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Abstract
A study was undertaken to examine the relationship

between the clinical signs and symptoms of temporoman-
dibular joint (TM]) disorders and computed tomographic
(CT) evidence of destruction of these joints in children af-

flicted with juvenile rheumatoid arthritis (JRA). A thor-
ough clinical examination including determination of the
craniomandibular index (CMI) was performed on each 
37 consecutive JRA patients (6-17 years old), who had also
received comprehensive evaluations of TMJ morphology by
axial CT (see Part I, Pediatr Dent, 17:46-53, 1995). Mea-
sures of facial asymmetry (photographic) and mandibular
size (cephalometric) also were collected. Published norms
for mandibular dimensions and for prevalences of symp-
toms and signs of TMJ disorders served as control data.
Various ANOVA and nonparametric statistical models
were used for analysis. Average maximal opening was sig-
nificantly less in the JRA subjects compared with the con-
trols, and more than 50% of the JRA children manifested
chin deviations or vertical disparities between mandibu-
lar angle regions, indicating compromised mandibular
function and form. With the exception of facial asymme-
try, however, none of the clinical signs or symptoms of TMJ
dysfunction were remarkable predictors of bony destruc-
tion of the TMJ. Subjects with definitive evidence (CT) 
TMJ destruction (62%) could not be ident~’ed reliably 
any of the clinical measures used here. These findings in-
dicate that clinical examination alone is inadequate for de-
tecting condylar degeneration in the TMJ of children with
JRA. (Pediatr Dent 18:312-19, 1996)

J
uvenile rheumatoid arthritis (JRA) is a major
chronic rheumatic disorder of childhood. The tem-
poromandibular joint (TMJ) can be involved in JRA

d destructive changes can result, but the relationship
between clinical signs and symptoms and joint abnor-
malities requires further clarification. Clinical exami-
nation of TMJ function in children afflicted with JRA
often reveals TMJ sounds, pain on mandibular move-
ment, and/or restricted mandibular opening, which

can be interpreted as evidence of TMJ internal derange-
ment. However, clinical examination alone is unreliable
for diagnosing degenerative condylar changes.1-3

Although plain film radiography generally is re-
garded as an important tool for detecting degenerative
changes of the TMJ in JRA patients,~9 computed tomog-
raphy (CT) may provide additional insight beyond the
two-dimensional radiographic methods. This three-
dimensional imaging may clarify the relationship be-
tween signs and symptoms of TMJ dysfunction and
skeletal abnormalities. This paper follows our earlier
report on the distribution of bony abnormalities in the
TMJ in JRA children as determined by CT (Part I)2 ° It
was found using CT imaging that nearly two-thirds of
the JRA children in our study had incurred varying
degrees of condylar degeneration. To establish which
of the following diagnostic clinical parameters corre-
late with joint degeneration, their relationship with the
CT findings was investigated: including the
craniomandibular index (and its constituent functional
and pain measures), measures of facial symmetry from
photographs, and cephalometric and demographic
variables. The distribution of clinical signs and symp-
toms of TMJ dysfunction and mandibular deformity in
the JRA children also was compared with population
norms for healthy children. This study also explored
the relationship between mandibular deformity and
TMJ degeneration.

Background
Using the combination of panoramic, transcranial,

and tomographic methods, Stabrun et al. 2 examined 103
JRA children and found more children with chin de-
viations and vertical differences between both man-
dibular angle regions in the group with radiographi-
cally detectable TMJ abnormalities than without such
abnormalities. In a study of functional capacity of the
TMJ in JRA, Larheim and Haan~es5 reported that all
patients had significantly decreased maximum open-
ing, protrusion, and lateral movement. They reported
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a relationship between mandibular under-develop-
ment and the degree of deterioration of the TMJ de-
tected radiographically. Garza11 also found signifi-
cantly smaller mandibular ramus heights and corpus
lengths than in normal children -- especially in the
systemic onset group -- in 42 patients with JRA.
Karhulahti et al. 12 reported that reduced maximum
opening, maximum protrusion, lateral movement of
the mandible, and pain in the TMJ area are reliable
signs for predicting TMJ involvement in JRA children.
Further, Stabrun et al. 13 concluded that unilateral joint
abnormalities resulted in mandibular asymmetry and
underdevelopment on the affected side. This group also
found arthritis of the TMJ to be negatively correlated
with mandibular growth and suggested that radio-
graphically visible changes in the TMJ had the most
obvious influence on mandibular length.

Methods and materials
The sample attributes of the 37 JRA children stud-

ied here are detailed in Part I2° The children were cat-
egorized and analyzed according to the distribution of
the disease and age of onset: 22% exhibited
pauciarticular involvement, 62% polyarticular disease,
and 16% systemic mode of onset. The ratio of females
to males was 4.3:1, similar to that reported by Barriga
et al.14 and Garza.11

A thorough clinical exam was performed to system-
atically inventory signs and symptoms of TMJ disor-
ders. Facial asymmetry was assessed with a photo-
graphic evaluation, mandibular dimensions by means
of a cephalometric analysis, and TMJ morphology us-
ing computed tomography.
Clinical analysis

The craniomandibular index (CMI)15,16 was the pri-
mary instrument used to characterize TMJ pain and
dysfunction and was recorded for each JRA subject. The
CMI is a composite index based on 62 equally weighted
items and varies along a scale from 0 to 1. Its two ma-
jor components are 1) a dysfunction index, which re-
flects problems in joint function and 2) a palpation in-
dex, which reflects muscle and capsular tenderness.
The dysfunction index includes limitation in range of
motion, deviation in movement, TMJ pain (score sig-
nifies number of movements, i.e., opening, protrusion,
~ight or left laterotrusion, in which pain was experi-
enced) and joint sounds (scored from 0-4) during 
tion. Jaw movements were measured with a Boley
gauge to 0.1 mm, and joint sounds were evaluated by
palpation and auscultation with a stethoscope. The
palpation index includes items related to tenderness on
palpation of intraoral and extraoral jaw muscles, neck
muscles, and TMJ capsule. Because of the absence of
published normative CMI values for children, data
derived from adults with and without TMJ disorders16

were used as reference. Differences between the ob-
tained distributions for the JRA children and the refer-
ence values were tested for statistical significance us-
ing one-sample t-tests.

Control data for the other clinical and cephalomet-
ric parameters were derived from a variety of sources,
all based on comparable North American children.
Normative information on the incidence and preva-
lence of clinical symptoms and signs of TMJ disorders
was derived from Brandt’s epidemiological study,17

which included 1,342 children from Saskatchewan of
the same age range. The cephalometric findings in our
sample were compared to the normative values derived
from Michigan school children. ~ These age-specific av-
erage linear and angular dimensions are based on fe-
male subsamples that average 27 subjects each.

Photographic symmetry analysis

Standardized photographs made with the same
equipment and camera settings were used to evaluate
facial asymmetry and mandibular deviation. Patients
were seated 1.5 m from the camera at a standard height
of 35 cm in the same chair, in natural head position~9

with eyes at the same level as the camera lens. Four
photographs were taken for each child: frontal, rest po-
sition; frontal, natural smile; right side view; and left
side view.

Canthi and chin points were traced from the 3x5
frontal rest photographs onto acetate paper by the first
author (Fig 1). To evaluate chin deviation, a perpen-
dicular line was drawn though the midpoint of the
intercanthal line (internasal line). Then, the relative po-
sition of the chin point (point C) to the internasal line

Rt. Lt.

Fig 1. Evaluation of lower facial asymmetry from frontal
photographs. Landmarks are: A = midpoint between
medial canthi; B -- contact point between upper and
lower lips; C -- chin point; D = right angular point; and E
= left angular point. Lines are: 1 -- intercanthal, 2 =
interlabial, and 3 = tangent to chin point. Lines 2 and 3
are defined so as to be parallel to line 1. Difference
between lines DD’ and El:’ represents vertical disparity in
position in mandibular angles. Deviation point C from
line AB represents horizontal asymmetry in chin position.
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was used to determine chin deviation. The vertical dif-
ference between the mandibular angle region of both
sides, modified from the method of Stabrun et al., 2 was
evaluated to assess general facial balance. The value of
the difference was obtained by comparing the distances
from both mandibular angles to the chin line (lines DD’
and EE’).

Cephalometric analysis

For each patient, a lateral cephalogram was exposed
by a single operator using a a single cephalometric X-
ray unit (Philips Orolix Pan DC III Ceph, Soredex,
Shelton, CT). The patient was seated and directed to
bite in centric occlusion. All cephalograms were made
at 0.5 sec with the machine set at 70 kilovolt (KV) and
10 milliampere (mA) using KodakTM T-MAT, G-1 film.
Cephalograms were traced manually and the measure-
ments, accurate to 1 ram, were taken for mandibular
length (Co-Pg) and ramus height (Co-Go) with a cepha-
lometric protractor (Fig 2). Using Student’s t-tests, the

Fig 2. Mandibular linear measurements made from
tracings of lateral cephalograms. Points are: Co --
Condylion; Pg -- Pogonion; Go -- Gonion. Mandibular
length is defined as Co-Pg, ramus height as Co-Go.

absolute measures of mandibular length and ramus
height were first compared to those for the same age
and sex subsamples reported by Riolo et al. 18 The nor-
mative means and standard deviations (SD) from these
subsamples also were used to compute standardized
measures across all ages, of mandibular length and
ramus height. These Z scores for each JRA subject were
computed by subtracting the normative mean from the
observed value and dividing this difference by the nor-
mative sample SD.

Computed tomography analysis
A pathosis score was assigned to each CT radio-

graph based on a qualitative evaluation of the axial CT

images of the TMJs. The details of this scoring system,
based on earlier radiographic schemes,y, 2o is outlined
in Part 1.1° Additionally the largest condylar dimension,
condylar angulation, constructed joint space, and
condylar cross-sectional area were measured.

A calibration session was held to ensure that the TMJ
pathosis scoring system was applied in a valid and re-
liable fashion; it served to calibrate the rater with indi-
viduals more experienced in the interpretation of TMJ
morphology (a craniofacial biologist, a maxillofacial
radiologist, and an oral and maxillofacial surgeon).
Films were first rated individually and then discussed.
Subsequent films were rated until the first author was
consistently in agreement with the others. After the
calibration session, the CT images for all of the subjects
were rated blindly by the first author.

Statistical analysis
Means and SDs for all continuous variables were

calculated for both JRA samples and the controls.
ANOVA with Tukey tests were used to compare the
differences among the three JRA groups; in the case of
non-normally distributed variables, Kruskal-Wallis
tests were used. Fisher’s exact test was used to test for
differences in prevalences of clinical signs and symp-
toms between the JRA sample and the control sample
and for an association between chin deviation and
greater TMJ involvement on the same side. Spearman
correlations were used to test for associations between
pairs of ordinal variables (e.g., that between the grade
of left TMJ lesions and the CMI). Pearson correlations
were employed to analyze the relationships between
continuous variables.

Results
The mean age and duration of disease for the pa-

tients in this JRA sample were 11 and 3.6 years respec-
tively. Five patients (13.5%) were rheumatoid factor
(RF) positive and 14 patients (37.8%) were antinuclear
acid (ANA) positive.

Clinical examination
The mean CMI value in this JRA sample was 0.18

(SD = 0.14; median = 0.14) with an observed range
from 0 to 0.63. The mean value indicates about 11
positive responses out of a total of 62 potential, with
a SD of 9. When compared with a reference value of
0.07 for normal adults,16 the mean value for these JRA
children was significantly greater (t = 4.6, P < 0.001).
When compared with reference values for groups of
adults diagnosed with craniomandibular disorders16

(of nonarthritic origin) that range from 0.34 to 0.48,
the total sample of JRA children had a profoundly
lower CMI score. Even when compared with the low-
est reference value for these adults, 0.34 (early stage
TMJ internal derangement group), the CMI was sig-
nificantly lower (t = -5.22, P < 0.001). Only the sys-
temic-onset group of JRA patients exhibited a CMI
(0.21) statistically indistinguishable from the refer-
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ence value of 0.34 (t = -1.43, P = 0.213). The mean
mandibular opening value in this study sample was
34 mm. Twelve (32.4%) subjects reported pain upon
opening, protrusion, or during lateral excursions.

Twenty-one patients (56.8%) had various types 
joint noise, such as reciprocal or nonreciprocal clicking
or popping. For mild joint noise, significant differences
were found between the JRA subjects and control chil-
dren younger than 13 years of age (Table 1); for severe
joint noise and joint pain, there were significant differ-
ences between the JRA and control values for age
groups 6-8, 11-12, and 15-17. In the 11- to 14-year-old
JRA children, there were significantly higher frequen-

cies of muscle tenderness than in controls. Among the
6- to 8-year-old, and 11- to 14-year-old age groups, sig-
nificantly more JRA children had decreased opening
(i.e., < 34 mm) than did controls. None of these clinical
symptoms/signs (CMI, opening, joint pain, and joint
noise) was associated with the duration or diagnostic
category of JRA. In addition, none of these variables
was related to the age of the patient.

Photographic symmetry analysis

Twenty-one patients (56.8%) had vertical differences
between their mandibular angle regions, and 24 pa-
tients (64.9%) revealed chin deviations on photographs.

TABLE . FRE( UENCY COUNTS OF POSITIVE SIGNS OF TM DISORDERS FOR DIFFERENT AGE GROUPS

Age (Years) 6-8 9-10 i1-12 13-14 15-17

Variables JRA Control P JRA Control P ]RA Control P JRA Control P JRA Control P
N=9 N=352 N=5 N=254

N=8N=364
N=7 N=364 N=7 N=90

Noise 3 14 0.006" 2 7 0.010" 4 26 0.002" 2 37 0.161 2 8 0.152
(mild)

Noise 1 1 0.049" 0 1 1.000 3 0 0.0001" 1 3 0.074 3 1 0.001"
(severe)

Joint 3 0 0.0001" 1 3 0.075 4 11 0.0001" 0 4 1.000 4 4 0.001"
pain

Muscle 2 46 0.341 1 23 0.388 4 14 0.002" 2 8 0.013" 2 6 0.102
tender

Open 7 56 0.0001" 2 30 0.117 4 55 0.025" 4 43 0.006" 3 35 1.000

¯ Probabilities for Fisher’s exact test for differences between the IRA subjects and control data in five age groups are shown (P < 0.05).

TABLE 2. RELATIONSHIP BETWEEN FACIAL ASYMM[TRY AND LATI~RAI_ITY OF TM LESIONS

Pauciarticular Polyarticular Systemic All
N=8 N=23 N=6 N=37

Variables Frequency Frequency Frequency Frequency
Right Left Right Left Right Left Right Left

Chin deviation & 0 2 3 4 1 0 4 6
unequal TMJ
involvement*

Chin deviation w/o
unequal TMJ
involvement

1 2 2 5 0 3 3 10

Unequal TMJ
involvement w/o
chin deviation

0 1 4 0 0 0 4 1

P NA 1.000 0.142 0.014" 0.167 NA 0.027" 0.029"

¯Probabilities of Fisher’s exact test for the association between chin deviation (from frontal photographs) and the same side more
severe joint involvement (from CTs) are shown.

t Unequal involvement of TM] lesion indicates subjects with the grade of one TM] higher than the other side (P < 0.05).
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TABLE3. STATISTICS FO~ MANDiBULAr LENGTH (ML), r,~u~ HEIGHT (RH)~,

AND THEIr STANDARDIZED COUNTERPARTS

Pauciarticular Polyarticular Systemic All groups
t¢=8 N=23 N=6 N=37

Variables Mean SD Mean SD Mean SD Mean SD P

ML 113.563 8.496 107.804 10.501 115.500 14.167 110.297 10.961 0.251
SML 0.313 2.642 -0.757 1.757 -1.267 2.460 -0.657 2.070 0.492
RH 60.688 7.056 53.661 5.782 59.333 9.806 56.100 7.327 0.042"
SRH 0.288 1.840 0.657 1.853 -0.250 1.387 0.430 1.772 0.549

¯ Probabilities for ANOVA tests for differences among the three JRA groups are shown (P< 0.05).
ML = absolute mandibular length, measured in mm; SML = standardized mandibular length; RH = absolute ramus height; SRH =
standardized ramus height.

Sixteen patients (43.2%) had both manifestations of fa-
cial asymmetry.

Four patients (10.8%) manifested chin deviations
to the right side and also had more severe lesions of
the right TMJ (the grade of right TMJ was higher than
that of the left). Also, six patients (16.2%) showed
analogous left-side manifestations (Table 2). In ad-
dition, there was a significant association between
chin deviation and the severity of the same-sided
TMJ lesions in the total JRA sample as revealed by
Fisher’s exact test (P < 0.030). When analyzed by JRA
type, this association was only significant for the
polyarticular group, for the left side (P = 0.14).

Chin deviation was highly correlated with the CMI
value according to the Spearman correlation (= 0.502,
P < 0.05). Chin deviation also was correlated with the
vertical difference of the mandibular angle regions in
the photographic evaluation (= 0.356, P < 0.05). Chin
deviation and TMJ noise also were correlated with each
other (= 0.340, P < 0.05).

Computed tomography
On a scale of 0 to 5, the average pathosis grade for

both condyles was 0.74. In 62.2% of the total JRA
sample, the grade was 1 for at least one joint and ex-
hibited radiographically detectable lesions. There was
a trend in which grades of TMJ lesions were lowest in
the pauciarticular, highest in the systemic, and inter-
mediate in the polyarticular group. Twenty-seven per-
cent of the JRA children exhibited unilateral TMJ in-
volvement.l°Apparent differences among the three JRA
groups in CMI, opening, pain, or joint noise did not
attain statistical significance when tested with the
Kruskal-Wallis analyses. There was, however, a signifi-
cant correlation between the CMI value and the patho-
sis index for the left joint as indicated by the Spearman
correlation (= 0.376, P < 0.05). The correlation also was
relatively high between the vertical difference in man-
dibular angle regions and the average grade of the TMJ
(= 0.303, P < 0.05).

Cephalometric analysis

The mean absolute mandibular length of this sample.
was 110.3 mm and the mean absolute ramus height was

56.1 mm (Table 3). There were 22 patients (60.7%)
whose mandibular lengths were less than the norma-
tive mean values, and 19 patients (51.4%) whose ramus
heights were less than the norms.18 Totally, 17 patients
(45.9%) had both mandibular length and ramus height
values that were less than their normative counterparts.
Though smaller mandibular lengths were observed in
the JRA sample when compared with the controls, none
of these mean differences attained statistical signifi-
cance, nor were there significant differences among the
three JRA groups for mandibular length. A significant
difference in absolute ramus height was found among
the three JRA groups as indicated by ANOVA test (P
< 0.042, Table 3). Ramus height was considerably
smaller in the polyarticular group than in the other two
groups. The mean standardized mandibular length and
ramus height for the JRA sample were -0.66 and +0.43,
respectively. The systemic group had the lowest mean
standardized mandibular length, the polyarticular
group had an intermediate value, and the
pauciarticular group had the highest value (however,
these differences were also not significant).

Mandibular length was negatively correlated with

age in all JRA subjects (r = -0.395, P < 0.016). Spearman
correlations demonstrated moderately strong inverse
relationships between average grade of the TMJ with
mandibular length as well as with ramus height in both
the pauciarticular and polyarticular groups (= -0.446,
= -0.694; P < 0.05). The standardized (age-adjusted)
measures of mandibular length and ramus height also
were significantly negatively correlated with the aver-
age grades of TMJ lesions (= -0.505, P < 0.005; = -0.329,
P < 0.05). Also, the duration of JRA was negatively cor-
related with standardized mandibular length (r 
-0.361, P < 0.028). No associations could be found be-
tween RF or ANA and the various indicators of man-
dibular growth (i.e., absolute or standardized man-
dibular length and ramus height).

Discussion
The JRA children evaluated here exhibited a higher

percentage of polyarticular and lower percentage of
pauciarticular patients than reported by Calabro.21, 22
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The rate of 62% TMJ involvement based on the CT mor-
phological evidence in our sample is at the high end of
the range of 5-65% reported in JRA.2’ 6,12,14, 23-25 Based on
these findings, one might also expect relatively high
rates of signs and symptoms of TMJ disorders, but the
craniomandibular index of this sample was relatively
low (0.18), and the majority of patients had no palpa-
tion tenderness. This CMI is substantially lower than
that typical of the clinical population of adults with
craniomandibular disorders (0.42).16 Present findings
also contrast those of Forsburg et al., 26 who found a
high rate of palpation tenderness in the posterior as-
pect of the TMJs in JRA patients. They also found a high
prevalence of reduced TMJ mobility and crepitations,
which were low in this study. They focused on a se-
verely afflicted group of JRA patients, while our group
represents a broader spectrum of JRA patients.

The systemic-onset group of JRA patients had the
highest CMI and the pauciarticular group had the low-
est value, which is consistent with Garza,11 whose sys-
temic patients had more severe signs and symptoms
than the other two groups. Also, only the mean CMI
(0.21) for systemic group could not be distinguished
statistically from that typical of adults with early stage
craniomandibular disorders. This failure to find a dif-
ference may be more reflective of the small systemic-
onset sample size (N = 6) and attendant lack of statisti-
cal power rather than any real comparability between
these two groups.

The reliability and validity of the CMI has been es-
tablished in the scientific literature for the adult popu-
lation15,16 and therefore was chosen for this study from

the many diagnostic indices available. However, it
should be understood that further work is needed to
calibrate this index for children. The low CMI values
found here may reflect this need.

In three of the five age groups examined, dispropor-
tionately more JRA children had limited opening (< 35
mm) than normal age counterparts reported by
Brandt27 The mean opening value of 34.02 mm for the
total JRA sample does not differ significantly from the
normative value of 35 mm. However, mandibular
opening in the JRA patients may be achieved prima-
rily by means of condylar rotation with restricted trans-
lation. Further investigation of condylar movement in
these patients is indicated. The negative correlation
between the average grade and maximal opening
showed that the opening was more limited as the TMJ
was more severely involved. However, the lack of an
association between diagnostic category and the extent
of opening suggests that limited opening was not con-
fined to any particular type of JRA.

No association between diagnostic category and
joint pain could be found in this study. The average
grade of TMJ lesions was not related to joint pain upon
opening, protrusion, or during lateral excursions. Sev-
eral explanations for these findings regarding pain
have been offered. JRA children may have a high
threshold for pain, perhaps limiting their complaints.27
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Also, pain is a subjective experience and depends on
an individual’s tolerance; tolerance in JRA children
may be greater than in healthy children for whom pain
is an infrequent experience. Also, many of these JRA
patients receive nonsteroidal anti-inflammatory drugs
that may ameliorate or mask TMJ pain.

The circumpubertal age group (11-12) reported sig-
nificantly more symptoms than controls,17 which agrees
with the studies by Forsburg et al. 26 and Olson et al.28

Collectively, these findings suggest that hormonal
changes during puberty (primarily in females) may
either exacerbate active disease in the TMJ and/or re-
sult in heightened perception of pain and discomfort
in this and other joints.

Lower facial asymmetry was a positive indicator of
joint deterioration: the vertical difference of mandibu-
lar angle regions, expressed as the difference in ramus
height between the two sides, was found to be associ-
ated with the average grade of TMJ lesions. Stabrun et
al. 2 also indicated that the vertical difference between
the two mandibular angles was associated significantly
with the presence of TMJ abnormalities and the most
sensitive indicator of TMJ involvement in JRA. How-
ever, they did not describe exactly how reference lines
were constructed. This is important, as the location of
the mandibular angles may be difficult to determine,
especially in children with chubby cheeks. We offer a
simple and repeatable method for making this assess-
ment of facial asymmetry.

Unequal TMJ involvement, defined in this study as
one TMJ having a higher grade than the other, was in-
vestigated for its relationship with chin deviation to the
same side. Greater destruction of the left TMJ was
found to be associated with same-sided chin deviations
in all JRA subjects. This has potential clinical value in
the early and noninvasive detection of TMJ pathosis.
We found 35.1% of the JRA subjects had chin devia-
tions. Stabrun et al. 2 reported a lower prevalence of
asymmetry (25.7%), but did not differentiate between
deviation to the right and left sides. However, they later
reported a strong association between facial asymme-
try and TMJ abnormalities and concluded that the ver-
tical difference between the mandibular ramus heights
caused a deviation to one side at maximal opening or
protrusion and that this would indicate unilateral TMJ
involvement.13

Although the significance of these correlations
clearly demonstrates the presence of real relationships
between sign/symptoms and TMJ disease (i.e., that
evidenced by the CT variables), they are for the most
part, of insufficient magnitude to reliably predict degen-
erative changes in an individual child. Variance in the
most predictive clinical variables (nonradiographic) ex-
plain only 9-13%* of the variance in destructive

* If simple linear regressions (rather than Spearman correlations)
of the CT variables on the clinical variables are computed, the R2
values, which reflect the percentage of variance in the outcome
variable that is explained by that in the predictor variable, fall in
this approximate range.
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changes in the mandibular condyle. The linear man-
dibular measures (cephalometric) predict somewhat
better, explaining from 10 to 50% of the variance in
TMJ destruction.

Clinical symptoms and signs by themselves were not
reliable indicators of TMJ condylar destruction, agreeing
with previous studies that some type of radiographic
evaluation is required.2.4,6,~,24 Although our subjects had
more limited mandibular opening than did unaffected
children, the functional deficit was not correlated with the
extent of TMJ condylar destruction, as evaluated from
CTs. Pain was not a reliable indicator for TMJ con.dylar
degeneration in this study. This finding contrasts the re-
ports of Karhulahti et a122and Muir and Goss.7

Clinical examination has been reported to have high
diagnostic sensitivity and specificity with regard to
TMJ internal derangement.29-~ These reports are not
inconsistent with our study. TMJ dysfunction in the
majority of patients is manifest in the soft tissues of the
extracapsular and intracapsular structures. Clinical
exam is reliable in quantifying dysfunction and soft tis-
sue derangement. However, our study suggests that it
has limited value in predicting the extent of bone de-
generation in the joint.

Mandibular growth and TMJ abnormalities
In all, 17 patients (45.9%) manifested micrognathic

tendencies as defined by smaller than normal absolute
mandibular lengths and ramus heights. The ongoing
secular trend may have some bearing on the normative
cephalometric data used in this study, collected ap-
proximately 25-40 years ago. Children in a contempo-
raneous control group would be larger than those in
this study, making the findings of diminished linear
measurements more profound (Garza~).

The negative correlation between the average grade
of TMJ lesions and standardized mandibular length
showed that mandibular length is smallest in those in-
dividuals in whom TMJ lesions are most severe. The
standardized mandibular length measurements (Z
score) had the effects of age and sex removed by refer-
ence to the normative data of Riolo et al., ~ yielding even
higher correlations with other variables than with ab-
solute mandibular length. This significant relationship
between the radiographic evidence of TMJ lesions and
deficient mandibular size supports the conclusion that
TMJ destruction contributes to reduced mandibular
growth and agrees with Stabrun et al., ~ who found a
strong negative correlation between radiographic evi-
dence of arthritis in the TMJ and mandibular growth.

Among the three JRA groups, systemic subjects ex-
hibited the most deficient mandibular length values
with a Z score of -1.27, which indicates that on aver-
age, these children were slightly more than I SD below
the population norm for healthy children.~SThe mean
of standardized ramus height was 0.43 in this JRA
sample, and the systemic group had a Z score of -0.25.
This suggests that deficient mandibular growth was not
reflected in ramus height, at least in the pauciarticular

and polyarticular groups. Such a finding might be ex-
plained by compensatory growth resulting in the de-
velopment of exostosis,a2 Bjtrk and Skieller~3 inter-
preted this to be the result of a pronounced posterior
rotation of the mandible in JRA children. They also
suggested that these children exhibit significantly ac-
centuated antegonial notches as a result of excessive
bone apposition in the gonial region. In the view of
Seymour et al., ~ this accentuation of the antegonial
notch occurs in conjunction with a reduced ramus
height and a shortened mandibular body.

Our findings and those of others indicate that de-
struction of the mandibular condyle is related to an
overall reduction in mandibular size. Two possible
explanations, not necessarily mutually exclusive, ac-
count for this phenomenon. The first may involve an
acute catastrophic event. If inflammation and de-
struction of the TMJ from the JRA is intense, a rapid
alteration of condylar structure could occur, accom-
panied by a decrease in vertical support and man-
dibular length. The second mechanism may involve
a more protracted effect on growth. Ongoing endo-
chondral bone formation in the condyle is key to the
mandibular enlargement that occurs normally dur-
ing maturation. If cellular activity within the condy-
lar head is disturbed by the JRA disease process,
growth of the mandible may be compromised, result-
ing in facial deformity.

The relationship between clinical signs and symp-
toms of TMJ dysfunction and CT evidence of bone de-
struction in the TMJs of these children was examined.
The CT methods used here detected a prevalence of
TMJ destruction sufficiently high to warrant concern.
The magnitude of condylar degeneration was not cor-
related strongly with any of the clinical examination
findings; those subjects with definitive CT evidence of
TMJ destruction (62%) could not be identified reliably
using any of the clinical parameters. These results sug-
gest that the TMJ should be assessed thoroughly by
clinical examination in conjunction with imaging tech-
niques that might provide additional information about
the level of intracapsular bone involvement. This infor-
mation would be helpful for early treatment interven-
tion, potentially reducing the devastating degenerative
effects of this disease on masticatory function and
growth of the facial skeleton.

Conclusions
1. The circumpubertal group of JRA children (11-12

years) exhibited significantly higher frequencies of
joint noise and pain and muscle tenderness and de-
creased opening than those found in unaffected chil-
dren.

2. The craniomandibular index (CMI) was generally
low in this sample, and not a good predictor of bony
destruction of TMJ.

3. More than 50% of the patients showed chin devia-
tion or vertical difference between mandibular angle
regions, and the latter was correlated with the aver-
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age grade of the TMJ lesions. This manifestation may
be of some value in detecting TMJ abnormalities.

4. When mandibular length was standardized (age and

sex effects removed), it was found to have a nega-

tive association with the extent of TMJ pathosis, that
is, those with the most severe joint abnormalities

tended to have the shortest mandibular lengths.
5. In general, none of the clinical signs and symptoms

examined here were consistently reliable indicators

of osseous TMJ degeneration in children with JRA.
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