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Abstract
Objective: To investigate the relationship between radiographic JIA disease course in the TMJs and mandibular 
growth rotation, compared with growth in healthy individuals.

Methods: From a larger series of JIA patients followed from childhood to adulthood, 26 were included; 11 without and 
15 with bilateral radiographic TMJ involvement. Joint morphology and function were assessed at baseline, 2-, 4-, 6- and 
27 years follow-up. Mandibular growth rotation (anterior, posterior or none) was assessed from cephalometric 
evaluations at childhood and adulthood, with observations from 16 healthy individuals as controls. TMJ disease course 
and mandibular growth rotation were assessed independently and their relationship analysed. Non-parametric 
statistical methods were applied to test differences between groups.

Results: In the normal TMJ group of JIA patients the joint morphology was similar at the follow-ups and all patients 
had good function both in childhood and in adulthood. The mandibular growth rotation was similar to that of healthy 
controls, i.e. predominantly in anterior direction. In the abnormal TMJ group different JIA TMJ disease courses were 
observed and associated with changes in the mandibular growth rotation (p = 0.007).

Progressing JIA TMJ disease course was related to posterior mandibular growth rotation and improving disease
course to anterior mandibular growth rotation.

Conclusion: A relationship was found between JIA disease course in the TMJs and mandibular growth rotation, 
suggesting that a favourable growth could be regained in patients with improvement in TMJ morphology and/or TMJ 
function. To confirm this, further research on larger patient series is needed.

Background
Juvenile idiopathic arthritis (JIA) is a heterogeneous
group of conditions including seven subtypes according
to the ILAR (International League of Associations for
Rheumatology) classification [1]. The disease involves
persistent inflammation of one or more predominantly
large joints, and growth disturbances are characteristi-
cally found [2].

The temporomandibular joint (TMJ) is frequently
affected in JIA, leading to disturbed mandibular function

and growth, with micrognathia being a possible end
result [3-5]. Aberrant craniofacial morphology in differ-
ent age groups has been reported in a number of studies
[6-11]. Several TMJ studies of JIA patients have recently
been published [12-16], including a review of the litera-
ture [17]. However, only a limited number of the studies
are longitudinal, focusing on TMJ abnormalities related
to craniofacial growth, and most of them show a poste-
rior (dorsal) growth direction of the mandible [18-21]. In
one recent longitudinal study anterior growth rotation
dominated at a 5-year follow-up examination in patients
with improvement of TMJ involvement [22]. Comprehen-
sive studies on TMJ and craniofacial growth abnormali-
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ties, following patients from childhood to adulthood,
seem to be lacking.

From a group of 103 patients with JIA examined as chil-
dren [6,23], a follow-up examination of 60 patients as
adults was carried out without selection for TMJ and
craniofacial findings in childhood [24]. Although normal
facial profile was found, the majority of the adult patients
with TMJ involvement showed a smaller, more retrog-
nathic mandible and a steeper mandibular plane than
healthy controls [5]. The differences in craniofacial mor-
phology between the patients and the controls increased
with older age [25]. Further, the frequency of radio-
graphic TMJ involvement increased significantly from
childhood to adulthood [24]. Although the development
and progression of radiographic TMJ abnormalities was a
dominating feature, an evident improvement of radio-
graphic TMJ abnormalities also occurred.

The aim of the present study was to investigate the
association between radiographic JIA TMJ disease course
and mandibular growth rotation from childhood to adult-
hood, compared with growth in healthy individuals.

Methods
Ethical approvement
The study protocol was approved by the Regional Com-
mittee for Medical Research Ethics, Southern Norway,
and informed consent was obtained from the participants
at the final follow-up examination.

Subjects
JIA patients
The original material comprised 103 consecutive JIA
patients (71 girls, 32 boys) initially examined between
1976 and 1979. The mean age at baseline was 9.0 years
(range 2.5 - 16.4 years) and the mean age at disease onset
was 5.5 years (range 0.8 - 14.5 years). The patients were
examined with two-year intervals and followed for either
four or six years [6,23].

Sixty patients (mean age 35 years) participated volun-
tarily in a follow-up examination 23-31 years (mean 27)
after baseline [24]. From this group the patients in the
present study were selected: 11 (6 females, 5 males) regis-
tered without JIA TMJ involvement throughout the entire
follow-up period (normal TMJ group), and 15 (11
females, 4 males) registered with bilateral JIA TMJ
involvement before 12 years of age (abnormal TMJ
group). The presence or absence of JIA TMJ abnormali-
ties was judged by diagnostic imaging (see radiographic
TMJ examination section), including computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) at the
final follow-up. Patients with bilateral JIA TMJ involve-
ment after the age of 12, and those with unilateral JIA
TMJ involvement or internal TMJ derangement (disk dis-
placement with remodeling and/or osteoarthritis), were

excluded. Together with six patients who had undergone
orthognatic jaw surgery, a total of 34 of the 60 patients
were excluded from the present study.

At the registration in adult age, all patients underwent
clinical rheumatological examination and were classified
according to the ILAR classification of JIA [1] by one of
the authors (BF) with old and new patient files at hand.
Disease variables recorded were: number of active joints,
number of joints with limited range of motion, physi-
cian's overall assessment of disease activity and patient's
global assessment of well-being recorded from 100 mm
visual analogue scales (VAS) (where 0 indicates no activ-
ity or doing very well, and 100 indicates very high activity
or doing very poorly), and Health Assessment Question-
naire (HAQ) scores [26].

None of the patients had received local TMJ treatment
(steroid injection) in childhood. Three patients in the
normal TMJ group and five in the abnormal TMJ group
had been subject to orthodontic treatment.
Healthy control individuals
Mandibular growth in the JIA patients was compared
with growth in healthy subjects from "The University of
Oslo Craniofacial Growth Archives" which includes lat-
eral cephalograms and panoramic radiographs of more
than 2000 subjects [27]. Sixteen control subjects (11
females, 5 males) followed longitudinally from 9 to 21
years of age with lateral cephalograms, were selected for
the present study. Eleven (6 females, 5 males) were
matched for age and gender, as children, to the normal
TMJ group and 15 (11 females, 4 males) to the abnormal
TMJ group. None of the controls had any known joint
disease and they had not been subject to orthodontic
treatment.

Radiographic TMJ examination
To evaluate the course of disease in the TMJs two maxill-
ofacial radiologists (LZA, TAL) studied the entire file of
each patient, permitting comparison of later sets with
earlier sets of radiographs. The examinations at each reg-
istration consisted of panoramic and transcranial radio-
graphs at closed and open mouth, and occasional
tomograms, as recently described [24]. Attention was
paid to the change of mandibular condyle and temporal
bone morphology from one registration to another. A
classification system for TMJ disease severity based on
bone deformity (grade 0-3) was applied [24]: Grade 0:
normal joint, Grade 1: small abnormality, Grade 2: mod-
erate abnormality, Grade 3: extensive abnormality. Pro-
gressions or improvements within the limit of each grade
were also noted. Increasing joint deformation and devel-
opment or enlargement of bony erosions were inter-
preted as progressive changes. Normalization of joint
morphology and changes to a more clearly defined corti-
cal outline were interpreted as signs of improvement. The
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CT and MRI examinations at the final follow-up were
interpreted by one general and two maxillofacial radiolo-
gists (H-JS, LZA, TAL) [28], in order to confirm the pres-
ence or absence of TMJ abnormalities.

In addition to joint morphology the joint function,
assessed as mandibular condyle translation from closed
mouth to maximally opened mouth, was evaluated radio-
graphically. The midpoint of the condyle was identified as
previously described [29], and this point was located well
beyond, beyond, beneath or behind the point of the low-
est contour of the articular eminence [29,30]. Decreased
condylar translation was considered as a sign of progres-
sion and increased translation as a sign of improvement.

All radiologists had long experience in interpreting
TMJ images. They discussed the imaging TMJ diagnosis;
morphology and functional capacity, of each case until
consensus was met.

Cephalographic examination
The mandibular plane angle (MPA) was measured on
standard lateral cephalograms as the angle between the
mandibular line (ML) and the nasion-sella line (NSL)
(Fig. 1). This angle shows the tilting of the mandible in
relation to the anterior cranial base. An overall change in

this angle, between the first and final cephalographic
evaluation, was chosen as an expression of the direction
of the growth and its magnitude; referred to as "mandibu-
lar growth rotation" in this article. Anterior (ventral)
growth rotation was recorded when the MPA decreased
more than two degrees, posterior (dorsal) when the MPA
increased more than two degrees, and no growth rotation
when the MPA changed less than two degrees.

TMJ and cephalographic correlation
The TMJ disease course and the mandibular growth were
evaluated independently by different observers without
knowledge of the result of the others evaluation.

In the analysis of the relationship between JIA TMJ dis-
ease course and average mandibular growth, the exami-
nations closest to the patient age of nine years were used
and compared with those at the final examinations in
adulthood. This age was chosen in order to include
patients before the beginning of the pubertal growth
spurt, and further, there were 9-year-old healthy controls
available for comparison.

Statistics
Prior to tracing the cephalograms, a measurement error
study of the MPA was accomplished by the first author
(MF). Twenty randomly selected cephalograms were
measured twice with three weeks interval, demonstrating
an excellent intrarater reliability analyzed by intraclass
correlation, with a value of 0.99. The mean of the two
measurements were 27.4° (SD 3.7°) and 27.5° (SD 3.7°),
with a p-value of 0.85 (Wilcoxon test). All repeated mea-
surements except one, showed a difference of less than 1°
and the majority less than 0.5°. Mann-Whitney test was
applied for differences between the normal and abnormal
TMJ groups and controls, and for differences in clinical
rheumatologic data between the normal and abnormal
TMJ groups. Spearman's test was applied to analyze the
correlation between TMJ disease course and the mandib-
ular growth rotation. The level of significance was set at p
= 0.05.

Results
General disease variables
Patients in the abnormal TMJ group were significantly
different from those in the normal TMJ group regarding
disease onset age and disease duration, number of active
joints, joints with limited range of motion, and patients
global assessment of well being at final follow-up (Table
1).

TMJ findings
In the 11 JIA patients in the normal TMJ group, the joint
morphology changed very little between registrations of
the same patients from childhood to adulthood. All
patients had a very good TMJ function at baseline and at

Figure 1 Cephalometric landmarks and reference lines. s (sella), 
the midpoint of the cavity of sella turcica; n (nasion), the anterior point 
of the intersection between the nasal and frontal bones; ago (anterior 
gonion), the most inferior point of the gonion;gn (gnathion), the most 
inferior point of the mandibular symphysis; ML (mandibular line), tan-
gent to the inferior border of the mandible, from gn to ago; NSL (na-
sion-sella line), the anterior skull basis, from n to s.
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Table 1: Classification and clinical rheumatological data of 26 JIA patients

Normal TMJ* group
n = 11

Abnormal TMJ group
n = 15

p-values

ILAR diagnosis**

Oligoarthritis 3 (27%) 4 (27%)

Extended 
oligoarthritis

4 (27%)

Polyarthritis, 
rheumatoid 
factor positive

2 (18%) 3 (20%)

Polyarthritis, 
rheumatoid 
factor negative

1 (7%)

Systemic 
arthritis

3 (27%) 2 (13%)

Enthesitis 
related 
arthritis

2 (18%) 1 (7%)

Psoriatic 
arthritis

1 (9%)

Disease onset age 
(years)

6.4 ± 2.9 3.8 ± 1.9 0.012

Disease duration at 
final follow-up 
(years)

27.4 ± 2.3 30.1 ± 2.9 0.017

Mean age at final 
follow-up (years)

33.7 ± 2.6 33.9 ± 3.0 0.72

Disease variables at 
final follow-up:

Number of 
active joints 
(range 0-69)

1.0 ± 1.4 10.4 ± 15.0 0.033

Number of 
joints with 
limited range 
of motion 
(range 0-69)

3.2 ± 4.7 24.9 ± 23.6 0.009

Physician's 
global 
assessment (0-
100 mm VAS)

9.4 ± 19.1 24.9 ± 30.0 0.064

Patient's 
global 
assessment (0-
100 mm VAS)

4.8 ± 9.6 31.6 ± 17.4 0.001

Physical 
function (HAQ 
disability 
index, 
range 0-3)

0.5 ± 0.7 0.6 ± 0.6 0.23

Values are the number of patients (%), or the mean ± SD
* TMJ = temporomandibular joint
** Patients were classified at the final follow-up with old and new patient files at hand
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all follow-ups in childhood; the maximum translatory
movement of the mandibular condyle (midpoint) was
well beyond the lowest contour of the articular eminence.
For six patients this continued into adulthood, and for
three the condyles were positioned beneath the eminence
at maximally opened mouth. For the remaining two
patients functional images at the final examination were
missing.

In the 15 patients in the abnormal TMJ group, five
courses of disease in the TMJs were found: A) consis-
tently progressing - when the grade increased from 1 to 3
(n = 1); B) varying - when the disease both progressed
and improved during the observation time, either by
changing grades, or when one joint progressed and the
contralateral improved (n = 2); C) stable - when there
were no differences in grade and no improvement or pro-
gression within grades (n = 6); D) slightly improving -
when the TMJ grade improved from grade 3 to 2, or
improving within grade 2 including improvement in
function (n = 4); E) greatly improving - when the TMJ
grade improved from 3 or 2 to 1 (n = 2). The maximum
translatory movement of the mandibular condyle varied
between patients and within patients between follow-
ups.

Mandibular growth rotation and mandibular plane angle 
(MPA)
In the total series of 26 JIA patients, 14 showed an ante-
rior mandibular growth rotation, nine showed no growth
rotation, and three patients showed a posterior growth
rotation (Fig. 2). Large variations in magnitude of growth
were observed between the patients.

The mean MPA was larger in the abnormal TMJ group
than in the normal TMJ group both as children (p =
0.002) and as adults (p = 0.001) (Table 2). Comparisons
between the abnormal TMJ group and the healthy con-
trols revealed similar differences in the MPA as children
(p = 0.001) and as adults (p = 0.001). No significant differ-
ences in MPA were found between the normal TMJ
group and the healthy controls neither as children (p =
0.62) nor as adults (p = 0.77). All groups showed a mean
anterior mandibular growth direction. The smallest mag-
nitude of growth (less than two degrees) was found in the
abnormal TMJ group, but no statistical differences were
found (Table 2).

Association between TMJ findings and mandibular growth 
rotation
In the healthy controls and in the normal TMJ group, the
majority showed a decreasing MPA (Table 3). A typical
case from the normal TMJ group is illustrated in Figs. 2a,
3.

In the abnormal TMJ group, three patients had an
increasing MPA, while the remaining 12 were distributed

equally between a decreasing MPA and no change in the
MPA (Table 3). Differences in growth rotation were
observed with the different types of disease courses in the
TMJs and statistical analysis showed a correlation coeffi-
cient of 0.66 (p = 0.007). The largest difference was dem-
onstrated between the patient with consistently
progressing disease course and one patient with greatly
improving disease course. The first showed a posterior
growth rotation of nine degrees (Figs. 2b, 4), and the lat-
ter an anterior growth rotation of 12 degrees (Figs. 2c, 5,
6), both with a MPA larger than found in healthy individ-
uals throughout the observations.

In the patients with varying, stable or slightly improv-
ing disease course the mandibular growth rotation was
less evident, except for one patient with an anterior
growth of 12 degrees.

Discussion
In the present study the JIA course in the TMJs was
related to the growth rotation of the mandible. It is the
first study that analyzes JIA patients with and without
TMJ involvement from childhood to adulthood, using
growth in healthy individuals as control.

In the patient group with normal TMJs as judged from
conventional radiographs throughout the observation
period and verified by CT and MRI at the final follow-up,
the joint morphology was similar at all examinations as
recently demonstrated in healthy controls [24]. The man-
dibular growth pattern was similar to that of the controls
in accordance with the predominantly anterior growth
direction described in healthy individuals [31]. In the
present series also the MPA itself was similar in the nor-
mal TMJ group and the healthy controls, both as children
and as adults.

In the abnormal TMJ group 20% of the patients showed
a posterior mandibular growth rotation and 40% showed
an anterior growth rotation. As a consequence the mean
mandibular growth in the abnormal TMJ group had a
slightly anterior direction. For comparison, 73% in the
normal TMJ group and 63% in the healthy controls
showed an anterior mandibular growth rotation (Table
3). Most previous longitudinal studies on craniofacial
growth in JIA patients with TMJ involvement have shown
a posterior growth direction [18-21], except for the study
by Twilt et al. [22], reporting an anterior growth rotation
in patients with improving TMJ findings. In the present
study, the lack of difference in mean growth magnitude
between abnormal and normal TMJ groups and controls
could be explained by the great variations within the
groups. Also, many of our patients had JIA TMJ involve-
ment and a large MPA already at inclusion in the present
study. If much of the negative effect on the mandibular
growth rotation had occurred early, this would not have
been registered by our study design. Since many patients
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Figure 2 Mandibular growth rotation in three JIA patients. Schematic drawings of the change in the mandibular plane angle; angle between the 
mandibular plane (ML) and the cranial base (NSL), from childhood to adulthood, compare Fig. 1. (a) Anterior growth rotation (3 degrees) from 11 yrs 
(black line) to 33 yrs (red line) in the same patient as shown in Fig. 3. (b) Posterior growth direction (9 degrees) from 10 yrs (black line) to 38 yrs (red 
line) in the same patient as shown in Fig. 4. (c) Anterior growth direction (12 degrees) from 9 yrs (black line) to 33 yrs (red line) in the same patient as 
shown in Figs. 5, 6.
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show stable or improving conditions we may have missed
the initial progression of the disease. Ideally, the patients
should have been followed from an earlier age in order to
record the full impact of TMJ involvement on mandibular
growth rotation.

A posterior mandibular growth direction was found
among those with a consistently progressing, varying, or
stable disease course in the TMJs, but was not found
among those with an improving disease course. On the
contrary, four of those had an anterior growth direction.

The only others with such favourable mandibular growth
direction were found among those with a stable disease
course.

Those with a posterior growth direction had severe
bilateral TMJ involvement, grade 2 or 3. This is in accor-
dance with two case reports on JIA children [19,20] as
well as a study on micrognathic adults [29].

All three patients with a posterior growth direction in
the present study had impaired jaw function bilaterally.
As children, their condyles were located either behind or

Table 2: Cephalometric values in 26 JIA patients and corresponding healthy controls

Normal TMJ* 
group (n = 11)

Controls 
(n = 11)

Abnormal TMJ 
group (n = 15)

Controls 
(n = 15)

p-values

Abnormal 
TMJ vs 

normal TMJ

Normal 
TMJ vs 
control

Abnormal 
TMJ vs 
control

Variable Mean SD Mean SD Mean SD Mean SD

Age at 
examination 
in childhood

years 9.0 1.1 8.8 0.4 9.6 1.2 8.9 0.5 0.26 0.67 0.16

Disease 
duration at 
examination 
in childhood

years 2.6 2.3 5.7 2.0 0.003

MPA**, 
children

degrees 31.3 4.0 31.1 4.1 38.2 5.7 30.6 4.8 0.002 0.62 0.001

MPA, adults degrees 27.7 5.6 27.1 6.6 36.5 5.2 26.7 7.0 0.001 0.77 0.001

Diff*** in MPA degrees -3.6 3.3 -4.0 3.6 -1.7 5.5 -3.9 3.4 0.14 0.72 0.10

* TMJ = Temporomandibular joint
** MPA = Mandibular plane angle
*** Difference in MPA = MPA adults - MPA children. Negative value = Anterior growth direction of the mandible

Table 3: JIA disease course in the TMJs and mandibular growth rotation; rotation in controls for comparison

MPA* decrease more than 2 
degrees

MPA change less than 2 
degrees

MPA increase more than 2 
degrees

Healthy control group (n = 16) 10 6

Normal TMJ** group (n = 11) 8 3

Abnormal TMJ group (n = 15)

- Consistently 
progressing (n = 1)

1

- Varying (n = 2) 1 1

- Stable (n = 6) 2 3 1

- Slightly improving 
(n = 4)

2 2

- Greatly improving (n = 2) 2

* MPA = Mandibular plane angle
** TMJ = Temporomandibular joint
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beneath the articular eminence at maximally opened
mouth. The reduced translation is in accordance with
observations in children with JIA [32] and in adults with
micrognathia [29], both studies using healthy individuals
as controls. It should be noted that the mandibular con-
dyle translation in healthy children usually is pronounced
[32], with the condyle moving well beyond the articular
eminence. Such observations were made in the patients
without TMJ involvement in the present study (Fig. 3).
With increasing age the condyle translation in healthy
individuals will be less pronounced when related to the

articular eminence (Fig. 3), and a location beneath the
eminence at maximally opened mouth is considered
within the normal range [29].

Six patients with evident JIA TMJ abnormalities had an
anterior mandibular growth direction. This favourable
growth pattern could be explained by an improving TMJ
disease course in four of these patients, in accordance
with Twilt et al. [22]. In our study the function appeared
to follow the severity of disease in the TMJ at the different
registrations; an improved joint morphology was accom-
panied by an improved condyle translation. One patient

Figure 3 JIA patient with normal TMJs. Transcranial radiographs at closed (a,b,c) and maximally opened mouth (d,e,f), including tomogram (g) and 
MRI (h) at closed mouth. One joint shown from 11 to 33 yrs with normal anatomical structures and normal mandibular condyle translation at baseline 
(a,d,g), 2 yrs follow-up (b,e) and final follow-up (c,f,h). * = mandibular condyle. Mandibular growth rotation shown in Fig. 2a.
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with a pronounced anterior mandibular rotation of 12
degrees had a stable TMJ condition with good function
throughout the observation period. We believe the sus-
tained good joint function played a role in the favourable
mandibular growth rotation of this patient.

Another explanation for a favourable mandibular
growth rotation may be the development of hyperplastic
mandibular condyles and/or articular eminence/fossa
with an overgrowth in craniocaudal direction. One
patient with a normal craniofacial profile in adulthood

but no registered mandibular rotation had developed
extensive bone apposition of the articular eminence/fossa
after severe JIA involvement early in childhood [5,28]. It
is reasonable to believe that the pronounced overgrowth/
remodeling had prevented a posterior mandibular growth
direction.

Despite the low number of patients, a correlation was
found; the more progressive the JIA TMJ disease course,
the greater the risk for a posterior mandibular growth
direction and, the more improving the disease course, the

Figure 4 JIA patient with consistently progressing disease course in the TMJs. Transcranial radiographs at closed (a,b,c) and maximally opened 
mouth (d,e,f), including tomogram (g), and oblique sagittal (h) and oblique coronal (i) CT at closed mouth. One joint shown from 10 to 38 yrs with 
small bone abnormality and severely impaired condyle translation at baseline (a, d), moderate abnormality at 2 yrs follow-up (b,e,g) and extensive 
abnormality at final follow-up (c,f,h,i). * = mandibular condyle. Mandibular growth rotation shown in Fig. 2b.
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greater the chance for an anterior mandibular growth
direction.

The present study demonstrated the potential and
dynamics of mandibular growth. Even in patients with
early severe JIA TMJ involvement, normal growth rota-
tion of the mandible occurred when the TMJ arthritis
improved (Figs 2c, 5, 6). Early treatment must surely be of
utmost importance in JIA patients, suppressing the dis-
ease and maintaining normal growth.

The low disease onset age in the abnormal TMJ group
substantiates the observations made by Argyropoulou et
al. [15]. This group also had a generally more aggressive
disease course than the normal TMJ group. The medical
management of children in the 1970s and 1980s, when
these patients were diagnosed and treated, was different
from today's regimen [33,34]. At that time the general
treatment was initiated with NSAIDs and later supple-
mented with DMARDs and/or corticosteroids. Today the

Figure 5 JIA patient with greatly improving disease course in the TMJs, right joint. Transcranial radiographs at closed (a,b,c) and maximally 
opened mouth (d,e,f), including MRI (g) at closed mouth. Right joint shown from 5 to 33 yrs with extensive bone abnormality and severely impaired 
condyle translation at baseline (a,d), improved condyle morphology and translation at 2 yrs follow-up (b,e), and further improvement of morphology 
and translation at final follow-up (c,f,g). Note the normalization of the condyle position in the fossa at closed mouth between the first and last exam-
inations. * = mandibular condyle. Mandibular growth rotation shown in Fig. 2c.



Fjeld et al. Pediatric Rheumatology 2010, 8:13
http://www.ped-rheum.com/content/8/1/13

Page 11 of 13
medical treatment is much more aggressive with earlier
use of methotrexate and new biologic agents. Further, the
treatment is adjusted to JIA subtype. Hopefully, today's
treatment will have a positive impact on the craniofacial
development of patients with early TMJ involvement as
suggested by Ince et al. [35], but further studies are
needed to confirm such an effect. Steroid injections have
been reported to be a valuable treatment in children with
TMJ involvement [36-38], but also here, further studies

are needed to demonstrate its effect on craniofacial
growth. A study on rabbits have shown a negative effect
on mandibular growth after steroid injection in the TMJ
[39].

Five patients with bilateral TMJ involvement and a his-
tory of orthognathic jaw surgery were excluded from the
study. They represented the more extreme cases in man-
dibular growth and if they had been included, a greater
difference between patients with normal and abnormal

Figure 6 JIA patient with greatly improving disease course in the TMJs, left joint (same patient as in Fig. 5). Transcranial radiographs at closed 
(a,b,c) and maximally opened mouth (d,e,f), including MRI (g) at closed mouth. Left joint shown from 5 to 33 yrs with extensive bone abnormality, 
anterior position of the condyle in the fossa at closed mouth and severely impaired condyle translation at baseline (a,d), improved condyle morphol-
ogy and translation at 2 yrs follow-up (b,e), and further improvement of joint morphology and condyle position at final follow-up (c,f,g). * = mandibular 
condyle. Mandibular growth rotation shown in Fig. 2c.
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TMJs would probably have been the result. Pre-operative
cephalograms were not available and made such analysis
impossible.

Bilateral TMJ involvement before 12 years of age was
chosen in order to include the growth spurt, and thereby
observe the patients during the period of most extensive
growth. Pearson and Rönning [40] found that when TMJ
involvement occurred after the age of 12, craniofacial
growth disturbances were rare. Patients with unilateral
TMJ involvement were excluded from the present study
as the healthy side would camouflage the affected side
when measuring the mandibular plane angle. The pros-
pect of this study was to explore possible effects of JIA
TMJ disease course on mandibular growth, rather than to
report the frequency of such findings.

The mandibular plane angle was used as an expression
of the mandibular growth rotation in relation to the ante-
rior cranial base. According to Skieller et al. [41] this
angle can explain about 50% of the variability in the mag-
nitude of mandibular growth. Development of antegonial
notching of the lower mandibular border, leading to a
reduced MPA, may be seen in JIA patients [7,21]. This
would increase the risk of underestimating the posterior
mandibular growth rotation. However, in the present
study only one of the six patients with an anterior rota-
tion and one of the six patients without growth rotation
had evident antegonial notching bilaterally. Thus, the
MPA seemed to be a reliable estimate for the growth
rotation of the mandible.

The mean age of the healthy adult controls was more
than 10 years younger than that of the JIA patients. This
difference was probably without consequence since only
small changes in the MPA have been observed in adults
between 22 and 33 years of age [42].

Longitudinal studies of greater series of JIA patients are
needed to validate the different disease courses in the
TMJ and to assess the association with the craniofacial
development.

Conclusions
Despite the low number of patients, a relationship was
found between JIA disease course in the TMJs and man-
dibular growth rotation, suggesting that a favourable
growth could be regained in patients with improvement
in TMJ morphology and/or function.
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