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The mandibular condyle is an integral structure in the
temporomandibular joint (TMJ) serving not only as the hinge
point for mandibular opening, but also facilitating mandibu-
lar growth and contributing to facial aesthetics. Significant
compromise of the TMJ can be debilitating functionally,
psychologically, and aesthetically.1–5 Condylar compromise
warranting reconstruction can occur following traumatic
injuries, infection, tumor resection, radiation necrosis, or
prior condylar surgery.2,3,6–13 Presentations of the afore-
mentioned may include unilateral or bilateral involvement
and, in either case, can cause significant malocclusion with
the potential for long-term arthralgia, trismus, and other
problems if not appropriately managed.

The more common presentations requiring complete
condylar resection are ankylosis and tumors. Ankylosis of
themandibular condyle is an unfortunately common pathol-
ogy most often following trauma or a significant, untreated,
chronic infection.2,3,10,14 Ankylosis results in bony or fibrous
adhesions of the condyle,14 yielding overall failure of the

condyle to promote growth in younger patients and possibly
resulting in disfigurement4 aswell as crippling joint function
overall. Mandibular tumors may involve the condyle and
surrounding soft tissue and include but are not limited to
squamous cell carcinoma, osteomas, chondrosarcoma, and
multiple myeloma.6 In this setting, surgical disarticulation
and resection of the condyle is often required.12 Resection of
a diseased or nonfunctioning condyle alone is only part of the
answer to a complicated disease process and is often fol-
lowed by a complex reconstruction in an effort to restore
vital function.

Reconstruction of the mandibular condyle is rarely
straightforward. Multiple considerations must be accounted
for when preparing for condylar reconstruction such as
ensuring eradication of all chronically diseased or infected
bone, proving clear oncologic margins following tumor re-
section, or achieving stability of the surrounding architec-
ture in the setting of a traumatic injury. Additionally, the
extent of bony resection required may dictate the
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Abstract The mandibular condyle is an integral structure in the temporomandibular joint (TMJ)
serving not only as the hinge point for mandibular opening, but also facilitating
mandibular growth and contributing to facial aesthetics. Significant compromise of the
TMJ can be debilitating functionally, psychologically, and aesthetically. Reconstruction
of the mandibular condyle is rarely straightforward. Multiple considerations must be
accounted for when preparing for condylar reconstruction such as ensuring eradication
of all chronically diseased or infected bone, proving clear oncologic margins following
tumor resection, or achieving stability of the surrounding architecture in the setting of
a traumatic injury. Today, there is not one single gold-standard reconstructive method
or material; ongoing investigation and innovation continue to improve and transform
condylar reconstruction. Herein, we review methods of condylar reconstruction
focusing on autologous and alloplastic materials, surgical techniques, and recent
technological advances.
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reconstructive technique employed, such as autologous
versus alloplastic modalities. Herein, we review methods
of condylar reconstruction focusing on autologous and allo-
plastic materials, surgical techniques, and recent technolog-
ical advances.

Historical Perspective

Compromise of the TMJ is a well-known historical dilemma.
Ankylosis and dislocation of the condyle are recognized as far
back as the 5th century during the time of Hippocrates.15

Ankylosis of the condyle has plagued patients and frustrated
physicians for centuries. Classically, the conventional treat-
ment for ankylosis included forceful stretching of the dis-
eased joint in an attempt to overcome the functional
deficit.16 Stretching, among other nonoperative approaches,
typically produced dismal outcomes, however, yet it per-
sisted as a primary treatment modality until 1854 when the
direct excision of an enlarged condyle was first de-
scribed.7,15,16 Thereafter, more aggressive operative man-
agement of condylar compromise and investigations into
more elaborate reconstructive ideas were undertaken.

Condylar excision was found to provide some relief from
the pain of ankylosis; however, it created its own new issue
of how to manage the defect. Use of autogenous fat to fill the
condylar void was first described in 1914.15 Early alloplastic
materials were also tried and included gold, magnesium, and
tantalum foil.7,17 Interest in autologousmeasures continued,
the use of a costochondral graft was performed and de-
scribed by Gillies in 1920.18 In 1934, Risdon described
resection of a segment of ramus, leaving the diseased con-
dyle behind, and interposing pterygoid muscle to the mas-
seter within the created void.7 In the 1950s, custom bent
plates were introduced to recreate a pivot point in the TMJ
with restoration of mandibular movement and some func-
tional improvement.19

Prosthetic condylar implants were introduced in the early
1960s made of stainless steel, polysiloxane, or prefabricated
and shaped vitallium.8,19 Following, the 1970s saw the
development of TMJ disc replacement techniques, first
with alloplastic materials and later with autogenous materi-
als.15 The titanium implant, introduced in the early 1990s,
showed greater durability, nonreactivity, and enhanced
osseointegration compared with alloplastic materials.17 To-
day, there is not one single gold-standard reconstructive
method or material; ongoing investigation and innovation
continue to improve and transform condylar reconstruction.

Autologous Techniques

Mandible Manipulation
Central goals for mandibular condylar reconstruction in-
clude restoration of function, improvement in facial aes-
thetics, and construct longevity, all of which can be
accomplished with autologous materials. Autologous-based
options are many, ranging from minimally to maximally
invasive. However, the specific tissue modality employed is
often dictated by multiple important factors. Such factors

include overall patient health status and associated comor-
bidities, mechanism of condylar complication, confirmed
clear margins post tumor resection, presence of radiation-
induced injury, local recipient vessel options, and viability of
potential donor-site vessel and tissue quality. Autologous-
based reconstructive condyle modalities encompass local
options such as sliding osteotomy or distraction osteogene-
sis, application of nonvascularized bone grafts, and free
tissue-based microvascular reconstruction.

Sliding Osteotomy
The vertical ramus osteotomy is a local option for neocondyle
creation. This technique has been described as partial-sliding
or complete-sliding (vertical–oblique) osteotomy, pending
how the osteotomy is performed.11,14 In partial sliding, the
vertical limb of the osteotomy extends approximately 1 cm
above the mandible angle and is then directed posteriorly in
a reverse L-shape. For complete sliding, the osteotomy is
performed directly through the mandible angle.14 Following
completion of the osteotomy, the segment of bone is ad-
vanced proximally into the glenoid fossa and secured via
plate fixation in a single-stage setting. For partial sliding, the
remaining gap secondary to the reverse L-shape advance-
ment is filled via excision and implantation of the ipsilateral
coronoid as a nonvascularized bone graft.14

Multiple advantages associated with sliding osteotomy
are reported including the absence of a donor site and
associated donor-site morbidity.11,14 Additionally, mainte-
nance of intact periosteum and medial pterygoid attach-
ments significantly decreases the risk of bony resorption.14

Utilizing native mandibular bone can also yield appropriate
bone size and shape with near-identical histological charac-
teristics as the pre-existing condyle.11,14

Distraction Osteogenesis
Distraction osteogenesis is a unique approach to condylar
reconstruction that results in the creation of a neocon-
dyle3,20 based on the concept and principles originally
described by Ilizarov.21 The gradual advancement of a bony
segment lends to the development of bone regeneration
within the advancement gap, warranting no donor-site
bone grafting.20,22 The approach requires establishing a
reverse L-shape osteotomy at the remaining ramus status
post condyle resection, ensuring to maintain intact perios-
teum over the mobilized segment and any remaining at-
tached muscles on the medial surface for purposes of
maintaining blood flow.3,22 A critical component of this
technique to ensure a successful outcome is vector. Orienta-
tion of the vectormust be in the direction of the glenoid fossa
and monitored accordingly throughout the distraction pro-
cess.3,20,22 Following a recommended 5-day delay postos-
teotomy, the bony segment is then advanced a total of 1mm
per day until the advancing segment makes contact within
the glenoid fossa.3,20 Distraction performed at a rate greater
than 1mm per day may risk development of ischemia,
whereas distracting too slowly may yield premature ossifi-
cation.20 The contacting segment is then held in place at the
glenoid fossa for a 5- to 8-week “consolidation” period.3,20
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Histologic studies have shown that mature bone develop-
ment within the distraction gap is essentially indistinguish-
able from the surrounding bone in as little as 24 weeks
postdistraction.20

This reconstructive technique offers many benefits not
commonly found in classically described techniques. This
includes the absence of a donor site and associated morbidi-
ty, which alone may be quite valuable in patient interest or
the decision-making process. Intermaxillary fixation is not
required, therefore, the range of motion of themandiblemay
begin immediately after surgery.20 A unique finding in both
human and animal studies noted the formation of a cartilag-
inous capsule or pseudo-disk on the head of the advanced
segment of bone within the glenoid fossa following comple-
tion of distraction.20 This finding is thought to be secondary
to undifferentiated cells within the marrow of the advancing
segment.22 Animal studies have also shown reconstructed
condyles byway of distraction osteogenesis display potential
of ongoing growth, hence, an important factor for consider-
ation in children warranting corrective condylar surgery20;
however, additional studies are required to further delineate
and prove stated growth potential.

Nonvascularized Grafts

Coronoid Graft
The use of the ipsilateral coronoid as an autograft for
condylar reconstruction is a well-known and described
technique.4,10,23–25 In the setting of ankylosis, prior studies
have reported thickening or elongation of the ipsilateral
coronoid as compared with the contralateral or unaffected
coronoid4,23,25 lending sufficient donor tissue for purposes
of reconstruction. The coronoid can be harvested and imple-
mented as a free graft. Coronoidectomy is performed by
osteotomyat the level of the sigmoid notch.25 Following bony
release, the temporalismuscle inserting on themedial aspect
of the coronoid is then detached for completemobilization.25

The graft is then subjected to further trimming and/or
shaping as necessary for appropriate fitting into the glenoid
fossa with miniplate fixation to the remaining ramus. Lining
of the glenoid fossa is recommended, and can be done byway
of a pedicled temporalis myofascial flap, transfixed with
permanent suture.25

Additionally, the coronoid may be harvested and inset
into the glenoid fossa as a pedicled graft. As with the free
graft, the coronoid is harvested by way of osteotomy at the
level of the sigmoid notch and care is taken to minimally
manipulate the attached temporalis muscle.25 The glenoid
fossa is then lined with a myofascial temporalis pedicle flap
with pedicle graft inset and plate fixation to the remaining
ramus.25 Compared with the coronoid free graft, the coro-
noid pedicle graft does carry a lower risk of bony
resorption secondary to maintaining the temporalis muscle
attachment and preserved blood supply.25

Employing the coronoid as a graft option offers multiple
benefits. Resection of the diseased condyle and harvest of the
coronoid can be performed through a single incision and
exposure site, avoidance of a separate donor site as well as

corresponding donor-site morbidity.4,23,25 Comparatively,
the coronoid graft displays greater strength than the costo-
chondral graft granting the use of rigid fixation intraoper-
atively, allowing immediate TMJ range of motion
postoperatively.4 On average, complete revascularization of
the coronoid graft as a neocondyle may take up to
8 months.25

Costochondral
The use of the costochondral graft for condylar reconstruc-
tion was first described by Gillies,18 and is a commonly
employed technique in the current literature.18,26–29 This
approach offers variability with inset as either nonvascular-
ized or vascularized graft,28 and variation in techniques
including open, endoscopic-assisted,18 or in conjunction
with additional bone grafts. Costochondral graft reconstruc-
tion has been reported in both adult and pediatric popula-
tions.26,27,29 Multiple benefits for using the costochondral
cartilage for reconstruction have been reported, including
the size and dimensions of the graft27 as well as histologic
and anatomic similarities to the native TMJ.27,28 The costo-
chondral graft demonstrates continued growth potential,
ideal for continued growth in conjunction with the contra-
lateral unaffected TMJ in the pediatric population.27–29

►Fig. 1 shows an example mandible restoration with a
fibular free flap in which a costochondral graft was used
for condyle reconstruction.

Like many autogenous materials, resorption of the graft is
a possibility.27,30 Uniquely and less commonly, excessive
growth of the costochondral graft is also reported26,27,29,30

and can become problematic when excessive. Two types of
overgrowth are reported; lateral and linear, with the former
reported as the most common type.26 Excessive overgrowth
can lend to both functional and aesthetic complications
warranting operative intervention where the extent of
growth and functional impact dictate the level of invasive
intervention.26

Vascularized Tissue Transfer
Microvascular flap reconstruction can be a challenging pro-
cedure. Oncologic resection most often results in significant
defects including deficit of bone, surrounding muscle, and
soft tissue, and overlying skin.31 In these circumstances, free-
tissue reconstruction may be the only realistic or viable
reconstructive option. Many tumor presentations require
treatment algorithms that include chemotherapy or radia-
tion. Postradiation-induced changes can further challenge
and significantly increase reconstructive complexity. Com-
monly, patientsmay requiremultiple rounds of radiotherapy
pending disease severity or regional recurrence.31 Despite
tumor eradication, the effect of radiation is long-lasting and
may be complicated by osteoradionecrosis, exposure, or
pathologic fracture. Postradiation, local vessels may not be
suitable for microvascular reconstruction and warrant an
arteriovenous loop to provide stable, durable, nonradiated
vasculaturewithin the radiatedfield for purposes of free-flap
reconstruction.31 Vascularized free-tissue flaps offer unique
advantages not found in nonvascularized tissue modalities,

Facial Plastic Surgery Vol. 37 No. 6/2021 © 2021. Thieme. All rights reserved.

Reconstruction of the Mandibular Condyle Anderson et al.730

D
ow

nl
oa

de
d 

by
: B

ay
lo

r 
S

co
tt 

&
 W

hi
te

 H
ea

lth
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.



including resistance to infection and an enhanced ability to
survive in a radiated field.5 Microvascular flap reconstruc-
tion is an ideal option for management of large or small
defects involving loss of multiple tissue types, fostering
opportunity for flap versatility, reliability, and reconstruc-
tive creativity.

Free Fibula
The free fibula, first described by Hidalgo in 1989,32 is a
robust and reliable flap option and the current gold standard
method for mandibular reconstruction. Established benefits
include bone size, pedicle length, the option of including an
overlying skin island, and limited donor-site morbidity. The
vascular anatomy of the fibula flap is consistent and reli-
able.33 These factors render the flap an ideal option for
general mandible reconstruction1,6,13,34,35 (►Figs. 2

and 3). Specific to the condyle, advantages of using the fibula
are the anatomical tubular shape of bone, feasibility of bone

contouring, and its overall versatility of fitting into the
glenoid fossa with direction of vascular pedicle.5,6,13

Important factors dictating the success of fibula-based
reconstruction include bony contouring, appropriate flap
inset, and maintenance of intra-articular position of the
neocondyle.5,6 By nature of the anatomy, the distal end of
the fibula is inset at the glenoid fossa to direct the harvested
pedicle caudally to the selected recipient vessel to facilitate
anastomosis without kinking or other gross vessel compro-
mise.6,13 Contouring of the fibula is recommended, but exact
duplication of shape is not mandatory nor shown to com-
promise outcomes.6 Spatial relation of the neocondyle to the
native mandible is critical in obtaining a successful function-
al outcome.5,6 Several techniques have been described and
are currently employed for setting and maintaining neo-
condyle positioning. Direct condylar suspension to the zygo-
matic arch, suturing of the masseter to the reconstruction
plate, or interposition of the pterygoid muscle to the

Fig. 1 Pediatric patient with a neuroblastoma of the left angle and ramus of the mandible. (A) Preoperative imaging of the lesion. (B) Patient
model of preoperative lesion for intraoperative use to guide excision and plate bending. (C) Excised neuroblastoma and mandible. (D) Fibular
free flap reconstruction with a contoured plate and costochondral free graft for condylar reconstruction. (E) Postoperative restoration of jaw
opening. (F) Postoperative plate position on panorex.

Fig. 2 Fibular free flap reconstruction of a jaw and condyle. (A) Resected tumor of the jaw necessitation coronoid and condyle excision. (B)
Patient-specific precontoured plate and fibula free flap reconstruction of the mandible. In this case, the fibular bone was suspended in the glenoid
fossa to remodel over time and remake the condylar head.
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masseter as previously described by Risdon7 may be
employed.6 Reported outcomes following free-fibula recon-
struction are quite successful in re-establishing height, range
of mouth opening, mastication, speech, and aesthetics.5,6,13

Free Scapula
An alternative vascularized autologous bone graft source is the
scapula, which is indicated for transfer whenever patients
cannot undergo fibular flap transfer because of poor vessel
runoff to the foot, previous lower leg surgery or injury, or if a
largesoft-tissuebulk isneededwiththeflap.Thescapular tipcan
be harvested with the latissimus or overlying parascapular
musculature and skin and transferred for mandibular recon-
struction.36 Advantageously, the rounded shape of the scapular
tip is particularly suited for condyle reconstruction, and theflap
can be harvested with a very long pedicle which can ease
microvascular anastomosis.37 The donor site is often amenable
to primary closure and does not require skin grafting or long-
term wound care. Further, the flap can be harvested with a
significant soft tissuebulk, especiallywhen soft tissues from the
latissimus, parascapular regions, and serratus are takenwith the
bone, and harvested with two separate skin paddles facilitating
intraoral, bony, andextraoral reconstructionwitha singleflap.38

Scapular free tissue transfer is not without disadvantages,
however. The harvest can require a prone position in some
cases, meaning the patient has to be flipped intraoperatively
while theflap is ischemic. Further, thescapulamaynotprovide
as much bony length as a fibular flap; commonly 6to 8 cm of
bone canbeharvested, though some reportshavedescribedup
to 14cm of scapular bony length.12,39 Donor-site morbidity
can lead to chronic restrictions in shoulder mobility and
function, though generally donor-site morbidity is very low.
In fact, one study found the scapular flap to have the lowest
donor-site morbidity among different reconstructive flaps.40

Alloplastic Reconstruction

Many alloplastic alternatives to autogenous grafting have
evolved over the past several years. The autologous grafts

described above can incur less reconstructive cost and carry
essentially zero risk for graft rejection, but they do have
donor-site morbidity. Further, autologous grafts can have
high failure rates and are susceptible to recurrent ankylo-
sis.41 Alloplastic options, by contrast, are susceptible to graft
rejection, infection, and extrusion but contribute no donor-
site morbidity. Further, they can save operating room time
spent on harvesting an autologous graft, though, typically
not so much time as to make up for their significant cost.
Total TMJ replacement with a synthetic joint prosthesis is
among the most common types of alloplastic options for
condylar reconstruction2 (►Fig. 3) and has been shown to
allow an earlier functional return, less postoperative pain,
and earlier participation on postoperative physiotherapy.42

The prosthesis can be tailored in size and length to a patient’s
particular anatomy and does not require further healing or
remodeling within the glenoid fossa.

More recently, combined alloplastic–autologous recon-
structive options have been developed. Howlader et al, for
example, performed successful condylar reconstruction
using an alloplastic hydroxylapatite–collagen scaffold
injected with autologous bone marrow.2 They noted their
method was safe and particularly suited to individuals who
were still growing. Further, their method was cost-effective
compared with traditional alloplastic options.

Computer-Based Imaging and Technological
Advances

Regardless of whether an autologous or alloplastic recon-
structionwill be performed,modern imaging techniques and
the development of patient-specific guides and implants can
significantly improve preoperative planning, intraoperative
execution, and overall reconstructive accuracy and out-
comes. To start, mirror-imaging software can guide recon-
struction of a condyle that is already missing due to trauma,
destruction by a malignant or benign mass, or infectious
necrosis, by allowing recreation of a condyle that matches
the dimensions of the normal side.43 Three-dimensional
(3D) reconstructions of the bone that is present can help
surgeons better understand the anatomy needing recon-
struction and can facilitate highly accurate graft design.
Further, 3D patient models can be created for intraoperative
use (►Fig. 1). Cutting guides can be created for the mandible
to allow precise excision that is both efficient and safe,
avoiding injury to surrounding structures such as the inferior
alveolar nerve.43 In the case of osteocutaneous free tissue
transfer, cutting guides can be created for the donor site as
well with preformed patient-specific plates (►Figs. 2 and 4),
leading to a precise initial bony match at inset. Similarly, if a
condylar prosthesis is placed, the needed height of the
prosthesis can be accurately predicted and incorporated
into the rest of the reconstruction. Advanced imaging, pa-
tient-specific cutting guides, and patient-specific implants,
plates, and prostheses can be expensive, however, some-
times prohibitively so. High-volume centers can purchase
their own 3D printers, however, to significantly reduce costs.
Overall, these technological advances, while expensive, can

Fig. 3 Mandibular reconstruction plate with an alloplastic condylar
head prosthesis attached; the prosthesis is secured to the recon-
struction plate at a height appropriate for each individual patient.
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lead to predictable and precise functional and aesthetic
results, often justifying their use.43

Conclusion

Reconstruction of the mandibular condyle can be a complex
and challenging procedure. Multiple options for reconstruc-
tion are available, yet no single modality exists as the gold-
standard of care. A broad knowledge base and skill is
warranted to ensure safe, timely, and effective management
leading to a successful reconstruction.
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