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Abstract: To investigate temporomandibular joint (TMJ) involvement signs such as muscle pain,
the ratio of masseter and temporal muscle activity, mouth opening width and jaw deviation during
mouth opening in children and adolescents with juvenile idiopathic arthritis (JIA), a group of 32 sub-
jects with JIA and a control group of 32 healthy subjects were evaluated. Data were collected clinically
by muscle palpation (masseters, anterior temporalis and sternocleidomastoids) and instrumental
analysis (electromyography and kinesiography). Higher pain was registered in the masseter and
sternocleidomastoid muscles on both sides and in the right anterior temporalis in the JIA group com-
pared to the control group (p < 0.05). Electromyography showed no statistically significant difference
in the frequency of the pathological ratio of masseter and temporal muscle activity (MM/TA < 1)
both in the JIA group and in the control group. Kinesiography showed a statistically significant
difference in mouth opening width and jaw deviation during mouth opening between the groups
(p < 0.05): JIA subjects showed lower mouth opening values and wider deviation on mouth opening;
29 out of 32 JIA subjects showed jaw deviation towards the right side. JIA affects the TMJ, causing
myalgia in the head and neck muscles, a reduction in mouth opening width and an increase in jaw
deviation during mouth opening.

Keywords: juvenile idiopathic arthritis; temporomandibular joint; electromyography; kinesiography

1. Introduction

Juvenile idiopathic arthritis (JIA) is a broad term used to describe a heterogeneous
group of diseases characterized by arthritis of unknown origin beginning before the 16th
birthday and persisting for at least 6 weeks [1]. JIA is the most common chronic rheumatic
disease in childhood. The incidence and prevalence have ranges between 1.6 and 23 new
cases per 100,000 children and 3.8 and 400 cases per 100,000 children, respectively [2]. JIA
is characterized by persistent inflammation of at least one of the several joints in the human
body [3,4]. Despite the fact that recent studies suggested the influence of both genetic and
environmental factors, thus defining a heterogeneous illness, the main cause of JIA is still
poorly understood [5,6]. A main factor in the development and regulation of the immune
system, the human leukocyte antigen (HLA) seems to be primary involved [7], resulting in
chronic inflammation development [8].

The JIA classification proposed by the International League of Associations for Rheuma-
tology (ILAR) in 1995 [9] and then revised in 2001 [10] is based on clinical and laboratory
parameters evaluated in the first 6 months of disease. The ILAR classification consists
of seven different categories: systemic arthritis, oligoarthritis (persistent or extended),
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polyarthritis rheumatoid factor (RF)-positive, polyarthritis RF-negative, enthesitis-related
arthritis (ERA), psoriatic arthritis (PsA) and undifferentiated arthritis, the last category
including those patients who do not fit any criteria or fit more than one. These crite-
ria, however, are currently under revision with a new ongoing study by the Paediatric
Rheumatology International Trials Organisation (PRINTO) [11].

The clinical manifestation of JIA is unpredictable: in some cases, the disease course is
mild, like a self-limiting disease; other patients could suffer symptomatic joint erosion with
an unremitting pattern [2]. Clinical and laboratory records are used to help diagnose and
classify the disease, but magnetic resonance imaging (MRI) is the gold standard technique
for the study of JIA [4,12]. Musculoskeletal ultrasound and magnetic resonance imaging
resulted in being more sensitive than clinical examination and radiography to detect joint
involvement [12].

JIA has a close relationship with the stomatognathic system. High levels of caries and
gingival inflammation have been found in adolescents affected by JIA due to increased
systemic inflammatory indexes, sugar-containing medications and reduced jaw movements
and motor skills [13]. Moreover, about 55% of JIA patients show signs and symptoms of
temporomandibular joint (TMJ) involvement [14].

TMJ arthritis can affect dentofacial growth and mandibular function [15–17]. Kjellberg
in 1995 [16] reported that the dentofacial morphology in JIA children is characterized by
a smaller, more retrognathic and steeper inclined mandible compared to that of healthy
children with ideal occlusion. The author [16] concluded that dentofacial growth, chewing
movement restriction, decreased bite force and low mouth opening capacity are frequent
consequences of condylar lesions. As reported in the literature, about 26% of patients with
JIA show symptoms related to the masticatory system and mostly pain during mandibular
function and stiffness at mouth opening [18]. Restricted maximal voluntary mouth opening
is, above all, the most frequent clinical sign [14,18]. Pain during jaw excursion and restricted
mouth opening have been proposed as predictor factors for TMJ involvement; however,
the sensitivity of these clinical signs resulted in being too low [14].

Several studies have investigated TMJ involvement in JIA patients with instrumental
equipment such as stereophotogrammetrically with 3D photographs [19], power Doppler
ultrasound (US) [20], 3D surface scans [21], CBCT [22] and orthodontic orthopantomo-
grams [23]. Other studies defined clinical protocols for orofacial examination in JIA chil-
dren [15,24]. Recent systematic reviews concluded that there are current low levels of
evidence, and that the heterogeneity of the studies does not allow identifying clinical
findings that could accurately predict TMJ arthritis [25,26].

The objective of the current study is to test clinical and instrumental methods as
reliable, non-invasive functional prognostic indicators of possible TMJ involvement in
patients with JIA. The outcomes investigated are the following: muscle pain, the ratio of
masseter and temporal muscle activity, mouth opening width and jaw deviation during
mouth opening. The methods tested are as follows: (a) palpation of head and neck muscles,
(b) electromyography (EMG) and (c) kinesiography. The null hypothesis to be tested is that
there are no significant differences observed in pain during muscle palpation, in mouth
opening width and deviation on mouth opening during kinesiography and in the frequency
of the pathologic ratio during electromyography between case and control groups.

2. Materials and Methods
2.1. Subjects

The study was reported using the STROBE statement for observational studies [27].
Originally, the test group included 80 patients recruited from March 2019 until Novem-

ber 2019 in the Department of Paediatrics of the University of Chieti, Italy. The authors
confirmed the criteria of the Helsinki Declaration and the ICH Guideline for Good Clinical
Practice. Subjects’ parents gave informed consent at the beginning of the study before
confirming that they were fit for this study. Subjects could withdraw from this work for
any reason and without prejudice at any time. The protocol was reviewed by the Local
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Ethical Committee of the University of Chieti (protocol no: MGB_AIG). After applying the
inclusion/exclusion criteria described in Table 1, only 32 subjects (26 female and 6 male,
average age 13 years ± 2) were finally recruited for the study.

Table 1. Inclusion/exclusion criteria.

Inclusion Criteria Exclusion Criteria

Patients with juvenile idiopathic arthritis
diagnosed at least six months before by the

Paediatric Department of the SS. Annunziata
Hospital in Chieti, Italy

Incomplete medical history

Age between 5 and 20 years old Congenital craniofacial syndrome diagnosis
No contemporary or previous

orthodontic treatment
Presence of craniofacial bone fracture in the

medical history
Compliance and ability to reliably indicate the

presence of pain and to reliably execute
instrumental tests

Previous temporomandibular joint treatments
or craniofacial surgery in the medical history

Presence of other systemic illness

The test group was compared with a control group composed of 32 healthy subjects
without any signs or symptoms of JIA recruited from the Department of Orthodontics of
the University of Chieti. These subjects did not need any orthodontic treatment until the
end of the study and were matched for sex and age to the test group.

2.2. Clinical Examination Methods

All subjects underwent the first orthodontic and gnathologic visit by the same exam-
iner. During the visit, for each patient, general medical history was extracted to assess
other diseases, history of hospitalization and surgery, use of drugs, allergies and trauma.
Dental medical history was also collected to assess oral health.

Head and neck muscle palpation was performed in all the subjects to take over the
presence of muscular pain and trigger points. The anterior temporalis muscle (TA), mas-
seter muscle (MM) and sternocleidomastoid muscle (SCM) on both sides were examined.
Palpation was conducted by the same experienced examiner in a quiet room to obtain data
without any emotional confounding factors. During muscle palpation, patients were asked
to fill in a Visual Analogue Scale (VAS) [28,29] indicating the pain intensity felt during the
palpation of each muscle. Pain intensity was established by the patient with a value from
0 to 10, where 0 means no pain and 10 means maximum pain. A value was reported for
every muscle examined. The VAS score was filled in by each subject, without any influence
from the operator.

2.3. Recording Equipment

The instrumental examination consisted of electromyography (sEMG) and kinesiography.
Electromyographic activity was recorded using a wireless computerized instrument

(Teethan BTS TMJOINT S.p.A. Garbagnate Milanese, MI, Italy), an innovative electromyo-
graph technology using Dr. Ferrario’s standardized protocols [30–33]. Six differential
satellite surface electrodes with dimensions of 16 × 12 mm and a mother electrode of
41.5 × 24.8 × 14 mm were used. The sEMG signals were amplified (gain 1000), with a
bandwidth of 0–10 kHz and peak-to-peak input range from 0 to 2000 µV, using a differential
amplifier with a high common mode rejection ratio (CMMR > 110 dB in the range 50–60 Hz,
input impedance 100 MOhm), digitized (16b resolution; acquisition frequency up to 1 KHz
with ±2% accuracy) and digitally filtered (high-pass filter set at 10 Hz; low-pass filter set at
500 Hz) [34]. The muscles investigated by sEMG were the right and left temporalis muscles
(TA), the right and left masseter muscles (MM) and the right and left sternocleidomastoid
muscles (SCM). Six adhesive electrodes were applied to the subjects’ skin of the face and
neck previously cleaned with alcohol to eliminate fat and pollution residues. The electrodes
were placed on temporal, facial and neck areas where most of the recorded sEMG activity
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could be expected to come from the anterior temporalis, masseter and SCM muscles. In
particular, on the anterior temporalis muscle area, the electrodes were positioned vertically,
3 cm from the zygomatic arch, just lateral to the eyebrow (lateral to the orbit of the eye);
on the masseter muscle area, the electrodes were positioned between the cheek bone and
the corner of the jaw [35]. On the sternocleidomastoid muscle area, one electrode was
positioned in the middle of the sternal belly of the muscle. Data collection was conducted
in a dental office by a single experienced examiner; the subject was seated on a comfortable
chair with no headrest, with the feet resting on the floor and arms resting on the lap [35].
sEMG data were extracted with three tests lasting overall about 10 min:

Cotton test (COT6): The subject was asked to close their mouth and clench, biting
two cotton rolls positioned on the occlusal surface of the posterior teeth behind the first
premolar. This test allows assessing the maximum muscle activity in the absence of
dental contact.

• Clenching test (CLE6): the subject was asked to close their mouth and clench in normal
condition without cotton rolls (true occlusal test).

• Rotation test (ROT6): The subject was asked to rotate their head, first on one side, then
on the other. The operator ensured that the patient did not tilt their head or move
their shoulders away from the back of the chair.

For each subject, the maximum voluntary teeth clenching (MVC) value was extracted
for MM and TA. The sEMG potentials recorded during the MVC tests were expressed as
percent of the mean potential recorded during the MVC on the cotton rolls (unit lV/lV100).
All following calculations were performed with the standardized potentials [36]. The ratio
between MVC of masseter and temporal muscles (MM/TA) was used for evaluating each
subject’s muscle condition, even though the sEMG classical view does not provide for
comparisons of the degree of force between different muscles [37]. According to Jankelson’s
studies [38], the MM/TA ratio under physiological conditions is greater than 1, while a
value lower than 1 could point out pathological conditions in head and neck muscles. The
pathological ratio is defined as an imbalance of temporalis and masseter muscles during
their function.

Kinesiography was performed using the kinesiographer BioKeyNet (BioKet, S.Benedetto
del Tronto, Italy) (Figure 1) [39,40], an electromedical instrument with a magnetic sensor
detection system interfaced with a dedicated software able to detect, store and process all
the movements of the jaw. The kinesiographic examination is non-invasive, short-lasting
(15 min) and easy to carry out. It allows registering and showing in a graphic the jaw
movements in the sagittal, frontal and transversal axes. The subject was seated, wearing a
mask on their head calibrated on their anatomy using a ruler and a magnet placed on the
lower frontal teeth. The following outcomes were registered: maximum mouth opening
width and mandibular deviation at maximum mouth opening.
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2.4. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Data Analysis v26. The
Shapiro–Wilk normality test was applied to check whether data were normally distributed.
Mean, standard deviation and median were calculated. Since data were not normally
distributed, a non-parametric test, the Mann–Whitney U test, was used to compare the
difference in muscle palpation using data extracted by VAS (Table 2) and kinesiography
data between cases and the control group. Instead, the chi-squared test was used to verify
any relation of the sEMG ratio (MM/TA) between the two groups. The differences were
taken as significant when the p-value was less than 0.05.

Table 2. Head and neck muscle palpation analysis (Mann–Whitney U test). Mean values of VAS
(Visual Analogue Scale) resulting from palpation analysis on masseter, temporal and sternocleido-
mastoid muscles on both sides.

Muscle Group Mean ± SD p-Value a

Right Sternocleidomastoid
case 3.44 ± 3.02

control 1.47 ± 1.39
0.009 *

Left Sternocleidomastoid
case 3.50 ± 3.01

control 1.47 ± 1.39
0.005 *

Right Masseter
case 1.03 ± 1.15

control 0.22 ± 0.42
0.002 *

Left Masseter
case 1.09 ± 1.38

control 0.41 ± 0.50
0.049 *

Right Temporal
case 0.56 ± 1.34

control 0.06 ± 0.25
0.018 *

Left Temporal
case 0.50 ± 1.19

control 0.22 ± 0.42
0.586

Legend: SD: standard deviation; a Mann–Whitney U test, * level of significance was set at p < 0.05.

3. Results
3.1. Muscle Palpation Values

Regarding MM and SCM muscles, higher pain was registered in the JIA group com-
pared to the control group on both sides (p < 0.05). TA palpation values showed higher pain
on the right side (p < 0.05), but not on the left side (p > 0.05), in the case group compared to
controls (Table 2).

3.2. sEMG Values

The average MM/TA ratio was calculated in both study groups on both sides. It
resulted that in the JIA group, the MM/TA ratio was lower than 1 on both sides (0.89 on
right side and 0.90 on left side), thus indicating a pathological condition of the masticatory
muscles according to Jankelson (pathological condition MM/TA < 1) [38]. On the contrary,
the control group showed a physiological condition with an average ratio of 1.10 on the
right side and 1.15 on the left side (physiological condition MM/TA > 1) (Table 3).
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Table 3. Head and neck electromyographic analysis (Mann–Whitney U test). Mean and standard
deviation values of right and left masseter/temporal ratios (MM/TA) in case and control groups.

Muscle Group Mean ± SD p-Value a

Right MM/TA
case 0.89 ± 0.37

control 1.10 ± 0.60
0.170

Left Sternocleidomastoid
case 0.41 ± 0.84

control 0.69 ± 0.97
0.122

Legend: SD: standard deviation; MM/TA = masseter/temporal ratio. a Mann–Whitney U test, level of significance
was set at p < 0.05.

The test group showed a higher frequency of the pathological ratio (65.2%) compared
with the control group (53%). The chi-squared test was used to verify if the frequency of
pathological ratio of MM and TA (MM/TA < 1) was significantly higher in the JIA group
than in the control group. The test showed a positive correlation between the pathological
ratio (MM/TA < 1) and JIA, with an χ2 value of 2.006, but no statistically significant
difference was found (p = 0.157) (Table 4).

Table 4. Electromyographic analysis (chi-squared test). Frequencies of pathological and physiological
ratios in case and control groups.

Group Frequency Percentage of
Frequency χ2 Value p-Value a

case Pathological ratios 43 65.2%
Physiological

ratios 23 34.8%

control
Pathological ratios 35 53.0%

Physiological
ratios 31 47.0%

2.006 0.157
Legend: a chi-squared test, level of significance was set at p < 0.05.

3.3. Kinesiographic Values

The Mann–Whitney U test was used to compare the maximum mouth opening
width and jaw deviation at maximum mouth opening. A statistically significant result
(p < 0.05) was found comparing the average maximum mouth opening in the JIA group
(35.88 ± 6.92 mm) and the control group (40.12 ± 1.58 mm). Regarding jaw deviation at
mouth opening, the average in the JIA group was 5.69 ± 3.06 mm, while in the control
group, it was 4.18 ± 1.89 mm. A statistically significant difference was found (p < 0.05)
between the two groups. A total of 29 out of 32 JIA subjects showed jaw deviation towards
the right side (Table 5).

Table 5. Kinesiographic analysis (Mann–Whitney U test). Mean and standard deviation values of mouth
opening and deviation on mouth opening calculated in millimeters (mm) in case and control groups.

Group Mean ± SD p-Value a

Mouth opening (mm)
case 35.89 ± 6.93

control 40.13 ± 1.58
0.001 *

Mouth opening deviation (mm)
case 5.70 ± 3.06

control 4.20 ± 1.90
0.024 *

Legend: SD: standard deviation; a Mann–Whitney U test, * level of significance was set at p < 0.05.
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4. Discussion

The present study investigated parameters assessed by clinical head and neck muscle
palpation and instrumental examinations by sEMG and kinesiography in the evaluation
of TMJ involvement in patients with JIA. These tools do not replace the gold standard
of diagnosis, which remains nuclear magnetic resonance imaging (MRI) [41], but may
help clinicians to identify patients at higher risk of TMJ involvement and those who are
more likely to benefit from screening or early therapeutic intervention [42–44]. Muscle
palpation, sEMG and kinesiography can therefore be considered functional indicators of
muscle activity and jaw movements since they show the tendency to support experimental
hypotheses. The presence, however, of statistically significant parameters confirms the
possibility of demonstrating the validity of these diagnostic aids.

Muscle palpation analysis (Table 2) showed a statistically significant difference be-
tween the JIA group and the control group in the MM and SCM evaluation on both sides
(p < 0.05) and in the TA only on the right side (p < 0.05). Pain on palpation of the oro-
facial regions is one of the clinical signs detected by a task force investigating clinical
orofacial examination in JIA [24], in agreement with the results of our study. These results
indicate that there is higher pain in the masticatory and neck muscles in the JIA group
compared to healthy controls [45,46]. Due to condylar erosion, masticatory muscles force
the mandibular bone to rotate backwards with respect to the anterior skull base, thus
generating dentoalveolar deformities. This might cause an overload of the masticatory
muscles (which become painful on palpation) and of the joint structures, leading to muscle
imbalances and possible intracapsular disorders. On the left TA, higher pain was recorded
in the JIA group compared to the control group; statistical significance, however, was
lacking, probably due to the low sample size. Another explanation of these results might be
found in the prevalence of jaw deviation on the right side observed in the JIA group, where,
indeed, 29 out of 32 JIA subjects showed jaw deviation towards the right side. Finally, the
significant results found in SCM highlight the link existing between chewing muscles and
neck muscles and therefore the need to take into consideration the involvement of neck
muscles in addition to chewing muscles in patients with JIA [47].

Statistical analysis of sEMG data showed a positive correlation between the patho-
logical ratio (MM/TA < 1) and JIA, with an χ2 value of 2.006 (Table 4). However, since
this correlation was present, but it was not statistically significant (p = 0.157), frequen-
cies in terms of percentage were calculated. A higher frequency of the pathological ratio
(MM\TA < 1) in the test group (65.2%) compared with the control group (53%) was ob-
served. The prevalence of the pathological ratio in the group of patients indicates that JIA
subjects showed an incorrect function of the masticatory muscle system. The masticatory
muscle alteration observed in sEMG data confirmed the results extracted from palpation,
where greater pain was observed in the JIA group. The progressive erosion suffered by
TMJ structures in JIA patients involves masticatory muscles which must readapt the mas-
ticatory pattern to ensure the function of the stomatognathic system. This adaptation
leads to muscle dysfunction and pain, as shown by sEMG and muscle palpation data. It
is therefore reasonable to assume that if no intervention on the stomatognathic system is
performed, muscle alteration and pain could progressively become worse as the erosion on
TMJ structures continues [48–50].

Kinesiographic statistical analysis (Table 5) showed a statistically significant difference
both in the maximum mouth opening width and jaw deviation at maximum mouth opening
between cases and controls.

Regarding mouth opening, the results of the present work disagree with a previous
study by Koos et al. [51] which investigated the reliability of clinical examinations such
as mouth opening and deflection during mouth opening to detect TMJ arthritis. The
study concluded that a reduced mouth opening capacity might not always be a very
reliable criterion for diagnosing TMJ arthritis. However, the authors stated further studies
are needed to evaluate if this parameter could be considered as a reliable criterion for
monitoring the pathology evolution in the same subject [51].
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For the maximum opening deviation parameter, statistical significance was found,
in accordance with what was stated in the literature by Koos et al. [51]. Mouth opening
limitations and deflections may be related to dysfunctions of the TMJ. In addition, another
study by Rongo et al. [52] confirmed that chin deviation, TMJ crepitus and reduction in
mouth opening are associated with a high risk of TMJ involvement and are more frequent
when the damage of the TMJ is more severe. The authors suggested combining pain-related
variables with function-related variables to achieve a higher diagnostic performance in
diagnosing a TMJ involvement in JIA patients [52,53].

Since a statistically significant difference between the kinesiographic parameters of
the two groups under investigation was found, they might help clinicians to find small
and early joint abnormalities due to their sensibility which greatly surpasses that of clinical
methods [54,55]. For instance, the prevalence of jaw deviation towards the right side
observed in the JIA group might explain why the left temporal muscle is not statistically
significant in muscle palpation analysis. Jaw deviation is directed to the side who showed
more condylar erosion; thus, it can be supposed that TMJ erosions were worse on the right
side than the left side: condylar erosion on the right side forces muscles of the right side to
work harder to bring the head of the condyle closer to the mandibular fossa. On the other
hand, muscles on the left side have less workload and this could explain why they did not
show statistically significant results on muscle palpation analysis.

sEMG, kinesiography and muscle palpation data showed a greater alteration of the
stomatognathic system. This could be explained considering that sEMG and muscle palpa-
tion are muscular pain indicators while kinesiography evaluates joint structure alterations
on jaw movements. As stated by Okeson [47], muscular suffering is an earlier predictive
sign of TMJ disorders while joint damage occurs later. In addition, kinesiography analysis
might reveal signs of more advanced involvement of the TMJ in JIA, while sEMG could
detect TMJ damage in an earlier stage. This suggests the importance of muscle evaluation
in growing patients to detect an early involvement of the joint structures. Therefore, it is
possible to emphasize the relevance to recognize clinical symptoms indicating TMJ involve-
ment in an early stage to avoid JIA progressive lesions. The association of clinical muscle
palpation, instrumental evaluation by kinesiography and radiological abnormalities may
lead to early detection of imminent condylar erosion.

Limitation

This study evaluated patients attending a single center and analyzed at a single point
in time. Further longitudinal investigations are needed to scrutinize the relative ability of
the various clinical and instrumental items to assess an involvement of the TMJ.

A wider test group should be considered in order to make the collected data fully
reliable and overcome the difficulties related to carrying out tests in poorly compliant
young subjects.

5. Conclusions

This experimental study showed that JIA affects the TMJ, causing myalgia in the head
and neck muscles, a reduction in mouth opening width and an increase in jaw deviation
during mouth opening. Further studies involving MRI imaging are needed to confirm TMJ
arthritic involvement in patients showing JIA in other body districts.
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