





Reliability of bite force

Figure 4. Bland-Altman plot for the difference between test and retest (test 1 - 2) of the
anterior maximum voluntary bite force (AMVBF) for healthy children. The dashed line rep-
resents the mean difference between test and retest, and the striped lines represent the
95% limits of agreement
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Figure 5. Bland-Altman plot for the difference between test and retest (test 2 - 3) of the
anterior maximum voluntary bite force (AMVBF) for healthy children. The dashed line rep-
resents the mean difference between test and retest, and the striped lines represent the
95% limits of agreement
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Figure 6. Bland-Altman plot for the difference between test and retest (test 1 - 3) of the
anterior maximum voluntary bite force (AMVBF) for healthy children. The dashed line rep-
resents the mean difference between test and retest, and the striped lines represent the
95% limits of agreement
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Outliers were identified through the Bland-Altman plots. We checked these outliers
for procedural errors. No explanation was found for the outliers, and therefore we
interpreted these as normal fluctuations.

Discussion

The reliability of AMVBF in children with JIA and in healthy children was evaluated by
determining the ICC, SEM, SDC, LoA and Bland-Altman plots. The established ICCs
showed at least good reliability in children with JIA. The ICCs corrected for age showed
in childrenwith JIA good to excellent ICCs and in healthy children moderate to excellent
ICCs. While the ICC is arelative measure of reliability, the SEM is an absolute index for
reliability. The SEM in children with JIA varied between 2.0 N and 4.1 N, and in healthy
children between 5.1 N and 6.9 N. This is relatively small compared to the mean of the
measured AMVBFs (114.9-142.4 N; Table 1). Moreover, the SEM values are below the SDC,
varying between 5.6 N and 19.1 N. Adifference of 11.4 N (9.1%) can at least be detected
in children with JIA, and 19.1 N (13.7%) in healthy children as a true difference instead
of the result of measurement uncertainty. The LoA showed a wide spread of variability
in both children with JIA and healthy children, with the highest ranges in AMVBF, _.

The ICC showed good to excellent reliability in both children with JIA and healthy children.
However, ICC shows the degree of association and not agreement.(22) In our data, we

found a trend for increasing bite force levels during the attempts. This is also reflected
inthe mean AMVBF; AMVBF, showed the highestvalue (Table 1). A possible explanation
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for this might be a learning effect, i.e. getting used to the bite force transducer. During
data collection, we also noticed a competitive effect during the measurements:
in the third attempt, children wanted to reach the highest possible bite force.

Additionally, we noticed in the Bland-Altman plots that the differences between the test
and retestincreased in value proportionally to the bite force value. This offers nuance
regarding the calculated wide ranges of the LoA. In such cases, a transformation of
the data on alog scale can be useful.(22) The log transformed data provide the spread
of variability adjusted to the amount of AMVBF. The difficulty in interpreting such log
transformed variables for clinical use is a main concern.(23) Therefore, we decided
not to use transformation on a log scale. The LoA are probably too wide for small
AMVBF values, and probably too narrow for large AMVBF values. As a result, lower
AMVBF values seem to be more reliable than larger AMVBF values. This finding may
be relevant, as the main clinical focus is on lower AMVBF values in children with JIA.
Lower AMVBF values were found in children with JIA and TMJ involvement, while higher
AMVBF values were found in children with JIAwithout TMJ involvement and in healthy
children.(10,12)

Greater variability has been reported in older healthy children than in younger healthy
children.(19,24) Therefore, ICCs corrected for age are recommended. In our study, we
found good to excellent ICCsin all ages in children with JIA, while in healthy children, the
ICC was moderate in children at the ages of 8, 15 and 17 years. However, we did notice
greater variability in larger bite force measurements. This may correspond with the
increase in bite force with each year of age, and the proportionalincrease in SD (S1 Table).

Most studies have examined molar bite force, generating a higher bite force value than
those from the interincisal region.(19,25,26) The recording technique influences the
bite force level, but also its variability [19]. Therefore, itis difficult to compare different
recording techniques with each other.(1,25) Interincisal bite force was found to have
the highest reliability in healthy children.(19) Another reason to choose the interincisal
bite force measurement is the more symmetrical bite than bite force measurements
with unilateral molar bites. Moreover, the bite force transducer in the molar region
will lead to a larger gape than interincisal bites, which might be technically more
difficult to apply. This can be cumbersome in some younger children and in children
with a restricted mouth opening, for example children with JIA. However, interincisal
measurements may have some disadvantages as well. The pressure exerted on the
frontteeth may resultin an unusual sensation that could have influenced the bite force
results. In our data, one child did not complete all bite force attempts due pain of the
front teeth, and was therefore excluded from the analysis. In addition, two attempts
of AMVBF, and four attempts of AMVBF, were missing due to pain in the front teeth.
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In conclusion, AMVBF measurements showed good to excellent reliability in children
with JIA based on the ICCs corrected for age. In healthy children, the reliability was
moderate to excellent. The SDC in our study indicated that values above 11.4N in
children with JIA might be a clinical relevant change over time. In further studies the
founded SDC can be useful for longitudinal monitoring of the AMVBF in children with
JIA, as this is suggest as an optimal managementin patients with JIA.(13) Wide ranges
of LoAwere found in both children with JIA and in healthy children. However, we noticed
in the Bland-Altman plots that the differences between the test and retest increased
invalue proportionally to the bite force value. Therefore, the LoA are probably too wide
for small AMVBF values, and probably too narrow for large AMVBF values. Overall,
low AMVBF values in children with JIA seemed to have the highest reliability in our
study. This finding may be useful, as the main clinical focus is on lower AMVBF values
in children with JIA.
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Abstract

Background: Mandibular range of motion (MROM) variables are widely used to
evaluate oral function.

Objective: The aim of this study was to establish the reliability of MROM variables in
healthy children.

Methods: In this cross-sectional study, healthy children were examined 2 weeks apart.
The following MROM variables were established: active maximum interincisal opening
(AMIO), passive maximum interincisal opening (PMIO), protrusion, and left and right
laterotrusion. The reliability of the MROM measurements was determined by analysing
the intra-class correlation coefficient (ICC), standard error of measurement (SEM),
smallest detectable change (SDC), and limits of agreement (LoA).

Results: A total of 167 healthy children were examined. The ICC indicated good
reliability for AMIO (0.885); excellent reliability for PMIO (0.925); and moderate
reliability for protrusion (0.578), laterotrusion left (0.601), and laterotrusion right
(0.634). The SDC was 0.9 mm for AMIO, 0.4 mm for PMIO, 2.2 mm for protrusion, 1.6
mm for laterotrusion left, and 1.4 mm for laterotrusion right. The LoA was -5.67 to
5.82 for AMIO, -3.90 to 3.57 for PMIO, -3.89 to 3.55 for protrusion, -2.99 to 2.77 for
laterotrusion left, and -2.71 to 2.77 for laterotrusion right.

Conclusions: AMIO and PMIO measurements are both highly reliable in healthy
children. The low SDC indicate that AMIO and PMIO are promising longitudinal
measurements. Protrusion and laterotrusion measurements had moderate reliability.
These results support our clinical recommendation to measure AMIO rather than
PMIO, as PMIO is more difficult and more time-consuming to perform than AMIO.
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Reliability of mandibular range of motion measurements in healthy children

Introduction

Mandibular range of motion (MROM) variables such as the mouth opening, protrusion
and laterotrusion are widely used in the clinical examination of the masticatory system
in order to appraise oral function. The active maximum interincisal opening (AMIO) is
one of the most used clinicalvariables: itis a quick and easy-to-perform measurement
tool for health care providers without expertise in the orofacial area. Articular and
muscular conditions may affect the MROM variables. In chronic conditions such
as spinal muscular atrophy (SMA) and juvenile idiopathic arthritis (JIA), as well as
in non-specific temporomandibular conditions, knowledge regarding follow-up
measurement is key for the evaluation of oral function. In growing individuals the
MROM values are affected by age and length.(1,2) Growth curves of MROM values in
healthy children show a wide spread in the same age groups. For this reason, when
taking longitudinal measurements it is advised to compare the child’s MROM value
with a previous individual measurement.(1,2) Knowledge regarding the test-retest
reliability and the smallest detectable change (SDC) of MROM variables is importantin
monitoring oral function. The SDC differentiates biological fluctuations from clinically
relevant changes. There have been no studies on the SDC of the MROM measurements
in healthy children. In healthy adults, MROM values, AMIO in particular, are highly
reliable; however, information in healthy children is scare.(3-5) Therefore, the aim
of this study was to assess the reliability of several MROM in healthy children: AMIO,
passive maximum interincisal opening (PMIO), protrusion, and laterotrusion.

Materials and methods

In this cross-sectional study, children were recruited from and measured at primary
schools in Utrecht and a high school in Tilburg, the Netherlands, between February
2018 and April 2019. Two measurements, with 2 weeks between each measurement,
were carried outin all recruited children by experienced examiners (MS, DV, WdS). The
inclusion criterion for these children was an age between 6 and 18 years. The exclusion
criteria were: 1) a history of mandibular trauma; 2) previous temporomandibular joint
(TMJ) treatment, such as physical therapy, application of an occlusal splint, intra-
articular injections, or maxillofacial surgery; 3) incisal dental restoration or non-
erupted incisors; 4) an additional orofacial condition (e.g., dental pain or a pre-existing
jaw or temporomandibular disorder [TMD]); and 5) a score of at least 2 on the TMJ
screening protocol.(6)

The study was carried out in accordance with the Code of Ethics of the World Medical
Association. The study protocol, with study ID NL.METC-17-528/C, was approved by
the Ethics Committee of the University Medical Center (UMC) Utrecht. All participants
and their parents and/or guardians received written information and provided oral and
signed informed consent. Data were collected by using the good-clinical-practice-
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compliant Electronic Data Capture system Research Online. The proprietary Electronic
Data Capture system is owned by the Julius Center at the UMC Utrecht.

MROM

The MROM - AMIO, PMIO, protrusion, and left and right laterotrusion —were assessed.
The overbite was notincluded in the AMIO and PMIOQ, as itis more time-consuming and
difficult to perform for healthcare providers without experience in the dentalfield. The
MROM were measured with a metal ruler to the nearest millimetre. While measuring
AMIO and PMIO, the participants were asked to open their mouth as wide as possible.
During the PMIO measurement, the examiner applied a gentle stretch with the index
finger and thumb on the incisal edges of the incisors to increase the mouth opening.
Protrusion was assessed by requesting the participant protrude the mandible as far
anterior as possible. The overjet was measured by the horizontal overlap of the front
teeth and was included in the protrusion measurement. The dental midlines were
used as reference points when measuring left and right laterotrusion. In the case of a
midline shiftin occlusion, a correction was made for the size of this shift.

Statistical analysis

The characteristics of the children are presented as numbers and percentages or as
means and standard deviations (SD). For the analyses of demographic and clinical
data, the unpaired sample t-test was used for continuous data, and the chi-squared
test was used for dichotomous or ordered categorical outcomes. The data were
graphically evaluated to determine whether they showed a normal distribution.

The test-retest reliability was checked for the two measurements and is presented
as AMIO, ,. It was calculated by using the two-way random, absolute agreement,
single measurementintraclass correlation coefficient (ICC, ) and the associated 95%
confidence interval (Cl). The ICC was calculated as MSR+(k_:;’;;f§fMSC_MSE), inwhich MS_
is the mean square of the rows, MSE is the mean square of the error, k is the number
of measurements, and nis the number of subjects. The ICC explains the consistency
of the measurements; the cut-off points were set as poor (< 0.50), moderate (0.50-
0.75), good (0.75-0.90), and excellent (> 0.90).(7,8) In addition the ICC was corrected
for age, as it can substantially overestimate the reliability.(9) The standard error of
measurement (SEM) was calculated as SEM=SD x [y (1 - ICC)], with SD defined as
the difference between the two AMIO measurements. The SEM explains how much the
values of the measurements of the test and retest differ from each other. The SEM per
centchange was calculated as SEM% = [(SEM/ X) x 100], in which X the mean of all test
and retest measurements. The SDC was calculated as SDC = 1.96 x [{(2xSEM)].(10)
The SDC is the smallest statistically significant change in AMIO that can be detected
in individuals. The SDC per cent change was calculated as SDC% =[SDC / (Xx100)],
in which X is the mean of all test and retest measurements.
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Reliability of mandibular range of motion measurements in healthy children

To check for proportional bias, variability, and agreement, Bland-Altman plots were
constructed by plotting the test-retest difference versus the mean value of the test
and retest.(11) Agreement between the test and retest was summarised by using the
mean difference and SD of the difference, and the 95% limits of agreement (LoA)
were calculated as LoA = Mean = (1.96 x SD).(11) The LoA estimated the interval of the
difference between the test and retest. Statistical analyses were performed by using
SPSS Statistics for Windows Version 25 (IBM Corp., Armonk, NY, USA).

Results

Atotal of 179 children were examined in this study. Twelve children were excluded for
this study due to a TMJ screening protocol score of 2. Five children were not able to
execute smooth mandibular lateral movements. Therefore, we analysed AMIO, PMIO,
and protrusion in 167 children and laterotrusion in 162 children. Of the 167 children,
the mean age was 11.5 years old (SD 3.5) and 88 children were male (52.1%; Table 1).
The MROM values for measurements 1 and 2 are presented in Table 1.

Table 1 - Clinical characteristics of the healthy children

n=167

Gender, n (%)

Male 88 (52.1)

Female 81 (47.9)
Mean age, years (mean, SD) 11.5(3.5)
Mean weight, kg (mean, SD) 46.9(17.3)
Mean height, cm (mean, SD) 153.0(20.9)
AMIO,, mm (mean, SD) 49.0(6.1)
AMIO,, mm (mean, SD) 48.8 (6.1)
PMIO,, mm (mean, SD) 50.4 (6.1)
PMIO,, mm (mean, SD) 50.6 (6.3)
Protrusion,, mm (mean, SD) 8.5(2.1)
Protrusion,, mm (mean, SD) 8.7 (2.0)
Laterotrusion left,, mm (mean, SD) 9.7 (1.6)
Laterotrusion left,, mm (mean, SD) 9.8 (1.7)
Laterotrusion right,, mm (mean, SD) 9.7 (1.6)
Laterotrusion right,, mm (mean, SD) 9.7 (1.6)

Abbreviations: AMIO, active maximum interincisal mouth opening; PMIO, passive maximum
interincisal opening; SD, standard deviation
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Reliability of mandibular range of motion measurements in healthy children

The ICC was good for AMIO (ICC =0.885); excellent for PMIO (ICC =0.925); and
moderate for protrusion (ICC = 0.578), laterotrusion left (ICC = 0.601), and laterotrusion
right (ICC =0.634; Table 2). The ICC corrected for age ranged from moderate to
excellent for AMIO (ICC =0.642-0.987) and PMIO (ICC = 0.716-0.990), and from poor
to good for protrusion (ICC = 0.182-0.834), laterotrusion left (ICC =0.014-0.818), and
laterotrusion right (ICC = 0.041-0.880; Table 3).

Table 3 - Intra-class correlation corrected for age of the mandibular range of motion
measurements in healthy children

Age,years AMIO PMIO Protrusion Laterotrusionleft Laterotrusionright

6(n=9) 0.701 0.869 0.732 0.216 0.463

7 (n=24) 0.845 0.911 0.275 0.617 0.692

8(n=7) 0.844 0.850 0.492 0.093 0.735

9(n=21) 0.907 0.901 0.475 0.523 0.503 4
10(n=16) 0.729 0.910 0.182 0.661 0.612 -
11 (n=10) 0.922 0.924 0.482 0.014 0.041

12(n=10) 0.781 0.871 0.717 0.328 -

13(n=10) 0.984 0.973 0.654 0.698 0.880

14(n=20) 0.915 0.923 0.537 0.717 0.481

15(n=15) 0.775 0.842 0.571 0.818 0.669

16(n=10) 0.987 0.990 0.834 0.703 0.714

17 (n=12) 0.642 0.828 0.727 0.431 0.790

18 (n=3) 0.856 0.716 - - -

Abbreviations: AMIO, active maximum interincisal opening; PMIO, passive maximum
interincisal opening

In some age classes, the number of participants was too low to determine the ICC.
This was the case in the 12-year-old group for laterotrusion right, and the 18-year-old
group for protrusion, laterotrusion left, and laterotrusion right

The SEM was 0.3 mm for AMIO (SEM% = 0.7%), 0.1 mm for PMIO (SEM% = 0.3%), 0.8
mm for protrusion (SEM% = 9.3%), 0.6 mm for laterotrusion left (SEM% =6.0), and 0.5
mm for laterotrusion right (SEM% = 5.3%). The SDC was 0.9 mm for AMIO (SDC% = 1.9),
0.4 mm for PMIO (SDC% =0.8), 2.2 mm for protrusion (SDC% = 25.8%), 1.6 mm for
laterotrusion left (SDC% = 16.7%), and 1.4 mm for laterotrusion right (SDC% = 14.6).
The LoA was between -5.67 and 5.82 for AMIO, between -3.90 and 3.57 for PMIO,
between -3.89 and 3.55 for protrusion, between -2.99 and 2.77 for laterotrusion left,
and between -2.71 and 2.77 for laterotrusion right (Table 2; Fig.1-5).
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Figure 1 Bland-Altman plot for the difference between test and retest (test 1 - 2) of the
active maximum interincisal mouth opening (AMIO) for healthy children.
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Figure 2 Bland-Altman plot for the difference between test and retest (test 1 - 2) of the
passive maximum interincisal mouth opening (PMIO) for healthy children.
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Reliability of mandibular range of motion measurements in healthy children

Figure 3 Bland-Altman plot for the difference between test and retest (test 1 - 2) of protru-

sion for healthy children.
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Figure 4 Bland-Altman plot for the difference between test and retest (test 1 - 2) of latero-
trusion left for healthy children.
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Figure 5 Bland-Altman plot for the difference between test and retest (test 1 - 2) of latero-
trusion right for healthy children.

20,00
-
<
o
=
S 10,00
(2]
3
=
=
° °
@ o. 0. 0. o.
® ° ° ) ° ° °
| o () o o o o o
fres 00 o o o ° o o °
o ° ° ° (<] o o
o o o o o o
[ © © 1 ©
(%) o
c
g
£
o -1000
-20,00
6,00 8,00 10,00 12,00 14,00

Mean of Laterotrusion right

The dashed line represents the mean difference between test and retest, and the striped
lines represent the 95% limits of agreement

80

Binnenwerk Willemijn - V5.indd 80 10-02-2025 10:28



Reliability of mandibular range of motion measurements in healthy children

Discussion

We found that AMIO and PMIO are highly reliable measurements in healthy children
based on their good to excellent ICC values. The ICC corrected for age were moderate
to excellent for AMIO, with the lowest ICC in the youngest children (6 years old;
ICC =0.701). The ICC corrected for age were good to excellent for PMIO, with the
exception of the moderate ICC of the 18-year-old group. This may be due to the low
numbers of 18-year-old subjects in this study (n = 3). The low SDC for AMIO (SDC = 0.93)
and PMIO (SDC =0.39) indicate that it could be promising to include these parameters
in longitudinal measurements. Protrusion and laterotrusion had moderate reliability.
Because PMIO is more difficult to execute and more time consuming than AMIO, a
health care provider without experience in the examination of the oral function is
advised to screen and document AMIO.

Comparison with the existing literature

In this study we focused on the reliability of MROM values in healthy children. There
have been several well-known reliability studies in healthy adults.(5,9,12) A study in
healthy adults showed excellent reliability for mouth opening (ICC = 0.97), protrusion
(ICC =0.95), laterotrusion right (ICC = 0.90), and laterotrusion left (ICC =0.92).(12) The
authors measured the range of motion variables with a vernier calliper with 7 days
between the sessions. Another study showed similar results in healthy adults with
excellent reliability for active (unassisted) maximum mouth opening (ICC = 0.98),
passive (assisted) maximum mouth opening (ICC = 0.98), and protrusion (ICC = 0.90),
and good reliability for laterotrusion (ICC =0.77).(9) The reliability of MROM
measurements in children can potentially differ from the reliability in adults due to
factors such as growth, age, and differences in physical dexterity. In the literature, there
are fewer studies regarding the reliability of MROM values in children. In one study,
the reliability of the mouth opening was assessed in 41 Swiss school children.1 The
intra-observer reliability was determined based on two mouth opening measurements
separated by 30 minutes. The authors found a mean difference of 0.8 mm (standard
error [SE] 0.30 mm). The authors stated that mouth opening was measured after the
subject opened their mouth once, but mobilising the mouth opening three times and
taking the highest value may improve reliability. In the context of our study, we asked
the children to open their mouth a few times in order to document the dental status and
to inspect the oral cavity. Moreover, we encouraged the children to open their mouth
as wide as possible. This may explain the higher reliability as shown by the lower mean
differences of the test-retest (0.08, SD 2.93) in our study.

We used the ICC to assess the reliability of the MROM values; Hirsch et al.(13) also
used this approach. In children aged 10-17 years, they reported an excellent ICC for
mouth opening (ICC =0.92), and fair-to-good reliability for protrusion (ICC = 0.75) and
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laterotrusion (ICC = 0.44). Our results are similar for mouth opening, but we obtained
lower ICC values for protrusion (ICC = 0.58).

The mouth opening SDC, which is a less frequently used method to appraise clinical
changes in follow-up measurements, varied between 3 and 5 mm in healthy adults.
(10,14,15) In adults with non-specific TMD, the SDC were higher: values between 5.0
and 9.1 mm have beenreported.(16,17) Kropmans et al.(16) explained that these higher
SDC values are due to variation regarding pain and mouth opening values, which can
differ each day.(14) No studies regarding SDC values of the MROM measurements
have been done before in healthy children. One study involving children with JIA (age
range 3.8-18.0 years old) reported SDC values of 4.9 mm for mouth opening, 2.8 mm for
protrusion, and 2.4 mm for laterotrusion.(18) We found lower SDC values for AMIO in
healthy children compared with children with JIA. This means that small differences in
AMIO between two measurements can be detected more precisely in healthy children
than in children with JIA.

Clinical implications

We found that the AMIO and PMIO measurements were highly reliable based on
the ICC and SDC. The SDC of <1 mm indicate that a difference of 1 mm in AMIO or
PMIO measurements is a true clinical relevant difference and not a measurement
error or biological fluctuation. This finding support the use of both AMIO and PMIO in
longitudinal measurements to follow up the mandibular function. Measuring AMIO and
PMIO is used to differentiate between an articular or muscular temporomandibular
origin. When PMIO is = 3 mm higher than AMIO, the condition may indicate a muscular
rather than an articular origin.(19,20) AMIO is one of the most used indicators to
appraise oral function. We recommend measuring AMIO because itis a quicker, easier
to perform, and more known measurement among health care providers.

We demonstrated lower reliability for laterotrusion and protrusion compared with
AMIO and PMIO. A possible explanation may be the difficulties in getting children
to perform these movements. This is reflected in our study by the missing values of
lateral movements for five children. The five children who were unable to execute
smooth mandibular lateral movement were all under 7 years old. These children
did not understand the instructions for the lateral movement. However, they were
able to perform both AMIO and PMIO. In addition, in the case of a midline shift the
laterotrusion measurements for non-dental clinicians are more difficult to perform
and can influence the reliability of the measurements. In a study with healthy adults,
the authors explained the lower reliability of laterotrusion by citing possible small
deviations during the movement.(12) Moreover, the authors stated that patients have
difficulties to reach the end position, because the ruler does not have contact with the
teeth. In addition the angle of the mouth opening may influence laterotrusion.
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Reliability of mandibular range of motion measurements in healthy children

Our data suggest that follow-up measurements with AMIO and PMIO are highly reliable
based on the ICC and SDC. The SDC of AMIO (0.93 mm) indicates thata =1 mm
difference between two measurements is a true difference and not a measurement
error. The ruler that we used measures the mouth opening with 1-mm steps; hence, a
value below 1 mm would hardly be measurable with a ruler. In contrast, laterotrusion
and protrusion showed higher SDC (1.42-2.22); therefore, they are less reliable in
follow-up measurements. Based on this study, both AMIO and PMIO are highly reliable.
Given that PMIO is more difficult to execute and more time consuming than AMIO,
we advise that a health care provider without experience in examining oral function
screen and document AMIO.

Strengths and limitations

The strengths of this study are the large group of participants, the prospective study
design, and the methodology to assess the reliability of the MROM values. The
limitation of this study is the lack of measurements in specific patients groups, aswe
focused on healthy children. Caution is necessary to extend our findings to children
with a specific condition such as SMA and JIA. However, knowing these values in
heathy children provides the clinician with the best outcomes that can be expected
regarding MROM reliability notinfluenced by pathological conditions. Changes beyond
the values reported here can be clinically relevant for appraising either improvement
or deterioration of oral function in terms of MROM.

Conclusion

AMIO and PMIO are both highly reliable measurements in healthy children. The low
SDCvaluesindicate that it could be promising to include AMIO and PMIO in longitudinal
measurements. Protrusion and laterotrusion had moderate reliability, and their utility
is lower than AMIO and PMIO. These results support our clinical recommendation to
measure AMIO rather than PMIO, as PMIO is more difficult and more time-consuming
to perform than AMIO.
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Abstract

Background: In children with juvenile idiopathic arthritis (JIA) the temporomandibular
joint (TMJ) can be involved, resulting in dysfunction of the masticatory system. Bite
force is one of the variables that reflects the function of the masticatory system. The
aim of this study was to compare maximum bite force in children with JIA, with and
without TMJ involvement, and with healthy children.

Methods: Children with JIA and healthy children between the age 6 and 18 were
included in this cross-sectional study. The clinical examination consisted of measuring
the anterior maximum voluntary bite force (AMVBF), assessment of the TMJ screening
protocol items and TMJ, masseter and temporal muscle palpation pain. Unadjusted
linear regression analyses were performed to evaluate the explanatory factors for
AMVBF. Two adjusted models were constructed with corrections for age and gender
differences: model 1 to compare children with JIA and healthy children, and model 2
to compare children with JIA with and without TMJ involvement

Results: In this cross-sectional study 298 children with JIA and 169 healthy children
participated. AMVBF was 24 Newton (N) lower in children with JIA, when compared
with healthy children (95%Cl: -35.5--12.4, p=0.000). When children with JIA also had
clinically established TMJ involvement, AMVBF was reduced 42 N (component JIA:-
16.78, 95% CI -28.96 - -4.59, p=0.007 and component TMJ involvement:-25.36, 95%
Cl-40.08--10.63, p=0.001). Age and male gender increased AMVBF.

Conclusion: Children with JIA had a reduction of the AMVBF compared to healthy
children. In children with JIA and clinically established TMJ involvement, AMVBF was
more reduced.

90

Binnenwerk Willemijn - V5.indd 90 10-02-2025 10:28



Maximum bite force in children with JIA

Background

In children with juvenile idiopathic arthritis (JIA) oral function can be impacted as a
result of joint and/or muscle involvement of the masticatory system. The sequels of
JIA are reported in terms of temporomandibular pain, restricted mandibular range
of motion, radiographic and magnetic resonance imaging (MRI) findings indicating
inflammation of the temporomandibular joint (TMJ) structures.(1,2) According to the
International League of Associations for Rheumatology (ILAR) classification, JIA is
diagnosed when arthritis is characterized by inflammation of one or more joints and is
present for at least six weeks with an onset before the age of 16.(3) Arthritis of the TMJ
is characterized by synovial swelling, bone marrow edema and synovial hypertrophy,
and may lead to destruction of the bony structures and disc abnormalities.(4) However,
inflammatory signs and symptoms of TMJ arthritis are often not detected in the clinical
examination; for this reason the TMJ is sometimes quoted as the ‘forgotten’ or ‘silent
joint’.(5,6) If not adequately treated, impaired global health and growth disturbances
needing surgical intervention at later age may result.(7-11) Clinical symptoms of TMJ
arthritis are pain while chewing, muscle palpation pain and limited maximum mouth
opening.(11-13) Muscle palpation pain has been mentioned as a prevalent symptom of 5
TMJ arthritis.(1) There is a need for objective assessments to characterize mandibular
function in children with JIA. Next to measuring mouth opening capacity, maximum
bite force measurement might be such an assessment. In non-specific conditions of
the TMJ such as temporomandibular disorders (TMD) a reduced maximum bite force
was found.(14) In healthy individuals the maximum bite force explains over 60% of the
variance in masticatory performance and is therefore an important variable to measure
the functional state of the masticatory system.(15,16) In children with JIA a 30% bite
force reduction was found compared to healthy children.(17) This study, however, was
performed in 1995, in the era before the introduction of biologicals. Biologicals have
led to an important improvement in treatment of children with JIA.(18) In addition, in
this study only patients with JIA with TMJ signs and symptoms were included. To our
knowledge there is no recent literature on maximum bite force in children with JIA, with
and without TMJ involvement. It would be interesting to explore whether the bite force
is reduced in children with JIA with and without TMJ involvement. Hence the first aim
of this study was to compare maximum bite force, temporomandibular function, and
pain on palpation of the TMJ and masticatory muscles in both children with JIA and in
healthy children. The second aim was to compare these parameters in children with
JIA with and without clinically established TMJ involvement.
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Material and methods

This cross-sectional study was performed in children with JIA between January
2018 and February 2020 at the outpatient clinic of the Department of Pediatric
Immunology and Rheumatology in collaboration with the Department of Oral and
Maxillofacial Surgery and Special Dental Care of the University Medical Center
(UMC) Utrecht, The Netherlands. The inclusion criteria for participation were
children with JIA as classified using the ILAR criteria and an age between 6 and 18
years old. Exclusion criteria were: 1) a history of mandibular trauma; 2) previous
TMJ treatment, such as physical therapy, occlusal splints, intra-articular injections
or maxillofacial surgery; 3) incisal dental restoration or non-erupted incisors;
and 4) an additional orofacial condition not related with JIA (e.g. dental pain or a
pre-existing jaw or temporomandibular disorder). The measurements took place
immediately after the regular consultation with the pediatric rheumatologist.

Healthy children were recruited from primary schools in Utrecht and a high school
in Tilburg (the Netherlands) between February 2018 and April 2019. The in- and
exclusion criteria for children with JIA were likewise applied for healthy children. In
addition, healthy children with a TMJ screening protocol = 2 were excluded (n=12).(12)
All measurements were conducted at the participating schools. The study protocol,
with study ID: NL.METC-17-528/C, was approved by the Ethics Committees of the
UMC Utrecht. All participants and their parents and/or guardians received written
information and provided their oral and signed informed consent.

The following data were extracted from the electronic medical records for the included
children with JIA: JIA subtype (see also Table 1), date of JIA-diagnosis, medication,
height, weight, gender, age, the presence of antinuclear antibody (ANA) or rheumatoid
factor (RF), and the clinical Juvenile Arthritis Disease Activity Score (cCJADAS).(19) Data
collection was performed using the good clinical practice (GCP) compliant electronic
data capture (EDC) system Research Online owned by the Julius Center (UMC Utrecht).
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Anterior maximum voluntary bite force

The anterior maximum voluntary bite force (AMVBF) was measured using a bite force
transducer, based on the bite force transducer from the Amsterdam University Medical
Center and further developed by the University Medical Center Utrecht.(20) The bite
force gauge is a handheld device with a load cell to measure AMVBF, with a range
between 0 and 490 Newton (N) in a linear fashion. The device consists of a strain gauge
mounted on a mouthpiece of 10x15 mm and a thickness of 12 mm. A plastic foil was
applied around the mouthpiece for each child to guarantee hygiene. The mouthpiece
was placed between the upper and lower centralincisors. The bite force measurement
consists of clenching, as hard as possible for ten seconds at maximum strength. Three
attempts were documented. In between the three attempts the children themselves
indicated when they were ready for the next attempt. All participants were instructed
and encouraged in a similar way through a taped voice recording. The highest bite force
of the three attempts was defined as the AMVBF and is expressed in Newtons (N).

TMJ screening protocol

To establish clinical TMJ involvement we used the TMJ screening protocol.(12) The
assessment of the TMJ status in children with JIA and in the healthy children was
carried outaccordingto this protocol (Appendix 1). The measurements were performed
by experienced examiners (WS, DV, MHS). The sum of the history-, examination-, and
inspection item scores (either 0 or 1) produced the TMJ screening protocol score.

The history items were collected by a questionnaire, adapted from the validated
questionnaire ‘Screen’.(21) All participants were interviewed following this
questionnaire regarding their mandibular function. The history items, part of the TMJ
screening protocol, addressed: 1) problems in chewing; 2) eating slower than others;
3) difficulty in biting hard food; 4) pain while eating; and 5) a limited mouth opening.

The clinical examination items of the TMJ screening addressed 1) active maximum
interincisal mouth opening (AMIQO), 2) Crepitation on mandibular opening and closing
3) pain on AMIOQ, 4) left or right mandibular midline deviation on opening wide.(22)

The AMIO was the distance between the incisal edges of the upper and lower central
incisors, measured with a metal ruler to the nearest millimeter. The cut- off value for
restricted mouth opening was < 35 mm for children of 10 years old and younger, and
<40 mm in children older than 10 years.(23) A clinically visible deviation at maximum
mouth opening (= 2 mm on maximum excursion) was scored, using the metal ruler
as a reference line. Auscultation of the TMJs to establish crepitation was performed
using a stethoscope during the opening and closing of the mouth. The stethoscope
was placed on the skin over the TMJ. Patients were asked to open the mouth as far as
possible and close the mouth.
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Maximum bite force in children with JIA

The inspection items of the TMJ screening protocol addressed 1) facial asymmetry
and 2) retrognathia. Facial asymmetry comprised the mandibular ramus length and
chin deviation. Ramus length was assessed by palpating the left and right mandibular
angle simultaneously and comparing the left and right side. Differences in right and
left ramus length yielded a positive score.

Retrognathia was evaluated by the examiner using the images of the TMJ screening
protocol (Appendix 1). A retrognathic profile as in the image was allocated a positive
score. A normal profile and a class Il profile scored zero points.

Each positive item of the TMJ screening protocol received 1 point; negative scoring
items received 0 points. All positive items produced the TMJ screening protocol
score. A TMJ screening protocol score = 2 has been suggested to indicate clinically
established TMJ involvement in children with JIA.(12)

TMJ and masseter and temporal muscle palpation pain

The TMJ and masseter and temporal muscles were palpated for pain provocation extra-

orally. Anumeric rating scale (NRS) was used in which no pain had a score of 0 and the 5
worst imaginable pain scored 10. The NRS is a validated measurement tool for pain
measurements.(24) In the case of NRSpain > 3, the pain report was supposed to be

clinically relevant.(25)

Statistical analysis

Characteristics of the children were presented as numbers and percentages, as means
and standard deviations (SD). For the analyses of all clinical data (demographics, JIA
characteristics, AMVBF, TMJ screening protocol score, TMJ and masseter and temporal
muscle palpation pain) the unpaired Student’s t-test was used for continuous data,
and the chi-square test was used for dichotomous or ordered categorical outcomes.

We used linear regression analysis to assess the difference in AMVBF between healthy
children and children with JIA, with and without TMJ involvement. We considered
several potential confounding factors: age; gender; and height. Age and height showed
a high correlation (i.e. collinearity), suggesting the explanatory impactis very similar.
Additionally, when we graphically evaluated the effect of age on AMVBF, we noticed
a non-linear effect, suggesting that AMVBF reaches a maximum during adolescence.
We therefore include age squared in addition to a linear term.

For these variables, we performed unadjusted (i.e. for each variable separately) and
adjusted analyses. Subsequently, two adjusted models were constructed. Model 1
compared AMVBF in children with JIA and healthy children, with corrections for age,
age squared and gender. Model 2 compared AMVBF in children with and without TMJ
involvement, also with corrections for age, age squared and gender.
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In a secondary analysis, we explored the effect of disease characteristics, cJADAS
and medication use, and the variables orthodontic treatment, TMJ screening protocol
score, TMJ-, masseter- and temporal palpation pain, height, problems with biting
something off, problems with eating hard, chewy or soft food, without adjustment for
gender and age. Validity of the models (i.e. normality, homoscedasticity) was assessed
with residual analysis.(26)

Results were reported as regression coefficients with 95% Cls and p-values. For
dichotomous variables, regression coefficients represent the difference in mean
AMVBF. For continuous variables, the regression coefficient represents the increase
in mean AMVBF for each unitincrease in the explanatory variable. To provide insight
in the results, figures were constructed to show estimated marginal mean AMVBF
from model 1 and 2, comparing healthy children with children with JIA, both with and
without TMJ involvement, over ages ranging from 6 to 18 years old.

Ap-value of less than 0.05 was accepted as significant. Statistical analyses were performed
using SPSS 25 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp).

Results

In this cross-sectional study, 298 children with JIA and 169 healthy children participated
(Table 1). The children with JIA had a mean age of 12.7 years (SD 3.5), a mean height
of 157.1 cm (SD 18.3), a mean disease duration of 62.1 months (SD 51.2), and 67.8%
of the participants were girls. The healthy children had a mean age of 11.5 years (SD
3.5), amean height of 153.0 cm (SD 20.9), and 47.9% were girls. From the total of 298
children with JIA, 92 (30.9%) had TMJ involvement (TMJ screening protocol score = 2)
(Table 2). Children in the group ‘JIA with TMJ involvement’ had a significantly higher
age compared to the group ‘JIA without TMJ involvement’ (p=0.032), had less clinical
remission off medication (p=0.000), had a longer mean disease duration (p=0.017),
had a higher score on the cJADAS (p=0.000), and used more biologicals (p=0.007).

Table 2 - Scores of TMJ screening protocol for JIA patients and healthy children

TMJ score JIA Healthy children JIA with TMJ JIA without TMJ
n=298 n=169 involvement involvement
n=92 n=206
Score 0 148 (49.7%) 138 (81.7%) 0 148
Score=1 150 (50.3%) 31 (18.3%) 0 58
Score=2 92(30.9%) 0(0.0%) 92 0
Score=23 63(21.1%) 0(0.0%) 63 0

JIA: juvenile idiopathic arthritis; TMJ: temporomandibular joint
ATMJ screening

98

Binnenwerk Willemijn - V5.indd 98 10-02-2025 10:28



Maximum bite force in children with JIA

AMVBF in children with JIA, with and without TMJ involvement and in healthy
children

After adjustment, AMVBF was 24.0 N lower (95% CI: -35.5--12.4, p=0.000) compared
to healthy children (Table 3, model 1, Figure 1). When we incorporated TMJ involvement,
this difference was reduced to 16.8 N (95% CI: -28.9 - -4.6, p=0.007). In children with
JIAand TMJ involvement, AMVBF was 42.1 N lower compared to healthy children (Table
3, model 2, Figure 2). The 42.1 N reduction of AMVBF is the effect of the JIA diagnosis,
which resulted in a 16.8 N reduction, and the clinical established TMJ involvement
diagnosis, which resulted in a 25.43 N reduction. The adjusted variable male gender
increases AMVBF with 22.7 N (95% CI: 34.0- 1.4, p=0.000, Table 3, model 2). The effect
of age combined with age squared results in an increase of 13.4 N for each year (95%
Cl: 7.5-19.4, p=0.000), with the flattening effect of age squared of -0.5 N (95% CI:-1.0
—-0.02, p=0.074) (Table 3, model 2, Figure 1).

ATMJ screening protocol score 2 2 is proposed to indicate TMJ involvement in children

with JIA.2 The unadjusted model showed the association of each variable to AMVBF.

Model 1 showed AMVBF and the effect of children with JIA and healthy children, with
corrections for gender and age (R?=0.212). Model 2 showed the additional comparison 5
between children with JIA with TMJ involvement and children with JIA without TMJ
involvement, and with corrections for gender and age (R?=0.231).
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Figure 1 — Estimated marginal means anterior voluntary maximum bite force in children
with JIA and in healthy children.
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The estimated marginal means of anterior voluntary maximum bite force (AMVBF) are
subtracted from the linear regression model 1 (Table 4). The AMVBF in Newton (N) for each
year group is presented.

Figure 2 — Estimated marginal means anterior voluntary maximum bite force in children
with JIA, with and without TMJ involvement and in healthy children.
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The estimated marginal means of anterior voluntary maximum bite force (AMVBF) are
subtracted from the linear regression model 2 (Table 4). The AMVBF in Newton (N) for each
year group is presented.
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Maximum bite force in children with JIA

Factors related to anterior maximum voluntary bite force

In the unadjusted linear regression models, age combined with age squared, gender,
JIA, TMJ involvement, TMJ screening protocol score, TMJ palpation pain and height
were associated with AMVBF (Table 3). The variables orthodontic treatment (p=0.256),
masseter muscle palpation pain (p=0.808), temporal muscle palpation pain (p=0.095),
cJADAS (p=0.757), and medication use (p=0.700) did not have a significant influence
on AMVBF.

TMJ screening protocol

Each item of the TMJ screening protocol was statistical significantly more present

in children with JIA than in healthy children (p<0.05), except retrognathia (p=0.325;

Table 4). TMJ, masseter and temporal muscle palpation pain were reported more
frequently in children with JIA compared to healthy children (p<0.05). Children with TMJ
involvement most frequently reported ‘pain while eating’ (53.3%), and were examined

with ‘deviation AMIO* (50.0%), asymmetry (45.7%), and problems with chewing (43.5%),

as depicted in Table 4. In children with JIA and TMJ involvement, palpation pain of the

TMJ, masseter muscle, and temporal muscle outcomes were more frequently reported

than in children with JIA without TMJ involvement . 5
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Maximum bite force in children with JIA

Discussion

In this cross-sectional study, children with JIA had a lower AMVBF compared to healthy
children. Only part of this difference is due to TMJ involvement; in a second analysis,
a lower AMVBF was still observed in children with JIA without TMJ involvement.
Additionally, we also observed a higher maximum bite force in boys and in older
children.

We found a decrease of 24.0 N of maximum bite force in children with JIA, corresponding
with a reduction of 17.3% compared to healthy children. In children with JIA and TMJ
involvement we found a reduction of 42.1 N in maximum bite force, which is a reduction
of 32.2% compared to healthy children. In a cross-sectional study it was found that
children with JIA and TMJ involvement had a maximum bite force reduction of 30%,
whichisin accordance with our results. This study only selected children with JIA with
clinically established TMJ involvement; a comparison with our children with JIA without
TMJ involvement was not possible.(17)

We found 30.9% (92 out of 298 children with JIA) with clinically established TMJ 5
involvement. In a previous study using the same clinical screening protocol, 33.8% of

the children with JIA were assigned as ‘with TMJ involvement’, supporting the validity

of our protocol.(12)

Some studies found a higher prevalence of TMJ involvement in children with JIA.(27,28)
This might be the effect of terminology, method of identifying TMJ involvement, and
difference in study groups. It should be mentioned that we used the term ‘clinically
established TMJ involvement’ instead of TMJ arthritis, as we only performed a clinical
screening of the TMJ in children with JIA.(29,30) Secondly, studies that used the ‘gold
standard’ MRI to establish TMJ involvement may be more accurate to detect TMJ
involvement.(1,9,29) For example a study reported 75% active TMJ arthritis diagnosed
by MRI. However, only children with new onset JIA not yet treated were included,
whereas the children with JIA in our study were in regular care by the pediatric
rheumatologist, as indicated in table 1, mean disease duration.(27) Thirdly, we did
not select children with JIA with TMJ complaints on beforehand. All children who were
in regular care of the pediatric rheumatologist could participate in our study.

The reduction in AMVBF in children with JIA without TMJ involvement may also be the
result of our clinical detection method for TMJ involvement. Our clinical diagnosis
is probably less accurate than diagnosis by MRI (the gold standard).(1,9,29) Since
the TMJ is quoted as the ‘silent’ joint, implicating arthritis not detected by clinical
examination only,(5,6) the AMVBF reduction in children with JIA can thus be related
to underdiagnoses of TMJ arthritis.
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Whether or not children with JIA without clinically established TMJ involvement have
(a history of) TMJ arthritis, in comparison with their healthy peers, their bite force
is reduced, although to a lesser extent than in children with clinically established
TMJ involvement. In addition, in the subgroup ‘JIA without clinically established TMJ
involvement’ clinical remission off medication was more prevalent than in the group
‘JIAwith clinically established TMJ involvement’ (Table 1). This may explain their slightly
reduced bite force compared with the healthy children and more pronounced bite
force reduction compared with the children with JIA with clinically established TMJ
involvement as well.

Another possible explanation for the AMVBF reduction in children with JIA without
TMJ involvement compared to healthy children can be the psychological effects of a
hospital setting for children with JIA.(31) The measurements for children with JIAwere
conducted in a hospital, while the measurements for healthy children were performed
in their own school. Behavioral alternations and situational changes are mentioned
as influencing factors for maximum bite force.(31)

The demographic variables age and gender were significant factors of influence on
AMVBF in both children with JIA and healthy children. AMVBF increased by male gender
and increasing age, which was also found in previous studies with healthy children.
(32-34) In our study, age and height showed a high correlation (i.e. collinearity),
suggesting the explanatory impact is very similar. We chose the variable age as we
found a slightly higher explained variation (R?=0.22) in the adjusted analysis compared
to length (R?=0.20). Moreover, in the literature, age has been mostly used as a factor of
influence in bite force.(17,35,36) On the other hand, height might also be an accurate
correction to compare a growing population as in children. Children in the same age
group can differ greatly in height, especially among different nationalities. Our study
was performed in the Dutch population, known as one of the tallest populationsin the
world.(37) To compare our findings among bite force in an international setting, height
might be more applicable than age.

The physiological mechanism behind the reduced AMVBF is not completely clarified
yet. In the literature bite force reduction in children with JIA is explained by muscle
involvement as a consequence of the systemic inflammatory disease itself and by
weakened masticatory muscles.(17) The weakened masticatory muscles may be
reflected in problems to bite off, eating hard food, eating chewy food and eating
soft food; these variables did not have a significant effect, although the regression
coefficients is relatively high (Table 3). Handgrip strength has been reported to be
reduced as well in children with JIA, due to muscle weakness.(38) Muscle pain is a
prevalent symptom in children with JIA and TMJ involvement, but muscle pain itself
seems not to be an explanation for the AMVBF reduction. It has been shown that
experimental induced pain in the TMJ or masticatory muscles did not affect the bite
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force.(39) The strengths of this study were its large study population (n=298), the
comparison with healthy controls, and the evaluation of all children with JIA, with
and without TMJ involvement. We chose to measure the interincisal maximum bite
force instead of molar bite force, as a higher reliability for interincisal bite force has
been described compared to molar bite force.31 Measuring interincisal bite force
implies a more symmetrical bite than unilateral molar bites, possibly explaining the
high-intra-class correlation. In addition, the bite force transducer in the molar region
will lead to a larger gap than interincisal bites. In younger children this may well be
an advantage. However, difficulties when using interincisal bite force may also arise.
The pressure on the front teeth of not completely erupted front teeth could have an
unusual sensation that may influence the bite force. In general, all patients and healthy
children indicated some soreness of the front teeth for a few seconds. The results from
the three attempts do not indicate a trend towards a lower bite force in the second
and third attempt due to unwillingness to generate a maximum bite force. In addition,
restoration and tooth shedding of the front teeth may lead to the inability of a bite force
measurement. We used the lateralincisors in case the central incisors were absent.
Restoration or tooth eruption in the molar region may have less influence of bite force
measurement due to more occlusal surface in the lateral area of the dental arches. 5
The parameter dental status has been found as an influencing factor for maximum bite
force.(31) In our study we did not measure the dental status, although to our knowledge
there are no indications in the literature and from our clinical experience that dental
statusis likely to differ between children with JIA and healthy children. Therefore, we
presumed that the difference in AMVBF between the groups was mainly caused by JIA
and by TMJ involvement. In future research, these factors could be studied to gain more
insight into their influence in children with JIA and their maximum bite force. Thereby,
a longitudinal prospective cohort study is important to obtain more evidence related
to the influence of JIA with and without TMJ involvement on maximum bite force.

Another important question could be answered in further studies by studying the
clinical relevance of the bite force reduction found in children with JIA. Our study
found no correlation between bite force reduction and problems with eating hard,
chewy and softfood. Nevertheless, the regression coefficients are relatively high and
may be an indication of problems in eating.

Alimitation of this study is the use of the TMJ screening protocol to clinically establish
TMJinvolvement, instead of the more accurate “gold standard” MRI. However, MRl has
disadvantages such as the need for sedation, the need for infusion due to the contrast,
the concern with contrast retention in the human brain, limited availability and
expertise, as well as high costs.(40,41) In case of patients with dental braces, scattering
can also lead to inadequate images. In the future, it might be worthwell to study
AMVBEF in children with JIA and TMJ involvement identified by MRl as the gold standard.
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In conclusion, our study showed a considerable bite force reduction and less
functioning of the TMJ in children with JIA compared to healthy children, and even
more reduction of these issues in children with JIA and TMJ involvement compared to
JIA without TMJ involvement. For all children, the demographic variables age, height
and male gender increased the maximum bite force.
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Appendix 1-TMJ screening protocol

History:
Problems in chewing Yes No
Eating more slowly than others Yes No
Biting hard food difficult Yes No
Pain while eating Yes No
Limited mouth opening Yes No

Examination

Limited mouth opening Yes No

Crepitation (audible) Yes No

Pain AMIO Yes No

Deviation AMIO (= 2 mm) Yes No
Inspection

Asymmetry Yes No

Retrognathia \ \

s 7

Yes No

AMIO: active maximum interincisal opening.

The TMJ screening protocol was scored for each child.® The sum of the 11 items was
documented. Children with JIA and a TMJ screening protocol score = 2 were labelled
as ‘JIA with TMJ involvement’. ‘Audible’ means using a stethoscope for detecting
crepitation. Retrognathia was assessed by the examiner following one of three options:
normal profile and class Il profile ‘no’, and retrognathic profile ‘yes’; the latter two
profiles are presented as drawings in the TMJ screening protocol.
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Abstract

Background: Recognition of temporomandibular joint (TMJ) involvement in children
with juvenile idiopathic arthritis (JIA) has gained increasing attention in the past
decade. The clinical assessment of mandibular range of motion characteristics is
part of the recommended variables to detect TMJ involvement in children with JIA. The
aim of this study was to explore explanatory variables for mandibular range of motion
outcomes in children with JIA, with and without clinically established TMJ involvement,
and in healthy children.

Methods: This cross-sectional study included children with JIA and healthy children
of age 6-18 years. Mandibular range of motion variables included active and passive
maximum interincisal opening (AMIO and PMIO), protrusion, laterotrusion, dental
midline shift in AMIO and in protrusion. Additionally, the TMJ screening protocol and
palpation pain were assessed. Adjusted linear regression analyses of AMIO, PMIO,
protrusion, and laterotrusion were performed to evaluate the explanatory factors. Two
adjusted models were constructed: model 1 to compare children with JIA and healthy
children, and model 2 to compare children with JIA with and without TMJ involvement.

Results: A total of 298 children with JIA and 169 healthy children were included.
Length was an explanatory variable for the mandibular range of motion excursions.
Each centimeter increase in length increased AMIO (0.14 mm), PMIO (0.14 mm), and
protrusion (0.02 mm). Male gender increased AMIO by 1.35 mm. Having JIA negatively
influenced AMIO (3.57 mm), PMIO (3.71 mm), and protrusion (1.03 mm) compared with
healthy children, while the discrepancy between left and right laterotrusion raised
0.68 mm. Children with JIAand TMJ involvement had a 8.27 mm lower AMIO, 7.68 mm
lower PMIO and 0.96 mm higher discrepancy in left and right laterotrusion compared
to healthy children.

Conclusion: All mandibular range of motion items were restricted in children with
JIA compared with healthy children. In children with JIA and TMJ involvement, AMIO,
PMIO and the discrepancy between left and right laterotrusion were impaired more
severely. The limitation in protrusion and laterotrusion was hardly clinically relevant.
Overall, AMIO is the mandibular range of motion variable with the highest restriction (in
millimeters) in children with JIA and clinically established TMJ involvement compared
to healthy children.
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Background

In children with juvenile idiopathic arthritis (JIA) the temporomandibular joint (TMJ)
can be affected. Following the International League of Associations for Rheumatology
(ILAR) classification and the clinical Juvenile Arthritis Disease Activity Score (cJADAS),
the pediatric rheumatologist is encouraged to examine the TMJ and to count this
joint.(1,2) In recent years, TMJ arthritis in children with JIA has received increasing
attention in research and clinical settings. Magnetic resonance imaging (MRI) is the
gold standard to detect TMJ involvement. However, MRl has disadvantages such as the
need for sedation and the need for infusion due to the contrast.(3,4) As a result, there
is more attention for orofacial examination and the recognition of TMJ involvement in
children with JIA.(5) One of the recommendations for detection of TMJ dysfunction is
assessment of the mandibular range of motion variables[5]. This includes assessments
such as active and passive maximum interincisal mouth opening, dental midline
deviation at maximum interincisal opening (MIO), protrusion, and laterotrusion.(6) In
children with JIA, MIO is the most used variable to assess mandibular range of motion.
(5) Mandibular movement characteristics are well-known variables that reflect the
functional status of the masticatory system.(5) In children with JIA, researchers have
reported a reduced MIO compared with healthy children.(5,7,8) A reduced mouth
opening has also been reported as an indicator for TMJ arthritis in children with JIA. 6

(9,10) In many studies, a restricted mouth openingin children with JIAis defined by one -

overall cut-off value, without corrections for variables such as age, length, or gender.
(10-13) However, a large variation among age groups in maximum mouth opening in
healthy children has been reported, implying that the mouth opening can differ for each
individual.(14) As a consequence, the utility of such an overall cut-off value for reduced
mouth opening encompassing all ages would be low.(14) There is a need for individual-
based information to establish reductions in mandibular range of motion excursions.
(15) For this reason, the first aim of this study was to find explanatory demographic
variables for mandibular range of motion outcomes in children. The second aim was to
compare mandibular range of motion outcomes in children with JIA, with and without
clinically established TMJ involvement, and in healthy children.

Methods

This cross-sectional study was performed in children with JIA, aged 6 to 18 years,
between January 2018 and February 2020 at the outpatient clinic of the Department of
Pediatric Immunology and Rheumatology in collaboration with the Department of Oral
and Maxillofacial Surgery and Special Dental Care of the University Medical Center
(UMC) Utrecht, the Netherlands. The inclusion criteria for participation were children
with JIA classified according to the ILAR criteria and aged between 6 and 18 years old.
The children with JIAwere in regular care, and not selected on TMJ function. Exclusion
criteria were: 1) a history of mandibular trauma, 2) previous TMJ treatment, such as
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physical therapy, occlusal splints, intra-articular injection or maxillofacial surgery
and 3) an additional orofacial condition not related to JIA (e.g., dental pain or a pre-
existing jaw or temporomandibular disorder (TMD)). The measurements were carried
outimmediately after the regular consultation with the pediatric rheumatologist.

Healthy children were recruited from primary schools in Utrecht and a high school
in Tilburg, the Netherlands, between February 2018 and April 2019. The inclusion
and exclusion criteria for children with JIA were likewise applied for healthy children.
In addition, healthy children with a TMJ screening protocol score = 2 were excluded
(n=12).(11) Al measurements were conducted at the participating schools. The study
protocol, with study ID NL.METC-17-528/C, was approved by the Ethics Committees of
the UMC Utrecht on August 11" 2017. All participants and their parents and/or guardians
received written information and provided their oral and signed informed consent.

Data extracted from the electronic medical records of the included children with JIA
were: JIA subtype (see also Table 1), date of JIA diagnosis, medication, length, weight,
gender, age, the presence of antinuclear antibody (ANA) or rheumatoid factor (RF), and
the Clinical Juvenile Arthritis Disease Activity Score (cJADAS).(2) Data collection was
performed using the good clinical practice (GCP) compliant Electronic Data Capture
(EDC) system Research Online. The proprietary EDC system is owned by the Julius
Center at the UMC Utrecht.

118

Binnenwerk Willemijn - V5.indd 118 10-02-2025 10:28



Mandibular range of motion in children with JIA

©
S wvve ey (ry)eL  pelenuessyipun

(6'¥) 0L (r's)s (ce)sL SiHIyle Dl3el0sd

(89)clL (g9)9 (6'¢) 8L pa1e)aI-SiIsayiug

(6'¥) 0L (r's)s (c'e)sL +44 “enonuekjod

(6°8l) 6E (1r9g) ve (s'el) €9 -4y “Ieinodniekjod

(col) Lz (ozL) L1 (6'9) e papua1xa ‘4ejnonJieosno

(Tev) L8 (e82) 9T (Tvaell wue)sisiad 4ejnodnleosio

(£'8) 8L (0clL) LL (6) 62 olwalsAg
«GL9"0 (% ‘u) edAagns yir
<0000 (£92) 55 (rzL) 9L (§¥T) €4 uONEDIPOW YO UOISSIWSI 1EDIUND
7200 (ecL) 6yl (9°c8)9L <0000 (e'8) vl (5'sz) sece (% ‘u) @sn uonedIpaly
/890 (g'sL)ee (7'£1)9L <000 (1oL) L1 (1'olL) 8v (% ‘u) uswieal dIUOPOYLIO
al00°0 (0°£2) 5091 (c2)0°S9L  4T€00 (602) 0°€SL (e781) L'£SL (as ‘ueaw :wo) y18us) ues|y
al00°0 (c'8e) vy (S'¥2) 595 49200 (ez1)6'9% (1) L0S (as ‘uesw :8) yBrom ues|y
40000 (09)oetL (0¥)0'GL 40000 (5'e)gLL (selset (as ‘uesw ‘sieak) age uesy

(5'99) LgL (£'0L) 59 (6L¥) 18 (8'£9) 20T alewad

(5€€) 69 (e'62) L2 (L'zs) 88 (cze) 96 SN
6LY"0 +000°0 (% ‘u) 4opusy

90Z=U 1JUBWSA|0AUI 26=U 1UdWAA|0AUI 69L=u g6¢g=U
anjeA-d fWL3Inoyumyir fWLUYUMYI[ @neA-d  uaipliyo AynesH viIr

ualp)Iyo Ayneay ui pue y|r Yum usip)iyod ul solsiieloeieyd jeolund pue solydesgowaq - L a1qel

10-02-2025 10:28‘

Binnenwerk Willemijn - V5.indd 119



(6729 (s'9)9 (ov)zL aplwounya
(£1v) 98 (6'g¢e) €€ (6'6€)6LL 81eX8.10U18 N
707°0 (% ‘u) SQYVYIWQa
7200 (£'92) 5§ (rL1) 9L (s've)eL uonesipaw oN
«£00°0 (8've) LS (c'ov) Le (s'62) 88 sjeoigojolg
[T90 (¢ ov) g6 (Lov) ey (e'ov)8EL Sayvinag
2050°0 (cve (£8)8 (0'g) 5L SP1018180011100
«060°0 (¢'92) vs (6'ge) €€ (c'62) L8 SAlIvVSN
(9% ‘u) @sn uoneaIpaly
(oe €y (029 suissily
(e ee (L02) 6L (vl ey (usiy) 8=z
(661) LY (£12) 02 (g'02) L9 (e1849pOW) £-€
(0'89) ovL (ees) ey (re9) 8L (moy) 2-0
<0000 (% ‘u) svavro
(as ‘ueauw fsyjuow)
ac00°0 (8°Lv) L'LS (6°95) g€ (c19) 1'z9 uoneInp esess|p ues|y
«629°0 (94)¢ (e£)SL (Lv)ee £T9-V1H 8Anisod
aLSY°0 (ra)g (8'g)zL (9€) L1 44 @Aiusod
«G¥79°0 (s'Le) 62 (g2e) L9 (9°02) 96 VNV 8Alsod
(9% ‘u) saipnis A1ojeiogen
90Z=U 1UBWAA|0AUI 26=U 1UdWaA|0AUI 69L=u g6¢g=U
anea-d fWL1inoyumyir (WLUNMYI[ @neA-d  ualpiiyd AynesH viIr

panunuoy | aqey

o
N
—

10-02-2025 10:28‘

Binnenwerk Willemijn - V5.indd 120



Mandibular range of motion in children with JIA

(0l e (e'82)9C 5000 (0e)g (7'6) 8T (% ‘) s1ayio ueyiiamors suneq
(0'l)e (gev)or 0000 (0'0)0 L'y ey (% ‘u) Buimayd ul swa)qold
:A101SIH
9100Ss _Ooouo\_Q [INL @Yl loswal|
(c'sL) ss1L (8'69) 55 (s'oz) oLz si1eoigojolg oN
(50)L Tae (ole 8y10
(s'0) L 0 (€0) L gewixiyul
('0) L (NN (Loe BIUDIEUY
0 (NN (€0t 1deoereqy
(50)L ey (Vs gewnwnog
(s'e (cac (L1)s gewnubpjeue)d
(g'1)e (eele (029 qewnznioo]
(€'9) el (6'0L) 0L (L) ez ydeolssuel
(9el)8e (esi vl (vl ey gqewnuwnepy
e€/0°0 (9% ‘u) s1eo180101g
(6'€9) LLL (e'es) 6Y (£'e9) 09l SadvWaoN
(50)L Tae (ole 8y10
(s01L ((WWRE (0 e auizejeseyding
('0) L ((NONE (V)4 aundolyiezy
90¢=U 1UudWaA|0AUl C6=U 1JUBWIAN|OAUI 69L=U 86¢=U
anjeA-d fWLInoyumyIr fWLYUMYI[ @neAn-d  uaipliyo AynesH viIr

panunuoy | aqey

121

10-02-2025 10:28‘

Binnenwerk Willemijn - V5.indd 121



V 8)l} jeuonippy 81008
1090304d 8uUIU881OS [\ ] ; ‘2UlO[ JEINGIPUBWOIOAWS) ([N ] ‘UONEBIASP pJEpuUE)s S {1010e) plolewnayl 4y ‘s8nip Alolewwe)ul-1lue 1eploials
-uou :SAIVSN ‘snyue oiyredoipl a)lusAnl iy f£zg usdnue 81A003na) uewny :/zg-v1H {s8nip onnewnayl-nnue gulfjipow-asessip :SAYVING
£9100G AMIAINOY 9SEASI SIMJIYLIY d)IUBAN[ 1BIIUND :SYAV( ‘Apoqiiue Jeajonuiiue ‘yNY ‘8uluado yinow jesiouliaiul wnuwixew aAloe Q| WY

1so1-1 9jdwes yuapuadapul 4 ©1s91 pasenbs-1yo .

2000°0 (oe (0zL) LL  «900°0 (000 (v el (9%°u) ®0snwi jesodwa]
.000°0 (67¢)8 (6'€2)TC  -LLOO (9e)9 (LoL) og (%‘u) ®osnw 1s1essey
.000°0 (6'v) 0L (9'6L)8L  «700°0 vaov (r'6) 8¢ (%‘U) rINL

uled uonedied

(6'€)8 (€'91)SL  <See0 (r's)e (L) ee (% ‘u) elyrEUSONBY
(e4)§L (Lsv)zy 1000 (82) €L (L'6L) LS (% ‘u) AnawwAsy
uonoadsuy

(res (0'08)9¥ <0000 (9°0) L (1°£1) 1S (% ‘U) (Ww g<) OIWY uohelnaQ
('0) L (£'12) 02 0000 (0’00 (0L)1e (% ‘U) OIWY uled
(re) e (e'82)9C 0000 (00)0 (i) ee (% ‘u) (1q1pne) uonendsiy
rv)e (6'g€)ee 00070 Tle (L'vL)zy (% ‘u)Buluedo yinow paywi

uoneujwexy

6’1V (g'Le)6C 0000 (90 L (L't ee (% ‘u) Suluado yinow paywi]
(res (e'es) 67 <0000 (0'0)0 (1'8L) vS (% “u) Bunes a)ym uleq
(00)0 (e'1v)8e  +000°0 (0'0)0 (8'2L) 8¢ (% ‘u) NNouyip pooy pley Sunig
90Z=U 1UdWaA|0AU]l 26=U 1UudWaAn|0nU] 69L=u 86¢=U
anjeA-d fWLnoyumyir fWLYUMVYI[ aneA-d  uaipiyd Aynesy vir

panunuoy | aqey

N
N
—

10-02-2025 10:28‘

Binnenwerk Willemijn - V5.indd 122



Mandibular range of motion in children with JIA

Availability of data and materials
The datasets used and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Assessments

In children with JIA and in healthy children, the mandibular range of motion variables
and the TMJ, masseter muscle, and temporal muscle palpation pain were assessed.
Moreover, the TMJ screening protocol score was established.(11). All participants in
this study were examined by experienced examiners (WS, DV, MHS).

Mandibular range of motion characteristics

Mandibular range of motion, deviation of the dental midlines =2 2 mm at maximum
excursion, and pain provocation at maximum excursion in active maximum interincisal
opening (AMIO) and passive maximum interincisal opening (PMIO) were assessed.
Mandibularrange of motion included the measurement of active and passive maximum
interincisal mouth opening (AMIO and PMIO, respectively), protrusion, and left and
right laterotrusion, followed by measuring the overjet and overbite. Mandibular range
of motion measurements were recorded with a metal ruler to the nearest millimeter.
The children were encouraged to open their mouths as wide as possible. The PMIO
was assessed through the application of gentle stretch by the examiner, with the index 6
finger and thumb on the incisal edges of the upper and lower incisors at the end of the -
active opening movement to increase the mouth opening. The AMIO and PMIO were
measured between the incisal ridges of the upper and lower central incisors.

Protrusion was assessed by requesting the participants protrude the mandible as far
anterior as possible. The horizontal distance between the upper central incisor and
the lower central incisor was recorded with a ruler. Adding the overjet to this value
produced the range of motion for protrusion. After correction for midline shift in
occlusion, adeviation =2 2 mm of the midlines on maximum excursion was documented.

When measuring left and right laterotrusion, the dental midlines were used as
reference points. In case of a midline shiftin occlusion, a correction was carried out for
the size of this shift (in millimeters). The difference between left and right laterotrusion
with correction for a midline shift in occlusion was labeled “discrepancy between
left and right laterotrusion.” The overjet and overbite were documented separately;
overbite was notincluded in the mouth opening measurement. Limitation in condylar
sliding was assessed by palpation of the TMJ region during AMIO and documented as
limited or normal condylar sliding.

TMJ and masseter and temporal muscle palpation pain
The TMJ and masseter and temporal muscles were palpated extra-orally for pain
provocation. A numeric rating scale (NRS) was used in which no pain had a score of
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0 and the worst imaginable pain scored 10. A NRS is a validated measurement tool
for pain measurements.(16) When NRSpain is > 3, the pain reportis considered to be
clinically relevant.(17)

TMJ screening protocol

To establish clinical TMJ involvement, we used the TMJ screening protocol.(11) The
assessment of the TMJ status in children with JIA and in healthy children was carried
out according to this protocol (Additional file 1). The sum of the history, examination,
and inspection item scores (either 0 or 1) produced the TMJ screening protocol score.

The history items were collected by a questionnaire, adapted from the validated
questionnaire “Screen”.(18,19) All participants were interviewed following this
questionnaire regarding their mandibular function. The history items, part of the TMJ
screening protocol addressed: 1) problems in chewing, 2) eating slower than others,
3) difficulty in biting hard food, 4) pain while eating, and 5) a limited mouth opening.

The clinical examination items of the TMJ screening protocol addressed 1) AMIO, 2)
crepitation during mouth opening and closing, 3) pain on AMIO, and 4) left or right
mandibular midline deviation on opening wide.(6)

The cut-off value for restricted mouth opening was < 35 mm for children 10 years
old and younger, and < 40 mm in children older than 10 years.(15) A clinically visible
deviation at maximum mouth opening (= 2 mm on maximum excursion) was scored,
using a metalruler as areference line. Auscultation of the TMJ to establish crepitation
was performed using a stethoscope during the opening and closing of the mouth. The
stethoscope was placed on the skin over the TMJ. Patients were asked to open and
close their mouth as far as possible.

The inspection items of the TMJ screening protocol originated from the same
examination form and addressed 1) facial asymmetry and 2) retrognathia. Facial
asymmetry comprised the mandibular ramus length and chin deviation. Ramus length
was assessed by palpating the left and right mandibular angle simultaneously and
comparing the left and right side. Differences in right and left ramus length yielded a
positive score.

Retrognathia was evaluated by the examiner using the images of the TMJ screening
protocol (Additional file 1). A retrognathic profile as in the image was assigned a

positive score. A normal profile and a class |l profile scored zero points.

Each positive item of the TMJ screening protocol received 1 point; negative scoring
items received 0 points. All positive items produced the TMJ screening protocol score.
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Mandibular range of motion in children with JIA

A TMJ protocol score = 2 has been suggested to indicate clinically established TMJ
involvement in children with JIA.(11)

Statistical analysis

Categorical variables of the children are presented as numbers and percentages, while
continuous variables are presented as means and standard deviations in the case
of normally distributed variables. For the analyses of all clinical data (AMIO, PMIO,
protrusion, laterotrusion left side, laterotrusion right side, discrepancy between left
and right laterotrusion, overjet and overbite, TMJ and masticatory muscle pain, TMJ
screening protocol score, and demographics), the unpaired Student’s t-test was used
for continuous data, and the chi-squared test was used for dichotomous or ordered
categorical outcomes. For the variables AMIO, PMIO, protrusion, and discrepancy
between left and right laterotrusion, we performed adjusted analysis with corrections
for length and gender (i.e., for each variable separately). Two adjusted models were
made: model 1 to compare children with JIA and healthy children, and model 2 to
compare children with JIA with TMJ involvement and without TMJ involvement.

In a secondary analysis, we explored the effect of disease characteristics, JIA subtype,
cJADAS, medication use and orthodontic treatment with corrections for length and
gender. The variable deviation MIO was not included in the adjusted models 1 and 6

2 because these variables are part of the TMJ screening protocol; therefore, they -

may indicate TMJ involvement. Model validity (i.e., normality, homoscedasticity) was
assessed with residual analysis.(20)

Age and length showed a high correlation (i.e., collinearity), suggesting the explanatory
impact is very similar. The adjusted analysis for AMIO including length resulted in a
slightly higher R-squared (R?=0.19; Table 4) compared with age (R>=0.18; Additional
file 2 and 3). Therefore, we included length instead of age in the adjusted analysis.
Because in the literature age is more commonly used, we also presented the adjusted
analyses including age for AMIO, PMIO, protrusion and discrepancy between left and
right laterotrusion in Appendices 2 and 3. In addition, when we graphically evaluated
the effect of age on AMIO and PMIO, we noticed a non-linear effect, suggesting that
AMIO and PMIO reach their maxima during adolescence. We therefore include age
squared in addition to a linear term in the unadjusted model. By contrast, the variable
length seems to have a linear effect.

Results are reported as regression coefficients with 95% confidence intervals (Cls) and
p-values. For categoricalvariables, regression coefficients represent the difference in
mean mandibular range of motion (AMIO, PMIO, protrusion, and discrepancy between
left and right laterotrusion). For continuous variables, the regression coefficient
represents the increase in mandibular range of motion for each unit increase in the
explanatory variable. A probability of less than 0.05 was accepted as significant.
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Tests were performed using SPSS 25 (IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY: IBM Corp).

Results

This study included 298 children with JIA and 169 healthy children; the demographic
data are presented in Table 1. In the children with JIA, 202 were girls (67.8%), with a
mean age of 12.7 years (standard deviation (SD) 3.5), a mean length of 157.1 cm (SD
18.3), and a mean disease duration of 62.1 months. In the healthy children, 81 were
girls (47.9%), with a mean age of 11.5 years (SD 3.5) and a mean length of 153.0 cm
(SD 20.9). Ninety-two (30.9%) out of 298 children with JIA had TMJ involvement (TMJ
protocol score = 2). Children with JIA and TMJ involvement were older (p = 0.032), had
less clinical remission off medication (p = 0.000), a longer disease duration (p = 0.002),
a higher cJADAS (p = 0.000), and used more corticosteroids (p = 0.050) and biologicals
(p=0.007; Table 1). TMJ pain and masseter and temporal muscle pain on palpation
were all statistically significantly more prevalent in children with JIA compared
with healthy children (p =0.000). In children with JIA and TMJ involvement, these
pain outcomes were more prevalent compared with children with JIA without TMJ
involvement (p = 0.000).

Mandibular range of motion outcomes

The mandibular range of motion data, not corrected for age and gender, are presented
in Table 2. AMIO, PMIO, and protrusion were lower in children with JIA compared
with healthy children (p =0.000; Table 2). The discrepancy between left and right
laterotrusion, midline deviation on AMIO and in protrusion, and condylar sliding were
more often present in children with JIA (p = 0.000; Table 2), but not for laterotrusion
left and laterotrusion right (Table 2). In children with JIA and TMJ involvement, AMIO
and PMIO were lower 12.4% (5.9 mm) and 9.6% (4.7 mm), respectively, compared
with children with JIA without TMJ involvement (p = 0.000; Table 2). In children with
JIA and TMJ involvement compared with children with JIA without TMJ involvement,
there was a higher prevalence for discrepancy between left and right laterotrusion (1.2
mm), deviation during AMIO (50.0%), during protrusion (33.7%; p = 0.000) and limited
condylar sliding (15.2%; p = 0.000; Table 2). Overjet and overbite did not statistically
differ between children with JIA and healthy children, and between children with JIA
with and without clinically established TMJ involvement.
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Active maximum interincisal mouth opening

The adjusted linear regression models for AMIO demonstrated the following significant
explanatory variables (p < 0.05, Table 3): age, age squared, length, male gender,
cJADAS, medication use, deviation during AMIO and protrusion, TMJ palpation pain,
temporal muscle palpation pain and limited condylar sliding. JIA subtype was not an
explanatory variable for AMIO (p = 0.643).

The adjusted analysis model 1 indicated 3.6 mm less AMIO (95% CI -4.9 - -2.3,
p =0.000) in children with JIA compared with healthy children (Table 4, model 1, Figure
1). When we included TMJ involvement in the adjusted analysis, the AMIO was 8.3
mm lower in children with JIA and TMJ involvement (Table 4, model 2, Figure 2). In
children with JIA without TMJ involvement, the AMIO was 1.6 mm less (95% CI -2.9
—-0.3, p=0.013) compared to healthy children. The adjusted variable male gender
indicated 1.4 mm more AMIO (95% CI 2.6-0.1, p = 0.04); each centimeter in length
increased AMIO by 0.1 mm (95% CI1 0.1 --0.2, p=0.000).
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Mandibular range of motion in children with JIA

Figure 1 - Estimated marginal means of AMIO in children with JIA and in healthy children
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The estimated marginal means of AMIO are calculated from the linear regression model
of AMIO (Table 4). The AMIO, in millimeters (mm) for each centimeter (cm) in length, is
presented for children with JIA and healthy children. 6

Figure 2 — Estimated marginal means of AMIO in children with JIA with and without TMJ
involvement
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The estimated marginal means of AMIO are subtracted from the linear regression model
of AMIO (Table 4). The AMIO, in millimeters (mm) for each centimeter (cm) in length, is
presented for children JIA, with and without TMJ involvement, and healthy children.
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Passive maximum interincisal mouth opening

The adjusted analysis for PMIO showed the following significant explanatory variables
(Table 3): age, age squared, length, male gender, cJADAS, medication use, deviation
during AMIO, deviation during protrusion, TMJ palpation pain, temporal palpation pain
and limited condylar sliding

In the adjusted model 1, PMIO was 3.7 mm less (95% Cl: -5.1--2.3, p = 0.000) in children
with JIA compared with healthy children (Table 4, model 1). When TMJ involvement was
included in the adjusted model, PMIO was 5.6 mm lower (95% CI -7.2--4.0, p = 0.000;
Table 4, model 2). Overall, children with JIA and TMJ involvement had a 7.7 mm lower
PMIO, while children with JIAwithout TMJ involvement had a 2.1 mm lower PMIO (Table
4, model 2) compared to healthy children. The adjusted variable length increased PMIO
by 0.2 mm (95% CI1 0.1-0.2, p = 0.000).

Protrusion

The adjusted linear model indicated that the explanatory factors for protrusion were
length, medication use, deviation during AMIO and protrusion, TMJ palpation pain,
temporal muscle palpation pain and limited condylar sliding (p < 0.05; Table 3).

The adjusted model 1 compared children with JIA and healthy children and included the
variables male gender (95% CI -0.3-0.6, p = 0.525), length (95% CI1 0.0-0.0, p = 0.005)
and JIA (95% CI -1.5 - -0.6, p =0.000). The model showed 1.0 mm less protrusion in
children with JIA compared with healthy children, and an increase of 0.01 mm for each
centimeter in length (Table 4, model 1). Model 2 indicated that TMJ involvement did
not influence protrusion significantly (95% CI1-0.9-0.3, p = 0.283).

Discrepancy between right and left laterotrusion

The adjusted model indicated the following explanatory variables regarding the
discrepancy between right and left laterotrusion: male gender, medication use,
deviation during AMIO and protrusion and limited condylar sliding (p < 0.05; Table 3).

The adjusted model 1 showed the explanatory variable JIA and indicated JIAincreased
the discrepancy between right and left laterotrusion by 0.7 mm (95% CI 0.5-0.9,
p =0.000, Table 4, model 1). The adjusted model 2 included the explanatory variables
JIA (95% CI 0.4-0.8, p = 0.000), TMJ involvement (95% CI 0.1-0.6, p = 0.008; Table 4),
male gender (95% C1-0.3-0.1, p = 0.212), and length (95% CI1-0.0-0.0, p =0.873). These
results indicated that children with JIAand TMJ involvement had a 0.9 mm, and children
with JIAwithout TMJ involvement had 0.6 mm more discrepancy between right and left
laterotrusion compared to healthy children.
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Discussion

The results of this study demonstrated a restriction of all mandibular range of motion
variables in children with JIA compared with healthy children. The variables AMIO and
PMIO had the largest restriction (in millimeters) as a consequence of JIA. Protrusion
and the discrepancy between left and right laterotrusion were negatively influenced by
a minimally amount. In children with JIA and clinically established TMJ involvement, the
reduction in AMIO, PMIO, and discrepancy between laterotrusion was more prominent.
Other explanatory variables for AMIO were anincrease by male gender and by length.

The mandibular range of motion variable with the greatest restriction in children with
JIA was AMIO, in particular in children with JIA and TMJ involvement. This finding is
in concordance with the literature, which has shown a reduced MIO in children with
JIA and TMJ involvement.(21-23) In children with JIA without TMJ involvement, AMIO
was 1.6 mm lower compared to healthy children. This minimal AMIO reduction is
not clinically relevant, as it is well below the smallest detectable difference of 4.9
mm.(24) Therefore, our finding in children with JIA without TMJ involvement may not
be clinically relevant. The discrimination between children with JIA with and without
clinically established TMJ involvement also sheds light on the discussion as to whether
children with JIA have a limited mouth opening compared with healthy children. Such 6

a difference has not always been found.(25) Considering all children with JIA without -

separating the subgroups with and without clinically established TMJ involvement may
have smoothed the differences we found (Table 4). Our TMJ screening protocol seems
to demonstrate these “hidden” differences.

In the clinical evaluation of patients with TMDs, PMIO is used to distinguish articular
and muscular origins. It has been stated that PMIO exceeds AMIO by 1-2 mm in
individuals without TMD symptoms.(26) If PMIO is increased = 3 mm compared with
AMIO, a reduced mouth opening with a muscular component must be considered.
(27) In our study, we measured both AMIO and PMIO and constructed adjusted linear
regression models for both measurements (as shown in Table 4). The effect of JIA
and TMJ involvement explained a 8.3 mm lower AMIO and a 7.7 mm lower PMIO . This
difference between AMIO and PMIO is well below 2 mm, implying that the mouth
opening reduction due to the variables JIA and TMJ involvement has as expected, a
mainly articular background.

Various methods to measure MIO have been described, such as AMIO, PMIO, MIO
including the overjet vs interincisal distance, and finger breadth.(28) In our study,
the variables JIA and TMJ involvement led to a similar reduction in AMIO and PMIO.
This finding implies that either way of measuring MIO may be applicable. The most
used method for measuring MIO in children with JIA is AMIO without corrections for
overbite.(23) In our opinion, in the context of screening this method is the most reliable
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approach and is applicable for the rheumatologistin clinical practice, because itis a
quick and easy measuring tool for everyday practice.(29)

Protrusion has rarely been used as a measurementin children with JIA.(8,23) However,
the international consensus recommendations advise using all mandibular range of
motion variables to assess joint function in children with JIA.(5) In our study, we found
a minimal restriction in protrusion between children with JIA and healthy children.
However, we did not confirm a different protrusion in children with or without TMJ
involvement, while the other mandibular range of motion variables were more impaired
in children with JIA and TMJ involvement. This finding may imply that protrusion is not
a mandibular mandibular range of motion variable that may reflect TMJ dysfunction in
children with JIA and TMJ involvement. This may have to do with the condylar sliding
trajectory during protrusion. The maximum trajectory reached when opening the mouth
is larger than in protrusion. A reduction will therefore become manifestin protrusion
less often than when opening the mouth. This might be the same for laterotrusion.

Other studies have indicated difficulties measuring protrusion in younger children and
have pointed out that protrusion is less applicable in a clinical setting.(30) In our study,
we had difficulties measuring the protrusion in 15 children, with a mean age of 9.2
years. Of atotal of 476 individual measurements, in 3.1% of the measurements we were
unable to measure the protrusion. We do not consider this prevalence as a prominent
issue. Overall, we were able to measure protrusion in most children and conclude
that measuring protrusion does not have an extra value to assess TMJ dysfunction in
children with JIA and TMJ involvement.

Laterotrusion has hardly been studied in children with JIA. In one study, the
researchers used a scoring system for clinical signs of TMJ involvement.(31) The
results indicated that one of the signs of TMJ involvement that should be an alert
for the clinician is laterotrusion = 5 mm to either the left or right side. There were no
data available of the exact measured laterotrusion in this study. Other studies have
measured laterotrusion in children with JIA and in controls, but the authors reported
no statistically significant differences between these groups.(8,25) Based on our
study, we can confirm these outcomes. However, in healthy individuals differences
between left and right laterotrusion are expected to be zero; thus, we compared the
left and right laterotrusion in each individual. The discrepancy between left and right
laterotrusion was statistically more prevalent in children with JIA compared with
healthy children. In addition, the adjusted model 2 showed a significant effect of JIA
and TMJ involvement, although the effect was minimal: a 0.9 mm difference in children
with JIA and TMJ involvement (Table 4). In a clinical setting, this small difference is
hardly noticeable and therefore not clinically relevant. Children with bilaterally limited
laterotrusion will not be detected through the variable ‘discrepancy between left and
right laterotrusion’. Moreover, in case of a dental midline shift, the measurement
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is more complex and more time consuming. In case of a larger discrepancy, this
finding will become apparent when assessing AMIO characteristics. Therefore, not
including protrusion and laterotrusion in our screening protocolis supported by these
findings. In the context of screening for TMJ involvement in children with JIA, these two
measurements offer similar information as the assessment of AMIO characteristics.

The strengths of this study are the measurement of all mandibular range of motion
variables, the comparison between children with JIA with and without TMJ involvement
and healthy controls, and the large study population. A limitation is the use of the
TMJ protocol to clinically establish TMJ involvement, instead of MRI as the “gold
standard.” We did not use imaging techniques to establish TMJ arthritis; instead, we
classified children with JIA with clinically established TMJ involvement on the basis of
the TMJ screening protocol score.(11) We found a reduction in the mandibular range
of motion variables in children with JIAwithout TMJ involvement, although reductions
are small and hardly noticeable in a clinical setting. The decrease that we found
compared to healthy children may be the effect of our clinical screening method
for TMJ involvement. Our clinical establishment of TMJ involvement is probably less
accurate than diagnosis per MRI.(5,31,32) Since the TMJ is quoted as the ‘silent’ joint,
implicating that arthritis was not detected by clinical examination only(33,34), the
reduction of mandibular range of motion variables in children with JIA can therefore 6

be related to underdiagnoses of TMJ arthritis. However, imaging in young children is -

a burden due to disadvantages such as the need for sedation, the need for infusion
due to the contrast, the concern with contrast retention in the human brain, limited
availability and expertise, as well as high costs.(3,4) In case of patients with dental
braces, scattering can also lead to inadequate images.

The TMJ protocol score comprises three items related to MIO. This could invalidate
the adjusted linear regression model for AMIO and PMIO. To analyze the influence of
these related variables for MIO, we constructed a TMJ screening protocol score without
the items “limited mouth opening in the medical history,” “limited mouth opening
during clinical examination,” and “deviation during active maximum interincisal
opening (AMIO).” The corrected TMJ protocol scores were plotted and seemed to have
a linear association with AMIO and PMIO. In addition, a corrected variable for TMJ
involvement was derived from the corrected TMJ protocol score; a TMJ protocol score
= 2 was classified as TMJ involvement with correction for the items related to MIO. The
corrected TMJinvolvement variables were included in an unadjusted linear regression
model for AMIO and PMIO (Additional files 4 and 5). We compared the model with the
original TMJ involvement variable and the model with the corrected TMJ involvement
variable. The unadjusted linear regression model for AMIO showed a regression
coefficientfor TMJ involvement of -6.6 mm, compared with -5.9 mm for the corrected
TMJinvolvement. The same analysis for PMIO showed a regression coefficient for TMJ
involvement of -5.4 mm, compared with -4.9 mm for the correct TMJ involvement. The
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difference of 0.7 mm and 0.5 mm, respectively, seems to have minor clinical relevance
inthe context of clinical mandibular range of motion measurement, especially because
the smallest detectable difference of 4.9 mm is mentioned for AMIO in literature [24].
Overall, we assume that the original variable for TMJ involvement in our analysis will
lead to similar conclusions related to AMIO and PMIO.

This study indicated that AMIO is the most clinically relevant mandibular range of
motion measurementin children with JIAand TMJ involvement. This findingisin line with
former studies in the clinical temporomandibular working field.(5) In future research,
itwould be interesting to define a cut-off value for reduced AMIO for children with JIA
with TMJ involvement by considering the relevant demographic variables. Other studies
have documented a wide individual difference in MIO in healthy children.(14,28,35)
We corrected for the individual variables gender and length. Another possible method
to overcome the prominent individual variance is to investigate MIO in a longitudinal
study and compare the patients with themselves.(14) Such a study may also shed light
onthe clinical relevance of following up on AMIO measurement as indicators for TMJ
involvement and ultimately TMJ arthritis in children with JIA.

Conclusions

The mandibular range of motion variables, as reflected in this study by AMIO, PMIO,
protrusion, and discrepancy between left and right laterotrusion, were all impaired
in children with JIA compared with healthy children. In children with JIA and TMJ
involvement, the restriction was more severe for AMIO and PMIO and more accentuated
forthe discrepancy between left and right laterotrusion. A clinically relevant effect of
having JIA and TMJ involvement on mandibular range of motion was mainly reflected
in AMIO and PMIO. However, laterotrusion and protrusion were also significantly less
in children with JIA, although the effect was around 1 mm and irrelevant in a clinical
setting. The demographic variables length explained an increase in AMIO, PMIO, and
protrusion. Male gender was related to a higher AMIO but not in the other mandibular
range of motion variables.
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Additional file 1 -TMJ screening protocol

History:
Problems in chewing Yes No
Eating more slowly than others Yes No
Biting hard food difficult Yes No
Pain while eating Yes No
Limited mouth opening Yes No

Examination

Limited mouth opening Yes No

Crepitation (audible) Yes No

Pain AMIO Yes No

Deviation AMIO (= 2 mm) Yes No
Inspection

Asymmetry Yes No

Retrognathia \ \

\ I
f"/ r —~ >

Yes No

AMIO: active maximum interincisal opening.

The TMJ screening protocol was scored for each child.®* The sum of the 11 items was
documented. Children with JIA and a TMJ screening protocol score = 2 were labelled as
‘JIAwith TMJ involvement’. ‘Audible’ means using a stethoscope for detecting crepitation.
Retrognathia was assessed by the examiner following one of three options: normal profile
and class Il profile ‘no’, and retrognathic profile ‘yes’; the latter two profiles are presented
as drawings in the TMJ screening protocol.
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Additionalfile 3 - Estimated marginal means for AMIO vs age in children with JIA, with and
without TMJ involvement and in healthy children

=== Healthy children
=== JIAwithout TMJ involvement
JIAwith TMJ involvement

60
40
30

20

AMIO (mm), estimated marginal means

6 7 8 9 10 11 12 13 14 15 16 17 18
Age (y)

The estimated marginal means of the AMIO are calculated from the linear regression
model of AMIO (Additional file 2). The AMIO, in millimeters (mm) for each age (in years), is
presented for children with JIA, with and without TMJ involvement, and healthy children.
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Mandibular range of motion in children with JIA

Additional file 4 - Unadjusted linear regression models for active maximum interincisal
opening (AMIO) with the variables temporomandibular joint (TMJ) involvement and
corrected TMJ involvement

Regression coefficients P-value R2
(95% ClI)
TMJ involvement -6.56 (-8.12--5.00) 0.000 0.128
Corrected TMJ involvement -5.87 (-7.66 --4.08) 0.000 0.082

Cl: confidence interval

TMJ involvement is proposed as a TMJ screening protocol score 2 2 in children with
juvenile idiopathic arthritis (JIA).(5) The corrected TMJ involvement is presented as: a TMJ
screening protocolscore 2 2 in JIAwithout the items “limited mouth openingin the medical
history,” “limited mouth opening during clinical examination,” and “deviation during active
maximum interincisal opening (AMIO).”

Additional file 5 - Unadjusted linear regression models for passive maximum interincisal
opening (PMIO) with the variables temporomandibular joint (TMJ) involvement and
corrected TMJ involvement

Regression coefficients P-value R?
(95% ClI)
TMJ involvement -5.40(-7.05--3.74) 0.000 0.085
Corrected TMJ involvement -4.89(-6.77--3.02) 0.000 0.054

Cl: confidence interval.

TMJ involvement is proposed as a TMJ screening protocol score = 2 in children with
juvenile idiopathic arthritis (JIA).(5) The corrected TMJ involvement is presented as: a TMJ
screening protocolscore 22 in JIAwithout the items “limited mouth openingin the medical
history,” “limited mouth opening during clinical examination,” and “deviation during active
maximum interincisal opening (AMIO)”.
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Abstract

Objective: To study clinical variables defining temporomandibular function in adults
with juvenile idiopathic arthritis (JIA) and healthy controls.

Methods: In this cross-sectional study the temporomandibular joint (TMJ) screening
protocol, mandibular range of motion (MROM), and anterior maximum voluntary
bite force (AMVBF) were compared between adults with JIA and healthy controls.
Unadjusted and adjusted models with corrections for gender and disease duration
were constructed for active maximum interincisal mouth opening (AMIO) and AMVBF.

Results: A total of 100 adults with JIA and 59 healthy adults were included in this
study. In adults with JIA, 56.0% had clinically established TMJ involvement. AMIO was
the MROM variable most reduced by TMJ involvement; AMIO was 8.8 mm (95%ClI:
-11.40--6.12; p<0.001) lower in adults with JIA with TMJ involvement compared to JIA
without TMJ involvement. No differences of AMIO was found between healthy adults
and adults with JIA without TMJ involvement (-2.52, 95%Cl: -5.13-0.10; p=0.06). Male
gender was associated with a higher AMIO, and disease duration was associated with
a decreased AMIO. Collinearity between the subtype pre-biological era and disease
duration was found. AMVBF did not differ between adults with JIA and healthy adults.

Conclusion: The high prevalence of clinically established TMJ involvement in adults
with JIA indicates the need for awareness of TMJ problems in adults with JIA. TMJ
involvement negatively influenced AMIO and should therefore be part of the TMJ
screening in adults with JIA. AMVBF seems to have less utility for TMJ screening in
adult populations.
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Adults with JIA & TMJ

Introduction

The diagnosis of juvenile idiopathic arthritis (JIA) is based on chronic arthritis with
an onset before the age of 16. In 30 to 50% of patients, the disease will remain active
into adulthood.(1-3) In a recent study, clinically established temporomandibular
joint (TMJ) involvement was found in 30% of children with JIA.(4) The prevalence of
TMJ involvement varies widely (30-96%) due to the differences in TMJ involvement
definition, diagnostic method and characteristics of study participants.(4-7) In 2019,
aninternational consensus group defined TMJ involvement as abnormalities presumed
to be the results of TMJ arthritis.(7) In the current study we focused on clinical signs
or symptoms of the TMJ in JIA patients, such as a reduced mouth opening, TMJ
crepitation, and pain.(4,7-9) These variables are widely studied in JIA patients during
childhood, but data on long-term clinically established TMJ involvementin JIA patients
who are now adults is scarce. Studies in adults with JIA determined TMJ involvement
with radiological diagnostics, and therefore differ from our clinical approach.(10-
12) TMJ inflammation in childhood can lead to growth disturbances, TMJ damage,
eventually with temporomandibular impairments in adulthood.(10-12) TMJ damage
canresultinfacialasymmetry and dentofacial deformity for which reconstructive jaw
surgery can be needed. In the past the cornerstone of JIAtreatment were conventional
synthetic disease-modifying anti-rheumatic drugs (csDMARDs) such as Methotrexate
(MTX). Around the turn of the 20th century, the introduction of biologicals strongly
improved the treatment of JIA.(13) It has been suggested that the TMJ benefits from 7

biological disease-modifying anti-rheumatic drugs (0DMARDs).(14) In the current adult _

JIA population, patients had the opportunity for treatment with a biological during
childhood (diagnosed in the biological era) while another group of JIA patients has been
treated in an era without the availability of biologicals during childhood (pre-biological
era). Zoomingin on these two groups may help to better understand TMJ involvement
in adults and the supposed role of biologicals. Therefore, the aim of this study is to
compare the TMJ screening protocol score, mandibular range of motion (MROM)
variables, and the anterior maximum voluntary bite force (AMVBF) in 1) adults with
JIA and healthy controls, 2) adults with JIA with clinically established TMJ involvement
and JIA without clinically established TMJ involvement, and 3) adults with JIA whose
childhood was in the biological era (diagnosis of JIJAin or after 2002) and in adults with
JIAwhose childhood was in the pre-biological era (diagnosis of JIA earlier than 2002).
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Methods

In this cross-sectional study participants were in care in the department of
Rheumatology & Clinical Immunology of the University Medical Center Utrecht
between November 2019 and September 2021. The inclusion criteria were: 1)
adults with JIA diagnosed according to the International League of Associations for
Rheumatology criteria, and 2) between 18-65 years old. The exclusion criteriawere: 1) a
history of mandibular trauma, 2) a history of maxillofacial surgery, and 3) an additional
orofacial condition not related to JIA (e.g., dental pain). All patients with JIA visiting the
outpatient clinic in the past 12 months were invited to participate in the study. The
invitation letter described the inclusion and exclusion criteria. None of the patients
applying for our study were excluded based on the exclusion criteria. Healthy controls
were recruited from a dental office and amongst colleagues. The inclusion criterium
for healthy controls was between 18 and 65 years old. The exclusion criteria were
equal to the JIA group. The study protocol was approved by the Ethics Committees
of the UMC Utrecht (study ID: NL.METC-17-528/C). All participants received written
information and provided their oral and signed informed consent. The following data
from the electronic medical records were extracted: JIA subtype, date of diagnosis,
disease duration, height, weight, gender, age, the presence of anti-nuclear antibody
(ANA), rheumatoid factor (RF), HLA-B27 the disease activity score 28 (DAS 28) and the
current medication use such as bDMARDs and csDMARDs.(15)

Measurement instruments
In all participants the TMJ screening protocol, MROM, and AMVBF were assessed.

TMJ screening protocol

A total of 11 items regarding history, examination, and inspection produced the TMJ
screening protocol.(16) The history items addressed 1) problems in chewing, 2) eating
slower than others, 3) difficulty in biting hard food, 4) pain while eating, and 5) a limited
mouth opening. The clinical examination items of the TMJ screening addressed 6)
limited mouth opening, the cut-off value for which was =<40mm without inclusion of
the overbite(17), 7) crepitation on mandibular opening and closing, 8) pain on active
maximum interincisal opening (AMIO), and 9) left or right mandibular midline deviation
on opening wide. The inspection items of the TMJ screening protocol addressed 10)
facial asymmetry, and 11) retrognathia.

Each positive item of the TMJ screening protocol receives 1 point. All positive items
produced the TMJ screening protocol score. The TMJ screening protocol has been
validated by the disease activity score (JADAS-27).(16) ATMJ screening protocol score
of at least 2 was found to have the highest sensitivity and specificity to differentiate
between a low disease activity with a JADAS-27 score 2.2 and a higher disease activity
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Adults with JIA & TMJ

score with a JADAS-27 26.4. Following our protocol, we operationally defined TMJ
involvement as a TMJ screening protocol score 22 in this study.

Mandibular range of motion

The mandibular range of motion (MROM), active maximum interincisal mouth opening
(AMIO), passive maximum interincisal opening (PMIO), protrusion, and left and right
laterotrusion were assessed. The overbite was not included in the AMIO and PMIO. The
MROM was measured with a metal ruler to the nearest millimetre. During the AMIO and
PMIO measurement, the participants were asked to open their mouth as wide as possible.
During the PMIO measurement, the examiner applied a gentle stretch with the index finger
and thumb on the incisal edges of the incisors to increase the mouth opening. Protrusion
was assessed by requesting the participants to protrude the mandible as far anterior as
possible. Inthe measurement of left and right laterotrusion, the dental midlines were used
as reference points. In case of a midline shift with the teeth in occlusion, a correction was
carried out for the size of this shift. The difference between left and right laterotrusion
was labelled as “discrepancy between left and right laterotrusion”. Limitation in condylar
sliding was assessed by palpation of the TMJ region during AMIO.

Anterior maximum voluntary bite force

In a previous study we found a 24 Newton (N) lower bite force in children with JIA
compared to healthy children, and a 42 N lower bite fore in case of JIA with TMJ
involvement.(4) The AMVBF was measured by placing a bite force transducer between 7

the upper and lower central incisors.(4) The bite force measurement consists of _—

clenching as hard as possible for ten seconds at maximum strength. Three attempts
were documented. The highest bite force of the three attempts was defined as the
AMVBF and is expressed in N. A good to excellent reliability of AMVBF measurements
was found for children with JIA.(18)

Statistical analysis

Inthis study, we classified adults into groups 1) JIA and healthy controls, 2) JIAwith versus
without clinically established TMJ involvement (TMJ protocol score = 2)(16), and 3) JIA
diagnosed in the pre-biological era (biologicals were not prescribed yet during childhood:
defined as JIAdiagnosed <2002) and JIA diagnosed in the biological era (adults with JJAwho
had the availability of biologicals as a treatment option during childhood: defined as JIA
diagnosed = 2002). These groups are based on the date of authorization by the European
Medicines Agency (EMA) and Dutch Health Authorities on the use of biologicals.(19)

Characteristics were presented as numbers and percentages for categorical variables and
means and standard deviations (+) for normally distributed variables. Normality was assessed by
plotting graphs (histograms and Q-Q plots). In our data, all variables were normally distributed.
For the analyses of all clinical data, the unpaired Student’s t-test was used for continuous
data and the chi-square test was used for dichotomous or ordered categorical outcomes.
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Aclinically relevant effect of having JIA and clinically established TMJ involvement was
mainly reflected in AMIO and AMVBF in children with JIA.(4,20) In addition, AMIO is the
most studied MROM variable in TMJ examination.(8) Therefore, we further assessed AMIO
and AMVBF in our predefined study groups by linear regression. We indicated disease
duration and gender as potential confounders. In addition, we computed the previous
biological use duration as a percentage of disease duration. This constructed variable
will take disease duration into account. First, unadjusted models were established to
indicate variables of influence on AMIO and AMVBF. Secondly, we performed adjusted
analyses with corrections for disease duration and gender. Validity of the models (i.e.,
normality, homoscedasticity) was assessed with residual analysis.(21) Results were
reported as regression coefficients with 95% confidence interval (Cl) and p-values. For
dichotomous variables, regression coefficients represent the difference in mean AMIO
or AMVBF. For continuous variables, the regression coefficient represents the increase
in mean AMVBF or AMIO for each unitincrease in the explanatory variable.

Ap-value of less than 0.05 was accepted as significant. Statistical analyses were performed
using SPSS 25 (IBM SPSS Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp).

Results

In this cross-sectional study, 100 adults with JIA and 59 healthy adults were included.
The mean age of adults with JIA was 28.8 years (+x9.2), and for healthy adults 32.4
years (£15.1). Of the adults with JIA, 75 (75.0%) were female, and of the healthy adults
32 (54%) were female (see also Table 1). Of the adults with JIA, 56 (56.0%) had a TMJ
protocol score 22 and were therefore labelled with ‘TMJ involvement’. The adults with
JIAand TMJ involvement had a higher age (31.5 £10.8 years) compared to the adults with
JIA without clinically established TMJ involvement (25.3+5.1 years; p<0.001). The age
at onset was lower in the JIAwith TMJ involvement group (6.5+5.1 years) compared to
JIAwithout TMJinvolvement (9.9+6.0 years; p=0.003). The disease duration was longer
in the TMJ involvement group (24.6+12.9 years) compared to the group without TMJ
involvement (15.0+8.1 years; p<0.001). The JIA subtype differed between adults with JIA
with and without TMJ involvement (p=0.03); polyarticular RF- was more prevalentin the
TMJ involvement group (38%) compared to the group without TMJ involvement (25%).

The group of adults with JIA was classified into 54 adults originating from the pre-
biological era and 46 from the biological era (Table 1). The age at onset was significantly
lower (4.4+3.8 years) in the pre-biological era group than in the biological era group
(12.3%4.6 years; p<0.001) due to our study design. The current biological use did not
differ between the pre-biological era group and the biological era group (p=0.78). As
a result of the study design, JIA patients from the pre-biological era were older (33.2
vs 23.5 years; p<0.001) and had longer disease duration (28.5vs 10.7 years; p<0.001).
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Adults with JIA & TMJ

TMJ screening protocol

All TMJ screening protocol score items were more common in adults with JIA than
in healthy adults (p<0.05; Table 2). Of all adults with JIA and clinically established
TMJ involvement, the following TMJ screening protocol items were most prevalent:
crepitation (50%), deviation >2mm during AMIO (48.2%), pain while eating (39.3%),
asymmetry (39.3%), and retrognathia (39.3%) (Table 2). In the uncorrected analysis for
the pre-biological era group, TMJ involvement was more prevalent (70%) than in the
biological era group (39%; p=0.002; Table 2). However, collinearity existed between
the subtype pre-biological era versus biological era and disease duration. This means
that these variables are highly correlated with each other.

Mandibular range of motion

The mean uncorrected AMIO in adults with JIA was 47.5mm (£8.3), significantly lower
than 55.3 mm (£6.0) in healthy adults (p<0.001; Table 2). The mean PMIO, protrusion,
and left and right laterotrusion were all significantly lower, and limited condylar sliding
and the discrepancy between left and right laterotrusion was more prevalent in adults
with JIA compared to healthy adults (Table 2). In adults with JIA and TMJ involvement,
the mean uncorrected AMIO was 43.5mm (+7.5) compared to 52.5mm (+6.3) in adults
with JIA without TMJ involvement (p<0.001; Table 2). PMIO and condylar sliding were
impaired in adults with JIA and TMJ involvement, compared to adults with JIA without
TMJ involvement (p<0.01). The other MROM variables were not significantly differentin
adults with JIA, with or without TMJ involvement, and not significantly different between 7

the pre-biological era and biological era group (Table 2). _—

The following variables were associated with a lower AMIO: JIA vs healthy adults, JIA
with vs without TMJ involvement, JIA pre-biological era vs JIA biological era, disease
duration, age at onset, TMJ screening protocol score, limited condylar sliding, and
medication use (p<0.05; Table 3). Gender and height were associated with a higher
AMIO (p<0.05; Table 3). Adjusted analyses, with correction for gender, confirmed
the lower values in adults with JIA for AMIO (-2.52, 95% CI -5.13-0.10; p<0.001; Table
4) compared to healthy adults. However, when we include TMJ involvement in the
adjusted analyses (model 2, table 4), there was no difference in AMIO between healthy
adults and adults with JIA without TMJ involvement (-2.52, 95%Cl: -5.13-0.10; p=0.06).
A lower AMIO of 8.8mm was found in JIA with TMJ involvement (95%CI: -11.40 --6.12,
p<0.001; Table 4) compared to JIA without TMJ involvement. No significant differencein
AMIO was found between the pre-biological vs biological era groups (p=0.31, Table 4)
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Table 3. Unadjusted linearregression for AMIO and AMVBF in adults with JIA and healthy adults

AMIO AMVBF
Variable Unadjusted P-value Unadjusted P-value

Regression Regression

coefficients (95% ClI) coefficients (95% CI)
JIAvs healthy adults -7.87 (-10.40to0 -5.32) <0.001 -28.79(-53.59t0-4.00) 0.02
JIAwith vs without  -9.36(-12.31t0-6.40) <0.001 -17.80(-43.58t0-7.98) 0.17
TMJ involvement
JIA, pre-biologicalera 5.22(1.88 to 8.55) 0.002 0.782 (-25.0 to 26.56) 0.95
vs JIA, biological era
Disease duration -0.35(-0.48t0-0.21) <0.001 0.60(-0.50t0 1.70) 0.28
Age atonset 0.33(0.04t00.63) 0.03 -0.69(-2.92t0 1.53) 0.54
JIA subtype -0.41 (11810 0.37) 0.30 -0.63(-6.35t05.09) 0.83
Male gender 4.93(2.13t07.74) <0.001 72.91(49.49t0 96.95) <0.001
Height 0.21(0.06 to 0.36) 0.01 2.95(1.65t0 4.25) <0.001
TMJ screening -2.84(-3.40t0-2.29) <0.001 -10.09 (-16.43t0-3.75) 0.002
protocolscore
Limited condylarsliding -6.67 (-10.08 to -2.26) 0.003 -65.11 (-106.39t0-23.83) 0.002
DAS28 -1.19 (-2.89 to 051) 0.17 0.91 (-11.51 to 13.33) 0.88
Currentmedicationuse -5.16 (-7.77 to -2.55) <0.001 -4.87(-30.09t020.34) 0.70
History of biological 0.02(-0.04 to 0.07) 0.51 -0.07 (-0.48 t0 0.34) 0.75

use as percentage of
disease duration

T TMJinvolvementis proposed as a TMJ protocol score = 2 in JIA patients.(16)
1 Pre-biological era: adults with JIA and whose childhood was in the pre-biological era

(diagnosis of JIA earlier than 2002).

Biological era: adults with JIA and whose childhood was in the biological era (diagnosis of

JIAin or after 2002).

AMVBF: anterior maximum voluntary bite force; AMIO: active maximum interincisal
opening; Cl: confidence interval; DAS28: disease activity score 28; JIA: juvenile idiopathic

arthritis; TMJ: temporomandibular joint.
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Adults with JIA & TMJ

Anterior maximum voluntary bite force

The uncorrected mean AMVBF was significantly lower in adults with JIA (160.8+62.5N)
compared to healthy adults (189.6+92.7N; p=0.04;Table 2). There were no differences
between the mean AMVBF in adults with JIA with and without TMJ involvement
(p=0.19); likewise, there were no differences between the pre-biological era and the
biological era group (p=0.95). The unadjusted analysis showed a 28.8 N lower AMVBF
in adults with JIA compared to healthy adults (p=0.02; Table 3). Gender, height, the
TMJ screening protocol score, and limited condylar sliding were factors of influence
on AMVBEF (p<0.01; Table 3). After correction for disease duration and gender, adults
with JIA did not significantly differ in AMVBF from healthy adults (p=0.24; Table 5).

Discussion

TMJinvolvement, defined as a TMJ protocol score 2 2, is highly prevalentin adults with
JIA (56.0%). Damage related items such as crepitation, deviation during AMIO, and
retrognathia are the most scored items on the TMJ screening protocolin adults with JIA.
Of allMROM variables, AMIO is the variable with the most distinct reduction in adults
with JIA and TMJ involvement. We found that adults with JIA have a 8.8mm lower AMIO
compared to adults with JIA without TMJ involvement. No differences in AMIO were
found between healthy adults and adults with JIA without clinically established TMJ
involvement. AMVBF seems not to differ in adults with JIA and healthy adults. Since
the variable disease duration and the subgroup pre-biological versus biological era are 7

highly correlated due to our study design, we cannot distinguish the effects of these _—

two variables on TMJ involvement, AMIO, and AMVBF.

Comparison with the existing literature

Most TMJ studies in adults with JIA used cone beam computed tomography (CBCT),
panoramic radiographs, or magnetic resonance imaging (MRI) as a diagnostic tool
to indicate TMJ abnormalities, affected TMJ, growth disturbances, TMJ involvement,
and condylar deformities.(10-12,22-24) An international consensus-based
recommendation for standardizing terminology defined TMJ involvement as ‘clinical
situations in which no contrast-enhanced MRl verification of active TMJ inflammation
has occurred but where signs, symptoms, and/or radiological findings suggest the
presence of actual or former TMJ arthritis’.(7) In our study we used a clinical approach
to define TMJ involvement.(16) Consequently, this may underestimate the underlying
pathology of TMJ involvement such as TMJ arthritis and TMJ damage, as we did not use
imaging techniques such as the gold standard MRI.(25) TMJ abnormalities were found in
55% of a study population of adults with JIA confirmed by CBCT.(12) In a study in which
MRI was used, 70% of the adults with JIA had TMJ involvement and thereby 57% had
TMJ growth disturbances.(10,22) TMJinvolvement confirmed by panoramic radiographs
was found in 67% of adult women with a history of JIA.(23) These prevalence rates are
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in line with our results in which clinically established TMJ involvement was found in
56% of adults with JIA.

The most prevalent TMJ screening protocol items in this study were deviation during
AMIO (31.0%), crepitation (30%), retrognathia (25.0%), problems in chewing (23.0%),
pain while eating (22.0%), limited mouth opening (22.0%), and asymmetry (22.0%).
The prevalence of deviation during AMIO is reported in 11 to 39% of adults with JIA.
(11,12) Crepitation was present in 25% of adults with JIA, and in 41% of women with
a history of JIA.(23,26) Retrognathia was found in 27% of adults with JIA.(10) Facial
asymmetry was found in 76% of adults with JIA using cephalometric measurement,
which may explain the lower prevalence of asymmetry (22%) in our study.(12) A limited
mouth opening, defined differently in each study, was found in 29-55% in adults with
JIA.(11,12,22,23,26) A correlation between mouth opening and disease duration, TMJ
involvement and molar bite force is described.(23) In a study to assess AMVBF in
children with JIA, lower AMVBF was found for children with JIA compared to healthy
controls.(4) However in our study, AMVBF was not impaired in adults with JIA.

Clinical implications

Screening and monitoring of the TMJ is advised by a consensus-based recommendation
for patients with JIA based on literature of children with JIA.(8) Our study confirmed that
TMJ involvement influenced AMIO negatively and should therefore be part of the TM)J
screening in adults with JIA. AMIO is a quick, easy and highly reliable measurement
for everyday clinical practice to be used by the rheumatologist. AMVBF did not differ
between adults with and without TMJ involvement, therefore AMVBF seems to have
less utility for TMJ screening in adult populations. Screening of the TMJ may help the
rheumatologist to determine if a referral to a multidisciplinary team consisting of a
maxillofacial surgeon, orthodontist, orofacial pain specialist, and/or physiotherapist
for further diagnosis and managementis needed.

Strengths and limitations

The strengths of this study are the comprehensive TMJ screening, the comparison with
acontrolgroup, and assessment of the oral function parameters MROM, and AMVBF. A
limitation of this study is the potential selection bias. Of all adults with JIA, a selected
group of patients is visiting the university hospital because 30-50% of the children with
JIAwill have active JIAin adulthood.(1-3) We noticed a variation in spread of subtypes
between the adults with JIA in this study and children with JIA studied before.(20) On
the other hand, adults with JIA visiting the university hospital are probably the patients
with higher disease activity, with the need for screening of alljoints, including the TMJ.
In future studies it will be interesting to follow up a wider group of adults with JIA; JIA
patients treated in non-academical hospitals and adults with JIA that have a clinical
remission of the disease. This may solve the potential selection bias in our study. Due
to our cross sectional study design age at onset in the biological era group (12.3+4.6
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Adults with JIA & TMJ

years; p<0.001) is higher than the pre-biological era group (4.4+3.8 years). As a result,
the disease durationis lower in the biological era group compared to the pre-biological
era group as well. Patients assigned to the biological-era group have to be diagnosed
with JIA= 2002. Therefore, at the start of our study (November 2019), adults with JIA
from the biological era group have a higher chance to be diagnosed at an older age.
Children with a lower age at onset in the biological era group, are not yet adults at the
time of our study, and are therefore notincluded.

Another limitation of this study is the collinearity between disease duration and the
subcategory pre-biological era versus biological era caused by our study design. The
pre-biological era group consisted of adults with JIA with a higher age (33.2 years) and

alonger disease duration (28.5 years), compared to the biological era group (23.5 years

old and 10.7 years of disease duration). A longer disease duration is associated with a

higher prevalence of TMJ involvement.(27-29) Also, biologicals were revolutionary in
treatment of JIA, and may positively affect the TMJ as well.(13,14) However, we could

not distinguish the effect of disease duration from the subdivision of pre-biological era

versus biological era on TMJ involvement, AMIO, and AMVBF. In an additional analysis,

we calculated the history of biological medication use in months as a percentage of

disease duration to deal with these correlated variables. However, we did not find a
significant effect on AMIO and AMVBF(Table 3). The history of biological use may not

be appropriate to analyse the effect of biologicals on the TMJ. This may be due to the

step-up treatment schemes that are used by most rheumatologists, i.e., biologicals 7
are recommended in case NSAIDs and DMARDs treatment fails, for the subtype
polyarthritis and for patients with features of poor prognosis.(30) Therefore, the group
of adults with a few months of biological use may consist of adults with mild disease
activity and of adults from the pre-biological era group.

Another limitation of this study is the absence of a validated disease activity score
in patients with JIA.(15,31) As an alternative we used the DAS28. Although, in 28 of
the 100 patients included in this study the DAS28 was missing. In most cases, the
TMJ measurements of our study were combined with a visit of the patients with their
rheumatologist. In 14 patient visits, patients did not visit their physician on the day of
the measurement. Disease activity was scored every visit, but DAS28 was not always
calculated because of a missing value (mostly VAS score). Therefore, this score
probably displayed the disease activity in our study population only partially (72%).

Future study

In 56.0% of our adult JIA study group we found TMJ involvement. As TMJ involvement
is a clinical diagnosis, we cannot differentiate between the underlying pathology TMJ
damage and TMJ arthritis. Our clinical approach is a first step to distinguish patients
with potential TMJ pathology. A MRl based TMJ study can help to further differentiate
between TMJ damage and TMJ arthritis. In future studies it may be interesting to
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correlate the TMJ screening protocol items with MRI results. This information will
answer the question whether the clinical signs of adults with TMJ damage and TMJ
arthritis differ. This may help to narrow the indication for MRI diagnostics, since a
suspicion of TMJ inflammation is an indication for MRI, while TMJ damage can be
diagnosed by panoramic radiographs or CBCT. A next step and ultimate goal is to
determine the best treatment options for adult JIA patients with TMJ involvement, as
this strategy is nowadays missing.

Conclusion

The high prevalence of clinical established TMJ involvement in adults with JIAindicates
the need for awareness of TMJ problems in both children and adults with JIA. TMJ
involvementinfluenced AMIO negatively and should therefore be part of the TMJ screening

inadults with JIA. AMVBF did not differ between adults with and without TMJ involvement,
therefore AMVBF seems to have less utility for TMJ screening in adult populations.
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Dear Sir

We write to address the silent temporomandibular joint (TMJ) paradigm and our
attempt to study this phenomenon. According to the silent TMJ paradigm, children
with juvenile idiopathic arthritis (JIA) may have TMJ inflammation without any clinical
sign or symptom.(1) Not recognizing TMJ inflammation may result in TMJ dysfunction,
mandibular growth disturbances and subsequent maxillofacial asymmetries. Early
detection and treatment of inflammation may therefore prevent these sequelae.
Current diagnostic methods are clinical examination, radiographic imaging, and
magnetic resonance imaging (MRI). Contrast enhanced MRI has been accepted as the
gold standard for detection of TMJ arthritis. Despite its inherent disadvantages, routine
contrast enhanced MRI has been advocated for early diagnosis of TMJ inflammation. In
arecent study we aimed to assess the prevalence of ‘the clinical silent TMJ’ in children
with new onset, not yet treated JIA and a MRl confirmed TMJ arthritis.

A prospective study in children with new onset JIAwas conducted between January 2018
and February 2020 at the outpatient clinic of the Department of Pediatric Immunology
and Rheumatology, the University Medical Center (UMC) Utrecht, The Netherlands. The
inclusion rate was low and we were not able to achieve the sample size needed to draw
conclusions. The study was thus stopped prematurely.Thirty two children were excluded
because of 1) patients not willing to participate (n=5); 2) rheumatologist unsure of JIA
diagnosis at first examination (n=7); 3) treatment, already started due to a delay between
the first consultation with the rheumatologist and the presentation to the researcher
(n=11); 4) patients having orthodontic treatment (n=2); 5) the presence of at least one
clinical TMJ sign or symptom (n=7). A total of 3 children with new onsetJIAand 4 children
with an exacerbation of JIA, after a period of full clinical remission were included. None
of the seven included children with a TMJ protocol score zero (2), indicating the absence
of any clinical TMJ sign or symptom, showed MRI established TMJ inflammation.

Our inclusion rate partly represents the concerns of patients regarding the
disadvantages of MRI screening such as the need for intravenous contrast infusion
and sedation in case of anxiety, including concerns over contrast retention in the
(young) human brain. To overcome these disadvantages, itis in our opinion necessary
to assess the value of a comprehensive clinical examination to selectively identify
children for further MRI imaging instead of prescribing a routine MRI. The silent
TMJ involvement is mostly mentioned in studies comparing only a few clinical TMJ
variables to MRl outcomes.(3-5) A combination of clinical variables demonstrated a
higher sensitivity for TMJ arthritis than each clinical variable separately.(4) Extending
the clinical examination with multiple variables may narrow the indication for MRI of
the TMJ.(2) To set out a validated and tailored diagnostic pathway for TMJ arthritis in
children with JIA we hope that an organization such as the Temporomandibular Joint
Juvenile Arthritis Work group (TMJaw) will be able to follow up on our suggestion to
verify or deny the silent TMJ paradigm.
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Summary

In children with juvenile idiopathic arthritis (JIA) the temporomandibular joint (TMJ)
can be involved. To prevent TMJ damage due to inflammation, early recognition is
important, for which contrast-enhanced magnetic resonance imaging (MRlI) is the gold
standard. In this study, the interobserver reliability and construct validity of the Juvenile
Idiopathic Arthritis Magnetic Resonance Scoring System for Temporomandibular Joints
(JAMRIS-TMJ) was assessed. Two radiologists independently examined 38 MRIs using
the JAMRIS-TMJ scoring system. Inter-observer reliability was assessed by Cohen’s
(weighted) kappa (k), 95% confidence intervals (Cls) and absolute agreement (%).
Construct validity was assessed by correlation between the JAMRIS-TMJ items and
TMJ involvement, active maximum interincisal mouth opening (AMIO), and anterior
maximum voluntary bite force (AMVBF). The interobserver reliability for the JAMRIS-
TMJ items varied from poor to good (k=0.18-0.61). Joint enhancement had the highest
reliability (k=0.61). Correlations were found between TMJ involvement, AMIO, and the
JAMRIS-TMJ items, although variation between radiologists and TMJ side existed. No
correlation was found between AMVBF and the JAMRIS-TMJ items for both radiologists.
The strongest correlations were found between most of the JAMRIS-TMJ items and
AMIO. Our findings support the utility of AMIO as a clinical measure of TMJ status in
children with JIA.
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Reliability and validity of JAMRIS-TMJ scoring system

Introduction

In children with juvenile idiopathic arthritis (JIA) the temporomandibular joint (TMJ)
canbeinvolved. TMJinvolvement can present symptoms such as pain, a lower health-
related quality of life, a limited mouth opening, and facial asymmetry due to growth
disturbances.(1,2) To prevent these symptoms, early recognition of TMJ arthritis is
important. Different diagnostic methods are available to indicate TMJ abnormalities
in children with JIA, such as clinical assessment, ultrasound, cone beam computed
tomography (CBCT), panoramic radiographs, or magnetic resonance imaging (MRI).
Overall, contrast-enhanced MRl is advised as the gold standard method to detect TM)J
arthritis.(3,4) For proper interpretation of MRIs of TMJ in JIA, a standardized scoring
system s required.(5) In 2018, a structured scoring system was proposed by Outcome
Measures in Rheumatology and Clinical Trials (OMERACT) and Juvenile ldiopathic
Arthritis MRI (JAMRI) working group.(5,6) This Juvenile Idiopathic Arthritis Magnetic
Resonance Scoring System for Temporomandibular Joints (JAMRIS-TMJ) contains an
inflammatory and a damage-related domain. However, difficulties in interpreting and
scoring the MRIs have been described.(7-9) The interobserver reliability of the JAMRIS-
TMJ scoring items is reported to vary widely. In the original article of the JAMRIS-TMJ
scoring system, the interobserver reliability was reported as sufficiently reliable,
with JAMRIS-TMJ items average-measure absolute agreement intraclass correlation
coefficients (avICCs) that varied between 0.57 and 0.95 (5), while other studies
showed less reliability for items in the JAMRIS-TMJ scoring system.(7,9) Therefore,
we hypothesize that the reliability of the JAMRIS-TMJ scoring system in our study will
demonstrate lower reliability compared to the most recent studies

Another diagnostic method to detect TMJ involvement in patients with JIA is the
clinical examination. Alternative diagnostic methods are desirable because of
the disadvantages of MRI, such as the need for contrast infusion, the concern
with contrast retention in the (young) human brain, need for sedation in case
of anxiety or claustrophobia, high costs, and limited availability and expertise.
(10,11) Especially in young children, the need for infusion and/or sedation in case
of anxiety or claustrophobia can be a burden on the child and the parents. These
aspects may contribute to a delay in the recognition of TMJ problems in JIA.(12) The
clinical examination of TMJ is a simple method and is able to detect and monitor TMJ
involvement.(2) For example, the TMJ screening protocol score is a clinical screening
tool consisting of history, examination, and inspection domains. A TMJ screening
protocolscore = 2 is operationally defined as TMJ involvement. A limited mouth opening
is highly prevalentin children with JIA and TMJ arthritis.(2,4,13-15) We hypothesized the
strongest correlation between AMIO and the JAMRIS-TMJ scoring system, hence mouth
opening capacity is one of the most used clinical measurements in TMJ examination in
patients with JIA.(2) Areduced bite force has been reported in children with JIAand TMJ
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involvement, as well.(16) However, no studies focused on bite force and its association
with MRI-confirmed TMJ arthritis.

Therefore, the aim of this study is to evaluate the interobserver reliability of the JAMRIS-
TMJ scoring system in children with JIA, and to determine the construct validity of
the JAMRIS-TMJ scoring system versus TMJ involvement, active maximum interincisal
opening (AMIO), and active maximum voluntary bite force (AMVBF).

Materials and Methods

In this cross-sectional study, children with JIA were recruited and assessed at the
outpatient clinic of the Department of Pediatric Immunology and Rheumatology of
University Medical Center Utrecht (UMCU), in collaboration with the Department
of Oral and Maxillofacial Surgery and Special Dental Care of the UMCU, between
January 2018 and May 2020. The inclusion criteria for participation were children with
JIA, as classified using the International League of Associations for Rheumatology
(ILAR) criteria, and an age between 6 and 18 years old. The exclusion criteria were:
1) a history of mandibular trauma; 2) an additional orofacial condition not related
with JIA (e.g., dental pain or a pre-existing jaw or temporomandibular disorder); 3)
undergoing orthodontic treatment; 4) a contraindication for MRI; 5) a need for sedation
priorto MRI (e.g., as aresult of claustrophobia); and 6) more than 6 weeks between the
clinical examination and MRI, as therapeutic treatment response is expected after 6
to 8 weeks.(17,18) The medical ethical committee of the UMC Utrecht gave approval
for this study (ID: NL.METC-17-528/C and NL.METC.17/704/M).

The following data were extracted from the electronic medicalrecords for the included
children with JIA: JIA subtype, date of JIA diagnosis, medication, height, weight, gender,
age, the presence of antinuclear antibody (ANA) or rheumatoid factor (RF), human
leukocyte antigen B27 (HLA-B27), and the clinical Juvenile Arthritis Disease Activity
Score (cJADAS).(19) Data collection was performed using the good clinical practice
(GCP) compliant electronic data capture (EDC) system, Research Online, owned by
the Julius Center (UMC Utrecht).

Children with JIAwere routinely screened at the outpatient clinic for AMIO, AMVBF, and
the TMJ screening protocol score.(20) The children and their parents were informed
about the study in advance. Informed consent was obtained by parents or legal
guardians and, depending on age, also by the child prior to this study, and an MRI
examination of the TMJs was planned within 6 weeks.

Magnetic resonance imaging
The MRI was performed on a 3 Tesla system (Signa MR/i Twinspeed scanner, GE
Medical Systems, Milwaukee, WI, USA). The total time of investigation was around
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30 minutes. In order to optimally compare the various sequences, the patient was
positioned supine in the MRI system, with closed mouth, and asked not to move the
head or open the mouth during the examination. After the scout scans, used to identify
thejoints, fat saturated (FS) T2 weighted (T2W) images (to identify bone marrow edema
and joint fluid) and FS T1W images with contrast (to identify synovial enhancement and
thickening) were made, according to the TMJ/MR protocol.

TMJ/MRI protocol: head sense coil, extra surveys coronal (c) and transversal (t) are
added to locate the TMJ. Angulations of the sagittal(s) and coronalimages are made:
1) multiple stack survey; 2) s TIW spin echo (SE) image whole head; 3) c survey; 4)
t survey; 5) s TTW image (3 mm slice thickness, no gap) through both TM joints; 6) s
T2W 3 mm short-Tl inversion recovery (STIR) image through both TM joints. Injection
of Gadolinium (gd) intravenous; 7) s TIW 3 mm spectral presaturation with inversion
recovery (SPIR) gd through both TM joints; 8) ¢ T1W 3mm SPIR gd through both TM joints.

JAMRIS-TMJ scoring system

The MRIs were independently assessed by two radiologists (StH, FN) experienced
in pediatric musculoskeletal imaging. They followed the scoring system proposed
by the OMERACT and JAMRI working groups.(5,6) The scoring system construct of
the inflammatory domain consists of the items: 1) bone marrow edema (grade 0-1);
2) bone marrow enhancement (grade 0-1); 3) joint effusion (grade 0-2); 4) synovial
thickening (grade 0-2); and 5) joint enhancement (grade 0-2). The damage domain
consists of the items: 1) condylar flattening (grade 0-2); 2) erosions (grade 0-2); and
3) disk abnormalities (grade 0-1). The first five MRIs were independently assessed
by the two radiologists, and afterwards the radiologists compared their results. This
was used to discuss some difficulties in the rating process. The MRIs were blinded
and displayed in a random order by using the Picture Archiving and Communication
System (PACS) software tools (IDS7, Sectra Medical Systems, Linkdping, Sweden).

TMJ screening protocol

The TMJ screening protocol consists of 11 items regarding history, examination, and
inspection (20) The history items addressed: 1) problems in chewing; 2) eating slower
than others; 3) difficulty in biting hard food; 4) pain while eating; and 5) a limited mouth
opening. The clinical examination items of the TMJ screening protocol addressed: 6)
limited mouth opening, the cut-off value for which was < 40 mm with exclusion of the
overbite; 7) crepitation on mandibular opening and closing; 8) pain on AMIO; and 9)
left or right mandibular midline deviation on opening wide. The inspection items of
the TMJ screening protocol addressed: 10) facial asymmetry; and 11) retrognathia.

Each positive item of the TMJ screening protocol receives 1 point; negative scoring
items receive 0 points. All positive items produced the TMJ screening protocol score.
The TMJ screening protocol has been validated against the disease activity score
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(JADAS-27).(20) A TMJ screening protocol score of at least 2 was found to have the
highest sensitivity and specificity to differentiate between a low disease activity score
(JADAS-27 of 2.2 or lower) and a high disease activity score (JADAS-27 of 6.4 or higher).
Following our protocol, in this study we operationally defined TMJ involvement as a
TMJ screening protocol score = 2.

Active maximum interincisal mouth opening (AMIO)

The AMIO was measured with a metal ruler to the nearest millimeter. During the AMIO
measurement, the participants were asked to open their mouth as wide as possible.
The distance between the upper central incisor and the lower central incisor was
recorded with a ruler. The overbite was not included in the AMIO values.

Active maximum voluntary bite force (AMVBF)

The AMVBF was measured using a bite force transducer.(16) The transducer was
placed between the upper and lower central incisors. The bite force measurement
consists of clenching as hard as possible for 10 seconds at maximum strength. Three
attempts were documented. The highest bite force of the three attempts was defined
asthe AMVBF and is expressed in Newtons (N). A good to excellent reliability of AMVBF
measurements was found for children with JIA.(21)

Statistical analysis

Characteristics of the children were presented as numbers and percentages, and as
means and standard deviations (SD). Inter-observer reliability was assessed for the
items of the inflammatory and damage domains of the JAMRIS-TMJ scoring system and
analyzed by Cohen’s (weighted) kappa coefficient (k) and reported with 95% confidence
intervals (Cls). Cohen’s kappa coefficients were calculated for bone marrow edema,
bone marrow enhancement, and disk abnormalities. Weighted kappa coefficients (kw)
were calculated for joint effusion, synovial thickening, joint enhancement, condylar
flattening, and erosions. A kappa score smaller than 0.2 was considered poor, 0.21
t0 0.40 as fair, 0.41 to 0.60 as moderate, 0.61 to 0.80 as good, and 0.81 to 1.00 as very
good.(22) In addition, the absolute agreement (%) was calculated for each item of the
inflammatory and damage domains.

Construct validity of the JAMRIS-TMJ scoring was assessed by Spearman’s rank
correlation coefficient (rs), because of the ordinal origin of the JAMRIS-TMJ outcomes.
The Spearman’s correlation was run to determine the concurrent validity by testing
the extent of relationship between the outcomes of the JAMRIS-TMJ scoring items
(bone marrow edema, bone marrow enhancement, joint effusion, synovial thickening,
joint enhancement, condylar flattening, erosions, and disk abnormalities) and TM)J
involvement, AMIO, and AMVBF. Correlations smaller than 0.19 were considered as
very weak, 0.20 to 0.39 as weak, 0.40 to 0.59 as moderate, 0.60 to 0.79 as strong,
and 0.80 to 1.00 as very strong.(23) We hypothesized a positive correlation between
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TMJ involvement and the JAMRIS-TMJ items, with the term TMJ involvement defined
as: ‘clinical situations in which no contrast-enhanced MRI verification of active TMJ
inflammation has occurred but where signs, symptoms, and/or radiological findings
suggest the presence of actual or former TMJ arthritis’ (3). We expected a negative
correlation between AMIO and the JAMRIS-TMJ items, as a lower AMIO was correlated
with signs of TMJ arthritis on MRI.(13) We also hypothesized a negative correlation
between AMVBF and the JAMRIS-TMJ items, as a lower AMVBF is found in children with
JIA and TMJ involvement compared to children with JIA without TMJ involvement (16).
Since the construct of the JAMRIS-TMJ items is related but dissimilar, a correlation
between 0.30 and 0.50 is expected.(24) A p-value of less than 0.05 was considered
statistically significant. Statistical analyses were performed using SPSS 25 (IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp).

Results

Atotal of 38 children with JIAwere analyzed in this study, 31 with clinically established
TMJinvolvement (TMJ screening protocol score = 2) and 7 children with a TMJ screening
protocol score of 0. There were 31 girls (81.6%) and 7 boys (18.4%), with a mean age
of 14.6 years (Table 1). The JIA subtype RF- polyarticular (39.5%) was most common,
followed by persistent oligoarticular (21.1%) and extended oligoarticular (18.4%). The
cJADAS score was low in 15 children with JIA (39.5%), 11 were moderate (28.9%), and
nine were high (23.7%). The cJADAS was missing in three children.

Table 1. Demographics, clinical characteristics

Variable n=38
Gender, n (%)
Male 7(18.4) L
Female 31(81.6)
Mean age (years; mean, SD) 14.6 (3.5)
Mean weight (kg; mean, SD) 57.8 (17.8)
Mean height (cm; mean, SD) 161.1 (15.1)
JIA subtype, n (%)
Systemic 1(2.6)
Oligoarticular, persistent 8(21.1)
Oligoarticular, extended 7(18.4)
Polyarticular, RF- 15 (39.5)
Polyarticular, RF+ 7 (18.4)
Enthesitis-related 2(5.3)
Artritis Psoriatica 3(7.9)
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Table 1. Continued

Variable n=38
Mean disease duration (months) 71.1 (61.7)
cJADAS, n (%)

0-2 (low) 15 (39.5)

3-7 (moderate) 11 (28.9)

2 8 high 9(23.7)

Missing 3(7.9)
Current medication use, n (%)

NSAIDS 16 (42.1)

Corticosteroid 1(2.6)

csDMARDS 19 (50.0)

bDMARDs 15 (39.5)

No medication 6(15.8)
csDMARDS, n (%)

Methotrexaat 14 (36.8)

Leflunomide 3(7.9)

Azathioprine 1(2.6)

Sulfasalazine 1(2.6)

No DMARDS 19 (50.0)
bDMARDs, n (%)

Adalimumab 10 (26.3)

Etanercept 4 (10.5)

Golimumab 1(2.6)

No bDMARDs 23 (60.5)
TMJ screening protocol score < 2 (n, %) 7(18.4)
TMJ screening protocol score =2 2 (n, %) 31(81.6)
Mean AMVBF (Newton; mean, SD) 112.6 (54.3)
Mean AMIO (mm; mean, SD) 39.2(10.2)

AMIO: active maximum interincisal mouth opening; AMVBF: anterior voluntary maximum
bite force; bDMARDs: biological disease-modifying anti-rheumatic drugs; cJADAS: clinical
juvenile arthritis disease activity score; csDMARDs; conventional synthetic disease-
modifying anti-rheumatic drugs; JIA: juvenile idiopathic arthritis; NSAIDS: non-steroidal

anti-inflammatory drugs; TMJ: temporomandibular joint.

TMJinvolvement was defined as a TMJ screening protocol score = 2 (Steenks et al. 2015)
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Reliability and validity of JAMRIS-TMJ scoring system

Of the history items of the TMJ protocol score, 24 (77.4%) children with JIA had
pain while eating, 23 (74.2%) reported biting hard food difficult, and 20 (64.5%) had
problems in chewing (Table 2). Of the examination items, 19 (61.3%) children with
JIA had a limited mouth opening, 16 (51.6%) had pain during AMIO, 15 (48.4%) had
deviation during AMIO, and nine (29.0%) had crepitation. Of the inspection items, 16
(51.6%) children with JIA had asymmetry and five (16.1%) had retrognathia.

Table 2. Clinical symptoms

JIA(n=38)
Items of the TMJ screening protocol score
History:
Problems in chewing (n, %) 20 (64.5)
Eating more slowly than others (n, %) 13(41.9)
Biting hard food difficult (n, %) 23(74.2)
Pain while eating (n, %) 24 (77.4)
Limited mouth opening (n, %) 15 (48.4)
Examination:
Limited mouth opening (n, %) 19 (61.3)
Crepitation (audible) (n, %) 9(29.0)
Pain AMIO (n, %) 16 (51.6)
Deviation AMIO (>2 mm) (n, %) 15(48.4)
Inspection:
Asymmetry (n, %) 16 (51.6) L
Retrognathia (n, %) 5(16.1)

AMIO: active maximum interincisal mouth opening; JIA: juvenile idiopathic arthritis; TMJ:
temporomandibular joint.

Table 3 presents theitems of the JAMRIS-TMJ scoring system, scored by the two independent
radiologists for both left and right TMJs. The interobserver reliability of the inflammatory
domain of the JAMRIS-TMJ scoring system was poor for bone marrow edema (k=0.12,
95%Cl: 0.04-0.20) and bone marrow enhancement (k = 0.18, 95%CI: 0.07-0.29), fair for joint
effusion (kw =0.40, 95%CI: 0.18-0.63), moderate for synovial thickening (kw = 0.45, 95%Cl:
0.29-0.60), and good for joint enhancement (kw = 0.61, 95%CI: 0.48-0.75) (Table 4). The
interobserver reliability of the damage domain items of the JAMRIS-TMJ scoring system was
fair for condylar flattening (k = 0.39, 95%CI: 0.26-0.53) and disk abnormalities (kw = 0.28,
95%CI: 0.11-0.45), and moderate for erosions (k = 0.44, 95%CI: 0.27-0.61). The absolute
agreementwas lowest for bone marrow edema (40,8%) and highest for joint effusion (69.7%).
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Reliability and validity of JAMRIS-TMJ scoring system

Table 4. Interobserver Cohen’s (weighted) kappa coefficient and 95% confidence interval
for JAMRIS-TMJ scoring items

Interobserver Cohen’s Interobserver %
(weighted) kappa absolute agreement
coefficient (95%Cl)

Inflammation domain

Bone marrow edema 0.120 (0.04-0.20)" 40.8%
Bone marrow enhancement 0.179 (0.07-0.29)" 48.7%
Joint effusion 0.404 (0.18-0.63)* 69.7%
Synovial thickening 0.446 (0.29-0.60)* 65.2%
Joint enhancement 0.612(0.48-0.75)} 67.1%

Damage domain

Condylar flattening 0.393(0.26-0.53)* 43.4%
Erosions 0.440 (0.27-0.61)* 60.5%
Disk abnormalities 0.282(0.11-0.45)" 61.8%

1: Cohen’s kappa; $: Cohen’s weighted kappa
Cl: confidence interval; JAMRIS-TMIJ: Juvenile Idiopathic Arthritis Magnetic Resonance
Scoring System for Temporomandibular Joints; TMJ: temporomandibular joint.

We hypothesized a positive correlation between TMJ involvement and the JAMRIS-TMJ
items. Our results indicate a positive correlation between TMJ involvement and the
JAMRIS-TMJitems forradiologist A on left TMJ, except for the items bone marrow edema
(rs: 0.30; p=0.064) and disk abnormalities (rs: 0.28; p = 0.084). Weak correlations were
found for bone marrow enhancement (rs: 0.34; p = 0.022), joint enhancement (rs: 0.33;
p =0.043), condylar flattening (rs: 0.32; p =0.048), and erosions (rs: 0.35; p = 0.033).
A moderate correlation was found for synovial thickening (rs: 0.43; p =0.007). The
results of radiologist A regarding the right TMJ did not indicate significant correlations.
The results of radiologist B showed weak correlations for condylar flattening left TMJ
(rs: 0.40; p=0.014), erosions left TMJ (rs: 0.33; p = 0.046), disk abnormalities left TMJ
(rs: 0.42; p=0.009), bone marrow enhancement right TMJ (rs: 0.37 p = 0.022), and joint
enhancementright TMJ (rs: 0.37; p = 0.024).

As hypothesized, we found negative correlations between AMIO and the JAMRIS-TMJ
items for radiologist A (Table 5). Weak correlations for AMIO were found for radiologist
Ainbone marrow enhancementright TMJ (rs: -0.37; p = 0.024), joint effusion (rs: -0.35;
p =0.031 and rs: -0.33; p =0.042), joint enhancement left TMJ (rs: -0.32; p =0.049),
condylar flattening left TMJ (rs: -0.38; p = 0.018), and disk abnormalities left TMJ (rs:
-0.32; p =0.049). Moderate correlations for AMIO were found for bone marrow edema
left TMJ (rs: -0.43; p =0.007), bone marrow enhancement left TMJ (rs: -0.40; p = 0.013),
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synovial thickening left TMJ (rs: -0.46; p = 0.004), joint enhancement right TMJ (rs:
-0.44; p=0.006), condylar flattening right TMJ (rs: -0.44; p = 0.006), erosions (rs: -0.40;
p=0.013andrs:-0.50; p =0.001), and disk abnormalities right TMJ (rs: -0.43; p = 0.008).
The results of radiologist B only showed moderate correlations for joint effusion left
TMJ (rs: -0.44; p =0.006) and condylar flattening right TMJ (rs : -0.43; p =0.007), and
weak correlations for disk abnormalities (rs: -0.38; p =0 .380 and rs: -0.38; p=0.018)
and erosions right TMJ (rs: -0.37; p = 0.024).

Correlations between AMVBF and the JAMRIS-TMJ items were all non-significant with
values ranging from very weak to moderate.

Table5. Correlation betweenJAMRIS-TMJ scoringitems and TMJ involvement, AMIO, and AMVBF

TMJ involvement

Left TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r) coefficient (r)
Bone marrow edema 0.303 0.064 0.217 0.191
Bone marrow enhancement 0.343 0.022 0.301 0.066
Joint effusion 0.327 0.164 0.300 0.067
Synovial thickening 0.429 0.007 0.099 0.555
Jointenhancement 0.330 0.043 0.280 0.089
Condylar flattening 0.322 0.048 0.396 0.014
Erosions 0.347 0.033 0.326 0.046
Disk abnormalities 0.284 0.084 0.420 0.009
Right TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r) coefficient (r)
Bone marrow edema 0.226 0.173 0.254 0.124
Bone marrow enhancement 0.206 0.215 0.371 0.022
Joint effusion 0.137 0.412 0.256 0.121
Synovial thickening 0.305 0.171 0.178 0.285
Jointenhancement 0.161 0.334 0.365 0.024
Condylar flattening 0.107 0.524 0.254 0.124
Erosions 0.174 0.296 0.306 0.062
Disk abnormalities 0.284 0.084 0.255 0.122
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Reliability and validity of JAMRIS-TMJ scoring system

Table 5. Continued

AMIO
Left TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r)) coefficient (r))
Bone marrow edema -0.432 0.007 -0.092 0.581
Bone marrow enhancement -0.398 0.013 -0.299 0.068
Joint effusion -0.351 0.031 -0.438 0.006
Synovial thickening -0.457 0.004 -0.122 0.467
Jointenhancement -0.321 0.049 -0.154 0.356
Condylar flattening -0.380 0.018 -0.297 0.070
Erosions -0.401 0.013 -0.179 0.282
Disk abnormalities -0.322 0.049 -0.380 0.019
Right TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r)) coefficient (r))
Bone marrow edema -0.313 0.056 -0.127 0.448
Bone marrow enhancement -0.366 0.024 -0.227 0.171
Joint effusion -0.331 0.042 -0.299 0.068
Synovial thickening -0.296 0.071 -0.157 0.347 °
Joint enhancement -0.442 0.006 -0.242 0.143
Condylar flattening -0.440 0.006 -0.429 0.007
Erosions -0.498 0.001 -0.365 0.024
Disk abnormalities -0.426 0.008 -0.382 0.018
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Table 5. Continued

AMVBF
Left TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r)) coefficient (r)
Bone marrow edema -0.308 0.064 -0.155 0.358
Bone marrow enhancement -0.308 0.063 -0.221 0.189
Joint effusion -0.155 0.359 -0.165 0.330
Synovial thickening -0.300 0.072 0.136 0.421
Joint enhancement -0.189 0.262 0.056 0.743
Condylar flattening 0.019 0.910 -0.027 0.875
Erosions -0.095 0.576 -0.020 0.904
Disk abnormalities -0.112 0.509 0.026 0.881
Right TMJ
Radiologist A B
Correlation p-value Correlation p-value
coefficient (r)) coefficient (r))
Bone marrow edema -0.268 0.109 -0.092 0.587
Bone marrow enhancement -0.170 0.314 -0.116 0.494
Joint effusion -0.293 0.079 -0.130 0.442
Synovial thickening -0.198 0.241 -0.042 0.806
Joint enhancement -0.182 0.282 -0.148 0.383
Condylar flattening -0.250 0.135 -0.193 0.253
Erosions -0.238 0.156 -0.270 0.106
Disk abnormalities -0.239 0.154 -0.147 0.384

AMIO: active maximum interincisal mouth opening; AMVBF: anterior maximum voluntary
bite force; JAMRIS-TMJ: Juvenile Idiopathic Arthritis Magnetic Resonance Scoring System
for Temporomandibular Joints; JIA: juvenile idiopathic arthritis; r_: Spearman’s rank
correlation coefficient; TMJ: temporomandibular joint.

Discussion

The reliability of the inflammatory domain items of the JAMRIS-TMJ scoring system
varied from poor to good, and between poor to moderate for the damage domain.
The highest reliability was found for joint enhancement. Correlations between the
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Reliability and validity of JAMRIS-TMJ scoring system

JAMRIS-TMJ scoring items and AMIO and TMJ involvement were found, although the
results varied per radiologist and TMJ side. Radiologist A found for the items of both
the inflammatory and damage domains a negative correlation between -0.30 and -0.50
for AMIO. These findings were not confirmed for radiologist B. Therefore, the validity
of the JAMRIS-TMJ items and AMIO is only sufficient for radiologist A. No significant
correlation was found between the JAMRIS-TMJ scoring items and AMVBF.

Comparison with existing literature

In our study, joint enhancement was the only item of the JAMRIS-TMJ scoring system
that showed good reliability. The other items of the scoring system showed poor to
moderate reliability. The JAMRIS-TMJ scoring system publication reported a moderate
interobserver reliability of the inflammatory domain of the JAMRIS-TMJ scoring system
and a good reliability of the damage domain.(9) In accordance with our study, they
found poor reliability for the bone marrow items. Another study found a similar
reliability for synovial thickening (k = 0.44), compared to our study (k = 0.45).(7) The
items bone marrow edema (k = 0.54), joint effusion (k=0.71), joint enhancement
(k =0.44), condylar flattening (k = 0.66), and disk abnormalities (k= 0.61) showed a
higher reliability than our results. Some older studies, before the availability of the
JAMRIS-TMJ scoring system, only analyzed a selection of the JAMRIS-TMJ scoring items.
Moderate reliability (kw = 0.51) was reported for the overall score of the acute scoring
items synovial effusion, synovial enhancement, synovial thickening, and bone marrow
edema, with a higher interobserver reliability compared to our results.(25) A study
found an agreement between two radiologists of 98% for joint effusion and 100% for
joint enhancement, while we found 69.7% agreement for joint effusion and 67.1% for
joint enhancement.(26) In another study, an agreement of 75% (k = 0.38) was found
for joint effusion and 62.5% (k = 0.33) for synovial thickening, demonstrating a lower
interobserver reliability compared to our results (joint effusion k = 0.40 and synovial
thickening k = 0.45).(27)

In our study, we correlated the clinical items TMJ involvement, AMIO, and AMVBF to
eachitem of the JAMRIS-TMJ scoring system. We operationally defined TMJ involvement
as a TMJ screening protocol score = 2 (20). Our definitionis in line with the consensus-
based definition of the TMJ Jaw Group published in 2019.(3) Studies earlier than 2019
may have defined TMJ involvement differently. For example, in the study by Keller, TMJ
involvement was defined as signs of inflammation (effusion/increased enhancement)
and/or deformation.(28) One study used a comprehensive clinical examination, like our
TMJ screening protocol, and compared these items with MRI findings.(29) The clinical
examination consisted of symptoms and clinical findings, and afterwards a scoring
of these items was constructed. However, a correlation between the clinical score
and MRI was not found. Our operationally defined TMJ protocol score of = 2 has not
been used in other studies relating signs and symptoms to MRI findings. Mostly single
clinicalvariables are compared to MRl outcomes. However, in the study by Koos et al.,
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acombination of clinical variables, such as the TMJ screening protocol, demonstrated
a higher sensitivity for TMJ arthritis than each clinical variable separately.(30)

A limited mouth opening is a common finding in children with JIA and TMJ arthritis.
(2,4,13-15) Moreover, a limited AMIO is associated with TMJ arthritis on MRI (13-
15,31,32), However, other studies did not find correlations between AMIO and TMJ
arthritis.(28,30,33) In one study, TMJ arthritis was defined as the presence of joint
enhancement.(28) Significant correlations existed between a limited mouth opening
and TMJ arthrits in this study, however, when patients with TMJ damage were excluded,
significant correlation between a limited mouth opening and TMJ arthritis was non-
existent. In another study, with the focus on TMJ damage and clinical findings, an
association between TMJ damage and limited mouth opening was found.(34)

Clinical implications

In our study, the findings of radiologists A and B varied. Radiologist A had stronger
correlations than radiologist B, and therefore more often significant correlations with
AMIO and TMJ involvement. AMIO is found to be correlated with signs of TMJ arthritis on
MRI in some studies.(13-15,31,32) Radiologist A was more experienced in evaluating
TMJ MRIs, while radiologist B had less experience. In the original study of the JAMRIS-
TMJ scoring system, all readers attended a video tutorial. Their training session may
have improved the interobserver reliability of the scoring system, as they found a higher
reliability than our study in which training was not included. An atlas and tutorial did
notimprove agreement within radiologists.(9) Although, an atlas and tutorialimproved
the agreement between radiologists and non-radiologists. Our results suggest that
experience and/or training is a factor influencing the results of radiologists using the
JAMRIS-TMJ scoring system. Therefore, based on these results, training on the use of
the JAMRIS-TMJ scoring system is recommended for all raters.

The multidisciplinary group of experts of the JAMRIS-TMJ scoring system published
a study that weighted joint enhancement and synovial thickening as more important
inflammatory items of the JAMRIS-TMJ scoring system than the bone marrow items.
(35) In addition, synovial enhancement has been reported as the most common early
finding in children with JIA.(32) In most clinical studies, TMJ arthritis is defined as
joint effusion, synovial thickening, and/or joint enhancement.(13,14,27,28,30-33)
Therefore, these inflammatory items of the JAMRIS-TMJ scoring system seem to be
more importantthan bone marrow edema and bone marrow enhancement. In addition,
our results showed a higher reliability for scoring these items than for bone marrow
edema and bone marrow enhancement.

Strengths and limitations
The strengths of this study are the comprehensive clinical screening and the use
of the JAMRIS-TMJ scoring system. The limitations of this study are the absence of
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Reliability and validity of JAMRIS-TMJ scoring system

training of the JAMRIS-TMJ scoring system for the radiologists and a selected group of
children. Our study consisted of 31 children with TMJ involvement and 7 children with
JIAwithout any sign or symptom. The reason for the small number of children without
TMJ involvement is explained in an earlier study.(36) Unfortunately, we were not able
to reach our sample size, partly because of participants not willing to be included
and partly because of delay between the rheumatologist visit and the presentation
to the researcher.

Future research

In future research, it would be interesting to study a group of children with JIA with
a mixed presentation of clinical signs and symptoms. TMJ arthritis without any
clinical sign or symptom, known as the silent joint, has been described.(27) The
silent jointis mostly mentioned in studies comparing only a few clinical TMJ variables
to MRI outcomes.(2,4,30) It would be interesting to examine children with JIA with
a comprehensive TMJ screening, such as the TMJ screening protocol, and compare
the clinical findings with contrast-enhanced MRI findings. In order to include enough
patients without any clinical TMJ sign or symptom, a multicenter design is probably
mandatory.(36) Another suggestion for further researchis to study the effect of training
on the reliability of the JAMRIS-TMJ items in a pilot study.

Conclusion

The results of our study showed an interobserver reliability of the JAMRIS-TMJ items
ranging from poorto good. Jointenhancement had the highest reliability. Correlations
were found between clinically established TMJ involvement, AMIO, and the JAMRIS-
TMJ items, although this varied per radiologist and TMJ side. Experience level of the
radiologist seems to influence the scoring of the JAMRIS-TMJ items. The strongest
correlations were found between most of the JAMRIS-TMJ items and AMIO. Our findings
support the utility of AMIO as a clinical measure of TMJ status in children with JIA.
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Summary

All joints can be affected in patients with JIA. The temporomandibular joint (TMJ)
is one of the 71 joints that the oral and maxillofacial surgeons focus on, while the
rheumatologist has to screen all the 71 joints to follow the course of the disease and
adjust medication when indicated in patients with JIA using the Juvenile Arthritis
Disease Activity Score (cJADAS).(1,2). In the literature, the TMJ was referred to as ‘the
silent joint’.(3) According to the silent TMJ paradigm, children with JIA may have TMJ
inflammation without any clinical sign or symptoms such as pain. Nowadays, there is
a greaterfocus onthe TMJin children with JIA due to increased research efforts. In this
thesis the focus is on the TMJ in patients with JIA. The results of this thesis have been
achieved through a collaboration between the Department of Pediatric Immunology
and Rheumatology of the University Medical Center Utrecht (UMCU) in conjunction with
the Department of Oral and Maxillofacial Surgery and Special Dental Care of the UMCU.

In this thesis the focus is on the clinical screening of TMJ involvement in patients with
JIA to optimize the clinical care. The clinical examination is a non-invasive method
that can detect and monitor TMJ involvement.(4) Early detection of TMJ involvement
in patients with JIA will prevent the pain and dysfunction and eventually lead to
mandibular growth restriction. The clinical screening in this thesis was based on the
anterior maximum voluntary bite force (AMVBF), the TMJ screening protocol and the
mandibular range of motion (MROM) including active maximum interincisal opening
(AMIO), passive maximum interincisal opening (PMIO), protrusion and laterotrusion.
Clinical variables were assessed in children and adults with JIA. In addition, healthy
children and adults were assessed to provide reference values for patients with JIA.

The main findings of this thesis are given in 3 parts:

Part I: Healthy children, and reference values of the TMJ

Chapter 2 Growth curves for mandibular range of motion and maximum
voluntary bite force in healthy children

Research aim: To construct growth curves based on longitudinal data in healthy
children aged 6-18 years (boys and girls) for AMIO and PMIO,
protrusion, left and right laterotrusion, and AMVBF.

Reference values are needed to assess the TMJ and mandibular function in children
with JIA. In chapter 2, we constructed growth curves for AMIO, PMIO, protrusion, and
laterotrusion for boys and girls aged 6 to 18 years old. The growth curves showed larger
values for AMIO and AMVBF in boys than in girls. We found that AMIO, PMIO, protrusion,
laterotrusion, and AMVBF increased with age and length in healthy children. However,
in girls, we found that the growth curve of AMVBF decreased during puberty, whereas
the growth curves of boys increased in a linear trend. Several other studies have also
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reported girls reaching a plateau phase or slight decrease of maximum bite force around
15 years of age.(5-7) In these studies, no explanations for the decrease of AMVBF in
older girls were given. We explained our results by the fact that girls enter puberty
earlier than boys and stop growing at a younger age than boys. In addition, protrusion
in boys showed a slight decrease after the age of 13 years. For AMVBF we found a
different pattern between boys and girls. The growth curve for AMVBF in girls reached
a plateau phase between 12 to 14 years of age, after which the curve declined. In boys,
AMVBF increased up to 18 years of age, although the curve increased more slowly after
14 years of age. The plateau phase in girls can be explained by the differences in the
pubertal phase compared to boys. Another possible explanation for the decrease of
AMVBF in girls over the age of 14 could be due to sampling bias, i.e. too few participants
in certain female age groups resulting in a higher overall standard deviation.

Clinical implications: Growth curves for MROM were constructed using both age
and height. Age is more commonly used in growth curves and easier to interpret
than growth curves based on height. Therefore, we recommend using the age-based
growth curves in a clinical setting. Caution is needed when using the growth curves
for children outside of the Netherlands, as the Dutch population is one of the tallest
populations in the world. In an international setting, our growth curves outlined by
height may be more appropriate to use. Wide prediction intervals were observed for the
MROM values, indicating substantial variability between individuals. Growth curves
can be avaluable tool for assessing growth patterns. A deviation or deflection in the
growth curve may indicate growth restriction. Therefore, we suggest that changes in
MROM and AMVBF values over time have greater clinical relevance than comparing
absolute values with age-group means.

Of all the MROM values, we recommend measuring AMIO to assess mandibular
function. Protrusion and laterotrusion measurements are more difficult to carry out

for non-dental/oral health professionals to perform and are therefore more time 10
consuming and less reliable. In addition, younger children may also find it difficult to

perform laterotrusion and protrusion, resulting in unreliable values.

Future perspectives: Growth curves of AMIO, PMIO, protrusion, laterotrusion, and
AMVBF of healthy children are presented to provide an indication of normalvalues and
growth patterns. These values may be helpful to medical and dental professionalsin
the early detection of potential temporomandibular sequelae in young children and
adolescents. Therefore, it is advised to measure on a regular base the MROM values,
to give an overview of a growth pattern instead of an absolute measurement.
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Chapter 3 Reliability and measurement error of anterior maximum voluntary
bite forceinchildrenwith juvenileidiopathic arthritis and healthy children

Research aim: To establishthe reliability of AMVBF in children with JIA and in healthy
children.

In chapter 3, the reliability of AMVBF measurement was determined by the intra-class
correlation coefficient (ICC) by age, standard error of measurement (SEM), smallest
detectable change (SDC), and limits of agreement (LoA). AMVBF measurements
showed good to excellent reliability in children with JIA based on the ICCs corrected
for age. In healthy children, the reliability was moderate to excellent. The smallest
detectable change (SDC) in our study indicated that values above 11.4 Newton (N)
in children with JIA might represent a clinically relevant change over time. However,
both children with JIA and healthy children showed a wide range of variability in their
LoA. Additionally, the Bland-Altman plots demonstrated that the differences between
test and retest values increased proportionally with the magnitude of the bite force.
This indicates that the LoAs are likely too wide for small AMVBF values, and likely too
narrow for large AMVBF values.

Clinicalimplications: The AMVBF measurementsin children with JIA are highly reliable
(ICC=0.782-0.979), which means that the AMVBF is an useful toolin the follow-up and
research studies on AMVBF measurements in children with JIA. Low AMVBF values
in children with JIA seemed to have the highest reliability. This finding may be useful,
as the main clinical focus is on low AMVBF values in children with JIA. Low AMVBF
values are seen in children with JIA and TMJ involvement compared to children with
JIA without TMJ involvement.(8) Greater variability has been found in larger bite force
measurements. Greater variability has been reported in older healthy children than
in younger healthy children. Therefore, ICCs corrected for age are recommended.

Future perspectives: The pediatric rheumatologist will monitor the TMJ status
in children with JIA by using a screening tool. Therefore, understanding natural
fluctuations and meaningful changes in AMVBF values over time is valuable. In future
longitudinal AMVBF measurements, the SDC may be useful. The established SDC of
11.4 N indicates that differences of more than 11.4 N in AMVBF are true differences
and therefore clinically relevant. This information may alert pediatric rheumatologists
to further evaluate the TMJ in children with JIA.

Chapter4 Reliability of mandibularrange of motion measurementsin healthy children
Research aim: To assess the reliability of MROM in healthy children: AMIO, PMIO,

protrusion, and laterotrusion.

In chapter 4 the reliability of the MROM in healthy children was assessed by the
ICC corrected for age, SEM, SDC, and LoA. AMIO and PMIO are highly reliable
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measurements in healthy children based on their good to excellent ICC values.
Protrusion and laterotrusion had moderate reliability. The SDC of AMIO (0.93 mm)
indicates that a difference of =21 mm between two measurementsis a true difference
and not a measurement error.

Clinical implications: AMIO and PMIO are highly reliable measurements in healthy
children. Caution should be used when extrapolating these results to children with
JIA, as this study was performed in healthy children only. The reliability of MROM
measurements can potentially differ due to disease characteristics such as more pain
thatis accomplished with more psychological stress.

However, knowledge of these values in healthy children provides the clinician with
the best outcomes that can be expected in terms of MROM reliability, unaffected
by pathological conditions. Changes beyond those reported here may be clinically
relevantin assessing improvement or deterioration of oral function in terms of MROM.

Future perspectives: AMIO and PMIO measurements are highly reliable in healthy
children. The low SDC indicates that AMIO and PMIO are useful for longitudinal
measurements. Protrusion and laterotrusion measurements had moderate reliability.
As PMIO, protrusion and laterotrusion are more difficult and more time consuming to
perform than AMIO, we recommend that a health care provider without experience in
the examination of the oral function screens and documents AMIO.

Part ll: The temporomandibulair joint in JIA versus healthy children

Chapter5 Maximum bite force in children with juvenile idiopathic arthritis with
and withoutclinical established temporomandibular jointinvolvement
and in healthy children; a cross-sectional study

Research aim: The first aim of this study was to compare maximum bite force,
temporomandibular function and pain on palpation of the TMJ and 10
masticatory musclesin both children with JIA and in healthy children.

The second aim was to compare these parameters in children with JIAwith and without
clinically established TMJ involvement.

Bite force is one of the variables that reflects the function of the masticatory system. In
chapter 5we focused onthe AMVBF in children with JIA. We found a decrease of 24.0N
in AMVBF in children with JIA, which is a 17.3% decrease compared to healthy children.
When children with JIA also had clinically established TMJ involvement, AMVBF was
reduced by 42.1N (32.2%) compared to healthy children. In addition, demographic
variables such as age, height, and male gender were found to positively influence
maximum bite force in both healthy children and children with JIA. Specifically, we
observed higher maximum bite force values in boys and older children.
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Clinicalimplications: Both age and height were found to be explanatory variables for
AMVBF, as they are highly correlated. We prefer age, as it had slightly higher explained
variation, and age is the most used factor in the literature.(5,9,10) On the other hand,
height may also be an accurate correction to compare a growing population as in
children. Children in the same age group can differ greatly in height, especially between
different nationalities. Our study was conducted in the Dutch population, which is
known to be one of the tallest populations in the world. To compare our findings among
bite force resultsin aninternational setting, height may be more appropriatete than age.

There is a wide variation in TMJ involvement in children with JIA due to differences in
terminology, diagnostic methods, and characteristics of study participants.(11-13) In
our clinical approach study based on the TMJ screening protocol, we found clinically
established TMJ involvement in 30.9% of children with JIA.(14) This high prevalence of
TMJinvolvement may increase awareness of TMJ problems in patients with JIJAamong
rheumatologists.

The 24.0N lower AMVBF values in children with JIA compared to healthy children,
and the 42 N lower AMVBF values in children with JIA and TMJ involvement compared
to children with JIA without TMJ involvement represent a true and clinically relevant
difference. In a previous study, we found 11.4N as the SDC for AMVBF differences.

Future perspectives: The lower AMVBF in children with JIA may be explained by pain
as aresult of the systemic inflammatory disease itself and by weakened masticatory
muscles.(9) The weakened masticatory muscles may be reflected in problems to bite
off, eating hard food, eating chewy food and eating soft food. However, our study did
not find a correlation between bite force reduction and problems with eating hard or
chewy foods. Nevertheless, the regression coefficients are relatively high and may
be indicative of eating problems. However, the low AMVBF values may be useful as a
diagnostic approach to detect TMJ involvement.

Chapter 6 Mandibular range of motion in children with juvenile idiopathic
arthritis with and without clinically established temporomandibular
jointinvolvement and in healthy children; a cross-sectional study

Research aim: The first aim of this study was to find explanatory demographic
variables for MROM outcomes in children.

The second aim was to compare MROM outcomes in children with JIA, with and without
clinically established TMJ involvement, and in healthy children.

In chapter 6 we compared the MROM values between children with JIA and healthy
children. The demographic variables length explained anincrease in AMIO, PMIO and
protrusion. Male sex was associated with higher AMIO but not with other MROM values.
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We found that the presence of JIA negatively influenced AMIO (3.57 mm), PMIO (3.71
mm), and protrusion (1.03 mm) compared to healthy children, while the discrepancy
between left and right laterotrusion increased by 0.68 mm. When children with JIA also
had clinically established TMJ involvement, AMIO was 8.27 mm lower, PMIO was 7.68
mm lower, protrusion was 1.25mm lower, and the discrepancy between left and right
laterotrusion was 0.94 mm larger compared with healthy children. We also found a
higher prevalence of deviation in AMIO (50.0%) in children with JIA and TMJ involvement
compared with children with JIA without TMJ involvement.

Clinicalimplications: AlLMROM items were reduced in children with JIA compared to
healthy children. Children with JIA and TMJ involvement were more impaired in AMIO
and PMIO, and showed a larger discrepancy between left and right laterotrusion . The
limitation in protrusion and laterotrusion was hardly clinically relevant. Overall, AMIO
is the MROM variable with the greatest restriction (in millimeters) in children with JIA
and clinically established TMJ involvement compared to healthy children. In addition,
AMIO is a quick and easy measurement tool for everyday practice.

Future perspectives: In the literature, large individual differences in mouth opening
were found in healthy children.(15-17) We corrected for the individual variables of
gender and height. Another possible method to overcome the prominent individual
variance is to investigate AMIO in a longitudinal study and compare the patients with
themselves.(15) Such a study may also shed light on the clinical relevance of following
up on AMIO measurement as an indicator of TMJ involvement and ultimately TMJ
arthritis in children with JIA.

Chapter 7 Clinically Established Temporomandibular Involvement in Adults
With Juvenile Idiopathic Arthritis
Research aim: The aims of this study are to compare the TMJ screening protocol
score, MROM variables, AMVBF in: 10

1) adults with JIA and healthy controls,

2) adults with JIA with clinically established TMJ involvement and JIA without clinically
established TMJ involvement, and

3) adults with JIA whose childhood was in the biologic era (diagnosis of JIA in or after
2002) and in adults with JIAwhose childhood was in the prebiologic era (diagnosis
of JIA earlier than 2002).

The diagnosis of JIA is based on chronic arthritis with an onset before the age of 18
years.(18) In 30% to 50% of patients, the disease remains active into adulthood.(19-
21) In chapter 7 we assess the mandibular function in adults with JIA compared with
healthy controls. We found that TMJ involvement, defined as a TMJ protocol score = 2,
is highly prevalentin adults with JIA (56%). Damage-related items such as crepitation,
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deviation during AMIO, and retrognathia are the most frequently scored items on the
TMJ screening protocol in adults with JIA. Of all the MROM variables, AMIO is the
variable with the most distinct reduction in adults with JIA and TMJ involvement. We
found that adults with JIA and TMJ involvement had an AMIO that was 8.8 mm lower
than adults with JIA without TMJ involvement. No differences in AMIO were found
between healthy adults and adults with JIA without clinically proven TMJ involvement.
Male gender and height were associated with a higher AMIO. AMVBF did not appear to
differ between adults with JIA and healthy adults.

Around the turn of the 20th century, the introduction of biologic therapies strongly
improved the treatment of JIA.(22) It has been suggested that the TMJ benefits from
biologic DMARDs (bDMARDSs).(23) In the current adult JIA population, patients had the
opportunity to be treated with a biologic DMARD during childhood (diagnosed in the
biologic era), whereas another group of patients with JIA were treated in an era when
biologics were not available during childhood (prebiologic era). Focusing on these 2
groups may help to better understand TMJ involvement in adults and the putative role
of biologics. The group of adults with JIA was classified into 54 adults originating from
the prebiologic era and 46 from the biologic era. We found a higher prevalence of TMJ
involvementin the prebiologic era group (70%) than in the biologic era group. Although,
as a result of the study design, patients with JIA from the prebiologic era were older
(33.2vs 23.5 years; P <0.001) and had longer disease duration (28.5 vs 10.7 years; P
< 0.001). As the variable disease duration and the subgroup prebiologic vs. biologic
era are highly correlated due to our study design, we cannot distinguish the effects of
these 2 variables on TMJ involvement, AMIO, and AMVBF.

Clinicalimplications: The high prevalence of clinically established TMJ involvement
in adults with JIA in an academic hospital indicates the need for awareness of TM)J
problems in adults with JIA. TMJ involvement negatively influenced AMIO and should
therefore be part of the TMJ screening in adults with JIA. AMVBF appears to be of less
value for TMJ screening in the adult population.

Future perspectives: TMJ involvement was found in 56% of our adult JIA study
group. As TMJ involvement is a clinical diagnosis, we cannot distinguish between the
underlying pathology of TMJ damage and TMJ arthritis. Our clinical approachis a first
step in differentiating patients with potential TMJ pathology. A MRI-based TMJ study
may help to further differentiate between TMJ damage and TMJ arthritis. In future
studies, it may be interesting to correlate the TMJ screening protocol items with the
MRI results. This information will answer the question of whether the clinical signs of
adults with TMJ damage and TMJ arthritis are different. This may help to narrow the
indication for MRI, as suspected TMJ inflammation is an indication for MRI, whereas
TMJ damage can be diagnosed by panoramic radiographs or CBCT. A next step and
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the ultimate goalis to determine the best treatment options for adult JIA patients with
TMJinvolvement, as this strategy is currently lacking.

Part Ill: Diagnostics of TMJ involvementin JIA

Chapter 8 Challenging the silenttemporomandibular joint paradigm in children
with juvenile idiopathic arthritis

Research aim: We aimed to assess the prevalence of ‘the clinical silent TMJ’ in
childrenwithnewonset, notyettreatedJIAand a MRIconfirmed TMJ arthritis.

Accordingto the silent TMJ paradigm, children with juvenile idiopathic arthritis (JIA) may
have TMJ inflammation without any clinical signs or symptoms. Failure to recognize
TMJinflammation may lead to TMJ dysfunction, mandibular growth disturbances and
subsequent maxillofacial asymmetries. Early detection and treatment of inflammation
may therefore prevent these sequelae. We aimed in chapter 8 to assess the prevalence of
‘the clinicalsilent TMJ’ in children with new onset, notyettreated JIAand a MRl confirmed
TMJ arthritis. Unfortunately, the inclusion rate was low and we were not able to achieve
the sample size needed to draw conclusion. The study was thus stopped prematurely.

Future perspectives: Our inclusion rate partly reflects patients’ concerns about the
disadvantages of MRl screening, such as the need for intravenous contrastinfusion and
sedation in case of anxiety, including concerns about contrast retention in the (young)
human brain. To overcome these disadvantages, itis in our opinion necessary to assess
the value of a comprehensive clinical examination to selectively identify children
for further MRl imaging instead of prescribing a routine MRI. Silent TMJ involvement
is mostly mentioned in studies that compare only a few clinical TMJ variables with
MRI outcomes.(4,24,25) A combination of clinical variables demonstrated a higher
sensitivity for TMJ arthritis than each clinical variable separately.

Chapter 9 The reliability and validity of the juvenile idiopathic arthritis magnetic 10
resonance scoring system

Research aim: The aim of this study is to evaluate the interobserver reliability
of the Juvenile Idiopathic Arthritis Magnetic Resonance Scoring
System for Temporomandibular Joints (JAMRIS-TMJ) scoring system
in children with JIA, and to determine the construct validity of the
JAMRIS-TMJ scoring systemversus TMJ involvement, AMIO, and AMVBF.

Contrast-enhanced MRl is recomended as the gold standard for detecting TMJ arthritis.
For properinterpretation of TMJ MRIs in JIA, a standardised scoring system is required.
In 2018, a structured scoring system was proposed by the Outcome Measures in
Rheumatology and Clinical Trials (OMERACT) and Juvenile Idiopathic Arthritis MRI
(JAMRI) working group. This Juvenile Idiopathic Arthritis Magnetic Resonance Scoring
System for Temporomandibular Joints (JAMRIS-TMJ) includes an inflammatory and
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a damage-related domain. In chapter 9 the reliability and validity of the JAMRIS-TMJ
scoring system were assessed by two independent radiologists for both left and right
TMJs. We found that the interobserver reliability for the JAMRIS-TMJ items varied from
poor to good (k=0.18-0.61). Joint enhancement was the only item with good reliability.
Correlations were found between the JAMRIS-TMJ scoring items and AMIO and TMJ
involvement, although the results varied by radiologist and TMJ side. The correlations
between AMVBF and the JAMRIS-TMJ items were all non-significant with values ranging
from very weak to moderate.

Clinical implications: Our results support the utility of AMIO as a clinical measure
of TMJ status in children with JIA. Although, our results suggest that experience and/
or training is a factor influencing the results of radiologists using the JAMRIS-TMJ
scoring system. Therefore, based on these results, training on the use of the JAMRIS-
TMJ scoring system is recommended for all raters.

Future perspectives: The unsatisfactory reliability of the JAMRIS-TMJ items found
casts doubt on whether MRl is a true gold standard for detecting TMJ arthritis in
children with JIA. This, combined with the disadvantages of MRI in children, such
as the need for contrast infusion, concerns about contrast retention in the (young)
human brain, the need for sedation in cases of anxiety or claustrophobia, high cost,
and limited availability and expertise, raises the question of alternative diagnostic
methods to detect TMJ arthritis.(26,27) Clinical examination is a simple method and is
able to detect and monitor TMJ involvement.(4) This may help to narrow the indication
for MRl diagnostics in children with JIA.

General discussion

Inthis thesis we focused on the clinical approach to recognize TMJ problems in patients
with JIA. We found a high prevalence of TMJ involvement in both children and adults
with JIA. In children with JIA, 30.9% had TMJ involvement, and in adults with JIA, we
found an even higher percentage of 56% with TMJ involvement. Follow-up examination
of the disease course of JIAis performed with the cJADAS, which includes assessment
of the TMJ. Nevertheless, the literature indicates that the documentation of TMJ
assessment during follow-up visits is often inconsistent.(28) This high prevalence
of TMJ involvement may increase rheumatologists’ awareness of TMJ problems in
patients with JIA. Therefore, regular follow-up visits to the rheumatologist for patients
with JIA should include a TMJ examination as well.

We used a clinical approach to assess the TMJ in children with JIA instead of the gold
standard MRI. The unsatisfactory reliability of the JAMRIS-TMJ items found casts doubt
on whether MRl is a true gold standard for detecting TMJ arthritis in children with JIA.
This, combined with the disadvantages of MRl in children, such as the need for contrast
infusion, concerns about contrast retention in the (young) human brain, the need for
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sedation in case of anxiety or claustrophobia, high costs, and limited availability and
expertise, raises the question of alternative diagnostic methods to detect TMJ arthritis.
(26,27) These factors highlight the need for alternative diagnostic methods to assess the
TMJ. Our study also encountered challenges in the assessment of asymptomatic TMJ
by MRIin children with JIA, underpinning the preference for clinical follow-up over MRI.
Clinical examination is a simple method and can detect and monitor TMJ involvement.
(4) As TMJ involvement is a clinical diagnosis, we cannot differentiate between the
underlying pathology of TMJ damage and TMJ arthritis. Therefore, future diagnostic
studies using MRl should be needed to further differentiate between TMJ damage and
TMJ arthritis. Clinical examination may help us to narrow the indication for MRI, as
clinical examination may be a first step in distinguishing patients with potential TMJ
pathology. However, itis important to emphasize the need for experienced radiologists
to interpret TMJ MRIs in patients with JIA, as experience and training in the use of the
JAMRIS-TMJ scoring system appear to influence the reliability of MRI interpretation.

The clinical examination of the TMJ should include at least an AMIO measurement
in children with JIA, as this measurement has been shown to be highly reliable, easy
to perform and widely used. In addition, AMIO appears to be influenced by JIA and
TMJ involvement. However, in adults with JIA the AMIO was only affected when there
was TMJ involvement. In adults with JIA without TMJ involvement, we did not find any
significant differences in AMIO compared to healthy adults. We found that gender,
age, and height all influence the AMIO. Therefore, these factors should be taken into
accountwhen interpreting the AMIO measurementin a patient with JIA. As height and
age are highly correlated, corrections should only be made for one of these variables.
As ourresults are based on Dutch children, who are one of the tallest populationsin the
world, corrections for height may be more appropriate when comparing international
children. Another possible method to overcome the individual variance is to examine
AMIO in a longitudinal study and compare the patients with themselves.
10

AMVBF was evaluated as part of the clinical TMJ examination in children with JIA as -
well. We found a 24.0% lower AMVBF in children with JIA compared to healthy children,
and even a 32.2% lower AMVBF between children with JIA and TMJ involvement
compared to children with no involvement. In order to assess this reduction in bite
force as a clinically relevant effect, we assessed eating problems. However we did
not find more problems with biting off food, eating hard food, eating chewy food in
children with JIA and a lower AMVBF. This finding indicates that AMVBF is a diagnostic
tool rather than a clinically relevant finding for children with JIA. However, we found
different results in the adult JIA population. We found no differences between adults
with JIA without TMJ involvement and healthy controls. Therefore AMVBF seems to be
less usefulin the screening for TMJ involvement in adults with JIA.
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Measuring only one variable may not be sufficient to recognize TMJ involvement in
patients with JIA. In the literature the so-called silent joint might be better recognised
by a comprehensive clinical examination, as a combination of clinical variables
demonstrated a higher sensitivity for TMJ arthritis than each clinical variable
separately.(25) The TMJ screening protocol used in this thesis is an example of a
comprehensive clinical examination approach.(14)

In this thesis we did not answer the question of the best treatment options for TMJ
involvement. Although we tried to focus on the effects of biologic DMARDs on the
TMJ, as we know that the introduction of biologic therapies has greatly improved the
overalltreatment of JIA.(22) It has been suggested that the TMJ benefits from biologic
DMARDs (bDMARDs).(23) We found a higher prevalence of TMJ involvement in the
prebiologic era group (70%) compared to the biologic era group (39%). Unfortunately
we were not able to separate the effects of disease duration and biologic DMARDs,
as the pre-biological era group consisted of patients with a longer disease duration.
However, the recognition and awareness of TMJ involvement in both children and
adults with JIA could serve as a starting point for further research into developing a
tailored treatment plan for patients with JIA. A multidisciplinary approach involving a
maxillofacial surgeon, orthodontist, orofacial pain specialist and/or physiotherapistis
needed for further diagnosis, management and research of the TMJ in patients with JIA.
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Nederlandse samenvatting

In dit proefschrift werd het kaakgewricht, oftewel het temporomandibulaire gewricht
(TMG), onderzocht bij patiénten met juveniele idiopathische artritis (JIA), ook wel
jeugdreuma genoemd.

In hoofdstuk 1 wordt een introductie gegeven over JIA en het TMG. Er is sprake
van JIA indien 1) gewrichtsontsteking, ook wel artritis genoemd, optreed zonder
duidelijke oorzaak 2) symptomen zich presenteren voor de leeftijd van 16 jaar en 3) de
symptomen ten minste 6 weken duren.(1,2) JIAis de meest voorkomende chronische
reumatische ziekte bij kinderen, waarbij tussen de 16 en 150 per 100.000 inwoners
mee gediagnosticeerd wordt.(3) Er zijn 7 verschillende vormen van JIA beschreven: 1)
systemische JIA 2) oligoarticulaire JIA 3) polyarticulaire JIA met positieve reumafactor
(RF) 4) polyarticulaire JIA met negatieve reumafactor 5) enthesitis gerelateerde JIA 6)
artritis psoriatica 7) andere vormen van JIA. De subtype van JIAwordt bepaald aan de
hand van onder andere het aantal betrokken gewrichten te tellen. Het TMG is een van
de gewrichten die betrokken kan zijn bij JIA. In 30% tot 50% van de kinderen met JIA
is er een langdurige gewrichtsontsteking die duurt tot aan de volwassen leeftijd.(4-6)

Behandeling van juveniele idiopathische artritis

Bij de behandeling van JIA zijn er twee primaire behandelingsbenaderingen. De
eerste, een stapsgewijze behandeling, houdt in dat de behandelingsintensiteit
wordt aangepast aan de ernst van de aandoening op dat moment en de respons op
initiéle therapieén. In deze benadering worden medicijnen typisch voorgeschreven
in een stapsgewijze volgorde, te beginnen met niet-steroide ontstekingsremmende
geneesmiddelen (NSAID’s), gevolgd door corticosteroiden, conventionele synthetische
ziektemodificerende antireumatische geneesmiddelen (csDMARD’s), en biologische
ziektemodificerende antireumatische geneesmiddelen (0DMARD’s). In de 20° eeuw
hebben de bDMARDS, ook bekend als biologicals, de behandeling van JIA sterk
verbeterd.(7) Ze richten zich op de pro-inflammatoire cytokines Tumor Necrosis
Factor (TNF), Interleukine-1 Beta (IL-1B) en Interleukine-6 (IL-6), die een rol spelen bij
de pathogenese van JIA. Een tweede behandelingsbenadering is de target-benadering.
De voordelen ervan zijn onder meer dat niet alle stappen hoeven te worden doorlopen
voordat biologicals kunnen worden gebruikt. Een andere vooruitgang van de target-
benadering is de mogelijkheid om een combinatie van medicijnen te geven. Het doel
van deze benadering is het bereiken van remissie van de verschijnselen.

Monitoring van juveniele idiopathische artritis

Regelmatige monitoring van kinderen met JIA is essentieel om een nauwkeurige
classificatie te garanderen en een adequate behandeling te geven. In 2009
werd de Juvenile Arthritis Disease Activity Score (JADAS) ontwikkeld als een
gestandaardiseerde benadering om ziekteactiviteit bij JIA te beoordelen.(8) Er zijn
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verschillende versies van JADAS, waaronder JADAS27, JADAS71, en cJADAS (clinical
Juvenile Arthritis Disease Activity Score).(8,9) De cJADAS is een vereenvoudigde versie
van de JADAS die uitsluitend gebaseerd is op klinische beoordelingen, en waarbij geen
laboratoriummetingen worden vermeld. De cJADAS beoordeelt ziekteactiviteit op
basis van het aantal betrokken gewrichten (ofwel 10 of 27 gewrichten), de beoordeling
van de arts en de beoordeling van welzijn door de ouder of patiént.(10) De cJADAS met
beoordeling van 27 gewrichten bevat ook het TMG.

Het temporomandibulaire gewricht

Het TMG bestaat uit de mandibulaire condylus, die zich bevindtin de articulaire fossa
van hettemporale bot. Tussen deze structuren bevindt zich een kraakbeenschijf, ook
welde discus genoemd, die helpt bij het soepel bewegen van het TMG. De kauwspieren
m. masseter, temporalis spier en de laterale pterygoide spieren zijn betrokken bij het
TMG en zijn bewegingen. Het TMG is een complex gewricht en geeft zowel scharnier-
als schuifbewegingen en is verantwoordelijk voor de mandibulaire bewegingen,
waaronder mondopening, protrusie en laterotrusie.

Voorheen werd er weinig aandacht besteed aan het TMG bij kinderen met JIA. In de
literatuur wordt het TMG ook wel het ‘stille gewricht’ genoemd.(11) Hiermee wordt
bedoeld dat TMG-artritis kan optreden zonder enige klinische tekenen of symptomen.
Het niet herkennen van TMG-artritis kan leiden tot schade van het TMG met
daaropvolgend verstoring van de groei en asymmetrie van het onderste gelaatshelft.
Vroegtijdige detectie en behandeling van artritis kunnen daarom deze gevolgen
voorkomen. Tegenwoordig is er meer aandacht voor het TMG bij kinderen met JIA
vanwege meerdere onderzoeken gericht op hetvervolgen van TMG bij JIA. Desondanks
zijn erin de literatuur verschillende definities voor TMG-problemen bij kinderen metJIA.
In 2019 heeft eeninternationale consensusgroep de terminologie gestandaardiseerd
voor TMG-artritis en TMG-betrokkenheid bij kinderen met JIA.(12) TMG-artritis wordt
gedefinieerd als de aanwezigheid van actieve TMG-ontsteking bevestigd door Magnetic
resonance imaging (MRI). TMG-betrokkenheid wordt gedefinieerd als een “klinische
situaties waarin geen MRI-bevestiging met contrastmiddel van actieve TMG-artritis
heeft plaatsgevonden, maar waarbij tekenen, symptomen en/of radiologische
bevindingen suggereren dat er sprake is van TMG-artritis of heeft plaatsgevonden in
het verleden. Deze gestandaardiseerde terminologie optimaliseert communicatie in
onderzoek en klinische praktijk.

Diagnostiek naar betrokkenheid van het temporomandibulaire gewricht bij JIA
Diagnostiek naar betrokkenheid van het TMG bij JIA kan gedaan worden door klinische
beoordeling, echografie, cone heam computed tomography (CBCT), panoramische
rontgenfoto’s of MRI. Contrast-versterkte MRI wordt als de ‘gouden standaard’
genoemd om TMG-artritis te detecteren.(12,13) MRI heeft ook nadelen zoals het gebruik
van contrastvloeistof, het gebruik van sedatie bij angst of claustrofobie, hoge kosten
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en beperkte beschikbaarheid en expertise.(14,15) Deze factoren kunnen bijdragen aan
een late herkenning van TMG-problemen bij JIA. Het klinisch onderzoek van het TMG
is een niet-invasieve methode en deze methode kan TMG-betrokkenheid aantonen en
monitoren. In de literatuur varieert de prevalentie van TMG-betrokkenheid tussen de
30 en 96%.(12,16,17) Deze grote variatie is te verklaren door verschillende definities
van TMG-betrokkenheid, verschil in diagnostische methode en verschillen in studie
deelnemers.

TMG-screeningsprotocol

Het TMG-screeningsprotocol is een klinisch screeningsinstrument om TMG-
betrokkenheid bij kinderen met JIA aan te tonen.(18) Er worden 10 items gescoord,
daarbij zijn 5 items gescoord uit de anamnese; 1) problemen met kauwen, 2) langzamer
eten dan anderen, 3) moeite met bijten op hard voedsel, 4) pijn tijdens het eten 5)
een beperkte mondopening. De items voor het klinisch onderzoek van het TMG-
screeningsprotocol betreffen 6) beperkte mondopening, waarbij <40 mm zonder de
overbeetwordtaangehouden, 7) crepitaties bij het openen en sluiten van de onderkaak,
8) pijn bij het openen van de mond en 9) scheefstand van de kin bij mondopening, 10)
asymmetrie van het gezicht, en 11) een terug liggende kin. Elk positief item van het
TMG-screeningsprotocol krijgt 1 punt. Een TMG-screeningsprotocol score = 2 wordt
gedefinieerd als TMG-betrokkenheid.(18)

Bijtkracht

De bijtkracht, ook wel de anterior maximum voluntary bite force (AMVBF), wordt
gebruikt als een klinisch meetinstrument voor TMG-functie bij JIA. Bij patiénten met
temporomandibulaire dysfunctie (TMD) werd een verminderde maximale bijtkracht
gevonden. Bij gezonde individuen verklaart de maximale bijtkracht meer dan 60%
van de variabiliteit in kauwprestaties en is daarom een belangrijke variabele om de
functionele toestand van het kauwsysteem te meten.(19,20) Bij kinderen met JIA werd
een afnamevan 30% in de bijtkracht gevonden in vergelijking met gezonde kinderen.(21)

In hoofdstuk 2 werden groeicurves van de mandibulaire bewegingen (actieve
maximale interincisale opening (AMIQO), passieve maximale interincisale opening
(PMIO), protrusie en laterotrusie) en de AMVBF weergegeven van gezonde kinderen
in de leeftijd van 6 tot 18 jaar. Deze groeicurves werden gemaakt ter referentie van
normale waarden, zodat deze vergeleken kunnen worden met kinderen met JIA.

De resultaten van deze studie toonden aan dat AMIO, PMIO, protrusie, laterotrusie en
AMVBF toenamen met de leeftijd en lengte bij gezonde kinderen. Er werden hogere
waarden voor AMIO en AMVBF gevonden bij jongens vergeleken met meisjes. Bij
meisjes bereikten de groeicurves voor AMVBF een plateaufase tussen 12 en 14 jaar,
terwijl bij jongens de AMVBF lineair toenam. De afname van AMVBF bij meisjes werd
verklaard doordat meisjes eerder de puberteitingaan en op jongere leeftijd stoppen
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met groeien dan jongens. Een andere mogelijke verklaring voor de afname van AMVBF
bij meisjes boven de 14 jaar zou kunnen zijn door steekproefbias, dat wil zeggen te
weinig deelnemers in bepaalde vrouwelijke leeftijdsgroepen, wat resulteerde in een
hogere algemene standaarddeviatie.

Er werd aanbevolen om groeicurves op basis van leeftijd te gebruiken in plaats van
lichaamslengte, omdat deze gemakkelijker te interpreteren zijn. Echter voorzichtigheid
moet worden geboden bij het gebruik van de groeicurves buiten Nederland, aangezien
de Nederlandse bevolking gemiddeld lang is. De studie benadrukte dat veranderingen
in de waarden van de groeicurve in de tijd meer klinische relevantie hadden dan het
vergelijken van absolute waarden per leeftijdsgroep. Op basis van de groeicurve voor
mandibulaire bewegingen werd aangeraden om AMIO te meten om de mandibulaire
functie te beoordelen. Metingen van protrusie en laterotrusie zijn moeilijker uit te
voeren voor niet-tandheelkundige zorgprofessionals en zijn daarom tijdrovender en
minder betrouwbaar. Bovendien kunnen jongere kinderen ook moeite hebben met
het uitvoeren van laterotrusie en protrusie, wat resulteertin onbetrouwbare waarden.

In hoofdstuk 3 van dit proefschrift werd de betrouwbaarheid en de meetfout van
AMVBF in kinderen met JIA en gezonde kinderen bekeken. Dit werd gedaan door de
intra-class correlation coefficient (ICC) per leeftijd, standard error of measurement
(SEM), smallest detectable change (SDC), and limits of agreement (LoA) te bepalen.
De LoA laatzien hoe goed twee metingen met elkaar overeenkomen door aan te geven
binnen welke grenzen de verschillen tussen hun metingen meestal liggen. Hoe kleiner
het bereik van de LoA, hoe beter de overeenstemming tussen de methoden. Om dit
inzichtelijk te maken zet een Bland-Altman plot de verschillen en gemiddelde van de
metingen tegen elkaar uit, daarbij worden ook de LoA weergegeven.

De AMVBF toonde een uitstekende betrouwbaarheid voor kinderen met JIA
(ICC=0.782-0.979), en bij gezonden kinderen werd een gemiddelde tot uitstekende
betrouwbaarheid gevonden gecorrigeerd voor de leeftijd. Er werd een SDC van 11.4
Newton (N) gevonden in kinderen met JIA. Waarden boven de 11,4N bij kinderen met
JIA geven mogelijk een klinisch relevante verandering in de tijd weer.

Zowel kinderen met JIA als gezonde kinderen vertoonden een grote variabiliteit in de
LoA. Bovendien toonden de Bland-Altman-plots aan dat de verschillen tussen test-en
retestwaarden proportioneel toenamen met de grootte van de bijtkracht. Dit wijst erop
dat de LoA waarschijnlijk te breed zijn voor kleine AMVBF-waarden en waarschijnlijk
te smal voor grote AMVBF-waarden. Dit betekent dat kleine AMVBF-waarden bij
kinderen met JIA de hoogste betrouwbaarheid leken te hebben. Deze bevinding is
relevant, aangezien de belangrijkste klinische focus ligt op kleine AMVBF-waarden bij
kinderen metJIA. Kleine AMVBF-waarden worden gezien bij kinderen metJIAen TMG-
betrokkenheid. Er werd grotere variabiliteit gevonden bij hogere bijtkrachtmetingen.
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Deze hogere bijtkrachtmetingen werden gemeten bij oudere gezonde kinderen.
Daarom worden de ICC’s gecorrigeerd voor leeftijd aanbevolen.

Hoofdstuk 4 geeft de betrouwbaarheid weer van de mandibulaire bewegingen
AMIO, PMIO, laterotrusie en protrusie bij gezonde kinderen. De betrouwbaarheid
wordt bepaald door de ICC per leeftijd, SEM, SDC en LoA. AMIO en PMIO zijn zeer
betrouwbare metingen bij gezonde kinderen op basis van hun goede tot uitstekende
ICC-waarden. Protrusie en laterotrusie hadden een matige betrouwbaarheid. De SDC
van AMIO (0,93 mm) geeft aan dat een verschilvan =1 mm tussen twee metingen een
echtverschilis en geen meetfout.

In Hoofdstuk 5 werd de bijtkracht en in hoofdstuk 6 werden de mandibulaire
bewegingen vergeleken tussen kinderen met jeugdreuma met en zonder TMG-
betrokkenheid vergeleken versus gezonden kinderen. Van 298 kinderen met JIA
werd bij 92 (30.9%) TMG-betrokkenheid gevonden. Kinderen met JIA hadden 24.0N
minder AMVBF ten opzichte van gezonden kinderen, en 42.1N minder indien er TMG-
betrokkenheid was.

Alle mandibulaire bewegingen waren verminderd bij kinderen met JIA vergeleken met
gezonde kinderen. Kinderen met JIA hadden een lagere AMIO (3,57 mm), PMIO (3,71
mm) en protrusie (1,03 mm) vergeleken met gezonde kinderen, terwijl het verschil
tussen de linker en rechter laterotrusie toenam met 0,68 mm. Wanneer kinderen
met JIA ook TMG-betrokkenheid hadden, was AMIO 8,27 mm lager, PMIO was 7,68
mm lager, protrusie was 1,25 mm lager en het verschil tussen de linker en rechter
laterotrusie was 0,94 mm groter vergeleken met gezonde kinderen. Concluderend, is
AMIO de mandibulaire beweging die het meest negatief wordt beinvloed bij kinderen
metJIA en klinisch TMG-betrokkenheid vergeleken met gezonde kinderen. Bovendien
is AMIO een snel en eenvoudig meetinstrument voor de dagelijkse praktijk.

In hoofdstuk 7 werden volwassenen met JIA vergeleken met gezonde volwassenen. De
groep volwassen JIA patiénten werd ingedeeld in twee subtype: 1) volwassenen met JIA met
TMG-betrokkenheid versus zonder TMG-betrokkenheid en 2) volwassenen met JIA waarbij
een ‘biological groep’ versus een ‘prebiological era’ groep werd vergeleken. Vanaf 2002
zijn er biologicals beschikbaar als behandeling voor JIA in Nederland.(22) Vandaar dat de
biological groep werd gedefinieerd als patiénten met JIA waarbij de diagnose JIA na 2002
werd gesteld. De ‘prebiological era’ groep werd gedefinieerd als de diagnose JIAvoor 2002.

Bij 56 van de 100 (56%) volwassen patiénten met JIA werd TMG-betrokkenheid
gevonden. Van alle mandibulaire bewegingen was AMIO het meest verminderd bij
JIA patiénten vergeleken met gezonde volwassenen. Volwassenen met JIA en TMG-
betrokkenheid hadden een 8,8 mm lagere AMIO dan volwassenen met JIA zonder
TMG-betrokkenheid. Er werden geen verschillen in AMIO gevonden tussen gezonde
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volwassenen en volwassenen met JIA zonder TMG-betrokkenheid. Het mannelijke
geslacht en lengte waren geassocieerd met een hogere AMIO. AMVBF leek niet te
verschillen tussen volwassenen met JIA en gezonde volwassenen.

De groep volwassenen met JIAwerd ingedeeld in 54 volwassenen in de ‘prebiological
era’ groep en 46 volwassenen in de ‘biological era’ groep. Er was een hogere prevalentie
van TMG-betrokkenheid in de groep uit het prebiological era (70%) dan in de groep uit
de biological era. Echter, als gevolg van het onderzoeksontwerp waren pati€énten met
JIAuit het prebiological groep ouder (33,2 versus 23,5 jaar; P <0,001) en hadden zij een
langere ziekteduur (28,5 versus 10,7 jaar; P < 0,001). Aangezien de ziekteduur en de
subgroep prebiological versus biological sterk met elkaar gecorreleerd zijn door ons
onderzoeksontwerp, kunnen we de effecten van ziekteduur en de subgroep indeling
op TMG-betrokkenheid en AMIO en AMVBF niet onderscheiden.

Hoofdstuk 8 beschrijft in een letter to the editor de problemen die we ondervonden
tijdens de inclusie van de studie om het stille TMG-paradigma te onderzoeken. Met
het stille TMG-paradigma wordt bedoelt dat er TMG-artritis kan optreden zonder enige
klinisch tekenen of symptomen.(11) Tijdens onze studie slaagden we er niet in om
voldoende patiénten te includeren voor een MRI-onderzoek van het TMG bij patiénten
zonder klinische klachten of symptomen. We denken dat dit mogelijk te maken heeft
met de nadelen van MRl zoals intraveneuze toediening met contrast vloeistof, sedatie
bijangst en de zorgen over de effecten van contrast op hetjonge brein. Deze bevinding
geeft de noodzaak aan om alternatieve diagnostische methodes, zoals een klinische
beoordeling van het TMG, verder te onderzoeken.

Tenslotte werd in hoofdstuk 9 de betrouwbaarheid en validiteit van het
beoordelingssysteem voor MRI’s van het TMG bij JIA bekeken. Dit beoordelingssysteem
wordt het juvenile idiopathic arthritis magnetic resonance scoring system (JAMRIS-
TMJ) genoemd.(23,24) MRI met contrast wordt als gouden standaard genoemd
bij patiénten met JIA en verdenking van TMG-problemen. Twee musculoskeletaal
gespecialiseerde kinderradiologen beoordeelden onafhankelijk van elkaar MRI’s van
het TMG bij 38 patiénten met JIA. De interbeoordelaars-betrouwbaarheid varieerde
van slecht tot goed (k=0.18-0.61). Aankleuring van het TMG was het enige item met
een goede betrouwbaarheid. Bij het onderzoeken van construct validiteit werden
significante correlaties gevonden tussen het JAMRIS-TMJ score systeem en AMIO en
TMG-betrokkenheid, echter verschilde dit per radioloog en per zijde van het TMG. Er
werden geen significante correlaties gevonden tussen het JAMRIS-TMJ score systeem
en AMVBF. De bevindingen suggereren dat ervaring en training een factor is die de
resultaten van radiologen beinvloeden bij het gebruik van het JAMRIS-TMJ-score
systeem. Op basis van deze resultaten wordt daarom training in het gebruik van het
JAMRIS-TMJ-score systeem aanbevolen voor alle beoordelaars.
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Conclusie

In dit proefschrift richtten we ons op de klinische benadering voor het herkennen
van TMG-problemen bij patiénten met JIA. We vonden een hoge prevalentie van
TMG-betrokkenheid bij zowel kinderen als volwassenen met JIA. Bij kinderen met
JIA had 30,9% TMG-betrokkenheid en bij volwassenen met JIA vonden we een nog
hogere prevalentie van 56% TMG-betrokkenheid. Deze hoge prevalentie van TMG-
betrokkenheid kan het bewustzijn van TMG-problemen bij patiénten metJIAvergroten
bij reumatologen. Daarom het advies aan (kinder)reumatologen om bij elke controle
bij patiénten met JIA ook het TMG klinisch te onderzoeken.

We gebruikten een klinische benadering om het TMG bij patiénten metJIA te beoordelen
in plaats van de gouden standaard MRI. De onvoldoende betrouwbare resultaten van
de JAMRIS-TMJ score systeem werpen twijfel op of MRI daadwerkelijk de gouden
standaard is voor het detecteren van TMG-artritis bij patiénten met JIA. Bovendien
heeft een MRI nadelen zoals intraveneuze toediening met contrast vloeistof, sedatie
bij angst, de zorgen over de effecten van contrast op het jonge brein, hoge kosten en
beperkte beschikbaarheid en expertise.(23,24) Deze nadelen roept de vraag op naar
alternatieve diagnostische methoden voor het detecteren van TMG-artritis.

Klinisch onderzoek is een eenvoudige methode en kan TMG-betrokkenheid
detecteren en monitoren. Aangezien TMG-betrokkenheid een klinische diagnose is,
kan klinisch onderzoek niet differentiéren tussen de onderliggende pathologie van
TMG-betrokkenheid zoals TMG-artritis of TMG-schade. Daarom zouden toekomstige
diagnostische studies met MRI nodig zijn om verder te differentiéren tussen TMG-
schade en TMG-artritis. Klinisch onderzoek kan ons helpen om de indicatie voor MRI
te verkleinen, aangezien klinisch onderzoek een eerste stap kan zijn om patiénten met
potentiéle TMG-problemen te selecteren. Het is echter belangrijk om te benadrukken
dat de MRI beoordeling van het TMG bij JIA best gebeurt door ervaren radiologen,
aangezien ervaring en training in het gebruik van het JAMRIS-TMJ-scoringssysteem
de betrouwbaarheid van de MRI-interpretatie lijken te beinvloeden.

Het klinisch onderzoek van het TMG bij kinderen met JIA moet ten minste een AMIO
meting bevatten, aangezien deze meting zeer betrouwbaar, gemakkelijk uitvoerbaar
en breed toepasbaar is. Bovendien lijkt AMIO beinvloed te worden door JIA en TMG-
betrokkenheid. Bij volwassenen met JIA was de AMIO echter alleen verminderd
wanneer er sprake was van TMG-betrokkenheid. Bij volwassenen met JIA zonder
TMG-betrokkenheid vonden we geen significante verschillen in AMIO vergeleken met
gezonde volwassenen. We vonden dat geslacht, leeftijd en lengte allemaal invloed
hadden op de AMIO. Deze factoren moeten daarom in overweging worden genomen bij
hetinterpreteren van de AMIO meting bij een patiént metJIA. Aangezien onze resultaten
gebaseerd zijn op Nederlandse kinderen, die tot een van de langste bevolkingsgroepen
ter wereld behoren, kunnen correcties voor lengte meer toepasbaar zijn wanneer
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internationale kinderen vergeleken worden. Een andere mogelijke methode om
de individuele variatie te interpreteren, is om AMIO in een longitudinale studie te
onderzoeken en de patiénten met zichzelf vergelijken.

AMVBF werd ook onderzocht als onderdeel van het klinische TMG-onderzoek bij
kinderen metJIA. We vonden een 24,0% lagere AMVBF bij kinderen met JIA vergeleken
met gezonde kinderen, en een 32,2% lagere AMVBF bij kinderen met JIA en TMG-
betrokkenheid vergeleken met kinderen met JIA zonder TMG-betrokkenheid. Om deze
verminderingin bijtkracht als een klinisch relevant effect te beoordelen, onderzochten
we of dit effect had op het eten. We vonden echter niet meer problemen met het
afbijten van voedsel, het eten van hard voedsel of het eten van taai voedsel bij kinderen
metJIA en eenlagere AMVBF. Deze bevinding suggereert dat AMVBF een diagnostisch
hulpmiddelis, eerder dan een klinisch relevante bevinding voor kinderen met JIA. Bij
volwassenen vonden we echter geen verschillen in AMVBF tussen volwassenen met
JIA zonder TMG-betrokkenheid en gezonde controles. Daarom lijkt AMVBF minder
toepasbaar te zijn bij het screenen voor TMG betrokkenheid bij volwassenen met JIA.

Het meten van slechts één variabele is mogelijk niet voldoende om TMG-betrokkenheid
bij patiénten met JIA te herkennen. In de literatuur wordt het zogenaamde stille gewricht
mogelijk beter herkend door een uitgebreid klinisch onderzoek, aangezien een combinatie
van klinische variabelen een hogere sensitiviteit voor TMG-artritis bleek te hebben dan
elke klinische variabele afzonderlijk.(25) Het TMG-screeningprotocol dat in dit proefschrift
wordt gebruikt, is een voorbeeld van een uitgebreid klinisch onderzoek van het TMG.

In dit proefschrift hebben we de vraag naar de beste behandelopties voor TMG-
betrokkenheid niet beantwoord. Alhoewel we hebben geprobeerd de effecten
van biologicals op het TMG te onderzoeken. Vanuit de literatuur weten we dat de
introductie van biologicals de algehele behandeling van JIA aanzienlijk heeft verbeterd.
(7) Eris gesuggereerd dat het TMG tevens profiteert van biologicals.(26) In onze studie
vonden we een hogere prevalentie van TMG-betrokkenheid in de prebiological groep
(70%) vergeleken met de biologische groep (39%). Helaas konden we de effecten van
ziekteduur en biologicals niet scheiden, aangezien de prebiological groep bestond
uit patiénten met een langere ziekteduur. De herkenning en het bewustzijn van TMG-
betrokkenheid bij zowel kinderen als volwassenen met JIA zou echter een startpunt
kunnen zijn voor verder onderzoek naar het ontwikkelen van een op maat gemaakt
behandelplan voor patiénten met JIA. Een multidisciplinaire benadering met een
(kinder)reumatoloog, kaakchirurg, orthodontist, orofaciaal fysiotherapeut is nodig
voor verder onderzoek en behandeling van het TMG bij patiénten met JIA.
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kaakchirurgie. Ik herinner mij goed dat je op een bevlogen manier mij kennis liet maken
met dit vak. Nadien heb ik mijn eerste ervaring met wetenschap bij je opgedaan tijdens
mijn wetenschapsstage. Deze kennismaking heeft bijgedragen aan mijn keuze om
een promotietraject te gaan doen. Dank voor deze inspiratie, ik kijk ernaar uit om de
praktische vaardigheden van de kaakchirurgie verder te leren.
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Lieve Eline, mijn eerste en daarmee ook oudste vriendin. Als ik samen met jou ben is
het altijd als vanouds. Ik ben heel dankbaar dat we elkaar nooit uit het oog zijn verloren.
Ik ben daarom ook heel blij dat je me als paranimf bijstaat.

Marie-Sophie, mijn andere paranifm. Blijkbaar bestaat vriendschap op het eerste
gezicht ook. Toen we tegen over elkaar zaten in de 1° klas van de middelbare school
wisten we allebei: ‘wij worden vriendinnen’. Jouw vroege wijsheid om mij als tip mee te
geven mijn ‘brein’ eens aan te zetten, heeft me veel verder gebracht. Lieve Fie, ik ben
je enorm dankbaar voor alle gezelligheid, luchtigheid en ook wijze raad.

Ook dankvoor mijn andere middelbare schoolvriendinnen: Marleen en Willemijn. Lieve
Marleen, samen met jou studeren in Amsterdam. Wat een fijn idee dat ik jou altijd in
de buurt had. De vele etentjes en koffiemomentjes samen blijven me altijd bij. Lieve
Willemijn, naast onze naam bleken we al gauw veel meer overeenkomsten te hebben.
Dank voor jou als warme vriendin die altijd zorgzaam en geinteresseerd is.

Lieve Isabel, Judith, Robin, Kirsten en Marlotte, mijn roeivriendinnen, ook al hebben
we nooit in deze samenstelling samen geroeid. Laatst vroegen we ons af hoe we
elkaar eigenlijk leerden kennen, wat ook weer aangeeft hoe vanzelfsprekend onze
vriendschap is. Na wat buitenlandse avonturen zijn we inmiddels allemaal weer terug
in Nederland. Het is fijn om jullie als vriendinnen te hebben, en de vele etentjes met
elkaar te hebben.

Lieve Nanda. Wat heb ik een geluk met jou als vriendin. Je kent me door en door. Van
bizarre coschappen in het buitenland (wat niet het beste in me naar boven haalde) tot
hangmatten metjou, hetis altijd een feest.

Lieve geneeskunde vriendinnen, Maartje, Hanneke, Nienke en Nanda. Als verloren
vogeltje werd ik als naplaatser bij jullie werkgroepje gevoegd. Wie had het gedacht
dat we vanaf dag 1 tot nu vriendinnen zijn. Het is heel fijn om jullie als vriendinnen
te hebben. Ook al wonen we niet meer bij elkaar om de hoek, toch voelt het altijd als
vertrouwd als we elkaar weer spreken.

Lieve Tara, wat een hoop avonturen hebben we samen beleefd. |k bewonder je
idealisme, positiviteit en de keuzes die je daarin maakt. Met jou ben ik nooit uitgepraat.
Ik waardeer het enorm dat je altijd tijd voor me maakt als je weer even in Nederland
bent. Het samenreizenis er de laatste jaren een beetje bijingeschoten, maar eindelijk
staat mijn bezoekje aan jou in Athene op de planning.

Lieve tandheelkunde vriendinnen, ook wel de granny’s: Juliet, Sophie en Marie-
France. Het uitsnijden van gipsen tanden in de prekliniek was niet de meest
inspirerende start voor onze vriendschap, maar zorgde er wel voor dat we direct een
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band met elkaar hadden. Leuven was vaak doorzetten, maar met jullie was het altijd
weer een beetje minder afzien. Dank om mij wegwijs te maken en soms ook een beetje
Belgisch op te voeden.

Lieve schoonfamilie, Henky, Maria, Lianne, Indra, Annelie, Lai, Natan en Fabian.
Fijn om te zien uit wat voor hechte familie Yuhan komt. In jullie gezin wordt altijd alles
gedeeld, en dat merkte ik telkens weer. Als Yuhan terugkwam, werd er steevast iets
lekkers meegegeven. Ook de traditie van “4 uurtjes met taart” laat zien hoe jullie van
de kleine momenten iets bijzonders weten te maken. Dank jullie wel voor het meeleven
en hetdelen vanjullie tradities en warmte.

Lieve Roeland en Diederik, mijn twee broers. Jullie zijn vaak een voorbeeld voor mij.
Lieve Roel, als oudste kan ik altijd bij je terecht voor wijze raad. Fantastisch om te zien
hoe je met Annelien, Louis en Justus een prachtig gezin vormt. Died, ik bewonder jouw
ongekende drive en energie, maar ook jouw warmte. Even op en neer rijden voor een
hapje eten doe je moeiteloos. Lieve Roel en Died, ik kan jullie altijd even bellen voor een
luisterend oor, enjullie oprechte interesse. Dank beide dat jullie er altijd voor me zijn.

Lieve papa en mama. Jullie zijn er altijd voor mij geweest, jullie liefde, steun,
vertrouwen en aanwezigheid heeft me gevormd tot de persoon die ik nu ben. Dit geluk
heeft ervoor gezorgd dat ik in een stabiele situatie op heb kunnen groeien, heb kunnen
studeren en verder werken aan dit proefschrift. Ik ben jullie hier enorm dankbaar voor.
Hetis altijd heerlijk om weer thuis te zijn. Even een wandelingetje in het bos en daarna
uitgebreid bijpraten. Vaak kwam de vraag: wanneer brei je er eens een einde aan, dat
momentis nu gekomen. Al ben je nooit uitgeleerd!

Lieve Yuhan, mijn steun en toeverlaat, mijn rots in de branding, maar bovenal mijn
stabiele thuishaven. Ook jij hebt afgelopen jaren bijgedragen aan dit proefschrift,
al was het alleen al om samen met mij te ‘PhD-en’ en mijn verhalen aan te horen.
Zonder jouw steun was mijn relativeringsvermogen op dit pad niet zo groot geweest. We
hebben vaak gezegd dat we uitkijken naar het moment dat we allebei niet meer hoeven
te studeren/PhD-en in de avonden en weekenden. Het moment is nu aangebroken, op
naar meer geluksmomentjes.
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