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48.1 Introduction

The first report of an autologous fat transplantation
appeared in the literature in 1893 (1). Since then,
autologous fat grafting has been used extensively in
the human body for various applications. These have
included esthetic procedures for contour augmentation,
particularly in the maxillofacial region, and ablative
procedures, as in the treatment of various injuries of the
frontal sinus. There have also been reports of its use in
the treatment of ankylosis of the temporomandibular
joint (TM1J) by Blair (2) in 1913 and by Murphy (3) in
1914. In 1992, Thomas (4) reported the use of autolo-
gous fat transplantation as a means of preventing the
formation of the heterotopic bone after hip replacement
surgery in six patients. Currently, the usual method for
prevention of the heterotopic bone in orthopedics is
radiation treatment of the region (5-7).

The problem of heterotopic calcification is fre-
quently seen following alloplastic materials placed in
the TMJ, particularly when alloplasts of Proplast/
Teflon (PT) (Vitek Inc., Houston, TX) or Silastic (Dow-
Corning, Midland, MO) had been previously implanted
(8-11) (Fig. 48.1). Heterotopic bone can also result
with TMJ involvement from trauma, reactive arthritis,
osteoarthritis, sepsis, inflammation, failed previous
surgeries, and connective tissue/autoimmune diseases
such as rheumatoid arthritis, psoriatic arthritis, ankylo-
sing spondylitis, scleroderma, etc. (12—18). These cal-
cifications can cause continued worsening pain, and a
progressive decrease in a range of activities that may
lead to bony ankylosis. A variable amount of fibrosis
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and possibly reactive tissues are commonly associated
with the heterotopic bone, thereby worsening the effect.
No pharmacologic agents have been identified to pre-
dictably prevent these unwanted tissues from develop-
ing in the TMJ. Durr et al. (19) have reported favorable
outcomes in two-thirds of their patients with TMJ

Fig.48.1 A coronal tomogram of a prosthetically reconstructed
TMIJ joint, demonstrates heterotopic bone formation on the
medial side between the mandibular ramus and base of skull. No
fat graft was placed around the prosthesis at surgery
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ankylosis, using postsurgical radiation. However, sig-
nificant concerns exist relative to the effects of this
treatment on nearby structures (i.e., the brain, orbital
structures, and parotid gland). In addition to this, the
increased vascularity of the TMJ region compared to
the hip, and the frequent presence of particulated poly-
meric materials, may preclude a successful result with
this modality. The experiences of other surgeons with
the use of radiation therapy in patients with recurrent
TMIJ ankylosis have not been favorable.

Wolford, in 1992, developed the philosophy and tech-
nique for placing fat grafts around TMJ total joint pros-
theses to prevent heterotopic bone formation, decrease
fibrosis, improve pain levels, as well as increase jaw func-
tion. Wolford and Karras (20) published the first study
evaluating fat grafts placed around TMIJ total joint pros-
theses. Fifteen patients (2 males, 13 females) underwent
TM] reconstruction with Techmedica (Techmedica, Inc.,
Camarillo, CA), a custom-made total joint prostheses
(this TMJ prosthesis system is currently manufactured
by TMJ Concepts Inc, Ventura, CA). Seven patients had
bilateral and eight had unilateral surgeries, for a total of
22 joints. All patients had autologous fat harvested from
the abdomen grafted around the articulating portion of
the joint prostheses after the fossa and mandibular com-
ponents had been stabilized. Twenty patients (2 males,
18 females) who received Techmedica total joint pros-
theses without fat grafts served as controls with 17 bilat-
eral and 3 unilateral cases for a total of 37 joints.

In the fat graft group, an average preoperative maxi-
mal incisal opening (MIO) was 26.9 mm and at long
term follow-up was 38.7 mm; an improvement of
11.8 mm. Contralateral excursive movements aver-
aged 2.3 mm preoperatively and 2.2 mm at long term
follow-up. In the nonfat grafted group, the average
preoperative MIO was 26.8 mm and at long term
follow-up was 33.1 mm; an improvement of 6.3 mm.
Contralateral excursive movements averaged 3.2 mm
preoperatively and 1.7 mm at long term follow-up. The
differences in the measured function between the two
groups were found to be statistically significant (p <
0.01). Although both groups experienced significant
decrease in pain, there was no significant difference
noted in the patients’ perception of their level of pain at
long term follow-up. There was no radiographic or
clinical evidence of heterotopic calcifications or limi-
tation of mobility secondary to fibrosis in any of the
fat grafted group, while seven control patients (35%)
developed heterotopic bone and required reoperation.

Fig. 48.2 The Christensen
prosthesis is an off-the-shelf
device with three selections
for the mandibular component
and over 40 selections for the
fossa component. The best
fitting components are
selected to fit the anatomy.
These devices have metal-on-
metal articulations

This initial study proved that autologous fat transplan-
tation was a useful adjunct to prosthetic TMJ recon-
struction. Its use minimizes the occurrence of excessive
joint fibrosis and heterotopic calcification, conse-
quently providing an improved range of motion.

In another study, Wolford et al. (21) evaluated 115
patients (5 males, 110 females) who had TMJ recon-
struction with total joint prostheses and simultaneous
fat grafts (88 bilateral and 27 unilateral) for a total of
203 joints. All patients had autologous fat from the
abdomen packed around the articulating portion of the
joint prostheses after the fossa and mandibular com-
ponents were stabilized. Patients were divided into two
groups: Group 1 (n = 76 joints) received Christensen
total joint prostheses (TMJ Implants Inc., Golden, CO)
(Fig. 48.2) and Group 2 (n = 127 joints) received TMJ
Concepts total joint prostheses (TMJ Concepts Inc,
Ventura, CA) (Fig. 48.3).

The average patient follow-up was 31.2 months
(range 12—65 months). In Group 1, MIO increased by
3.5 mm (23.6-27.1 mm), LE decreased by 0.2 mm (1.5—
1.3 mm), and the jaw function improved by 1.9 levels
(7.7-5.8), where 0 = normal jaw function and 10 = no
jaw function. In Group 2, MIO increased by 6.8 mm
(27.6-34.4mm), LE decreased by 1.4 mm (3.4-2.0 mm),
and the jaw function improved by 2.4 levels (7.6-5.2)
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Fig.48.3 The TMJ Concepts total joint prosthesis a custom-fitted
device constructed on a stereolithographic three-dimensional
model and designed for each patient’s specific anatomical require-
ments. The devices have metal-on-polyethylene articulations

(Table 48.1). There was a statistically significant
improvement for MIO and patient perception of jaw
function in both groups. There was no radiographic or
clinical evidence of heterotopic calcifications or limita-
tion of mobility secondary to fibrosis in either group.
There were 25 Christensen prostheses (33%) removed
because of elevated pain levels due to device failure
and/or metal hypersensitivity due to metallosis; no
fibrosis or heterotopic bone formation was seen at sur-
gical removal. There were 4 TMJ Concepts prostheses
(3%) removed because of metal hypersensitivity.
Evaluation of the abdominal fat donor sites showed that
10 patients (8.7%) developed complications: 2 obese

patients (1.8%) developed abdominal cysts superficial to
the rectus abdominis muscle requiring surgical removal;
8 patients (6.9%) developed seroma formation requir-
ing aspiration while 2 of these 8 patients required tem-
porary draininsertion. This study showed that autologous
fat transplantation is a useful adjunct to prosthetic TMJ
reconstruction to minimize the occurrence of excessive
joint fibrosis and heterotopic calcification, consequently
providing an improved range of movement and jaw
function. The removal of the 25 Christensen and 4 TMJ
Concepts prostheses were the result of prosthesis fail-
ure (Christensen) and metal hypersensitivity (22-24),
but not related to the autogenous fat grafting.

There are no other published studies in the litera-
ture in reference to fat grafts placed around TMJ total
joint prostheses. There are a few reports in the litera-
ture in reference to fat grafts to the TMJ area, but with-
out total joint prostheses. Rattan (25) reported a
technique of transferring the buccal fat pad into the
TMIJ as a pedicle or random fat flap. He presented two
cases of unilateral ankylosis treated by gap arthro-
plasty and a buccal fat pad graft with good results in
one patient at 15 months and the other at 19 months
postsurgery.

Dimitroulis (26) evaluated 11 patients with 13
ankylosed TMJs. He treated the patients with gap
arthroplasty and the gap was filled with autogenous
dermis-fat grafts harvested from the groin. Presurgical
incisal opening was 15.6 mm and at the longest follow-
up (average follow-up was 41.5 months) was 35.7 mm.
Only one patient reankylosed. This study found the
dermis-fat grafts to be successful in treating bony and
fibrous ankylosis. Dimitroulis et al. (27) evaluated 15
patients (17 joints) with dermis-fat grafts within the
TMIJs by MRI. Between 6 months and 2 years postsur-
gery, fat tissue was identified within and surrounding
all of the TMIJs.

Table 48.1 (21) Group 1: Christensen total joint prostheses (n = 76 joints) Group 2: TMJ Concepts total joint prostheses (7 = 127 joints)

Group MIO (mm) LE (mm) Jaw function
Numerical analog score
0 = normal function: 10 = no function
Tl T3 T3-T1 Tl T3 T3-T1 Tl T3 T3-T1
1 23.6 27.1% 35 1.5 0.2 7.7 5.8% 1.9
2 27.6 34.4% 6.8 34 2.0 1.4 7.6 5.2% 2.4

MIO maximum incisal opening, LE maximum lateral excursion
*Statistically significant at p < 0.01
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48.2 Surgical Technique

The senior author (LMW) has used two types of TMJ
total joint prostheses: the Christensen prostheses and
the TMJ Concepts prostheses (22-24). The Christensen
TMI total joint prostheses (Fig. 48.2) are off-the-shelf
devices with a choice of three mandibular components
and over 40 selections for a fossa component with try-
in devices to get the best fit for each patient’s anatomy.
The Christensen prostheses are metal-on-metal articu-
lations (Fig. 48.2). The complication rate of these
prostheses is significantly higher than with the TMJ
Concepts prostheses (22-24).The TMJ Concepts total
joint prostheses (10-18) (Fig. 48.3) are patient-fitted
devices constructed on three-dimensional models of
each patient’s maxillofacial region, including the skull
base, maxilla, mandible, and TMJ, using computer-
assisted design/computer assisted manufacture (CAD/
CAM) principles, to conform to each patient’s specific
anatomical requirements. These prostheses have metal-
on-polyethylene articulations.

The prostheses are placed through endaural or preau-
ricular and submandibular incisions (8, 17, 18), after a
thorough debridement of the region. The fossa compo-
nent is positioned through the endaural or preauricular

Fig. 48.4 (a) Fat grafts are
harvested from the abdomen
through a 4-5-cm length
incision generally made in the
supra-pubic area. (b) The
outer dashed line is the extent
of undermining of the skin
and beneath the fat pad. The
inner solid line denotes the fat
graft to be harvested. (¢) The
abdominal fat graft has been
harvested from the abdomen.
(d) 3-0 polyglactin sutures
are used to close the deep fat
layers so no depression in the
harvest area will be evident.
The skin is closed with
subcuticular suturing

incision and is stabilized at the lateral rim of the fossa
and the posterior aspect of the zygomatic arch with four
2-mm diameter bone screws. The mandibular compo-
nent is inserted through the submandibular incision and
secured to the mandible usually with six to nine 2-mm
diameter screws.

Following stabilization of all condylar and fossa
components, fat is harvested for grafting around the
prostheses. There are numerous areas from which fat
can be harvested; abdomen (20, 21), buttock, buccal
fat pad (25), breast, thigh, or anywhere else where a
patient may have some excess fat. Most commonly
we harvest fat grafts for TMJ use from the abdomen.
There is usually abundant fat available there to pro-
vide adequate fat volume. Harvesting fat from the abdo-
men can be accomplished from several approaches:
Suprapubic (Fig. 48.4), through the naval (Fig. 48.5),
from the lateral aspect of the abdomen below the bikini
line, or through a pre-existing scar. Enbloc fat harvest-
ing does the best, relative to survival. Liposuction fat
tends to do poorly because of significant damage to the
fat cells and subsequent resorption problems.

For the routine fat graft harvest, the abdomen is pre-
pared and draped in the usual fashion from above the
umbilicus to the pubic region. The superior portion of
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Fig. 48.5 Abdominal fat can be harvested from the umbilical
area. (a) An incision site is outlined around the perimeter of the
umbilicus. (b) An incision is made. (¢) The skin is undermined
maintaining 3-5 mm of fat tissue on the undersurface of the
skin. (d) Dissection below the fat tissue, superficial to the rectus

the pubic hair is shaved, if necessary, to place the inci-
sion as low as possible on the abdomen for optimal cos-
metic result. If an existing scar is present in the lower
abdomen, this can be used instead. A 4-5 cm transverse
incision is made in the midline through the skin and
subcutaneous tissues to expose the abdominal fat pad
(Fig. 48.4). The skin is widely undermined superiorly
and laterally, taking care to maintain a 3—5 mm layer of
fat on the skin side. The initial incision is then deepened
into the fat at a variable distance depending on the fat
pad thickness and the amount of graft required (usual
range per joint was 5—20 mL). The fat is then widely
undermined superficial to the rectus abdominis muscle
fascia to a similar extent as the overlying skin dissec-
tion. The desired amount of graft is then harvested in a
single block from the midline region. Twenty to thirty
percent more of fat than estimated to fill the dead space
in the TMJ region is harvested to allow for shrinkage
and errors in estimation. Meticulous hemostasis of the
donor site is achieved with electrocautery, and the
defect in the fat pad can be closed by advancing the lat-
eral fat flaps toward the midline and suturing with 3-0

muscle fascia is completed, the fat excised, and delivered
through the incision. (e) The fat is stored on ice until ready for
insertion around the joint prostheses. (f) The incision is closed
with subcuticular sutures

Fig. 48.6 Fat harvesting technique. (a) The skin is widely
undermined, leaving a 3-5 mm layer of fat on the undersurface.
The fat pad is then also undermined above the level of the rec-
tus fascia to a similar extent and the graft is taken from the
midline region. (b) The lateral fat flaps are then closed in the
midline

polyglactin (Fig. 48.6). The skin incision is closed with
subcutaneous sutures of 4-0 polydiaxanone, and Steri-
strips can be placed for re-enforcement.
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Fig.48.7 A drain may be required to be placed in the fat donor
area if adequate hemostasis cannot be achieved at surgery, or a
persistent hematoma or seroma develops postsurgery. The drain
is inserted and attached to the bulb so that a negative pressure
can be applied

In the initial cases, a suction drain (Fig. 48.7) was
placed and removed 3-5 days postsurgery, but with
careful attention to hemostasis before closure, the
requirement for a drain has been significantly reduced,
and in fact, rarely necessary. A pressure dressing of
fluffed gauze and elastic tape is applied over the donor
site and maintained for approximately 3 days before
removal, to minimize the incidence of hematoma and
seroma formation. The graft is immediately placed
through the endaural or preauricular incision to fill the
dead space around the articulating portion of the pros-
thetic components. In bilateral cases, the graft is divided
into equal portions and one portion is stored in iced
normal saline until placement in the second side. The

fat is packed into the TMJ region quite firmly, without
causing excessive damage to the tissue graft. Incision
closure is accomplished in routine layered fashion,
usually with 4-0 polydiaxanone for deep sutures and a
5-0 Prolene suture for a subcuticular skin closure.

When harvesting fat from the umbilical area, a cir-
cular incision is made inside the navel area to gain
access to the fat positioned higher on the abdomen
(Fig. 48.5). The access is greatly limited making the
harvesting more challenging. Also because of the lim-
ited access, establishing hemostasis is more difficult.
With this approach, fat can be harvested from either or
both the lateral sides and inferior to the incision. The
incision is closed with 5—-0 polydiaxanone suture in an
unbroken fashion.

Inadequate packing of fat around the prosthesis can
result in the development of fibrosis and heterotopic
bone formation. In an extremely thin patient who needs
a large graft, it may be a challenge procuring an ade-
quate volume of fat from the abdomen. Harvesting from
the buttock may provide an adequate source. However,
harvesting fat from the buttock usually requires turning
the patient toward one side and propping the buttock
upward to improve access. The incision is made in the
gluteal crease. There is usually more fat located supe-
rior to the incision line. Following fat harvest, the
incision is closed with a continuous or interrupted sub-
cuticular sutures with Steri-strips placed for reinforce-
ment. The access may be somewhat difficult depending

Fig.48.8 Case #1. (a) The TMJ Concepts total joint prosthesis
was custom-made for this patient’s specific anatomical require-
ments. (b) The fossa component of the TMJ Concepts total joint
prosthesis was placed through a preauricular incision. The man-

dibular component was placed through a submandibular inci-
sion. (¢) The abdominal fat graft was packed into the joint space
to prevent recurrence of heterotopic bone formation and
fibrosis
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on how much body rotation can be accomplished. It is
best to wait until it is time to harvest the fat before
placing a supportive roll under the buttock to elevate it.
Placing the roll under the hip at the beginning of sur-
gery could result in nerve and soft tissue damage
because of the prolonged pressure on the sciatic nerve
and soft tissues.

When performing TMJ total joint prostheses sur-
gery, antibiotics are routinely administered immediately
before the surgery, then every 6 h while the IV is in
place. The authors usually use a cephalosporin, but for
those hypersensitive to cephalosporins Clindamycin or
Levaquin is used. Following hospital discharge, patients
are given oral antibiotics for 1-2 weeks postsurgery.

Fig.48.9 Case #1. (al, a2)
A 45-year-old male who had
14 previous failed right TMJ
surgeries; the last previous
surgery involved right TMJ
reconstruction with a total
joint prosthesis (Osteomed
system) without a fat graft.
He had severe TMJ and
myofascial pain, headaches
and difficulty in eating.

(b1, b2) Two years postre-
constructive surgery with
right TMJ debridement,
removal of heterotopic bone
and Osteomed prosthesis,
TMJ reconstruction with TMJ
Concepts custom-fitted total
joint prosthesis, and fat graft.

This regiment minimizes the occurrence of postsurgical
infection.

Rattan (25) reported the use of a buccal fat graft to
the TMJ area. Although it is apparently possible to get
the fat back to the joint area, there is a concern if
enough fat would be available to pack adequately
around the prostheses. Packing the fat tightly around
the prostheses yields best results. In patients with a
propensity to develop heterotopic bone, placing a fat
graft that is not tightly packed to fill all of the voids,
could still result in the development of heterotopic
bone around the prostheses.

Case #1 (Figs. 48.8—48.11): This 45-year-old male
was referred to the senior author after undergoing 14
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Fig. 48.10 Case #1. (al-a3) Preoperative patient with a Class I occlusion on the left side and Class II occlusion on the right side.
(b1-b3) The occlusion remained stable 2 years postsurgery
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Fig. 48.11 Case #1. (a) The
presurgical panograph X-ray
showed massive heterotopic
bone formation (outlined by
the black arrows) around the
Osteomed prosthesis. (b) The
heterotopic bone was removed
in sections. (c¢) Ten-year
postsurgical radiograph shows
the effectiveness of the fat
graft for prevention of
heterotopic bone development

previously failed right TMJ surgeries including proce-
dures using devices that contained PT. He was 2 years
post-TM1J reconstruction with an Osteomed total joint
prosthesis (Osteomed Inc., Dallas, TX) without the
placement of a fat graft around it for that surgery. He
had severe TMJ and myofascial pain, headaches, and
difficulty to eat. He presented with Class I occlusion
on the left side and Class II occlusion on the right side.
There was a massive heterotopic bone development
and bony ankylosis surrounding the right TMJ, a for-
eign body giant cell reaction secondary to the previous
PT materials, and severe limitation of incisal opening
of 20 mm with no translation of the right condyle.
The TMIJ reconstructive surgery was performed
in one operation including: (a) Unilateral right TMJ
debridement and removal of the heterotopic bone for-
mation around the old prosthesis, (b) Removal of the

Osteomed prosthesis, (¢) Unilateral right TMJ recon-
struction with patient-fitted TMJ Concepts total joint
prosthesis, and (d) Unilateral right TMJ fat graft packed
around the prosthesis harvested from the abdomen.
The patient was evaluated 2 years postsurgery showing
good stability, with elimination of the TMJ pain, head-
aches, myofascial pain, and improved jaw function.
The occlusion remained stable. At 10 years postsur-
gery, his incisal opening was 42 mm with 2-3 mm of
translation of the right prosthetic condyle and no radio-
graphic evidence of heterotopic bone formation.

Case #2 (Figs. 48.12-48.14): This 12-year-old male
developed right TMJ ankylosis at the age of 1 sec-
ondary to sepsis. He had two failed previous surgical
attempts for correction by rib grafting. He had only
3 mm of incisal opening and was developing signifi-
cant dental problems because of inability to receive
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Fig. 48.12 Case #2. (a) Twelve-year-old male developed right
TMI ankylosis at the age of 1 year secondary to TMJ sepsis. He
had two failed attempts for correction by rib grafting without the
use of fat grafts. He had only a 3-mm incisal opening and was
developing significant dental problems as well as marked facial

asymmetry and sleep apnea symptoms. (b1, b2) The patient was
seen 3 year post right side TMJ reconstruction and mandibular
advancement with a TMJ Concepts total joint prosthesis and fat
graft. He had an improved facial balance and good jaw function
(35 mm opening) without pain

Fig. 48.13 Case #2. (a) Three-dimensional CT scan demonstrates the magnitude of the heterotopic bone and joint ankylosis.
(b) The heterotopic bone was removed in sections

dental care, had severe facial asymmetry, as well as
sleep apnea symptoms. A three-dimensional radiograph
demonstrates the magnitude of the ankylosis. A TMJ
Concepts total joint prosthesis was manufactured to
reconstruct the TMJ as well as advance and vertically
lengthen the right mandibular ramus. He underwent the
following procedures in one stage: (a) Right TMJ

removal of a large mass of heterotopic bone; (b) Recon-
struction of the right TMJ and mandibular advance-
ment with TMJ Concepts custom-fitted total joint
prostheses; and (c) Fat graft packed around the pros-
theses and area of previous heterotopic bone formation
to prevent bone from redeveloping. The patient was
evaluated 3 years postsurgery with improved facial
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Fig.48.14 Case #2. (a) TMJ Concepts total joint prosthesis was
custom-made to reconstruct the TMJ as well as advance and verti-
cally lengthen the right mandibular ramus. A fat graft was packed
around the prosthesis to prevent heterotopic bone from redevelop-

balance and good jaw function (35 mm opening) with-
out pain. At 3 years postsurgery, there was no radio-
graphic evidence of heterotopic bone formation.

48.3 Complications

Possible complications of abdominal fat graft harvest-
ing include hematoma, seroma, infection, ileus, unaes-
thetic scar, subcutaneous soft tissue defect, abdominal
esthetic concerns, pain and discomfort, and inadvertent
peritoneal perforation. At the donor site, there were two
extremely obese patients who developed abdominal

ing. (b) The lateral cephalogram shows the improved facial bal-
ance and normal oropharyngeal airway. (c¢) The tomogram shows
the TMJ Concepts total joint prosthesis with no heterotopic bone
formation around the prosthesis at 3 years postsurgery

cysts superficial to the abdominal muscle fascia that
required excision for elimination. An unsightly scar
can occur, but with careful incision closure, this should
be of minimal concern. A few patients developed hema-
tomas or seromas in the harvest area (Fig. 48.15).
Obtaining good hemostasis at surgery is most impor-
tant to avoid this problem. Immediately following pro-
curement of the fat graft, the donor site can be packed
with gauze for a few minutes. Electrocautery can be
used to aide in achieving hemostasis. If hemostasis is
not obtainable, then a drain can be inserted and attached
to a suction bulb to create negative pressure to prevent
hematoma and seroma formation, left in position for
approximately 3 days and then pulled out. However,
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Fig. 48.15 (a) Left lateral abdominal hematoma is associated
with fat harvest through the umbilical approach. (b1, b2) A large
bore needle (16 gauge) and syringe can be used for aspiration

the authors rarely have to use a drain. Grossly obese
patients present a greater risk of donor site morbidity.
It may be more difficult to prevent postsurgical bleed-
ing in these patients with a possible resultant hema-
toma, seroma, or cystic formation. The use of a negative
pressure drain for several days immediate postsurgery
in this patient type may help prevent this complication.
Two additional patients required insertion of a drain on
the first and second days postsurgery. Eight other
patients did require postsurgical aspiration for the
removal of a hematoma or a seroma at the donor site.
Aspiration can be achieved by using a large gauge

needle (16 gauge) on a large syringe or low pressure
suction for removal. A pressure dressing is then applied.
Repeat aspiration may be required. The occurrence of
postsurgical hematoma/seroma can usually be avoided
by achieving good hemostasis and placing a fluffed
gauze dressing, secured with elastic tape or, alterna-
tively, placing a Velcro-secured abdominal binder over
the donor area.

Additional potential complications include perfora-
tion through the abdominis rectus muscle into the
abdominal cavity. The authors have never encountered
this complication. Infection in the harvest area can
occur and would be managed with incision and drain-
age, culture and sensitivity, irrigations, appropriate
antibiotics, etc. Soft tissue defect from the harvest area
can be an esthetic concern for some patients. However,
careful harvesting, closure of lateral fat pad flaps
should minimize this concern.

The authors have never encountered significant
postsurgical ileus.

At the recipient site complications can also occur.
Infections can occur which involve the prosthesis and
fat graft (Fig. 48.16). The occurrence of an infection is
very unusual, but with a greater risk in patients with
immuno-dysfunctional problems. If an infection does
occur, aggressive management will be required to sal-
vage the prosthesis including: incision and drainage,
removal of the fat graft if involved, and placement of
irrigating catheters and drains. Multiple daily irrigations
with antibiotic solutions work well and usually within
3-5 days, the drains and irrigating catheters can be
advanced and removed. The authors have had about 10
patients who developed an infection involving the pros-
thesis and fat graft since 1989. The infections usually
occur within the first month postsurgery. All but two of
the prostheses have been salvaged with this regiment.
Both patients who required prosthesis removal were
informed early in the infectious process that immediate
surgical intervention was recommended to salvage the
prostheses. Both patients refused the recommendation
for immediate surgical treatment, but both had draining
fistulas so they had no significant pain. The first patient
had a draining fistula from the right external auditory
canal and did not return for treatment until 6 months
postonset of infection. The prosthesis was removed and
joint debrided. A new prosthesis was inserted 3 months
later with a fat graft placed around the articulating por-
tion of the prosthesis, and at 9 years postreplacement,
the patient has had no further problems. The second
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Fig. 48.16 This 25-year-old female with juvenile rheumatoid
arthritis and significant immunodysfunction had her TMIJs
reconstructed with TMJ Concepts total joint prosthesis and fat
grafts. (a) One month postsurgery she developed a unilateral
right side infection associated with the total joint prosthesis. (b)
The patient was prepared for surgery and had spontaneous drain-
age from the original submandibular incision area. (¢) The joint

patient had an immunodeficiency condition and devel-
oped a right submandibular draining fistula associated
with the right total joint prosthesis at 1 month postsur-
gery. Although repeated recommendations for surgical
intervention were made, she sought nonsurgical man-
agement for 5 years with numerous antibiotics that was
unsuccessful before returning for surgical treatment.

was debrided, but prosthesis maintained. An irrigating catheter
was placed above the endaural incision into the articulating area
of the joint and another placed along the ramus component. A
drain was placed through the submandibular incision. Daily
multiple irrigations were performed for 5 days, when the cathe-
ters and drain were removed. This prosthesis was salvaged

The prosthesis was removed and IV antibiotics were
used for 2 months. The prosthesis was successfully
replaced 3 months later with another fat graft placed
around the prosthesis.

Case # 3 (Figs. 48.17-48.19): This 52-year-old female
was 4 years post-trauma that involved multiple mandibu-
lar fractures including bilateral subcondylar fractures.
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Fig. 48.17 Case #3.

(al, a2) A 52-year-old female
is seen 4 years post-trauma
with bilateral temporoman-
dibular joint severe arthritis
and displaced condyles. The
mandible is significantly
retruded with a high occlusal
plane angle and associated
facial morphology.

(b1, b2) One year postsurgery
following bilateral TMJ
reconstruction and mandibu-
lar advancement with
custom-made TMJ total joint
prostheses (TMJ Concepts
system®), bilateral TMJ fat
grafts, bilateral coronoidecto-
mies, and simultaneous
maxillary osteotomies

She presented with bilateral TMJ severe arthritis, dis-
placed condyles, and a class II skeletal and occlusal
dentofacial deformity. She had severe TMJ pain, head-
aches, myofascial pain, difficulty in eating and chewing,
as well as severe sleep apnea related to the retruded man-
dible and associated with severely reduced oropharyn-
geal airway. In addition, she had immunodysfunctional
problems and chronic sinusitis. Following orthodontic
preparation, surgery was performed in one operation
including: (a) Bilateral TMJ reconstruction and mandib-

ular counter-clockwise advancement (28 mm at pogon-
ion) with custom made TMIJ total joint prostheses (TMJ
Concepts system®), (b) Bilateral coronoidectomies, (c)
Bilateral TMJ fat grafts placement (harvest from the
abdomen), (d) Left mandibular body osteotomy, and (e)
Multiple maxillary osteotomies to down graft the poste-
rior aspect and upright the incisors. At 6 weeks postsur-
gery, she developed bilateral infections around the
prostheses with intraoral draining fistulas. She was taken
back to surgery for joint and mandibular debridement,
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Fig. 48.18 Case #3. (al-a3) Presurgical occlusion demonstrates anterior open bite, Class II occlusal relationship, and posterior
crossbite. (b1-b3) The occlusion remained stable 1-year postsurgery

closure of the intraoral fistulas, and placement of bilat-
eral extra-oral irrigating catheters and drains. She was
placed on IV Clindamycin. At 3 days postsurgery, the
drains and irrigating catheters were advanced and at day
5 removed. She was maintained on PO Clindamycin fol-
lowing hospital discharge for 1 month. The patient was

evaluated 1 year postsurgery showing good stability,
with elimination of TMJ pain, headaches, myofascial
pain, improved jaw function and facial esthetics, and
increased oropharyngeal airway, eliminating the sleep
apnea. At 4 years postsurgery, no reccurrence of infec-
tion has been seen.
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Casel
a Age 52 years

Fig. 48.19 Case #3. (a)
Pretreatment cephalometric
analysis shows a retruded
mandible, anterior open bite,
steep occlusal and mandibular
plane angles, over-angulated
lower incisors, severe

Casel

decreased oropharyngeal
airway and significant
degenerative changes of the
condyles. (b) The STO
(prediction tracing) demon-
strates the TMJ and orthog-
nathic procedures required to
achieve a good functional and
esthetic result including
bilateral TMJ reconstruction
and mandibular advancement
with custom made TMJ total

joint prostheses (TMJ
Concepts/Techmedica c Casel
system®), bilateral coro- 1year Post-op

noidectomies, and maxillary
osteotomies for counter-
clockwise rotation of the
maxillo-mandibular complex
and occlusal plane angle. (¢)

d P.S.
— Immediate Post-op
— 1year Post-op

Cephalometric analysis at
1-year postsurgery demon-
strates good facial balance.
(d) Superimposition of the
immediate postsurgery (red
lines) and 1-year follow-up
(black lines) cephalometric
tracings demonstrate the
treatment stability achieved
for this patient

Case # 4 (Figs. 48.20-48.22): This 14-year-old
female presented with juvenile rheumatoid arthritis,
bilateral TMJ involvement with significant condylar
resorption, class II skeletal and occlusal dentofacial
deformity, an anterior open bite, and decreased oropha-
ryngeal airway with sleep apnea symptoms, but no TMJ
symptoms, pain, or headaches. Following orthodontic
preparation, surgery was performed which consisted
of: (a) bilateral TMJ reconstruction and mandibular
counter-clockwise advancement with custom made
TMI total joint prostheses (TMJ Concepts system®), (b)
bilateral TMJ fat grafts placement (harvest from abdo-
men), (c) bilateral coronoidectomies, (d) multiple max-
illary osteotomies to down graft the posterior aspect

and upright the incisors, and (e) chin augmentation
with an HTR implant (Walter Lorenz CO. Jacksonville,
FL). Pogonion advanced 25 mm. The patient was eval-
uated 1 year postsurgery showing good stability, free
from TMIJ pain, headaches and myofascial pain; as
well as improved jaw function, facial esthetics, and
increased oropharyngeal airway. Patients with inflam-
matory diseases such as rheumatoid arthritis, psoriatic
arthritis, ankylosing spondylitis, lupus, scleroderma,
reactive arthritis, etc., have greater susceptibility to
TMI fibrosis and ankylosis. In patients with inflamma-
tory disease processes, the fat grafts are essential to pre-
vent fibrosis and reactive bone formation as well as to
maximize the functional and comfort outcomes.
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Fig.48.20 Case #4.

(al, a2) A 14-year-old girl
had bilateral TMJ juvenile
rheumatoid arthritis,
significantly retruded
mandible, high occlusal plane
angle and associated facial
morphology. (b1, b2) One
year postsurgery following
bilateral TMJ reconstruction
and mandibular advancement
with custom-made TMJ total
joint prostheses (TMJ
Concepts system®), bilateral
TMJ fat grafts, bilateral
coronoidectomies, simultane-
ous maxillary osteotomies
and chin augmentation
demonstrating a good stable,
functional and esthetic
outcome

48.4 Prevention of Fibrosis
and Heterotopic Bone

The formation of extensive fibrosis and heterotopic
bone has been problematic after total joint reconstruc-
tion of the TMJ, as well as from other types of TMIJ
arthrotomies. In the TMJ this is particularly true for

multiple operated joints and joints with previously
failed alloplastic implants, as well as following pros-
thetic and autologous joint reconstruction (20, 21, 28).
Fibrosis is related to scar tissue deposition, especially
in multiple operated joints or failed alloplastic recon-
struction where a persistent inflammatory response may
be present. Heterotopic bone may be deposited in a
similar reaction in joints with inflammatory conditions
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Fig. 48.21 Case #4. (al-a3) Presurgical occlusion demonstrated an anterior open bite and Class Il end-on cuspid relationship.

(b1-b3) The occlusion remained stable 1-year postsurgery

and after alloplastic implant failure. Additionally, the
presence of dead space after extensive joint debride-
ment or total joint prosthesis placement leads to blood
clot formation in the joint area, with subsequent organi-
zation. Pluripotential cells may then migrate into the
area and be induced to differentiate into fibroblasts
and osteoblasts, with deposition of collagen and bone

respectively. In excessively fibrotic joints, there is a
decrease in vascularity and thereby a decrease in oxy-
gen tension in the surrounding tissues. This can lead
to the transformation of fibrous tissue into cartilage
and bone (29). In addition, heterotopic bone can
also result with TMJ involvement from trauma, reac-
tive arthritis, osteoarthritis, sepsis, inflammation, and
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Fig. 48.22 Case #4. (a) a
Pretreatment cephalometric
analysis shows a retruded

maxilla and mandible,

anterior open bite, steep

occlusal and mandibular

plane angles, over-angulated

lower incisors, severe

M.S.
Age 14 years

decreased oropharyngeal
airway and significant
degenerative changes of the
condyles (juvenile rheumatoid
arthritis). (b) The STO
(prediction tracing) demon-
strates the TMJ and orthog-
nathic procedures required to
achieve a good functional and
esthetic result including
bilateral TMJ reconstruction
and mandibular advancement
with custom-made TM1J total
joint prostheses (TMJ
Concepts system®), bilateral c
TMJ fat grafts (harvest fat
from the abdomen) bilateral
coronoidectomies, maxillary
osteotomies for counter-
clockwise rotation of the
maxillo-mandibular complex,
and chin augmentation.

(c¢) Cephalometric analysis at

2
Ry D }
I @ -2
18 o> A
Z.-.
e X
d
M.S.
— Immediate Post-op
— 1year Post-op

1-year postsurgery demon- o/
strates good facial balance.
(d) Superimposition of the
immediate postsurgery (red
lines) and 1-year follow-up

(black lines) cephalometric

tracings demonstrate the
treatment stability achieved
for this patient

connective tissue/ autoimmune diseases such as rheu-
matoid arthritis, psoriatic arthritis, ankylosing spon-
dylitis, scleroderma, and so on.

In the orthopedic experience, various pharmacologic
agents, most notably indomethacin and etidronate, have
been used with varying success (30, 31). Pharmacologic
therapy has been suggested for use after prosthetic TMJ
reconstruction, but no substantial data exist regarding
its effectiveness (8). In the senior authors (LMW) expe-
rience with these medications, the results have been
very disappointing.

Radiation treatment of the operated area within 4
days of prosthetic hip reconstruction is now a common
practice and appears to offer an effective means of pre-
venting heterotopic bone formation in orthopedics.
However, local radiation of the TMJ raises concerns
regarding potential adverse effects on adjacent vital
structures, (i.e., eyes and associated structures, brain,
middle ear, parotid gland), and it may be ineffective
due to the substantially greater vascularity of the max-
illofacial region. However, Durr et al. (19) reported on
10 patients (15 TMJs) with bony ankylosis surgically
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managed with either costochondral grafts, gap arthro-
plasty, or debridement of heterotopic bone and treated
early postoperatively with radiation, 10 Gy in five frac-
tions. With a mean of 19 months follow-up, 10 of 15
TMIJs did not show heterotopic bone development while
5 patients (33%) had recurrence of heterotopic bone.
An additional complication identified was parotitis in
three patients (30%). The placement of fat grafts around
the articulating area of the TMJ provides significantly
better results than radiation in preventing fibrosis and
heterotopic bone formation (20, 21, 26, 27).

The rationale for placing autologous fat grafts
around the TM] total joint prostheses is to obliterate the
dead space present around the joint prosthesis, thus pre-
venting the formation and subsequent organization of a
blood clot. Creating this physical barrier, serves to min-
imize the presence of pluripotential cells, and prevents
the formation of extensive fibrosis and heterotopic cal-
cification. It may also isolate any residual reactive tis-
sue from previous alloplastic failure to the periphery of
the region, minimizing its formation around the joint
components. The net result, as evidenced by the data
collected, is a decrease and perhaps elimination of the
incidence of heterotopic bone formation and improved
jaw function (20, 21).

Fat grafts, however, should not be used as a disc
replacement in loaded joints. In our procedure of fat graft-
ing around the prostheses, the graft is not functioning
as an articular disc, but only as a filling material to
eliminate the dead space. Kohn et al. (32) presented an
animal study where meniscectomies were performed
and fat grafts placed as an articular disc replacement.
Osteoarthritis was evident in all treated joints within 6
months. The authors state that fat is not suitable as a
meniscal substitute.

Dimitroulis (26) evaluated 11 patients with 13 anky-
losed TMJs that he treated with gap arthroplasty and
the gap was filled with autogenous dermis-fat grafts
harvested from the groin. Presurgical incisal opening
was 15.6 mm and at longest follow-up (average follow-
up was 41.5 months) was 35.7 mm. Only one patient
reankylosed. These patients were not reconstructed
with TMI total joint prostheses, or any form of hard
tissue TMIJ reconstruction. The patients had improved
jaw function, but there was no evaluation as to occlusal
and skeletal outcomes. This study did find the dermis-
fat grafts to be successful in treating bony and fibrous
ankylosis. Dimitroulis et al. (27) evaluated 15 patients
(17 joints) by MRI where dermis-fat grafts had been

placed within the TMJs. At 6 months to 2 years post-
surgery, fat tissue was identified within or surrounding
all of the TMJs.

Merikanto et al. (33) studied the effects of creating
cranial defects with placement of fat grafts into the
defects. The control defects were not filled. The fat
grafted cranial defects showed no bone regeneration
while the control defects showed a complete bone fill
with lamellar bone. Histologic evaluation of the fat
grafted defects showed living fat cells filling the defect.
Osteogenesis was inhibited in the fat grafted defects.
Saunders et al. (34) demonstrated in mice that free fat
grafts go through a period of initial breakdown of fat
cells, followed by revascularization, resulting in normal
appearing fat, although a smaller volume than originally
grafted. In three human subjects who received fat grafts
to the lumbar region at surgery, at up to 22 months later
at reoperation, there was normal fat tissue although a
reduced volume compared to the amount originally
grafted, and no evidence of replacement by scar tissue.

Yamaguchi et al. (35) demonstrated the importance
of early and adequate revascularization of autogenous
fat grafts for maintenance of graft volume and for the
production and interaction of adipocyte-derived angio-
genic peptides such as vascular endothelial growth fac-
tor (VEGF) and leptin, important for graft survival and
volume maintenance. Trevor et al. (36) showed there
was no demonstrable difference in treatment outcomes
following placement of a free fat graft vs. a pedicle fat
graft in the surgical sites of dorsal laminectomy and
duratomy. They concluded that there was no advantage
of the use of a pedicle fat graft over a free graft. Qi
et al. (37) demonstrated that at early stages following
free fat grafting, the fat showed ischemia. The adipo-
cytes released lipid and dedifferentiated to preadipo-
cytes. After revascularization, the preadipocytes began
to absorb lipid and became mature adipocytes. The fat
grafts were almost normal at 6 months.

The ultimate fate of the transplanted fat around the
TMIJ is unknown. Studies of fat transplantation to other
anatomic areas show a variable amount of resorption,
with a decrease in volume ranging from 20 to 75% (38,
39). As an adjunct to prosthetic joint reconstruction,
the ultimate resorption of a portion of the graft may not
be detrimental to the result. If the formation of the ini-
tial hematoma, fibrosis, and reactive tissue can be pre-
vented, there may bereducedincidence of complications.
Clinically, the fat grafts appeared viable with some
samples showing strands of collagen present in it, but
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Fig. 48.23 Histological examination of a fat graft biopsy taken
4 years after implantation around a TMJ Concepts total joint
prosthesis shows viable fat still present without evidence of
inflammation, heterotopic bone formation, or significant fibrosis

no evidence of an inflammatory process. The consis-
tency of the tissue around the prosthesis was signifi-
cantly softer than seen in the nonfat grafted patients.
Histologically, viable fat was observed (Fig. 48.23).
The technique of graft procurement is straight for-
ward, with minimal potential for complications. The
fat grafts are harvested just prior to graft placement,
requiring only about 15 min of additional surgical time.
However, some surgeons may prefer to have two surgi-
cal teams working concurrently so the operation is not
prolonged. It is not recommended to harvest the fat
grafts prior to beginning the TMJ reconstruction as this
would require the grafts to be “on the table” for an
extended time period, likely to result in significant loss
of graft viability. It will usually take a minimum of 4 h
to prepare the TMJs and place the prostheses in bilat-
eral cases, before the fat grafts can be placed. Therefore,
procuring the fat graft just prior to placement will max-
imize graft viability; an important factor for graft sur-
vival. If the fat graft placement is delayed (i.e., opposite
side in bilateral cases) then the graft is stored on ice
until ready for insertion. This improves graft viability.
The most common donor site for harvesting is
the abdomen, where there is usually abundant fat for
most cases. The most common approaches the authors
use include: the supra-pubic incision, the umbilical
or trans-naval incision, or approach through a pre-
existing scar (C-section, hysterectomy, appendectomy,

abdominoplasty) or other previous abdominal surgery
scar. However, the fat can be harvested from almost
any fat source including buttock, thigh, buccal fat pad,
breast, etc.

Autologous fat grafting is a very useful adjunct to
prosthetic reconstruction of the TMJ and may prove to
be similarly beneficial in autologous reconstruction.
Graft procurement is quick and easy, with minimal
morbidity. The results of our studies (20, 21) demon-
strate the efficacy of TMJ reconstruction with total
joint prosthesis and simultaneous autologous fat grafts
to the articulating area of the TMIJ joints. A statisti-
cally significant improvement for fat grafted patients
was found regarding MIO and the patient’s perception
of the jaw function. The most common complication
found in the donor area was seroma or hematoma,
which was usually easily treated with aspiration and
pressure dressing. TMJ reconstruction with TMJ
Concepts total joint prostheses and autogenous fat
grafts provides a highly predictable treatment method
for patients with nonsalvageable TMJ pathology.
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