3 year history of progressively wors-
ening malocclusion and associated left TMJ 
pain and limited interincisal opening. She com-
plained of severe pain being 8/10 on the visual 
analogue scale. Her medical history was otherwise  
noncontributory.

The clinical examination confirmed facial asym-
metry and left TMJ pain with palpation. She had 
a class III malocclusion with severe open bite and 
asymmetry and deviation of the mandible to the 
right. Her interincisal opening was moderately lim-
ited to 32 mm with deviation to the left. (Figs. 1-4)

Radiographic investigation included panoramic 
films and CT (Figs. 5,6). These showed a large exo-
phytic growth associated with the left mandibular 
condyle. The mass was lobulated and extended into 
the infratemporal fossa, causing compression defor-
mity of the posterior wall of the maxillary sinus. It 
was benign looking. The radiographic appearance 
was in keeping with an actively growing osteochon-
droma of the left TMJ. The medial extent of the 
lesion suggested potentially dangerous proximity 
to the large arteries of the base of skull and medial 
mandibular space (internal maxillary artery, middle 
meningeal artery, accessory meningeal artery).

The patient was advised to have the tumour re-
moved. Simultaneous correction of the malocclu-
sion (orthognathic surgery) would be achieved with 
a contralateral sagittal split osteotomy of the man-
dible. The left condyle would be reconstructed with 
a custom alloplastic total joint prosthesis designed 
to fit the new occlusion. The prosthesis is virtu-
ally designed and manufactured with CAD-CAM 
technology. The occlusal alignment splint is virtu-
ally designed and manufactured with 3D printing.
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1. Preoperative frontal facial view.   2. Preoperative maximal interincisal opening.  3. Preoperative malocclusion.  
4. Lateral view of preoperative malocclusion.  5. CT of left condyle.  6. CT of condyle with sinus wall and base of skull compression.

The surgical plan also called for 
a left zygomatic arch osteotomy to 
provide access to the infratempo-
ral fossa for delivery of the large 
tumour and control of potentially 
severe associated bleeding. A por-
tion of the affected arch would be 
incorporated into the custom gle-
noid fossa prosthesis.

Orthodontic treatment was 
recommended to coordinate the 
dentition to optimize the occlusal 
correction.

Collaboration with Otolar-
yngology – Head and Neck 
Oncology Surgery was recom-
mended to isolate and pro-
tect the facial nerve. Their 
experience with base of skull 
surgery and oncologic neck  
surgery would provide optimal 
team capability should a severe 
bleed occur during surgery. This 
would include pre-emptive expo-
sure of the external carotid artery 

should ligation become necessary in the 
event of a severe bleed intraoperatively.

Collaboration with Interventional Neu-
roradiology was recommended to acquire 
CT angiography to assess the proximity of 
the arteries near the tumour and to per-
form arterial embolization, blocking the 
vessels immediately prior to surgery. This 
is done by feeding a cannula up through 
the femoral artery to the carotid artery 
system and then into the internal maxil-
lary arterial system. Coils and gelfoam 
plugs are then inserted through the can-
nula, blocking these vessels.

The patient was prepared orthodon-
tically. She then had a high-resolution 
medical grade 3D CT scan. The data was 
uploaded to 3D Systems (Denver Colo-
rado). A web meeting was carried out with 
the primary surgeon (DJP), biomedical 
engineers and engineers from Zimmer 
Biomet (manufacturer of the prostheses). 
The prosthesis was thus designed and ap-
proved for manufacture. The patient was 
also tested for chromium, cobalt, titanium 
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Presurgical orthodontic braces.

Head and Neck Oncology Surgery Consultation

Interventional Neuroradiology Consultation

 Preoperative Virtual Treatment Planning and 

prosthesis design and manufacture.

 Presurgical Interventional neuroradiology en-

dovascular embolization of the internal maxil-

lary arterial system.

Definitive Surgery;

 • Left zygomatic arch resection

 •  Left condylectomy and tumour resection

 •  Right sagittal ramus osteotomy of the 

mandible

 •  Alignment of the occlusion

 •  Total TMJ Reconstruction of the left TMJ 

and zygomatic arch with a custom allo-

plastic prosthesis,

Post operative finishing orthodontics

The various consultations were arranged.

TREATMENT PLAN 
SUMMARY:
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8. Left Internal Maxillary Artery during angiography.  9. Left internal maxillary artery post  

embolization with endovascular coil.  10. Facial Nerve Monitor. 11. Facial Nerve Monitor leads in place.   

12. Branches of facial nerve exposed and protected.   13. Left zygomatic arch exposed.  

Facial nerve retracted.  14. Preoperative 3D CT scan.  15.  Virtual surgical plan of resection in red and  

right sagittal osteotomy.  16. Virtual design of left hybrid TMJ prosthesis including zygomatic arch  

reconstruction.  17. Zygomatic arch and condyle resected  Tumour exposed.  18. Tumour and condylar 

stump removed.  20. Left Hybrid TMJ Prosthesis installed.  21. Close up of hybrid TMJ prosthesis.  
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and polyethylene allergies to rule out 
metal allergies. (Figs. 14, 15, 16)

One week prior to surgery the patient 
underwent CT angiography and endovas-
cular arterial embolization of the left in-
ternal maxillary arterial system. (Figs 8,9)

SURGICAL PROCEDURE  
(Figs 10-13, 17, 18, 20 & 21)
The surgery was carried out under na-
soendotracheal intubation and general  
anesthesia. The blood pressure was inten-
tionally lowered to minimize bleeding. 
The left TMJ and mandible was exposed 
via a hemi-coronal incision combined 
with a retro-submandibular incision. 
The facial nerve was exposed to localize 
and protect it. Continuous Facial Nerve 
monitoring with intermittent stimulation 
was used to identify the various branches. 
The zygomatic arch was resected. The 
condyle and tumor were removed. No 
untoward bleeding occurred. The wound 
was temporarily closed. Attention was 
directed intra-orally and a right sagittal 
split osteotomy was performed. The oc-
clusion was corrected with the aid of a 
custom splint. The right ramus was then 
stabilized with 3 osteosynthesis screws. 
The intraoral wound was closed.

Attention was returned to the left side. 
The custom hybrid glenoid fossa-zygoma 
prosthesis and condylar prosthesis were 
installed with accurate fit. The wounds 
were closed. Bleeding was minimal. No 
severe bleeding occurred. Transfusion 
was not necessary.

The mandible was manipulated while 
still under anesthesia. There was good 
range of motion and stable occlusal 
alignment. The patient was taken to the 
intensive care unit where she was kept 
intubated and ventilated for the first 
postoperative night. This was done to 
protect the airway in case of severe swell-
ing. Post- operative care included intra-
venous antibiotics and steroids.

The patient was extubated the first 
postoperative day. She had initial weak-
ness of the left frontal branch of the fa-
cial nerve. This was managed with tear 
gel and eyelid taping. She also had partial 
numbness of the right lower lip and chin. 

The Facial Nerve and Inferior Alveolar 
Nerve were both seen to be visually intact 
at surgery. It was therefore thought this 
was a neuropraxia which would resolve 
on its own with time. An oculoplastic 
surgeon was consulted. He agreed with 
waiting and watching while keeping the 
eye lubricated. (indeed this proved to be 
the case with near return of normal func-
tion of the facial nerve and normal feeling 
to the right lower lip after 6 months).

The patient was discharged on the fifth 
postoperative day in stable condition.

Postoperative histology confirmed the 
diagnosis of osteochondroma of the left 
mandibular condyle.

She was followed in the primary sur-
geon’s office on a regular basis. Bilat-
eral orthodontic elastics were used for 3 
months. Range of motion exercises were 
prescribed. The patient was prescribed 
a Therabyte jaw exerciser. Within 3 
months she was completely pain free.

The most recent follow up was at 18 
months post operatively. She has a stable 
occlusion with a pain free interincisal 
opening of 45 mm. (Figs 22-29)

DISCUSSION AND LITERATURE REVIEW

Although rare, altered growth patterns of 
the mandible may occur in all of its regions 
including the condyle, ramus, and coronoid 
process. Unilateral growth of the mandible 
can result in significant asymmetry, maloc-
clusion and may or may not be accompa-
nied by pain.1 Osteochondromas represent 
35% to 50% of all bone tumors, making it 
the most common benign tumor of bone. 
Osteochondromas in the oral and maxillo-
facial region comprises approximately 1% of 
all osteochondromas.2 This benign tumor 
may occur on any bone that forms via en-
dochondral ossification and can be found 
in all bones of the maxillofacial skeleton.3,4 
Within the craniofacial complex, the most 
frequent location of osteochondroma 
growth is located on the coronoid process 
or the condyle.4

The clinical presentation of patients 
with underlying osteochondromas can 
vary from patient to patient. Clinical 
signs may include progressive mandibular 
asymmetry, trismus, dysphonia, as well as 

the presence of a malocclusion.5 The di-
agnosis of osteochondromas of the cranio-
facial complex is best completed through 
clinical examination, radiographic imag-
ing and correlation to histological fea-
tures.6 Radiographic imaging may include 
plain films (panoramic), bone scintigra-
phy, computed tomography (CT), as well 
as magnetic- resonance imaging (MRI).7 
Osteochondromas on panoramic exami-
nations appear radiopaque, with the cor-
tex and medullary cavity merging with the 
underlying bone.8

The pathophysiology of osteochondro-
mas remains controversial in the literature 
as the debate exists whether these lesions 
are true tumors or alterations in develop-
ment.9 Historically, the belief was that os-
teochondromas formed from the remaining 
components of the cartilaginous primordial 
cranium.10 It was proposed that the tumor 
resulted from defects in the periosteal cuff 
and herniation of the epiphyseal plate car-
tilage during TMJ development.2 In 1999 
however, Porter et al., described genetic 
basis of the neoplastic pathogenesis in os-
teochondromas.11 Identifications of dele-
tions of q24 from chromosomes 8 and p 
11-13 from chromosome 11 from cytogenic 
analysis have been found to be present in 
patients with solitary and multiple heredi-
tary osteochondromas.4 These loci have 
been described as EXT1 (8q24) and EXT2 
(11P11) respectively. The solitary type is 
believed to develop after two successive mu-
tations to the EXT gene stimulating neo-
plastic growth. Although rare, it is believed 
that the progression of osteochondromas to 
cancerous chondrosarcomas may be the re-
sult of additional mutations to these genes. 
The causation behind the genetic changes 
is believed to be radiation induced.5

Histologically, an osteochondroma 
will consist of trabecular bone with a 
rim of cartilage.8 Chondrocytes should 
appear in an organized fashion within 
columns of cartilage which are convert-
ing to bone.8 Outside of the cartilage 
columns, chondrocytes may be arranged 
in a less organized fashion.8 Adipose 
tissue and normal hematopoietic ele-
ments may be present between the bony 
trabeculae. The chondrocytes typically 
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exhibit normal characteristics, although 
nuclear atypia may be observed.8 Soli-
tary osteochondromas, are cited to have 
an approximately a 1% risk of malignant 
transformation.2

Treatment options for a condylar osteo-
chondroma include both conservative and 
surgical considerations. The decision as 
to which approach to take is heavily reli-

ant on the dynamic growth of the osteo-
chondroma. Some osteochondromas have 
shown that they may stabilize with time, 
and in these cases conservative therapy 
may include non-treatment or surgery to 
correct cosmetic and masticatory dys-
function.1 In these cases, interval growth 
can be assessed with serial imaging for 
growth changes, or through scintigraphy 

to identify active growth of the bone in 
the region.12 If active growth is identified 
clinically (progressive open bite) and/or ra-
diographically, surgical therapy maybe rec-
ommended for more favorable outcomes. 
Surgical considerations would include the 
necessity for ablation of the existing tu-
mor, as well as correction of the malocclu-
sion. This treatment often will include a 
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22. Postoperative lateral cephalometric radiograph.  23. Postoperative PA cephalometric radiograph.  24. Postoperative frontal view.

25. Postoperative maximal interincisal opening.  26. Lateral view 18 months postop.  27. Post treatment occlusion.  28. Post treatment occlusion.  

29. Post treatment occlusion.
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In the case of surgical management of os-
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a bone margin to minimize tumor recur-
rence. The spectrum of surgical treatment 
as such in literature includes subtotal con-
dylectomy as well as total condylectomy 
for tumor ablation.13 As the primary goal 
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Wolford has described that incomplete re-
moval during the condylectomy procedure 
may result in tumor recurrence.14 Peroz 
and colleagues have extensively reviewed 
the literature on comparing conservative  
osteochondroma excision only vs. condy-
lectomy for tumor removal. In a review of 
34 cases, 26/26 cases treated with condy-
lectomy remained recurrence free while 
2/9 cases treated with tumor excision only 
demonstrated recurrence.15 Total condy-
lectomy as such would provide improved 
surgical margins, and Kim et al., demon-
strated in their 18 year follow up study of 
27 joints, the absence of any recurrences 
when osteochondromas were treated with 
condylectomy.16 Patients in this study 
were followed with bone scans and clinical 
evaluation. These findings are consistent 
with other published literature with recur-
rence rates reported to be less than 2% post 
condylectomy.4, 17

Most often management of osteochon-
dromas includes condylectomy as well as 
immediate reconstruction. Conservative 
reconstruction has been described in litera-
ture to include lesion excision with man-
dibular condyle reshaping 4, 17 and high 
condylectomy with condylar head reshap-
ing.14 In these cases, concurrent disc plica-

tion was often performed. The advantage 
of these procedures is the maintenance 
of the native mandible and bone contact 
with the articular disc.4, 14, 17 Long term 
outcomes in these cases however may still 
need to be evaluated given the reported risk 
of recurrence with conservative treatment 
and the described risk of malignant trans-
formation of osteochondromas.15, 18

Reconstruction options for cases treated 
with total condylectomy include ramus 
osteotomies and reshaping,19 replacement 
with non-vascularized grafts (costochon-
dral, iliac crest, metatarsal, coronoid pro-
cess), vascularized grafts (fibula), as well as 
alloplastic replacement total joint replace-
ment.20 The costochondral graft was first 
described in 1920 by Gillies and has been a 
staple of temporomandibular joint replace-
ment in facial reconstruction. This grafting 
procedure has traditionally been favorable 
due to its low morbidity, biological compat-
ibility and more importantly the ability of 
the graft to undergo functional adaption. 
The functional adaptability of costochon-
dral grafts is one of the primary reasons this 
graft is utilized in the pediatric population to  
facilitate continued growth.21

Temporomandibular joint reconstruc-
tion with the use of alloplastic materials 
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vest tissue from a distant donor site. The 
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SUMMARY

This paper presents a case of a patient with 
a large osteochondroma of the mandibular 
condyle. The patient had a successful out-
come with a collaborative multidisciplinary 
approach. This included orthodontics, in-
terventional neuroradiology, otolaryngol-
ogy-head and neck oncology surgery and 
oral and maxillofacial surgery. A patient 
fitted custom TMJ prosthesis was made 
using digital work flow design and CAD-
CAM technolgy. There is ever increasing 
evidence to support the use of alloplastic 
devices for total TMJ replacemeent as the 
procedure of choice in adult patients.  

Oral Health welcomes this original article.
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