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Heterotopic Ossification of the Temporomandibular
Joint in Juvenile Idiopathic Arthritis
SARAH RINGOLD, MAHESH THAPA, ELIZABETH A. SHAW, and CAROL A. WALLACE

ABSTRACT. Objective. To describe the clinical, laboratory, pathologic, and radiographic imaging characteristics

of a series of children with juvenile idiopathic arthritis (JIA) and radiographic imaging evidence of

heterotopic ossification of their temporomandibular joint (TMJ).

Methods. Children were identified through search of an administrative database of imaging results

at Seattle Children’s Hospital. Retrospective chart review was performed to collect data on each

patient’s clinical and laboratory characteristics, systemic therapies, timing and number of TMJ

intraarticular corticosteroid injections (IAS), TMJ symptoms, and TMJ findings on physician exam-

ination. TMJ imaging studies for which heterotopic ossifications were reported were reviewed.

Pathology specimens were reviewed for the 2 children who underwent synovial biopsy of their TMJ.

Results. Twelve children were identified. The average duration between onset of JIA and detection

of heterotopic ossification of TMJ on an imaging study was 36 months (range 19–94). Half the chil-

dren had abnormal mouth-opening for age when the calcifications were first detected. In each case,

the heterotopic ossification was first detected by computed tomography scan, and in 11 of the cases

they were associated with synovial pannus formation as documented on an imaging study. Two chil-

dren underwent synovial biopsy, which revealed reactive parosteal osteochondromatosis in one case

and findings consistent with an intraarticular rheumatoid nodule in the other.

Conclusion. Heterotopic ossifications of the TMJ may be seen in children with JIA and are associated

with particularly severe TMJ arthritis, joint destruction, and pannus formation. Pathology from these

joints suggests that the heterotopic ossification may result from multiple pathological processes.

(J Rheumatol First Release April 15 2011; doi:10.3899/jrheum.101198)
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Arthritis of the temporomandibular joint (TMJ) has been

reported in association with all of the categories of juvenile

idiopathic arthritis (JIA), with a prevalence as high as

75%1,2,3. Because of the superficial location of the mandibu-

lar growth plate, the TMJ is particularly susceptible to dam-

age from inflammation, and damage to the joint has been

associated with increased morbidity including micrognathia,

malocclusion, chronic pain, and poor cosmetic outcomes4,5.

Because a large proportion of children are asymptomatic

and/or have a normal TMJ examination despite radiograph-

ic evidence of TMJ damage, detection of TMJ arthritis

requires a high index of suspicion by the examining physi-

cian5,6. Despite the high prevalence of TMJ involvement in

JIA, the pathology of TMJ arthritis and how this affects the

joint’s response to local and systemic therapies is not com-

pletely understood. While reports have indicated a benefit of

intraarticular corticosteroid injections (IAS) of the TMJ, the

development of effective strategies for treatment of TMJ

arthritis and for prevention of damage to the joint remains

an area of active research7,8,9,10,11,12.

Heterotopic ossifications of peripheral joints are well

described as sequelae of IAS for treatment of JIA and have

been reported to occur in 0.2%–6% of injected joints13,14,15.

Heterotopic ossification has also been reported in associa-

tion with a range of crystal deposition diseases, secondary to

systemic illnesses such as hyperparathyroidism, with

tumors, and as a result of trauma14,15,16. In adults, hetero-

topic ossifications of TMJ have been reported in association

with both chondrocalcinosis and synovial chondromato-

sis17,18. However, heterotopic ossification of TMJ has not

been described in children. In this report we describe the

characteristics of a series of children with JIA and TMJ

arthritis with radiographic imaging evidence of heterotopic

ossification, in order to provide additional information

regarding the spectrum of TMJ disease in JIA.
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MATERIALS AND METHODS

Patients. Patients with radiographic evidence of TMJ heterotopic ossifica-

tion were identified through a search of an administrative database at

Seattle Children’s Hospital (SCH) maintained by the Division of

Radiology. Each of these patient charts was then reviewed to identify

patients who also met the 2001 Edmonton International League of

Associations for Rheumatology (ILAR) criteria for a diagnosis of JIA19.

Children were identified from the database between January 2002 and

December 2008. Cases where there was radiographic evidence of fragmen-

tation of the mandibular condyle leading to the presence of intraarticular

calcifications were excluded, as the etiology of the abnormal calcification

was evident in those cases.

The TMJ injections were performed by a dental surgeon, without imag-

ing guidance, using 0.5–1 ml triamcinolone acetonide (40 mg/ml) or triam-

cinolone hexacetonide (20 mg/ml). Injections were performed with a 22-

gauge, 1.5-inch spinal needle. The majority of injections were with triam-

cinolone acetonide.

Data collection. Retrospective chart review was performed to collect data

on each patient’s clinical and laboratory disease characteristics, age at onset

of JIA, serologies, timing and number of IAS procedures for TMJ, patient-

reported TMJ symptoms, TMJ findings on physician examination, and

results of TMJ imaging studies. Measurements of maximal incisal opening

were classified as normal or abnormal for age based on published ranges20.

Data regarding systemic medications and IAS were recorded from the

patient’s first SCH rheumatology clinic visit until their first imaging study

on which calcifications were first detected and at their most recent rheuma-

tology or dental clinic visit, or at their last rheumatology clinic visit, if they

passed to an adult rheumatologist. IAS were performed by an oral and max-

illofacial surgeon with either triamcinolone acetonide or triamcinolone

hexacetonide without imaging guidance9.

Radiographic imaging studies of the patients’ TMJ were obtained at the

treating rheumatologist’s discretion. Each radiographic imaging study for

which heterotopic ossification was reported was re-reviewed with a pedi-

atric radiologist (MT) with specific pediatric musculoskeletal expertise.

Pathology specimens were reviewed when available.

Approval for this study was obtained from the Seattle Children’s

Hospital Institutional Review Board.

RESULTS

Patient characteristics, clinical findings, and medication

use. Twelve children with heterotopic ossification of their

TMJ were identified. Their JIA categories, serologies, and

medication use are summarized in Table 1. The majority of

patients had oligoarticular or polyarticular JIA (n = 5; 42%

each group) and 9 of the 12 patients were positive for anti-

nuclear antibody. The average duration between onset of

JIA and physician concern for TMJ arthritis, defined as the

first clinic visit when patient-reported TMJ symptoms

and/or abnormal TMJ examination were documented, was

18 months (range 0–83 mo). The average duration between

onset of JIA and detection of heterotopic ossification of TMJ

on an imaging study was 36 months (range 19–94 mo).

At the time of the detection of heterotopic ossification, 3

children had documented complaints of TMJ pain, one child

reported TMJ stiffness, one child reported decreased mouth

opening, and one child reported jaw swelling. No symptoms

were documented for 6 children. Measurements of maximal

incisal opening were recorded for all children at the time of

the detection of heterotopic ossification and 6 out of 12

(50%) were abnormal for age. At their most recent clinic

visit, 4 children reported difficulty eating and 4 children

reported pain. Additional patient-reported symptoms includ-

ed headache, difficulty with mouth opening, sticking, and

crepitus. Maximal incisal opening was recorded for 8 chil-

dren and 7 of these measurements were abnormal for age.

All the children except 2 had received systemic treatment

with a disease-modifying antirheumatic drug prior to detec-

tion of the calcifications and 3 children had been treated

with tumor necrosis factor-α (TNF-α) inhibitors. All chil-

dren had been treated with at least one TMJ IAS prior to

detection of the calcifications (range: 1-4). The average

duration between first IAS and detection of TMJ calcifica-

tion was 15 months (median 16 mo, range 7–23 mo). At the

most recent followup visit, or at last visit to SCH

Rheumatology prior to transfer to an adult rheumatologist, 7

children were receiving a TNF-α inhibitor and 3 children

were not receiving any systemic therapies due to disease

remission. All children were still followed by the SCH

Dental Clinic at their most recent visit and 2 children had

undergone jaw reconstruction surgery.

Radiographic imaging results. One hundred forty-three chil-

dren had computed tomography (CT) scans of their TMJ for

suspected arthritis during this time period. Ten of the 12

children identified for this series had radiographic imaging

studies when TMJ arthritis was first suspected by their

physician. Two of these 10 children had normal CT scans

when TMJ disease was first suspected. Eight of the 10 chil-

dren had bilateral arthritic changes of the TMJ (joint space

narrowing, erosion, or condylar flattening) at the first imag-

ing study where TMJ involvement was suspected. Six of the

12 children also had gadolinium-enhanced magnetic reso-

nance imaging (MRI) of the TMJ at some time after their

initial CT on which the ossification was noted. The hetero-

topic ossifications were noted in 3 of 6 of these MRI scans.

No child had heterotopic ossification noted on their initial

imaging study.

In each case, the heterotopic ossification was first detected

by CT scan and was unilateral (11 right side, 1 left side). For

each case the heterotopic ossification was noted to be irregu-

lar in appearance, and, although noted to be intraarticular, it

could not be determined definitively whether they were also

within the synovium. Children 2, 4, 5, 7, and 9 developed het-

erotopic ossification after 2 or more IAS in the joint that

developed calcifications, while children 1, 3, 6, 8, 10, 11, and

12 developed heterotopic ossification following one IAS

(Table 1). Three of the 4 children who had unilateral IAS

developed heterotopic ossification in the ipsilateral joint.

One child (Case 8) had development of heterotopic ossi-

fication without concomitant pannus formation. The remain-

der of the children had radiographic evidence of pannus for-

mation either by CT or MRI with gadolinium on followup

radiographic studies (Figure 1). Three children (Cases 2, 4,

and 11) with heterotopic ossification eventually developed

unilateral ankylosis of the affected TMJ.

2 The Journal of Rheumatology 2011; 38:7; doi:10.3899/jrheum.101198
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Table 1. Patient characteristics and medication use.

Sex Age at JIA Category Serology Duration Prior IAS Duration Systemic Medications

Diagnosis, Between JIA of TMJ, Between TMJ Prior to Detection of TMJ

yrs Onset and TMJ no. IAS and TMJ Calcification on Radiographic

Calcification, mo Calcification, mo Imaging Study 

1 F 10.5 Polyarticular ANA+ 33 2 18 NSAID, MTX

RF+

2 F 10 Oligoarticular ANA– 17 2 17 None

3 F 14.5 Polyarticular ANA– 16 2 13 NSAID, MTX

HLA–B27+

4 F 4.5 Polyarticular ANA+ 19 1 10 NSAID, MTX, infliximab

5 F 13.5 Oligoarticular ANA+ 53 4 23 NSAID, MTX, etanercept

6 M 7 Enthesitis-Related Arthritis ANA– 94 1 11 NSAID; prednisone; mtx

7 F 9.5 Polyarticular ANA+ 34 2 20 NSAID, prednisone, MTX, 

etanercept; infliximab

8 M 6 Psoriatic ANA+ 24 1 7 NSAID, MTX

9 F 12.5 Oligoarticular ANA+ 16 2 14 NSAID, MTX

HLA–B27+

10 F 5.5 Oligoarticular ANA+ 22 1 17 NSAID, MTX

11 F 1.5 Oligoarticular ANA+ 57 1 12 NSAID

12 F 7 Polyarticular ANA+ 51 1 18 SSZ, HCQ

TMJ: temporomandibular joint; JIA: juvenile idiopathic arthritis; IAS: intraarticular corticosteroid injection; ANA: antinuclear antibody; RF: rheumatoid fac-

tor; NSAID: nonsteroidal antiinflamatory drug; MTX: methotrexate; SSZ: sulfasalazine; HCQ: hydroxychloroquine. 

Figure 1. Radiographic imaging of

intraarticular calcifications of the tem-

poromandibular joint (TMJ) in 2

patients with juvenile idiopathic arthri-

tis. A. Case 2. Coronal reconstruction of

axially acquired noncontrast CT scan

through the TMJ. There are bilateral

condylar erosions, right worse than left.

In the right TMJ, asymmetric widening

of the joint space (arrow) is likely from

pannus formation. Also note early het-

erotopic bone formation (arrowhead).

B. Case 6. Coronal reconstruction of

axially acquired concontrast CT scan

through the TMJ. There is extensive

bilateral joint destruction with condylar

erosions and significant heterotopic

bone formation (arrows).
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Pathology findings. Two children underwent synovial biop-

sies of their TMJ. The first (Case 1) underwent synovial

biopsy at age 13.5 years for evaluation of an evolving cal-

cific mass involving her left TMJ (Figure 2A). This mass

had been first noted about 3 years after her initial diagnosis

and after systemic treatment with methotrexate and local

treatment with 2 bilateral IAS. Biopsy results revealed reac-

tive parosteal osteochondromatosis and fibrous proliferation

(Figure 2B). She subsequently underwent orthognathic sur-

gery for significant jaw deformity and a TNF-α inhibitor

was added to her medication regimen.

The second patient (Case 3) underwent synovial biopsy

at age 16.5 years for evaluation of a large area of ossifica-

tion within her right TMJ (Figure 3A). The ossification had

been first noted on a CT scan 1 year previously, and after she

had undergone IAS of both TMJ on separate occasions and

had received systemic therapy with methotrexate. Biopsy

results showed irregular regions of necrosis surrounded by a

4 The Journal of Rheumatology 2011; 38:7; doi:10.3899/jrheum.101198
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Figure 2. Radiographic imaging and pathological specimen findings for Case 1. A. Axial CT

image through the temporomandibular joint (TMJ). Arrow indicates a calcified intraarticular

mass in the left TMJ. B. Biopsy of the calcific mass showing reactive parosteal osteochondro-

matous and fibrous proliferation. Arrow indicates an area of osteoid surrounded by a rim of

osteocytes, indicative of active bone formation. Arrowheads indicate areas of fibrous prolifera-

tion also occurring within this lesion.
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layer of epithelioid histiocytes mixed with multinucleated

giant cells and occasional lymphocytes that were thought to

be consistent with intraarticular rheumatoid nodule (Figure

3B). The regions of necrosis appeared to be freshly calci-

fied, with entrapped fragments of collagen and bone.

Additional fragments of entrapped osteoid within the sur-

rounding reactive tissue were also noted. She was subse-

quently treated with a maxillary orthotic device to aid with

symptoms of TMJ dysfunction and chronic jaw pain.

DISCUSSION 

We describe a series of 12 children with JIA and TMJ arthri-

tis who had evidence of heterotopic ossification of their

TMJ on one or more imaging studies. To our knowledge,

this series represents the first description of heterotopic ossi-

fication of TMJ in JIA, and the first description of what

appears on pathology to be an intraarticular rheumatoid nod-

ule of the TMJ.

Although we initially hypothesized that the heterotopic

ossification represented the sequelae of corticosteroid injec-

tion(s), as reported following IAS of peripheral joints, the

pathology results from the 2 children who had synovial

biopsies suggested that the heterotopic ossification may

have reflected ongoing synovitis. Further, reports based on

aspiration of periarticular calcifications resulting from IAS

have suggested that the periarticular calcifications associat-

ed with steroid injections are hydroxyapatite crystals result-

ing from tissue necrosis from steroid leakage into soft tissue,

and it has been hypothesized that these crystals themselves

can induce a localized inflammatory arthritis21. In addition,

an animal model of TMJ growth and repair indicated that

experimentally induced mandibular shift may stimulate new

bone formation within the contralateral condyle as a mech-

anism of repair22. However, the pathology results from our

Case 1 (Figure 2) were not consistent with these previous

observations, as the specimen indicated active, new bone

5Ringold, et al: Ossification of TMJ
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Figure 3. Radiographic imaging and pathological specimen findings for Case 3. A. Coronal reconstruction of

axially acquired noncontrast CT scan through the temporomandibular joint (TMJ). There is extensive bilater-

al joint destruction with condylar erosions and significant heterotopic bone formation (arrows). B. Biopsy of

the calcification showing area consistent with intraarticular rheumatoid nodule. Arrows indicate a layer of

epithelioid histiocytes and multinucleated giant cells surrounding an area of necrotic debris. Arrowheads indi-

cate areas of osteoid scattered through the specimen.
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formation rather than crystal deposition with reactive

inflammation, and the new bone formation was heterotopic,

rather than condylar. In addition, in the cases described

above, the heterotopic ossification appeared to be intraartic-

ular and/or within the TMJ synovium, rather than in the

periarticular soft tissues.

This finding has not been previously reported in the lit-

erature. Although it is possible that this finding has been

observed in other patients but not published, we also

hypothesize that this finding in our clinic cohort may be a

result of improved recognition of TMJ arthritis in JIA, the

close followup of children with severe TMJ disease, the

increased use of TMJ IAS, and the use of CT for followup

of condylar changes, which may be more sensitive for visu-

alization of these small areas of ossification than MRI.

Our report has several limitations, as it represents chil-

dren with very severe TMJ involvement; children in our

clinic with known joint damage and/or increased symptoms

are more likely to be referred to our dental surgeon, are

more likely to undergo TMJ IAS, and are more closely fol-

lowed with radiographic imaging studies. Given this ascer-

tainment bias and the observational design of the study, and

because only 2 children underwent biopsy of the affected

joint, we could not determine whether a portion of these cal-

cifications were a sequlae of the IAS or whether there were

additional inflammatory processes that led to these findings.

Because IAS are being used with increased frequency for

treatment of TMJ arthritis, additional followup with stan-

dardized clinical and imaging evaluations will be necessary

to better describe the outcomes in these children. Our series

supports the observation that arthritis in the TMJ tends to be

different from arthritis in other synovial joints and remains

poorly understood; thus optimal treatment of arthritis in this

joint represents a continuing challenge.
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