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Preface

Surgical knowledge depends on long practice,
not from speculation.
Marcello Malpighi, 1689

Surgical management of the temporo-
mandibular joint has been one of the
most vexing and controversial disci-
plines within oral and maxillofacial
surgery. In 1999, we felt that there had
been substantial evidence-based initia-
tives in therapeutic surgical interven-
tions for advanced temporomandibular
joint disorders sufficient enough to
warrant a surgical atlas. We believe
that the incredible advances over the
last 15 years in surgical management,
and decision-making, clearly justify an
updated edition of this atlas. Both edi-
tions presume that a comprehensive,

nonsurgical intervention has been
explored prior to consideration of any
open surgical approach. We wanted
to produce a concise “how-to” sur-
gical guide for both the novice and
experienced surgeon. Intra-articular
and extra-articular open procedures, for
the correction of diseases involving the
temporomandibular joint, which have
been shown to be safe and efficacious
are reviewed in detail. We believe that
only through clinical trials, and well-
designed translational research, will
we continue to further our under-
standing of the complexities of this
unique articulation. It is our sincere
hope that the second edition of this
surgical atlas will contribute to this
most important scientific endeavor.
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CHAPTER 1

Surgical decision making for
temporomandibular joint surgery

Correct diagnosis and surgical planning is
the key to successful surgical outcomes.
Many controversies exist in the manage-
ment, indications for surgery, and the
correct surgical procedure in temporo-
mandibular joint disease. As a number of
interventions and management schemes
are currently accepted in the literature,
these controversies only serve to complicate
decision making in temporomandibular
joint surgery for internal derangement,
trauma, and management of benign and
malignant disorders. Several excellent
comprehensive textbooks on temporo-
mandibular joint disorders explore the
basis for these controversies and provide
a historical and scientific overview of this
problematic area of maxillofacial surgery.

The intent of this text is simply to illus-
trate the technical aspects of the various
surgical procedures on the temporoman-
dibular joint. No attempt was made to
champion a single approach to temporo-
mandibular joint surgery. Ultimately, only
well-designed clinical studies can prove, or
disprove, the safety and efficacy of the
individual procedures. It is our hope that
scientific evidence will one day provide the
sine qua non that will dictate the proper role

for all the potential surgical modalities,
including arthroscopy, meniscal repair, and
the use of both autogenous and alloplastic
materials in joint reconstruction, and even-
tually, the use of tissue engineering in the
management of temporomandibular joint
reconstruction. Although serious mistakes
have been made in the management of the
temporomandibular joint, surgeons cannot
allow the failures of the past to obscure the
needs of the future.

This text is based on the assumption
that primarily extra-articular conditions are
most amenable to nonsurgical care. Patients
with true internal derangements may
benefit from nonsurgical care, and all these
modalities should be exhausted before pro-
ceeding with any surgical option. The fol-
lowing algorithms are useful as guidelines
but must always be modified according to
the needs of the individual patient. These
algorithms list only current acceptable sur-
gical techniques for various conditions and
make no attempt to advocate one surgical
procedure over another one. Because sev-
eral excellent comprehensive texts dealing
with arthroscopic techniques are available,
this book deals only with open-joint sur-
gical procedures.

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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Internal derangement

Surgical options

Disk
removal
(open)

Disk
repositioning
(open)

Minimally
invasive

Arthrocentesis Disk plication Discectomy
I (with or without (without replacement)
recontouring)

Arthroscopy
(lysis and lavage) | |
I
Eminoplasty Discectomy
Arthroscopy in conjunction (with replacement)
1. Disc release with disk dermis, fascia,
2. Disc repositioning repositioning muscle flap,

platelet rich plasma

Internal derangement
(advanced degenerative disease)

Surgical options
(Wilkes I11-V)

Joint
regeneration

Joint
replacement

Arthroplasty

Autogenous: Distraction Conservative
1.Costochondral osteogenesis removal oflostegphytes
2.Fibula and fibrosis
3.Sternoclavicular

| Interpositional:
Alloplastic slFat ) .
(stock or custom) o Temporalis fascia
e Temporary silicone
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Surgical decision making for temporomandibular joint surgery 3

Ankylosis

Fibrous
“false”

Avrthroplasty with
meniscal salvage Arthroplasty with:
1.Interpositional graft
(fascia, fat, dermis)
2.Temporalis muscle flap

Arthroplasty with
meniscectomy

Gap arthroplasty
(2.5-3.0cm minimal
osteotomy with):
1.Autogenous graft

2. Alloplastic prosthesis
(stock or custom)

Condylar fractures

Closed reduction Open reduction

1.Marked displacement of
condyle out of glenoid fossa

2.Bilateral condylar fractures
with apertognathia

3.Displaced condylar fractures
with concomitant midface
fractures

4.Continued pain, malocclusion,
or obstructed opening
following closed reduction
(10-14 days)

5.Medical conditions
precluding intermaxillary
fixation

1.Intracapsular

2.Minimal displacement

3."Greenstick” in
children




Arthoscopic
procedures
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Joint aspiration

Arthrocentesis

Arthroscopy

Incision and drainage

Labs

{complete blood count, culture, cytology)

“Scarring procedures”

Muscle
procedures

Eminoplasty

Lateral pterygoid
myotomy

Lateral pterygoid
myotomy

Botox

Arthroplasty

Anatomic obstruction removal

Eminoplasty

“Restrictive techniques”

Eminence Lengthening:
1. Interpositional bone graft
2. Autogenous "cap” implant
3. Eminence”down fracture”
(LeClerc)
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CHAPTER 2

Diagnostic imaging of the
temporomandibular joint

Because of the anatomic complexity of the
temporomandibular joint (TMJ) and its
proximity to the base of the skull, temporal
bone, mastoid air cells, and auditory struc-
tures, imaging of the joint structures can
be problematic. Imaging studies should
aid the clinician in diagnosis and surgical
planning. The choice of imaging modality
should be based on history and physical
exam. Consideration should be given to
the amount of radiation, invasiveness of
the exam, ability to obtain the study, and
cost. The study that is able to best answer
the clinical question while maximizing
cost effectiveness should be utilized.

Plain film, tomograms, and
orthopantogram radiography

Plain films, tomograms, and orthopanto-
gram (panoramic) studies provide good
osseous detail of the TMJ, with minimal
radiation, and are easily obtained. As
such, they are often an excellent choice
for initial evaluation of TMJ pathology.
Standard transcranial (lateral oblique)
views provide a global view of bony
architecture of the articular surfaces.

If possible, a submental vertex film can be
taken to allow the lateral oblique tran-
scranial projection to be angled directly
through the long access of the condyle.
This improves the image quality and also
allows standardization of subsequent
transcranial views. With the exception of
emergency room visits for trauma or dis-
location, tomograms or panoramic radio-
graphs have largely replaced these studies.
Tomography has been widely available
since the early 1940s and provides finer
detail for the examination of osseous abnor-
malities than detected by plain film tech-
niques. The angle-corrected tomograms for
sagittal tomography are recommended so
that the sectioning is always perpendicular
to the long axis of the condyle. This gives a
truer picture of the condyle position, gives
the best evaluation of erosion and osteo-
phyte formation, and allows subsequent
comparative studies to be performed by
use of a standard method. The angle can
be determined by measuring the angle bet-
ween the condylar axis and a horizontal
baseline on a submental vertex view.
Orthopantogram radiographs have
been described as “curved tomograms.”
They are, in fact, laminograms of a single

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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6 Atlas of Temporomandibular Joint Surgery

Figure 2.1 Transcranial radiograph, demonstrating the limitations of this study. Note the overlap of
adjacent structures with the glenoid fossa and mandibular condyle.

(a)

(b)

Figure 2.2 (a) Later oblique in the closed mouth position, note mandibular condyle seated in the glenoid
fossa (inset). (b) Lateral oblique in open mouth position, note translation of TMJ condyle (inset).

plane. This study provides osseous
imaging of the condyle and f{fossa,
includes both joints, as well as the entire
mandible for comparison of symmetry.
Disadvantages include “ghost” images,
distortion (~20%), and less detail when
compared to angle-corrected condylar

tomograms. Newer units allow for sepa-
rate positioning of right and left joints,
creating more correct placement of the
condyle in the zone of focus, improving
resolution. Some units are able to pro-
duce tomograms, allowing increased
anatomic detail of the condyle.
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Figure 2.3 Lateral cephalogram showing bilateral
dislocation of the temporomandibular joints. Note
anteriorly positioned mandible and open bite.

Plain films and tomographic images
are beneficial in assessing osseous changes
in the condyle and eminence. However,
the use of these films to assess condylar
position with any accuracy is questionable
at best. Several studies have shown that
the position of the condyle, as depicted in
these radiographic techniques, is of little
clinical significance. Open- and closed-
mouth tomographic views can provide
valuable information with regard to con-
dylar translation. Although it has been
postulated that during normal range of
motion the greatest convexity of the
condyle reaches the greatest convexity
of the articular eminence, several studies
have shown that a majority of patients
actually can translate beyond the greatest
convexity of the articular eminence
without subluxation, dislocation, or any
symptoms. These studies can diagnose
restricted range of motion but do not
provide enough information to determine
the etiology of that restriction.

Figure 2.4 Postoperative lateral cephalogram. Study demonstrates good condylar prosthetic position and

occlusal relationship.
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(a) (b)

Figure 2.5 (a) Preoperative posterior-anterior (PA) skull film. Note facial asymmetry involving the
maxilla and mandible. (b) Postoperative PA demonstrating achievement of facial symmetry. Condylar
prosthesis is well aligned. Note maxillary hardware from Le Fort I procedure.

(b)

Figure 2.6 (a) Patient positioned for angle-corrected temporomandibular joint tomograms. Source:
Quinn 1998, figure 2.3a, p. 7. Reproduced with permission of Elsevier. (b) Angle-corrected tomogram of
right temporomandibular joint.



WWW . HIGHDENT.IR
ngJ‘:' 313 9 Ol ludluis jluod

Out of focus

Focused
anatomy

Out of focus

AN

Figure 2.7 Tomographic technique—basic principle of tomographic X-rays. Both the radiation source
and film are moving simultaneously to blur all the anatomy anterior and posterior to the point of plane
convergence.

Film

(@) (b)

I

[ |
[ |
"
CDE

Figure 2.8 Representation of sagittal cuts in standard tomographic condylar films showing anatomy from
the most lateral to the most medial cut (a) progressing medial (b, ¢, d) to the most medial cut (e).



WWW.HIGHDENT.IR

O 3001055 9 O3l i yleod
10 Atlas of Temporomandibular Joint Surgery

K
w

Minimal

Normal

Severe

Figure 2.9 Typical contours of lateral condylar tomograms in varying stages of degenerative joint disease.

(@]

Figure 2.10 (a) Temporomandibular joint-tomographic series depicting excellent osseous detail with
5mm cuts. (b) Sclerosis and condylar head flatting. (c) “Bird-beaking” of condyle in late stage
degeneration.
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(b)

Figure 2.11 (a) Patient positioned for panoramic tomogram of the temporomandibular joints.
(b) Example of programmed condylar views available on most panoramic tomographic units.
(c) Bilateral positioning techniques for specific temporomandibular joint-panoramic X-ray imaging
positioned to align the condyle into the center of the “trough” of resolution of the panoramic

tomogram.

Arthrography

Magnetic resonance imaging (MRI) has
replaced arthrography in most instances
for soft tissue imaging of the TMJ.
Arthrography can offer valuable infor-
mation not always available through any
other imaging technique. It is the only
imaging technique that demonstrates per-
forations in the disk in “real-time” because
the operator can see the dye escape from
the inferior to the superior joint space
during the initial injection. The usual

technique involves injection of a water-
soluble, iodinated contrast material into
the inferior joint space under fluoroscopy.
A videotaped arthrofluoroscopic study
could clearly show the various stages
of disk displacement with or without
reduction but is unable to show medial or
lateral disk displacement. Potential com-
plications from arthrography include
allergic reaction to the contrast material,
infection, and pain and swelling secondary
to the invasive puncture technique used
during the procedure.
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R i o
e

N\

()

Figure 2.12 (a) Dedicated tomogram showing bilateral degenerative joint disease, note the subchondral
cyst on the right condyle (arrow). (b) Panorex of same patient. Note improved anatomic detail is evident
in the tomogram (a) when compared to the panorex (b).

Rz 4 153
[T

Figure 2.13 Panorex demonstrating left TMJ “bird beaking” and condylar sclerosis.
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Figure 2.14 Patient with temporomandibular joint osteoarthritis prior to the completion of facial
growth. Note decreased ramus height (double arrow) and increased premasseteric (antegonial)
notching (single arrow).

‘lm UL Il

Al 0.
2 ‘ whiE
SSCOT s

Figure 2.15 “Hoof” deformity in condylar head, secondary to condylar trauma during growth. Panorex
(a) and status-post resection (b).

@)

Figure 2.16 (a) Panorex of a pediatric patient with ankylosis of the temporomandibular joint. Note
displaced condylar head superior to the sigmoid notch (arrow). (b) Intraoperative photo of the same
patient showing the ankylosis and fibrous union of the condyle to the skull base.
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(a) (b)

Figure 2.17 (a) Preoperative panorex of a patient with facial asymmetry secondary to temporomandibular
juvenile rheumatoid arthritis. (b) Immediate postoperative panorex following total joint replacement,
Le Fort I osteotomy and genioplasty.

Figure 2.19 Coronal CT showing early erosion of
the left condyle in a patient with osteoarthritis.

Computer tomography,
3D reconstruction, and
computer planning

(b)

) Computer tomography (CT) of the TMJ is
Figure 2.18 (a) Coronal computer-tomography (CT) v the b hod f .
in bone windows, showing normal temporoman- currently the best method lor assessing

dibular joints. (b) Sagittal CT in bone windows, bony pathologic conditions of the TMJ and
showing a normal temporomandibular joint. allows assessment of the proximity of
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Diagnostic imaging of the temporomandibular joint 15

Figure 2.20 Coronal CT showing bilateral sagittal fractures of the condylar heads and a right subcondylar
fracture with severe lateral displacement.

Figure 2.21 Coronal CT of a pediatric patient with a left condylar head fracture.
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Figure 2.22 Coronal CT demonstrating bilateral TMJ ankylosis.

(b)

Figure 2.23 (a) Axial and (b) coronal CT of a patient with right dislocated condyle.

surrounding vital structures for surgical Sagittal views are excellent at evalu-
planning. Most modern scanners are able ating the condylar anatomy, glenoid fossa,
to produce fine cuts of the area of interest, and articular eminence. Coronal images
which allows for reconstruction of differ- are useful for evaluating trauma for con-
ent views (e.g., axial, coronal, sagittal) and dylar displacement. Soft tissue windows
renders patient positioning less crucial. may be useful when treating tumors
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Diagnostic imaging of the temporomandibular joint 17

(a) (b)

Figure 2.24 (a) Axial and (b) coronal CT soft tissue windows with contrast of patient with septic
arthritis. Note rim enhancing of the contrast around the temporomandibular joint and anterior
displacement of the condyle.

(b)

(© (d) (e)

Figure 2.25 (a) 3D reconstruction, (b) panorex (c), sagittal CT, (d) coronal CT, and (e) axial CT of a
patient with a comminuted fracture involving the ramus and subcondylar region. Note how the 3D
reconstruction aids in demonstrating the relation of the fracture.
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@)

(b) © (d)

Figure 2.26 Cone beam CT showing severe bilateral condylar resorption secondary to rheumatoid
arthritis. (a) Panorex from cone beam CT. (b) Right sagittal cone beam CT. (¢) Coronal cone beam CT.
(d) Left sagittal cone beam CT.

(a)

Figure 2.27 (a) Preoperative 3D reconstruction used for surgical planning. (b) Planned 3D surgical
reconstruction with the maxilla and mandible repositioned into the desired position, allowing for the
design of the custom TMJ prosthesis.
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Diagnostic imaging of the temporomandibular joint 19

(a)

Figure 2.28 (a) Postoperative 3D reconstruction using cone beam CT. (b) Preoperative planned position.

Note artifact from cobalt-chrome prosthesis.

involving the TMJ, but in most cases,
evaluation of the soft tissue anatomy of
the joint with a CT study is difficult.
Finally, CT scans with contrast are invalu-
able when evaluating a patient with sus-
pect septic arthritis, as these studies are
readily available to most practitioners.
Three-dimensional CT images can be
helpful in case of gross asymmetry for
orthognathic surgery or joint reconstruc-
tion planning. Also, these imaging studies
can be utilized in panfacial fractures
involving the TMJ. Planning software is
available to evaluate treatment prior to
surgery. Surgical navigation can also be
utilized with CT scans to ensure surgical
osteotomies are placed correctly.

Magnetic resonance imaging

Magnetic resonance (MR) images can
be obtained in the sagittal, axial, and
coronal planes. Thinner sections result in
improved image quality because “volume
averaging” of the structures is reduced.
In most normal scanning sequences, both
T1 weighted and T2 weighted images will

be obtained. With the most commonly
used pulsed sequence (spin-echo), T1
weighted images highlight fat within the
tissues and T2 weighted images may give
a poorer image quality but highlight
water-containing structures. These T2
weighted images are particularly helpful
when the operator is attempting to deter-
mine whether a joint effusion exists. If
concern for effusion exists, particularly
for patients with rheumatologic arthritis
or infection, an MRI with contrast should
be obtained. Dynamic MRI is available to
assess joint function, though is not widely
used in clinical practice.

The major contraindication to MRI
is posed by ferromagnetic metals.
Ferromagnetic clips used to treat a
cerebral aneurysm are an absolute con-
traindication to MR scanning. The other
absolute contraindication occurs with
patients who have cardiac pacemakers.
Non-ferromagnetic metals, such as those
used in orthodontic braces, cobalt chro-
mium prostheses, and titanium implants
do not pose problems related to magnetic
fields but do compromise image quality
because of artifact production.
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(b)

Figure 2.29 Diagrammatic representation showing normal condyle disk position with junction
of posterior attachment and posterior band of disk aligned approximately at the 12 o’clock position
with regard to the condylar surface (a) and sagittal cadaver demonstrating normal condylar-disk

position (b).

Although MRI is clearly preferred
for assessing internal derangements, all
patients with joint symptoms do not
require MR studies. Tomograms or
condyle-specific panoramic films are
certainly adequate to assess whether a
patient has gross degenerative changes
within the joint. Clinical exam and
history are used to diagnose disk

displacement with and without reduction.
If a reasonable attempt at conservative
therapy does not improve symptoms and
further documentation of the internal
derangement is necessary to determine
whether the patient may be a surgical
candidate, then MRI should be consid-
ered. MRI is also useful when evaluating
medial and lateral disk herniation.
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(a) (b)

Figure 2.30 Normal closed (a) and open condyle and disk position (b).

Closed Open

Figure 2.31 Diagram demonstrating anterior disk displacement (closed) with reduction (open).

Open

Figure 2.32 Diagram demonstrating anteriorly displaced disk (closed) without reduction (open). Notice
decreased translation movement of the condylar head.
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@ (b

Figure 2.33 (a) Locator image. (b) Normal closed mouth T1 MRI of the left TMJ (as indicated by the
image in (a)).

Figure 2.34 (a) Normal T1 image of the TMJ in the closed mouth position. (b) Normal T1 MRI in the
open mouth position.
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(a)

Figure 2.35 (a, b) Open and closed views of right temporomandibular joint with early anterior disk
displacement with reduction.

(a) (b)

Figure 2.36 (a) Closed mouth T1 MRI showing anteriorly displaced disk with thickened posterior band.
Note minimal osseous changes. (b) Cryosection showing early pathologic changes with anterior disk
displacement. Note thickening of retrodiscal tissue.
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(@)

Figure 2.37 Open (a) and closed (b) MR image of right temporomandibular joint showing anterior disk
displacement without reduction.

Figure 2.38 T1 MRI in the closed mouth position demonstrating an anteriorly displaced disk with disk
deformity.
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Figure 2.39 T1 MRI in the open-mouth position showing an anteriorly displaced disk without reduction
and “bird beaking” of the mandibular condyle. Loss of disk anatomy seen here is indicative of long-
standing displacement and with loss of the normal disk biconcavity.

(a) (b)

Figure 2.40 (a) Cryosection showing degenerative condylar changes and thinning of the meniscus with
loss of the normal 3-1-2 disk dimension (anterior band 3mm: intermediate zone 1 mm: posterior band
2 mm). (b) MRI T1 demonstrating similar findings.
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Figure 2.41 (a) Diagram showing advanced degenerative joint disease. (b) MRI showing anteriorly
displaced disk with condylar degeneration, disk thinning, and posterior band thickening.

@

a5 e

BRI

(b)

Figure 2.42 (a) Coronal MRI showing lateral disk herniation. (b) Diagram demonstrating normal disk

and capsule attachments.

Bone scans

Radionucleotide imaging of the TMJ can
provide information about the dynamics
of bone and soft tissue metabolism in a
variety of pathologic states. A scintillation
camera can be used for both dynamic and
static imaging in which a gamma detector
quantifies gamma ray emissions from
injected isotopes such as technetium 99.

These technetium-labeled phosphate
complexes are given to patients by intra-
venous injection, and then the patients
are studied in a phased technique with
images performed immediately after
injection and at several delayed intervals.
The uptake of these radiopharmaceutical
agents depends on blood flow to the TMJ
structures. Uptake in the TMJ is affected
by inflammation, bone remodeling, and
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(a)

(b)

Figure 2.43 (a) T2 MRI with contrast demonstration anterior joint space effusion and enhancement of
the retrodiskal tissue. (b) T2 MRI with contrast demonstrating superior joint space effusion.

(a) (b)

(©

Figure 2.44 (a) MRI, (b) panorex, and (c) cone beam CT of a patient with TMJ ankylosis.

osteoblastic activity. Higher activity is
seen at sites of growth, inflammation,
and neoplasia and areas where reactive
bone is formed during reparative pro-
cesses. Because they are rather nonspecific,

radionucleotide images can be difficult to
interpret without good clinical correlation.
Radionucleotide images can be helpful
in cases such as occult osteomyelitis and
condylar hyperplasia (Figure 2.45).
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(a)

(b)

Figure 2.45 Technetium 99 bone scan.
(a) Nonspecific positive bone scan of left
temporomandibular joint, secondary to
psoriatic arthritis. (b) Positive bone scan
with enhancement of the right
temporomandibular joint secondary to
condylar hyperplasia.
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CHAPTER 3

Surgical approaches to the
temporomandibular joint

Serious morbidity from facial nerve injury,
scar formation, or ear injury can over-
shadow the mechanical improvements in
joint function and the amelioration of
painful symptoms. Incisions were described
by Humphrey in 1856 for condylectomy,
Ricdel for meniscectomy in 1883, and
Annandale for disk repositioning in 1887.
The main potential anatomic problems in
temporomandibular joint surgery are the
facial nerve and the terminal branches of
the external carotid artery. Approaches to
the joint include the following: preauricu-
lar, endaural, postauricular, rhytidectomy,
retromandibular, and intraoral. Ideally,
the selected approach should accomplish
the following: maximize exposure for the
specific procedure; avoid damage to the
branches of the facial nerve, major vessels
(e.g., internal maxillary artery and retro-
mandibular vein), parotid gland, and ear;
and maximize use of natural skin creases
for cosmetic wound closure.

Applied anatomy

Facial nerve
The main trunk of the facial nerve exits
from the skull at the stylomastoid foramen.

The suture line between the tympanic and
mastoid portions of the mastoid bone is a
reliable anatomic landmark because the
main trunk of the facial nerve lies 6-8 mm
inferior and anterior to this tympanomas-
toid suture. Approximately 1.3cm of the
facial nerve is visible until it divides into
temporofacial and cervicofacial branches.
In the classic article by Al-Kayat and
Bramley (1980), the distance from the
lowest point of the external bony auditory
canal to the bifurcation was found to be
1.5-2.8cm (mean, 2.3cm), and the dis-
tance from the postglenoid tubercle to the
bifurcation was 2.4-3.5 cm (mean, 3.0cm).
The most variable measurement was the
point at which the upper trunk crosses the
zygomatic arch. It ranged from 8 to 35mm
anterior to the most anterior portion of
the bony external auditory canal (mean,
2.0cm). By incising the superficial layer of
the temporalis fascia and the periosteum
over the arch inside the 8 mm boundary,
surgeons can prevent damage to the branches
of the upper trunk. The temporal branch
of the facial nerve emerges from the parotid
gland and crosses the zygoma under the
temporoparietal fascial to innervate the
frontalis muscle (“corrugator muscle”) in
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(a) (b)

Figure 3.1 (a) Normal condyle and fossa with mandible closed. Note the position of the disk, with the
posterior aspect at the height of the condyle. (b) Mandible open. Condyle has both rotated and translated
along the articular eminence. Note disk has moved anteriorly along with the condyle.

Temporal

Buccal

Marginal
mandibular

Facial Cervical

Figure 3.2 Facial nerve emerging from stylomastoid foramen showing division into upper trunk with
temporal and zygomatic branches and lower trunk with buccal, marginal mandibular, and cervical
branches.
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Postglenoid
tubercle

Tympanomastoid
suture

Main trunk ical
of facial nerve division
(@)

Temporal facial

Cervical facial

division

(b)

Figure 3.3 (a) Surgical landmarks for identifying the location of main trunk of the facial nerve and the
temporal-facial division during temporomandibular arthroplastic dissection. (b) Note the variability at the
point where the upper trunk of the facial nerve crosses the zygomatic arch deep to the temporoparietal
fascial. The nerve can cross the zygomatic arch from 0.8 to 3.5 cm anterior to the bony auditory canal.
Consequently, the plane of dissection must be deep to the temporoparietal fascial as the tissues are

retracted anteriorly to gain access to the joint capsule.

<

Figure 3.4 Note that the inferior extent of the incision
is the soft tissue attachment of the lobule of the ear.
Also, the superior arm of the incision can be extended
into the temporal hairline at a 45° angle if greater
retraction of the surgical flap is necessary.

the forehead. Postsurgical palsy manifests
as an inability to raise the eyebrow
and ptosis of the brow. Damage to the

zygomatic branch results in temporary or
permanent paralysis to the orbicularis
oculi and may require temporary patching
of the eye to prevent corneal desiccation
and abrasion. Permanent nerve damage
may necessitate tarsorrhaphy before a
more permanent functional approach,
such as implantation of a gold weight for
gravity-assisted closure of the upper lid,
can be used. Galvanic stimulation can
be helpful in speeding recovery after a
neuropraxia type of injury.

Trigeminal nerve

The auriculotemporal nerve is the first
branch of the third division of the trigeminal
nerve after it exits the foramen ovale. The
auriculotemporal nerve courses from a
medial to a lateral direction behind the
neck of the condyle and supplies sensation
to the skin in the temporal and preauricu-
lar region, the anterior external meatus,
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Figure 3.5 Depiction of the auriculotemporal nerve emerging from the third division of the trigeminal
nerve coursing behind the neck of the condyle. The nerve innervates the majority of the capsule and
meniscal-attachment tissues. The capsule is also innervated by the masseteric and posterior deep
temporal nerves.

Foramen ovale

Foramen

spinosum
Mandibular
fossa

External
auditory
meatus

Figure 3.6 Base of skull showing position of foramen ovale in relation to the mandibular fossa. The main
trunk of the facial nerve would rarely be encountered during the open joint surgery.
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Figure 3.7 Superficial temporal artery and vein, which run just below the subcutaneous tissue anterior

to the tragal cartilage.

and the tympanic membrane. Some
damage is inevitable during standard joint
approaches but rarely poses a problem. The
auriculotemporal nerve provides most of
the innervation to the capsule of the tem-
poromandibular joint itself. The anterior
portion of the joint also receives innerva-
tion from the masseteric nerve and the
posterior deep temporal nerve. The artic-
ular cartilage on the surface of the condyle
and the glenoid fossa and the avascular
meniscus itself have no innervation. The
inferior alveolar branch of the trigeminal
nerve enters the mandibular ramus on the
medial surface and runs inferiorly and
anteriorly until it exits through the mental
foramen. This nerve innervates the teeth,
anterior gingiva, and lip. Radiographic
assessment of the exact course of this nerve

through the mandible is necessary if screws
will be placed through the ramus as is
necessary for prosthetic joint replacement.

Vascular anatomy

The external carotid artery terminates in
two branches: the superficial temporal
and internal maxillary arteries. The
superficial temporal artery and vein are
routinely ligated during preauricular
approaches, and the internal maxillary is
usually not encountered unless a condy-
lectomy is performed. If a condylectomy is
performed, great care should be taken to
protect deep soft tissue structures with
the aid of the Dunn-Dautrey retractors as
the internal maxillary artery normally
runs-approximately 3 mm medial from the
midsigmoid notch. The most commonly
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Deep temporal artery
Masseteric artery

Accessory meningeal artery

Middle meningeal artery Infraorbital artery

Ant. tympanic artery

Posterior-superior

Deep auricular artery alveolar artery

Superficial temporal artery
Maxillary artery

Buccal artery

Pterygoid artery

External carotid artery
Inferior alveolar artery

Figure 3.8 Detailed view of the maxillary artery and its branches. The middle meningeal artery courses
medially from the maxillary artery, and the masseteric artery runs laterally through the sigmoid notch.
Both the maxillary and masseteric arteries can be damaged during extensive dissection.

Masseteric artery

Accesory meningeal artery

Middle meningeal artery

Superficial
temporal artery

External
carotid artery

Maxillary artery

Figure 3.9 View from medial aspect of the mandible. Note proximity of middle meningeal, external
maxillary, and masseteric arteries. Care should be taken to protect these structures at the level of the
condylar neck and sigmoid notch during osteotomies.
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(a) (b)

(]

Figure 3.10 (a) Isolation of the external carotid artery. (b) Note confirmation of branches off the external
carotid artery to distinguish it from the internal carotid artery. (c) Hypoglossal nerve overlying the
carotid sheath (black arrow).

Figure 3.11 Angiogram showing branches of the external carotid artery with prominent facial and
internal maxillary branches.
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injured artery during temporomandibular
procedures is the middle meningeal artery.
Pogrel, in a cadaver study of structures
medial to the temporomandibular joint,
found the middle meningeal artery to be a
mean of 31mm (range 21-43 mm) medial
to the zygomatic arch and a mean of
2.4mm (range —2 to 8mm) anterior from
the height of the glenoid fossa.

Surgical approaches

Preauricular

The shape of the incision is that of an
inverted hockey stick, which follows the
natural crease in front of the tragus.
This should suffice for most arthroplas-
tic procedures, but if greater access is
required, the Al-Kayat and Bramley

(1980) modification with temporal
extension can be used. An incision is
made through skin and subcutaneous
tissue to the superficial temporal fascia.
The superficial temporal artery and vein
run just above the surface of the fascial
layer, and the branches of the facial
nerve run deep to it, just above the peri-
osteum over the zygomatic arch. Above
the zygomatic arch, the superficial layer
of the temporal fascia is incised in an
oblique line running from the tragus to
the superior end of the skin incision. This
incision is parallel to the inverted hockey-
stick incision. A mosquito hemostat is
used to dissect bluntly along the external
auditory canal in an anterior-medial
direction to the level of the temporo-
mandibular joint capsule. A #15 blade is
used to make an incision along the root

Figure 3.12 Placement of endaural and preauricular incisions. Note the optional temporal extension
(Al-Kayat and Bramley modification) for more anterior flap retraction.
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of the zygoma through the superticial
temporal fascia and the periosteum. This
is contiguous with the incision superior
to the arch. With blunt hemostat dissec-
tion a plane is developed through this
incision, just above the white, glistening
temporomandibular joint capsule. The
incision continues in a skin crease several
millimeters anterior to the tragus parallel
to the auricle. The incision is carried
through the superficial muscular aponeu-
rotic system. This allows dissection to con-
tinue along the zygomatic arch, in a safe
subperiosteal plane. The dissection can

continue anteriorly, exposing the entire
temporomandibular joint. The joint can
then be safely entered by first injecting
1cc of lidocaine, insufflating the joint
space. This increases the space between
the disk, and glenoid fossa, allowing safe
entry of a #15 blade at a 45° angle.

Endaural

The endaural incision is simply a
cosmetic modification of the standard
preauricular approach. Based on a rhyt-
idectomy incision, it moves the skin

Figure 3.13 (a) Placement of modified retromandibular approach and endaural incisions. Note well hidden
incision placement along the tragus. (b) Comparison of preauricular (thin arrow) and endaural incisions
(thick arrow). The endaural incision allows for stepped tissue dissection for improved tissue coverage of the

temporomandibular joint.
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incision from the pretragal crease poste-
riorly so that the incision is placed
behind the prominence of the tragus
itself. Care must be taken not to incise
the tragal cartilage because a perichon-
dritis or poor wound healing may result.
Once the skin flap is dissected off
the tragus, the dissection continues in
the same manner as the preauricular
approach.

Postauricular

Walters and Geist (1983) popularized
a modified postauricular approach to
the temporomandibular joint. Although
rarely used, the approach has the
advantages of excellent exposure of the
entire joint and the ability to camou-
flage the scar in patients who have a
tendency to form keloids. The main dis-
advantage is auricular stenosis, and the

approach should not be used in the
presence of joint infection or chronic
otitis externa. The incision is placed
3-4mm posterior to the auricular
flexure and extended toward the
mastoid fascia. Staying above the
mastoid fascia (which is contiguous
with the temporalis fascia), the incision
exposes the superior and posterior
circumference of the external auditory
canal. Blunt dissection below the
external auditory canal creates a plane
running anteriorly to separate the
pinna. A #10 blade is then used to tran-
sect the external auditory canal and
retract the ear anteriorly. Dissection
can then be carried out through the
superficial temporalis fascia and perios-
teum at the root of the zygoma as previ-
ously described. Once the joint surgery
is completed, a resorbable 4-0 running

Figure 3.14 Postauricular approach to the temporomandibular joint.
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Figure 3.15 Postauricular approach to the temporomandibular joint. The incision has been made through
skin and subcutaneous tissue. The external auditory canal has been completely transected. A purse-string
sutre has been placed into the transected external auditory canal to prevent hemorrhage into the canal.
Although this approach provides excellent visibility, the closure of the external canal can be problematic

and auricular stenosis can occur.

suture is used to close the skin of the ear
canal only. No attempt is made to suture
the cartilage itself.

Rhytidectomy

Major tumor resections may require
more extensive joint exposure, and sev-
eral authors have reported on the use of
the rhytidectomy incision. The endaural
incision is extended in a curvilinear
fashion around the mastoid tip, with an
S-shaped extension ending in a subman-
dibular incision. This allows access to the
entire posterior border of the mandible

and allows for identification of the main
trunk of the facial nerve.

Retromandibular

For additional access to the temporoman-
dibular joint for open fracture reduction,
costochondral grafting, total alloplastic
joint reconstruction, or tumor resection,
a submandibular approach is necessary.
When combining both incisions, the
surgeon must leave an intervening bridge
of tissue that extends inferiorly at least
3cm from the lowest point of the bony
external auditory canal. The classic
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(b) ©

Figure 3.16 (a) Combination of parotidectomy and extended preauricular incision with temporal
extension. (b) Auditory alarm connected to terminal branches of the facial nerve. (c) Incision
following closure with Jackson—Pratt drain in place.

Superficial temporal
vein

Superficial temporal
artery

Facial nerve
deep to superficial
fascia

Fascia

Figure 3.17 Relative position of the superficial temporal artery and vein and the temporal branch of
the facial nerve. The vessels are superior to the superficial temporal fascia and the nerve is deep to
the fascia.
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(a) (b)

Figure 3.18 (a) Facial nerve monitoring used to identify the frontal and zygomatic branches of the facial
nerve. This device is not routinely used for surgical approaches to the temporomandibular joint. It is often
useful when the normal anatomic position of the nerve has been altered secondary to pathology or
scarring from previous surgeries. (b) An auditory alarm. The electrodes are placed into the monitor and
are the terminal branches of the facial nerve. (c) Any direct pressure during surgery will result in an
auditory alarm warning the surgeon of their proximity to the facial nerve.

(a)

Figure 3.19 (a) Endaural approach showing retraction of the skin flap and dissection down to the
zygomatic arch. (b) Retraction of the skin flap showing the tragal cartilage.
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Figure 3.20 (a) Comparison of endaural and preauricular approaches. Note position of thumb used to
retract the tragus during the endaural incision. (b) Dissection of the skin flap from the tragus during the
endaural approach. A small amount of tissue/fat should be left covering the tragal cartilage.

(a)

Figure 3.21 (a) Retraction of skin flap. (b) Incision through temporoparietal fascial and temporal
periosteum.
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(@)

(b)

Figure 3.22 (a and b) Careful dissection of fascia and periosteum from the zygomatic arch exposing the

joint capsule.

@)

Figure 3.23 (a and b) Exposure of temporomandibular joint capsule.

Risdon submandibular approach was used
mainly for open fracture reduction at
the angle and body of the mandible. The
approach to the joint is actually by way of
a retro-mandibular incision, which allows

superior retraction for placement of rigid
fixation plates or screws for rib grafts or
alloplastic implants. The incision is made
on a curvilinear line approximately 5cm
long and 2 cm distal to the most inferior
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(a) (b)

Figure 3.24 (a and b) Entry into superior joint space. Blade is angled at 45° to avoid iatrogenic damage
to the disk or condylar head.

Figure 3.25 Curved hemostat used to open joint capsule and lyse joint adhesions.
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Temporoparietal fascial
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Superficial
musculoaponeurotic
system

Figure 3.26 Coronal diagram of the fascial layers and facial nerve at the level of the temporoparietal
fascial.

Facial
nerve

o
2
PERT |

(a) (b)

Figure 3.27 (a and b) Complete exposure of the temporomandibular joint. Note the careful positioning
of the retractor on the zygomatic arch allowing protection of the retracted facial nerve.
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Figure 3.28 Well-healed endaural incision. Note the temporal extension within the hair line as well as

the position of the tragal incision.

point of the mandibular angle, where its
midpoint is situated. The incision is
marked by placing a gloved finger from
the lobule of the ear to the angle of the
mandible. A marking pen is then used to
identify the incision one-finger breadth
below the angle of the mandible ensuring
avoidance of the marginal mandibular
nerve. The marginal mandibular branch
of the facial nerve, posterior to the facial
artery, passed above the inferior border
of the mandible in 81% of dissections
(Dingman and Grabb, 1962). It ran
superficial to the facial vein in all the
cadavers studied. It can, however, run as
much as 3cm below the inferior border
of the mandible, deep to the platysma
muscle. The dissection is carried down
through skin, subcutaneous tissue, and
platysma. A nerve stimulator is used to

identify the mandibular branch, and it
is retracted superiorly. Injury to the
marginal mandibular nerve results in
temporary or permanent denervation of
the depressor anguli oris muscle. The
patient is unable to depress the lower lip
and show the mandibular anterior teeth.
On the side of the injury, the affected side
of the lip may appear to be pulled over
the incisal edges of the teeth, as the
normal side shows an exaggerated infer-
olateral pull. The retromandibular vein
(posterior facial vein) lies just behind the
posterior border of the ramus lateral to
the external carotid. Blunt dissection is
used to define a plane between the ster-
nocleidomastoid muscle and the capsule
of the submandibular gland. Blunt finger
dissection and retraction should be used
to retract the anterior border of the
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Parotid gland

) Masseter meatus
Facial artery

Sternocleidomastoid meatus Marginal mandibular

) } branch of facial nerve
External jugular vein

Submandibular gland
External carotid artery
Digastric meatus
Mylohyoid meatus
Fascia layer
Thyrohyoid meatus

Figure 3.29 Critical anatomic structures encountered during the retromandibular approach to the
mandible. Note the position of the facial nerve, and facial artery and vein to the angle of the mandible.
The posterior belly of the digastric is deep to the mandible and runs at a 45° angle to the inferior border.

Figure 3.30 Marking of the modified retromandibular incision. Note superior extension on the incision
in relation to the lobule of the ear.
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Zygomatic arch

Mandible

Vil

Platysma
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Superficial layer of
deep cervical fascia

Facial artery

Submandibular gland

Figure 3.31 Diagram demonstrating the relationship of the facial nerve and the artery to the mandible.
The facial artery and vein often must be ligated to aid in exposure of the mandible.

Figure 3.32 Retromandibular approach to the mandible. Note submandibular gland (yellow arrow) and
posterior belly of the digastric (black arrow).
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(a)

Figure 3.33 (a) Retromandibular approach to the mandible with masseter exposed. (b) Exposure of
mandible following dissection of the masseter. An incision is placed along the pterygomasseteric raphe
and great care is taken to dissect the muscle from the mandible in a subperiosteal plane.

Figure 3.34 Exposure of mandible via the retromandibular approach. Note the communication between
the endaural and retromandibular incisions.
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Figure 3.35 Well-healed endaural and
retromandibular incisions following total joint
replacement of the temporomandibular joint.

sternocleidomastoid posteriorly and the
capsule of the submandibular gland ante-
riorly to visualize the aponeurosis of the
masseter and the medial pterygoid along
the inferior border of the ramus. A #15
blade is then used to make an incision
through the aponeurosis. It is important
to avoid incising through the body of
the masseter muscle itself to prevent
unnecessary hemorrhage. The masseter
muscle can then be stripped off the lat-
eral surface of the mandible, and with
long right-angle retractors, the surgeon
can visualize superiorly as far as the
condylar neck and coronoid notch from
this posterior-mandibular approach. This
now allows communication between
the two incisions in a safe subperiosteal
plane. Care is taken to minimize trauma
between the small cuffs of tissue between
the two incisions, as the facial nerve
travels in this plane.

(a)

(b)

Figure 3.36 Diagram (a) and image (b) showing an intraoral approach to the temporomandibular joint.
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Intraoral

An intraoral approach to the temporo-
mandibular joint is achieved by making
an incision along the external oblique
ridge. A subperiosteal dissection pro-
ceeds medially and laterally along the
mandibular ramus. A coronoid stripper
may be used to remove the tempora-
lis attachment from the coronoid to
improve access. The coronoid process
and condylar neck can be reached
through this incision. Advantages of this
approach include decreased facial and
auriculotemporal nerve injury and
improved scar placement. Limitations
include limited access to the structures
superior to the condylar neck. This
approach can be useful in cases of
fracture repair and may be considered
for condylectomy.

Prep and positioning

Utilization of aseptic technique is crucial
to minimize postoperative infection. A
preoperative antibiotic should be given
approximately 1h before incision to
ensure adequate tissue levels at the time
of incision. Hair should be removed from
the proposed incision site, typically to the
level of the superior portion of the helix.
Tape is then used to pull the remaining
hair back and prevent its entry during the
operation. A head wrap is applied and
the skin is prepped. A urologic drape is
then adapted and used as a sterile barrier
to manipulate the mandible during the
operation. The face and neck is then
prepped. Once this is complete, the ear
canal is irrigated with antibiotic solution;
alternatively, a cotton pellet impregnated

Figure 3.37 Patient positioned prior to prepping for an open joint procedure. Note the hair is
removed to the level of the helix and 2-in. tape is used to prevent the remaining hair from entering

the field.
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(b)

(a) (@]

Figure 3.38 (a) Patient draped prior to prepping. (b) Modified urologic dressing. (c) Urologic dressings
allowing sterile manipulation of the mandible, also note Tegaderm covering the nares to limit contamination.

Figure 3.39 Note the cerumen in the external auditory canal, which can often be a source of
contamination. A 60 cc syringe with normal saline and Webster cannula are used to irrigate the external
auditory canal with antibiotic-impregnated saline. This allows the removal of debris from the ear.
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with mineral oil can be placed within the
external auditory canal.
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CHAPTER 4

Surgery for internal derangements

Surgery for internal derangement is
reserved for patients for whom nonsurgical
conservative methods and arthroscopic
techniques fail to control pain and increase
functional range of motion. Because the
temporomandibular joint (TMJ) is a gin-
glymoarthrodial joint with unique biome-
chanical demands, the mechanics of the
disk-condyle complex may be extremely
difficult to replicate with any surgical
technique. Meniscal salvage procedures
are usually confined to patients in Wilkes
stages II and III but can occasionally be
effective in stage IV as well. In stage V dis-
ease, the success rate of meniscal repair is
clearly lower than in the earlier stages.

Open joint surgery ranges from menis-
cal repositioning to meniscectomy with or
without replacement. Currently acceptable
open joint procedures include the following:
(i) meniscoplasty with or without arthro-
plasty, (ii) meniscectomy, (iii) meniscectomy
with temporary silicone implant, (iv) menis-
cectomy with autogenous or allogeneic
graft, (v) meniscectomy with condyloplasty
or eminoplasty, (vi) repair of perforated
posterior attachment with meniscal recon-
touring and repositioning, and (vii) modi-
fied mandibular condylotomy.

The main goal of all these procedures is
to decrease pain and increase the range of
motion. A reasonable goal is an interincisal
opening of 35mm with lateral excursions
of 4-6mm. Desirable functional outcomes
would enable the patient to masticate a
normal or nearly normal diet with a stable
occlusion. In addition, open arthroplastic
procedures can be expected to significantly
reduce functionally induced pain.

As previously discussed, the joint is
exposed through an endaural or preauricu-
lar incision. The surgeon may find it helpful
to palpate the lateral pole of the condyle con-
tinually while the other hand uses a sterile
urology drape as an intraoral manipulator.
This allows the surgeon to constantly move
the mandible to ascertain the exact position
of the lateral pole and the palpable capsular
depression between the glenoid fossa and
the lateral pole. Once the capsule itself is iso-
lated, a small amount of local anesthetic
(Iml) can be used to insufflate the joint
space. The #15 blade is then used to make a
small opening through the lateral capsule
into the superior joint space. The blade is
angled superiorly at approximately 45° to
prevent any iatrogenic damage to the disk
as it courses over the lateral pole to attach

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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Figure 4.1 Note the extent of the capsule from both medial (a) and lateral (b) views. On the lateral view,
the temporomandibular ligament extends across the inferior insertion of the capsule.

Table 4.1 Wilkes classification for internal derangement of the TMJ.

Stage Characteristics

Imaging

I. Early Painless clicking

No restricted motion
Il Early/intermediate
Intermittent locking
Headaches
Frequent pain

Joint tenderness
Headaches, locking
Restricted motion
Painful chewing

lIl. Intermediate

IV. Intermediate/late

Restricted motion
V. Late Variable pain, joint
crepitus

Occasional painful clicking

Chronic pain, headache

Slight forward disk

Normal osseous contours

Slight forward disk

Early disk deformity

Normal osseous contours

Anterior disk displacement
Moderate to marked disk thickening
Normal osseous contours

Anterior disk displacement

Marked disk thickening

Abnormal bone contours

Anterior disk displacement with disk
perforation and gross deformity
Degenerative osseous changes

to the capsule. An assistant may depress the
posterior molars inferiorly to increase the
joint space during this maneuver. The small
hemostat may be used to widen the open-
ing into the superior joint space. The egress

of synovial fluid should confirm immedi-
ately that the surgeon is in the superior
joint space.

The #15 blade is again used to open
up the incision from a posterior and
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(a) (b)

Superior incision

Synovial
capsule

Inferior incision

Figure 4.2 (a) Capsule of the right temporomandibular joint. The surgeon can easily palpate the lateral
pole of the condyle and superior joint space by feeling for the depression between the glenoid fossa and
the condyle. (b) Diagram of the right temporomandibular joint capsule. Note the position of the superior
incision (to enter the superior joint space) and inferior incision (to enter the inferior joint space).

Figure 4.3 Series of photos showing incision of the joint capsule and entry into the superior joint space.
Note that #15 blade is at angle 45° to avoid injuring the disk. Once the incision is made into the joint
capsule, the capsule can further be dissected open with the aid of a curved hemostat.

an anterior point to visualize the entire
superior surface of the disk and the ante-
rior and posterior recesses of the joint
space. A small freer elevator can be used to
sweep gently across the top of the disk to
break any adhesions at this point. In joints
on which no previous surgery has been
performed, this procedure is relatively
easy. In joints that have undergone mul-
tiple operations, however, this can be a

complicated dissection, especially with the
presence of fibrous ankylosis.

After obtaining adequate visualization
of the joint space, the surgeon must imme-
diately evaluate the disk position before
the mechanics of the surgery falsely alter
it. This is also the opportunity to determine
whether the disk or the posterior attach-
ment is perforated. The surrounding
tissues can be examined for synovitis,
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fibrillations of the articular cartilage, and
any evidence of osteoarthrosis of the bony
surfaces. Removal of the lateral third of the
articular eminence with a small osteotome
is sometimes helpful to improve visualiza-
tion within the anterior joint space. This

Incision

Capsule
reflected
laterally

maneuver also increases the lateral joint
space and allows for freer movement of
the disk. At this point, adhesions in the
superior joint space can be removed and
the joint can be manipulated to assess the
mechanics of the condyle-disk complex.

Figure 4.4 Incision into inferior joint space is made at the neck of the condyle, just above the inferior
attachment of the lateral ligament. Once the incision is made, a nasal freer can be used to disk free the
disk. Care should be taken to avoid damaging the fibrocartilage covering the condyle.

Articular disk

Figure 4.5 Incision of both superior and inferior joint spaces to isolate the disk for either repair or

meniscectomy.
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Figure 4.6 (a—c) In order to improve exposure of the temporomandibular joint and superior joint space,
a Wilkes retractor can be utilized. The Wilkes retractor is secured into the zygomatic arch superiorly and
condylar neck inferiorly with Kirschner wires (a and b). This then allows for retraction of the condyle
from the glenoid fossa improving access (c and d).
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Figure 4.7 Open view of the superior joint space showing normal dimensions of the anterior recess with
the anterior attachment of the capsule intact along the anterior aspect of the articular eminence.

(a)

(b)

Figure 4.8 (a) Cryosection and (b) MRI showing separate and distinct heads of the lateral pterygoid with

fat plane separation.

The surgeon should observe closely for
folding of the meniscus during opening
and closing or obstructions to normal disk
movement from the articular eminence.
The surgeon must assess the disk in its
total medial-lateral dimension and ensure
that no adhesions are present on the

medial surface that would make it difficult
to position the disk posteriorly and later-
ally. In rare cases, this exposure into the
superior joint space may be all that is
necessary if the main problem was adhe-
sion of the disk to the articular eminence
or isolated adhesions in the superior joint
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Figure 4.9 Cadaver specimen showing condyle and dissected disk. Note medial and lateral extension of
the disk. During meniscal procedures the surgeon should appreciate this dimension so that adequate
dissection is performed deep enough on the medial surface to free any potential adhesions so that the

surgeon can remove the entire disk.

space. If the condyle and disk function
properly after these maneuvers, the joint
space can be irrigated and the incision can
be closed.

Some surgeons prefer to use a tem-
porary silicone implant to prevent
adhesions of the disk to the glenoid
fossa and articular eminence. In most
cases, the inferior joint space must also
be explored. Palpation of the neck of
the condyle just above the insertion of
the capsule is critical. The #15 blade is
again used to make a small incision
through the capsule inferior to the disk
itself. A small periosteal elevator is used
to widen this incision and then the

freer elevator is used to free the lateral
meniscal attachment. The same elevator
is then used to sweep over the top of
the condyle to free the disk from an
inferior approach. Prevention of any
direct trauma to the fibrocartilage on
the condylar head is always important
during these maneuvers. The approach
to the inferior joint space can be
widened anteriorly and posteriorly
with a small Iris or Metzenbaum scissors.
The condyle is now examined from the
inferior approach for the presence of
degeneration and osteophytes. Although
condyloplasty is rarely employed because
of the inability of the condylar bone
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Closing click

Opening click

Figure 4.11 (a) T1 MRI in the closed position showing anteriorly displaced disk. Note thickening of the
retrodiscal tissue and “bird beaking” of the condyle. (b) T1 MRI in the open position. Note reduction of
the disk on opening.
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Clinical
closed lock

Figure 4.12 Diagram showing an anteriorly displaced disk without reduction. Note loss of translation of
the condyle and absence of opening or closing click.

(a)

Figure 4.13 T1 MRI closed position (a) and open position (b). Note anteriorly displaced disk with loss of
biconcave “bow-tie” shape (arrow) and minimal translation of condylar head in the open MRI (b).
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to repair itself after surgical trauma,
the contouring of gross deformities is
sometimes necessary. This can be done
with a diamond bur under copious irri-
gation. A small freer elevator can also
be used to explore the inferior surface
of the disk to diagnose any perfora-
tions that may not have been visible
from the superior joint space. A
decision must be made at this point
regarding the type of procedure that
will be performed on the disk. The sur-
gical options are as follows: (i) disk
plication—surgical repositioning of the
disk by suturing it to retrodiscal and
lateral capsular tissues, (ii) diskopexy—
a disk “tie-down” that anchors the disk
to a condylar or fossa purchase point,
(iii) lysis of adhesions in both superior
and inferior joint spaces without any

disk repositioning (the last procedure
can be performed in conjunction with
eminoplasty), and (iv) meniscectomy
(discectomy) with or without replace-
ment. A Wilkes retractor may be used
to aid in visualization and access to
the disc by placing Kirschner wires
in the zygomatic arch and the neck of
the condyle. The retractor can then fit
over the cut ends of the Kirschner
wires and retract the condyle inferiorly
and anteriorly.

In the disk repositioning procedures,
the surgeon must sometimes release the
disk anteriorly by using a #15 blade or
electrocautery to incise the anterior
attachment in the area of the anterior
capsular wall. Theoretically, this tech-
nique lessens the anterior and medial
pull of the lateral pterygoid muscle.

(a)

(b)

Figure 4.14 (a) Endaural approach to temporomandibular joint showing intact capsule of
temporomandibular joint. (b) Exposure into superior joint space showing marked adhesions from
superior surface of the articular disk to the glenoid fossa.
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Figure 4.15 Cyrosection showing normal physiologic position of meniscus with relationship to anterior—
superior slope of the condyle and articular eminence. Note that the junction of the posterior attachment
and the posterior band of the disk is approximately at the 12 o’clock position on the condylar head. Also
note the normal dimensions of the functioning disk, which are 3 mm anterior band, 1 mm intermediate

zone, and 2 mm posterior band.

Figure 4.16 MRI of the condyle in closed position. Note anterior displaced disk and slight thickening of
the retrodiscal tissue.
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Figure 4.17 MRI of the condyle in the open position. Note the disk is anteriorly displaced and does not
reduce. Also note the loss of the normal 3-1-2 biconcave disk shape and degeneration of the condylar head.

(a) (b)

Figure 4.18 (a) Superior joint space, right joint, showing anterior-medially displaced disk. (b) Tissue forceps
pulling displaced disk in exaggerated lateral position. (c) Tissue forceps holding repositioned meniscus in
lateral-posterior position, which allows unrestricted motion of condyle without clicking or locking.

(a) (b)

Figure 4.19 (a) Meniscoplasty depicting a wedge resection for posterior and lateral repositioning of an
anterior-medially displaced meniscus. The dimension of the wedge can be altered to control the vector
of pull and final position of the disk. Note the use of a right-angle tissue clamp, which can aid in the
control of bleeding. (b) Prior to resection of posterior attachment (outlined). Note the edges of the
resection must be in vascular tissue to ensure healing.
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Disk plication

Disk plication can be either a complete or
a partial procedure. In the complete disk
plication, a full wedge of retrodiscal tissues
is removed and the disk is repositioned by
suturing the remaining retrodiscal tissue
directly to the posterior ligament.

In a partial plication, a small, pie-
shaped wedge of tissue is removed to
facilitate repositioning in a simultaneous
posterior and lateral plane. Separation of
the condyle from the fossa allows better
visibility and increased working space
for surgical instruments.

In the plication procedure, specially
modified right-angle vascular clamps are
used to clamp the anterior and posterior
attachments at the level of the wedge
resection. This provides both hemostasis

(a)

and control of the soft tissue edges. The
repair is performed with multiple resorb-
able 4-0 sutures on a small curved needle.
It is helpful to pass all the sutures first
rather than tying them down sequen-
tially, which can limit subsequent suture
placement. The goal is to replicate as closely
as possible the normal position of the disk.

In most cases, this means that the
junction of the posterior attachment and
posterior band of the disk are at approxi-
mately the 12 o’clock position with refer-
ence to the condylar curve. After the repair,
many surgeons find it helpful to simulate a
range of motion with the condyle to ensure
the absence of mechanical obstruction,
catching, or locking.

At this point, the surgeon should deter-
mine whether an anterior release should
be performed with electrocautery, laser, or

(b)

Figure 4.20 (a) Note repositioned meniscus in closed position. Suture line is visible along lateral capsular
attachment. It is preferable to keep the suture knots away from any area that would possibly be in contact
during joint loading. (b) Note the condyle is maneuvered after the disk repair is complete to ensure smooth
condyle-disk function during the expected range of motion. No excessive pull should occur on the suture

line at the terminal opening point.
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(a) (b)

Figure 4.21 Image (a) and diagram (b) showing disk repositioning to the lateral attachment.

Figure 4.22 (a) Case in which an eminoplasty was used as an isolated procedure for the treatment of
chronic open lock. (b) Note the increased joint space with condyle in closed position.

(a) (b)

Figure 4.23 Meniscoplasty depicting a wedge resection for posterior and lateral repositioning of an
anterior-medially displaced disk (a). The dimensions of the wedge can be altered to control the vector
of movement of the disk. Once the disk is repositioned posteriorly-laterally (lower diagram), the lateral
repair can proceed (b). A curved scissors or electrocautery is used to release the anterior attachment
near the anterior capsular wall for a tension-free repositioning of the disk. Simple interrupted or
horizontal mattress 4-0 sutures are used.
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small surgical scissors. When the condyle is
secured in a satisfactory position, the sur-
geon can decide whether an eminoplasty
should be performed to increase the
superior joint space if mechanical obstruc-
tion is still present. In the partial-thickness
technique, a complete resection of the pos-
terior attachment is usually unnecessary,
but excess lateral capsular tissue can be
excised with scissors, and a small wedge of
tissue is removed to help position the disk
in a more lateral-posterior position.

Diskopexey

Condylar diskopexey is a procedure in
which the displaced disk is freed by the
surgeon entering both joint spaces and
lysing adhesions first. At this point, a small
hole is placed through the lateral pole of
the condyle from posterior to anterior. A
nonresorbable 2-0 or 3-0 suture is placed
through the hole and through the disk at
the junction of the anterior and inter-
mediate bands. Four to five additional 4-0
nonresorbable sutures are then placed
from the lateral surface of the disk to
the lateral capsular attachment on the
condyle. If deformity of the disk precludes
repositioning it into a more normal posi-
tion, recontouring the thickened disk
with a scalpel is sometimes necessary. This
recontouring can also be performed with
the operating microscope.

Some surgeons favor the use of a
temporal diskopexey for stage III and
stage IV internal derangements when the
disk is too deformed to function in a
condyle-disk unit. In this case, the disk is
secured to the roof of the glenoid fossa by
placing two bur holes in the posterolateral

lip of the fossa. The patient should be
assessed preoperatively with MRI studies
and intraoperatively to judge the repair-
ability of the disk. Although attempts to
salvage late-stage meniscal displacements
are losing favor, the success of the disk
repair depends on the degree of deformity
and the extent of degenerative changes at
the time of the arthroplasty. In some cases
of disk deformity, a simultaneous emino-
plasty to increase the superior joint space
may be appropriate. After the plication is
completed, the mandible is manipulated
to assess the area on the eminence where
the disk impinges. The condyle is then
separated from the fossa, and a large dia-
mond bur is used to contour the eminence
to allow unobstructed passage of the
condyle-disk complex. Care is taken to
avoid removing the fibrocartilage in the
fossa itself during this maneuver. Some
surgeons recommend use of a temporary
silicone implant after this procedure to
prevent the disk from adhering to the sur-
face of the recontoured articular eminence.
Another technique for securing the
disk in a more physiologic position is the
use of the Mitek anchor. This bone-
anchoring system allows a metal insert to
be placed inside the condylar head with a
suture attached to it. This system is com-
monly used for knee surgery. In this tech-
nique, the Mitek drill is used to create a
hole in the posterior-lateral surface of
the condylar neck. The Mitek bone-cleat
introducer is inserted and pushed into the
bone, where two small coils unlock and
attach the cleat to the inner surface of the
cortical bone. The nonresorbable woven
suture is then passed with a fine needle
through the free edge of the disk, and the
disk is tied down to the condylar neck.
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Figure 4.24 Meniscal repositioning posteriorly-laterally after anterior release (with eminoplasty).

Figure 4.25 Nonresorbable suture used to secure a displaced disk to a hole in the lateral pole of the
condyle (anchor procedure preferable).
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Figure 4.26 (a) Sectioned condylar specimen to show insertion of the Mitek anchor into the head of
the condyle from a posterior-lateral approach. (b) Repositioned disk held in position by Mitek anchor.
(c, d) Diagram of insertion of Mitek anchor into condylar head for meniscal repositioning procedure.

© (d)

Figure 4.27 Panorex (a) and coronal CT (b) showing Mitek anchoring system in place. (c and d) Intraoperative
views of the same patient showing the Mitek anchors in place prior to total alloplastic joint replacement.
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Figure 4.28 Cryosection showing deformation of the displaced disk as well as sclerosis of the anterior

slope of the condylar head.

Meniscectomy (discectomy)

Meniscectomy can be performed when
the disk is irreparable. Many surgeons
favor meniscectomy for internal
derangement as the primary surgical
treatment following the failure of med-
ical and arthroscopic interventions,
or when perforations are noted on
arthroscopic exam. Meniscectomy is
the removal of the central avascular
portion of the disk and the area of per-
foration through the posterior ligament,
where the tissues may be irrepa-
rably damaged. Most surgeons leave a
small amount of anterior and posterior
attachment to prevent excessive hem-
orrhage with resultant fibrosis. The
most difficult portion of the disk to
remove is its medial extension. A spe-
cially designed, curved TMJ scissors can
be used to cut the anterior and poste-
rior attachments. The bleeding can then
be controlled with packs of thrombin-
soaked sponges and a local anesthesia
containing epinephrine.

The final step is accomplished by
using a Wilkes retractor to retract the
condyle in an anterior-inferior direction.
This allows maximal access to the medial
recess. Either the curved TMJ scissors or
a # 15 blade is used to separate the disk
from its medial attachment. The surgeon
must be careful not to cut through the
medial capsular wall and damage the
middle meningeal artery.

Once the disk is removed, the joint
space can again be packed with thrombin-
soaked sponges until hemostasis is
obtained. One of the most common rea-
sons for meniscectomy is perforation of
the disk itself. As mentioned previously, a
small freer elevator can be used to explore
the disk from the inferior joint space, and
check for perforations that may not be
visible on initial entry into the joint space.
It is preferable to remove the majority of
the meniscal tissue and trim any loose,
irregular edges at the margins of the men-
iscectomy to prevent potential adhesions
and fibrosis. Controversy exists in the liter-
ature about the type of reconstructive
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Figure 4.30 (a) Large perforation with visualization of the condylar head (arrow). (b) Large perforation
through postero-central portion of the meniscus.

procedure that should be performed
after meniscectomy. Some researchers
advocate meniscectomy alone without
replacement, and some long-term follow-
up studies of these procedures show that
patients can experience marked pain
relief with an adequate range of motion.

Universally, adaptive changes are apparent,
even in successful meniscectomies, which
appear radiographically as flattening of
the anterior—superior slope of the condyle
with sclerosis and some beaking of the
anterior lip of the condyle. Crepitus is also
a common finding after meniscectomy
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(a) (b)

Figure 4.31 (a) Temporary silastic implant in place covering the articular surface of the
temporomandibular joint. (b) Temporary silastic in place, note superior extension placed under the
temporalis fascia.

(a)

Figure 4.32 Removal of a temporary silastic implant. (a) This can be accomplished with a small “nick”
incision along the superior aspect of the previous incision. The implant should be carefully removed while
an assistant is pulling the mandible inferiorly to minimize pressure on the implant and prevent tearing
(b). The implant should be carefully inspected following removal to ensure it was removed in its entirety.
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(a)

(b)

Figure 4.33 (a) Postauricular approach for an autogenous conchal cartilage graft. (b) The graft is then
secured and contoured into the surface of the glenoid fossa.

without replacement. Several MRI studies
have shown the development of a
“pseudo” disk or scar tissue formation
between the condyle and glenoid fossa.
A technique described by Wilkes is
the use of the temporary silicone “pull-
out” implant. The medical-grade silicone
sheeting is contoured into an ovoid intra-
articular interpositional implant with a
temporal extension that can be placed
under the superficial or deep temporalis
fascia. The silicone forms a heavy fibrous
capsule and, when used in this short-
term fashion, does not appear to cause
any foreign-body type of reactions. When
silicone was used as a permanent implant
in the joint, documented reactions
included silicone synovitis and giant cell-
mediated foreign-body reactions that
were caused by the particulation of
the material during excessive wear. Even
in that event the reactions were not
as aggressive as those seen with the
polytetrafluoroethylene (PTFE) implants.

The temporary silicone implants prevent
adhesions between the condyle and the
glenoid fossa and promote the formation
of a fibrous tissue lining, which can
separate the bony articular surfaces of the
joint. Once the temporary silicone
implant is in place, the surgeon should
move the mandible to ensure that all the
articular surfaces are covered by the
implant and that motion does not dis-
place the implant from the glenoid fossa.
The surgeon must remove the implant,
and this can be performed as an office
procedure with intravenous sedation and
local anesthesia. The implant is generally
removed approximately 6-12 weeks after
surgery, but removal can be delayed for
several months beyond this point if the
patient’s condition warrants that decision.
It is reasonable to remove the implant
when the interincisal opening is approxi-
mately 35mm and the patient’s pain level
has decreased to a level at which narcotic
medications are unnecessary. A small
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incision, which is 1-1.5 cm, is sufficient to
remove the silicone implant. Care should
be taken to free the tissue encapsulating
the silastic sheet, as well as distract the
condyle inferiorly prior to removal of the
implant. This will minimize tearing. It is
essential to inspect the implant for tears
and irregularities to confirm its complete
removal. Retained foreign bodies will
necessitate exploration of the joint to
ensure all materials have been removed.
An alternative to placing any alloplastic
material after menisectomy is to inject
the pateint’s own platelet-rich plasma
into the joint space to fill the “dead
space” and accelerate healing.

Meniscectomy with
replacement

Autogenous, allogeneic, and alloplastic
materials have all been used to replace
the disk after meniscectomy. Long-term
studies of patients with meniscectomy
without replacement indicate that some
patients do very well without any tissue
replacement. It is equally obvious that no
viable alloplastic disk-implant material is
available at this time. The well-documented
severe pathologic responses to PTFE inter-
positional implants and, to a lesser degree,
permanent silicone implants clearly negate
this approach.

Of the autogenous tissues, the three
most commonly used are dermis, auric-
ular cartilage, and temporalis fascia and/
or temporalis muscle. Allogeneic mate-
rials such as fascia, dura, and cartilage
have been used, but autogenous mate-
rials have the advantage of obviating the
possibility of antigenicity or infectious
disease transmission.

Dermal graft

The dermal graft can be harvested “free-
hand” in the lateral thigh or abdomen.
An elliptical incision is made to excise the
full-thickness graft with both epidermis
and dermis intact. The graft should mea-
sure approximately 3—4cm by 3 cm, and a
#15 blade is used to remove the epidermal
layer. Because the graft tends to contract
during harvesting and handling, the piece
of tissue excised should be larger than the
actual dimensions of the meniscal defect
and be harvested in a “non-hair-bearing”
area.

Another technique to harvest the
dermal graft is to use a dermatone to cre-
ate a full-thickness skin graft that is not
detached at its base. The dermal graft is
then harvested, and the skin graft is repo-
sitioned and sutured at the periphery.
Some authors advocate using the #15
blade to make “quilting-type” cuts through
the skin graft to prevent displacement by a
subepithelial hematoma. Once the dermis
is prepared, it is placed into the joint space
and sutured to both remnants of the ante-
rior and posterior attachment with 4-0
resorbable suture.

Auricular cartilage

Auricular cartilage has also been used as a
disk replacement and can be harvested
by a posterior approach that leaves a
very acceptable scar. Designing the inci-
sion so that it will cover intact cartilage
after the graft is removed is extremely
important. An attempt is made to harvest
cartilage with a curvilinear shape so that
it will match the contour of the glenoid
fossa. Usually the cartilage must be secured
to several small holes drilled on the
lateral-inferior lip of the glenoid fossa. In
harvesting the graft, surgeons must be
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(a) (b)

Figure 4.34 (a) Posterior approach to ear to harvest auricular cartilage. The incision is approximately 4 cm.
(b) The incision is placed between the antihelix and the outer helix. The incision is positioned so that it
will remain over intact cartilage after graft harvesting. The graft removed should be smaller in diameter
than the distance between the incision and the mastoid crease. Hemostasis must be achieved to prevent
an auricular hematoma postoperatively.

Temporalis meatus

Figure 4.35 Diagram of temporalis muscle. A myofascial or facial flap may be used as a graft to replace
the temporomandibular disk and prevent ankylosis.
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(©)

Figure 4.36 A temporalis flap may be rotated medially (a) and secured (b) or laterally (c) into the

glenoid fossa.

careful not to violate the rim of the anti-
helix during graft removal. They must
also remember to dissect the perichon-
drium off the graft on the lateral surface

and maintain the perichondrium on the
medial surface. Some surgeons advocate
the use of a temporary silicone implant
for approximately 6 weeks to prevent
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Figure 4.37 (a and b) Status post-meniscectomy with temporalis fascia graft in position. Graft is sutured
anteriorly to the anterior aspect of the capsular ligament and the lateral pterygoid muscle and posteriorly
to the posterior attachment.

adhesions between the condyle and the
auricular graft. Use of a small rubber
drain in the postauricular ear wound and
a pressure dressing to prevent an auric-
ular hematoma is of utmost importance.

Temporalis muscle and

fascial grafts

Temporalis fascia was used as a free
autogenous interpositional graft in the
past but has largely been abandoned
in favor of the temporalis myofascial flap
because the fascia alone proved insuffi-
cient in mass to function adequately. The
temporalis myofascial flap is harvested by
extending the endaural incision into the
temporal region approximately 2-3cm.
This interiorly based, full-thickness flap
incorporating the muscle with superficial
and deep fascia, is outlined and freed
with a #15 blade or a cautery tip. To
account for contraction, the distal width
of the flap should be wider than the
actual dimensions of the joint space to

be covered. In general, the length of the
flap from the superior edge to the
zygomatic arch is 5-6 cm and approxi-
mately 3 cm in width. The edges of the
flap are then sewed together with mul-
tiple 4-0 chromic sutures. The flap is
rotated laterally over the zygomatic arch
and placed as a lining into the glenoid
fossa so that the periosteum from the
temporal bone is facing against the
glenoid fossa. The flap is held in position
with two nonresorbable sutures that are
passed through holes drilled in the pos-
terior edge of the fossa and the bone on
the anterior slope of the eminence.

An alternative method for placing the
temporalis flap is to raise the same inferi-
orly based temporalis myofascial flap,
bring the free edge through the infratem-
poral space, and pass it from the articular
eminence posteriorly into the joint space.
Once it is passed under the articular
eminence, it is sutured to the rim of the
glenoid fossa in a similar fashion.
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Modified condylotomy

Another method for treating internal
derangements, which Hall and others
have popularized, is the modified
condylotomy. This procedure can he
used for internal derangements instead
of conventional intracapsular disk-
repositioning techniques. In essence, an
intraoral vertical subsigmoid osteotomy
is performed. A large pineapple bur is
used to contour the lingual cortical
bone of the proximal segment. Even
though there is incomplete stripping of
the medial pterygoid muscle, inferior
and anterior repositioning of the
proximal segment occurs. This allows
the condyle to reposition itself in a
more normal relationship with the dis-
placed disk. This condylar movement
is secondary to a shortening of the lat-
eral pterygoid muscle, and the condylar
repositioning essentially reduces the
impingement on the retrodiscal tissues.
A short period of intermaxillary fixation is
followed by functional training with
interarch elastics.

Postoperative care

Postoperative care is clearly an impor-
tant aspect of any intracapsular joint sur-
gery. Aggressive and early mobilization
of the joint is tantamount to success. In
most patients, regardless of the type of
surgical procedure, progressive mobili-
zation, with active motion exercises, is
adequate to achieve an interincisal open-
ing of approximately 35 mm within 4-6
weeks of surgery. Handheld jaw-exercise
devices are available to assist patients in
achieving this goal. In patients who have
had multiple operations or continued
problems with adhesions or heterotopic
bone formation, a continuous passive
motion device, in conjunction with
active physiotherapy, can be helpful. In
general, mobilization without mastica-
tion-induced joint loading should be
encouraged for the first few weeks after
surgery. A soft diet is usually advocated
in the first 4-6 weeks following surgery.
Once an adequate, pain-free interincisal
opening is achieved, the diet can be
rapidly advanced.

Figure 4.38 Intraoral vertical subsigmoid osteotomy. Note the improvement in the condyle-disk
relationship after the anterior-inferior displacement of the proximal osteotomy segment.
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Figure 4.39 Patient demonstrating use of a TheraBite jaw exerciser. Patients are instructed to use a
handheld jaw mobilization device three to four times daily for a period of 4-6 weeks. Patients can
monitor their progress by measuring their maximal incisal opening (inset).
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CHAPTER 5

Osseous surgery of the
temporomandibular joint

Condyloplasty

Several authors have popularized the
technique of condyloplasty, or condylar
shave. Arthroplasty is the reshaping of
articular surfaces to remove irregularities
(osteophytes) and erosions. It can be per-
formed as an isolated procedure or in
conjunction with meniscal repair. It
appears to be more suited for small, iso-
lated areas of disease, as opposed to the
practice of removing 3—4 mm of the entire
anterior-superior slope of the condyle.
Follow-up of condyloplasty patients
shows significant evidence of progressive
degeneration with sclerosis and erosion.
Fibrocartilage does not regenerate in
areas where condyloplasty has been per-
formed. Because of this, this procedure in
isolation or in conjunction with meniscu-
lar surgery has largely been abandoned.

Eminoplasty

Eminoplasty can be an important adjunct
in the surgical correction of internal
derangements, or it can be used alone for
treatment of hypermobility. Standard texts

have defined normal maximal translation
of the condyle as the point where the
greatest convexity of the condyle meets
the greatest convexity of the articular
eminence. In practice, as many as 60% of
normal subjects translate more anterior
than that point without any symptoms.
Subluxation occurs when the condyle
translates anterior to its normal range and
the patient exhibits a temporary locking or
“sticking” sensation that either abates
spontaneously or can be reduced with
manual self-manipulation. Dislocation is a
more severe hypertranslation where the
condyle locks out anterior to the eminence
to a position where it cannot be self-
reduced. Recurrent dislocation is treated
with eminoplasty. The eminence should
be recontoured as far medially as possible
to ensure that adequate bone is removed,
though this is controversial and some
advocate lateral resection as adequate.
Computer tomographic (CT) or magnetic
resonance imaging (MRI) images can
show the extension of the cancellous bone
in the eminence, so care is exercised to
prevent intracranial exposure of the
temporal lobe. Great care should be taken
to protect the meniscus and condylar head

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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Before

After

Figure 5.1 Bone file used to contour the head of the condyle during condyloplasty procedure. Although
this maneuver can sometimes be beneficial in judiciously removing osteophytes, the fibrocartilage
damaged during the procedure does not regenerate and further degenerative changes can occur
secondary to the procedure itself.

Before

.

Figure 5.2 High condylar shave. A 1-mm bur is used to remove a 3-4 mm section of the anterior-superior
slope of the condyle. The cortical edges are then smoothed with a bone file. This maneuver most often
exposes underlying marrow in the condylar head and leads to progressive sclerosis and degeneration.
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(a) (b)

Figure 5.3 (a) Cryosection showing normal appearing condylar head and glenoid fossa. Note the dimensions
of the anterior—superior condylar head and its relationship to the posterior aspect of the articular eminence
of the glenoid fossa. (b) 3-D CT reconstruction of a normal condyle and glenoid fossa relationship.

Normal position - =~

Dislocation =~

Figure 5.4 Side view of a skull depicting the position of the condyle anterior to the eminence in dislocation.
Dislocation implies complete separation of the articular surfaces of the condyle and articular eminence and
is nonreducing. Subluxation is partial separation of these surfaces and is self-reducing. In unilateral
dislocation, there should be deviation of the midline to the contralateral side with an ipsilateral open bite.
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(a)
Figure 5.5 (a) Sagittal view of a CT scan showing a dislocated temporomandibular joint. Note the
anterior-superior position of the condylar head in relation to the articular eminence of the glenoid fossa.
(b) Lateral skull film of a patient with bilateral dislocated temporomandibular joints. Note the anterior
open bite and pseudo-class-3 relationship.

Figure 5.6 A sagittal MRI of a patient with a dislocated temporomandibular joint. Note the anterior
band of the meniscus is in a distal position relative to the condylar head (arrow). Image courtesy of
Dr. Gerhard Undt.
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Figure 5.7 Glenoid fossa with eminence reduced. The dotted line denotes the amount of bone removed
during the eminoplasty procedure. Note that theoretically the procedure affords greater freedom of
movement to the articular disk and lessens the chance of dislocation.

Figure 5.8 Initiating the osteotomy of the articular eminence with a 1-mm fissure bur. Approximately
90% of the cut is performed with the bur.
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Figure 5.9 The eminoplasty is completed with the aid of an osteotome. The osteotome should be angled
inferiorly to ensure the bony cut stays below the base of the skull (see inset).

| fossa

Zygomatic arch
¥g ar |\

Figure 5.10 (a) Note the proximity of the middle cranial fossa in relationship to the medial-lateral
position of the articular eminence. Image courtesy of Dr. Gerhard Undt. (b) Inferior view of cadaver
specimen showing medio-lateral extension of articular eminence.
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Figure 5.11 Inferior-lateral view of articular eminence showing medial extent (Left Joint).

Figure 5.12 Fissure bur positioned for lateral cortical eminoplasty. Alternatively, a reciprocating rasp
may be used to reduce the eminence (inset) with less risk of base of skull fracture.
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(a) (b)

Figure 5.13 (a) Bony perforations placed in the articular eminence with a 1-mm Fisher bur to outline
the articular eminoplasty. (b) Status post eminoplasty. Reduction of the eminence is required to ensure
an unobstructed path of condylar translation.

Figure 5.14 A reciprocating rasp may be used to perform the eminoplasty. Great care should be taken to
avoid perforation into the middle cranial fossa (inset).
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Figure 5.15 After eminoplasty is complete, the mandible is manipulated intraoperatively to ensure
unobstructed condylar motion during normal range of motion without dislocation.
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Figure 5.16 (a) Intraoperative photo showing prominent articular eminence in a patient with a history
of persistent dislocation requiring emergency room intervention for reduction of the condyle. Inset
showing CT of the same patient with the condyle dislocated. (b) Same patient following eminoplasty
performed with a rasp. A Seldon retractor is placed during the procedure to protect the meniscus. Inset
shows the postoperative cone beam CT with near complete reduction of the eminence, which will allow
for unobstructed movement of the condyle.
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(a) (b)

() (d)

Figure 5.17 MRI scan of the TMJ in the (a) closed-mouth position before arthroscopic eminoplasty
and (b) open-mouth position before arthroscopic eminoplasty. MRI scan of a left TMJ (c) in the
closed-mouth position 12 months after arthroscopic eminoplasty and (d) open-mouth position

12 months after arthroscopic eminoplasty. The translation of the condyle is slightly limited. Image
courtesy of Dr. Gerhard Undt.

when performing this procedure to avoid but care should be taken when employing
iatrogenic degeneration of the condyle. this technique to avoid inadvertent anky-
Many surgeons advocate a brief period of losis of the joint. Finally, some surgeons
intermaxillary fixation to induce joint scar- advocate the need to perform this procedure
ring and minimize translation of the condyle,  bilaterally in order to minimize recurrence.
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Figure 5.18 (a) An alternative method to lengthen the articular eminence is the Dautrey procedure, in
which the zygomatic arch is osteotomized and then fractured in an inferior position. It is subsequently
secured to the depth of the articular eminence to lengthen the slope of the posterior eminence. (b and c)
Skull model and intraoperative imaging showing osteotomy position (dashed line). (d and e) Skull
model and intraoperative image demonstrating inferior repositioning of the distal segment of the
zygomatic arch. (f and g) Skull model and intraoperative imaging with distal segment secured in place
with hardware. The distal portion of the zygoma now functions to mechanically block anterior
dislocation of the condyle. (Images (b) to (g) are the courtesy of Dr. Paul Henrique Luiz de Freital)
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Figure 5.19 Condylectomy is performed through the standard endaural approach used to identify

the neck of the condyle at the level of the sigmoid notch below the most inferior-lateral capsular
attachment. The condyle is sectioned while protection is provided to the interior maxillary artery, which
lies medial to the condylar neck. In the high condylectomy, 7-8 mm of the entire condylar head is
removed for intractable temporomandibular joint pain that is unresponsive to medical therapy. This
differs from condylectomy performed for prosthetic joint replacement or costochondral rib grafting, in
which the osteotomy cut is at the base of the coronoid to prevent postsurgical ankylosis.

(a) (b)

Figure 5.20 (a and b) Dunn-Dautrey retractors in place for condylectomy. These retractors protect the
internal maxillary artery during the osteotomy.
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Figure 5.21 (a) One millimeter fissure bur is used to make the osteotomy cut at the neck of the condyle.
(b) Intraoperative photo showing proper placement of the Dunn-Dautrey retractors prior to the
osteotomy in order to ensure protection of the internal maxillary artery.

(@)

Figure 5.22 (a and b) Diagram and photo showing placement of small T-bar osteotome. A mallet is used
to gently tap and separate the remaining medial cortex of the condylar neck.

[

(a) (b)

Figure 5.23 (a and b) Diagram and photo showing the T-bar osteotome rotated 90° in order to mobilize
the condylar head.



WWW.HIGHDENT.IR
RICETRIRTAY

(a) (b)

Figure 5.24 (a and b) Diagram and photo showing the use of a bone-holding forceps used to carefully
remove the condylar head. A sharp periosteal elevator is often used to strip the lateral pterygoid
attachment from the anterior surface of the condylar neck (fovea).

Figure 5.25 (a and b) Intraoperative images showing extensive posttraumatic bony ankylosis of the
temporomandibular joint.

(a) (b) ©

Figure 5.26 (a) Lateral and coronal (b and c) cone beam CT showing bony ankylosis of the
temporomandibular joint. Note, often, a pseudarthrosis (arrow) will be present allowing for up to
10mm of jaw movement.
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Figure 5.27 Series showing sequence of osteotomies for a condylectomy involving an ankylosed joint
(a). Initial osteotomy should be made away from the ankylosed mass often at the level of the condylar
neck (b). This avoids unwanted fracture into the skull base or entrance into the middle cranial fossa.
Once the ankylosis is freed inferiorly, the condyle can then be safely removed via the pseudarthrosis.
(c) Status post condylectomy, with additional bone removed as necessary via superior repositioning of

the condyle into the empty glenoid fossa.

Figure 5.28 Use of a spring-loaded Bell exerciser to lyse adhesions status-post condylectomy.

Condylectomy

As an isolated procedure for joint pain, con-
dylectomy has been largely abandoned. It is
a necessary surgical maneuver to treat
ankylosis and/or prepare the joint for a total
alloplastic prosthesis or a costochondral
graft. The procedure involves a standard
preauricular approach with special emphasis
on visualizing the base of the condylar neck
at the level of the sigmoid notch.

Many surgeons also complete the
inferior dissection through a modified
posterior mandibular incision before the
condylectomy. This procedure allows
digital access to the medial surface of the
ramus (from below) to apply pressure to
the internal maxillary artery in the event
it is severed while the condyle is sec-
tioned. Because of the proximity of the
artery to the condylar neck, specially
designed retractors (e.g., Dunn-Dautrey
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condylar retractors) should be placed
before the osteotomy.

A two-step osteotomy has been
developed to minimize risk to the
internal maxillary artery and ensure
adequate bone removal if a total joint
replacement will be performed. With a
1-mm fissure bur, an osteotomy is per-
formed by starting at the midpoint of the
condylar neck, sparing the medial cortex.
A T-bar osteotome is gently tapped and
torqued to complete the condylar cut. If
bleeding occurs, the cut must be quickly
completed to allow access to the area for
adequate compression and ligation, if
this measure is necessary. Initial control
can be maintained with thrombin-
soaked sponges, Avitene (collagen), or
Flowseal. Pressure and medium
Hemoclips can be used if the severed
vessel can be visualized. As previously

mentioned, digital compression can also
be applied to the medial aspect of the
ramus from the retromandibular inci-
sion. The retromandibular incision also
allows access to the superior branches of
the external carotid artery if ligation is
required in case of severe hemorrhage
(see Chapter 11). Once the condyle is
removed, this creates space and allows
the surgeon to superiorly reposition the
ramus. This allows easier access to the
second step of the osteotomy and places
this bone cut away from the internal
maxillary artery. This maneuvers also
allows the surgeon to easily and safely
perform the osteotomy at the level of the
sigmoid notch, while also decreasing the
risk of injury to the facial nerve.

In cases of ankylosis, sectioning the
condyle at a level below the ankylosis
(usually at the sigmoid notch)

Figure 5.29 Ward condylotomy. Note the telescoping of the condylar segment in an anterior and inferior
position. This malpositioned condyle would theoretically unload the meniscus and result in a more

physiologic condyle-disk position.



WWW.HIGHDENT.IR
QG501 9 Ol jludluss ylon

(a) (b)

Figure 5.30 (a) Ward condylotomy. Costich needle is passed posterior to the ramus with the exit point in the
coronoid notch. Great care is taken to ensure the needle is passed in close proximity to the lateral surface of
the condylar neck to avoid entrapping the internal maxillary artery between the Gigli saw and the condylar
neck. (b) Carefully sectioning the condylar neck at the level of the sigmoid notch, the operator does not bring
the Gigli saw completely through all the cortical bone and periosteum on the lateral side but rather leaves a
small bridge of bone and soft tissue that can be fractured with digital pressure. This prevents a complete
dislocation of the condylar segment out of the glenoid fossa by the unopposed lateral pterygoid muscle.

(a) (b)

Figure 5.31 (a) Outline of the right condyle ramus complex on the skin, showing insertion of the Costich
needle with entry posterior to the posterior border of the mandible. This technique was designed to
bring the sharp tip of the needle directly behind the neck of the condyle and cause the tip of the needle
to exit through the coronoid notch. Care must be taken during this maneuver to remain lateral to the
internal maxillary artery. (b) Costich needle exiting through the coronoid notch with Gigli saw attached
to the perforation in the terminal tip of the needle. The Gigli saw is then pulled back through the
coronoid incision so that its cutting surface lies along the medial surface of the condylar neck.
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Figure 5.32 Compared with the Ward condylotomy, vertical subcondylar osteotomy offers a more
controlled approach to condylar repositioning. In this intra-oral osteotomy procedure, the surgeon is
able to attain a more controlled vector of condylar positioning and maximize bone-to-bone contact
between the distal and proximal fragments. This procedure also poses less risk for a total dislocation of
the condylar head from the glenoid fossa, which can occur with the Ward condylotomy.

(a) (b)

Figure 5.33 (a) Intraoral coronoidectomy. Note placement of nerve hook to ensure proper placement
of the fissure bur. An osteotomy placed too low along the ramus may result in a condylar fracture.
(b) Coronoid fragments after coronoidectomy.
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is recommended before attempting to
separate the ankylotic bone at the
superior glenoid fossa margin. This min-
imizes iatrogenic entry into the middle
cranial fossa.

Condylotomy

Condylotomy for chronic temporoman-
dibular joint pain was popularized by
Ward in 1952. Initially performed with a
Gigli saw, the procedure was designed to
induce a displaced fracture through the
condylar neck so that the condyle would
be repositioned inferiorly and anteriorly.
This would allow the condylar head to
seat under the displaced meniscus and
unload the posterior attachment.
Nickerson, Hall, and others have
renewed interest in the concept of this
procedure, and they have popularized
an open approach to the condylotomy.
An intraoral, subsigmoid, vertical oste-
otomy is performed, and the patient is
maintained in intermaxillary fixation
with elastics for a 2- to 4-week period.
Unlike the intra-oral vertical ramus oste-
otomy for orthognathic surgery, the
periosteum along the medial and lateral
aspect to the inferior border is elevated
to achieve condylar sag. The proximal
segment should be placed lateral to the
distal segment in order to avoid medial
displacement of the condyle. The success
of this procedure for osteoarthritis and
internal derangement appears to be asso-
ciated with the degree of increased joint
space achieved. Condylotomy has the

advantage of minimizing damage to the
articular and meniscal structures inherent
in open arthroplasty and decreasing the
potential formation of intra-articular
adhesions. Risk of neurovascular injury,
malocclusion, and the need for a period
of IMF are the primary disadvantages of
this procedure.
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CHAPTER 6
Trauma

Facial injuries are increasingly common
in modern society. This increase can be
attributed to technologic development of
faster automobiles and other modes of
transportation, in addition to increased
hostility among drivers and a rise in
assaults and other forms of interpersonal
violence. The temporomandibular joint
is certainly not exempt from injury
related to these factors. The anatomic
complexity of this region makes diagnosis
and treatment particularly challenging.
Additionally, the role of the temporo-
mandibular joint in the functional
processes of speech, mastication, swal-
lowing, and facial expression makes
proper management of these injuries
paramount. Few areas of oral and maxil-
lofacial surgery have generated as much
controversy as the management of injury
to the temporomandibular region. This
chapter reviews current methods of eval-
uation, diagnosis, and management of
injuries to this region. Pertinent ana-
tomic review and approaches to the tem-
poromandibular joint can be found in
Chapter 3.

Incidence, etiology, and
pattern of fracture

The literature reports variable statistics
for the incidence of fracture involving
the mandibular condyle. Early studies
report the incidence of mandibular
fractures to be as low as 8%, with later
reports as high as 50%. The relatively
low incidence in early studies may relate
to differences in the way fractures were
reported, but they probably result from
advances in the field of diagnostic
imaging, which now allows more accu-
rate detection of these fractures. A rea-
sonable assumption is that fractures
involving the condylar process probably
compose between one-quarter and one-
third of all mandibular fractures.

The type of fracture produced by an
injury depends partly on the age of the
patient and the magnitude and direction
of the force. However, certain mecha-
nisms of injury consistently result in
specific fracture patterns. Therefore,
knowledge of the mechanism of injury
may vyield clues to guide the clinician
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Figure 6.1 Fifteen-year-old with a submental laceration that had been closed 72 h earlier. No intraoral
exam had been performed, and the condylar fracture was undiagnosed. Trauma in the submental and
symphyseal region should always raise suspicion for a mandibular condylar fracture.

Figure 6.2 Diagram of the levels of condylar fractures. (a) Intracapsular (or condylar head) fracture,
(b) condylar neck fracture, and (c) subcondylar fracture.

) (b) ©

Figure 6.3 Relationship of the condylar (proximal) segment to the mandibular (distal) segment.

(a) Nondisplaced. Normal relationship of the condylar head to the glenoid fossa. (b) Displaced. Condylar
head remains within the glenoid fossa, but the proximal segment is not aligned with the distal component.
(c) Dislocated. The condylar head rests completely outside the boundaries of the glenoid fossa.
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Figure 6.4 Subcondylar fracture. Notice the
anterior edge of the fracture begins at the level of
the sigmoid notch and courses posteriorly and
inferiorly.

(a)

during the patient’s first visit. For example,
a direct blow to the temporomandibular
joint region may result in a fracture of the
underlying condyle. However, this event
is fairly uncommon because of the protec-
tion afforded to the condyle by the lateral
rim of the glenoid fossa. More commonly,
a blow directed horizontally to the man-
dibular body, such as that delivered by a
fist, results in a fracture of the ipsilateral
mandibular body and the contralateral
condyle. A force delivered to the para-
symphyseal region may also cause an ipsi-
lateral condylar fracture. When a force is
directed axially to the chin, such as when
the chin strikes the ground after a fall or
the dashboard during an automobile
accident, force is transmitted along the
mandibular body to the condyles. This
typically results in a symphyseal or para-
symphyseal fracture combined with a
unilateral or bilateral fracture of the
condylar region. When the condyles
are driven superiorly and posteriorly into
the glenoid fossa, concomitant fracture
of the tympanic plate with damage to the

(b)

Figure 6.5 (a) MRI depicting the anterior-medial pull of the lateral pterygoid muscle. (b) Dislocated
subcondylar fracture with the proximal segment located anterior and medial along the direction of pull

of the lateral pterygoid.
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(a) (b)

Figure 6.6 (a) Hemarthrosis. Contusion of the temporomandibular joint should be suspected when a
new posterior open bite (inset) without evidence of fracture is seen. Treatment should include early
joint mobilization. (b) Sagittal MRI section showing gross effusion in the superior joint space. Note the
bright signal of joint effusion and distension of the superior joint space.

(b)

Figure 6.7 (a) Depiction of a grossly displaced right condylar fracture with resultant right laterognathia
and a left open bite (inset). (b) Patient with premature left posterior contact and right posterior open bite.

external auditory canal or fracture of the result in bilateral “green stick” fractures of
glenoid fossa with penetration into the the condyles. The previous examples
middle cranial fossa may result. Because demonstrate that the mechanism of
children have a greater modulus of elas- injury provides useful insight into the
ticity in bone, a blow to the chin may type of injury to be expected.
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(b)

Figure 6.8 (a) Bilateral condylar fractures with resultant apertognathia (inset). (b) Patient with new
anterior open bite following blunt trauma to his chin. Note the lack of mamelons present on the
anterior incisors, this suggesting that the apertognathia is secondary to the trauma and not congenital.

Signs and symptoms
associated with condylar
fracture

A thorough history of the mechanism of
injury should always precede the clinical
examination of a patient with a suspected
fracture or injury of the mandibular
condyle. Patients reporting malocclusion
including premature contact or new
open bite, difficulty opening, or preau-
ricular pain should raise the suspicion of
a condylar fracture. The patient with a
fracture of the mandibular condyle usu-
ally has a history suggestive of this find-
ing and one or more of the following
physical findings:

1 Evidence of facial trauma that may
include contusion, abrasion, lacera-
tion of the chin, ecchymosis, and
hematoma in the temporomandibular
region. These injuries should alert the
examiner to possible fractures under-

lying not only the area of injury but
also the ipsilateral and contralateral
temporomandibular joint.

Laceration or bleeding of the external
auditory canal. This may result from
fracture of the anterior tympanic plate
from a posteriorly displaced condyle.
Swelling over the temporomandibular
joint region may be secondary to
hematoma or edema from a fracture.
Facial asymmetry. This may be due to
foreshortening of the mandibular
ramus caused by overlap or tele-
scoping of the proximal and distal
fracture segments.

Pain and tenderness to palpation over
the affected temporomandibular joint.
Crepitus over the affected joint. This is
caused by the friction of the irregular
fracture ends sliding over one another
during mandibular movement.
Malocclusion. A unilateral condylar
fracture usually results in ipsilateral
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premature contact of the posterior 9 Muscle spasms with associated
dentition caused by foreshortening trismus and pain.

of the ramus on the fracture side. A 10 Dentoalveolar injuries are apparent.
contralateral posterior open bite is

due to canting of the mandible.

Bilateral condylar fractures may Imaging of the

result in a marked anterior open bite temporomandibular region
and retrognathia.

8 Deviation of the mandible may be Maxillofacial radiographic technique
seen at rest or on opening. The mandates that at least two radiographs
mandible may deviate to the side of be obtained at right angles to each other
fracture. Bilateral condylar fractures for adequate evaluation of the temporo-
may result in little midline deviation. ~mandibular joint region. Historically, in

()

Figure 6 9 (a) Coronal CT showing a laterally displaced subcondylar fracture. (b) Axial CT showing a condylar
head fracture with anterior-medial displacement. (c) Coronal CT with a sagittal condylar head fracture with
inferior-medial displacement (telescoping). (d) Subcondylar fracture with dislocation of the condylar head.
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-

Figure 6.10 Axial CT showing an intracapsular fracture.

(a)

(b)

Figure 6.11 (a) Axial and (b) coronal CT showing minimally displaced condylar head fracture. This type
of fracture should be treated with closed reduction for approximately 2 weeks with early mobilization to

prevent ankylosis.

most centers the mandible series consists
of a posterior-anterior skull image, two
lateral oblique views, and a Towne’s pro-
jection. The panoramic radiograph alone
may be a more useful screening tool,
with a reported accuracy rate of 92%
in detecting all types of mandibular

fractures. (The standard mandibular series
has an accuracy rate of only 66%.)
Unfortunately, many hospital emergency
rooms do not have this capability.

With the advent of newer imaging
techniques such as computed tomography
(CT) and magnetic resonance imaging
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Figure 6.12 (a) Panorex and (b) axial CT of a patient with a dislocated right subcondylar fracture.
Advanced imaging is often necessary for improved diagnosis and surgical planning in the

temporomandibular joint injuries.

(MRI), the standard mandibular and facial
survey has been largely supplanted in
the diagnosis of maxillofacial trauma.
Particularly in trauma centers, where
many patients may already require CT
imaging, it is often more easier to con-
tinue scanning through the facial skel-
eton. The CT scan yields excellent bony
detail of the facial skeleton in multiple
views as well as in 3D reconstruction. MRI
yields excellent soft tissue detail but less
bony resolution when compared with CT

scanning and is rarely obtained, or
necessary, in the acute trauma setting.

Classification of fracture of
the mandibular condyle

Because condylar fractures are complex
with respect to mechanism, anatomy,
and associated injuries, development of
an all-inclusive classification system for
these injuries is difficult at best. Several



WWW.HIGHDENT.IR
O 501W 9 Ol jludlss ylon

(b)

(d) (e) (f)

Figure 6.13 (a) PA, (b) lateral, and (c) lateral oblique skull films of a patient seen in the emergency room
following trauma to the chin with an anterior open bite. The images were read as normal. (d) Axial,

(e) lateral, (f) and coronal CT of the same patient 1 week later. Note the dislocated bilateral subcondylar
fractures. Plain films can often be difficult to interpret in the temporomandibular region secondary to

overlapping adjacent anatomy.

Figure 6.14 3D reconstruction of a severely displaced subcondylar fracture. 3D reconstruction can be
utilized to improve visualization of the fracture segment. Subcondylar fractures, below the level of the
coronoid notch, are best approached through a retromandibular incision or with a combine preauricular

and retromandibular approach.
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Figure 6.15 MRI depicting gross displacement of a condylar fracture in a 5-year-old girl. Note the
complete separation of the cortical plate on the lateral surface (arrow) and the green-sticking of the
medial cortical plate. The meniscus can be visualized in a relatively normal position. This fracture was

manually reduced via an intraoral approach.

¥
(b)

(a)
Figure 6.16 (a) Pre- and postaxial CT showing a well-reduced subcondylar fracture. (b) “Figure-of-eight

”

wiring technique used historically to stabilize the fracture segments.
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authors have proposed systems based on
the anatomic location of the fracture and
the relationship of the condylar fragment
to the mandible and glenoid fossa. Some
of the more comprehensive systems are
unsuited to clinical use but warranted
for statistical purposes. The lack of con-
sensus regarding classification renders
comparison of clinic outcomes research
difficult.

In 1977, Lindahl proposed a system
that classified condylar fractures based on
several factors, including the following: (i)
the anatomic location of the fracture, (ii)
the relationship of the condylar segment
to the mandibular segment, and (iii) the
relationship of the condylar head to the
glenoid fossa. This system requires that
radiographs be obtained in at least two
views at right angles to each other (see
Figures 7.2 and 7.3). In an effort to estab-
lish a more clinically useful classification
scheme, MacLennan proposed in 1954 a
system based on the relationship of the
proximal and distal fracture segments:
Type I Fracture (nondisplaced)

Type I Fracture (fracture deviation).
This describes simple angulation of the
fracture segments without overlap or
separation. Type II fractures include
greenstick fractures, commonly seen
in pediatric patients.

Type III Fracture (fracture displacement).
This is characterized by overlap of the
proximal and distal fracture segments.
The overlap can be anterior, posterior,
medial, or lateral.

Type IV Fracture (fracture dislocation).
The condylar head resides completely
outside the confines of the glenoid fossa
and joint capsule. The dislocation may
be anterior, posterior, medial, or lateral.

Treatment of mandibular
condyle fractures

The proper management of the fractured
mandibular condyle is among the most
controversial topics in maxillofacial
trauma, generating a wide variety of
opinions and proposed treatment modal-
ities. The commonly accepted goal of
treatment is the reestablishment of the
pretrauma function of the masticatory
system, which typically involves the res-
toration of the preoperative occlusion
and facial symmetry. Unlike fractures of
other bones, however, the exact ana-
tomic reapproximation of the fracture
segments may not be essential. This has
been demonstrated in children in whom
a conservatively treated displaced or dis-
located condylar fracture heals with a
perfectly functional and often morpho-
logically-reconstituted condylar process
despite a lack of anatomic reduction.
This phenomenon is probably related to
the remarkable remodeling capacity of
bone in children. A similar tendency
exists in older patients, although the
results are much less predictable.

Early techniques for the management
of condylar fracture included various
methods and periods of joint immobiliza-
tion. This approach was chosen because it
produced fairly good results and many
surgeons feared exposing the temporo-
mandibular region to surgical complica-
tions. Moreover, early methods of internal
fixation were clearly not preferable to
more conservative methods. As surgical
techniques improved and methods of
rigid fixation were developed, surgeons
became more comfortable with open
approaches to the joint. An expanding set



WWW.HIGHDENT.IR
QG501 9 Ol jludluss lon

116

Atlas of Temporomandibular Joint Surgery

Table 6.1 Open reduction of the fractured mandibular condyle.

Absolute indications

Relative indications

—_

. Displacement of the condyle into 1.
the middle cranial fossa

Bilateral condylar fractures in an edentulous patient when splints are
unavailable or impossible because of ridge atrophy

2. Inability to obtain adequate 2. Unilateral or bilateral condylar fractures when intermaxillary fixation

occlusion with technique

is not recommended secondary to medical conditions

3. Lateral extracapsular displacement 3. Bilateral fractures associated with comminuted midfacial fractures

of the condyle

4. Invasion of the joint by a foreign 4. Bilateral fractures associated with other gnathic problems

body

of indications for open surgical interven-
tion evolved, but the technique continued
to stimulate a great deal of debate, which
persists today (see Table 6.1).

Closed treatment

Available data overwhelmingly supports
the belief that many fractures of the man-
dibular condyle can be successfully treated
through conservative means. The closed
management of condylar fracture ranges
from observation and prescription of a soft
diet to variable periods of immobilization
followed by intense physiotherapy. If the
patient is able to establish and maintain a
normal occlusion with a minimal amount
of discomfort, no active treatment may
be necessary. The patient should be
encouraged to eat soft foods and maintain
as near normal function as possible. Close
supervision is mandatory, and both clinical
and radiographic reevaluation should be
performed at the first sign of occlusal insta-
bility, deviation with opening, or increasing
pain. Those findings may indicate the
conversion of a nondisplaced fracture to a
displaced one that requires more aggres-
sive treatment. Only responsible patients
who are committed to a period of close
follow-up should be considered for the
observation-only treatment regimen.

Usually the presence of malocclusion,
deviation with function, or significant
pain necessitates some form of immobili-
zation. This generally involves intermax-
illary fixation with arch bars, eyelet wires,
or splints. The length of the period of
immobilization is controversial: It must
be long enough to allow initial union of
the fracture segments but short enough
to prevent complications such as muscular
atrophy, joint hypomobility, and anky-
losis. Currently the period of immobiliza-
tion ranges from 7 to 21 days, with most
advocating 14 days of intermaxillary fixa-
tion followed by a soft, nonchew diet.
This period of immobilization and diet
restriction may be increased or decreased
depending on concomitant factors such
as the age and nutritional status of the
patient, the level of the fracture, the degree
of displacement, and the presence of addi-
tional fractures.

Open reduction of the fractured
mandibular condyle

Although incontrovertible evidence to
support the efficacy of open techniques
is lacking, a specific group of individuals
appear to benefit from open surgical inter-
vention. Zide and Kent, Raveh ef a/., and
others have proposed a set of absolute
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and relative indications for open reduction
of the fractured mandibular condyle.
However, each case should always be
evaluated individually (see Table 6.1).
Once the decision has been made to
use an open technique, the next step in
treatment planning is to select a surgical
approach. Over the years, many approaches
to the temporomandibular joint have
been developed, including intraoral, pre-
auricular, endaural, retroauricular, retro-
mandibular, and rhytidectomy approaches.
Each has its own advantages, disadvan-
tages, and complications. Many of these
approaches have fallen from favor; only
the preauricular, submandibular, and
intraoral routes are routinely used in
most centers. The location of the fracture
and the degree of displacement are the
prime determinants in the selection of
the approach to the joint. If the fracture
is intracapsular or high on the condylar
neck, the preauricular or endaural
approach is preferred. This approach
offers better access, greater visibility of
the fracture site, ease of manipulating soft
tissues within the joints, and relative ease
of placement of fixation devices. The
inherent disadvantages are the possibility
of damage to the facial nerve and the
presence of a facial scar. Subcondylar
fractures, and fractures located lower in
the condylar neck, may be more easily
reached by a submandibular or poste-
rior-mandibular approach. The danger
of this technique is possible injury to
the marginal mandibular nerve with
subsequent weakness of the depressor
muscles of the lower lip. Often, the
combination of these approaches is
necessary to gain adequate access to
reduce and fixate the fracture segments.
Several authors have advocated an

intraoral approach to fracture of the
condyle. This approach allows the sur-
geon to visualize the fracture reduction
and the occlusion simultaneously, mini-
mizes risk of damage to the facial nerve,
and prevents an unsightly facial scar.
Disadvantages include a more limited
access, especially in high subcondylar and
condylar neck fractures, and the difficulty
of placing fixation devices (see Chapter 3
for additional discussion on approaches).

Methods of fixation for

condylar fractures

After the fracture site has been adequately
exposed, the segments must be reduced
to their preinjury position. In the case of
minimal displacement, this reduction is
accomplished by using a hemostat or
other instrument to manipulate the
proximal fragment into position. When
the condylar segment is more signifi-
cantly displaced or dislocated from the
fossa, reduction becomes more difficult.
Because of the pull of the lateral pterygoid
muscle, the condylar fragment is usually
located anterior and medial to the distal
segment. Distraction of the mandible in
an inferior direction by use of a clamp,
towel clip, or stainless steel wire placed
at the angle aids in visualizing and
manipulating the condylar segment. The
condylar segment is then grasped and
reduced into its proper location on the
mandibular ramus. Stewart and Bowerman
suggest inserting a Moule pin into the
condyle to assist in positioning this small
fragment. Once the fragment is reduced
and secured, the pin is removed before
wound closure. With severe medial dislo-
cation of high condylar fractures that
cannot be adequately reduced with other
methods, Mikkonen et al. and Ellis et al.



WWW.HIGHDENT.IR
O 501W 9 Ol jludlss ylon

(a) (b)

Figure 6.17 Various alternative techniques for stabilizing condylar fractures have been described.

(a) K-wire placed from an inferior approach through the body of the posterior ramus for reduction of
a nondisplaced condylar fracture. (b) Lag-screw-washer technique described by Krenkle. Note the
body channel that is drilled to allow perpendicular access to the plane of the fracture for screw access.

A
(a) (b)

Figure 6.18 (a) Rigid fixation of a condylar fracture. Note the presence of at least two screws in the distal
and proximal segments. (b) Postoperative panorex showing good reduction with the use of plate fixation.

(@)

Figure 6.19 (a) Often a second plate is required to improve immobilization of the proximal segment.
(b) A “square-plate” to place screws horizontally rather than vertically in the proximal and distal segments.
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Figure 6.20 Postoperative panorex with a “square” plate configuration in place.

Figure 6.21 Alternative-shaped plates may be utilized to improve rigidity and ensure adequate screw

placement with less chance of facial nerve injury.

recommend a submandibular approach
for access to perform a vertical ramus
osteotomy with subsequent removal of
the posterior ramus. This technique
allows increased access and visibility
to the medially positioned condyle. The
surgeon then grasps and removes the

condylar fragment while keeping the
capsule and disk intact. The posterior
ramus and condyle are taken to the back
table, where they are placed into pro-
per anatomic relationship and secured
obliquely with a 2.0-mm lag screw. The
ramus—condyle is then treated as a free
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(a)

(b)

Figure 6.22 (a) Panorex showing bilateral subcondylar fractures. (b) Postoperative image showing well-
reduced fractures reduced with a “lamda” plate (Synthes CMF). Images courtesy of Dr. David Stanton.

(a) (b)

Figure 6.23 (a) Preoperative coronal CT showing bilateral displaced subcondylar fractures.
(b) Postoperative coronal CT showing good reduction and fixation using a four-hole vertical plate.
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(a)

(c)

Figure 6.24 (a) Extraoral technique for complicated condylar fracture reduction with completely avulsed
condylar segments in complex fracture patterns or fractures that are difficult to visualize or properly
reduce. The rigid plate is placed on the proximal fragment and reinserted into the wound through a
posterior mandibular incision. (b) This fractured condyle was so grossly displaced from the fossa that it
was almost completely severed from its soft tissue attachments. The superior screws were placed
extracorporeally, which allowed for improved placement into the small proximal segment. The proximal
segment with the plate attached was inserted through a retromandibular incision. (c) Postoperative
posterior—anterior showing good reduction and fixation of the fracture.

autogenous bone graft, returned to the
field, and secured with two small bone
plates. The next step is the selection of
a method of fixation to maintain the
osteotomy segments in the reduced
position.

Historically, a wide variety of fixa-
tion techniques have been employed,
including suture ligatures, external
fixation, K wires, osteosynthesis wires,
axial anchor screws, and rigid plates
and screws. Because of advances in
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Figure 6.25 (a) Surgeon endoscopically reducing a subcondylar fracture. (b) Endoscopic view of a
subcondylar fracture, note lateral and inferior displacement. (c) Endoscopic view following reduction
and fixation of the fracture. Image courtesy of Dr. Lee Carrasco.

(@)

(b)

Figure 6.26 (a) Preoperative and (b) postoperative panorex of subcondylar fracture reduced and fixated
via an endoscopic approach. Image courtesy of Dr. Lee Carrasco.
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Figure 6.27 Diagram showing lag screw technique
for the reduction and fixation of a condylar head
fracture.

biomaterials, downsizing of hardware,
and the availability of instrumentation in
most operating rooms, rigid fixation with
plates and screws is the most common
technique. These plates afford stability in
three dimensions, and placement can be
accomplished through any of the surgical
approaches. Percutaneous trocars have
been developed to facilitate accurate

screw placement in areas where access is
difficult and endoscopic techniques have
been described. Some surgeons choose
not to apply any fixation after reduction
of the condyle. This is not advisable
because the same muscular pull that
caused the initial displacement or dislo-
cation could again cause displacement of
the reduced fragment.

Condylar fractures
in children

Condylar fractures in children involve
mechanisms similar to those of adult
injury. However, the incidence of con-
dylar fracture among children is higher,
reportedly between 40 and 60% of all
mandible fractures. Falls from heights
and bicycles are the most common
causes of condylar fracture in children,
with an incidence of between 30 and
50% of cases. Motor vehicle accidents
are second in frequency (26-34%), fol-
lowed by sports-related injuries (15%)
and assault (3%). In most series, boys
are affected more than girls by a ratio of
2:1. Carroll et al. also noted a seasonal
variation in the number of fractures
sustained by children; not surprisingly,
the increase occurred during the summer
months, when children are more active
outdoors. Condylar fractures are more
difficult to detect in children. First,
children with acute injuries are often
frightened and intimidated by the busy
emergency room and doctors who often
are unused to dealing with children.
Second, children are less able to convey
subjective symptoms of their injuries.
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Figure 6.28 (a) Coronal CT showing fracture of the glenoid fossa and condylar head displaced into the
middle cranial fossa. (b) Patient preoperative frontal view, note laceration on chin. (c) Preoperative
occlusion, note the premature contact and contralateral open bite. (d) Bicoronal incision marked for access
to the middle cranial fossa and temporomandibular joint. (e) Neurosurgical exposure prior to condylar
reduction is necessary to control any bleeds if they occur and to repair any dural tears. (f) Manual
reduction of the displaced condyle. (g) Postoperative image showing intermaxillary fixation. (h) Lateral
facial view 6 weeks postoperative. Source: Quinn 1998. Reproduced with permission of Elsevier.
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(@] (d) (e)

Figure 6.29 (a) Preoperative panorex of patient showing bilateral condylar fractures. (b) Lateral
cephalogram of patient, note anterior open bite and premature posterior occlusion. (c) Coronal CT
showing bilateral condylar fractures, note comminution of the right condylar head (arrow). (d) Saggital
CT showing anterior displacement of the condylar head (arrow) resulting in a mechanic trismus.

(e) Lateral cephalogram following bilateral total joint replacement. Note closure of anterior open bite.
Image courtesy of Dr. Sotirios Diamantis.

@ ' ®)

Figure 6.30 (a) A 22-year-old woman who sustained an untreated condylar fracture at 7 years of age.
Note the marked left-sided ramus foreshortening with symphyseal asymmetry. (b) Axial CT showing
facial asymmetry secondary to untreated condylar fracture. Source: Quinn 1998, figure 6.21a, p. 140.
Reproduced with permission of Elsevier.
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Finally, physical and radiographic
examination is often very difficult.
Children are frequently uncooperative,
making the detection of an already
subtle injury even more difficult. The
advent of more rapid CT scanners and
the use of sedation techniques have

improved the sensitivity of the radio-
graphic examination. The signs and
symptoms of condylar fracture in chil-
dren are similar to those of adults.
Numerous studies have examined the
effects of condylar fractures on the masti-
catory

system, growth, and facial

Figure 6.31 Axial CT showing bony ankylosis from a left condylar fracture.

Figure 6.32 Axial CT showing a displaced right subcondylar fracture with “green-stick” fracture of the

medial cortex (arrow).
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(a) (b)

Figure 6.33 (a) Pediatric subcondylar fracture treated with closed reduction. (b) Twenty-four months
follow-up, note near normal anatomy of the condyle. Image courtesy of Dr. David Stanton.

(b)

Figure 6.34 (a and b) Photos showing anterior nasal spine wire for skeletal fixation of a condylar
fracture.
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Figure 6.35 (a) Risdon wire can be used for intermaxillary fixation in patients with mixed dentition or with
only deciduous teeth. Note the laceration evident in the submental region in this child with a subcondylar
fracture (arrow). (b) Once the Risdon wire is in place, interdental ligature can be used to secure the Risdon
wire. (c) The secure Risdon wire can then be used for fixation of the mandible to the maxilla.

(@ ®

Figure 6.36 (a) Coronal CT of a 5-year-old with an untreated condylar fracture, limited opening, and
deviation with opening. (b) Axial CT of the same patient showing displaced condylar head anterior to
the condylar stump. (c) Open arthroplastic view showing traumatic ankylosis. (d) Same view showing
increased range of motion after removal of the bony obstruction. (e) Preoperative panorex with anterior
displaced condylar stump evident (arrow). (f) Postoperative panorex with bony obstruction removed.
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Figure 6.37 (a) Patient from Figure 3.36 undergoing jaw exercise physical therapy. (b) Well-healed
endaural incision. (c) Patient demonstrating good jaw function, note slight deviation to the side of the
trauma. (d) Postoperative coronal CT demonstrating remodeling of the condylar stump. Source: Quinn
1998, tigure 6.53, p. 166. Reproduced with permission of Elsevier.

aesthetics. The Chalmers J. Lyons
Academy, MacLennan, Blevins and Gores,
Indahl, Lund, and several animal studies
conducted by Walker and Boyne are sev-
eral of the more notable. The conclusions
reached by these authors confirm the con-
cept that regardless of the type of injury,
the degree of fracture displacement, or the
specific treatment used, children have an
incredible ability to regenerate a morpho-
logically, anatomically, and functionally
normal condylar articulation. Moreover,
the younger the individual (up to ~12
years of age), the more complete and

rapid the restitution of the condyle. In
adolescents, the potential for significant
regeneration and remodeling is present
but to a lesser degree than in younger
children. These authors also overwhelm-
ingly support the use of conservative mea-
sures in the treatment of these injuries,
with a very brief period of intermaxillary
fixation (~7-10 days) being common.
This is followed by active movement of
the joint, which reduces the formation of
scar tissue and prevents ankylosis. These
studies also confirm the paucity of clini-
cally significant signs or symptoms of
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masticatory dysfunction after fracture
healing. As with adults (and possibly more
important), a closely supervised follow-
up program is an absolute requirement
because growing children face an increased
risk of ankylosis and growth disturbance
with resultant facial asymmetry.
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CHAPTER 7

Autogenous reconstruction of
the temporomandibular joint

Autogenous temporomandibular joint
(TMJ) reconstruction offers a number of
advantages including the potential for
growth, biocompatibility, and availability.
Autogenous joint replacements, particu-
larly costochondral grafts, are always
preferred for the growing patients. The
chief disadvantages associated with auto-
genous grafts are donor-site morbidity
and the variability of biologic responses
(e.g., resorption, ankylosis, and excessive
growth). Autogenous tissues used to
reconstruct the TMJ include rib grafts
(costochondral), iliac crest, sternoclavicu-
lar, and metacarpal joints. Use of costo-
chondral grafts in both pediatric and adult
patients has been extensively documented
in the literature. The costochondral graft is
most adaptable to the TMJ because of its
native dimensions. Its cartilaginous cap is
composed of hyaline cartilage rather than
fibrocartilage, but it appears to withstand
the biomechanical stresses of joint funct-
ion relatively well. It is the preferred
method of reconstruction in the pediatric
patient. Recently, for patients with large
bony and soft tissue defects, distraction
osteogenesis has been utilized for recon-
struction of the mandible and TMJ. In the

adult population, autogenous TMJ recon-
struction is largely accomplished with the
use of a vascularized bone graft, particu-
larly in patients undergoing tumor resec-
tion requiring radiation treatment. Finally,
considerable advances continue in the
field of tissue engineering and may
become a viable option for joint recon-
struction in the future.

Costochondral graft

The most widely used autogenous graft
for TMJ reconstruction is the costochon-
dral graft and is widely used because of
its adaptability, size, and cartilaginous
cap. Costochondral grafts can be expected
to grow spontaneously in pediatric
patients (i.e., those <15 years of age),
although this may be problematic and
growth is often unpredictable and may
resultin under- or overgrowth. Ankylosis
of costochondral grafts is rare in the
pediatric age group but can occur in
adult patients, especially those who have
undergone multiple operations with
extensive fibrosis at the recipient site. In
these patients, the risk of heterotopic

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
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Cartilage
(0.5¢cm)

Rib

Fixation screws

Figure 7.1 Diagram showing placement of a costochondral graft for reconstruction of the
temporomandibular joint. The graft can be fixated with the use of a plate or screws. Decorticating
the graft or the lateral surface of the mandible is unnecessary.

Figure 7.2 A skin marker used to indicate the position of the sixth rib of the contralateral side before

harvesting. Note the position to areolar markings. This is of special importance in female patients
because an attempt is made to place the incision for the rib harvesting in the inframammary fold.

bone formation is high. In most cases,
the contralateral rib is harvested for joint
reconstruction.

The ribs most commonly used for
joint reconstruction are the fifth, sixth,
and seventh ribs. The rib is harvested
through a horizontal incision in the

inframammary fold. If two ribs are
needed, they should be harvested on
the same side (e.g., the fourth and sixth
ribs or fifth and seventh ribs) to prevent
bilateral pneumothorax. Ribs from the
ipsilateral side require more contouring
because they do not have the ideal
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Figure 7.4 Costochondral graft following harvest,
Figure 7.3 Harvesting a rib on the contralateral with perichondrium intact.

side, attempt should be made to retain the

perichondrium/periosteum over the surface of

the periosteum of the cartilage. This helps to

reduce the incidence of spontaneous separation

at the junction point.

(@)

Figure 7.5 (a) Costochondral graft after the cartilage has been carved to leave a 1-cm cap of cartilage.
(b) Patient with hemifacial miscrosomia. Note underdeveloped auricle with inferior position.
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Figure 7.6 (a) Multiple fragments of an irreparable condylar fracture secondary to bullet wound injury.
(b and c) Costochondral graft after harvesting showing scoring the surface to avoid iatrogenic fracture.
(d) Endaural incision showing placement of the costochondral graft into the glenoid fossa. Note that the
costal cartilage has been contoured with a #15 blade to simulate the shape of the natural condyle. The

cartilage is approximately 8-10 mm at its midpoint.

angulation. After dissecting through
skin and subcutaneous tissue, the sur-
geon carefully excises the periosteum
on the undersurface of the rib to pre-
vent a pneumothorax. Leaving a strip of
periosteum and perichondrium over-
lying the junction of the rib and the
costal cartilage helps prevent separation
of the cartilage from the rib dur-
ing function. Approximately 1cm of
cartilage and 3—-4 cm of bone is normally
sufficient. After the rib is removed, the
wound can be filled with saline and the
anesthesiologist can maximally inflate

the lungs to look for bubbling in the
saline, an initial indication of a pleural
tear. Small pleural tears can be closed at
that time. An upright chest film should
be obtained immediately after surgery
to ensure that pneumothorax has not
occurred.

Once the rib is harvested, a scalpel
blade is used to contour the hyaline
cartilage so that it simulates the shape of
the condylar head and fits in the fossa as
well as possible. Decorticating the graft
or the medial surface of the ramus is
unnecessary. The graft can be secured to
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either the lateral ramus or the posterior
ramus with circumferential wires, bone
screws, or a combination of plates and
screws. The surgeon should be careful
not to tighten the screws excessively
because this can induce a longitudinal
fracture in the rib. A small fixation plate
is sometimes used with the screws to act
as a “washer,” dispersing the pressure

(a)

from the screwheads. The superior—
lateral edge of the condylectomy margin
should be contoured so that the rib is
not displaced laterally by ramal bone.
A combination of an endaural incision
and a posterior mandibular incision is
necessary to properly position and
secure the rib graft. Intermaxillary fixa-
tion is necessary to allow for initial

(b)

Figure 7.7 (a) Retromandibular incision showing the posterior ramus with a four-hole plate being used
to fixate the costochondral graft to the lateral ramus. (b) AP skull film showing rigid fixation used and

excellent adaptation of the costochondral graft.

(@)

Figure 7.8 (a) Patient with hemifacial microsomia.

(b)

Note occlusal cant (b).
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Figure 7.9 (a) Rib exposed prior to harvest. (b) Rib removed, with periosteum intact and no evident air
leak. The wound should be flooded with saline and a valsalva maneuver performed to confirm that no air
leak exists. If evident, the leak or tear should be repaired or a chest tube placed. (c) Harvested
costochondral graft prior to implantation. The cartilagenous cap is approximately 10 mm.

Figure 7.10 “Double-stacked” costochondral graft
secured to the lateral border of the ramus with
wires and screws.

consolidation of the graft and is usually
appropriate for a period of 4-6 weeks.
In addition, most clinicians use an
acrylic splint that opens the vertical
dimension 2-3mm to prevent early
loading of the costochondral graft.
Conversely, because prolonged inter-
maxillary fixation can lead to early
ankylosis of the graft, several authors
recommend that dermal or temporo-
myofascial grafts be used in concert
with the costochondral graft.

In the adult patient, particularly with
ankylosis, the use of the costochondral
graft has limited application when com-
pared to other reconstructive options.
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Figure 7.11 Costochondral graft well seated in the glenoid fossa.

(@)

()

Figure 7.12 Patient following costochondral grafting (a) demonstrating good function and adaptation of
the graft (b). Source: Quinn 1998, figure 6.4, p. 174. Reproduced with permission of Elsevier.

Saeed et al. reviewed their experience
with costochrondral grafting for TMJ
reconstruction compared to alloplastic
reconstruction and found both groups
had improved function and pain scores,
but found the costochondral group

required more revisions. Henry and
Wolford compared their results with
TMJ reconstruction using autogenous
grafts compared to alloplastic total joints
and found a significantly better result
with the alloplastic joint reconstruction
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Figure 7.13 Costochondral reconstruction of the temporomandibular joint following resection of an
osteochondroma. Case courtesy of Dr. Gary Warburton.

in patients with previously failed pro-
cedures. Tang et al. noted fewer compli-
cations in alloplastic joint reconstruction
following tumor resection when compared
to costochondral grafting. With the
exception of reconstructing the TMJ in a
previous irradiated field or use in the
skeletally immature patient, the use of
an alloplastic total joint appears to be a
more predictable surgical option to opti-
mize outcomes.

Vascularized (fibula) graft

Vascularized bone grafts offer the advantage
of transferring large volumes of both soft
tissue and bone for mandibular and tempo-
romandibular reconstruction. These grafts
are particularly ideal for patients who have
received, or will receive, radiation therapy.
The vascularized fibular free flap is

particularly suited for temporomandibular
reconstruction with its tubular shape, long
pedicle, volume of bone and soft tissue
available, as well as minimal donor site
morbidity. Ideally, reconstruction occurs at
the time of resection. When reconstructing
the TMJ with a fibular graft, the surgeon
has several options. If uninvolved with the
tumor, the native condylar stump can be
utilized and attached to the fibula in situ or
removed and reattached as a free bone
graft. If the condylar head is resected, the
fibula may be inserted directly into the gle-
noid fossa. If possible, the disc is preserved.
The fibula may be contoured prior to being
placed into the fossa. Finally, the vascular-
ized bone graft can be used to ensure ade-
quate bone stock for a prosthetic device.
Once the fibula is fixated, to prevent con-
dylar sag, most surgeons advocate either
suturing the pterygoid muscles to the
hardware, repairing the pterygomasseteric
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Figure 7.14 Fibular free flap used for reconstruction of the temporomandibular joint with fibula outlined (a),
fibula exposed (c), and fibula inset with fixation hardware in place (b). Case courtesy of Dr. Gary Warburton.

sling or placing suspension sutures. As
with all joint reconstruction, postoperative
physical therapy is paramount to successtul
outcomes.

Distraction osteogenesis

Distraction osteogenesis offers many
advantages for TMJ reconstruction. This
includes the ability to reconstruct the
ramus, the use of native bone, lack of
donor site morbidity, single-staged resection

and reconstruction, the inclusion of soft-
tissue neogenesis, and no requirement
for immobilization or maxillomandi-
bular fixation. Several challenges and
potential complications may occur when
deploying this technique. Scarring,
particularly from the pin site, can occur.
Additionally, malocclusion, device failure,
graft resorption, and nonunion have been
reported. Obtaining correct vectors with
the transport segment can be challenging,
particularly with severe facial asymmetry
or if a maxillary cant is present. Recent
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Figure 7.15 (a—c) A 68-year-old patient with a history of benign tumor resection and reconstruction with
a reconstruction plate with condylar component. Recent history of recurrent infection and hardware
exposure (arrow). (d) Panorex showing failed hardware. (e) 3D reconstruction demonstrating failed
hardware and mandibular defect. Case courtesy of Dr. Gary Warburton.

Figure 7.16 Patient reconstructed with free fibular graft. Left image shows preoperative 3D reconstruction
with failed reconstruction plate and condylar component. Right image shows postoperative fibula in place
with restitution of the normal mandibular contour. Case courtesy of Dr. Gary Warburton.
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Figure 7.17 Patient following fibular reconstruction with excellent functional status and skeletal
symmetry. Case courtesy of Dr. Gary Warburton.

Figure 7.18 Virtual surgical planning utilized for resection and reconstruction of the temporomandibular
joint with a fibula. Virtual planning can assure correct angulation and position of the fibula into the
glenoid fossa. Fabricated cutting guides aid to ensure surgical planning is executed intraoperatively.
Case courtesy of Dr. Gary Warburton.
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(b)
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Figure 7.19 Complications of fibula reconstruction in the temporomandibular joint. (a) Resorption of
graft to the level of the reconstruction plate with resultant asymmetry and pain. (b) 3D reconstruction of
malpositioned fibula graft, with lateral displacement and articulation in the glenoid fossa. (¢) Ankylosis
of the graft to the skull base. (b, ¢) Images courtesy of Dr. Gary Warburton.

Bone to be
removed

Bone cut

Device

Figure 7.20 Diagram showing area of necessary bone resection (red) and placement of distractor device.
Correct angulation and device positioning are essential for good outcomes in temporomandibular joint

reconstruction.

advances in multidirectional distractors
and computer-aided CT planning have
aided in optimizing surgical outcomes, but
soft-tissue scarring and muscle contracture
can still complicate the outcome. The
need to line the glenoid fossa with soft

tissue or disc remnant is controversial, as
some authors report the formation of
cartilage along the transport segment or
the formation of a pseudo-disk, negating
the need for fossa reconstruction. A neo-
condyle should be incorporated into the
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Figure 7.21 Patient with distraction device in place.

osteotomy design of the transport seg-
ment. As with all distraction osteogenesis,
a latency, distraction, and consolidation
period are employed. Many surgeons
advocate for “overdistraction” in order to
compensate for graft resorption.
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CHAPTER 8

Stock alloplastic reconstruction of
the temporomandibular joint

Reconstruction of the temporomandibular

joint can be a vexing problem. Currently

the accepted indications for joint recon-
struction are as follows:

e Severe degenerative joint disease
(osteoarthritis, rheumatoid arthritis,
traumatic arthritis, etc.)

e Recurrent ankylosis

e Irreparable condyle fracture

e Revision procedures (failed alloplastic
or autogenous reconstruction)

e Avascular necrosis

e Neoplasia requiring extensive resection

e Congenital disorders (e.g., hemifacial-
microsomia, Treacher-Collins syndrome)

A predictably successful autogenous
joint replacement would obviously be
the procedure of choice rather than an
alloplastic implant. An autogenous joint
replacement obviates the need for the
inevitable revision surgeries indicated for
currently available alloplastic replace-
ments. Autogenous joint replacement
particularly costochondral grafts, are
always preferred for growing patients. The
chief disadvantages associated with auto-
genous grafts are donor-site morbidity
and the variability of biologic responses

(e.g., resorption, ankylosis, and excessive

growth). Alloplastic joint reconstruction
currently offers several advantages over
autogenous replacement. These include
lack of donor morbidity, reduced intra-
operative surgical time, immediate func-
tioning, the ability to correct malocclusion
(with bilateral replacement) and most
importantly improved predictability.
Unacceptable failure rates in previous
iterations of alloplastic TMJ implant sys-
tems provided valuable input for the
development of newer FDA-approved
implants. Appreciation of biomechanical
and orthopedic principals, along with
appropriate clinical trials, has helped in the
development of safe and effective devices. It
is important to recognize that these devices
still have limitations. This includes a finite
life expectancy, limited translation, the
development of wear debris, and potential
for infection. As fewer patients are requiring
revision arthroplasty from previous failed
devices, it can be expected that more pri-
mary joint reconstruction will be per-
formed for conditions such as severe
inflammatory arthritides, trauma, and anky-
losis. A stock prosthetic device has the
advantage of immediate availability, single
stage surgery, does not require recapitulation

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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Table 8.1 Early alloplastic TMJ prostheses.

Author Year Material Used Prosthesis Type
Carnochan 1840 Wood Interpositional
Ridson 1933 Gold foil Interpositional
Eggers 1946 Tantalum foil Interpositional
Goodsell 1947 Tantalum foil Interpositional
Robinson 1960 Stainless steel Fossa
Christensen 1963-71 Chrome—cobalt Fossa

Morgan 1971 Chrome—cobalt Condyle

Homsy 1972 Chrome—cobalt with Proplast head Condyle
Morgan 1973 Vitallium mesh with Acrylic head Condyle

from a stereolithic model, and lower cost.
Contraindications to alloplastic joint
placement include the presence of active
infection, skeletal immaturity, and severe or
compromised bone deformity. Patients with
severe bone anatomic discrepancies may be
candidates for patient-matched custom
implants.

The history of alloplastic TMJ recon-
struction has been characterized by fail-
ures secondary to inappropriate design,
poor clinical trial design, and failure to
incorporate lesions learned from the
orthopedic literature. It is important to
evaluate orthopedic experience because
of its longer history of joint replacement,
larger volume, and greater research
resources. It is equally important to
realize the limitation of generalizing this
knowledge to the TMJ. Wear debris is
the most common mechanism for long-
term device failure in artificial hips.
Wear rate can be affected by too large or
too small clearance values between the

articular cup and condylar head.
Decreased clearance can increase friction
while poor matching (increased

clearance) can result in lipping or

dislocation and can cause material
fatigue. Not only is wear rate important,
but so is wear particle size and location.
Many models of wear show an
exponential increase in wear rates once
particles begin to interact with the
contact surface. This is known as the
third-body wear phenomenon. Particle
size can influence the biologic response.
Particles in the range 0.2—7 u can become
phagocytized by macrophages resulting
in proinflammatory cytokine release,
osteolytic bone resorption, and potential
device failure. Van Loon et al. evaluated
wear testing of ultra-high-molecular-
weight polyethylene (UHMWPE)
against a metal ball in a TMJ joint
system. They found the wear rate to be
in an acceptable range of 0.47 mm?®/10°
cycles confirming these to be appro-
priate materials for a TMJ prosthetic
joint. More importantly, Westermark
evaluated the histologic findings in soft
tissue samples obtained around TMJ
prosthetic joints of both of the available
systems (Biomet and TMJ Concepts).
They noted dense fibrous connective
tissue  without the evidence of
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Figure 8.1 Alloplastic condylar prostheses. Left to right: Kent-Vitek, Synthes, Delrin-Timesh, Type-I
Christensen, Type-II Christensen, Type-III Christensen.

Figure 8.2 (a) Model of resected mandible with adapted reconstruction plate and attached condylar
head component. (b) Postoperative image showing reconstruction plate with condylar head.

inflammation or foreign body reaction.
Of interest, some samples showed evi-
dence of synovial-like tissue. This is
in contrast to reports of foreign-body
reactions and metallosis seen in metal-
on-metal joint systems in the TMJ.
Further research is needed to better
understand the finite life expectancy of
the current joint systems in use.
Initially, alloplastic materials were
used almost exclusively for recurrent
ankylosis. Eggers used tantalum foil in
1946 as an inter-positional implant. In

1960, Robinson used a stainless-steel
fossa prosthesis and Christensen used an
array of cast Vitallium fossae that were
secured to the zygomatic arch.
Although several attempts were
made to create a condylar prosthesis,
the most commonly used one was the
AO-ASIF prosthesis marketed by
Synthes. This type of prosthesis was
essentially an extended reconstruction
plate with a rounded condylar head. It
was used without a matching glenoid
fossa implant, as a temporary
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replacement. Surgeons did use the pros-
thesis in combination with a Vitek-Kent
(VK) fossa. The VK fossa was developed
in concert with the VK condylar pros-
thesis. Because both these components
used Proplast (polytetrafluoroethylene)
as a laminant, they were prone to
foreign-body reaction from polymeric

‘.-' ‘

Teaw G

Figure 8.3 Example of two-piece reconstruction
plate with condylar head.

@)

debris.  Although several authors
reported long-term successes with the VK
system, it is no longer manufactured,
largely because of problems associated
with  polytetrafluoroethylene. =~ When
removing this implant system, surgeons
should be aware that the ramal prosthesis
was secured with a bolt-and-nut fixation,
with the nuts being placed on the medial
surface of the inferior ramus. Surgeons
must be especially careful to remove all
the Proplast both from the superior sur-
face of the fossa implant and from the
medial surface of the condylar strut. In
addition, care must be taken to remove
the nut fixating the condylar component
along the medial surface of the mandible
of the condylar strut.

In the late 1980s, Boyne reported a
series of joint replacements using a Delrin
(polyoxymethylene) head secured to a tita-
nium mesh plate. Although this method
did not require a glenoid fossa prosthesis,
some experts were concerned about
Delrin-induced excessive heterotopic bone
formation, leading to ankylosis

The Christensen stock prosthesis
utilizes a cobalt—-chromium alloy fossa

Figure 8.4 (a and b) Example of reconstruction plates with condylar component fixed. The condylar
component articulates against the natural fossa, typically against an intact disk. The condylar component
is indicated for temporary use and not as a definitive joint reconstruction. Images courtesy of Dr. Anders

Westermark.
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Figure 8.5 Fracture reconstruction plate with
condylar head component. Images courtesy of
Dr. Anders Westermark.

implant. These fossa components are
0.5mm thick and available in approxi-
mately 40 sizes for the right and left
sides. The implants are secured to the
eminence and lateral border of the
zygomatic arch with 2.0-mm screws.
The original matching condylar pros-
thesis was a cobalt-chromium alloy
with a methyl-methacrylate head. The
type I-Christensen condylar was associ-
ated with fracture of the condylar
component; however, since the advent
of the type II-Christensen condylar
prosthesis, which has an increased
thickness and offset screw holes to
avoid horizontal placement of the
screws, the incidence has lessened.
Currently, TMJ Medical manufactures
the condylar prosthesis and TMJ Fossa-
Eminence system in an all-metallic

()

(d)

Figure 8.6 (a) Panorex showing Christensen fossa against a natural condyle. Note degeneration of the condyle.
(b) Intraoperative image showing condyle against a Christensen fossa with extensive degeneration. (c) Initial
hemiarthroplasty with Christensen fossa in place. (d) Postoperative image of patient with hemiarthroplasty.
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Figure 8.7 (a) Synthes reconstruction plate with condylar head mated with a Kent-Vitek fossa. The
round shape of the condylar head allowed for improved mating with the fossa prosthesis. (b) Prosthesis
after removal. (c¢) Panorex showing a Synthes reconstruction with a condylar head articulating against a
Kent-Vitek fossa. (d) Photo of Kent-Vitek fossa showing the articulating surface.

(cobalt-chromium-molybdenum alloy),
metal-on-metal prosthesis.

The Biomet stock prosthesis is a
metal-on-polyethylene design, com-
posed of a high-molecular-weight poly-
ethylene fossa and a cobalt—chromium

alloy condylar component. The artic-
ular eminence surface is flattened
before fitting begins. A Lucite template is
used to achieve a tripod effect, imparting
stability to the fossa prosthesis. The fossa
should parallel Frankfort horizontal or
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(d)

Figure 8.8 (a) Delrin-Timesh condylar prosthesis. Titanium mesh is secured directly to the
posterior—inferior border of the mandible with self-tapping screws. A step osteotomy is required at

the posterior—superior ramal border to allow seating of the condylar component. (b) Delrin prosthetic
condyle seated in the glenoid fossa. (c) Lateral skull film showing Delrin-titanium prosthesis in place.
(d) Posterior mandibular incision with a view of the posterior ramus and angle of the mandible showing

adaption of the titanium mesh to the mandible.

angled slightly inferior in relation to the
anterior margin to optimize function and
reduce the chance of dislocation. The
fossa is secured to the zygomatic arch by
four self-tapping 2.0-mm screws. Once
the fossa is fitted, the patient is placed in
intermaxillary fixation and the chrome-
cobalt condylar prosthesis is fitted. The
condylar component is available in three
sizes as well as a narrow or standard

footplate depending on available bone
for fixation. The components are designed
to optimize contact between the condyle
and the fossa. The point of rotation is
moved inferiorly, because of the thick-
ness of the fossa and this has improved
the maximum intra-incisal opening by
approximately 15-18%. Recent retrospec-
tive review of this system found significant
reductions in pain and improved jaw
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(9 (d)

Figure 8.9 (a) Kent-Vitek total joint prosthesis. Note that Proplast was used for the lining of the glenoid
fossa prosthesis on the fossa side and also on the surface of the condylar prosthesis itself. (b) Lateral
view of the prosthesis in place. (c) Note the nut-and-bolt type of fixation. (d) Anterior—posterior view
of the Kent-Vitek prosthesis showing the bolts on the medial surface of the ramus.

i T4
@ (b)

Figure 8.10 (a) Kent-Vitek mandibular component prior to removal, note the bone overgrowth.
(b) Lateral aspect of mandibular ramus after removal of Kent-Vitek prosthesis with bone resorption.
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(a) (b)

© (d)
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Figure 8.11 (a) CT 3D reconstruction showing extensive resorption of the left ramus secondary to a
Kent-Vitek prosthesis. (b) Axial CT showing resorption around the ramus prosthesis of the Kent-Vitek
prosthesis. (c) Axial CT showing resorption of zygomatic arch and screws. (d) Coronal CT showing
lateral displacement of the failed prosthesis. Note nut on the medial aspect of the ramus. (e, f) Fossa,
condyle, screws, and nut of Kent-Vitek prosthesis following removal.
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Figure 8.12 Three generation of the Chistensen prostheses, from left-to-right Christensen type 1,
Christensen type II, and the all-metallic version. Note the methyl-methacrylate head of the type-1 and
type-II prosthesis.

(a) (b)

Figure 8.13 (a) Type I-Christensen condylar prosthesis. (b) Fracture of prosthesis at the point of screw
holes that were not angle-offset.
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neasurement only.

(b) ()

Figure 8.14 (a) Wear of methyl-methacrylate head of Christensen type-II prosthesis. Note wear to level
of pin. (b) Lateral view of wear to condylar head (right) compared to a new prosthetic device (left).
(c) Oblique view of wear of condylar (right) head compared to a new device (left).

function. No mechanical failures were Hemiarthroplasty or partial joint
seen and a 3.2% device removal rate reconstruction with an alloplastic fossa-
was reported (e.g., infection or hetero- eminence replacement against a native
topic bone formation). condyle has been described in the TMJ.
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Figure 8.15 Comparison of condylar head from
the all-metal version currently available and the
Christensen Type-II prosthesis.

(e U]

Figure 8.16 (a) Anterior open bite secondary to progressive bilateral condylar resorption in a patient
with advanced rheumatoid arthritis. (b) Lateral skull film showing a “swan-neck” cervical deformity.
(c) Open view of the joint after removal of the adhesions, note severe degeneration of the condylar
head, cartilage, and loss of height. (d) Christensen I total joint prosthesis positioned during
intermaxillary fixation. (e, f) Postoperative opening and occlusion.
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Figure 8.17 (a) Lateral cephalogram showing bilateral Christensen I total joint prostheses in closed
mouth position. (b) Postoperative occlusion. (c) Lateral cephalogram showing bilateral Christensen
total joints during maximal opening with the aid of a hand-held jaw exerciser. (d) Note well-concealed
appearance of the endaural and retromandibular incisions. Source for (d): Quinn 1998, figure 7.29a,

p. 192. Reproduced with permission of Elsevier.

Indications for use are similar to total
joint replacement but have primarily
been described for use in patients with
osteoarthritis to prevent bone-on-bone
contact and ankylosis in patients with
severe degeneration. Advantages include
preservation of translation and lateral
movements of the joint, decreased cost,
and decreased loss of native tissue.
Specific disadvantages include increased
resorption and wear of the native condyle
and progressive occlusal changes.

A complete understanding of the bio-
mechanics and occlusal considerations of

the patient requiring total alloplastic joint
reconstruction is essential. Translational
and rotational movements, as well as bite
force and speech function need to be
taken into consideration with prosthetic
joint design and surgical placement. The
function of patients requiring joint replace-
ment is often severely diminished preop-
eratively. This is often secondary to pain,
scar formation, or ankylosis.

Careful preoperative planning and
reasonable patient expectations are
required for successful joint reconstruc-
tion. A maximal opening between 30 and
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Figure 8.18 (a) Christensen all-metal condylar prosthesis articulating with a Christensen fossa. Both
components are made with Vitallium. (b) A panorex film showing the all-metal Christensen prosthesis
in position.

(a) (b)

Figure 8.19 (a) Thirty-one-year-old woman who underwent bilateral total joint replacement with
all-metal Christensen prostheses after several unsuccessful arthroplasties. The interincisal opening is
32mm. (b) Anterior-posterior skull view of all-metal Christensen prostheses. Source: Quinn 1998,
figure 7.45, p. 205. Reproduced with permission of Elsevier.
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Figure 8.20 Christensen all-metal total prosthetic

joint (post-removal).

/’A

(a)

35mm is a reasonable expectation for
range of motion with a total joint pros-
thesis. Failure to achieve this range of
motion intraoperatively may require cor-
onoidectomy or muscle stripping. Patient
with prolonged decreased range of motion
often have muscle and soft tissue contrac-
ture and scarring. The patient should be
aware that unilateral replacement causes
deviation to the side of the prosthesis
on terminal opening. Pain reduction for
patients who have undergone multiple
operations is often difficult to achieve;
a direct correlation exists between the
number of previous surgical procedures
and the likelihood that presurgical

(]

Figure 8.21 (a) Intraoperative image showing the Endotec prosthesis in place. This prosthesis system was
a “plastic on metal” design with a removable fossa component (b). (c) Panorex showing the Endotec
prosthesis in place. The condylar component is secured with locking screws.
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(b)

Figure 8.22 (a) Model showing correct position of Biomet fossa prosthesis. (b) Biomet Mandibular
prosthesis, which is an alloy of chromium, cobalt, and molybdenum with a titanium-coated medial
surface.

(a)

Figure 8.23 (a and b) Rasp overlying fossa; note that the length of rasp matches width of the glenoid
surface of the fossa. The rasp is used to reduce and flatten the articular eminence, and this allows for
tripod stability of the fossa component.

(a) (b)

Figure 8.24 (a and b) Biomet total joint system on model skull. Note matching of the condylar
component and fossa.
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Figure 8.25 (a) Biomet fossa in place on a cadaver. (b) Demonstration of “pseudo-translation” which
occurs with unilateral placement from the contralateral lateral pterygoid muscle.

Figure 8.26 Biomet fossa component in place. Note placement of a minimum of four screws, with three
additional holes present for additional screws if necessary for added stability. If necessary, large size fossas
are available with a longer flange for more screw hole options, if the zygomatic arch is compromised.
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(a)

(b)

Figure 8.27 (a) Model showing correct place of the condylar component of the Biomet total joint
system. Note the level of the osteotomy to accommodate the “swan-neck” shape of the prosthesis.
(b) Posterior—anterior skull film with prosthesis in place.

Table 8.2 Comparison of stock and custom alloplastic devices.

Stock prosthesis

Custom prosthesis

Advantages * Immediately available * Address anatomic defects
o Flexibility e Patient-matched
e Lower cost o Excessive anteroinferior movements
possible
Disadvantages e Limited anteroinferior movements e Higher cost

e Surgeon modification required

o Limited flexibility (must replicate model
surgery)

symptoms will be reduced. A preoperative
antibiotic should be given 1 hour prior to
incision to ensure adequate tissue levels.
At our institution, patients are given
cefazolin and metronidazole, unless a
penicillin allergy is present, in which case
clindamycin is the prophylactic antibiotic

of choice. All components are soaked in
an antibiotic solution prior to implanta-
tion. Attention to sterile technique, espe-
cially when alternating between the
surgical site and the oral cavity, is the most
important step in preventing prosthetic
infection.
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Figure 8.28 Two-step osteotomy. (a) Initial condylectomy with use of Dunn-Dautrey retractors to protect
deeper structures. (b) Superior repositioning of the ramus to allow for improved access to the second-
stage osteotomy and avoidance of the internal maxillary artery. (c) The location of two-step osteotomies,
note curvilinear shape of black line if coronoidectomy is not required.

A two-step osteotomy is recom-
mended to minimize risk to the internal
maxillary artery and ensure adequate
bone removal for the fossa component.
With the TMJ tully exposed, two Dunn-
Dautrey retractors and a condylar neck
retractor are placed deep to the condylar
neck to aid in visualization and protect
deeper structures. A 1-mm fissure bur is
used to perform the condylectomy. An
osteotomy is performed by first starting
at the midpoint of the condylar neck,

sparing the medial cortex. The cut is
then extended both anteriorly and pos-
teriorly. A T-bar osteotome is then used
to complete the condylectomy. The
condyle is then grasped with a bone
holding forcep and the lateral ptyregoid
is then carefully dissected free. At this
point, significant bleeding may occur
and the surgeon should be ready to con-
trol any hemorrhage with the aid of
hemostatic agents. Once the condyle is
removed, this creates space and allows
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(b)

Figure 8.29 (a) Intraoperative image showing severe degeneration of the temporomandibular condyle
with Dunn-Dautrey retractors in place showing excellent access prior to initial osteotomy. (b) Initial
condylectomy complete, the remaining stump is superiorly positioned to allow for the second
osteotomy. Superiorly repositioning the condylar stump allows for the second osteotomy to occur at

a safe distance from the maxillary artery.

the surgeon to superiorly reposition the
ramus. This maneuver allows easier
access to the second step of the osteot-
omy and places this bone cut away from
the internal maxillary artery. After the
fossa prosthesis is placed, the patient

must be placed in stable intermaxillary
fixation when the condylar prosthesis is
being placed. The prosthesis should be
secured with two screws initially, and
then the mandible should be manipu-
lated through a range of motion to
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ensure that centric occlusion can be
achieved and the prosthesis does not
subluxate or dislocate. Ideal screw
placement and position is important
when planning and placing the pros-
thetic implants. Factors such as bone
availability, bone quality, and inferior
alveolar nerve position need to be taken
into account when placing fixation. Hsu
et al. studied the effect of screw number
and position on prosthesis stress and sta-
bility using a three-dimensional finite
model. They evaluated eight different
screw configurations and found a non-
linear reduction in micromotion with
each additional screw. They noted a
small increase in stability when
increasing from three to five screws com-
pared to the increase from two to three
screws. They also noted a more stable
configuration with staggered screw
placement compared to screws placed in
a linear fashion. They concluded that

increasing the number of screws beyond
three only slightly enhances stability,
and screw position is more important
than quantity. Current recommenda-
tions are for the placement of a minimum
of four screws in the condylar compo-
nent. In addition to number and posi-
tion, bone quality is another factor to
consider when placing the prosthetic. In
another study by Hsu et al., the effect of
bone quality and prosthetic stability was
examined using the same model as
described earlier. In this study, the micro-
motion and stability of the prosthetic
were evaluated as the bone quality
increased from type IV to type I bone.
They concluded that increasing the
quality of bone increased stability, but
this has only a minor effect. They further
concluded that surgeons placing pros-
thetic devices in osteoporotic patients
should consider using additional screws
for stabilization.

Figure 8.30 Diamond rasp used to reduce and flatten the articular eminence. Note the rasp is parallel to
Frankfort horizontal to ensure correct positioning of the fossa.
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Figure 8.31 A diamond used on lateral surface of the mandible to ensure stable seating and positioning
of the condylar component.

Figure 8.32 Correct fossa-condyle position. Note the condylar component is seated slightly posterior in
the fossa and in the midpoint along the medial-lateral plane.

Complications that are specific to metallicdebris, heterotopic bone formation
alloplastic joints include the following: (which causes ankylosis of the prosthesis),
prosthesis displacement or {fracture, and damage to the inferior alveolar nerve
foreign-body reaction to polymeric or by screw placement. The facial nerve can
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Figure 8.33 Diagram (left) shows portion of coronoid removed (arrow) during a coronoidectomy. This is
necessary if maximal opening remains less than 30 mm after the condylectomy is complete and aids in
freeing soft tissue restriction on mandibular motion. Diagram (right) showing coronoid removed with

total joint prosthesis in place.

(a) (b)

(d) (d) (e)

Figure 8.34 Immediate placement of total joint replacement of the TMJ in a trauma patient. (a) Note
bilateral condylar head fractures. (b) Lateral cephalogram showing anterior open bite and collapse of the
vertical dimension of occlusion (VDO). (¢) Coronal CT showing bilateral condylar fractures. (d) Sagittal CT
showing condylar head fracture causing mechanical obstruction. (e) Lateral cephalogram showing bilateral
total joint replacement of the TMJ and reestablishment of VDO. Images courtesy of Dr. Sotirios Diamantis.
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(a) (d)
(b) (e)
(0] (f)

Figure 8.35 (a—c) Right failed total joint replacement and failed left hemiarthroplasty with fossa
component. (d—f) Reconstruction using stock total alloplastic joint reconstruction.
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(d)

Figure 8.36 (a) Patient with bilateral ankylosis of the temporomandibular joint and resultant

retrognathia. (b) Lateral cephalogram of patient, note the prominent antegonial notching and counter-
clockwise rotation of the occlusal plane. (c) Axial CT of patient with bilateral ankylosis showing the
medial extent of the ankylosis. (d) Panorex with complete loss of joint space and coronoid notch
bilaterally. Also note the prominent antegonial notching present when ankylosis occurs in a developing

patient.

be damaged during placement of the
prosthesis, but this risk is inherent in all
joint procedures. Complications and their
management are covered in Chapter 10.
In the skeletally mature patients,
a stock alloplastic total joint is a pre-
dictable, efficient, and cost effective
means for joint reconstruction. Although

continued research is necessary in
biomaterials, pain management, and
basic mechanisms of temporomandib-
ular joint disorders, alloplastic recon-
struction with an FDA-approved stock
prosthesis has proven to be a safe and
effective procedure for end-stage TMJ
disease.
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(a) (b)

(d) (e)

Figure 8.37 (a) Coronal CT of patient from Figure 8.35 showing bilateral temporomandibular joint
ankylosis. The medial-lateral and inferior extent of the bony mass can be fully appreciated from this
view. It is also important to evaluate the relation of the bony fusion to the skull base in order to
minimize complications during resection. (b) Postoperative PA skull film with bilateral stock total joints
in place. (c—e) Postoperative photographs of patient following joint reconstruction. Note maximal
opening (c) and anterior repositioning of the mandible to improve projection (e).

(a) (b)

Figure 8.38 (a) Preoperative lateral cephalogram of a patient with loss of vertical dimension of occlusion
and resultant anterior open bite secondary to severe degenerative temporomandibular joint disease. (b)
Patient following stock total alloplastic joint reconstruction with restoration of class I occlusion.
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Figure 8.39 (a) Patient with psoriatic arthritis resulting in severe degeneration of the condyles and loss
of vertical dimension with progressive anterior open bite. (b) Lateral 3D view showing anterior open
bite and loss of normal condylar anatomy. (c) Postoperative panorex with bilateral stock alloplastic joint
in place and restoration of class 1 occlusion. (d) Lateral 3D image showing prosthesis in place and
appropriate mandibular projection.

Figure 8.40 (a) Preoperative occlusal photo of patient from Figure 3.38 with anterior open bite. Note the
wear pattern evident of the anterior incisors, evidence of an acquired open bite. (b) Postoperative

occlusal image showing restoration of class 1 occlusion.
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Figure 8.41 (a and b) Patient following bilateral total joint replacement. Note well-healed appearance
of incisions.

(b)

Figure 8.42 (a and b) Patient with osteochondroma of the left temporomandibular joint. Note the facial
asymmetry evident in the lower third of the face. Pathology of the temporomandibular joint which
occurs after facial growth is complete will not affect midface structures. (c and d) Occlusal images
showing deviation of the mandible and normal maxilla without cant or dental compensation.
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Figure 8.43 Panorex of patient in Figure 8.41. Note large condylar mass in the left temporomandibular
joint (osteochondroma).

Figure 8.44 3D reconstruction showing condylar
mass with deviation of the condylar from the
“mass effect” in the temporomandibular joint.

Figure 8.45 Resected osteochondroma from Figures 8.41 to 8.43 with margin of normal condylar neck.
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Figure 8.46 (a) Preoperative panorex and (b) postoperative panorex showing resection of
osteochondroma and immediate reconstruction with a stock alloplastic total joint.

@)

Figure 8.47 (a) Preoperative and (b) postoperative view of patient. Note facial symmetry restored
following resection and immediate reconstruction.

Figure 8.48 Maximal opening of patient with left
total joint replacement. Patient with good
function, note slight deviation to side of the
prosthesis on opening.
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Figure 8.49 Protocol for single-staged reconstruction and restoration of facial asymmetry secondary to
temporomandibular joint degeneration. (a) Skeletal asymmetry secondary to left TMJ degeneration.

(b) Lefort osteotomy and repositioning based on native position of the mandible. (c) Fixation of maxilla
in new position. (d) Condylectomy of diseased left temporomandibular joint and repositioning of
mandible into new position set to repositioned maxilla. (e) Reconstruction of the left temporomandibular
joint with stock alloplastic joint. A genioplasty may also be performed at this time if indicated.

(a) (b)

Figure 8.50 (a) Patient with psoriatic arthritis since childhood. Note facial asymmetry. (b) Patient
following stock total alloplastic joint reconstruction and genioplasty with restitution of facial symmetry.
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(a) (b)

Figure 8.51 (a) Preoperative image of patient from Figure 8.50. Note left degenerative temporomandibular
joint and increased left antegonial notching. (b) Postoperative imaging following Lefort osteotomy, total
joint reconstruction and genioplasty for correction of facial asymmetry and joint pain and dysfunction.

(a) (b)

Figure 8.52 (a) Preoperative image of facial asymmetry with maxillary canting from unilateral arthritis
in the temporomandibular joint in a developing patient. (b) Reconstruction including Lefort osteotomy,
genioplasty, and stock alloplastic joint reconstruction in a single-staged surgery for the correction of
skeletal asymmetry.
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Figure 8.53 (a) Computed generated surgical plan with stock prosthesis in place. (b) Utilizing this
software, allows for the evaluation of potential interference (yellow arrow). (c) Lateral view of bony
interference to ideal prosthesis placement identified in the surgical planning stages. (Images courtesy of
Dr. Ron Caloss)

@

Figure 8.54 (a) Intraoperative image with cutting guide secured in place. (b) Intraoperative image with
the mandibular component secured in the correct position. (Images courtesy of Dr. Ron Caloss)
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Figure 8.55 (a) Osteotomy plane for bony protuberance at the bottom of articular tubercle, and
evaluation of fossa component angulation. (b) Osteotomy plane for condylar neck (sagittal view), grey
part indicates condyle to be removed (c) Osteotomy plane for lateral surface of zygomatic arch. (d)
Osteotomy plane for condylar neck (posterior view), the osteotomy plane has to go beneath the inner
inclination of fossa prosthesis. (Images courtesy of Drs Yang, He and Bai)

(b)

(a)

Figure 8.56 (a) 2 Ideal placement position of fossa and ramus prostheses, noted identification of inferior
alveolar nerve (dotted line). (b) Implantation of the fossa prosthesis according to the location holes drilled
with a prefabricated computer design cutting guide based. (c) Implantation of the ramus prosthesis
according to the location holes from a cutting guide. Use of the cutting guide to set the screw holes ensure
ideal position based on computer designed presurgical plan. (Images courtesy of Drs Yang, He and Bai)
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CHAPTER 9

Custom alloplastic reconstruction of
the temporomandibular joint

Introduction

Alloplastic total joint systems are avail-
able custom-designed for the patient.
The use of a custom implant system is
usually necessitated in cases where there
is a severe craniofacial deformity present
with an anatomical discrepancy, which
precludes the use of a stock device.
Severe deformities may be present
secondary to congenital abnormalities,
previous failed reconstruction, or follow-
ing resection or ablative surgery. In
addition, patients with compromised
bone stock, often from previous radia-
tion treatment or osteomyelitis, may
benefit from the use of a custom implant
system in order to optimize fixation
placement to achieve primary stability.
Finally, when a total joint replacement is
preformed in conjunction with orthog-
nathic surgery, particularly when large
advancements or rotations of the facial
skeleton are performed, a custom
implant may be required, because
marked angulation of a stock implant is
unadvisable. Currently, three custom

temporomandibular replacement sys-
tems are available (two in the United
States). Two systems utilize a metal-on-
polyethylene design, and one system is
metal-on-metal. Though these systems are
planned and designed for the patient,
several disadvantages and challenges may
be encountered when placing these
devices. This includes larger than antici-
pated resection, poor bone quality in
planned screw sites, osteotomy or bone
contouring in the incorrect location and
“over or under” bone preparation. In
addition, device cost is significantly greater
when compared to a stock device. Many
of these disadvantages can be avoided
with careful planning or with a staged
operation. Proper diagnosis, planning,
and implementation are paramount to
any successful temporomandibular joint
reconstruction. Despite this planning, the
ability to alter the treatment plan when
unanticipated intra-operative findings
occur, may be lost with a custom device.
Surgical approach, positioning, and post-
operative care are the same for both
stock and custom devices (see Chapter 8).

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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Surgical planning

Prosthetic manufacturing is done using
one of the two methods. The first method
introduced utilizes anatomic models
produced from a CT scan. These models
are then used to fabricate the custom

prosthesis via an initial computer-aided
wax model. Utilizing this method, the
reconstruction can be accomplished
with a single- or two-staged approach.
The two-staged reconstruction requires
initial joint preparation, including
tumor resection, device removal, or

(G]

(d)

Figure 9.1 (a) Image of custom alloplastic total joint replacement prior to implantation. (b) Intraoperative
imaging showing prosthesis in place and in good position. (c) Image of fossa component showing thickness
of polyethylene articulating surface. It is important to perform a sufficient condylar osteotomy to ensure
appropriate spacing for the fossa component. (d) Intraoperative view of condylar component in place. Exact
designed placement is important to ensure appropriate position, angulation, and function (TMJ Concepts).
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bony resection to occur. Once this is
completed in the first operation, the
patient is placed in intermaxillary fixa-
tion and a CT scan is obtained. The
device is then fabricated from this scan.
The advantage to this approach is that
the defect and new mandibular position
is set. The obvious disadvantages
include a second procedure and the
need for prolonged mandibular immobi-
lization during device manufacturing.
The single-stage approach requires initial
site preparation and device placement in
a single surgery. Planning and design are
first replicated on the model surgery,
with osteotomy sites and bone contour-
ing marked. The model can be made in

(d)

two pieces, allowing the mandible to be
repositioned. Advantages to this technique
include a single operation. Disadvantages
included the need to recapitulate oste-
otomy and mandibular repositioning
precisely as they were placed on the
model. This can be accomplished by
measuring anatomic points on the
model, not altered by the surgery. Care
must be taken while transferring these
measurements intraoperatively, as soft
tissue not present on the model may
complicate measurement on the patient.

A second method for surgical

planning and custom device design
utilizes computer modeling entirely.
Mandibular repositioning and osteotomy

Figure 9.2 (a and b) Preoperative 3D reconstruction of a patient with a failed fibula and heterotopic
bone formation. Resorption of the graft had resulted in malocclusion and pain. (c and d) Two-piece
stereolithic model with occlusion set and waxed into place. Once the surgeon sets the occlusion, it is
sent back to the manufacturer for the design of the prosthesis.
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Figure 9.3 (a) Example of a two-piece model with new occlusion set. (b) Example of an initial prosthesis
design indicated on model. (c and d) Wax-up of prosthesis in place.

(a) (b)

Figure 9.4 (a) Wax-up of custom prosthesis from Figure 9.3. (b) Postoperative image showing prosthesis
in place and correction of malocclusion.
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(@) (0] (k)

Figure 9.5 (a and b) Twenty-year-old female, bilateral TMJ ankylosis status post prepubertal bilateral
mandibular condyle fractures. She has had five prior unsuccesstul bilateral procedures including
costochondral grafts twice, temporalis muscle flaps twice, and coronoidectomies. (c and d) 3D CT scans
demonstrating bilateral complete bony TMJ ankylosis. (e and f) Stereo laser design models (ProtoMED,
Westminster, CO) following stage 1 bilateral gap arthroplasties, insertion of spacer and advancement
genioplasty. (g and h) Lateral cephalometric and coronal CT post stage 2 implantation of TMJ Concepts
(Ventura, CA) patient-fitted prostheses. The articulating aspect of the fossa component is ultra-high-
molecular weight polyethylene, and therefore it is radiolucent. (a~h) Case courtesy of Dr. Mercuri.
(i-k) The patient after dental rehabilitation, 5 years post-bilateral TMJ Concepts patient-fitted replacements.
Images for this case were supplied by Dr. Michael Bowler, Newcastle, New South Wales, Australia
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Figure 9.6 (a and b) Forty-year-old female Ehlers Danlos patient who 10 years after bilateral TMJ
replacement with a stock TMJ replacement device presented with symptoms including headache, local
pain, swelling, and erythema. (c and d) After Stage 1 removal of failed stock devices, the stereo laser model
(ProtoMED, Westminster, CO) demonstrates loss of temporal-zygomatic bone and the US dime coin-sized
fenestration resulting from osteolysis around the loose fossa screw fixation resulting in the perforation of
the totally mobile polyethylene fossa component into the middle cranial fossa. TMJ Concepts (Ventura,
CA) patient-fitted prosthesis on the patient stereo laser model (e) and implanted (f). The commercially
pure titanium mesh backing was designed and manufactured to cover the glenoid fossa fenestration
thereby avoiding the need for bone grafting. (g and h) Postoperative plain and orthopantomogram imaging
demonstrating the design flexibility of a patient-fitted TMJ replacement system and the adaptation of the
components to the host bone. The articulating aspect of the fossa component is ultra-high-molecular weight
polyethylene, and therefore it is radiolucent. Case courtesy of Dr. L. Mercuri.
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(a) (b)

Figure 9.7 Postimplantation axial (a) and coronal (b) CT images demonstrating reconstruction of the
glenoid fossa—middle cranial fossa fenestration utilizing the unlimited design potential of a patient-
fitted TMJ replacement system. Images for this case were supplied by Dr. Jan Faulk, Chapel Hill,

North Carolina.

placement can be planned on the virtual
model and the device is designed and
incorporated into the planning session.
Nerve position and bone thickness are
easily visualized, allowing for ideal screw
fixation placement. Advantages to this
technique allow for precise positioning
and measurement of bony segments, as
well as simultaneous views in multiple
dimensions. Osteotomy or prosthesis
design is easily changed or corrected on
the virtual model if needed. Finally,
unintentional torquing or poor posi-
tioning of the contralateral joint can
be avoided by overlapping pre- and
postoperative images. The preplanned
computer model may also be imported
into CT-guided surgical software to

ensure correct osteotomy site and device
positioning intraoperatively or cutting
guides can be designed and fabricated.
Disadvantages include additional cost of
the planning session or software and the
absence of a physical model, but it
does preclude the “wax-up” stage of the
custom implant design.

Combined orthognathic
and TMJ prosthetic
reconstruction

In cases where a large mandibular
advancement or rotation is planned in
combination with temporomandibular
reconstruction, a custom device may
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Figure 9.8 (a—c) Fifteen- year-old female diagnosed with (1) left side hemifacial microsomia, (2) absent
left TMJ, (3) repaired left transverse facial cleft and cleft palate; (4) maxillomandibular hypoplasia and
asymmetry, (5) nasal airway obstruction; (6) class II occlusion; and (7) transverse cant to maxilla,
mandible, and occlusal plane. Surgical procedures included the following: Stage 1: (1) left ramus
reconstruction with cranial bone grafts, (2) left TMJ reconstruction and mandibular advancement with
TMJ Concepts total joint prosthesis, (3) right mandibular sagittal split osteotomy; (4) multiple maxillary
osteotomies; (5) fat graft around left TMJ prosthesis; and (6) partial turbinectomies. Surgery Stage 2:
(1) AP augmentation osseous genioplasty, (2) fat graft to left mandibular facial area, and (3) reposition
otoplasty (left). (d—f). The patient was seen 4 years and 2 months post-surgery demonstrating
significantly improved facial balance and function. She has a good Class I skeletal and occlusal
relationship and significantly improved facial symmetry. Preoperative occlusion (g-i). Postoperative
occlusion (j-1) demonstrating class I relationship. Case courtesy of Dr. Larry Wolford.
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Figure 9.9 Patient from Figure 9.8 with (a) presurgery lateral cephalogram shows the vertical asymmetry
and significant retrusion of the mandible and maxilla. (b) Prediction tracing demonstrates the proposed
treatment outcome with pogonion advancing 18 mm. (c) Four-year 2 month follow-up: radiographic
tracing shows the patient maintained good stability of the jaw structures. Case courtesy of Dr. L. Wolford.

(©) (d)

Figure 9.10 (a) 3D stereo laser model accurately depicts the patient’s anatomy from Figure 9.8. (b) The
mandible was repositioned in a counterclockwise direction with the ramus rotating downward and
forward to advance it and transversely level the mandibular occlusal plane, fixed in position with quick
cure acrylic. (c) The ramus was reconstructed with cranial bone grafts and the “wax-up” depicted the
size and shape of the cranial bone grafts harvested and placed on the lateral and medial sides of the
ramus in a “sandwich” design. (d) TMJ Concepts, Inc. manufactured a patient-fitted prosthesis to
accommodate the patient’s specific anatomical requirements which included the cranial bone grafts to
reconstruct the left ramus. Case courtesy of Dr. Larry Wolford.
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Figure 9.11 (a) Following Stage 1 surgery (patient from Figure 9.8), there was significant deficiency in
soft tissue in the left side of the face. The incision for placement of the augmentation fat graft was
marked. (b) An abdominal fat graft was harvested and prepared for transplantation into the left side of
the face. Traction sutures were passed at the extension of the tissue pocket dissection and attached to
the fat graft in a mattress fashion to aid in delivery and stabilization. (c) The fat graft was delivered into
position with the aid of the traction sutures. (d) The patient is seen 1-week post-surgery at the time of
suture removal. The cotton balls on the cheek indicate traction sutures to anchor the graft and minimize
the tendency for it to “ball-up” in the cheek. Case courtesy of Dr. Larry Wolford.
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Figure 9.12 (a) Example of total alloplastic joint surgical planning and design via computer aid modeling
(Biomet Microfixation). Utilizing computer design has the added advantage of rapidly producing and
comparing alternative designs and treatment plans prior to implementation. (b) Final custom prosthesis
design with predetermined screw lengths indicated. (c) Computer-generated fossa design and alternative
with anterior eminence extension added. (d) Trial fossa component which can be placed to ensure bone
has been adequately reduced, as designed.

be required. Alloplastic reconstruction facial reconstruction, as well as the
offers several advantages when used in  ability to allow for immediate function
conjunction with orthognathic sur- of the mandible. When a custom
gery, particularly when the TMJ recon- device is used, reconstruction of
struction is bilateral. The alloplastic the temporomandibular joint should
device allows for a stable platform for proceed first, allowing the custom
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Figure 9.13 Image showing final design and thickness of fossa component in a custom alloplastic total
joint replacement. Image courtesy of Biomet Microfixation.

device to act as an intermediate splint. temporomandibular joint reconstruc-
The maxillary osteotomy can then tion, great care must be taken to avoid
be performed and the maxilla reposi- intraoral contamination of the prosthetic
tioned to the mandible. As in all total devices.
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Figure 9.14 Example of custom cutting guides. Once the treatment planning and design is complete,
cutting guides can be manufactured to ensure accurate position and angulation of the osteotomies. This
optimizes placement and fit of the custom prosthesis, which is often difficult to recapitulate for a custom
device intraoperatively. Image courtesy of Biomet Microfixation.
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Figure 9.15 Images of an infected custom metal-on-metal alloplastic total joint. Note anterior
open bite (a—c). (d) Preoperative planned position with malocclusion corrected.



WWW.HIGHDENT.IR
OB Dsitlbeelshdd s oot

B LD

(e)

(f)

@ ' )

Figure 9.15 (Continued) (e) Custom designed prosthesis based on new skeletal position. (d, e) Image
courtesy of Biomet Microfixation. (f-h) Postoperative imaging with new custom prostheses in place and
malocclusion corrected. Image courtesy of Biomet Microfixation.
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Splint design

Figure 9.15 (Continued) (i) Postoperative panorex and (j) planned positioning of prosthesis. Note good
positioning of custom device and correction of malocclusion. (j) Image courtesy of Biomet Microfixation.
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Total joint prosthesis design Total joint prosthesis design

Figure 9.16 (a) Preoperative images of a patient with a history of rhabdomyosarcoma, requiring resection,
and radiation as a child. Note lack of temporomandibular joint anatomy of the left side. In addition, growth
of the patient’s midface structures, including the maxilla, was affected. The patient’s right side demonstrates
normal anatomy and growth. This resulted in moderate skeletal facial asymmetry. (b) Reposition of maxilla
(red) into new position in order to correct occlusal cant. Once this is complete, the asymmetric mandible
can be repositioned. (¢) Computer modeling with maxilla and mandible repositioned to correct the skeletal
and occlusal asymmetries. Once the skeletal discrepancies are correct on the computer model, the custom
prosthesis can be designed to reconstruct the temporomandibular joint. (d) Images of the custom alloplastic
total temporomandibular joint. (a—d) Image courtesy of Biomet Microfixation.
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Figure 9.16 (Continued) (e) 3-D CT of the patient showing skeletal asymmetry and loss of the left
temporomandibular joint. (f) Planned reconstruction to correct facial asymmetry with repositioning of the

maxilla with a Lefort 1 osteotomy and repositioning of the mandible with total joint reconstruction. This
reconstruction can be accomplished in a single procedure with the use of the custom prosthetic joint,
placed first, setting the new position of the mandible. The Lefort 1 osteotomy can then be performed, with
the maxilla repositioned to the mandible, correcting the occlusal and facial asymmetry. Intraoperative
image of custom prosthesis in place: (g) mandible and (h) fossa component. (i) Postoperative imaging
showing custom prosthesis in placed with repositioned maxilla. (j) Preoperative planned surgery.
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Figure 9.16 (Continued) (k) Preoperative image of patient with marked skeletal asymmetry and
(I) postoperative image showing improved facial symmetry.

@) (@]

Figure 9.17 (a) The patient at initial presentation with absolute trismus. (b) Patient’s left and (c)
Patient’s Right preoperative CT showing TMJ ankylosis (arrows).
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Figure 9.17 (Continued) (d) The right TMJ following dissection, showing ankylosis of the joint (arrow).
(e) The custom total joint replacement implant in situ (arrow). (e) Postoperative posterior-anterior
view of the mandible with the implants in situ (arrows). (f) Postoperative posterior-anterior view of
the mandible with the implants in situ (arrows). (g) Postoperative 3D reconstruction showing the
implant in place (arrow) (Biomet Microfixation). Images courtesy of Dr. Shaun Matthews.
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CHAPTER 10

Pathology of the

temporomandibular joint

Benign and malignant tumors can affect
the structures of the temporomandibular
joint. Although tumors are rare compared
with disorders of internal derangement
and osteoarthritis (see Chapters 4 and 5),
the surgeon must always be on the alert
for signs of neoplasia. Space-occupying
lesions of the joint may present with
preauricular swelling, pain, trismus
(without deviation on opening or his-
tory of joint noise), new-onset malocclu-
sion, or cranial nerve dysfunction. Any
of these “red flags” should prompt the
surgeon to obtain advanced imaging
including an MRI or CT to further eval-
uate the region. If clinical and radio-
graphic examinations suggest the
presence of a tumor, arthroscopic biopsy
or open arthrotomy is most helpful to
obtain adequate tissue samples. If the
mass or tumor is in a difficult region to
access surgical, the practitioner may
consider obtaining a CT-guided needle
biopsy. All the tissues of the temporo-
mandibular joint can serve as a nidus for
tumor formation, and the differential
diagnosis for a mass in the temporoman-
dibular joint is broad. Rheumatoid and

juvenile idiopathic arthritis may also
affect the temporomandibular joint and
initial management is largely medical.
Patients with severe disease, or who are
recalcitrant to medical management,
may benefit from a surgical intervention.

Rheumatoid arthritis

Advances in medical management of
rheumatologic disease has markedly
improved the quality of life of these
patients and reduced the severity of
joint destruction observed, though once
joint damaged has occurred, it is largely
irreversible. The surgical algorithms for
intervention should mirror that used
in osteoarthritis, with emphasis on
minimizing the number of open arthro-
plasties and consideration for primary
total replacement when severe bony
degeneration is evident. In this patient
population, surgical management requires
close communication with the patient’s
rheumatologist. Many patients with
severe rheumatic conditions will be
on immunosuppressive medications.

Atlas of Temporomandibular Joint Surgery, Second Edition. Edited by Peter D. Quinn and Eric J. Granquist.
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.
Companion Website: www.wiley.com/go/quinn/atlasTMJsurgery
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Table 10.1 Neoplasms of the temporomandibular joint.

Benign tumors and lesions

Malignant tumors

Osteoma
Osteochondroma
Chondroma
Chondroblastoma

Giant cell granuloma
Giant cell tumor
Neurofibroma
Hemangioma
Arteriovenous malformation
Synovial chondromatosis
Osteochondrosis dissecans
Villonodular synovitis
Ganglion cyst

Osteogenic sarcoma
Chondrosarcoma
Synovial cell sarcoma
Synovial fibrosarcoma
Multiple myeloma
Lymphoma

Aggressive fibromatosis

Coordination for the temporary cessation
of these medications (e.g., glucocorti-
coids, disease-modifying antirheumatic
drugs and anticytokine medications) in
the perioperative period is important to
prevent infection and promote healing
(see figures 10.13-10.15).

Septic arthritis

Septic arthritis is a rare but potential
devastating condition if not promptly
recognized and treated. Presently, there
have been less than 100 cases reported
in the literature, demonstrating both the
rarity and difficulty of making a definitive
diagnosis. Patients will often present
with new temporomandibular or pre-
auricular pain, difficulty opening, and
preauricular swelling, though these
symptoms can be subclinical. The most
suggestive physical finding is a new pos-
terior open bite in the absence of recent
trauma. A high index of suspicion is

necessary, as culture of the offending
organism can be difficult and patients
are often prematurely started on antibi-
otics before a specimen is obtained.
Imaging is essential, and a CT scan with
contrast is the modality of choice,
because it can image soft tissue. MRI can
also be utilized but is often difficult to
obtain in an acute time frame. Treatment
should occur along an emergent time-
line. Once lab and imaging data are
obtained and continue to support
the diagnosis of septic arthritis, cultures
should be acquired and antibiotics
started. It is often necessary to “wash-
out” the joint and this is best done
through arthrocentesis or arthroscopy. If
the collection persists or spreads beyond
the joint capsule, consideration for open
arthrotomy or incision and drainage via
a dependent incision location should be
considered. Infectious disease consult
can be obtained to help guide antibiotic
selection and duration (see figures
10.9-10.12).
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Figure 10.1 (a and b) Hemifacial microsomia with auricular defect. (c) Goldenhar syndrome (oculo-auricular-
vertebral syndrome).

(a) ()

Figure 10.2 (a—c) 3D reconstruction of hypoplastic left condyle from early condylar trauma (age 5).
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(b)

Figure 10.3 “Hoof” deformity in the condylar head, secondary to condylar trauma during growth,
panorex (a) and status post resection (b).

Several thicknesses available—Three
of nonporous Tellon/ PROPLAST
Lami for BCus augmentation,
and minor ion of
vertical height.

(a) (b)

Figure 10.4 Teflon/proplast implants shown (a) in packaging and (a) demonstration of available sizes
and thickness. This implant (b) was used following meniscectomy to maintain height and space between
the glenoid fossa and articulating condyle. Poor wear characteristics resulted in foreign body reactions
and bone resorption.



WWW.HIGHDENT.IR

(b)

Figure 10.5 (a) Interpositional implant showing Proplast facing the glenoid fossa and Teflon on the inferior
articulating surface. (b) Implant being removed with obvious fragmentation of the Proplast-Teflon.

4 '5 '@ |
! INDUSTRIES, INC. 1-800-DF
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Figure 10.6 Proplast-Teflon implant with fragmentation and wear evident.
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Figure 10.7 (a) Giant cell reaction to Proplast-Teflon implant. (b) Fragmentation of implant with
associated giant cell tumor.

@ ' ()

Figure 10.8 (a) A perforated Proplast implant. (b) Sagittal CT showing displaced Proplast interpositional
implant with irregularities of the condylar head.

(b)

(o) (d)

Figure 10.9 (a) Patient with recent increase in right preauricular swelling, with new posterior open bite
and pain with jaw function. (b) Sagittal CT soft-tissue windows with contrast showing rim enhancement
of the temporomandibular joint and displacement of the condylar head. (c) Axial and (d) coronal
images also showing enhancement of the temporomandibular joint with septic arthritis.
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Figure 10.10 Patient with septic arthritis of the temporomandibular joint undergoing initial aspiration
of the joint for cytology and culture.

Figure 10.11 Patient 1-week following treatment for septic arthritis of the right temporomandibular
joint. Panorex demonstrates acute erosive changes of the condylar head.
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(b)

(d)

Figure 10.12 Patient from Figure 10.9 1 year later. (a) Patient demonstrating normal pain-free function.

(b) One-week postoperative panorex with evidence of severe acute degeneration of the condyle. (c) Return
of normal class-1 occlusion. (d) Panorex showing remodeling of the temporomandibular condyle, note
cortication of the superior portion of the condyle.

(a)

(b)

Figure 10.13 (a—c) A 30-year-old patient with a new anterior open bite and progressive joint pain and
limited function. Patient was diagnosed with rheumatoid arthritis, which first affected her
temporomandibular joints.
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(a)

®

Figure 10.14 (a—c) Patient from Figure 10.13 with rheumatoid arthritis, following bilateral total joint

reconstruction and closure of anterior open bite.

Figure 10.15 Patient with a history of psoriatic arthritis and left joint pain with decreased function. Note
severe degeneration of the left joint and loss of joint space when compared to the unaffected right

temporomandibular joint.
Benign tumors

If the initial biopsy shows the joint
lesion is benign, it may be handled
with a standard arthroplasty approach

(see Chapter 3). For example, central
giant cell granulomas have been known
to affect the head of the condyle. They
typically appear as solitary, radiolucent
lesions of the mandible or maxilla.
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(a)

Figure 10.16 (a) Normal condyle on right (arrow) with degenerative condyle on the left contrasted with
(b) hemimandibular hypertrophy with enlarged condyle-ramus-body on left (arrow) and normal
condyle on right.

()

Figure 10.17 (a) A 12-year-old girl with rapid (i.e., over a period of ~4-6 months) onset of a unilateral
open bite. (b) Initial orthodontic evaluation prior to onset of rapid unilateral growth. (c) Intraoral
occlusal photograph showing marked posterior open bite. (d) Panorex image showing posterior open bite
on the right with elongation of the condylar neck, consistent with condylar hyperplasia. Source: Quinn
1998, figure 8.20, p. 235. Reproduced with permission of Elsevier.
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(d)

Figure 10.18 (a and b) Acute-onset condylar hyperplasia with right posterior open bite. (c and d)
Post-correction with intraoral vertical subsigmoid osteotomy genioplasty (patient from 10.17).

These lesions tend to involve the jaws
anterior to the molar teeth, but they
occasionally involve the mandibular
ramus and condyle. They usually pro-
duce a painless expansion; however,
when a space-occupying lesion affects
the mandibular condyle, it causes a
malocclusion and sometimes a preau-
ricular swelling. Biopsy reveals a
stroma of spindle-shaped fibroblasts
in the presence of multinucleated
giant cells. In the body of the mandible
or maxilla, curettage followed by
peripheral ostectomy is an acceptable
initial approach. When the lesion
completely destroys the condylar head, a
standard condylectomy can be performed.

Immediate reconstruction can be per-
formed with either autogenous tissues
(costochondral graft) or, preferable
in the adult patient, an alloplastic
prosthesis.

Another benign lesion that requires
surgical intervention is synovial chon-
dromatosis. Synovial chondromatosis is a
cartilaginous metaplasia that results in
the proliferation of abnormal synovia.
The hypertrophied synovial tissue pro-
duces multiple foci of hyaline cartilage.
These cartilaginous nodules can eventu-
ally become detached from the synovial
membrane and produce “loose bodies” in
the joint. These have been referred to in
the past as “joint mice.” Patients with this
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(b)

Figure 10.20 (a) Patient from Figure 10.19;
intraoperative images showing an extraoral
vertical ramus osteotomy was used to correct
the malocclusion and posterior open bite by
superiorly positioning the mandible. Excess
bone from the proximal segment was then
recontoured. (b) Hardware in place.

Figure 10.19 (a) Patient with left condylar
hyperplasia (b) Note left open bite.

(a)

Figure 10.21 (a) Lateral cephalometric and (b) panorex (postoperative) of the patient in Figure 10.19.
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Figure 10.22 (a and b) Patient with progressive facial asymmetry and malocclusion. (c) Note the maxillary
midline is congruent with the nose and philtrum. This suggests that the mandibular skeletal asymmetry
occurred after the completion of growth. (d) Note the mass (osteochondroma) evident in the left
temporomandibular joint.

(@)

Figure 10.23 (a and b) 3D reconstruction demonstrating large osteochondroma and the mass effect
resulting in facial asymmetry and laterognathia.
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Figure 10.25 Immediate postoperative panorex following resection of an osteochondroma with
immediate reconstruction with a stock alloplastic total joint (Biomet Microfixation).

@

Figure 10.26 (a) Preoperative photo of patient with osteochondroma and mass affect with resultant
facial asymmetry. (b) Postoperative photo after resection and joint reconstruction with good occlusion
and facial symmetry.
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Figure 10.27 (a) Postoperative image of patient from Figure 10.26 showing chin in midline and (b) with
good joint function.

Figure 10.28 (a) Preoperative occlusion and (b) postoperative occlusion. Note severe midline
discrepancy corrected with unilateral joint reconstruction following excision of tumor.

@ ®)

Figure 10.29 Preoperative CT axial (a) and coronal (b) showing an exophytic osteoma.
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Figure 10.30 (a) Immediate postoperative CT showing excision of benign osteoma of the patient in
Figure 10.29 (arrow). The patient was placed in inter-maxillary fixation for two weeks. (b) One-year
postoperative panorex showing no recurrence. (¢) Osteoma of the temporomandibular joint

following excision.

(a) (b)

Figure 10.31 (a) Giant cell tumor of the condyle on axial (a) and coronal (b) CT scan of patient.

Figure 10.32 (a) Surgical specimen following resection of giant cell tumor from Figure 10.31. (b) Defect

present prior to joint reconstruction.
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Figure 10.33 Postresection of giant cell tumor with reconstruction plate with condylar head.

condition usually show signs of a space-
occupying lesion that causes preauricular
swelling, pain, decreased range of
motion, and malocclusion. Pressure
resorption from collections of these loose
cartilaginous bodies can cause perfora-
tion of the middle cranial fossa, with
leaking of cerebral spinal fluid and
resorption of the condyle. Computer
tomographic scans and magnetic reso-
nance imaging are extremely helpful in
identifying loose bodies in the joint space.
The cartilaginous nodules arc radiopaque
only if they are sufficiently calcified at
the time of the imaging study. The meta-
plastic synovia can initially be visualized
and biopsied by arthroscopy. Once the
diagnosis of synovial chondromatosis is
made, the treatment is open arthroplasty
for removal of the loose bodies and a syn-
ovectomy. Although complete removal
of all the synovial membrane is impos-
sible, attempts should be made to excise
the hypertrophied synovial tissue

wherever possible. A meniscectomy may
be necessary to gain access to the meta-
plastic tissue in advanced cases. In joints
where only several loose bodies are iden-
tified and the synovial tissue appears to
be grossly normal, the loose bodies may
be composed of dead cancellous bone
and fibrillated cartilage. These character-
istics are consistent with osteochondrosis
dissecans. This condition does not require
an extensive synovectomy and removal
of the loose body (or bodies) alone should
be sufficient.

A lesion that is classified as benign
histologically but extremely aggressive
clinically is aggressive fibromatosis.
Also called extra-abdominal desmoid,
or desmoplastic fibroma, this lesion can
occur in the head and neck. The man-
dible and perimandibular tissues are
frequently involved. In some cases, the
condition initially presents as trismus
because the lesion expands within the
masseteric space. This lesion may be
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Figure 10.34 Sagittal MRI images of patients with synovial chondromatosis. Note gross distension of the
capsule beyond the articular eminence. Often the mass of effect results in degeneration of the condyle,
progressive malocclusion, and difficulty with jaw function.

(b)
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Figure 10.35 (a) Joint capsule demonstrating gross distension. (b) Joint following entrance into the joint

space, note the numerous loose cartilaginous bodies or “joint mice.”

(c) Specimen of multiple

cartilaginous bodies of a patient with synovial chondromatosis.

extremely difficult to diagnose because
it is composed of highly differenti-
ated connective tissue with uniform
fibroblasts in a collagen stroma. The
lesion shows mno nuclear atypia,

hyperchromatism, or mitotic figures.
Diagnosis of aggressive fibromatosis is
often based more on the aggressive
clinical behavior of the lesion than on
histopathologic factors. Recurrences
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(a) (b)

Figure 10.37 (a and b) Patient with late-stage synovial chondromatosis with condylar destruction and
extension into the base of skull.
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Figure 10.38 (a and b) Base of skull invasion by extensive synovial chondromatosis (patient from Figure 10.37).

Figure 10.39 (a and b) Extended hemicranial incision for combined lateral facial and intracranial
approach to synovial chrondromatosis (patient from Figure 10.37).

Figure 10.40 Temporal bone flap repositioned after resection of extensive synovial chrondromatosis (a). The
inner table of the cranial flap was used to reconstruct the zygomatic arch, note hardware on panorex (b).
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Figure 10.41 (a) Exophytic mass of the right temporomandibular joint-pigmented villonodular synovitis
(note arrow: temporal branch of the facial nerve displaced by the mass). (b) Pigmented villonodular
synovitis. Note the dark pigment of the tumor from hemosiderin.
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Figure 10.42 Pigmented villonodular synovitis.



WWW.HIGHDENT.IR
QG501 9 Ol jludluss lon

224

Atlas of Temporomandibular Joint Surgery

(@]

(d)

Figure 10.43 (a) Patient with aggressive fibromatosis with resection of the right mandible to the
midbody. (b) Reconstruction plate in place with condylar prosthesis. (c) Surgical specimen with margins.

(d) Lateral cephalogram of prosthesis in position.

after conservative surgical excision are
reported to be as high as 60%. Therefore
the lesion should be approached surgi-
cally as a malignancy and adjuvant che-
motherapy has effectively been used in
recurrent cases.

Although space-occupying benign
or malignant lesions can displace
the condyle from the fossa and cause
asymmetry with malocclusion, con-
dylar hyperplasia can have similar
presenting symptoms. Although the
actual cause of this disorder is not
fully understood, histologic events
involve the abnormal presence of
hypertrophied hyaline cartilage, which
undergoes ossification and results

in abnormal growth. In the normal
condyle, the articular surface is composed
of fibrocartilage that undergoes apposi-
tional growth instead of endochondral
ossification. Two types of condylar
hyperplasia exist. In the type I defor-
mity, or hemi-mandibular elongation,
the mandible is asymmetric with
deviation of the chin to the contralat-
eral side. In the type II deformity, or
hemi-mandibular hypertrophy, deviation
of the chin is not a prominent feature,
but a marked vertical open bite is pre-
sent on the side of the hyperplasia.
Condylar hyperplasia is not a true neo-
plasia but actually a self-limiting dis-
order. Radionuclide bone scans with
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technetium 99m can be helpful in dif-
ferentiating between active and inactive
disorders. Some researchers favor the
use of a high condylar shave to remove
the zone of abnormal tissue if the dis-
order is diagnosed early in its active
stages. Removal of only 5 or 6 mm of
the most superior condylar surface is
usually adequate and condylectomy
is unnecessarily aggressive. Surgeons
sometimes must perform a recontour-
ing of the inferior border and angle of
the mandible in conjunction with this
procedure to address the inferior com-
ponent of the mandibular asymmetry.
When the bone scan shows that the
process is inactive, orthognathic pro-
cedures such as an intraoral vertical
sub-sigmoid osteotomy can be useful
in closing the open bite while main-
taining a functional joint articulation.
In severe cases, condylectomy with
immediate prosthetic joint replacement
can be indicated.

Foreign body reactions

Although foreign body reaction to
alloplastic implants is not usually con-
sidered an inherent pathology of the
temporomandibular joint, it is worth
mentioning. In the early 1980s, initial
success was reported with a teflon-pro-
plastimplant used as a disk replacement.
Before that, block Silastic was the allo-
plastic material most often used after
gap arthroplasty. In the mid 1980s, cli-
nicians began to report biomechanical
failure of Teflon-Proplast interpositional
implants, causing condylar resorption,
pain, and malocclusion. Since that time

the oral and maxillofacial surgery
community has become aware of the
pathology of polymeric debris in
the temporomandibular joint. Proplast
(polytetraflouroethylene) had been
used as an onlay implant for chin and
zygomatic arch augmentation. Used in
that context, it formed a fibrous encap-
sulation and was not widely known
to cause any pathologic response.
Unfortunately, when placed in a loaded
joint, the material can fragment. This
point is extremely important because it
is clearly the size of the polymeric
particle that determines the aggressive-
ness of the foreign body reaction.
Particles small enough to undergo
phagocytosis stimulate a multi-nucleated
giant cell reaction that can cause
marked destruction of the tempo-
romandibular joint. When used for
permanent joint implantation, silicone
rubber has also been known to cause a
foreign-body giant cell reaction with
articular erosion. The reaction does not
appear to be as aggressive as those
associated with the interpositional
Proplast implants. (In light of these
findings, most surgeons recom-
mend the removal of Teflon-Proplast
implants.) If asymptomatic patients
decide against this approach, they
should receive regular clinical and
radiographic examinations to ensure
that no adverse reactions are taking
place. When silicone sheeting is
used as a temporary replacement (6-8
weeks), it stimulates a connective
tissue encapsulation. This has been
very successful in preventing the
formation of fibrous adhesions after
meniscoplasty or meniscectomy.



WWW.HIGHDENT.IR
O 501W 9 Ol jludlss ylon

(a) (b)

Figure 10.44 (a) Preoperative panorex showing displaced condyle (arrow) by a space-occupying lesion in
the glenoid fossa. (b) Axial CT scan showing infiltrating soft tissue lesion of the left temporomandibular
joint with erosion into the skull base. (c) Panorex following mass debulking with condyle seated in a
more physiologic position. The lesion was diagnosed as aggressive fibromatosis.

Figure 10.45 Palpable exophytic mass of the right temporomandibular joint. Fine-needle aspiration
confirmed osteogenic sarcoma.
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Figure 10.46 Coronal MRI depicting a large mass of the condylar head displacing the condylar head,

medial pterygoid, and masseter found to be an osteogenic sarcoma.

Figure 10.47 Axial CT (bone windows) of the patient from Figure 10.45 showing radiating irregular
spicules of bone producing a “sun-ray” appearance (osteogenic sarcoma).

(b)

Figure 10.48 (a) An extended parotid-type incision with temporal extension for resection of the osteogenic
sarcoma. Note the preauricular incision which was used for the biopsy. (b) Mass excised with reconstruction
plate and condylar head component in place. A sternocleidomastoid flap was rotated anteriorly and
superiorly to help with wound coverage. (c) Patient postoperative showing good function.
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Figure 10.49 (a) A 55-year-old man with an exophytic preauricular mass. (b) Tumor excision with
bilobed closure. (c) Excised mass diagnosed as metastatic adenocarcinoma secondary to a colon tumor.

Figure 10.50 Bilobed closure following resection
of the preauricular mass (adenocarcinoma).

Malignant tumors

The malignant lesions affecting the tem-
poromandibular joint can originate in
various articular tissues. Osteosarcoma,
chondrosarcoma, and synovial sarcoma
have been reported. Painful, rapidly
enlarging lesions with irregular borders
suggest malignant neoplasms. Erosion
into the middle ear and base of the
skull may have occurred at the time
of initial diagnosis. The clinician must
be especially careful in differentiating
chondrosarcoma from synovial chon-
dromatosis because these conditions are
frequently mistaken for one another.
Chondrosarcomas usually appear as
lytic lesions with random areas of calci-
fication. Mesenchymal chondrosarcoma
is a highly malignant variant of chon-
drosarcoma that requires a radical sur-
gical excision and often metastasizes to
lung or bone.
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Figure 10.51 MRI showing mass on the medial aspect of the condyle shown to be an osteogenic sarcoma

in a pediatric patient.

Approximately 5% of osteosarcomas
occur in the jaws. They appear most fre-
quently in men between 30 and 40 years
of age. Like osteochondromas, they com-
monly present as preauricular swelling
with painful, rapidly enlarging lesions.
Paresthesia may occur secondary to a
compression neuropathy involving the
inferior alveolar nerve. Variants of osteo-
sarcoma that may affect the temporo-
mandibular joint are the osteoblastic,
fibroblastic, and chondroblastic osteosar-
comas. They tend to initially appear as lytic
lesions. Common sites for metastasis are
the lung and brain. Osteosarcomas are best
treated by radical wide excision, and radio-
therapy and chemotherapy are reserved
for recurrences. (Chondrosarcomas are
relatively radioresistant.)

The most common malignancy
affecting skeletal bones is metastatic car-
cinoma. Although only 1% of malignant
neoplasms metastasize to the jaws, the
most common sites for metastasis are
secondary to primary carcinomas in the
breast, kidney, lung, colon, prostate, and

thyroid gland. Unexplained paresthesia,
loosening of teeth, spontaneous bone
pain, and pathologic fracture can be pre-
senting symptoms of metastatic carci-
noma. Ill-defined radiolucent lesions
that do not respond to extraction or end-
odontic therapy demand immediate
biopsy. Initial diagnosis of a metastatic
lesion requires a complete workup to
identify the primary site of malignancy.
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CHAPTER 11
Complications

Temporomandibular joint (TMJ) surgery
including arthroscopy and arthrotomy,
like all other types of surgery, can result
in complications. The complications can
be transient or long term.

Nerve injury

Injuries to the branches of cranial nerves V
and VII are untoward, though acceptable
risks in TMJ surgery. Arthroscopy is less
likely than arthrotomy to cause permanent
malfunction manifesting as an interfer-
ence with facial expression and cosmetic
deformity.The reported incidence of facial
nerve injury following TMJ surgery ranges
from 1 to 25% and is typically transient in
nature, resolving within 3-6 months.
Causes of neuropraxia include edema,
excessive flap retraction forces, electrocau-
tery, inadvertent suture ligation, or clamp-
ing of tissues.

Surgical approaches to the TMJ have
been designed to afford the most protec-
tion to the facial nerve. Regardless of
the surgical approach that is utilized,
facial nerve injury is always a risk. The
temporal and zygomatic branches of the

facial nerve are most prone to injury,
presenting, respectively, as a loss of
ability to raise one’s eyebrow and
wrinkle their forehead or close their eye
completely. Prevention of disruption of
the branches of the facial nerve requires
a comprehensive knowledge of the
anatomy and meticulous surgical dissec-
tion. Factors that can increase the risk of
nerve damage include use of improper
surgical technique or abnormal joint
anatomy as a result of a congenital
abnormality, trauma, tumor, or multiple
previous surgeries.

Postsurgical palsy of the temporal
branch of the facial nerve manifests as
an inability to raise the eyebrow and
ptosis of the brow. Complications from
this nerve injury are largely cosmetic
but ptosis of the brow may interfere
with peripheral vision. Injury to the
zygomatic branch of the facial nerve is
more concerning and results in paresis
of the orbicularis oculi. This injury may
require temporary patching of the eye
to prevent corneal desiccation and abra-
sion. In addition, patients should be
prescribed ophthalmic drops including
artificial tears for daytime use and a
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Figure 11.1 (a) Paresis of the zygomatic branch of the facial nerve (CN VII). The patient has weakness of
the orbicularis oculi and hence is unable to close his eye. This can result in severe drying of the cornea,
with desiccation and corneal abrasion. (b) Paresis of the temporal branch of the facial nerve (CN VII).
The patient has weakness of the frontalis muscle so he is unable to wrinkle his forehead and raise his
eyebrow. Source: Quinn 1998, figure 3.29, p 48. Reproduced with permission of Elsevier.

petrolatum-based ointment for use at
night to maintain moisture. Permanent
nerve damage may necessitate tarsor-
rhaphy before a more permanent
functional approach, such as implanta-
tion of a gold weight for gravity-assisted
closure of the upper lid is indicated.
Galvanic stimulation can be helpful in
speeding recovery after a neuropraxia-
type injury and should be considered.
Injury to the trigeminal nerve branches
(the infraorbital nerve, the inferior alve-
olar nerve, and lingual nerve) is less com-
mon in TMJ surgery. Both preauricular
and endaural approaches to the joint, by
nature, interfere with auriculotemporal
innervation. A more serious injury to the
inferior alveolar nerve can occur from
instruments used to clamp the mandible
in order to distract the condyle inferiorly.
It can also be damaged during condylec-
tomy or screw placement, used to fixate
mandibular implants. The prognosis

T ‘ Figure 11.2 Necrosis of the skin flap following a
for recovery from these injuries is less  pematoma with an endaural approach to the

predictable. temporomandibular joint.
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Figure 11.3 Postsurgical keloid sometimes referred to as a keloid scar is a firm heaped-up scar that rises
quite abruptly above the rest of the skin. It usually has a smooth top and a pink or purple color. Keloids
are irregularly shaped and tend to enlarge progressively. Unlike scars, keloids do not subside over time.

Figure 11.4 Periprosthetic soft tissue (arrow).

The patient had extensive pain associated with the
implant. Excision of the soft tissue revealed a
surgical neuroma, with subsequent marked
improvement in pain symptoms.

Hemorrhage

Bleeding is most often encountered from
the middle meningeal artery, internal
maxillary artery, masseteric artery or
bleeding from the lateral pterygoid mus-
cles. Identification and ligation of the
severed vessel is clearly preferred but
often difficult. Several hemostatic agents
should be available to help with bleeding,
particularly since many of these vessels
can be difficult to identify through the
standard approaches or small oozing
may persist from the muscle or bone
osteotomies. It is essential to have a
hemostatic field prior to closure to pre-
vent hematoma formation and fibrosis
and scarring. Thrombin, collagen, or
tissue adhesives may be utilized to
decrease bleeding. For more brisk bleeds,
which are difficult to control, access to
the external carotid artery is possible
through the retromandibular incision.
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In a standard neck approach to the
external carotid artery, it is important
to identify at least three branches to
ensure proper identification of the external
carotid artery before it is ligated. In
addition, ligation of this artery should
occur above the level of the facial artery
to adequately decrease flow. Lastly, inter-
ventional radiology may be considered
to identify and occlude a bleeding vessel
via embolization.

Heterotopic bone formation

Heterotopic bone formation (HTBF) and
reankylosis can be a difficult problem,
particularly in the multioperated patient.
In addition to excessive bone formation,
often extensive scarring makes achiev-
ing acceptable maximal incisal openings
difficult. HTBF is an early event after
surgery involving joint spaces. Most
cases have occurred within 2-3 months
of trauma or surgery. HTBF can be asso-
ciated with significant pain and restricted
joint movement.

Several methods to combat HTBF
have been addressed in the orthopedic
literature. This includes nonsteroidal
anti-inflammatory medication (indo-
methacin) and the use of low-dose post-
surgical radiation. Reported regimens
include 10 Gy in five fractionated daily
doses in the immediate postoperative
period. Wolford reported the use of
autogenous fat grafting around the pros-
thetic joint to prevent bone formation
and scarring. In this case series of 37
joints, no patient grafted with fat formed
heterotopic bone, compared to 35% of
the controls.

Infection

Postsurgical infections, in TMJ sur-
geries when an implant was not placed,
occur infrequently. With total TMJ
replacement, immediate infection of the
components is atypical. Late infection
can occur and is associated with biofilm
formation. These are matrix-enclosed,
surface-associated communities that are
protected from host defenses and antibi-
otics. Biomaterial-associated infections
of orthopedic joint replacements are the
second most common cause of implant
failure.

The bacteria that are most commonly
isolated from biofilm-infected medical
devices are Staphylococcus epidermidis.
Staphylococcus aureus, Pseudomonas aerugi-
nosa, the Enterococcus species, and infre-
quently, the Candida species are also
encountered. Broad-spectrum antibiotics
should be used empirically, followed
by culture and microanalysis of the
explanted prosthesis. The utilization
of aseptic technique, perioperative

Figure 11.5 Chronic fistula (arrow) associated
with an infected prosthetic implant.
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Figure 11.6 CT scan of ring-enhancing collection around the left mandibular ramus. Postoperative
infections in TMJ surgeries are almost exclusively associated with alloplastic implants. Late infection is
most common and is associated with biofilm formation.

antibiotics, and meticulous surgery can
minimize the occurrence of device-
related biofilm. This includes thorough
irrigation of the external auditory canal
with an antibiotic-impregnated solution
and fastidious attention to separation of
extra-oral and intra-oral fields. Other
maneuvers such as soaking prosthetic
devices in an antibiotic solution prior to
implantation should be considered.

Late effects of condylar
fractures

Condylar fractures are common
injuries, comprising approximately
25% of all mandibular fractures. In the

adult population, condylar fractures
result mostly from motor vehicle acci-
dents. Assaults, falls, accidents at work,
and trauma during sporting events
comprise other mechanisms. In chil-
dren, falls and bicycle accidents account
for the majority of condylar fractures,
followed by motor vehicle accidents.
With a better knowledge of the
anatomy of the TMJ apparatus, and
improved surgical techniques, open
reduction and internal fixation of
condylar fractures can lead to quicker
and more precise return of preoperative
function with improved facial symmetry
and overall esthetics, when compared to
earlier nonsurgical techniques. Of
particular  concern  with  fractures
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(b)

Figure 11.7 Axial (a) and coronal (b) CT scan showing malunion of a displaced, untreated right condylar
fracture (arrow). Note the differences in vertical height between the two condyles on the axial and coronal
CTs. Asymmetry after condylar fracture is common and is influenced by the degree of displacement.

This is exemplified as a decrease in mandibular ramus height resulting in a shorter lower facial third on the
fracture side. Optimally, anatomic reapproximation of the condylar fracture segments and reestablishment
of a stable and reproducible occlusion should be accomplished with open rigid-fixation techniques.

(a) (b)

Figure 11.8 Panorex X-ray of immediate postreduction (a) and following blunt facial trauma (b). Screw
failure occurred at the bone interface, resulting in displacement of the proximal segment. Note the
disruption of the posterior border of ramus at the level of the fracture at the condylar neck.
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involving the TMJ are the complications
including ankylosis, loss of facial height,
trismus, traumaticarthritis, and decreased
or asymmetric growth in adolescent
patients. Ankylosis, though rare, is more
often seen in capsular-burst fractures,
condylar fractures associated with sym-
physeal fracture and saggital condylar
fractures when lateral displacement
occurs. Trismus is often secondary to
muscle injury and an exam under anes-
thesia can aid in the diagnosis muscle-
versus-mechanical obstruction. Patients
with bilateral TMJ fractures and loss of
vertical dimension necessitate an open
reduction to restore adequate height.

Identification of condylar fractures
in pediatric patients can be difficult.
Children are often frightened in the
emergency room setting and less able to
convey subjective symptoms of their
injury. Younger patients (up to ~12 years
of age) can exhibit a complete and rapid
restitution of their condyle anatomy
with conservative therapy. A brief period
of intermaxillary fixation (7-10 days) is
often sufficient to allow adequate healing
and minimize the risk of ankylosis. The
period of fixation should be adjusted
for the age of the child, with younger
patients requiring less time for immobili-
zation. Close supervision is an absolute
requirement to monitor facial growth.
Early referral to an orthodontist should
be considered.

Materials failure

Unfortunately, the history of alloplastic
TMJ reconstruction has been charac-
terized by multiple highly publicized
failures based on inappropriate design,

lack of attention to biomechanical prin-
ciples, and ignorance of what already
had been documented in the orthopedic
literature.

(Quinn First edition)

Mercuri and Anspach published a
comprehensive review of the various
types of materials failure including
(i) foreign body reaction with implant
loosening, (ii) component fracture, and
(iii) fixation failure.

The Kent-Vitek Prosthesis (VK-I)
was one of the first total TMJ prostheses
that was extensively used in the United
States. This system originally consisted
of a bilaminate glenoid fossa implant. Its
articulating surface was Teflon®-coated
fluoroethyl polyethylene (FEP) and its
tissue-side surface was polytetrafluoro-
ethylene (PTFE, Proplast®). The PTFE
could be carved to fit the individual gle-
noid fossa. The condylar component was
made of chrome-cobalt with a PTFE
liner on the inner surface of the ramal
flange. In 1986, the fossa component
was modified, consisting of an ultra-
high-molecular-weight polyethylene
(UHMWPE) outer layer and a PTFE-
hydroxyapatite inner layer. Shortly
thereafter, various authors reported
bony resorption and foreign body reac-
tion with giant cells in TMJs implanted
with PTFE.

Currently, there are three FDA-
approved total TMJ replacement
systems available: (i) the Christensen
TMJ Prosthesis System® (TMJ Implants,
Inc.), (ii) the TMJ Concepts® Prosthesis,
and (iii) the Biomet Microfixa-
tion TMJ Replacement System®. The
TMJ Concepts Prosthesis and the
Biomet Microfixation TMJ Replacement
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Figure 11.9 Dacron-reinforced silicone sheet showing wear and fragmentation.

(a) (b)

Figure 11.10 (a) Axial and (b) sagittal CT showing failed fibula (arrow) reconstruction with resorption to
the level of the reconstruction plate.
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Figure 11.11 Axial (a) and coronal (b) CT scan showing foreign-body giant cell reaction status post left
TMJ reconstruction with a Kent-Vitek prosthesis. (c¢) Coronal CT scan and (d) intraoperative view. Giant
cell reaction with extensive bony erosion is further noted. Note arrow depicts remaining inferior border
of the mandible on CT and intra-operative image. On removal of the ramal prosthesis, extensive bony
destruction is seen. It is caused by the polytetrafluoroethylene (PTFE, Proplast®), which is in direct
contact with the lateral cortical bone.

Figure 11.12 Fractured condylar head in type-I Christensen prosthesis. The type-I Christensen condylar
prosthesis was made of chrome-cobalt-molybdenum alloy (Vitallium®) with a methyl-methacrylate
head. It was associated with a high incidence of fracture and wear.
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Figure 11.13 Flattened condylar head in type-II Christensen prosthesis. There were some minor design
modifications seen from first to second generations of the Christensen prosthesis. However, the type-II
Christensen condylar prosthesis, like the type I, was made of chrome-cobalt-molybdenum alloy
(Vitallium®) body with a methyl-methacrylate head that was prone to wear with particulate debris and
foreign body reaction.

Figure 11.14 (a and b) Type-II Christensen prosthesis, granulation tissue surrounding screws used to fixate
type-II Christensen prosthesis. There was gross mobility and lack of osseointegration with the ramus screws.
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Figure 11.15 Posterior—anterior skull film showing bilateral fractured type-I Christensen prostheses
(arrows). The increased thickness of the ramal strut with the offset design of the screw holes in the type-II
Christensen prosthesis, which usually eliminated the problem of fracture, associated with the type-I
Christensen prosthesis fractured at a point just above the most superior screws.

System were approved after premarket
clinical trials.

Ankylosis

Ankylosis is clinically demonstrated
as an inability to achieve adequate
mouth opening, with subsequent diffi-
culties in oral hygiene, mastication,
and speech. The ankylotic bony mass
often extends beyond the boundaries
of the joint capsule. This presents three
problems: (i) alteration of local
anatomy and proximity to adjacent vas-
culature increases the risk of bleeding,
(ii) increased bony mass renders the

separation of the mandible from skull
base more difficult and increases the
risk of middle cranial fossa exposure or
perforation, and (iii) limited movement
of the mandible may cause fibrosis of
musculature or elongation of the man-
dibular coronoid process, resulting in a
secondary cause of trismus or persis-
tent trismus if unaddressed. Intubation
can be problematic with minimal
mouth opening and necessitates fiber-
optic intubation. Close communication
and planning with the anesthesia team
is essential for the safe induction of
these patients. Additional anesthetic
measures include awake intubation or
tracheostomy when indicated.
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Figure 11.16 (a) Type-I Christensen prosthesis being submerged by heterotopic bone formation. This
fixation of the prosthesis by bone served to create a stress point on the condylar prosthesis at the point
where the bone formation ceased just above the most superior ramal screw. Fractures usually occurred
at this point secondary to metal fatigue. (b) Heterotopic bone formation over a cast chrome-cobalt-
molybdenum alloy Christensen fossa prosthesis that was placed against a natural condyle
(hemiarthroplasty).
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(b)

Figure 11.17 (a) Heterotopic bone formation encasing fossa component and (b) example of heterotopic

bone evolving a mandibular prosthesis.

Summary

Surgical intervention is appropriate for a
small percentage of patients with TMJ
disorders. The decision to proceed
should be based on a specific diagnosis

of intracapsular pathology not res-
ponsive or amenable to nonsurgical
treatment modalities. When TMJ sur-
gery is considered, the potential com-
plications and their management should
be discussed with the patient.
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craniofacial deformity, 181 preoperative planning, 157, 159

orthognathic and TMJ prosthetic “pseudo-translation,” demonstration, 161
reconstruction, 187-200 psoriatic arthritis, 176

surgical planning see surgical planning Rasp overlying fossa, 160

wax-up of custom prosthesis, 184, 187 reconstruction plate, 147, 148

stock prosthesis “swan-neck” cervical deformity, 156, 162

advantages and disadvantages, 157 two-step osteotomy, 163, 163—4
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arthrography (cont’d)
condyle, osteoarthritis, 14
facial asymmetry, 14
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videotaped arthrofluoroscopic study, 11
auricular cartilage
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distraction osteogenesis, 139, 142-3
vascularized (fibula) graft, 138-9
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chrome-cobalt condylar prosthesis, 151
condylar component, 162
fossa prosthesis, 160, 161
intermaxillary fixation, 151
metal-on-x plastic design, 150
microfixation, 195
placement, 161
total joint system, 160
bone remodeling in children, 115, 129, 129
bone scans
ankylosis, 27
anterior joint space effusion, 27
radionucleotide imaging, 26, 27, 28
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chondrosarcomas
malignant tumors, 228-9
mesenchymal, 228
synovial chondromatosis, 228
Christensen stock prosthesis
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cobalt—chromium alloy fossa implant, 148-50
natural condyle, 149
type-I Christensen prosthesis
condylar, 149, 154, 157
fractured condylar head, 239
heterotopic bone formation, 242
posterior-anterior skull, 241
type-II-Christensen prosthesis
condylar, 149, 154, 155, 156
flattened condylar head, 240

Christensen TMJ Prosthesis System®, 237
complications
ankylosis see ankylosis
condylar fractures, 235-7
hemorrhage, 233-4
HTBE 234
infection, 234-5
materials failure see materials failure
nerve injury see nerve injury
computed tomography (CT)
3D reconstruction and computer planning
ankylosis, 16
bilateral condylar resorption, 18
bilateral sagittal fractures, condylar heads, 15
comminuted fracture, ramus and
subcondylar region, 17
condylar displacement, 16
condylar head fracture, pediatric patient, 15
dislocated condyle, 16
maxilla and mandible repositioned, 18
septic arthritis, 17
three-dimensional CT images, 19
temporomandibular region, imaging,
111-12, 114
condylar diskopexey see diskopexey
condylar fractures, 3
bilateral, 109
in children
degree of fracture displacement, 129
detection, 123
follow-up program, 130
incidence, 123
physical and radiographic examination, 126
head fracture, 15, 110, 111
condylar hyperplasia, 27, 28, 213, 214, 224-5
condylectomy
bone-holding forceps, 98
condyle sectioning, 100
Dunn-Dautrey retractors, 99-100, 96
extensive posttraumatic bony ankylosis, 98
fissure bur, 97
modified posterior mandibular incision, 99
osteotomies sequence, 99
prosthesis/costochondral graft, 99
retromandibular incision, 100
spring-loaded bell exerciser, 99
standard endaural approach, 99, 96
T-bar osteotome, 100, 97
condyloplasty, 57, 63, 85, 86
condylotomy
advantages, 103
chronic TMJ pain, 103
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condyle ramus complex, 101
disadvantages, 103
intraoral coronoidectomy, 102
modified, 82
proximal segment, 103
ward, 100-102
coronoidectomy, 102, 159, 167
costochondral graft
ankylosis, 136
complications, 138
“double stacked,” 136
endaural incision, 134, 135
function and adaptation, 137
in glenoid fossa, 137
harvested costochondral graft, 136
hemifacial microsomia, 135, 135
heterotopic bone formation, 131-2
hyaline cartilage, 133, 134-5
intermaxillary fixation, 135, 136
multiple fragments, 134
in pediatric patients, 131
with perichondrium intact, 133
placement, 132
resection of osteochondroma, 138
retromandibular incision, 135
ribs, harvesting, 132, 132-3, 133, 136
custom cutting guides, 193

decision making, 1-4
Delrin-Timesh condylar prosthesis, 147, 151
dermal graft, 78
desmoplastic fibroma, 219
discectomy see meniscectomy
diskopexey
description, 71
displaced disk deformation, 74
meniscal repositioning, 72
Mitek anchoring system, 71, 73
nonresorbable suture, 72
stage III and stage IV internal
derangements, 71
disk plication
description, 69
disk repositioning, posterior attachment, 70
eminoplasty, chronic open lock
treatment, 70
modified right-angle vascular clamps, 69
repositioned meniscus, 69
distraction osteogenesis
advances in multidirectional distractors and
CT planning, 142
advantages, 139

challenges and complications, 139
device placement, 143
Dunn-Dautrey retractors, 96, 99—100, 164

eminoplasty
articular eminence, medial extent, 91
bone file, 86
bony perforations and status post, 92
condylar head and glenoid fossa cryosection, 87
CT and MRI, 85, 94
Dautrey procedure, articular eminence, 95
dislocation, 87, 88
glenoid fossa with eminence reduced, 89
high condylar shave, 86
hypermobility treatment, 85
inadvertent ankylosis, 94
lateral cortical, 91
mandible, unobstructed condylar motion, 93
middle cranial fossa, proximity, 90
osteotomy, 89, 90
persistent dislocation, emergency room

intervention, 93

rasp, 92
subluxation, 85

endaural incision
description, 39-40
placement, 38, 39
vs. preauricular approach, 44
retraction, skin flap, 43
well-healed, 48, 52

exophytic osteoma, 217

extra-abdominal desmoid, 219

extraoral technique, 121

extraoral vertical ramus osteotomy, 214

facial nerve
frontal and zygomatic branches, 43, 232
galvanic stimulation, 33
main trunk identification, 33
normal condyle and fossa, mandible closed, 32
permanent nerve damage, 33
postsurgical palsy, 33
from stylomastoid foramen, 32
temporal branch, 31, 38, 42, 47, 223, 231
fibromatosis, aggressive
description, 219
diagnosis, 220
fixation techniques, 121
intermaxillary fixation, Risdon wire, 128
methods, 117-23
rigid fixation, 115-16, 118
skeletal fixation, nasal spine wire, 127
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foreign body reactions
clinical and radiographic examinations, 225
displaced condyle, 226
exophytic preauricular mass, 228
irregular spicule of bone, 227
osteogenic sarcoma, 227
palpable exophytic mass, 226
proplast (polytetraflouroethylene), 225
Teflon-proplast implant, 225

giant cell tumor

axial and coronal condyle, 218

postresection, 219

surgical specimen, 218
glenoid fossa

costochondral graft, 137

cryosection, 87

fracture, 124

middle cranial fossa fenestration, 187
Goldenhar syndrome, 205
“green stick” fractures, 108, 126

hemarthrosis, 108

hemiarthroplasty or partial joint
reconstruction, 149, 155, 168, 242

heterotopic bone formation (HTBF), 82, 155,
166, 183, 234, 242, 243

“hoot” deformity, 13, 206

hypermobility, 4, 85

imaging
arthrography, 11, 12-14
bone scans, 26-8
computer tomography (CT), 14-19
magnetic resonance imaging (MRI), 19-26
orthopantogram, 5-6
plain film radiography, 5, 7, 113
tomograms, 5-11
internal derangements, surgery, 2
anteriorly displaced disk without reduction, 65
anterior-medially displaced disk and tissue
forceps, 68
articular eminence, 62
#15 blade, 57-9
Cadaver specimen, condyle and dissected
disk, 63
capsule extent, 58
condyle in open position, 68
condyloplasty, 63, 66
direct trauma prevention, 63
diskopexey see diskopexey

disk plication see disk plication
disk position evaluation, 59
endaural approach, 66
incision into inferior joint space, 60
joint capsule incision and superior joint
space, 59

lateral pterygoid with fat plane separation, 62
meniscal salvage procedures, 57
meniscectomy see meniscectomy
meniscoplasty, 68, 70
modified condylotomy, 82
MRI, 20
open joint procedures, 57
physiologic position, meniscus, 67
postoperative care, 82, 82, 83
reciprocal clicking, 64
repair/meniscectomy, disk isolation, 60
superior joint space, 62
TMJ capsule, 59
T1 MRI closed and open positions, 64, 65
Wilkes classification, 58
Wilkes retractor, 61, 66

intracapsular fracture, 111

jaw exercise physical therapy, 129

Kent-Vitek Prosthesis (VK-I)
bilaminate glenoid fossa implant, 237
mandibular component, 152
ramus prosthesis, 153
removal, 152
synthes reconstruction plate, 150
total joint prosthesis, 152

K-wire, 118, 121

lag-screw-washer technique, 118, 119, 123
Lefort osteotomy, 175, 176
Lefort 1 osteotomy, 198

magnetic resonance imaging (MRI)
anteriorly displaced disk, 21, 23, 24, 25
closed mouth T1 MRI, left TMJ, 22
condyle disk position, 20, 21
degenerative condylar changes and meniscus

thinning, 25

degenerative joint disease, 26
disk and capsule attachments, 26
disk displacement, 20
ferromagnetic clips, 19
lateral disk herniation, 26
retrodiscal tissue thickening, 23



WWW.HIGHDENT.IR
O 501W 9 Ol jludlss ylon

Index 249

T1 and T2 weighted images, 19
temporomandibular region, 111-12, 114

mandibular condyle fractures

classification
anatomic location and condylar fragment,
112,115
type I fracture (nondisplaced), 115
type II fracture (fracture deviation), 115
type III fracture (fracture displacement), 115
type IV fracture (fracture dislocation), 115
signs and symptoms, 109-10
treatment
alternative shaped plates, 119
bone remodeling in children, 115
bony ankylosis, 126
in children, 123-30, 127
closed treatment, 116
condylar fractures, 125
displaced condylar head, 124, 128
extraoral technique, 121
fixation techniques, 121
glenoid fossa, fracture, 124
intermaxillary fixation, Risdon wire, 128
internal fixation, 115
jaw exercise physical therapy, 129
lag screw technique, 123
“lamda” plate, 120
methods of fixation, 117-23
open reduction, 116, 116-17
rigid fixation, 115-16, 118
skeletal fixation, nasal spine wire, 127
“square” plate configuration, 118, 119
stabilizing condylar fractures, 118
subcondylar fracture, 120, 122

materials failure

Dacron-reinforced silicone sheet, 238
failed fibula reconstruction, 238
foreign-body giant cell reaction, 238
Kent-Vitek Prosthesis (VK-I), 237, 239
polytetrafluoroethylene, 237
posterior-anterior skull film, 241
TMJ replacement systems, 237, 241
type-I Christensen prosthesis, 239
type-II Christensen prosthesis, 240
types, 237

UHMWEPE, 237

maxillofacial radiographic technique, 110
meniscectomy

crepitus, 75, 77
curved TMJ scissors, 74
description, 74

disk thinning and perforation, 74, 75
medical-grade silicone sheeting, 77
postauricular approach, 77
with replacement
auricular cartilage see auricular cartilage
autogenous, allogeneic and alloplastic
materials, 78
dermal graft, 78
temporalis muscle and fascial grafts, 81
retained foreign bodies, 78
temporary silastic implant, 76, 77
meniscoplasty
anterior-medially displaced meniscus, 68
disk repositioning, 70
open joint procedures, 57
Mitek anchoring system, 71, 73
Mitek bone-cleat introducer, 71
MRI see magnetic resonance imaging (MRI)

neoplasms, 204, 228-9

nerve injury
condylectomy/screw placement, 232
cranial nerves V and VII, 231
galvanic stimulation, 232
hematoma with endaural approach, 232
necrosis of skin flap, 232
neuropraxia, 231
ophthalmic drops, 231-2
orbicularis oculi, 231
periprosthetic soft tissue, 233
postsurgical keloid, 233
postsurgical palsy, 231
risk of nerve damage, 231
TMJ surgery, 231
trigeminal nerve branches, 232
zygomatic branches, 231, 232

oculo-auricular-vertebral syndrome, 205
orthognathic and TMJ prosthetic
reconstruction
abdominal fat graft, 190
absolute trismus and TMJ ankylosis, 199-200
Biomet microfixation, 195
computer aid modeling, 191
computer-generated fossa design, 191
custom cutting guides, 193
3D stereo laser model, patient’s anatomy, 189
final custom prosthesis design, 191
infected custom metal-on-metal alloplastic
total joint, 194
maxillary osteotomy, 192
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oculo-auricular-vertebral syndrome (cont’d)
postoperative panorex and prosthesis
planned positioning, 196
prediction and radiographic tracing, 189
presurgery lateral cephalogram, 189
ramus reconstruction, 189
rhabdomyosarcoma, resection and radiation,
197-9
stages, surgical procedures, 188
trial fossa component, 191, 192
orthopantogram radiography, 5-6
0sseous surgery
condylectomy see condylectomy
condyloplasty, 85
condylotomy, 103
eminoplasty see eminoplasty
osteochondroma
facial asymmetry, 215, 216
laterognathia, 215
reconstruction with stock alloplastic total
joint, 216
temporomandibular joint and resection, 216
osteotomy
articular eminence, 89
condylar neck, 99, 182
Dunn-Dautrey retractors, 96
extraoral vertical ramus, 214
internal maxillary artery, 96, 97, 99, 164
intra-oral vertical ramus, 103, 119
intraoral vertical subsigmoid, 82, 82, 103,
213,225
Lefort 1, 198
mandibular repositioning, 183
two-step, 100, 163, 163-4
vertical subcondylar, 102

pathology
benign tumors see tumors
foreign body reactions, 225-6
malignant tumors see tumors
rheumatoid arthritis see rheumatoid arthritis
septic arthritis see septic arthritis
pigmented villonodular synovitis, 223
plain film radiography, 5, 7, 113
polytetrafluoroethylene (PTFE), 77, 78,
237,239
Proplast®, 237, 239

retromandibular surgical approach
anatomic structures, 49
blunt dissection, 48

curved hemostat, 46

dissection, facial and periosteum, 45

facial nerve monitoring, 43

fascial layers and facial nerve,
temporoparietal fascial, 47

mandible exposure, 51

marginal mandibular branch, 48

marking, modified, 49

masseter exposed, 51

nerve stimulator, 48

parotidectomy and extended preauricular
incision combination, 42

Risdon submandibular approach, 45

submandibular gland and posterior belly, 50

superficial temporal artery and vein, 42

temporomandibular joint capsule exposure, 45

well-healed, 52

rheumatoid arthritis

bilateral total joint reconstruction and
anterior open bite closure, 211

psoriatic, 211

surgical algorithms, 203

temporary cessation, coordination, 204

rhytidectomy, 31, 39, 41, 117

sarcoma
osteogenic, 226, 227, 229, 227
synovial, 228
septic arthritis, 4
acute degeneration, condyle, 210
anterior open bite and progressive joint
pain, 210
description, 204
displacement of condyle, 17, 19
hemifacial microsomia with auricular
defect, 205
“Hoof” deformity, 206
hypoplastic left condyle from early condylar
trauma, 205
imaging, 204
initial aspiration, joint for cytology and
culture, 209
interpositional implant, 207
normal class-1 occlusion, 210
normal pain-free function, 210
panorex demonstration, 209
preauricular swelling, 208
rim enhancement, 208
subcondylar fractures, 107
bilateral, 113, 120
displaced, 107, 110, 120
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surgical approaches
decision making, 1-4
endaural, 39-40
for internal derangements see internal
derangements, surgery
intraoral, 52, 53
postauricular, 40, 40-41, 41
preauricular, 38, 38-9, 44
prep and positioning, 53, 54, 55
retromandibular see retromandibular surgical
approach
rhytidectomy, 41
surgical planning
advantages, 187
anatomic models, 182-3
bilateral complete bony TMJ ankylosis, 185
bilateral TMJ replacement, 186
computer modeling, 183, 187
disadvantages, 183, 187
fossa and condylar components, 182
initial prosthesis design, 184
intraoperative imaging, 182
joint replacement prior to implantation, 182
malocclusion, 184
preoperative 3D reconstruction, 183, 181
prepubertal bilateral mandibular condyle
fractures, 185
pure titanium mesh backing, 186
stage 1 bilateral gap arthroplasties, 185
temporal-zygomatic bone loss, 186
two-piece stereolithic model, 183, 181, 184
wax-up of prosthesis, 184
“swan-neck” cervical deformity, 156, 162
synovial chondromatosis
axial MRI, 221
cartilaginous metaplasia, 213
chondrosarcomas, 228
MRI images, 220
skull invasion, 222

T-bar osteotomes, 97, 100
Teflon®-coated fluoroethyl polyethylene
(FEP), 237

Teflon/proplast implants
with fragmentation and wear evident, 207
giant cell reaction, 208
interpositional implant, 207
packaging and demonstration, 206
perforated, 208

temporomandibular joint (TMJ) surgery
complications see complications

Kent-Vitek Prosthesis (VK-I), 237
patients, 243
postsurgical infections, 234
TheraBite jaw exerciser, 83
third-body wear phenomenon, 146
TMJ Concepts® Prosthesis, 237
Trauma
bilateral condylar fractures, 109
bilateral subcondylar fractures, 113, 120
3D reconstruction, 113
“green stick” fractures, 108, 126
hemarthrosis, 108
incidence, 106
intracapsular fracture, 111
ipsilateral condylar fracture, 107
mandibular condyle fractures
classification, 112-15
signs and symptoms, 109-10
treatment, 115-16
mechanism of injury, 106-8
subcondylar fracture, 107
symphyseal or parasymphyseal fracture, 107
temporomandibular region, imaging
computed tomography (CT), 111-12, 114
magnetic resonance imaging (MRI),
111-12, 114
maxillofacial radiographic technique, 110
trigeminal nerve
auriculotemporal nerve, 33, 34
foramen ovale position, 34
inferior alveolar branch, 35
superficial temporal artery and vein, 35
tumors
benign
acute-onset condylar hyperplasia, 213
aggressive fibromatosis, 219-20
cephalometric and panorex postoperative, 214
chin midline and with good joint function, 217
condylar hyperplasia and good joint
function, 214
CT and MRI scans, 219
exophytic osteoma, 217
extraoral vertical ramus osteotomy, 214
facial asymmetry and laterognathia, 215
giant cell granulomas, 211
giant cell tumor see giant cell tumor
gross distension, 220
hemimandibular hypertrophy, 212
histologic events, 224
intraoral vertical subsigmoid osteotomy
genioplasty, 213
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maxillary midline, 215

meniscectomy, 219

normal condyle with degenerative
condyle, 212

osteochondroma see osteochondroma

osteoma excision, 218

preoperative and postoperative occlusion, 217

progressive facial asymmetry and
malocclusion, 215

synovial chondromatosis, 213

unilateral open bite, 212

malignant

chondrosarcomas, 228

description, 228

malignancy affecting skeletal bones, 229
medial aspect, condyle, 229

paresthesia, 229

ultra-high-molecular-weight polyethylene

(UHMWPE), 146, 237

vascular anatomy
condylectomy, 35
external carotid artery, 35
external maxillary artery isolation, 37
maxillary artery and branches, 36
osteotomies, 36
vascularized (fibula) graft
complications, 142
failed hardware and mandibular
defect, 140
fibula free flap, 138, 139
free fibular graft, 140
functional status and skeletal
symmetry, 141
postoperative physical therapy, 139
virtual surgical planning, 141
vertical dimension of occlusion (VDO), 167
Vitallium®, 239, 240

Wilkes classification, 58, 61, 66





