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Abstract: The temporomandibular joint (TMJ) is a synovial joint and thus is vulnerable to the
afflictions that may affect other joints in the fields of rheumatology and orthopedics. Too often
temporomandibular complaints are seen strictly as dental or orofacial concerns. Similarly, patients
with known rheumatic disease may not have their TMJs included in routine screening and monitoring
protocols. The purpose of this review is to highlight the rheumatic conditions likely to affect the
TMJ and outline medical and surgical management in these patients with a focus on the need for
continued patient reassessment and monitoring.

Keywords: temporomandibular joint; temporomandibular disorder; rheumatic disease; juvenile
idiopathic arthritis; rheumatoid arthritis; inflammatory arthritis

1. Introduction

The temporomandibular joint (TMJ) is a synovial joint of high functional significance.
Although TMJ disorders (TMD) are often thought of as dental or orofacial phenomena, we
must not forget that true intracapsular, diacapitular TMJ disease is an arthropathy. When
significant intracapsular TMJ damage and dysfunction are present, occlusal imbalance
or myofascial pain are never the cause, and an underlying arthropathy must be investi-
gated. Similarly, patients with known rheumatic diseases should be investigated for TMJ
involvement. Furthermore, it should be kept in mind that the young to middle-aged female
population is the typical patient population presenting with autoimmune disorders and
TMD [1]. It is thus crucial that rheumatologists, dentists, oral and maxillofacial surgeons
(OMS), and head and neck surgeons are able to independently understand the TMJ’s place
in manifesting rheumatic diseases.

One-fifth to one-fourth of Americans report a doctor-diagnosed arthritic condition [2],
with the Centers for Disease Control and Prevention (CDC) confirming that approximately
25% of US adults suffer from arthritis [3]. The World Health Organization (WHO) has
quantified the worldwide morbidity of some of the most common arthritic conditions, with
25% of those with osteoarthritis (OA) unable to perform major daily activities of living,
and 50% of those with rheumatoid arthritis (RA) unable to perform full-time job activities
within 10 years of disease onset [4]. Although certain autoimmune rheumatic diseases are
less common, their individual patient morbidity can be significantly more serious. The
terminology used to refer to these musculoskeletal conditions is often inconsistent and
confusing. Joint diseases should collectively be referred to as “arthropathies”, although
in the English language the term “arthritis” has been used extensively and in disparate
contexts. Throughout this manuscript, “rheumatic diseases” is used to refer primarily to
inflammatory autoimmune conditions, unless otherwise indicated (e.g., osteoarthritis).
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Comprehensive management of the TMJ in rheumatic diseases is based upon the
initial understanding of four important principles:

1.1. All TMD Should Be Considered as Potentially Secondary to an Underlying
Systemic Condition

The first principle in understanding how to manage TMD in rheumatic diseases is
simply the realization that TMD may be a manifestation of an underlying rheumatic condi-
tion. It can again not be overemphasized that true intracapsular, diacapitular TMJ disease
is an arthropathy. Similar to how visualizing an oral lesion concerning for squamous
cell carcinoma should prompt questions of weight loss or dysphagia, TMJ signs or symp-
toms should prompt questions of other joint involvement, constitutional symptoms, or
synchronously or metachronously identified organ involvement.

1.2. TMD Presents Differently in Rheumatic Diseases Than in Non-Rheumatic TMD

Clinicians who frequently treat TMD in non-rheumatic patients are accustomed to
a pattern of linear disease progression consistent with the Wilkes classification. Indeed,
Wilkes commented on the “strong relation to the time course of the organic lesions present”,
with clinical, radiographic, and pathologic findings correlating well [5]. In rheumatic
diseases—particularly autoimmune conditions requiring various medical interventions
and those present in children and adolescents—the temporal progression of TMD may
be unexpected, and a correlation between clinical and radiographic findings is not to
be assumed.

1.3. Temporomandibular Joint Disease Is a Continuum

In science in general and medicine in particular, “cut offs” are often chosen by statisti-
cal optimization and therefore may not have strict clinical correlations. In reality, clinical
continua are much more common. Accordingly, it is thus much more clinically relevant
to follow parameters within an individual patient across time than to compare parameters
across patients at a single time point. Patients who develop more severe systemic symptoms
will be more likely to develop more severe TMJ symptoms.

1.4. Rheumatic Diseases Can also Manifest as Parotid Abnormalities

Although not the topic of this review, it should be realized that rheumatic conditions
frequently affect not only the TMJ but the anatomically proximate parotid glands. Indeed,
those with rheumatoid arthritis (RA) have been shown to have abnormal intra-parotid
lymph nodes as compared to controls [6]. This gives further credence to principle one, that
pre-auricular signs and symptoms should always be investigated in the context of known
or potential rheumatic conditions. A corollary to this line of thought is that should a CT
of the face be planned for evaluation of possible TMJ pathology, addition of IV contrast
should be considered—assuming the patient’s medical condition allows—in the event that
TMJ, infratemporal fossa, or parotid soft tissue pathology is the true etiology (Figure 1).



Diagnostics 2021, 11, 409 3 of 24
Diagnostics 2021, 11, x FOR PEER REVIEW  3  of  23 
 

 

 

(a)                                         (b)                                            (c)   

Figure 1. A 26‐year‐old female presented for evaluation with chief complaints of right TMJ pop‐

ping and pre‐auricular pain for one year. She reported a strong family history of both systemic 

lupus erythematosus and Sjogren Syndrome. C‐reactive protein was elevated and anti‐nuclear 
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tion of pain per patient; (b) CT was intentionally obtained with contrast to evaluate for TMJ and 

soft tissue abnormalities. Note an intra‐parotid lesion lying immediately lateral to the mandibular 

condyle; (c) Intra‐parotid lesion removed and found to be a basal cell adenoma. The patient’s 

symptoms resolved after treatment. 
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ment requiring Hoffman procedure; (b) Bilateral wrist involvement; (c) CT of the face showed early unilateral right TMJ 

ankylosis, lateral pannus formation, and heterotopic bone formation. The left TMJ was completely normal. 

It should also be noted that the more infrequent a specific set of conditions is reported 

in  the  literature  (e.g., significant TMJ disease  in patients with a specific rheumatologic 

diagnosis), the more anecdotal the reports become. For example, a cursory review of the 

literature on TMJ disease in rheumatic diseases reveals many case reports of TMJ ankylo‐

sis; however, the astute reader must realize the entire reason such reports are worthy of 
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Figure 1. A 26-year-old female presented for evaluation with chief complaints of right TMJ popping and pre-auricular pain
for one year. She reported a strong family history of both systemic lupus erythematosus and Sjogren Syndrome. C-reactive
protein was elevated and anti-nuclear antibodies showed speckled and homogenous patterns in high titers. (a) Dotted line
indicates location of pain per patient; (b) CT was intentionally obtained with contrast to evaluate for TMJ and soft tissue
abnormalities. Note an intra-parotid lesion lying immediately lateral to the mandibular condyle; (c) Intra-parotid lesion
removed and found to be a basal cell adenoma. The patient’s symptoms resolved after treatment.

2. Rheumatic DISEASES Affecting the Temporomandibular Joint

As will be seen, many rheumatic diseases can affect the TMJ. Original reviews sug-
gesting that those with rheumatoid arthritis (RA) will have bilateral, symmetric TMJ
involvement while those with seronegative spondyloarthropathies (SNS) will have uni-
lateral disease should be viewed with caution [7] (Figure 2). For example, a review of
the currently reported TMJ ankylosis cases in ankylosing spondylitis (AS) patients in the
English literature suggests that approximately half presented with bilateral ankylosis [8].
A corollary of this line of thought is the fact that no radiographic findings or clinical signs
or symptoms are pathognomonic for a specific rheumatologic disease.
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Figure 2. A 56-year-old female presented for evaluation with chief complaints of right TMJ pain and limited mandibular
opening. Her history was most notable for long-standing RA refractory to multiple medications. (a) Bilateral toe involvement
requiring Hoffman procedure; (b) Bilateral wrist involvement; (c) CT of the face showed early unilateral right TMJ ankylosis,
lateral pannus formation, and heterotopic bone formation. The left TMJ was completely normal.

It should also be noted that the more infrequent a specific set of conditions is reported
in the literature (e.g., significant TMJ disease in patients with a specific rheumatologic
diagnosis), the more anecdotal the reports become. For example, a cursory review of the
literature on TMJ disease in rheumatic diseases reveals many case reports of TMJ ankylosis;
however, the astute reader must realize the entire reason such reports are worthy of case
reports is their overall infrequency amongst a given population.
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An abbreviated reference of diagnostic criteria for each condition which can manifest
with TMJ dysfunction is presented in Table 1.

Table 1. Abbreviated summary of diagnostic criteria for various rheumatic diseases affecting the
TMJ. Criteria provided have been commonly used for clinical and/or research purposes. Abbrevia-
tions: ACR—American College of Rheumatology; ANA—anti-nuclear antibodies; ARA—American
Rheumatism Association (predecessor of the ACR); ASAS—Assessment of Spondyloarthritis Interna-
tional Society; axSpA—axial spondyloarthritis; CASPAR—Classification of Psoriatic Arthritis Study;
CCP—cyclic citrullinated peptide; CRP—C-reactive protein; ESR—erythrocyte sedimentation rate;
EULAR—European League Against Rheumatism; FM—fibromyalgia; ILAR—International League
of Associations for Rheumatology; JIA—juvenile idiopathic arthritis; PsA—psoriatic arthritis; RA—
rheumatoid arthritis; RF—rheumatoid factors; SLE—systemic lupus erythematosus; SSc—systemic
sclerosis; SSS—symptom severity scale; WPI—widespread pain index.

Condition Abbreviated Diagnostic Criteria

JIA

ILAR/EULAR (2001)

• Arthritis 6+ weeks
• Age < 16 years at diagnosis
• No other identifiable cause

SSc

ACR/EULAR (2013)
Each item is weighted with total score ≥ 9 indicative of definite SSc
• Skin thickening of fingers
• Fingertip lesions
• Telangiectasias
• Abnormal nailfold capillaries
• Pulmonary arterial hypertension and/or interstitial lung disease
• Raynaud phenomenon
• Anti-centromere, -topoisomerase I, or -RNA polymerase III antibodies

RA

ARA (1987)
4+ of the following
• Morning stiffness for 6+ weeks
• Arthritis, 3+ joints, for 6+

weeks
• Arthritis, hands, for 6+ weeks
• Symmetric arthritis for 6+

weeks
• Rheumatoid nodules
• RF+
• Radiographic change

ACR/EULAR (2010)

• Synovitis, 1+ joint
• Absence of alternative

diagnosis

AND
• Score of 6+ out of the following,

which are weighted:
• Number of involved joints
• RF+ or anti-CCP+
• Elevated ESR or CRP
• Symptoms 6+ weeks

SLE

ACR (1997)

• 4+ of 11 criteria including
mucocutaneous and major
organ clinical criteria and
immunologic laboratory
criteria

ACR/EULAR (2019)

• ANA+ or equivalent
• At least one clinical criterion
• Additional clinical or

immunologic criteria are
weighted and are additive
towards a final score
(≥10 = SLE)

axSpA

ASAS (2009)

• 3+ months of back pain with onset prior to 45 years of age
• IF sacroiliitis on imaging, 1+ SpA feature is required
• IF no sacroiliitis on imaging, HLA-B27+ and 2+ SpA features are

required



Diagnostics 2021, 11, 409 5 of 24

Table 1. Cont.

Condition Abbreviated Diagnostic Criteria

PsA

CASPAR (2006)
3+ points from weighted items of the following
• Skin psoriasis
• Nail lesions
• Dactylitis
• Negative RF
• Juxta-articular bone formation

FM

ACR (1990)

• Widespread, chronic pain
• 11+ of 18 tender points
• No other identifiable cause

ACR (2010)

• WPI ≥ 7 + SSS ≥ 5 OR WPI ≥ 3
+ SSS ≥ 9

• Symptoms 3+ months
• No other identifiable cause

2.1. Juvenile Idiopathic Arthritis

Juvenile idiopathic arthritis (JIA), formerly known as juvenile rheumatoid arthritis
(JRA), is seen by many as the most concerning rheumatic condition associated with TMJ
dysfunction given the risk of dentofacial deformity in the growing child. Consequently,
it is the most studied rheumatic condition causing TMJ dysfunction. Its diagnosis per
the International League of Associations for Rheumatology (ILAR) requires six weeks of
arthritis in a patient under 16 years of age with the exclusion of other etiologic diagnoses [9].
Seven subcategories of the disease are recognized. It is reported that 17–87% of JIA patients
will have TMJ involvement [10]. Of particular interest is that in JIA patients with acute TMJ
arthritis up to 71% of cases may be asymptomatic and up to 63% may have normal findings
on clinical exam [11]. Indeed, even when ultrasonic or MRI evaluation confirms joint
effusion in these patients, the vast majority have been shown to be asymptomatic [12,13].
Because by definition the disease process begins in childhood or adolescence, the risk of
dentofacial deformity is substantial.

2.2. Systemic Sclerosis/Scleroderma

Systemic sclerosis (SSc) is a heterogeneous group of disorders which like JIA can
manifest in childhood (e.g., localized scleroderma) but is much more common in adults. For
decades the mandible has been documented as a bone affected by the disease, both directly
and indirectly [14,15]. Compared to the general population, even asymptomatic patients
with SSc have decreased mandibular range of motion, although this can be confounded by
soft tissue thickening resulting in micrognathia [16]. Although less common than other
rheumatic diseases, SSc may be the rheumatic condition most associated with TMJ signs
and symptoms, with multiple sources reporting >90% of SSc patients with TMJ signs and
symptoms [17,18].

2.3. Rheumatoid Arthritis

Rheumatoid arthritis is characterized by polyarticular, erosive synovitis that is often
relatively symmetrical and may present with significant extra-articular organ disease, a
point made clear when it is recognized that those with RA have shorter lifespans than
healthy controls [19]. It is reported that 5–86% of RA patients will have TMJ involvement,
with 20–40% as a relatively consistent finding [20]. Similar to JIA, asymptomatic patients
often have significant disease demonstrable on three-dimensional imaging. It has even
been suggested that those with RA who are asymptomatic actually have a higher likelihood
of TMJ degenerative disease detected on CT than symptomatic patients [21]. In contradis-
tinction, symptoms may occur prior to overt TMJ signs, making disease monitoring via
C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and number of involved
systemic joints important [22,23]. The presence of anti-cyclic citrullinated protein anti-
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bodies has been shown to be significantly associated with development of TMD in RA
patients [24]. Cervical spine involvement also appears to increase the likelihood of TMJ
disease [25]. A consistent finding in RA patients with TMJ involvement is the predominant
sign and symptom being TMJ sounds [17,26], with disease severity (defined by number of
edematous joints) associated with TMJ sounds [19].

2.4. Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) has for decades been seen as the quintessential
autoimmune disorder. Compared to the other rheumatic diseases affecting the TMJ, patients
with SLE are less likely to have TMJ signs or symptoms, and there is conflicting data as
to whether their signs and symptoms are different from control populations [17,20,27]. A
now classic study by Jonsonn compared 37 SLE patients to 37 dental patients (controls)
and found significantly worse signs, symptoms, and radiographic condylar flattening
in the SLE patients; however, the majority of the SLE cohort had long-standing disease,
all but one had systemic arthritis and arthralgia, and radiographic TMJ changes were
significantly more common in patients with renal involvement, suggesting that the high
frequency of TMJ complaints may represent an overall more active SLE population. [28].
A more recent study did indeed correlate more severe TMJ dysfunction in SLE with
increased number of immunosuppressive medications, presumably a surrogate for disease
activity [29]. SLE is one of the few conditions where “avascular” or “aseptic” necrosis of
the TMJs is mentioned [30–33]; however, most of these reports come from single groups
without histologic analysis of condylar specimens with the only assumption being that
because patients have been on glucocorticoids avascular necrosis is likely. Conversely,
what is much more likely is inflammatory arthritic destruction.

2.5. Axial Spondyloarthritis (Ankylosing Spondylitis, Non-Radiographic Axial Spondyloarthritis)

Both ankylosing spondylitis (AS) and non-radiographic axial spondyloarthritis (nr-
axSpA) are subcategories of the umbrella diagnosis of axial spondyloarthritis (axSpA).
Both are considered SNS processes. As the name implies, axSpA primarily involves the
axial skeleton, either with (AS) or without (nr-axSpA) plain radiographic evidence of
disease. AS and nr-axSpA may be distinct disease phenotypes or simply the spectrum of a
single underlying disease process, as over the course of five years 20% of nr-axSpA cases
develop radiographic evidence of disease [34]. The majority of axSpA patients are HLA-B27
positive, although this test is not completely sensitive or specific for the disease [35]. The
TMJ is reported to be involved in 3–22% of patients, with the literature mainly focusing
on patients with AS [36]. A general pattern observed in the cases of TMJ ankyloses in
axSpA patients is that (1) the rheumatologic diagnosis is often made many years prior to
TMJ dysfunction and (2) essentially all patients developing TMJ ankylosis previously had
developed cervical spine fusion [37].

2.6. Psoriatic Arthrits

Psoriatic arthritis (PsA) is also an SNS and is a disease process originally said to be
found in 5–7% of patients with psoriasis [38] but now thought to occur in 15–25% given the
increased awareness and diagnosis of the disease [39]. The clinical patterns of the arthritic
component most specific to PsA, as originally described [40], include distal interphalangeal
(DIP) arthritis and arthritis mutilans (destructive arthritis), although other patterns may
be present with significant overlap to other conditions, most notably RA. Although the
TMJ is an infrequently involved joint in PsA, it has indeed been described as the first joint
involved in PsA [41]. Because of the relatively low number of reports of PsA affecting the
TMJs, firm conclusions on prevalence are difficult to make [8], although a recent review has
suggested approximately one-third of PsA patients have TMJ symptoms [42]. Review of
reports to date, however, do suggest a tendency for those with PsA and subsequent TMD
to have worse disease and a significant erosive component, possibly not surprising given
the destructive arthritic pattern present in many with severe PsA [38,43].
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2.7. Others
2.7.1. Osteoarthritis

Unlike the disorders described thus far, osteoarthritis (OA) is not a primary autoim-
mune inflammatory condition but a disease process marked by mechanical breakdown in
the setting of abnormal forces or abnormal response to normal forces, with or without the
presence of inflammation. Abnormal forces can be of increased magnitude (microtrauma)
or increased frequency (microtrauma) [44], or normal forces can be applied to impaired
articular cartilage or an abnormal disc-condyle complex [45]. Consequently, unilateral TMJ
OA is often associated with asymmetric anatomy, asymmetric masticatory forces, or previ-
ous unilateral injury [46]. Unlike the axial or appendicular skeleton, obesity and occupation
are not necessarily associated with OA of the TMJ. The diagnosis of TMJ osteoarthritis
should, however, mirror the American College of Rheumatology (ACR) classification crite-
ria for OA of the knee and hip: pain should be a primary symptom; joint stiffness, limited
mobility, and crepitus will likely be present; radiographic evidence of erosion, subchondral
cysts, subchondral sclerosis, and osteophytes are common; and elimination of autoimmune
or infectious causes should be ensured [47,48].

2.7.2. Fibromyalgia

Although fibromyalgia (FM) is not a cause of intra-articular TMD, patients with FM
often present with signs and symptoms concerning for inflammatory articular disease
including pre-auricular pain, pain on mandibular function, limited mouth opening, and di-
urnal change in symptoms. At least one study has gone as far as to suggest that all patients
with FM present with pain when the TMJs and retrodiskal tissues are palpated [49]. A
recent systematic review revealed a strong association between FM and TMD; however, the
overwhelming association was with regard to complaints of pain, particularly masticatory
muscular pain [50]. In this way, the FM patient often has a higher symptom burden relative
to any radiographic abnormality while the inflammatory arthritis patient is more likely
to have a lower symptom burden relative to the degree of radiographic joint disease. It
should be noted that TMJ arthritic disease can present in patients with FM, but FM is not
the etiology.

2.7.3. Idiopathic Condylar Resorption

Although not a rheumatic inflammatory disease, idiopathic condylar resorption (ICR)
must be mentioned as it presents nearly exclusively in adolescent and young women and
thus demographically overlaps the patient population represented by systemic rheumatic
conditions. Indeed, the original discussions on this phenomenon highlighted similarity to
autoimmune resorption [51], although further investigations also emphasized what is now
generally accepted as the role of hormones such as estrogen, prolactin, and endogenous
steroids in this process [52]. Although ICR is usually symmetric, unlike rheumatic diseases
it is not autoimmune and usually not inflammatory in nature, evidenced by the typical
lack of synovitis and joint effusion on MRI even in the setting of active condylysis [53].
One frequently propagated misconception is that ICR is usually asymptomatic [54], when
surveys actually suggest that the majority of ICR patients present with TMJ pain and my-
ofascial pain [55]. ICR thus becomes a diagnosis of exclusion when symmetric condylysis
is appreciated in a female patient whose rheumatologic work-up is otherwise negative.

3. Systemic Management of Rheumatic Diseases

While there are different types of inflammatory arthritides, as described above, sys-
temic management across these distinct conditions share a similar approach and classes of
medication including non-steroidal anti-inflammatory drugs (NSAIDs), corticosteroids,
conventional and biologic disease-modifying antirheumatic drugs (DMARDs). Empir-
ical practice with systemic treatment has beneficial effects on TMJ arthritis [56]. Goals
of therapy for TMJ arthritis are similar to the treatment of arthritis in general—the ces-
sation and prevention of joint damage, suppression of systemic disease, and eventual
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remission off medications [57]. Treatments for inflammatory arthritis are individualized
based on severity of disease, number of joints involved, physical limitations and potential
for joint damage [53].

Most of the literature regarding treatment of inflammatory TMJ arthritis with systemic
medication is specific to JIA with a focus on an approach to normalize mandibular growth,
reduce MRI-verified inflammation, and preserve osseous TMJ morphology. Current bio-
logic medications have significantly decreased the extent of disability and need for major
surgeries and joint replacement in JIA [57]. A retrospective study of 38 patients with
JIA involving the TMJ, who were receiving systemic therapy, showed less severe osseous
deformity and maintained normal mandibular ramus growth at 2 year follow up compared
to baseline MRI. This contrasted to cohort studies with corticosteroid TMJ injections, in
which TMJ deformity deteriorated and mandibular ramus growth was impaired [58].

Generally, however, there has been little evidence to guide management for TMJ arthri-
tis. Most randomized controlled trials of DMARDs have not included TMJ involvement as
an outcome, and there is minimal prospective data on medical therapy [59]. Consensus on
treatment is lacking. In 2014, an 87-center multinational survey of pediatric rheumatolo-
gists worldwide showed that first-line treatment of TMJ arthritis varied with NSAIDs in
33%, non-biologic DMARDs in 36%, anti-TNF medication in 5%, and intra-articular steroid
injection in 26% [60]. Furthermore, a cross-sectional survey of 52 academic OMS in the
US revealed that the majority (81%) of JIA patients were being treated on average with
1–2 systemic medications, 13% on 3–4 medications and only 5% on no systemic medica-
tions [61]. It is worth noting that even with optimal medical management for peripheral
arthritis in JIA, the TMJ is the most common joint that does not respond to initial therapy.
Retrospective studies suggest that response to medical therapy of the TMJ may lag behind
that of other joints for unclear reasons [62]. Consensus on treatment of TMJ arthritis in JIA
is currently in development amongst pediatric rheumatologists within the US based on
expert opinion.

3.1. NSAIDs

NSAIDs such as naproxen, ibuprofen, and indomethacin are commonly used as an
initial therapy in inflammatory arthritis with or without TMJ involvement. NSAIDs inhibit
cyclooxygenase (COX)-2 activity, reducing cytokine-induced destruction of the extracellular
matrix of the TMJ [63]. While often part of a maintenance medication regimen, NSAIDs
are only beneficial for reducing TMJ complaints in a minority of patients; more aggressive
treatment with DMARDs is generally necessary [10]. In fact, NSAIDs are effective for TMJ
arthritis for one-fourth to one-third of JIA patients but primarily in oligoarticular disease.
They are often considered as adjunctive or bridge therapy to more definitive interventions
for TMJ disease [57]. NSAIDs are usually well tolerated. Potential side effects include
gastritis, gastrointestinal bleeding, headache, increased sun sensitivity, and hepatic and/or
renal dysfunction [53].

3.2. Conventional DMARDs

Conventional DMARDs include sulfasalazine, leflunomide, and methotrexate. Methotrex-
ate is the only medication with significant evidence in the treatment of TMJ arthritis [57]
and is usually first line in practice for JIA with TMJ involvement. Weekly intramuscular
injection of methotrexate has been shown to decrease cartilage degeneration in rabbits with
antigen-induced arthritis but failed to eliminate arthritis completely [64]. Furthermore, in a
cross-sectional study, Ince et al. demonstrated that methotrexate therapy may minimize
TMJ destruction in polyarticular JIA. Methotrexate is a folic acid analog that inhibits di-
hydrofolate reductase, leading to inhibition of purine and thymine synthesis, a reduction
in T and B cell activation, and antibody formation. The dosing range is 0.5 to 1 mg/kg
weekly, or 15 mg/m2, with a maximum dose of 25 mg weekly. It can be given by mouth
or subcutaneously. Over sixty percent of patients with JIA benefit significantly, though
given its slower onset of action, effects are usually not apparent until 4–6 months after initi-
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ation. Serious toxicity is uncommon, but side effects including nausea, anorexia, stomatitis,
transient aminotransferase level elevation, and malaise 24 hours after administration are
relatively common. Folic acid supplementation has been shown to decrease these common
side effects [53].

3.3. Biologic DMARDs

Biologic DMARDs used in the treatment of TMJ inflammatory arthritis include tumor
necrosis factor (TNF) inhibitors such as adalimumab, etanercept, and infliximab. These
medications are usually administered systemically via subcutaneous injection (etanercept
and adalimumab) or intravenous infusion (infliximab). Local therapy with intra-articular
injection of infliximab has been attempted but has failed to show efficacy in improving
acute or chronic synovitis, or in changing maximal incisional opening [59]. TNF inhibitors
are generally given in combination with methotrexate for TMJ arthritis that is refractory to
methotrexate alone. The decision on whether to initiate systemic TNF blockade when severe
disease is identified or to wait until after failure of initial methotrexate is currently based
on expert opinion [10]. TNF inhibition has been shown to reduce TMJ pain and improve
oral function in the literature for adults, however there is not strong evidence for juvenile
TMJ arthritis. Other biologic DMARDS may also be considered including tocilizumab and
abatacept. Current consensus is that non-systemic JIA responds well to TNF inhibition and
methotrexate while systemic JIA responds well to IL-1 and Il-6 blockade with medications
such as canakinumab and tocilizumab, respectively [65]. Overall, biologic DMARDs are
generally well tolerated and require minimal lab monitoring. The main adverse effect is
increased risk of infection.

3.4. Timing of Systemic Therapy

While those with isolated TMJ arthritis may start with isolated steroid injection or
irrigation, patients with polyarticular arthritis, or more systemic disease activity, bene-
fit from antirheumatic medications. Systemic medications are generally optimized and
continued until all aspects of disease including arthritis, uveitis, and systemic symptoms
are well controlled. Once remission on medications is obtained, in pediatrics, treatment
usually continues for at least 12–24 months before attempting to taper off, assuming the
treatments are well tolerated. Recent recommendations in orthopedic literature include
stopping patients’ biologic medications one dose before any planned joint replacement and
waiting 14 days or until wound healing is complete until restarting the medications. New
recommendations include continuing conventional DMARDs such as methotrexate during
the perioperative period [62].

3.5. Potential Side Effects of Other Systemic Therapy

It is worth mentioning that some rheumatic disease systemic therapies, particularly
bisphosphonates and corticosteroids, can be associated with TMJ disease. Bisphosphonates
are potent inhibitors of osteoclastic bone resorption and are known for their use in treating
osteopenia and osteoporosis but are also used in the management of chronic nonbacterial
osteomyelitis (CNO, also known in the OMS literature as diffuse sclerosing osteomyelitis
(DSO) or primary chronic osteomyelitis (PCO)), a rheumatic condition of inflammatory
bone destruction. Jaw osteonecrosis is a potential risk of bisphosphonate use and should
be considered in patients treated with bisphosphonates who present with TMJ complaints.
Corticosteroids are used more widely across many rheumatic conditions as part of both
acute and maintenance therapy. The side effect profile of corticosteroids will not be
discussed in depth here, but it is worth noting that the risk of osteoporosis, osteopenia, and
avascular necrosis is much greater when a patient is on chronic corticosteroids.

3.6. Systemic Therapy for Non-Rheumatic Causes of TMJ Arthritis

Traditional treatment of TMJ osteoarthritis mainly includes NSAIDs. De Souza et al [66]
demonstrated equivalent pain reduction with diclofenac sodium compared with occlusal
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splints as well as intra-articular injections of sodium hyaluronate or corticosteroid. Re-
search more recently has investigated oral glucosamine as an adjunctive therapy for TMJ
osteoarthritis treatment. In a double-blinded randomized controlled trial conducted by
Yang et al [67], oral glucosamine hydrochloride added to hyaluronate sodium injection
failed to have meaningful effect on pain at month 6 post-injection but did improve pain
and function at month 12, suggesting possible efficacy after prolonged use.

Systemic treatment is not indicated for idiopathic condylar resorption (ICR), which
was mentioned above as a diagnosis of exclusion and can be a mimicker of systemic
rheumatic disease. While differentiating isolated TMJ JIA from ICR can be difficult, the
distinction is crucial as systemic therapy is not warranted for ICR but a cornerstone of
JIA management.

4. Assessment of the Temporomandibular Joint in Rheumatic Disease

As noted in the Introduction, a critically important distinction between TMJ disease
presentation in rheumatic diseases and non-rheumatic TMD is the delay—or even complete
absence—of clinical signs and symptoms relative to anatomic destruction in rheumatologic
patients. Since providers who frequently treat non-rheumatic TMD patients often do not
recommend imaging until significant signs or symptoms are present, a known rheumatic
diagnosis should prompt the clinician to consider earlier application of imaging modalities
in this patient population (Figure 3). This may alert the provider to situations where earlier
initiation of non- or minimally-invasive treatments (conventional or biologic DMARD
adjustment, arthrocentesis, intra-articular medicament application, etc.) may delay further
joint destruction. The relapsing/remitting nature of some of these conditions, in concert
with the use of DMARDs, NSAIDs, biologics, and the associated individual patient vari-
ations in response, complicate any expected association between signs, symptoms, and
imaging findings which is usually more robust in the non-rheumatic patient.

4.1. Patient History

For the patient without a previous rheumatic diagnosis, new signs and/or symptoms
of TMD should include a broad patient history including questions regarding constitutional
symptoms, pain and dysfunction of other joints, back complaints, muscle weakness, and
skin/nail lesions [8]. Questions specific to vasculitides, which may occur with rheumatic
conditions, can also be helpful, particularly questions about new respiratory, ophthalmo-
logic, mucosal, or renal abnormalities.

For all patients, with or without a previous rheumatic diagnosis, a more traditional
history—one more pointed at orofacial musculoskeletal disease and osteoarthritis—still
remains appropriate. Questions include those regarding headaches, earaches, recent or
remote trauma, parafunctional habits, and bone and cartilage diseases. Patients should
specifically be asked to quantify and qualify pain, clicking, crepitus, locking, dislocation,
reduced opening, stiffness, change in diet, and sense of altered occlusion.

4.2. Clinical Examination

Although the TMJ clinical examination should always be comprehensive and is there-
fore not fundamentally different in patients with a known rheumatic disease, it does
become helpful for the clinician to understand which metrics have been shown to be
helpful in these patients.
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The Helkimo Clinical Dysfunction Index (Di) and Helkimo Anamnestic Index (Ai) are
useful metrics for assessing and monitoring such patients [68]. While the Ai is technically
subjective and thus truly part of the patient’s history or subjective assessment, it is often
recorded simultaneously during the clinical examination. Subjectively (Ai), the patient can
be completely asymptomatic, mildly-moderately symptomatic (joint sounds, jaw fatigue,
jaw stiffness), or severely symptomatic (trismus, locking, luxation, discoordination). Objec-
tively (Di), mandibular range of motion, dysfunction with motion, and pain are measured,
with significant weight being placed on end-stage pain and dysfunction (Table 2).

Table 2. Helkimo clinical dysfunction index (Di). The maximum score recorded from each domain
is added to determine the total clinical dysfunction index score. Abbreviations: MIO—maximum
incisal opening; mm—millimeter.

Domain Criteria Score

Mandibular Mobility

• MIO > 40 mm, excursions > 7 mm
• MIO > 30 mm, excursions > 3 mm
• MIO ≤ 30 mm, excursions ≤ 3 mm

0
1
5

TMJ Dysfunction

• No sounds/deviation on opening
• Sounds and/or deviation > 2 mm
• Locking and/or luxation

0
1
5

Muscle Pain

• No muscle pain
• Pain on palpation at 1–3 sites
• Pain on palpation at 4+ sites

0
1
5

TMJ Pain

• No tenderness to palpation
• Lateral (superficial) TMJ pain
• Posterior (deep) TMJ pain

0
1
5



Diagnostics 2021, 11, 409 12 of 24

Table 2. Cont.

Domain Criteria Score

Mandibular Movement Pain

• No pain
• Pain with 1 movement
• Pain with 2+ movements

0
1
5

Di 0: 0 points—absence of dysfunction
Di I: 1–4 points—mild dysfunction

Di II: 5–9 points—moderate dysfunction
Di III: 10–25 points—severe dysfunction

The Helkimo indices have been most rigorously studied in the TMJ OA population. It
should be noted, however, that OA patients often present for evaluation because of pain,
and thus the translatability of these results to the autoimmune population—many who
either do not have pain initially or at least have a weaker association between pain and
clinical and radiographic signs—should be considered cautiously. Said another way, the
Helkimo index alone may underestimate the degree of damage in inflammatory rheumatic
disease. Strong associations between the Helkimo index and bony changes (condylar
head or fossa) but not soft tissue changes (joint space size) have been reported when
using CT [69,70].

Juvenile SLE patients have been found to have significantly worse Di scores than
healthy controls, with the discrepancy due primarily to TMJ dysfunction and not pain. Even
more specifically, it appears that decreased laterotrusive movements may be the first signs
of dysfunction in this population [29]. This has been demonstrated in the RA population as
well, where worse Di scores were found to be primarily due to decreased mandibular mo-
bility and not necessarily worse pain [71]. On the contrary, others have found that both the
Ai and Di were significantly worse in RA patients than control patients, and the Helkimo
indices performed significantly better at discriminating RA versus control patients than
other indices [1]. As noted previously, the relapsing/remitting nature of these conditions,
in concert with the use of DMARDs and NSAIDs—which frequently are not reported or
controlled for as confounders in studies—complicates the association between symptoms,
particularly pain, and overall cumulative TMJ damage. Accordingly, duration of autoim-
mune disease alone does not necessarily correlate with worsening Helkimo indices [72].
Studies generally agree that the Helkimo index as a whole helps to discriminate patients
with significant arthritic disease from those without significant TMJ involvement [73,74]. A
qualitative summary of studies to date finds that decreased mandibular mobility and pain
on mandibular function are the most commonly reported findings.

In addition to routine use of the Helkimo indices, international consensus guidelines
have been established for orofacial examination in patients with juvenile idiopathic arthritis
and can be extrapolated to the rheumatic TMD population in general [75,76]. These guide-
lines have resulted in a minimum recommended “short screening protocol” that includes
assessment of TMJ pain in open and closed positions, mandibular deviation on opening,
maximum incisal opening (MIO), frontal facial asymmetry, and facial profile. While the
Helkimo indices focus more on grades of pain and dysfunction, the consensus guidelines
are meant to screen for and monitor diacapitular disease activity and resulting dentofacial
deformity. Monitoring in the rheumatic population will be further discussed below.

4.3. Imaging
4.3.1. Three-Dimensional Bone Imaging

Bony destruction is reliably associated with periods of more severe disease activity.
Although erosions, cortical morphology, and subcortical changes can fluctuate over time,
both two-dimensional and volumetric condylar changes appear to correlate with cumula-
tive disease activity in the joint. In RA and JIA patients, CT and MRI reveal that condylar
or ramal height, condylar volume, anteroposterior length, and mediolateral width are all
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associated with disease severity [77], although findings are not specific to inflammatory
diseases and thus cannot be used to diagnose autoimmune TMJ disease [13]. The most
unifying finding in active rheumatic TMJ disease—regardless of whether the condyle,
ramus, or both are affected—is asymmetry [78].

It must not be forgotten that conventional radiographs remain a reasonable screening
examination in asymptomatic patients without dysfunction per the Helkimo index, with the
possible exception of JIA patients. Even in this population, however, it has been suggested
that condylar asymmetry on screening panoramic is specific for joint damage [79], but
a concern remains for low sensitivity and reproducibility with this modality compared
with three-dimensional imaging [80]. In both osteoarthritic and RA patients it has been
suggested that CT may not add much to the bony changes visible on plain radiographs [81].

4.3.2. Three-Dimensional Soft Tissue Imaging

MRI is the gold standard for soft tissue TMJ imaging including assessment of the
articular disc, synovium, joint spaces, bone marrow, and surrounding musculature. This
requires imaging protocols including fluid-sensitive (usually T2), pre-contrast T1 (usually
fast spin echo, FSE), and post-contrast fat-saturated T1 sequences [82–84]. By far the most
studied population is those with JIA, as this population is the most likely to lack signs
and symptoms with significant disease activity. In a most extreme example, a study by
Kellenberger et al. showed that 100% of control patients with joint effusions on MRI had
pain while 0% of JIA patients with joint effusions had pain [85].

An enhancement ratio (ER) or enhancement value (EV), defined as the contrast en-
hancement of the superior joint space divided by that of a nearby muscle (often the
longus capitis), has been described and validated in the JIA population [86,87]. Other
semiquantitative MRI grading systems exist, with the OMERACT (Outcome Measures in
Rheumatoid Arthritis and Clinical Trials) and EuroTMJoint (now TMJaw) research group
having the most applicable systems [13]. These scoring systems evaluate inflammation
(bone marrow edema, joint effusion, synovial thickening, joint enhancement) and damage
(condylar flattening, erosions, and disc abnormality) and provide either a cumulative score
that can be followed (OMERACT), similar to the Helkimo indices, or a progressive score
(EuroTMJoint/TMJaw), similar to the Wilkes staging system.

4.3.3. Nuclear Medicine Imaging

Bone scintigraphy is a nuclear medicine examination based upon the premise that
high bone turnover and/or osteoblastic activity—indicative of hyperplasia, active growth
centers, or inflammatory turnover, among others—increases local uptake of radiophar-
maceuticals which mimic pyrophosphate [88]. Accordingly, studies show that those with
active rheumatic conditions have increased condylar uptake allowing reasonable discrimi-
nation from healthy controls and those with non-inflammatory TMJ OA, which seems to
mirror discrimination by inflammatory laboratory markers (e.g., ESR, CRP) [89]. Similar
findings using positron emission tomography (PET), where avidity is based upon increased
glucose uptake in inflammatory environments, have been noted [90]. Nuclear medicine
studies have no role in identifying TMJ OA [91].

4.3.4. Ultrasonography

In theory, ultrasonography (US) seems an ideal modality to evaluate the soft tissues
of the TMJ, with the TMJ being relatively superficial and US being a continuous imaging
modality conducive to dynamic imaging. Unfortunately, only a few studies have attempted
to objectively compare US to the current gold standard for soft tissue imaging, MRI, in
autoimmune TMJ disease [11,92,93]. Although some suggest that there is at least moderate
correlation between US and MRI for the assessment of synovitis in childhood arthritis [93],
a recent systematic review in the JIA population could not recommend US as a standard
imaging modality in these patients [94].



Diagnostics 2021, 11, 409 14 of 24

5. Interventions for Temporomandibular Joint Dysfunction in Rheumatic Disease

Outcomes purportedly expected in the management of TMD in the rheumatic patient
population should be reviewed with caution. A careful review of the available literature
demonstrates that many authors reference studies involving non-rheumatic TMD patients.
As the reader is already well aware, there are vast differences in presentation and outcomes
in rheumatic and non-rheumatic TMD patients. Given the available evidence, an algorithm
for management of rheumatic TMD patients is presented in Figure 4. Although this
algorithm is based upon the TMJ Working Group’s recommendations in the JIA patient [95],
less emphasis is placed on the skeletal maturity of the patient and more emphasis is placed
on the disease state and degree of patient dysfunction. The central role of the systemic
rheumatologic management is also highlighted by this algorithm.
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5.1. Conservative Interventions

In non-rheumatic TMD patients, “conservative” interventions typically convey ideas
of joint rest, diet alteration, occlusal guards, physical therapy, NSAIDs, and muscle relax-
ants. Although these certainly may also be beneficial for the rheumatic patient [96,97],
the foundation of conservative management in these patients is systemic management of
their inflammatory disease, as described above. That being said, self-directed physical
therapy has shown effective in improving mandibular function, TMJ related pain, or both
in patients with RA and AS [98,99]. In FM patients, tactile stimulation has been shown to
improve sleep quality, quality of life, and TMD symptoms [100]. Low-level laser therapy for
TMJ inflammatory arthritis has only been preliminarily investigated in animal models [101],
and thus no conclusions regarding efficacy should be made.

Although many still propagate “occlusal equilibration” or “fixed prosthetics” for the
treatment of TMD in general and TMJ OA or autoimmune diseases in particular [102,103],
it should be made clear that no robust evidence supports these practices [104,105], and
the senior author finds the continued use of these practices for this purpose highly mis-
leading to patients. Although occlusal modification, including orthodontic treatment,
can certainly improve facial appearance, masticatory function, and oral hygiene in these
patients [106,107], it should not in any way be expected to improve rheumatic TMD.
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5.2. Minor Procedures
Arthrocentesis and Intra-Articular Injection

It is well documented that arthrocentesis improves pain and dysfunction in patients
with osteoarthritis, particularly Wilkes stages II, III, and IV [108,109]. Arthrocentesis
with lysis and lavage alone likely improves pain and dysfunction in the rheumatic TMD
population as well [110]; however, analysis is at times confounded by the fact that most
rheumatic patients have traditionally also received intra-articular corticosteroid injection
(IACS) at the conclusion of arthrocentesis [111]. A more recent study found that the IACS
component does indeed improve the Helkimo index over arthrocentesis alone [112]. There
is no question that TMJ IACS can at least temporarily improve symptoms in properly
selected patients with active RA [111,113] or JIA [112], but concerns remain regarding
long-term effects of IACS.

For example, multiple studies have specifically reported on the presence of heterotopic
bone formation in JIA patients who have IACS, but a cause-and-effect relation has never
been proven [83,114]. More recently, a retrospective review of JIA patients illustrated the
complexity of the cause-and-effect relation, as the authors found that the total number
of injections and time to first injection were associated with increased risk of heterotopic
bone formation, yet they noted that children with more severe arthritis were likely to
receive IACS [115]. Clearly, indiscriminate use of IACS should be avoided, and it should
only be considered during active inflammation not responsive to medical management,
preferably when confirmed by MRI [116]. Alternatively, consideration should be made for
arthrocentesis with lysis and lavage without IACS, or with injection of hyaluronic acid [117].

More recently, intra-articular biologic injection (IAB) has been studied in the TMJ, with
the first being a case report of IAB with infliximab in a patient with PsA unresponsive to
both systemic infliximab and TMJ IACS [118]. Subsequent reports of IAB with infliximab in
JIA patients show that although the injections appear safe, they do not affect jaw opening or
improve inflammation or destruction as appreciated on MRI [119,120]. IAB with etanercept
has been reported in rabbit [121] and rat [122] models of inflammatory TMJ arthritis and
TMJ loading, respectively. The rabbit model showed that IAB with etanercept did not
perform as well as systemic etanercept and performed no different than intra-articular
saline injection. The rat model simply suggested that biochemical and biomechanical
processes in the TMJ are likely driven in part by TNF-α. In conclusion, evidence to date
does not support intra-articular biologic injection of the TMJs.

5.3. Major Procedures
5.3.1. Open Arthroplasty and Associated Procedures

Synovectomy and discectomy, or possibly discectomy alone, have been shown to
improve mandibular function [123] and pain [124] in patients with rheumatic TMJ disease,
including RA, AS, and PsA patients. The effectiveness of these procedures should be taken
into context, however, as many of these studies were performed before the application of
biologic DMARDs for autoimmune rheumatic diseases. Additionally, overly aggressive
attempts at or simply multiplicity of open arthroplasties may complicate eventual joint
replacement, if this is foreseen in the patient’s future.

5.3.2. Orthognathic Surgery

Debate continues on the stability of orthognathic surgery results in patients with
resorptive TMJ processes such as inflammatory rheumatic diseases and ICR. It should
also be noted that this does not treat the underlying pathology but simply masks a subset
of the orofacial manifestations. The optimistic hope is that if a patient’s disease process
is well controlled, the result will be stable. Unfortunately, this essentially can never be
guaranteed, and therefore many “successes” end up being measured in the short term
of months [125–128]. A patient with a process defined by condylar resorption electing to
undergo orthognathic surgery alone must absolutely be informed that relapse is expected,
TMJ pain and dysfunction are not expected to resolve, and only TMJ TJR will predictably
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result in long-term stability [129]. Thus, the patient best suited for orthognathic surgery
alone is one with stably quiescent disease with relatively mild deformities.

Condylotomy—which has evolved to its current day form of essentially a vertical
ramus osteotomy—has been documented as a treatment in active inflammatory TMD [103],
but this represents a lack of understanding of the disease process and should not be performed.

5.3.3. Distraction Osteogenesis

Distraction osteogenesis (DO) of the mandibular rami has been reported in JIA patients.
As would be expected for a treatment aimed primarily at altering the dentofacial abnor-
mality without addressing the TMJ disease process itself, facial appearance and occlusal
relationship were improved while long-term pain, mandibular mobility, and TMJ signs
had either mixed results or continued progression [130,131]. It should also be noted that
inclusion criteria in the only prospective study to date were unilateral TMJ involvement, in-
active disease, and TMJs with “clinical and subjective good function” preoperatively [130].
Therefore, similar to the potential orthognathic patient, patients with a process defined
by condylar resorption electing to undergo DO alone must absolutely be informed that
relapse is expected, TMJ pain and dysfunction are not expected to resolve, and only TMJ
TJR will predictably result in long-term stability.

5.3.4. Total Joint Replacement

Although historically costochondral grafting (CCG) has been performed in patients
with rheumatic TMD [132–134], and although debate continues on the application of
autogenous or alloplastic procedures for TMJ TJR in non-rheumatic end-stage joint disease,
the senior author agrees with the idea that inflammatory TMJ destruction is best treated
with alloplastic methods [135].

Guidelines have been put forth to guide physicians when prosthetic TMJ TJR may be
appropriate, including in inflammatory joint disease [136]. Not surprisingly, the superiority
of alloplastic TMJ TJR in non-rheumatic end-stage joint disease patients has been found to
translate to the autoimmune population as well [137]. Outcomes of alloplastic TMJ TJR in
RA, PsA, AS, SSc, and JIA patients have been reported, showing consistent improvement in
associated pain and dysfunction [138–147]. The literature nearly unanimously suggests that
patients with appropriate indications for TMJ TJR have seen improved, durable outcomes.

A legitimate concern in open surgery—particularly those involving alloplastic
implantation—is the immunosuppressive therapies that many patients will be taking,
particularly those patients with disease severe enough to require such surgery [116]. Stud-
ies of TMJ TJR often do not comment on perioperative medication management, although
this is vitally important to success. Although developed with the American Association
of Hip and Knee Surgeons (AAHKS), the ACR has published perioperative guidelines
for management of antirheumatic medications in those undergoing arthroplasty [148]. As
mentioned previously, conventional DMARDs should generally be continued through
surgery while surgery should occur at the end of biologic DMARD dosing cycles, and
the biologic should not be resumed until 14 or more days post-operatively (assuming no
post-operative infectious or wound healing complications).

6. Monitoring of the Rheumatic Patient with Temporomandibular Joint Disease

There are minimal evidence-based or consensus guidelines for monitoring in rheumatic
patients with TMD, with most available data pertaining to the JIA population. Consensus
assessment methods were reached by the Temporomandibular Joint Juvenile Arthritis
(TMJaw) Working Group for monitoring of TMJ arthritis and involvement in JIA patients in
2019 [95]. These include MRI with contrast, 3D scans (which may include CBCT or medical
grade CT as appropriate), clinical examination, and patient-reported outcome measures.
Consensus could not be reached to recommend the use of MRI without contrast, plain
radiographs, or ultrasound in the monitoring of TMJ arthritis in these patients. The TMJaw
group also proposed a clinical evaluation protocol for regular assessment of the TMJ joint in



Diagnostics 2021, 11, 409 17 of 24

patients with JIA, which is applicable both for screening as well as following patients with
a history of TMJ arthritis [75,76]. As discussed above, the components of the exam allow
for a quick assessment of pain, range of motion, and dentofacial deformity and asymmetry,
which when followed over time can assist in detecting subtle changes indicative of active or
progressive disease. However, as previously stated, given the potential for active, erosive
TMJ arthritis in asymptomatic or minimally symptomatic patients, there is also a need
for imaging to both evaluate for initial disease, as well as to follow the course of TMJ
arthritis during and after treatment. This is the case when following up after either TMJ
arthrocentesis or initiation of systemic rheumatic medications. Given MRI with contrast is
the gold standard for active synovitis, monitoring 6 months after a treatment is initiated or
changed with an MRI is the most accurate for assessing whether there is ongoing disease
activity that would warrant additional measures.

A survey of academic American OMS practice patterns in managing and monitor-
ing JIA patients suggests that once inflammatory arthritic patients are deemed to be in
remission, most are monitored at 6 to 12 month intervals [61]. However, this study also
revealed that the average OMS often relies more on symptoms and plain radiography
rather than MRI when following this patient population. This highlights the potential
benefit of ongoing discussions between rheumatology and OMS to determine the best
imaging modality for individual patients.

With regard to monitoring for disease activity and its effect on surgical treatment
decisions, the TMJaw group recommends that a lack of progression over one year combined
with contrasted MRI confirmation of quiescent disease serves as reasonable evidence to
proceed with autologous reconstruction (e.g., costochondral grafting and/or orthognathic
surgery). The unpredictability of the disease process, particularly in younger patients,
should be considered however when deciding on surgical intervention. A suggested
monitoring protocol is presented in Figure 5.
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