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Indications for alloplastic temporomandibular joint replacement in
maxillofacial surgery for benign lesions: a review of the literature
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Background and Objective: Benign lesions resulting in mandibular defects involving the
temporomandibular joint (TM]J) represent a complex reconstructive challenge for the maxillofacial surgeon.
The use of temporomandibular joint replacement (TMJR) is controversial. The aim of this paper is to present
a narrative Review of the English language surgical literature relative to the indications for the use of TMJR
devices in the management of the reconstruction of benign mandibular lesions and to present clinical examples.
Methods: A PubMed review was conducted of standard and extended TMJR (¢€TMJR) devices used to
manage benign mandibular lesions reconstruction as reported in the English literature.

Key Content and Findings: The literature includes nine case reports, four case series and one
retrospective trial. In all reported cases of benign lesions, an immediate alloplastic reconstruction of the
TMJ could be achieved. In most of the cases, pure alloplastic reconstruction of the TM] was performed. For
illustrative reasons, three cases with different benign lesions of the TMJ treated with custom-made alloplastic
TMJR are presented in the long-term follow-up.

Conclusions: Alloplastic TMJR is a reasonable approach to reconstruct the TM]J in case of benign
lesions and restore the orocacial function. Considering the small number of reports in the literature and the
relatively small number of benign lesions managed using TM] prostheses, an evidence-based conclusion
about safety, success rate and long-term stability is not possible. In recent years, there seems to be a tendency

towards custom-made endoprostheses, as they are clinically highly predictable and stable.
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Introduction joint (T'MJ) area. The main reference to tumor biology,

Thanks to the contemporary genetic and molecular biology prognostication, classification, and treatment is still the

diagnostic options now available, huge progress has been 2020 5th Edition of the World Health Organization (WHO)
made with classifying tumors in the temporomandibular classification of tumors, including benign lesions of the
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TM]J (1). The goal of this paper is not to give a
histopathological update on benign lesions of the TM]J.
Nevertheless, some aspects of the reclassification in 2020
compared to the 2013 WHO classification are mentoned. The
aneurysmal bone cyst is reclassified as an osteoclastic giant cell-
rich tumor, and the simple bone cyst as another mesenchymal
tumor of bone in the same group as Adamantinoma and
fibrous dysplasia. Concerning the biological potential,
the chondroblastoma changed from intermediate (rarely
metastasizing) to benign tumor, the synovial chondromatosis
from a benign tumor to intermediate (locally aggressive) and
the aneurysmal bone cyst from intermediate (locally aggressive)
to a benign tumor (2).

All anatomic parts of the TM] have the potential to
be the origin of a neoplastic disease—the temporal and
mandibular condylar bone and overlying fibrocartilage,
synovial lining, articular disk, fibrous capsule, and ligaments.
The following clinical symptoms should elicit concern for
a benign neoplastic disease of the TM] area: pain in the
TM]J area, limited mandibular range of motion, deviation
of the mandible during the opening, joint sounds (e.g.,
crepitation), swelling around the TM] area, progressive
open bite on the affected side, crossbite on the non-affected
side, the progressive facial asymmetry with a deviation of
the chin to the non-affected side, pathological fractures,
otologic complaints, increased severity of symptoms, and
atypical response to any conservative treatment.

In a review of the clinical and radiological signs of
TM]J pseudotumors and 19 tumors, Poveda-Roda et 4l. (2)
summarized which signs distinguished them from true
benign and malignant neoplasia. These authors found
the most frequent lesions were pseudotumors (synovial
chondromatosis, pigmented villonodular synovitis,
eosinophilic granuloma and osteochondroma). Approximately
20% of these pseudotumors had been initially misdiagnosed
and treated as TMJ dysfunction (TMD), with pain, swelling,
and limitation of joint movements being the most frequent
clinical signs. The authors point out that panoramic imaging
alterations were not observed in 14.6% of the benign tumors
and 7.7% of the malignant lesions. This emphasizes the need
for the clinician to be alert to these diseases while also raising
the question of the need for additional (three-dimensional)
radiological imaging.

In summary, the main challenge for a clinician treating
TM] patients is understanding the complexity of diagnosing
and managing the “typical” TMD patient with functional
TM]J disorders. This enables the clinician to be familiar
with these patients’ typical clinical course and be alert to the
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potential of neoplastic or other pathological conditions in
the TM] area.

When it comes to the management options available
for benign TM] lesions, questions have been raised
about how aggressive treatment should be (e.g., in case of
synovial chondromatosis) and possible joint reconstruction
techniques (e.g., autologous vs. alloplastic reconstruction).

This paper will aim to present a narrative review of
the English language surgical literature relative to the
indications for the use of TM]J replacement (TMJR)
devices in the management of the reconstruction of benign
mandibular lesions either involving the TM] primarily or
secondarily and to present examples of different clinical
situations after alloplastic TMJR in the long term follow
up. We present this article in accordance with the Narrative
Review reporting checklist (available at https://fomm.
amegroups.com/article/view/10.21037/fomm-22-41/rc).

Methods

A narrative literature review was performed using the
relevant database PubMed. An electronic search was
complemented by an iterative hand search in the reference
lists of the already identified articles. The endpoint of the
literature search was August 12, 2022. Endnote 20 was used
for the electronic management of the literature (search
strategy summary in Table ).

The identified studies were screened based on the title
and keywords, followed by an assessment based on the
abstracts and followed by an assessment based on the full
text. Before the literature review, the following criteria for
literature evaluation were defined. The inclusion criteria
were: publications in English, clinical studies including
retrospective and prospective clinical trials, observational
studies, cross-sectional studies, cohort studies, case series
and case reports. The exclusion criteria were: autogenous
reconstruction, alloplastic reconstruction without fossa
component, underlying malignant disease, and degenerative
disease, including ankylosis.

Main body

The electronic search found a total of 137 potentially
relevant titles. One-hundred-one publications were
excluded from the first screening based on the title and
keywords. Additionally, 18 titles were excluded based on
the abstract evaluation. Eighteen full-text articles were
thoroughly evaluated. Four papers had to be excluded at
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Table 1 The search strategy summary
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ltems Specification

Date of Search August 12, 2022

Databases and other sources searched PubMed

Search terms used ((temporomandibular joint replacement) OR (total temporomandibular joint replacement) OR
(temporomandibular endoprosthesis) OR (alloplastic temporomandibular reconstruction)) AND
((benign tumor) OR (benign lesion) OR (benign neoplasia) OR (odontogenic tumor))

Timeframe All till August 12, 2022

Inclusion and exclusion criteria Inclusion criteria: publications in English, clinical studies including retrospective and prospective
clinical trials, observational studies, cross-sectional studies, cohort studies, case series and case
reports. Exclusion criteria: autogenous reconstruction, alloplastic reconstruction without fossa
component, underlying malignant disease, degenerative disease inclusive ankylosis

Selection process The selection process was conducted by the author HN; in case of a questionable decision, a
consensus together with MT was gained

c
2 Records identified by database
§ searching
?, (n=137)
ke}
Records excluded on the basis
> of title and key words
(n=101)
— \
=
= Records screened
[0
5 (n=36)
(%]
Records excluded on the basis
> of the abstract evaluation
(n=18)
> \
] Full-text articles assessed
= =18)
w (h=
Full-text articles excluded, with
> reasons
(n=4)
3 Y
3 Studies included in the present review
2 (n=14)

Figure 1 Pathway to identify the relevant literature of TMJR in treating benign TM]J neoplasia. TMJR, temporomandibular joint

replacement; TM]J, temporomandibular joint.

this stage because they did not fulfill the inclusion criteria
of the present review. Fourteen articles could be included
(3-16) (Figure I). The literature included nine case reports,
four case series and one retrospective trial (Tzble 2).

The underlying diagnoses for total TMJR were:

ameloblastoma, osteochondroma, arteriovenous
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malformation, giant cell lesion, giant osteoma, osteoma,
ossifying fibroma, and recurrences of ameloblastoma.
Before 2013, the included literature mainly reports on cases
using stock endoprostheses. In the more recent literature,
there seems to be a tendency towards custom-made
endoprostheses. In all reported cases of benign lesions, an
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Table 2 Results review of the literature on TMJR and benign TM]J lesions, sorted by the year of publication

Ye f Count of Ty f Ti int of

piiﬁigation Authors Study design Underlying diagnosis pZ:Zntc; _mﬁ; reé?:;c:ilr;t%n Origin of reconstruction
2022 Horen et al. (3) Case report & review  Ameloblastoma 1 Custom  Immediate Alloplastic

2021 Hurrell et al. (4) Case report Osteochondroma 1 Custom Immediate Alloplastic + osteotomy

contralateral
2020 Blackhall et al. (5) Case report and Arteriovenous 1 Custom  Immediate Alloplastic
literature review malformation
2019 Zheng et al. (6) Case series Giant cell lesion and 5 Custom Immediate Alloplastic (scull base-
osteochondroma TMJ)
2018 Sarlabous et al. (7) Case series Ameloblastoma and 3 Custom Immediate Alloplastic + iliac crest
recurrence
2018 Xu et al. (8) Case series Giant condylar 3 Stock Immediate Alloplastic
osteoma

2017 de Souza et al. (9) Case report Osteoma 1 Custom  Immediate Alloplastic

2016 Mehra et al. (10) Retrospective study =~ Osteochondroma 11 Custom  Immediate Alloplastic

2014 Morrison et al. (11) Case report Recurrence of 1 Custom Immediate Alloplastic + iliac crest

ameloblastoma

2014 Ruiz Valero et al. (12) Case series Ameloblastoma 2 Custom  Immediate Alloplastic

2013 Zavattero et al. (13) Case report Ossifying fibroma 1 Stock Immediate Alloplastic

2012 Ramos-Murguialday Case report Osteochondroma 1 Stock Immediate Alloplastic

etal. (14)
2011 Morey-Mas et al. (15) Case report Osteochondroma 1 Stock Immediate Alloplastic
1996 Karras et al. (16) Case report Osteochondroma 1 Custom  Immediate Alloplastic

TMJR, temporomandibular joint replacement; TMJ, temporomandibular joint.

immediate alloplastic reconstruction of the TM] could be
achieved. In most cases, pure alloplastic reconstruction of
the TM]J was performed, and only one case report and a
series of three cases report on a combined reconstruction
using a custom endoprosthesis and an autogenous iliac crest
graft for the treatment of recurrent ameloblastoma (7,11).
In one case of the treatment of an osteochondroma, the
alloplastic reconstruction was combined with a contralateral
sagittal split to correct the condylar position (4). One case
series reports about five cases of large and extensive lesions
that involve scull base destruction and result in extensive
resections demanding for a combined scull base-TM]
prosthesis (6).

Classification based on time of reconstruction

When a TMJR prosthesis is being considered for the
reconstruction of a mandibular defect created by the

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

removal of a benign lesion involving the TM], cases can
be classified based on the time in which the reconstruction
is going to be performed: immediate primary TM]J
reconstruction; delayed primary TM] reconstruction; and
delayed secondary TM]J reconstruction

This classification is useful in different clinical
scenarios and pathologies, here adopted for benign TM]J
lesions. There are unique concerns associated with the
reconstruction of mandibular segmental defects, including
the TM]J created after removing a benign lesion. The nature
of the lesion may require removal not only of the involved
mandibular lesion and bone but also any associated affected
intraoral soft tissues and teeth. This results in significant
functional, esthetic, and occlusal consequences, as well
as consideration of the oral flora’s contamination of the
surgical site. Patient evaluation and management planning
for these cases vary depending on the specific clinical
presentation and the sequence of the reconstruction:
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Immediate primary TMJ reconstruction

Immediate primary reconstruction with a TMJR prosthesis
can be accomplished in one stage and utilized in patients
that require a mandibular resection involving the TM]J
to address the removal of the pathology. This approach
is indicated in “truly” benign diseases where the risk of a
positive margin is the lowest.

Once the pathological diagnosis has been confirmed,
the surgeon must decide on the extent of the mandibular
resection and if immediate reconstruction is possible.
The extent of the resection will dictate whether a stock or
custom TMJR device, either standard or e TMJR, will be
used. Stock TMJR devices can only be utilized in cases with
sufficient inferior ramus left into which an adequate number
of fixation screws can be placed to ensure the functional
stability of the device components.

In most cases, due to the amount of mandible that must
be resected to include good tumor margins, a custom TMJR
is chosen. A specific protocol computer tomography (CT)
scan is made from which a stereolithographic (SL) model is
developed, upon which the final TMJR device is designed
and manufactured.

The resection is carried out utilizing virtual surgical
planning (VSP), the device is designed for the specific
case, and the TMJR is manufactured. Cutting guides are
developed for use at the surgery to guide the resection
and proper placement of the TMJR components. Cases of
primary TM]J reconstruction with concomitant mandibular
bone grafting with iliac crest bone grafting have been
described in the literature (11,12,17,18).

Delayed primary TM] reconstruction
Delayed primary TM]J reconstruction is indicated for patients
who previously had undergone primary pathology surgery
where immediate reconstruction was contraindicated,
such as large lesions requiring both intraoral and extraoral
exposure for removal, or where local significant oral soft
tissue required removal with the lesion requiring placement
of a vascularized flap. Both of these scenarios have the
increased potential for developing a post-reconstruction
infection. Also, other infections or medical conditions of the
patient might be reasons for delayed reconstruction. Only a
custom TM]JR device can be considered for such cases. This
approach is indicated in locally aggressive benign diseases
where complete removal needs to be ensured, and a delay of
resections needs to be avoided.

Preoperative evaluation and surgical planning of delayed
primary TM]J reconstruction involve a review of the prior
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surgery to understand the nature of the deformity. The
same presurgical CT and VSP protocol can be followed
for immediate primary reconstruction cases. In most cases,
malocclusion exists as the mandible shifts to the affected side.
"This requires the fabrication of a two-piece SL. model. Using
VSP, surgeons and design engineers establish the proper
occlusion and the final surgical splint. The utilization of
custom 3D antibiotic-impregnated polymethylmethacrylate
(PMMA) spacers in these delayed primary TMJ reconstruction
cases has been described in the literature (19,20).

Delayed secondary TM]J reconstruction

Delayed secondary TM] reconstruction is performed for
the multiple-operated patient who has undergone failed or
failing previous autogenous or alloplastic reconstructions,
often in combination with insufficient soft tissue support.
Therefore, when evaluating these patients, the surgeon
must determine the reasons for the poor outcome so as not
to repeat them or use the same device.

Only custom TMJR devices should be considered
for the management of these cases. Any failed or failing
devices present must be removed before the protocol CT
scan to avoid artifacts. At the device removal surgery, the
surgeon must reestablish the correct maxillomandibular
relationship by using a silicon or an antibiotic-impregnated
PMMA spacer if an infection is associated with the prior
device failure (20,21). This enables a later reconstruction by
keeping the periosteal tube open to preserve the facial nerve
and acts bactericidal. Although in easier cases, an antibiotic-
impregnated spacer is not mandatory.

Presentation of clinical cases

The complexities involved in managing the reconstruction
of these cases present a unique surgical challenge to
the surgeon. The extent of the lesion and resultant
reconstruction may require larger or modified surgical
access, while others may require identification and
preservation of the inferior alveolar neurovascular bundle or
possibly a combined bone graft. However, the basic surgical
principles for the implantation of TMJR devices apply.

The following cases illustrate the value of TM]
reconstruction after ablative surgery for benign lesions in

the mandible (Table 3, Figure 2-4).

Discussion

Successful outcomes in managing the end-stage joint disease
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Table 3 Overview of the three presented clinical cases
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Characteristic Case 1

Case 2

Case 3

Gender/age (years) Female/22

Diagnosis
™J
History Progressive pain, limited
preauricular right
Histology HE staining, 10x: cyst wall

covered by a thin, flat cell

Female/51

Aneurysmatic bone cyst, right Pseudogout, left TMJ

Female/51

Odontogenic myxoma, right TMJ

Progressive swelling preauricular left No functional or esthetic
mouth opening and swelling and restrictions of mouth opening

complaints, secondary finding via
dental X-ray examination

HE staining, 10x: cartilaginous tissue HE staining, 10x: fiber-rich wall
in the center and lower half with

with cyst-like configuration,

layer and small clots of blood embedded cloud-like bright spaces, smooth surface, tissue focally with

(left side), transition to the
bone in the right half

System/custom or stock Biomet-Zimmer/custom

Follow-up (years) 8 7

Mouth opening capacity (mm) 45 50

VAS (0: indicates no pain, no diet VAS pain 2/10
restrictions, normal jaw function,
no disability; 10: indicates worst
pain imaginable, liquids only, no
jaw movements, totally disability)

VAS jaw movement 2/10
VAS disability 0/10

consistent with dissolved crystal
depositions, covered by fibrous
connective tissue

Biomet-Zimmer/stock

VAS pain 0/10

VAS dietary restrictions 0/10 VAS dietary restrictions 0/10
VAS jaw movement 4/10
VAS disability 0/10

a myxoid configuration (upper half
of the picture in the subsurface
area with associated hemorrhage)

TMJ Concepts-Stryker/custom
8

34

VAS pain 0/10

VAS dietary restrictions 0/10
VAS jaw movement 2/10

VAS disability 0/10

TMJ, temporomandibular joint; HE, hematoxylin eosin; VAS, Visual Analogue Scale.

with alloplastic joint replacement devices in orthopedic
and maxillofacial surgery have been well-documented for
decades (17,18,22-24). However, evidence for using TMJR
to reconstruct mandibular defects created by removing
benign mandibular lesions has been sparse.

The primary goals of mandibular reconstruction
involving the TM] after benign disease ablative surgery
are a return to normal mandibular function and form by
restoring continuity and developing a stable base upon
which a functional dental occlusion can be established.

Several surgical options have been proposed to achieve
these goals utilizing either autogenous tissues or alloplastic
devices. The indications for each are contingent on the size
of the defect, the patient’s age and medical history, their
willingness to cooperate with post-reconstruction physical
therapy, and, most frequently, the surgeon’s preference and
experience with each procedure (21).

Patient selection is important to the long-term outcomes
of each of these mandibular reconstruction options.
This paper presented some general indications for the
reconstruction of mandibular defects involving the TM]
based on a time-of-reconstruction-related classification

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

scheme.

The classification schemes and management algorithms
presented are meant to assist in the reconstruction option
decision-making process. Although some protocols exist for
managing mandibular defects, few describe the reconstruction
of acquired mandibular defects involving the TMJ. Potter
and Dierks proposed a classification of mandibular defects
involving the TM]J where distinctions are made based on
the lesion and size of the resultant defect, disk salvageable or
not, and fossa salvageable or not. These authors focus only
on autogenous reconstruction (25). Bredell ez a/. proposed
similar recommendations, the difference being that the
latter’s algorithm was developed considering the anatomical
structures to be salvaged at the ablation surgery and for
complication risk factors (26). The authors also mention
alloplastic TMJR as a therapeutic option.

Large mandibular defect reconstruction with TMJR
devices has been reported, mainly small case series or single
case reports (11,12,17,18,27,28). Therefore, the lack of
strong evidence-based literature for using TMJR devices
in these cases makes developing definitive management
algorithms difficult. Therefore, to date, individual
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Figure 2 Clinical case No. 1 of an aneurysmatic bone cyst. The radio translucency and deformity of the right condyle are evident in the
preoperative panoramic X-ray on the right side (A), and the lesion is confirmed in the computed tomography, sagittal view in (B). The
histology-stained HE presents a cyst wall covered by a thin, flat cell layer and small blood clots (left side) and transitions to the bone in
the right half (10x magnification) (C). Radiological and clinical documentation presents stable results 8 years after TJR using a custom-
made Biomet-Zimmer prosthesis with stable occlusion and a mouth opening capacity of 45 mm (D-F). HE, hematoxylin eosin; TJR,

temporomandibular joint replacement.

Figure 3 Clinical case No. 2 of pseudogout. The diffuse radiopacity is evident on the left side in the preoperative panoramic X-ray (A) and
the axial CT scan (B). The histological evaluation confirmed the diagnosis of pseudogout with cartilaginous tissue in the center and lower
half with embedded cloud-like bright spaces, consistent with dissolved crystal depositions, covered by fibrous connective tissue (HE staining
with 10x magnification) (C). Radiological and clinical documentation presents stable results 7 years after TJR using a stock Biomet-Zimmer
prosthesis with unaffected occlusion and a mouth opening capacity of 50 mm (D-F). CT, computer tomography; HE, hematoxylin eosin;

TJR, temporomandibular joint replacement.
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Figure 4 Clinical case No. 3 of an odontogenic myxoma. Preoperative radiographs demonstrate translucency and distension of the right

condyle: panoramic X-ray (A) and sagittal CT scan (B). The histology-stained HE presents a fiber-rich wall with a cyst-like configuration,

smooth surface on both sides, tissue focally with a myxoid configuration in the upper half of the picture in the subsurface area with associated

hemorrhage (10x magnification) (C). Radiological and clinical documentation presents stable results 8 years after TJR using a custom-

made TM]J Concepts prosthesis with unchanged occlusion and a mouth opening capacity of 34 mm (D-F). CT, computer tomography; HE,

hematoxylin eosin; TJR, temporomandibular joint replacement.

management decisions have depended on the surgeon’s
experiences using TMJR devices.

Presently, stock and custom or patient-fitted TMJR
devices are available. Usage of stock TMJR devices is
limited to mandibular defects involving the condyle
and the superior mandibular ramus. However, a case of
combined microvascular free bone transfers and a stock
TMJR device has been reported (20). Since custom TMJR
devices are made to fit each case, they can closely mimic
the missing local TMJ anatomy. Further, custom extended
devices (eTMJR) allow for the replacement of large and
complex mandibular defects (21). Elledge et a/. have
proposed an e TMJR classification system (29) which has
been validated (30).

As a downside of eTMJR in tooth-bearing parts of the
mandible, these types of reconstruction compromise the
option of placing dental implants in vascularized bone
without stress protection. Typically, e T’MJR devices provide
holes to fix bone (vascularized or not vascularized). An
alternative is the combination of standard TMJR devices
with, e.g., a bony fibula transplant (21).

Considering the small number of reports in the literature
and the relatively small number of benign lesions managed
using TM]J prostheses, the authors conclude that if the

© Frontiers of Oral and Maxillofacial Medicine. All rights reserved.

benign pathology involves the temporomandibular complex,
an evidence-based conclusion about safety, success rate,
and long-term stability is not possible. Based on recent
literature, custom-made TM] prostheses seem to be used
more commonly because they are clinically very predictable
and stable. In contrast, chondrocostal grafts (widely used in
the past) are highly unpredictable in growing patients (31).
Bredell et al. report the complication rate of different
TMJ—subcomponent reconstruction techniques and point
out the unpredictability of costochondral graft (26).

The patient-specific design of the components increases
the precision of anatomical reconstruction and long-term
stability. However, the indication for condylar resection
in benign mandibular pathology is controversial. While
some authors prefer incomplete condylectomy followed by
orthognathic measures as the option of choice, others prefer
complete condylectomy followed by TM] reconstruction.
Sometimes, the decision not to reconstruct the TM] might
be an option. Besides shifting the remnant mandible to
the affected side with deviation while opening, sometimes
with malocclusion, patients often do not complain a lot and
develop a reasonably good function (23).

Nevertheless, alloplastic reconstruction using custom-
made prostheses of the latest generation is a safe, reliable,
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and predictable therapeutic option (23). It expands the
spectrum of reconstructive procedures and is an option to
avoid donor side morbidity caused by autogenous grafts
while achieving appropriate functional and aesthetic
outcomes.

Conclusions

Based on the literature cited in this paper, TMJR devices are
a reasonable approach to reconstructing benign mandibular
lesions involving the TM]J, especially when a primary
reconstruction is possible. More research must be done
to prove the concept of alloplastic TMJR in cases when a
delayed primary or secondary reconstruction is necessary.
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