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Arthritic diseases: an indication for alloplastic temporomandibular
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Abstract: Arthritic disease or degenerative joint disease (DJD) affecting the temporomandibular joints
(TMJs) has the potential to cause degeneration of soft and hard tissues secondary to inflammation leading
to significant dysfunction, pain and deformity. Low and high-inflammatory varieties of arthritic diseases
have different pathophysiology, clinical course and prognosis. While low-inflammatory arthritic conditions
such as osteoarthritis (OA) are more common in older age, high-inflammatory conditions can affect
younger individuals. Accurate diagnosis forms the basis of timely and appropriate management. Many
patients if diagnosed early, can often be managed with conservative non-surgical and/or minimally invasive
surgical modalities. Severe or late-stage arthritic involvement of the TM] can cause significant loss of bone
volume with resultant dentofacial deformity, malocclusion and/or ankylosis. Such conditions may require
reconstruction of the condyle with either autogenous or alloplastic options. Autogenous options such as
costochondral grafts have fallen out of favor but may be a viable option for use in skeletally immature
patients due to potential for growth. Based on current evidence, alloplastic total joint reconstruction with a
stock or patent-fitted prosthesis is the most predictable treatment option with least risk of re-ankylosis, no
donor site morbidity and allowing earlier return to function with long-term stability. This chapter will focus
on common low- and high- inflammatory arthritic conditions that affect the TMJs and should be considered

indications for alloplastic TMJ reconstruction.
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Introduction interchangeably in the literature, but DJD should ideally
. . . refer to only non-inflammatory, wear and tear related
Temporomandibular joint (TM) arthritis changes as noted in osteoarthritis (OA). Pain and decreased

Incidence function of the joint are common sequela of such conditions.

Arthritis is a collection of low- and high-inflammatory
conditions that cause bony and soft tissue deterioration
within an articulating joint. The terms “Arthritis” or
“Degenerative joint disease” (DJD) are often used
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DJD can affect any joint in the body, including the TMJ.
Structural and functional changes because of arthritic
diseases in the TM] can affect jaw function and cause
significant impairment and distress to patients. Irrespective
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Figure 1 Panoramic radiograph showing a 20-year-old female with
bilateral TMJ condylar resorption (outlined in black circles) and

resultant anterior open bite. TMJ, temporomandibular joint.

of the type and cause, general consequences of TM] arthritis
are inclusive but not limited to pain, malocclusion, limitation
in mouth opening, masticatory insufficiency, abnormal wear of
teeth, etc. Most common arthritis is OA with approximately
16% of the general population reported to have clinical
symptoms of TM]J involvement. In an arthroscopy-based
study by Israel er al., 68% of the joints showed arthroscopic
changes consistent with DJD whereas only 3% of them were
diagnosed clinically (1,2). OA is presumed to be an age-
related consequence with an increase in prevalence among
older patients (3,4). In most cases, surgical management of
"TMJ arthritis is usually indicated after failure of nonsurgical
management (5). Use of total joint replacement (TJR) in TMJ
arthritis is typically limited to late or end stage DJD in both
low and high inflammatory arthritis, especially in patients with
resultant malocclusion, retrusion of mandible, and ankylosis

(Figure I).

Types of TMJ arthritis

Low-inflammatory arthritic conditions

These conditions include OA, which starts in the articular
surface of the joint, and then affects subchondral bone and
joint capsule secondarily. Low-inflammatory conditions
are characterized by a low leukocyte count in synovial
fluid with the affected joint showing intrinsic degeneration
in the articular cartilage because of functional overload,
which shows up as focal degeneration on imaging (6,7).
OA is considered a disease of the bone, cartilage, and
supporting tissues resulting from a combination of biologic
and mechanical processes that decrease the turnover
of subchondral bone and articular cartilage resulting
in degeneration of cartilage with subsequent osseous
erosion, sclerosis, and osteophyte formation seen at the
margins (5,7,8). Most patients with early-stage disease
can be successfully managed non-surgically and/or with
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minimally invasive procedures (6,9-11). Idiopathic condylar
resorption (ICR) is also a low-inflammatory condition but
of unknown etiology. A detailed discussion of ICR can be
found in another paper in this series entitled “The role of
alloplastic temporomandibular joint (T'M]) replacement in
the management of condylar resorption—a narrative review
of the literature” (12).

High-inflammatory arthritic conditions

These systemic disorders are well known with examples
such as rheumatoid arthritis (RA), ankylosing spondylitis
(AS), psoriatic arthritis (PA) and juvenile idiopathic
arthritis (JIA) and metabolic arthritis (MA) (such as
gout, pseudogout etc.) (10). The TMJs could potentially
be affected by any of these conditions, and to varying
incidence and severity (13). These inflammatory diseases
can not only cause pain, dysfunction due to limited
movement and muscle spasm, but also progression of
the disease in skeletally immature patients leads to joint
destruction resulting in mandibular growth disturbances,
malocclusion, facial deformity and in some cases TM]
ankylosis (13-15). The diagnosis of TM] involvement in
high-inflammatory/systemic arthritic diseases is established
by correlating the patients’ history, clinical exam findings,
imaging characteristics, and laboratory testing results
(rheumatoid factor, erythrocyte sedimentation rate,
C-reactive protein, antinuclear antibody, anti-cyclic
citrullinated peptide etc.).

"The most common in this group is RA with its prevalence
among general population ranging from 0.5-1% (16).
The incidence of TM]J involvement among RA cases varies
significantly (5-86%) with bilateral TM] involvement
in about 34-75% of cases (13-17). TM]J involvement in
PA and AS, varies around 35% to 50% and 11% to 35%
respectively, with usually less severe symptoms (18,19). JIA
is the most common pediatric rheumatologic condition
affecting the TM]Js with more than 40% of them showing
TMJ involvement. The overall incidence varies according
to the subtype from 17% to 87%, with bilateral disease seen
in 53% to 83% of affected patients (20,21).

RA

RA is characterized by an infiltrating, inflammatory synovial
tissue mass formed secondary to hyperplasia of type A
fibroblast-like synovial cells which leads to damage in the
cartilage, bone, and tendons. This happens because of
infiltration with monocyte/macrophage and lymphocyte
etc. (22). TMJ is one of the last joints in the body affected
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Figure 2 Dento-facial deformity secondary to unilateral TMJ D]JD. (A) Panoramic radiograph of a 16-year-old female with unilateral, left-

sided TMJ arthritis (red oval outline). Note steeper antegonial notching on the left. This often indicates that resorption occurred during

growing years of life before skeletal maturity. (B) 3D reconstruction of the same patient. Note maxillary and mandibular canting, unilateral

crossbite malocclusion, and jaw asymmetry secondary to growth disturbance in the maxillofacial skeleton secondary to left condylar DJD.

TM]J, temporomandibular joint; DJD, degenerative joint disease.

by RA. A recent study by Ozcan et al. reported clinical
involvement of the TM]J in about 65% of patients and
radiologic evidence seen in 76% of patients diagnosed
with RA (23). Patients can present with dull aching pain
associated with jaw function, edema of the joint, and limited
range of motion of the mandible. Anterior open bites can
be seen in bilateral cases. Morning stiffness or stiffness at
rest can commonly last longer than an hour. Radiographic
presentation can range from flattening of the condyle
to severe deformity (24). Ankylosis can be unilateral
or bilateral but is an uncommon finding presenting in
late stages (25,26). Juvenile onset commonly leads to
facial deformities which when unilateral may seem to be
consistent with contralateral condylar hyperplasia including
occlusal canting and unilateral loss of ramal height.
(Figure 24,2B). In severe bilateral cases, loss of condyle-
ramus height leads to retrognathia and anterior open bite
with resultant narrowing of posterior airway space and
obstruction causing sleep apnea (27,28). Patients with RA
more commonly show radiographic changes in the TM]J
than the ones with PA or AS (28-30). Common radiographic
signs of RA such as flattening of the head of the condyle/
articular eminence, erosion of the cortex, subchondral cysts,
sclerosis, and decrease in joint space are non-specific (29,30).

PA

PA in TM] may initially present as joint noises, pain,
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morning stiffness, tenderness in muscle, crepitus while
advanced cases can show limited movement secondary to
fibrosis and crepitus associated with structural changes
(31-33). Patients with PA have a higher incidence of TM]
involvement and increased severity as opposed to patients
without arthritic component (31). Increased severity of
symptoms, prolonged duration, higher number of joints
involved in PA were found to be significant risk factors for
TM]J involvement while difference in gender was not (32).
Non-specific radiographic signs, clinical symptoms and
laboratory findings with lack of correlation to severity
of skin symptoms can make diagnosis of PA challenging.
The criteria for diagnosis of psoriatic arthropathy in the
TM] includes prior diagnosis of psoriasis, erosive poly-
arthropathy, and negative serology testing for rheumatoid
factor (34,35). Although no correlation exists between
severity of skin symptoms and arthropathy, examination
of the skin, nails, scalp and umbilicus can help when
PA of TMJ is suspected in an undiagnosed patient (36).
Clinical signs such as nail bed separation (onycholysis)
and pitting can be seen in about 85% of patients with PA.
Conjunctivitis, uveitis and iritis can be seen. Psoriatic lesions
can sometimes develop in skin areas subject to trauma, this
is defined as Koebner phenomenon (37). Structural changes
such as condylar erosion/flattening, osteophyte formation,
decreased joint space, subchondral sclerosis, and signs like
joint collapse, shortening of ramus height, and ankylosis are
encountered in late-stage disease (36).
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Figure 3 MRI of the patient in Figure 2 with Gadolinium contrast.
The left side TMJ shows synovitis in the T2 views consistent with
JIA. Severe degenerative changes of the condyle (red oval outline)
and articular disc are also seen. TM]J, temporomandibular joing;

JIA, juvenile idiopathic arthritis.

AS

AS is a seronegative progressive inflammatory condition
of the spine. It involves synovial proliferation which causes
cartilage loss and in-growth of granulation tissue into the
bone (38,39). AS commonly occurs in the sacroiliac joint,
and TM]J involvement has been reported to be in up to 22%
of affected patients (39). Most patients are asymptomatic
and clinical symptoms of the disease are non-specific. Clinical
signs of AS in the TMJ may include joint noises, tenderness
over the muscles of mastication, masseteric hypertrophy, and
limited mouth opening (39-42). Although clinical signs and
symptoms are found less often and are less severe compared
to rheumatoid or PA, resorption of bone and ankylosis have
been reported in advanced cases of AS (42,43).

FA

JIA previously known as juvenile rheumatoid arthritis JRA)
is a broad group of heterogenous arthritic diseases of an
unknown cause. JIA is one of the most common pediatric
rheumatologic conditions in the USA. JIA is a systemic
disease that causes synovial inflammation and subsequent
loss of soft and hard tissues of the joints. Greater than
40% of patients diagnosed with JIA can show involvement
of the TM] (20). JTA and ICR are two different entities
and should be differentiated to avoid confusion. ICR is
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limited to the TMJ and presents without synovitis and
inflammation of the joints (20). Early detection and medical
management of JIA may avoid the need for invasive TM]
TJR or orthognathic surgery later. When the disease
is aggressive, delay in diagnosis and/or treatment can
lead to joint erosions, effusions, decrease in joint space.
Active synovitis shows as an enhancement of the intra-
articular tissues on magnetic resonance imaging (MRI)
with gadolinium contrast. Although laboratory studies may
provide additional information to aid in diagnosing JIA,
normal laboratory values do not automatically correlate to a
negative JIA diagnosis.

Clinical/radiographic presentation from TM]J arthritis
Patients with TM] arthritis can present a wide array of
clinical symptoms ranging from pain, dysfunction, and
difficulty with mastication to complete inability to open the
mouth. Arthritic conditions affecting the TM] can create
some non-specific as well as unique radiographic changes
within the joint anatomy. Standard imaging for monitoring
bone architecture includes computerized tomography (CT)
scans [cone beam computed tomography (CBCT)/medical
grade] while MRI scans are considered the gold standard for
soft tissue imaging including the disc and synovial tissues. In
systemic inflammatory arthritic conditions such as JIA, MRI
with gadolinium contrast may help improve visualization of
the active inflammation in the joint (Figure 3).

Most arthritic conditions present with pain in the
affected joints. Pain in the TM] region can arise from soft
tissues of the joint, subchondral bone and/or the muscles
of mastication in reflex contraction to protect the joint
from further damage (7). This reflex muscular contraction
mechanism is self-preserving for the pathologically affected
joint and limits its motion. Other notable signs and
symptoms of TM]J arthritis are loss of joint anatomy or
instability, malocclusion/facial deformity from loss of ramal
height which results in apertognathia or late stage ankylosis
of the TM] (10) (Figure 4).

Indications for TMJR in patients with TM] arthritis

When there is significant erosion or destruction of the
joint secondary to arthritic diseases, the most predictable
treatment for the degenerative, ankylotic, or collapsed
joint is total TMJ replacement or reconstruction. Collapse
of the joint can present with signs and symptoms such
as malocclusion, decreased jaw function, masticatory
dysfunction, trismus, muscle spasms and pain. Though
improvement of function and reduction of pain are often
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Figure 4 A 20-year-old female with a previous history of JIA, which is now quiescent. She has intermittent pain in the TM]J bilaterally,

severe pain on opening the mouth, progressive change in occlusion, and difficulty chewing due to the open bite. This image is published

with the patient’s consent. JIA, juvenile idiopathic arthritis; TMJ, temporomandibular joint.

the main indications in TJR surgery for advanced and
refractory TM]J arthritis patients, worsening or persistent
malocclusions can also be an indication for alloplastic
total joint reconstruction as it provides for excellent long-
term skeletal stability as opposed to traditional mandibular
osteotomies for advancement and rotation (44). Use of
autogenous grafts such as costochondral grafts has become
a rarity due to their multiple drawbacks, which include a
higher risk of re-ankylosis, donor site morbidity, need for
postoperative maxillomandibular fixation, and the unknown
effect of the systemic inflammation on autogenous bone
(45,46). Use of costochondral grafts is largely limited to

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

pediatric patients where some jaw growth potential may
be desired. Almost universally, alloplastic TJR is now
considered the standard and most efficient option for TM]
reconstruction in arthritis patients (47).

Alloplastic total joint reconstruction of the TM] was first
developed in the 1990s and has come a long way over the
past 3 decades (48). Currently, there are two aalloplastic
total joint reconstruction prostheses that are FDA approved
in the United States. These are the patient-fitted prosthesis
(TMJ Concepts/Stryker, Ventura, CA, USA) and the stock
prosthesis (Zimmer Biomet, Jacksonville, FL, USA). There
are over two dozen alloplastic total joint systems around the
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Figure 5 CT scan of the same patient as in Figure 4 showing significant flattening of the articular surfaces with osteophyte formation and

decreased joint space. CT, computerized tomography.

world, but most do not have a long-term record and have
varying designs, composition, duration of preclinical testing
and composition (49).

"TMJ Concepts patient-fitted prostheses are milled based
on computer-aided design and manufacture (CAD-CAM)
skull models from a three-dimensional CT or CBCT)
(Figure 5). If patient requires a combined orthognathic-TM]
replacement operation, CBCT data is first used for virtual
surgical planning to determine final maxillary/mandibular
position and then the CBCT data is then transferred to the
prosthesis manufacturer (Figure 6). The long-term follow up
studies in general show more than 90% success rates with
over 20 years of follow-up reported significant improvement
in mouth opening, and diet, and decrease in pain (50). The
prosthesis is composed of an ultra-high molecular weight
polyethylene fossa with a Titanium alloy mesh while the
ramus segment is made of Titanium alloy with CO-Cr
condyle head (Figure 7). The prosthesis components are
fixated to the lateral surface of the zygomatic arch/fossa and
ramus of the mandible. The head of the condyle component
can be made with hardened titanium-only option in patients
who are allergic to the usual cobalt-chromium alloy or
other component metals. The Zimmer Biomet prosthesis is
available in stock option only in the United States, but the

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

custom version is available outside the US. The Zimmer
Biomet prosthesis also has a similar long-term follow-up
record with proven efficacy (51).

The total joint reconstruction of TM]J in patients with
inflammatory arthritic conditions such as RA, PA,; AS, MA
can be more complex due to deformed anatomy, ingrowth
of inflamed tissue into the joint and TM] ankylosis. The
systemic disease status, immunosuppression, and their
general functional limitations can also affect early post-
operative course and long-term outcomes including the
rate of prosthetic joint infections (PJI). In a study done
by O’Connor et al. the outcomes of TMJR in patients
with high-inflammatory conditions were comparable to
TMJR in patients without despite the above referenced
challenges (44). In case of patients receiving unilateral
TMJR, current literature evidence does not support
performing contralateral TMJR unless showing similar

indications for TMJR (44,47,49).

Outcomes of TMJR in TM] arthritis

Replacement of the TM] helps correct the malocclusion
and dentofacial deformity, while improving mouth opening
and diet tolerance (44). Outcomes of a prospective study by
O’Connor et 4l. on alloplastic reconstruction of the TM]

Front Oral Maxillofac Med 2023;5:37 | https://dx.doi.org/10.21037/fomm-22-29
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. Final position joint

D Intermediate position joint

Figure 6 Virtual surgical planning for a combined orthognathic-
TM]J arthroplasty case. CBCT was sent and a virtual planning
session organized where the final position of the maxilla and
mandible are determined. This final data was then given
to TMJ Concepts for fabrication of the prostheses. TM]J,
temporomandibular joint; CBCT, cone beam computed

tomography.

Figure 7 Left-sided TMJ TJR on a stereolithographic 3D
skull model. TM]J, temporomandibular joint; TJR, total joint

replacement.

in patients with systemic inflammatory arthritic conditions
showed that at one year, patients who underwent TMJ TJR
(including 4 PA, 1 AS, and 9 with RA) had improvement
of up to 90% in pain and dietary scores, and about 11 mm
of mean increase in mouth opening. Pain scores [visual
analogue scale (VAS), 1-100], dietary function and mouth
opening were measured at pre-operative condition, at
6 weeks, 6 months, one year, and beyond post-operatively.
Forty-six joints were reconstructed in 26 patients, majority
were women. The common indications were RA (n=17)

and PA (n=7). At 1-year post-operation, mean reduction
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in pain scores were from 55 to 2 on the left side and from
62 to 2 on the right (P<0.001). Dietary scores improved
from a mean of 48 to 95, while mean of mouth opening
measurements improved from 23 to 35 mm (P<0.001).
Long-term follow up showed stability of the outcomes (44).
Another retrospective study by Sarlabous ez #/. which
looked at outcomes of alloplastic total joint reconstruction
of TMJ in patients with systemic inflammatory arthritic
conditions showed, RA to be the most common diagnosis
in their subjects followed by JIA, AS, PA, lupus, and mixed
connective tissue disorder. The pain scores in this study
showed a mean decrease from 6.8 at pre-surgery to 1.3
(P<0.001) at the longest follow up. The mouth opening
improved from a mean of 22.1 mm before surgery to
34.3 mm (P<0.001) at last follow-up (13).

Alternative surgical/non-surgical management

Initial management of TM] arthritis includes non-surgical
measures such as non-steroidal anti-inflammatory drugs
(NSAIDs), diet modification, moist heat, jaw relaxation,
physical therapy, and oral appliances (52). Approximately
80% of patients may report significant improvement in
their symptomatology with these non-surgical methods
themselves (52). Physical therapy can help manage limited
mouth opening while NSAIDs are indicated for pain
secondary to inflammation (50,53). No specific design of
an oral appliance has been proven to be more advantageous
than the others; hence, a simple full coverage upper/lower
appliance can provide benefits without risk of occlusal
changes (54). A diagnostic local anesthetic injection into
the joint space can help localize, confirm, and temporarily
subside the intra-articular pain. Arthroscopy may provide
additional diagnostic information besides having some
therapeutic benefit.

Persistent synovitis up to 6 weeks after arthroscopy or
arthrocentesis may improve from intra-articular steroid
injections. Intra-articular steroid injections are not routinely
performed but shown to be of value in patients with acute
synovitis in high-inflammatory arthritic conditions of
the joint. These are generally limited to 1-2 injections
over 6-12 months. Some studies show that less than 10%
of these patients may require arthroscopic intervention,
and another 10% may require a subsequent open TM]
surgery (53,55). Outcomes are generally considered to
be less favorable among patients with high inflammatory
arthritis, but there have been no large-scale studies to
provide definitive evidence. Arthroscopy can be difficult
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to perform in patients with ankylosing conditions due to
lack of joint space. Historically speaking, TM]J disorders
that were unresponsive or less than optimally responsive
to nonsurgical or minimally invasive procedures have
been managed with different types of open surgical
operations. Clinicians must be cognizant of the fact that
indiscriminate use of surgical procedures can possibly result
in development of secondary DJD and/or dysesthesia that is
refractory to analgesic treatments. Synovectomy to manage
or treat theumatologic conditions is complex and difficult
procedure to perform in the TM]J given the proximity
of vital structures on the medial side of the joint (56).
Discectomy is considered in TM]Js with grossly deformed
and/or immobile discs with/without perforation that are
deemed non-salvageable or beyond repair. Discectomy
may be supplemented with interpositional grafts, but
current evidence shows no additional benefit as opposed
to discectomy alone. Without the interpositional graft,
the joint is presumed to remodel while forming a “pseudo
disc” or “neo disc” from the fibrous tissue formed in place
of the disc. In a functional TM], repeating arthroscopy
or arthrocentesis with cautious use of intraarticular
medications has been shown to be successful (27).

Conclusions

Patients with a low or high inflammatory arthritis affecting
the TMJ may require TMJ replacement. Given the nature
of high-inflammatory arthritis with resultant bony erosion,
these patients may have a lower threshold for a TMJR when
compared to patients with low-inflammatory conditions.
Although knowledge about the high inflammatory arthritic
conditions shows higher risk for complications, recent
studies support a positive functional result. Current
evidence shows that TMJR significantly improves function
and quality of life in patients with arthritic conditions.
Within currently available options, in our opinion, a
patient-fitted prosthesis would be preferred, although stock
prostheses also provide similar outcomes.

Through this paper we focused on fundamentals
of alloplastic TM]J reconstruction as an indication
for inflammatory disease of the TM]J. Pertinent and
contemporary literature was reviewed while highlighting
currently accepted treatment guidelines. Alloplastic total
joint reconstruction for TM]J has several benefits over
autogenous options and hence should be considered as first
choice when joint replacement is warranted in patients with

TMJ arthritis.
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