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Abstract

Background The aim of the study was to evaluate the effectiveness of a novel e-learning module in teaching
the physical exam of the temporomandibular joint (TMJ) in Juvenile idiopathic arthritis (JIA).

Methods An e-learning module was developed to convey the TMJ physical examination maneuvers that are consid-
ered to be best practice in JIA. Pediatric rheumatology fellows were randomized to two groups. One group received
an article describing the physical examination skills while the second group received both the article and module.

All participants completed a written pre-test, an in-person objective structured clinical examination (OSCE), a written
post-test, and a follow-up survey.

Results Twenty-two pediatric rheumatology fellows enrolled, with 11 per group. Written test: The two groups
improved equally, although there was a trend toward improved defining of maximal incisal opening (MIO)

in the module group. OSCE: The mean OSCE score was 11.1 (SD 3.3) in the article group and 13.5 (SD 1.9) in the mod-
ule group (p=0.06); significant differences were seen in measuring MIO (p=0.01), calculating maximal unassisted
mouth opening (MUMO; p=0.01), and assessment of facial symmetry (p=0.03), all favoring the module. Enjoyment
scores in the module group were higher than in the article group (mean 7.7/10 vs. 5.9/10, p=0.02). The two groups
self-reported performing TMJ examinations at comparable rates three months following the intervention.

Conclusions The study demonstrated that a formalized educational program improved knowledge of the physical
exam of the TMJ in JIA. Learners viewing the module were more adept at obtaining quantitative TMJ measurements.
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Background

Arthritis of the temporomandibular joint (TM]) occurs
in up to 53% of patients with juvenile idiopathic arthri-
tis (JIA), frequently leading to dentofacial deformity and
dysfunction [1, 2]. The TM] has been termed the “forgot-
ten joint” of JIA [3] and may present as the first or only
joint involved [4]. Furthermore, TM] arthritis is often
initially asymptomatic leading to diagnostic delays [1, 5].
The effects of TMJ arthritis can have a severe negative
impact on health-related quality of life that may persist
into adulthood [6, 7]. In a cross-sectional study of adults
with a history of TMJ arthritis and JIA, 62% experienced
TMJ pain, 43% had functional limitation, and 76% had
facial asymmetry [6]. This occurs despite the introduc-
tion of biologics in the treatment of JIA [8].

Early detection and treatment are believed to reduce
joint damage and minimize resulting facial deform-
ity. Gadolinium-enhanced magnetic resonance imaging
(MRI) is currently the diagnostic standard to diagnose
TM] arthritis [9]. The clinical orofacial examination is
useful to detect signs of active TMJ arthritis, to assess
response to therapy, and to detect abnormalities caused
by prior TM]J arthritis [10]. However, differences in how
clinical orofacial exams are conducted has led to dis-
crepancies among research studies and potential under-
recognition of this clinical problem. Many specialists are
involved in treating these patients, including rheumatol-
ogists, maxillofacial surgeons, orthodontists, and orofa-
cial pain specialists, among whom inconsistent orofacial
examinations are performed.

While TMJ arthritis is a well-recognized problem in
JIA, pediatric rheumatology training programs do not
routinely teach a standardized TMJ examination tech-
nique. Trainees often lack exposure to teachers or mul-
tidisciplinary clinics with expertise in this disorder.
Pediatric rheumatologists, however, often serve as the
main care providers for susceptible patients and are best
positioned to recognize early TM] arthritis. Screening
practices for TM] arthritis vary among both adult and
pediatric rheumatologists [11, 12]. A pediatric rheuma-
tology fellowship curriculum to improve and standardize
the TMJ examination technique could improve recogni-
tion and treatment of one of the most debilitating out-
comes in JIA.

The Temporomandibular Joint Juvenile Arthritis Work
Group (TMJaw), a multi-disciplinary group of inter-
national experts, established consensus-based recom-
mendations for the clinical orofacial examination in JIA
[13]. In 2019, this group published a standardized, short
(less than 3 min) physical examination protocol to be
used routinely in the clinical setting [14]. However, this
tool is not being used broadly for teaching JIA exami-
nation techniques to trainees, in part because the print
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description of the techniques is long, and technical. In
this study, we developed and evaluated an e-learning
module based on the TMJaw standardized protocol
with the goal of teaching the TM] examination proto-
col to pediatric rheumatology trainees, so that it can be
incorporated into their routine musculoskeletal physical
examination for use in all patients with JIA.

Methods

E-learning module

A 25-minute e-learning module consisting of instruc-
tive video clips and interactive questions was developed
utilizing the input of both TM] content experts and a
medical education e-learning team. The module includes
background information about TM]J arthritis (2 min) and
uses a video narrator to review the elements of a struc-
tured physical exam: history (1 min), palpation (2 min),
assessment of deviation (5 min), inspection for symmetry
and profile changes (6 min), and measurements of range
of motion (6 min). The module provides a mnemonic
for the steps of the physical exam: STOMPS: S=symp-
toms (history); T=TM] palpation; O=opening devia-
tion; M = maximal unassisted mouth opening; P = profile;
S=symmetry. Throughout the module there are 8 inter-
active components, spaced between video demonstra-
tions. These include multiple choice questions, simulated
measurements and calculations, and identification of
anatomic landmarks. At the conclusion of the module,
the entire TM] exam is demonstrated, beginning to end,
in less than 3 min. Consent was obtained to use demon-
strative patient photographs. The module used standard-
ized operational terminology and definitions for patients
with JIA [13]. The platform housing the module displayed
the most recent logon but did not capture how long each
participant spent viewing the module nor how many
times it was reviewed. During the study, the module was
embargoed; following the conclusion of this study, the
module became freely available and can be accessed by
creating an account [15].

Pre- and post-tests

A written assessment was developed to evaluate knowl-
edge acquisition among fellows following the e-learning
intervention. A convenience sample of pediatrics resi-
dents and oral and maxillofacial surgery (OMS) trainees
participated in beta testing to assess baseline knowl-
edge and ensure that our assessment tool discriminated
between content-naive pediatrics residents and mastery-
level OMS trainees. Questions that did not discriminate
well between pediatric resident knowledge (which was
assumed to be minimal) and OMS residents (which was
assumed to be adequate) were modified until they per-
formed well as a tool for discriminating between groups



Pan et al. Pediatric Rheumatology (2024) 22:91

of trainees. The final test consisted of 10-items, weighted
by content, with a maximum possible score of 7; the pre-
test was identical to the post-test. Power calculation was
based on an alpha of 0.05 and a beta of 0.80. Sigma was
calculated based on the difference between the mean
performances on pre-test validation of 27 pediatrics resi-
dents (4.85, SD 1.1) and 9 OMS residents (6.44, SD 1.24).
This suggested a sample size of 9 per group would ade-
quately power the study for a non-inferiority knowledge
assessment.

Study participants

Pediatric rheumatology fellows were recruited by email
to participate in a study to assess the TMJ module. Fel-
lows were offered a $50 gift card for their participation.
Twenty-two fellows were recruited with 11 in each group.
Block randomization was performed, and fellows were
stratified by post-graduate year, with an equal number of
first year fellows and more senior fellows in each group.
All participants completed a written pre-test before
the learning intervention. Two weeks later, they were
given access to the learning materials.The control group
received the published article that describes the TMJaw
physical examination protocol [14], while the e-learning
module intervention group received both the article and
access to the e-learning module. Fellows received their
learning intervention two weeks prior to their in-person
objective structured clinical examination (OSCE) and
written post-test evaluation. The learning intervention
could be accessed multiple times at any point from its
release two weeks before the OSCE until the day of the
OSCE.

OSCE

An in-person OSCE was developed and took place in
conjunction with the Childhood Arthritis and Rheuma-
tology Research Alliance Scientific Meeting in March
2023. A prompt posted outside of the OSCE room
explained the clinical scenario: A patient with well-con-
trolled polyarticular JIA, treated with methotrexate, with
a normal peripheral joint examination, mentions having
jaw pain with chewing. Fellows were instructed to take a
TM]J-focused history and to perform a thorough exami-
nation of the TMJ. No time limit was imposed. Evaluators
were blinded to the participant group. A content expert
(CR) evaluated all the test patients for accurate measure-
ments before the OSCE. Participants were scored on an
evaluation form that listed all the key TMJ examination
components. The maximum possible OSCE score was 18.
Evaluators met before and after the OSCE to review scor-
ing and ensure consistency.
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Follow-up survey

All participants completed a 5-item follow-up survey
three months after the OSCE. The survey assessed fre-
quency of TM] exam performance in clinical practice,
confidence in TMJ examination skills, and satisfaction
with the learning experience.

Study data were collected and managed using RED-
Cap (Research Electronic Data Capture) electronic data
capture tools hosted at Children’s National Hospital [16].
REDCap is a secure, web-based application designed to
support data capture for research studies, providing (1)
an intuitive interface for validated data entry; (2) audit
trails for tracking data manipulation and export proce-
dures; (3) automated export procedures for seamless data
downloads to common statistical packages; and (4) pro-
cedures for importing data from external sources.

Statistics
Crosstab tables and Chi-squared tests were used to assess
categorical variables across groups. For continuous meas-
ures when comparing the two groups, the Wilcoxon Rank
Sum tests was used and when comparing paired data
the Wilcoxon signed-rank test was used due to the small
sample size.

This study was deemed exempt by the Institutional
Review Board of Children’s National Hospital and con-
sent was waived (Pro00014662).

Results

Twenty-two pediatric rheumatology fellows were
enrolled; 11 fellows were randomized to receive the pre-
viously published TMJaw article alone (article group),
and 11 fellows were randomized to receive both the
article and the e-learning module (module group). Each
group had an equal number of fellows from each year
of training. Both groups self-reported that they spent
an equal amount of time preparing for the OSCE: mean
of 34.1 min in article group, 35.5 min in module group
(p=0.57). All fellows in the module group accessed the
module.

Pre- and post-tests

Out of a maximum score of 7, the article group scored a
mean of 3.00 (SD 1.09) on the pre-test and 5.23 (SD 1.19)
on the post-test (p=0.001). The module group scored a
mean of 2.68 (SD 0.78) on the pre-test and 5.00 (SD 0.97)
on the post-test (p=0.001). There was no statistically sig-
nificant difference between the two groups on the post-
score (p=0.59) or the difference between pre and post
scores (p=0.96). The module participants were better
able to identify the correct definition of maximal unas-
sisted mouth opening (MUMO) on a multiple-choice
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question, although it was not statistically significant
(p=0.06). On the pre-test, two participants in the article
group and none in the module group answered the ques-
tion ascertaining MUMO correctly. On the post-test,
six participants in the article group and ten participants
in the module group answered this question correctly
(p=0.06). Both groups improved in recognition of
patient profiles and facial asymmetry on photographs in
the written evaluation.

When asked if confident in their TMJ] exam skills at
baseline, 66% of the article group was not confident
compared to 33% in the module group. This was not
statistically significant. Overall, both groups reported
an increase in confidence in their TM] physical exam
skills after the intervention (Fig. 1). 73% in each group
increased their confidence, with no statistical difference
in the improvement rates between the two groups. How-
ever, this improvement in each group was significantly
different (p <0.001).

OSCE

Out of a total score of 18, the mean score on the OSCE
was 11.1 (SD 3.3) in the article group and 13.5 (SD 1.9)
in the module group, though this did not reach statisti-
cal significance (p=0.06). Significant differences were
seen in learning domains related to measuring the maxi-
mal incisal opening (MIO), calculating the MUMO, and
assessment of facial symmetry (Table 1), with the module
group having superior measurement scores in all three
domains. There were no significant differences between
the groups on their performance related to history tak-
ing, palpating the TM]J in the correct location, assessing
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for mandibular deviation, or evaluating facial profile.
When asked to rank how enjoyable the learning experi-
ence was, the article group rated a mean of 5.9/10, while
the module group rated it 7.7/10, (p=0.017) (Fig. 2).

Follow up survey

Three months after the OSCE, there was no difference in
the reported rates of performing the full 3-minute TMJ
examination protocol when evaluating new or follow-up
JIA patients in practice. In the article group, 3 partici-
pants (27%) perform the protocol often or most of the
time for new and follow-up JIA patients. In the module
group, 5 participants (45.45%) perform the protocol often
or most of the time for new JIA patients and 4 partici-
pants (36.36%) perform the protocol often or most of the
time for follow-up JIA patients (Fig. 3). One participant
in the module group reported that they never performed
the full TM] exam protocol for follow up patients. All
participants in the module group were moderately or
very satisfied with the learning intervention compared
with only 8/11 (72.73%) in the article group (Fig. 4).

Discussion

Recently, there has been increased recognition of the
importance of the clinical examination of the TMJ in
children with JIA. Along with the ankle, wrist, hip, and
sacroiliac joint, the TM]J is considered a key risk factor
for poor outcomes in JIA and thus the presence of TM]
arthritis is conditionally recommended to guide treat-
ment decisions [17]. Recommendations for the man-
agement of orofacial manifestations of JIA [18] have

Post

Not confident at all
Slightly confident
I Moderately confident

Article Module

Article

Module

Fig. 1 Self-reported confidence in TMJ physical exam skills before and after the learning intervention for all participants. No difference in the rate

of improved confidence was noted between groups



Page 5 of 8

Pan et al. Pediatric Rheumatology (2024) 22:91
10 °

o
2
£ 81
©
°
)
<
8
= 61
k)
Qo
g °
L
c
o
z 47
o
T

2 -

Article Module

Fig. 2 Participant response to "How enjoyable was the learning?”

Table 1 TMJ-focused OSCE scores by learning group

Exam element (/ Articleonly  Module P value

total possible Mean (SD) Mean (SD) (Wilcoxon Rank

score) Median (IQR) Median (IQR) Sum Test)

OSCE total score 11.09 (3.27) 13.54(1.91) 0.059

18) 11@t015  14(12t015)

History taking (/4) 2.82(1.08) 3.09 (0.94) 0.581
3(2to4) 3(2to4)

Palpation (/3) 2.27 (0.90) 2(0.63) 0214
2(Q2to3) 2(to2)

Mandibular deviation 2.09 (1.37) 2.54(1.13) 0418

v4) 2(1103) 3(1t03)

Measurement of MIO  2.36 (1.21) 4,09 (1.38) 0.005

3) 3Q2t03) 5(3105)

MUMO calculation 0.36 (0.81) 145 (0.93) 0.012

v2) 0(0t00) 2(0t02)

Facial Symmetry (/1)  0.63 (0.50) 1(0) 0.030
10to1) 1T(1to1)

Profile (/1) 0.91(0.30) 0.81(0.40) 0.543
1(1to1) 1(1to1)

OSCE objective structured clinical examination, MIO Maximal incisal opening,
MUMO maximal unassisted mouth opening

highlighted the critical role of a standardized clinical
TM]J examination.

We therefore used the TMJaw brief standardized
orofacial examination to develop a novel educational
module to teach TM] examination. In our study, both
the original article and the module were shown to be
effective in improving learners’ knowledge of the TM]
examination in a sample of pediatric rheumatology

fellows. The module was superior in teaching objective
measurements of oral aperture.

Accurate assessment of mouth opening has impor-
tant clinical implications for children with JIA. Limited
mouth opening [19] and mandibular deviation at maxi-
mal mouth opening [10, 20] have been shown to be pre-
dictive of active TMJ inflammation in JIA. Assessment of
mouth opening capacity is the most common outcome
used to assess TM]J arthritis in clinical studies [14].

There is a paucity of data regarding evidence-based
pharmacologic treatment in patients with JIA and TMJ
involvement. To our knowledge, there is no prospective
study in the biologic era which addresses or provides spe-
cific guidance on TM]J arthritis management in JIA. TM]
outcomes are not routinely evaluated in clinical trials for
JIA. Of 224 clinical trials involving JIA, only six studies
reported on TM]J status [21]. While standardized termi-
nology to describe TMJ arthritis in JIA exists [13], it is
still not widely used. This lack of consistent assessment
and description can lead to discrepancies and difficulty
comparing research studies, which may impede meaning-
ful advancement in understanding of TMJ involvement in
JIA. The question of optimal management of TMJ arthri-
tis can only be addressed with use of standardized TMJ
examination and inclusion of TM] outcomes in prospec-
tive, controlled trials of patients with juvenile arthritis.

We herein describe the first e-learning module that
teaches JIA TM]J examination best practices. The e-mod-
ule can be completed within 25-minutes and uses inter-
active techniques and adult learning theory to teach the
five key TM]J examination domains, using the STOMPS
mnemonic as a guide. Fellows using the e-learning mod-
ule rated their enjoyment of the model as a 7.7/10, which
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Never

Rarely (less than 25% of the time
[ Sometimes (25%-50% of the time)
I Often (51-75% of the time)
Il Most of the time (more than 75%)

Follow-up New Follow-up New

Fig. 3 After the training that you received; how often do you perform the full standardized screening examination of the TMJ when evaluating

patients [during new patient consultation visits or during follow-up visits]?

111

104

frequency

Article

Neutral
[ Moderately satisfied
I Very satisfied

Module

Fig. 4 How satisfied were you with the TMJ examination education that you received in preparation for the TMJ OSCE at the CARRA meeting?

significantly exceeded fellows’ enjoyment of the article as
a means of learning the TMJ physical examination.

It is important to note that both groups improved sig-
nificantly in their post-test knowledge levels and con-
fidence after reviewing the materials, meaning that the
article and the e-module were both effective learning
tools. The e-module was superior for teaching fellows
to perform measurement techniques, which is the most
complex of the physical examination techniques included
in the TM]J protocol. It is also notable that the fellows
assigned the e-learning module enjoyed the learning

experience more than those who used the article alone
to prepare for the OSCE. In a real-world setting, where
trainees would not be expected to perform an OSCE
following an assigned curriculum, fellows may be more
likely to complete an enjoyable e-learning self-study
module than they would be to spend the same amount of
time reading an article.

Although the learning materials were made available
to the trainees 2 weeks prior to the OSCE, most par-
ticipants viewed the module the day of the OSCE. Fel-
lows using the 25 min-module, with access to the article,
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self-reported spending an average of 35.5 min preparing
for the OSCE, which is comparable to the article group,
which reported spending 34.1 min using the article to
prepare. It is difficult to ascertain whether the partici-
pants in the module group accessed the article and dura-
tion spent in the module.

Unfortunately, after 3 months, less than half of all par-
ticipants reported consistently performing the full TM]
examination protocol in practice, and there was no differ-
ence between the groups. One participant in the module
group reported never performing the TMJ exam for fol-
low up patients. While there was improvement in rates
of performing this examination, barriers likely still exist
but were not specifically assessed in this study. In a large
multinational JIA registry, the TM] was measured quan-
titatively in 8% of visits [22], compared with 27-45% of
the learners who completed this study, so there is reason
to believe that a structured curriculum in TMJ exami-
nation may lead to increased dedicated examination of
these joints.

In terms of study weaknesses, the p values of the two
groups were just shy of statistical significance, and a
larger sample size may have led to more significant
results. Unfortunately, while the study was powered for
the pre/post-test, it was not possible to fully power the
OSCE. While we are able to confirm that each partici-
pant assigned to the module did access the module, we
are unable to ascertain the duration that the participants
spent on the study materials and which material was
used as their primary source. We did not measure inter-
rater variability for the OSCE; however, all evaluators
received the same training on scoring procedures and
were blinded to trainees’ study groups. It is also impor-
tant to note that an OSCE inherently forces observation
in a simulated environment, which is an assessment of
what one can do, rather than what one does in an authen-
tic clinical setting. Nevertheless, OSCE exam scores have
been shown to correlate with clinical evaluations in pedi-
atric residents [23], and the ability to effectively examine
the TMJ will enable a trainee to get more effective data
if/when wanting to assess for disease activity. We note
that video monitoring could have provided more objec-
tive scoring of the trainees and allowed specific feedback
to further improve trainees’ skills and satisfaction with
the training. Finally, sustained impact could have been
assessed by performing a follow up OSCE. However, this
was not logistically feasible to coordinate.

There were several strengths to this study. With expert
collaboration, we developed a novel learning tool to teach
a new standardized physical exam of the TM] in JIA. The
tool includes helpful video demonstrations, didactics,
interactive questions, and a mnemonic to provide organi-
zation to the performance of the physical examination.
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To evaluate our tool, we conducted a randomized,
blinded, in-person assessment of clinical skills among
a target group of learners. All the subjects completed
all the study activities including the follow-up survey 3
months later. While the article was also helpful in teach-
ing many of the examination skills, the module was more
effective in teaching the quantitative measurements.

Conclusions

This 25-minute interactive e-learning module improved
pediatric rheumatology trainees’ understanding of the
TM] examination (knowledge) and resulted in bet-
ter ability to perform MIO and MUMO measurements
(skills). The module’s ability to effectively teach quantita-
tive measurement is critical both for clinical care and for
standardization in TMJ research studies. Trainees who
participated in the interactive module reported more
enjoyment of the learning process. Widespread use of
this TMJ educational module will help improve clinical
care by increasing early detection of TMJ involvement in
patients with JIA, prompting appropriate treatment and
ongoing monitoring. Future steps include further refine-
ment of the content to focus on areas where learners had
less improvement. The material will be included in an
extended training event for pediatric rheumatology fel-
lows and additionally will be offered to researchers who
collect JIA measures.
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