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Temporomandibular Joint Arthritis in Juvenile
Idiopathic Arthritis: Prevalence, Clinical and
Radiological Signs, and Relation to Dentofacial
Morphology
AN D. BILLIAU, YUQIAN HU, AN VERDONCK, CARINE CARELS, and CARINE WOUTERS

ABSTRACT. Objective. To perform a prospective, comprehensive, clinical, and radiological evaluation of temporo-
mandibular joint (TMJ) involvement and its influence on craniofacial growth, in a cohort of patients
with juvenile idiopathic arthritis (JIA), representing all JIA subtypes.
Methods. Clinical rheumatologic and orthodontic evaluations were performed in 100 patients with JIA
[12 systemic arthritis, 24 rheumatoid factor (RF)-negative polyarthritis, 1 RF-positive polyarthritis, 39
oligoarthritis, 22 enthesitis-related arthritis, 2 psoriatic arthritis]. An orthopantomogram and lateral
cephalogram were performed in 46 patients. The prevalence of TMJ arthritis was studied in relation to
JIA subtype and disease characteristics; cephalometric measurements were compared to those from
age- and sex-matched healthy controls.
Results. Whereas 55% of patients with JIA had at least one symptom/sign of TMJ arthritis, 78% of the
radiographed group exhibited condylar lesions. The presence of condylar damage was not related to
clinical orthodontic findings or to JIA subtype, disease activity, severity, or duration. Patients with JIA
exhibited larger mandibular plane and A-nasion-B angles, larger total anterior facial height, smaller
interincisal and sella-nasion-B angles, and shorter mandibular ramus lengths than their age- and sex-
matched controls. Craniofacial alterations were clearly related to the presence of condylar damage, even
when present at a minimal degree.
Conclusion. Our data show that TMJ condylar damage occurs very frequently in JIA, and irrespective
of JIA subtype; condylar lesions can present early, progress insidiously, and— even at a minimal degree
— can severely alter the craniofacial profile. We propose that the followup of patients with JIA should
include early and regular evaluation by an orthodontist, supplemented with radiographic TMJ imaging.
(First Release August 1 2007; J Rheumatol 2007;34:1925–33)
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Temporomandibular joint (TMJ) involvement in patients with
juvenile idiopathic arthritis (JIA), first described by Still in
18971, is a well recognized feature of the disease. Reports on
TMJ arthritis in JIA are characterized by a large variation in
patient sample composition, JIA classification system used,

and methods — either clinical or radiological — to reach the
diagnosis. This probably explains the wide variation in report-
ed prevalences, which range from 17% to 87%2-20. TMJ
involvement is thought to occur during the active phase of
JIA, where inflammation generates chondral and subchondral
bone lesions and eventually leads to condylar resorption. The
consequences of TMJ arthritis include disturbance of
mandibular growth and marked alterations of craniofacial
morphology and occlusion, with typical features comprising
an increased profile convexity, a steep mandibular plane angle,
mandibular micrognathia, and retrognathia3.

The current literature on TMJ arthritis includes only one
patient study group in which all subtypes of JIA are repre-
sented18,20. This study confirmed a high frequency of TMJ
involvement and a discrepancy between clinical and radiolog-
ical signs; a higher percentage of retrognathia and posterior
rotation of the mandible was found in JIA patients with TMJ
involvement, and the changes did not seem to be uniformly
distributed among the different JIA subtypes20. Although pre-
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vious studies have documented the association of TMJ dam-
age with altered craniofacial morphology in children with
chronic arthritis3,6,13,14,20-24, a detailed cephalometric study of
the relationship between condylar damage and craniofacial
morphology has not been performed in a JIA patient group in
which all subtypes, classified according to the revised ILAR
criteria25, are represented. The purpose of our study was there-
fore to perform a prospective comprehensive evaluation of
TMJ involvement and its influence on craniofacial growth in
a cohort of patients with JIA in which all subtypes are repre-
sented. We studied the clinical characteristics of TMJ arthritis
in 100 patients with JIA and the radiological characteristics in
46 of them, and related these aspects to JIA subtype and dis-
ease activity, severity, and duration. We analyzed specific pat-
terns of facial morphology in patients with JIA compared to
healthy controls, and investigated their relation to condylar
damage and aspects of mandibular growth.

MATERIALS AND METHODS
Patients. Between November 2003 and November 2004, all patients who pre-
sented to the outpatient pediatric rheumatology clinic of the University
Hospital Gasthuisberg, K.U. Leuven, and who fulfilled the ILAR criteria of
JIA25 were included in our study. In total, 100 patients were included. The
general disease characteristics of the patient cohort are shown in Table 1. All

JIA subtypes were represented: 12 children with systemic arthritis, 24 with
rheumatoid factor (RF)-negative polyarthritis, 1 with RF-positive polyarthri-
tis, 39 with oligoarthritis, 22 with enthesitis-related arthritis (ERA), and 2
with psoriatic arthritis. The sex ratio was 1.86:1 girls:boys (65 girls and 35
boys), and the median age at first examination was 10.5 years (range 1.7–19.4
yrs). The median disease duration at the time of the first orthodontic exami-
nation was 2.96 years (range 2 mo to 15 yrs). Current medication included
nonsteroidal antiinflammatory drugs (NSAID; 66%), low-dose cortico-
steroids (26%), methotrexate (MTX; 30%), tumor necrosis factor-α (TNF-α)
antagonists (9%), sulfasalazine (2%), thalidomide (1%), and cyclosporine
(1%).

Our study was performed with approval from the University Hospital
Gasthuisberg Institutional Review Board. Prior to inclusion of each patient,
informed consent was obtained according to the Declaration of Helsinki.

Clinical examination. All patients underwent a clinical rheumatological
examination (ADB or CW). The JIA patient group was divided into patients
with active disease or inactive disease or remission, according to the criteria
ofWallace, et al26: 66% of patients had active disease. Patients taking second-
line drugs (MTX, sulfasalazine, TNF-α antagonists, thalidomide, or
cyclosporine) were considered to have severe disease and constituted 30% of
the total study group.

Clinical diagnostic criteria for temporomandibular disorders have been
established27; however, there exists no classification scheme for JIA patients
with temporomandibular disorders. The clinical dentofacial examination was
carried out by a dentist/orthodontist (YH, VA), using a slightly adapted form
of the examination form of the Research Diagnostic Criteria28. The dentist
performed 4 aspects of examination, comprising the observation of jaw move-
ments, joint and muscle palpation, auscultation of the TMJ, and identification
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Table 1. Patient disease characteristics in total study group and study group undergoing radiological examina-
tion.

% in Total Study Group (n) % in Study Group Undergoing
(total n = 100) Radiological Assessment (n)

(Total n = 46)

Distribution according to JIA subtype*, % (n)
Systemic 12 (12) 15 (7)
Polyarticular RF– 24 (24) 22 (10)
Polyarticular RF+ 1 (1) 2 (1)
Oligoarticular 39 (39) 37 (17)
Enthesitis-related arthritis 22 (22) 22 (10)
Psoriatic arthritis 2 (2) 2 (1)

Male:female ratio* 1:1.86 (35 boys, 65 girls) 1:1.71 (17 boys, 29 girls)
Median age at first examination, yrs (range)† 10.5 (1.7–19.4) 9.33 (2.17–19.4)
Median disease duration at first 2.96 (2 mo–15 yrs) 3.04 (2 mo–15 yrs)
examination, yrs (range)†

Current medication*, % (n)
NSAID 66 (66) 70 (32)
Low-dose corticosteroid 26 (26) 35 (14)
Methotrexate 30 (30) 28 (13)
TNF-α antagonists 9 (9) 9 (4)
Sulfasalazine 2 (2) 0 (0)
Thalidomide 1 (1) 2 (1)
Cyclosporine 1 (1) 0 (0)

Disease activity*, % (n)
Active disease 66 (66) 72 (33)
Inactive disease or remission 34 (34) 28 (13)

Disease severity*
Severe disease 30 (30) 30 (14)
Mild disease 70 (70) 70 (32)

Clinical symptom(s) and/or sign(s)* 55 (55) 70 (32)

* Not significant, p > 0.05 by chi-square test; † not significant, p > 0.05 Mann-Whitney U test. JIA: juvenile idio-
pathic arthritis; RF, rheumatoid factor; NSAID, nonsteroidal antiinflammatory drug.
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of the occlusion pattern. The maximum jaw mobility was assessed by maxi-
mal interincisal mouth opening (MIO): upon maximal mouth opening, a mil-
limeter ruler was used to measure the vertical distance from the incisal edge
of the right maxillary central incisor to the labio-incisal edge of the opposing
mandibular incisor; if the right maxillary and mandibular central incisors
were missing, the left maxillary and mandibular central incisors were taken as
reference teeth. MIO was considered to be restricted when less than 29.5 mm
in a 3-year-old patient, less than 34.5 mm in a 4 to 6-year-old patient, and less
than 39.5 mm in a patient 7 years old or older29. The presence or absence of
TMJ sounds was assessed using a stethoscope, while patients were asked to
perform 5 types of movement, including opening, closing, bilateral excursion,
and protrusion. The presence or absence of masticatory muscle and TMJ pain
was assessed by bilateral palpation. The TMJ were palpated on the area ante-
rior to the trigs of the ear and the external acoustic meatus. The palpation sites
of the masticatory muscles included the temporal muscle area, the masseter
muscle area, the lateral pterygoid muscle area, and the medial pterygoid mus-
cle area. Muscle tenderness was elicited by unilateral palpation with firm fin-
ger pressure, giving rise to a force of approximately 1–2 pounds30. Dental
occlusion in the sagittal plane was classified as distal, neutral, or mesial
occlusion, on both the left and right side. It was considered to be distal/mesial
malocclusion if the molar occlusion deviated from neutral by more than 1/4
premolar width. Horizontal overjet, vertical overbite in the intercuspal contact
position was measured with a millimeter ruler. An anterior open bite was
defined as absence of vertical overlap between the incisal edges of the upper
and lower central incisors. Two series of repeated TMJ examinations in 10
healthy subjects with an interval of 1 week were not significantly different
(Wilcoxon matched-pair test).

Radiological assessment. A standard orthopantomogram (OPG) was used to
assess condylar morphological changes. This imaging technique is readily
available in routine clinical practice and allowed the simultaneous assessment
of condylar damage and mandibular ramus length (Figure 1). Also, this pro-
cedure could be readily combined with a lateral cephalogram (LCG), which
was used in cephalometric studies to assess cephalometric landmarks and ref-
erence planes. For the LCG, the head was fixed in a cephalostat and in cen-
tric occlusion (Cranex Tome®, Soredex, Helsinki, Finland). The magnifica-
tion was adjusted to 1.1. The exposure parameters vary depending on the age
and sex of the patients. The average value of kilovoltage (kV) peak was 70 kV
and the value of millianpere seconds (mAs) was between 1.8 and 3 mAs. For
each patient, a dentist/orthodontist (HY, VA) made tracings on acetate paper
of the OPG as well as the LCG.

On the basis of the cortical outline of the condyles, a “condylar damage
score” was determined (for both left and right condyle): 0 for normal, 1 for
small cortical bone erosion, 2 for flattened including subchondral trabecular
bone lesion, 3 for flattening with erosion, 4 for complete absence of condylar
head. Condylar damage was considered to be present when the score was
≥ 18 (Figure 1A). On the basis of reference landmarks on the LCG, cephalo-
metric measurements were performed according to Jacobson and Caufield31

(illustrations in a patient with JIA and a control patient are given in Figure
1B). No difference was found between 2 separate measurements of cephalo-
metric tracings on LCG (Wilcoxon matched-pair test). Finally, mandibular
ramus length, defined as the distance between point Co and point Go on OPG,
was measured (Figure 1C).

In total, 46 out of 100 patients consented to a radiological investigation,
consisting of an OPG and LCG. Although selection on a voluntary basis may
introduce a bias towards more severely affected patients agreeing to undergo
radiographic examination, the total study group (n = 100) and the radi-
ographed study group (n = 46) were found to be similar with respect to the
frequency of either of the general disease characteristics (Table 1), and the
distribution of the patients according to JIA subtype was equally found not to
be different between both groups (Mann-Whitney U and chi-square tests,
Table 1). Within the radiographed group, the median age was 9.33 years
(range 2.17–19.4 yrs) and the median disease duration at first examination
was 3.04 years (range 2 mo to 15 yrs). Within this subgroup, 7 patients had
systemic arthritis, 10 RF-negative polyarthritis, 1 RF-positive polyarthritis, 10
ERA, 17 oligoarthritis, and 1 psoriatic arthritis. Thirty-three (72%) patients

had active disease and 14 (30%) patients were considered to have severe dis-
ease. Finally, 32 (70%) patients showed at least one clinical symptom or sign
of TMJ arthritis, a proportion found not to differ from the proportion of 55
patients (55%) in the total JIA patient group (chi-square test).

Controls. The data on cephalometric references, obtained in the 46 patients
who underwent radiological evaluation, were studied in relation to those
obtained from age- and sex-matched historical controls: reference values for
each cephalometric parameter were retrieved from the Bolton Standards for
Dentofacial Growth and Development32, which cite mean values and standard
deviation of standard cephalometric measurements in a healthy population,
according to age and sex. This control group will be referred to as the histor-
ical controls. Secondly, in order to study the relation between condylar dam-
age and mandibular growth, the measurements of mandibular ramus length in
patients with JIA who underwent radiological evaluation were compared to
those of age- and sex-matched controls, selected from the population of chil-
dren who had previously sought orthodontic treatment at the Department of
Orthodontics, University Hospital Gasthuisberg, and who had, therefore, pre-
viously had radiological evaluation by OPG. For 32 of 46 patients with JIA,
an age- and sex-matched control was found in the patient databank. None of
the control subjects had JIA. This control group will be referred to as the
orthodontic controls.

Statistics. Statistical analyses were performed using Statistica 5.1 (StatSoft,
Tulsa, OK, USA). Numerical variables were tested between groups using the
Mann-Whitney U or the Wilcoxon matched-pair test. The chi-square test was
applied for comparison of ordinal variables between defined patient groups.
A p value < 0.05 was considered to indicate a statistically significant differ-
ence, 0.1 > p > 0.05 a statistical trend, and p > 0.1 a statistically nonsignifi-
cant relation (NS). When testing cephalometric variables, in order to correct
for multiple testing, the p value < 0.05 was divided by the number of null
hypotheses (7) tested. For these particular tests, a p value < 0.007 was con-
sidered to indicate a statistically significant difference, 0.014 > p > 0.007 a
statistical trend, and p > 0.014 a statistically NS relation.

RESULTS
Clinical signs and symptoms of TMJ arthritis. Out of 100
patients, 55% reported at least one symptom or sign of TMJ
arthritis (Table 2). Restricted mouth opening was the most fre-
quent clinical finding and was present in 28 patients. Ten
patients reported joint sounds and 22 reported muscle tender-
ness; 21 patients showed deviation of the mouth opening pat-
tern and 14 exhibited TMJ tenderness. The presence of
restricted mouth opening, but not the presence of other clini-
cal measures, was significantly more frequent in patient
groups with active disease, severe disease, and longstanding
disease (chi-square test). The frequency of the clinical
signs/symptoms was not different between JIA subtypes
(Table 2).

Evaluation of TMJ condylar damage on orthopantomogram.
Radiological evaluation was performed in 46 of 100 patients.
Although selected on the basis of voluntary agreement, this
subgroup of patients with JIA was found to be representative
for the total JIA study group with respect to the distribution
according to JIA subtype and the frequency of either of the
general disease characteristics (Table 1). In 1 patient (2%)
condylar damage could not be evaluated. In 36 patients (78%),
condylar damage was documented. In 25 patients (54%), the
damage was bilateral, in 11 patients (24%) unilateral, and the
degree of condylar damage varied from score 1 to 4 (Table 3,
illustrated in Figure 1A). There was no association between
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Figure 1. Radiographic measurements on orthopantomogram (OPG) and lateral cephalogram (LCG). A. OPG views of patients with varying degrees of condylar
damage. a. Normal condylar image on both condyles (score 0) in an 11-year-old girl with enthesitis-related arthritis for 4 months; b. an 8-year-old girl with
oligoarthritis for 5 years showing an oval cortical erosion on the posterior surface of the left condyle (score 1, arrow) and a flattened shape combined with a small
erosion on the anterior surface of the right condyle (score 3, dashed arrow); c. an 11-year-old girl with systemic-onset JIA for 10 years, showing bilateral flattened
condyles (score 2, arrow); d. bilateral complete absence of condylar heads in a 15-year-old boy with systemic onset JIA for 10 years (score 4, arrow). B. LCG of a
control patient (seeking orthodontic advice) (a) and from a JIA patient with longstanding TMJ arthritis (b), illustrating an increase in mandibular plane angle,
decrease in interincisal angle, decrease in ANB angle, and increase in lower anterior facial height. Definitions of cephalometric landmarks and cephalometric refer-
ence planes and measurements (based on Jacobson and Caufield31) are indicated. C. Measurement of mandibular ramus length: distance between point Co and point
Go. Co: when drawing the tangent line to the outline of the ramus, a perpendicular line is drawn that is tangential to the condylar surface: the tangent point is Co.
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the presence of any of the clinical signs and symptoms (joint
sounds, muscle tenderness, TMJ tenderness, deviating open-
ing pattern, restricted mouth opening) and the presence of
radiological condylar damage (chi-square test, data not
shown), nor was an association found between disease activi-
ty, disease severity, disease duration, or a particular JIA sub-
type and the presence of unilateral or bilateral condylar dam-
age (chi-square test, data not shown).

Cephalometric evaluation on lateral head plate. Of each indi-
vidual cephalogram, tracings of the anatomical landmarks
were made in order to allow measurement of reference lines
and angles that document craniofacial relationships (Figure
1B). The cephalometric measurements obtained in patients
with JIA were compared with Bolton standard healthy control
values, according to whether they did exhibit condylar dam-
age (n = 37) or did not (n = 9) (Tables 4 and 5). In the sub-
group of patients with JIA who did not exhibit radiological
condylar damage, significant differences in cephalometric
variables could not be found (Table 4). However, patients with
JIA exhibiting condylar damage scores of 1 to 4 had a signif-
icantly larger ANB and mandibular plane angle (MPA), and a
significantly larger total anterior facial height (TAFH) [medi-
an ANB 4.5° (range 0°–10°) vs 3.4° (2°–5°) (p = 0.002); MPA
40° (32°–51°) vs 31° (29°–34°) (p = 10-7); and TAFH 109 mm
(84–126 mm) vs 101 mm (82–119) (p = 3 × 10-7), Wilcoxon
matched-pair test]. In contrast, the interincisal and SNB

angles were significantly smaller [median interincisal angle
125° (range 105°–163°) vs 136° (133°–153°) (p = 10-6) and
SNB 78° (72°–84°) vs 79° (76°–82°) (p = 0.002), Wilcoxon
matched-pair test].

A separate analysis of the radiographed patients with JIA
exhibiting mild condylar damage only (maximal score 1, n =
12) showed a significantly larger MPA and TAFH, as well as
a statistical trend for a smaller interincisal angle, than the
Bolton control values (Table 5) [median MPA 37° (range
32°–45°) vs 31° (29°–33°) (p = 0.002), TAFH 111 mm
(103–122 mm) vs 101 mm (89–113 mm) (p = 0.002), and
interincisal 126° (115°–163°) vs 137° (133°–153°) (p =
0.012), Wicoxon matched-pair test].

Relation of condylar damage and mandibular ramus length.
In order to further document the growth disturbance induced
by condylar damage, we compared individual mandibular
ramus lengths (Figure 1C) between patients with JIA and their
sex- and age-matched orthodontic controls, for those JIA
condyles with a damage score ≥ 1. Individual left- and right-
side mandibular ramus lengths of patients with JIA were com-
pared with the respective left- and right-side values of ortho-
dontic controls. In total, 29 individual condyles and corre-
sponding ramus lengths were evaluated. The median
mandibular ramus length in patients with JIA was significant-
ly shorter than that of orthodontic controls [JIA median 64
mm (range 41–78.5 mm) and controls median 66.5 mm (range
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Table 2. Frequency of clinical sign(s)/symptoms(s) and relation with disease characteristics. The frequency of
each variable is indicated as % in total study group, n = 100.

Relation with Disease Characteristics, (p*)
Patients Exhibiting Clinical Sign/Symptom, % (n) Active Severe Longstanding JIA Subtype

Disease Disease Disease

Joint sounds 10 (10) NS NS NS NS
Muscle tenderness 22 (22) NS NS NS NS
Deviating opening pattern 21 (21) NS NS NS NS
Restricted mouth opening 28 (28) 0.03 0.04 0.04 NS
TMJ tenderness 14 (14) NS NS NS NS

* Chi-square test; NS: not significant.

Table 3. Frequency and pattern of condylar damage (n = 46). Frequency of lesions on orthopantomogram: n =
46 patients, 1 patient could not be evaluated. Distribution according to condylar damage score: analysis per-
formed on individual condyles: n = 46 patients, in 1 patient the condyle on one side could not be evaluated.

Frequency of Condylar Damage % of Patients (n)

Bilateral damage 54 (25)
Unilateral damage 24 (11)
No damage 20 (9)
Not evaluable 2 (1)

Distribution of condylar scores, % of individual condyles (n)
Score 4 3 (3)
Score 3 15 (14)
Score 2 22 (20)
Score 1 27 (25)
Score 0 32 (29)
Not available 1 (1)
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58.5–89 mm); p = 0.03, Wilcoxon matched-pair test, data not
shown).

DISCUSSION
This study of our cohort of patients with JIA, which com-
prised all JIA subtypes classified according to the revised
ILAR criteria, confirms the reported high frequency of clini-
cal and radiological signs of TMJ involvement. In contrast to
some previous studies, however, our data do not substantiate a
significant relation between TMJ involvement and particular
JIA subtypes, nor do they document a relation with disease
activity, severity, or duration. Our findings emphasize the
unpredictable and often insidious character of TMJ arthritis
and the risk for ongoing condylar damage, and illustrate that
condylar lesions — even at a minimal degree — affect
mandibular growth and lead to craniofacial alterations.

TMJ arthritis signs and/or symptoms were found in 55% of
patients, a frequency that falls within the range reported in the
literature14,19,22,29,33-35. Although studies have proposed vari-
ous clinical measures, such as pain during jaw excursion17,18

or restricted MIO3,14,23, as predictors for condylar damage,
most agree on their low sensitivity.

Restricted maximal interincisal mouth opening was found
to be the most frequent symptom, occurring in nearly one-

third of patients. It was more frequent in JIA patients with
longstanding disease, as reported17, but also in patients with
active or severe disease. Impaired function — during active
TMJ arthritis — of the TMJ articulation and the surrounding
muscles probably explains the association with disease activi-
ty, and possibly also that with disease severity.

About 1 in 6 patients exhibited TMJ or muscle tenderness.
Although, in accord with a previous study17, this frequency
may be an underestimate, as at the time of orthodontic exam-
ination two-thirds of our patients were being treated with
NSAID, which may have interfered with the experience of
pain. Moreover, the predominantly young age of our patients
may have influenced the assessment of subjective symptoms,
as described29.

The clinical sign of deviating mouth opening pattern has
been reported to be an important predictor of TMJ condylar
damage18. By contrast, in our cohort, its frequency (21%) was
far below the frequency of radiographic joint damage (78%),
and this observation argues against the potential value of this
clinical sign as a screening measure. The observation that
almost two-thirds of patients with TMJ arthritis-related
condylar damage exhibited bilateral damage, which may
result in restricted mouth opening without chin deviation,
probably accounts for this phenomenon.
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Table 4. Cephalometric measurements in JIA patients without (score 0, n = 9) or with condylar damage (score 1–4, n = 37), versus their respective Bolton
controls.

JIA Score 0 Bolton Controls p JIA Score 1–4 Bolton Controls p
Median (range) Median (range)

SNA (°) 82 (76–86) 83 (81–84) NS 83 (77–87) 83 (80–84) NS
SNB (°) 77 (74–83) 80 (78–81) NS 78 (72–84) 79 (76–82) 0.002
ANB (°) 5 (–1–7) 3.2 (2.5–3.6) NS 4.5 (0–10) 3.4 (2–5) 0.002
MPA (°) 35 (25–43) 31 (29–32) NS 40 (32–51) 31 (29–34) 0.0000001
Interincisal A (°) 126 (119–146) 135 (133–135) NS 125 (105–163) 136 (133–153) 0.000001
LAFH (mm) 57 (48–72) 58 (55–64) NS 62 (41–75) 54 (48–64) NS
TAFH (mm) 115 (102–122) 107 (105–119) NS 109 (84–126) 101 (82–119) 0.0000003

p values indicate difference between JIA patient group and age and sex matched Bolton controls (Wilcoxon matched-pair test). NS: not significant, p < 0.007
considered statistically significant, 0.007 < p < 0.014 a statistical trend (see Methods).

Table 5. Cephalometric measurements in JIA patients with mild condylar damage (maximal score 1, n = 12)
versus their respective Bolton controls.

JIA Score 1 Bolton Standards p
Median (range)

SNA (°) 83 (79–87) 83 (80–84) NS
SNB (°) 79 (76–84) 79 (77–82) NS
ANB (°) 4.5 (0–7.5) 3.3 (2.2–4.2) NS
MPA (°) 37 (32–45) 31 (29–33) 0.002
Interincisal A (°) 126 (115–163) 137 (133–153) 0.012
LAFH (mm) 62 (45–71) 54 (52–63) NS
TAFH (mm) 111 (103–122) 101 (89–113) 0.002

p values indicate difference between JIA patient group and age and sex matched Bolton controls (Wilcoxon
matched-pair test). NS: not significant, p < 0.007 considered statistically significant, 0.007 < p < 0.014 a statis-
tical trend (see Methods).
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Finally, some earlier studies found TMJ sounds to be very
frequent and to be a good predictor of radiological condylar
damage on OPG18,29. This was not confirmed in our study
cohort, however, and the reported observation that joint
sounds occur in up to 20% of healthy young individuals36 fur-
ther suggests that they are a poorly sensitive sign to detect
TMJ arthritis.

Whereas only 70% of the radiographed JIA patient group
reported clinical signs/symptoms of TMJ arthritis, 78% of
them exhibited condylar lesions, and this falls within the range
of reported frequencies8,14,15,23,29,33,37-39. In our cohort, 28%
of patients with condylar lesions did not exhibit clinical
signs/symptoms, and 71% of these patients without clinical
signs/symptoms did have condylar lesions. These observa-
tions support the poor correlation between clinical
signs/symptoms of TMJ arthritis and presence of TMJ arthri-
tis-related condylar damage.

Although radiographed patients were selected on the basis
of consent, the radiographed group and the total study group
were found to be similar with respect to the frequency of
either of the general disease characteristics and with respect to
the distribution of JIA subtypes. The radiographed group was
therefore considered representative of the total group.

The existence of a relation between general disease char-
acteristics such as disease activity, severity, and disease dura-
tion in particular, with TMJ condylar damage has been sug-
gested by others13,16-18,33,40,41 but was not confirmed in the
present large cohort, emphasizing the insidious nature of TMJ
involvement and the fact that it can occur early in the JIA dis-
ease course.

Some studies have reported that children suffering from
particular subtypes, in casu polyarticular arthritis or extended
pauciarticular arthritis, run a higher risk for TMJ involve-
ment5,7,13,16-18,33. Our data, however, clearly show that TMJ
damage occurs with similar frequency in systemic-onset, pol-
yarticular, oligoarticular, and enthesitis-related arthritis, indi-
cating a similar risk for all patients with JIA, irrespective of
their subtype.

In our study, the OPG appeared to be an efficient technique
to document TMJ abnormalities, as it yielded a frequency of
condylar damage that approached the reported prevalences of
TMJ abnormalities obtained with axial computerized tomog-
raphy scans4,9. However, contrast-enhanced magnetic reso-
nance imaging (MRI) may be an even more efficient and sen-
sitive method in diagnosing early inflammatory changes and
condylar erosions in the TMJ10,35. Nevertheless, the feasibili-
ty of the latter technique in a routine clinical setting is ham-
pered by its cost and the need for sedation or general anesthe-
sia in young children. Further, evaluation of possible associat-
ed craniofacial changes would still require an additional stan-
dard lateral cephalogram. Reportedly, ultrasonography is con-
sidered an acceptable alternative to MRI in diagnosing patho-
logical changes in the TMJ in rheumatoid arthritis42. Studies
using MRI and ultrasonography in a similarly large cohort of

patients with JIA representing all subtypes are needed to val-
idate our conclusions, in particular with respect to early stages
of TMJ arthritis.

Bilateral lesions were present in more than two-thirds of
affected patients, a frequency that is higher than has been
reported3,5,8,16,18, and 57% of patients exhibited asymmetry in
condylar damage (data not shown). These observations imply
that surgical procedures aiming to correct craniofacial
changes should be undertaken with caution as long as
mandibular growth has not been completed.

The typical dentofacial characteristics on the LCG of JIA
patients with documented radiographic condylar damage, in
comparison to age- and sex-matched historical controls,
included a significantly larger MPA and ANB angle, and a
significantly smaller interincisal angle and SNB angle, consti-
tuting mandibular retrognathia and a convex facial profile.
These cephalometric characteristics and facial composition
are in agreement with the findings in most previous
studies3,7,14,15,20,43,44.

In our study, all dentofacial measures were studied in rela-
tion to age- and sex-matched healthy controls. However, when
dentofacial anomalies were compared within the JIA group,
they were found to be uniformly distributed among JIA sub-
types. This is in contrast to previous studies, in which this type
of comparison suggested an increased frequency in patients
with polyarticular forms of arthritis.

Two previous reports, studying children with juvenile
chronic arthritis (JCA), have documented the association of
condylar damage with craniofacial alterations, by demonstrat-
ing differences in cephalometric angles between JCA children
with and without condylar lesions15,45. In our study, we per-
formed a paired analysis of JIA patients both with and with-
out condylar lesions, with their respective age- and sex-
matched historical controls, and we substantiate this relation-
ship. Importantly, we clearly show that even a minimal degree
of condylar damage is associated with significant changes in
craniofacial relations. Finally, age- and sex-matched case-con-
trol comparison of mandibular ramus lengths illustrates the
direct effect of condylar damage on mandibular growth.

Our study is the first to perform a prospective, comprehen-
sive, clinical, and case-control radiological evaluation of TMJ
arthritis and associated craniofacial morphology in a cohort of
patients with JIA comprising all subtypes according to the
revised ILAR criteria. We clearly demonstrate that TMJ
involvement and condylar damage are very frequent and can
occur in every child with JIA, irrespective of subtype.
Condylar damage may be present early in the disease course
and progress, even in the absence of clinical symptoms or
signs. Importantly, our data show that condylar damage, even
at a minimal degree, may lead to profound changes in cranio-
facial morphology.

As stated above, these conclusions are drawn with the fol-
lowing 2 reservations. First, the patient cohort used for OPG
condylar damage studies was selected on the basis of volun-
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tary agreement; however, it consisted of a large number of
patients, and, in particular, it was found to be representative
for the total JIA study group with respect to the distribution of
JIA subtype and general disease characteristics. Second, since
OPG is not suited to evaluate active TMJ synovitis and since
it may therefore miss early-onset TMJ arthritis, our conclu-
sions need to be validated by studies using MRI and ultra-
sonography in a similarly large cohort of patients with JIA.

Early recognition of TMJ condylar changes is important
for orthodontic diagnosis and treatment planning. From our
findings we propose that clinical followup of every patient
with JIA should include regular evaluation by an orthodontist
and imaging of the TMJ. The question as to which is the
appropriate imaging technique (sensitivity, safety, feasability)
for early detection of TMJ arthritis, in particular conventional
radiography versus MRI or ultrasonography, is the subject of
an ongoing study.
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