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Abstract

Background: Temporomandibular joint disorders (TMJDs) are the main musculoskeletal cause of orofacial pain. This study aimed
to assess the efficacy of manual therapy and routine treatment compared with routine treatment on pain, maximum mouth opening
(MMO), and cervical range of motion (ROM) in patients with the temporomandibular joint disorder (TMJD).

Methods: This study was performed at the biomechanics laboratory of the physiotherapy department of Iran University of Medical
Sciences, Tehran, Iran. A total of 30 patients with TMJD were randomized into 2 groups: an intervention group (manual therapy plus
routine treatment) and a control group (conventional treatment). Treatment included 10 sessions. The primary outcome was pain
intensity and the secondary outcomes were MMO, and range of cervical flexion and extension. The outcomes were measured at the
baseline, at the end of the treatment, and after a 4-week follow-up period. The repeated measures analysis of variance was used to
assess group x time interaction, and the Bonferroni adjustment was used for between-group comparisons. The effects size of Cohen's d
was used to determine the magnitude of between-group differences.

Results: The results showed that there were significant group x time interactions for pain, MMO, and the cervical flexion ROM
(P<0.001). In comparion with the baseline, the intervention group showed significant improvements in jaw pain, MMO, and cervical
flexion ROM (P<0.001), while in the control group, compared with the baseline, only pain and MMO significantly improved (P<0.05).
Results of between-group comparisons revealed that there were significant and clinical differences between the 2 groups after
treatment, and the intervention group had lower jaw pain, more MMO, and cervical flexion than the control group (P<0.001). In
addition, the efficacy of manual therapy based on the Cohen's d was large for the outcomes of pain, MMO, and cervical flexion.

Conclusion: The findings showed that adding manual therapy of the upper cervical spine and TMJ to the routine treatment could be
an effective intervention for patients with TMD.
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Introduction
Temporomandibular joint disorders (TMJDs) are the  most common disorders developing pain, and dysfunction
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The results showed that manual therapy of the upper cervical
spine combined with TMJ could be an effective intervention in
relieving pain and increasing month opening and cervical
flexion in patients with TMD. In addition, in comparison with
routine treatment, improvement of outcomes in the manual
therapy group was clinically significant.
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in the orofacial region (1-3), and are related to the symp-
toms in the regions such as the head, ears, and the cervical
spine region. They are classified into 3 categories, includ-
ing myogenous, arthrogenous, and mixed (4). It is esti-
mated that about 25% of the total population suffer from
signs and symptoms related to TMJDs (5). TMJDs are
generally characterized by pain, clicking sounds, and al-
tered mandibular movements (6, 7).

The etiology of TMJDs is still unclear because they are
complex disorders that interact with many factors. Several
studies have suggested risk factors that are associated with
TMJDs, including physical factors (trauma, muscles
spasms, chronic malocclusion, and bruxism), biochemical
factors (vitamin deficiency), and psychological factors
(stress, anxiety, and depression) (8-11). In addition, it has
been suggested that TMJDs are associated with cervical
dysfunctions (11, 12). In studies, the cervical spine and
TMJ have been considered as a complex interrelated sys-
tem, and a functional relationship and a sensory-motor
interaction have been explained between the 2 regions via
the trigeminocervical complex (13, 14), which allows to
transfer nociceptive information between TMJ and cervi-
cal spine (15).

Different treatments for TMJDs have been reported in
the literature and performed in clinical settings. They in-
clude physical therapy, such as physical modalities, thera-
peutic exercise, dry needling, and manual therapy, medi-
cation, oral splints, acupuncture, cognitive-behavioral
therapy, and surgery (1, 16-18).

Manual therapy is one of the most important interven-
tions that are commonly used for treating musculoskeletal
disorders. Manual therapy techniques include mobiliza-
tion, soft tissue release, and manipulation (1, 19). General-
ly, the goals of manual therapy are pain reduction, de-
creasing tissue guarding, and muscle relaxation, circula-
tion improvement, and increasing range of motion (ROM)
(19). Several studies have investigated the efficacy of
manual therapy alone or in combination with other inter-
ventions in patients with TMD (6, 16, 20-22). Herrera-
Valencia et al (16) found a significant improvement in
pain intensity and a significant increase for maximum
mouth opening (MMO) after manual therapy compared
with the other treatments in patients with TMDJs. They
reported that manual therapy had a medium-term efficacy
on pain intensity and a short-term effect on MMO. Fur-
thermore, with regard to the mentioned relationship be-
tween TMD and cervical dysfunction, there has been an
increasing interest in using the combination of the manual
therapy of both regions for treating TMDs. The results of
a systematic review (1) showed that compared with the
home exercises and the cervical spine treatment alone, a
combination of the manual therapy of orofacial and cervi-
cal regions has more effectiveness in pain reduction in the
patients with TMD. However, they concluded that the
included studies had low methodological quality (1).

There is evidence about the effectiveness of manual
therapy of cervical region and orofacial in isolation and
combination in the patients with TMDs (11, 15, 16, 21-
23), however, because of the inconsistencies in the meth-
ods, reaching a definitive conclusion is difficult. One of
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the reasons or these inconsistencies could be attributed to
using different manual therapy techniques in studies.

Thus, the purpose of the present study was to investigate
and compare the effectiveness of the routine conservative
treatment plus the manual therapy of the TMJ and upper
cervical spine, including soft tissue release technique and
mobilization, compared with the routine conservative
treatment alone on the jaw pain intensity, MMO, and
range of cervical flexion and extension in patients with
TMJDs. Also, this study aimed to determine whether add-
ing a manual therapy intervention of the cervical spine and
temporomandibular joint to a conventional treatment af-
fects the outcomes of patients with TMJDs.

Methods

Participants

This study was a superiority parallel single-blinded ran-
domized controlled trial that was performed from Novem-
ber 2019 to February 2021 at the biomechanics laboratory
of the physiotherapy department of Iran University of
Medical Sciences. The study was written based on the
Consolidated Standards of Reporting Trials (CONSORT)
statement and included the CONSORT checklist (24). A
total of 30 patients with TMJDs were recruited to partici-
pate in this study. The eligible patients were selected from
the patients with TMJDs who attended the orofacial pain
clinic at the school of dentistry of Tehran University of
Medical Sciences, and at the clinic of the maxillofacial
surgery of Shariati hospital. This study was approved by
the Ethics Committee of Iran University of Medical Sci-
ences and was registered in the Iranian Registry of Clini-
cal Trials Center.

A standardized examination based on the Diagnostic
Criteria for TMJD (DC/TMD) (25) was conducted to di-
agnosis TMJD before a decision was made to include eli-
gible patients. The standard TMJD examination including
assessment of the joint pain and masticatory muscles,
presence of the crepitation, and asymmetric motions be-
tween the right and left TMJ.

The patients were included in this study if they had uni-
lateral or bilateral TMJDs according to the DC/TMD, and
maximum pain intensity based on the visual analog scale
(VAS) more than 3 for at least 3 months before the study.

Exclusion criteria were as follows: age>50 years; a
traumatic injury causing the symptoms in the TMJ and the
orofacial region during the last 3 months; a history of the
orofacial surgery during the last 6 months; and any neuro-
logical and systemic diseases, such as rheumatoid arthritis,
Parkinson, Multiple Sclerosis, positional vertigo, pregnan-
cy, and severe deformity in the jaw or face region.

In addition to the mentioned criteria, before starting the
manual therapy of cervical spine, the special tests of cer-
vical ligaments, including the sharp-purser test and the
lateral-flexion and rotation stress test, were performed by
the examiner.

For the sharp-purser test (26), the patients were asked to
hold the neck in a semi-flexion posture while sitting. The
examiner placed one hand's palm on the patient's forehead
and the other hand's index finger on the axis' spinous pro-
cess. A slipping motion of the head posteriorly in relation
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to the axis indicates atlantoaxial instability when the head
is pushed backward.

For the lateral-flexion and rotation stress test (27), the
patients were asked to lay in the supine position. Then, the
head and atlas were side bent around the atlantoaxial
joint's coronal axis. For inhibiting ipsilateral rotation of
the axis, the therapist gripped and stabilized the spinous
process of the axis. After that the end feel and the amount
of motion were assessed. If the alar ligament was intact,
little to no side-bending could have occurred and the end
feel would be capsular. This test was repeated with rota-
tion of the head and atlas on the axis and the end feel was
assessed again.

The patients were excluded from the study if they had a
positive sign for any one of the above tests.

One TMJ of each participant was included in this study.
If one TMJ of a participant met the inclusion criteria, that
side was assessed and treated. If there was a bilateral in-
volvement of TMJ in a participant, both sides were treated
but the side with more disability at the baseline was con-
sidered for further analyses.

Written consent was obtained from each participant af-
ter they were informed about the study procedure.

Randomization and Blinding

Those patients who met the study inclusion criteria were
allocated randomly into 2 groups: the control group (rou-
tine conservative treatment group; n = 15) and the inter-
vention group (routine conservative treatment plus the
manual therapy of the TMJ and upper cervical spine; n =
15). A block balanced randomization (1:1) with a block
size of 4 was used for random allocation. A random allo-
cation was performed using the website of
www.randomization.com. To conceal the sequence of the
random allocation, numbered closed envelopes containing
A or B groups were used and the envelopes were given to
the clinic secretary. Group A received the routine con-
servative treatment plus the manual therapy of the TMJ
and cervical spine, and group B received the routine con-
servative treatment alone.

In the present study, participants and those who as-
sessed the outcomes were blinded while the therapist was
not blinded.

Sample Size

The sample size was calculated using the G power soft-
ware (Version 3.1.9.2) for primary outcome (pain) using
the analysis of variance (ANOVA) (repeated measures,
between factors), the minimal clinically important differ-
ence (MCID) of 2 (28, 29), pain of the control group
(mean, 5.8; SD, 2.2), pain of the intervention group
(mean, 3.8; SD, 2.4) (6), the effect size of 0.43, with a
significant level of .05, the power of 80%, 2 groups, 3
measurements, and a correlation of 0.4 between repeated
measurements, a total of 15 patients with TMD were es-
timated for each group.

Outcome Measures
The primary outcome was pain intensity, and the sec-
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ondary outcomes included cervical flexion ROM, cervical
extension ROM, and range of MMO. The assessments
were performed at the baseline, after the end of the treat-
ment, and after a 4-week follow-up period.

Primary Outcome

Pain Intensity. The intensity of the jaw pain was record-
ed according to the VAS. The participants were asked to
determine the jaw pain intensity using the VAS from 0 (no
pain) to 10 (the worst level of pain). The validity and
reliability of the VAS for grading pain intensity were
demonstrated in previous studies (30, 31).

Secondary Outcomes

MMO was measured with a calibrated caliper with 1
mm accuracy. Each participant sat on a comfortable back-
supported chair with their heads supported in a neutral
position. The patients were then instructed to open their
mouths until they felt pain. The gap between the upper
and lower central incisor teeth was then measured (23)
(Fig. 1A).

The flexion and extension ROM of the cervical spine
were measured by a goniometer (32). The fixed arm of the
goniometer was established parallel to the horizontal line
and its movable arm moved along a card fixed between
the participant’s teeth in a clenching position (bite plane).

To measure the cervical flexion, participants were asked
to look down and bring their chin to the manubrium of the
sternum while the therapist’s index finger was monitoring
the spinous process of the first thoracic vertebra (T1) to
prevent the movement of the thoracic spine. For the cervi-
cal extension, participants were instructed to look at the
ceiling until the examiner felt a movement in the first tho-
racic vertebra (Fig. 1B).

Treatment

Ten sessions of treatment for each group were per-
formed during 8 weeks by a physical therapist (Kh. R.,
first author). Patients received the first 4 sessions in 2
weeks. During the treatment period, participants were
asked not to take any nonsteroidal anti-inflammatory
drugs or muscle relaxants.

Routine Conservative Treatment

All patients received the routine conservative treatment,
including transcutaneous electrical nerve stimulation
(TENS) (Stimulator733X, Novin Co), ultrasound (Ultra-
sound 215p, Novin Co), and a gentle massage for 25
minutes in each session.

For electrotherapy, the electrodes of the multistimulator
apparatus were placed between the TMJ and the coronoid
process. The intensity of the TENS was determined based
on the patients' sensitivity threshold and the total time of
stimulation was 15 minutes (33, 34).

Patients also received the ultrasound (1 MHz, 0.8 to 1.5
W/cm2 continuous outputs) for 5 minutes on the painful
TMJ (33, 34).
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Fig. 1. A) Position of patient for measuring maximal mouth opening. B) Position of patient for measuring flexion and extension ROM of the

cervical spine

A gentle massage began using the second and third fin-
gers in a circular direction over the masseter muscles for 5
minutes in each session (35).

Manual Therapy of the TMJ and Cervical Spine

The manual therapy techniques were performed by the
same physical therapist who had 2 years of experience in
this field (Kh. R., first author). After checking cervical
spine ligaments, manual therapy of TMJ and cervical
spine was performed.

For manual therapy of the TMJ (36), patients were posi-
tioned in side-lying and partially opened their mouth. In
the current study, TMJ mobilization was performed in
both medial and anterior-posterior directions. Before the
manual therapy, patients were asked to open and close the
mouth 10 times. The palm of the therapist's hand was
placed over the thumb digit of another hand and the man-
dibular condyle was mobilized medially. Another mobili-
zation direction was anterior-posterior and applied
through the auditory canal. The frequency of mobilization
was 1 oscillation per 2 sec. Mobilization in each direction
was applied in 3 series of 2 min, with 30 sec of rest in
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between, resulting in a total of 7 min.

The cervical spine manual therapy included the cervical
soft tissue release technique and cervical mobilization (1,
19).

For cervical soft tissue release (37), participants were
positioned supine with their knees stretched and the thera-
pist sat on a stool and placed his supinated forearms and
extended elbows on the table. The participants were in-
structed to raise their heads from the treatment table. The
tips of the first 3 digits of the therapist were inserted into
the soft tissue under the arc of the atlas. The fingers were
stabilized in a flexed position around 45° at the metatarsal
phalangeal joints and proximal interphalangeal joints, the
therapist was firmly pressed his finger pads against the
inferior aspect of the atlas. This technique was repeated 3
times in each session and lasted around 3 minutes.

For upper cervical mobilization (14), patients were
placed in the supine position with the cervical spine in a
neutral position. The therapist stabilized the occipital re-
gion and with the other hand applied a posteriorly directed
force on the frontal region of the patient (anterior to poste-
rior force). Mobilization was performed at a slow rate of
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approximately 1 oscillation every 2 s, which was moni-
tored by the physical therapist. Mobilization was per-
formed in 3 sets of 2 min, with 30 sec rest in between, for
a total of 7 min. The intensity of the technique was chosen
by the therapist according to tissue resistance.

Statistical Analysis

SPSS software (Statistical Package for Social Sciences
software, Version 19) was used to perform the statistical
analyses. The distribution of data was evaluated using the
Shapiro-Wilk test, skewness, kurtosis, and probability-
probability plot (PP plot). Based on these tests, the prima-
ry and secondary outcomes during repeated measurements
had a normal distribution.

A repeated measures analysis of variance (3 x 2) for
each outcome measure, with the group as the independent
factor (2 levels) and the time of measurements as the de-
pendent variable (3 levels: at baseline, after 8 weeks of
intervention, and after the follow-up period) was separate-
ly used to compare the 2 groups in repeated measurements
and then post hoc comparisons of between groups with
Bonferroni adjustments were performed.

Within-group analysis with a Bonferroni post hoc com-
parison test for each outcome measure was performed
using the repeated measures ANOVA. The effects size of
Cohen's d with 95% confidence interval (Cl) was calcu-
lated for all between-group comparisons. The regions of
the effect size of Cohen's d were interpreted as follows:
the trivial region (inconsiderable efficacy) from 0 to 0.19,
the region with small efficacy from 0.2 to 0.49, the region
with medium efficacy from 0.5 to 0.79, and the region
with large efficacy >0.8 (38). The level of significance

Assessed for eligibility (n=135)
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was set at .05.

Results

A total of 135 patients were screened for eligibility cri-
teria. After screening, 90 patients were excluded: 59 were
excluded because they did not meet the inclusion criteria,
and 31 declined to participate because of fear of COVID-
19, lack of time, and other reasons. Finally, 45 patients
with TMJD were randomly allocated into 2 groups. In the
intervention group, 8 patients did not complete the treat-
ment period and in the control group, 7 patients discontin-
ued the treatment. The overall flow of the participants'
enrollment for the 2 groups is shown in Figure 2.

The demographic characteristics of both groups are pre-
sented in Table 1. Table 2 provides an overview of demo-
graphic characteristics of the patients who discontinued
the treatment. There were no significant differences in jaw
pain at the baseline (p=0.175), sex (p= 0.750), and affect-
ed side (p=0.890) between those patients completing the
study and those who did not complete the study.

27% of the intervention group and 33% of the control
group had bilateral involvement of TMJ (Table 1). The
results of the independent sample t-test showed a similari-
ty between the 2 groups at baseline variables (24).

Mean (SD) of the outcomes during repeated measure-
ments are shown in Table 3. The trend of changes of the
primary and secondary outcomes in both groups during
repeated measurements is presented in Figure 3.

The results, as shown in Table 4, indicate that there
were significant group x time interactions for the jaw pain
intensity (p<0.001), MMO (p<0.001), and the cervical
flexion ROM (p<0.001), while the interaction of group x

Excluded (n=90)
Not meeting inclusion criteria (n= 59)
Declined to participate (n=31)

Fear of COVID-19 (12)
Other (19)

| Randomized (n=45) |

< Allocation

Allocated to the intervention group (n=23) (
Received allocated intervention (n=15 ) (bilateral=
4, unilateral=11)
Did not completed 10-session intervention (n=8)
e Unwilling to continue participating(5)
e Accident(1), reported no improvement (2)

Allocated to the control group (n=22)

Received allocated intervention (n=15)
(bilateral=5, unilateral=10)

Did not completed 10-session intervention (n=7)

Unwilling to continue participating (6)
Reported no improvement (1)

il Follow-Up

N=15

N=15

: [

Analysis ]

|

Analysed (N=15)

Analysed (N=15)

Fig. 2. Flow diagram of the recruitment of the patients throughout the course of the study
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Table 1. The demographic characteristics of both groups

Baseline variables

Control group (n=15)

Intervention group (n=15)

Mean (SD) / number (%) Mean(SD) / number (%)
Age(years) 28.33 (5.43) 27.65(4.04)
Height (cm) 165.53 (6.54) 164.62 (4.32)
Weight (kg) 68.20 (12.02) 66.70 (11.90)
Sex Male 6 (40%) 7 (46.7%)
Female 9 (60%) 8 (53.3%)
Affected side Unilateral 10 (67%) 11 (73%)
Bilateral 5 (33%) 4 (27%)

Control group received routine conservative treatment group, Intervention group received routine conservative treatment group plus manual therapy

Table 2. Lost to follow-up

Variables Control group (n=7) Intervention group (n=8) Total(n=15)
Mean (SD) /number (%) Mean(SD) / number (%) Mean(SD) / number (%)
Jaw pain 6.14 (1.06) 5.75 (1) 5.93 (1.03)
Sex Male 3 (42.9%) 3 (37.5%) 6 (40%)
Female 4 (57.1%) 5 (62.5%) 9 (60%)
Affected side Unilateral 5 (71.4%) 7 (87.5%) 12 (80%)
Bilateral 2 (28.6%) 1 (12.5%) 3 (20%)

Control group received routine conservative treatment group, Intervention group received routine conservative treatment group plus manual therapy

Table 3. Mean (SD) of the primary and secondary outcomes

Outcome measures Control group (n=15)

Intervention group (n=15)

Mean (SD) Mean (SD)
Baseline After treatment After follow- Baseline After treatment After follow-up
up
Jaw pain intensity (VAS) 5.40 (1.06) 4.20 (0.78) 4.13 (0.91) 5.60 (0.91) 1.67 (0.62) 2.40 (0.74)
MMO (mm) 47.33 (5.63) 48.27 (3.19) 42.53 (2.53) 46.27 (3.81) 53.20 (2.96) 53.33 (2.41)
Cervical flexion (degree) 40.27 (5.32) 44,07 (3.55) 41.93 (3.49) 38.73 (4.17) 49.07 (2.49) 50.13 (2.07)
Cervical extension (degree)  76.80 (2.70) 77.40 (2.20) 76.93 (1.83) 75.47 (2.75) 76.20 (2.76) 75.73 (2.22)

Control group received routine conservative treatment group, Intervention group received routine conservative treatment group plus manual therapy

mm= millimeter, SD= standard deviation, VAS=visual analog scale

time for the cervical extension ROM was not significant
(p=0.970).

The between-group comparisons showed that in
comparison with the control group, the patients in the
intervention group exprienced a significant pain reduction
and a significant increase in MMO and cervical flexion
ROM after the end of the treatment and after the follow-
up period (p<0.001) (Table 4).

In addition to the statistical significance, from the data
in Table 4, it is apparent according to the effect size of
Cohen's d that there was a high efficacy for the manual
therapy group in the primary outcome (effect size > 0.8).
The effect sizes of jaw pain intensity with 95% CI after
the end of the treatment and after the follow-up period
were between -4.8 to -2.42 and between -2.7 to 1.17, re-
spectively. Also, a high efficacy was observed for the sec-
ondary outcomes, including MMO and cervical flexion
ROM after the treatment and after the follow-up period
(effect size >0.8).

while no significant difference was observed between
the 2 groups in the cervical extension ROM after the
treatment and after the follow-up period (p>0.050), adding
the manual therapy intervention of the cervical spine and
TMJ to rutine conservative treatment showed an efficacy
from small to medium for cervical extension ROM (Table
4).

The results obtained from the within-group analyses of
primary and secondary outcomes are summarized in Table
5.

Within-control group analysis results showed that com-
pared with the baseline, after the end of the treatment and
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after the follow-up, there was a significant reduction for
jaw pain intensity, in addition, the difference between the
baseline and after the follow-up period for MMO showed
a statistical significance (p=0.022) (Table 5).

Results of within-group analysis for the intervention
group showed that after the end of the treatment and after
the follow-up period, there were significant differences in
pain intensity, MMO, and cervical flexion compared with
baseline measurements (p<0.001), the jaw pain intensity
significantly decreased, and MMO and cervical flexion
significantly increased. No significant increase in cervical
extension ROM was detected between the repeated meas-
urements in the intervention group.

Discussion

This study aimed to investigate the effectiveness of
manual therapy of TMJ and upper cervical spine on jaw
pain intensity, MMO, and cervical ROMs in patients with
TMJDs.

In our study, a multimodal approach, including routine
conservative treatment for the control group and a combi-
nation of manual therapy and routine treatment for the
intervention group was used.

The results showed that after 10 sessions of treatment
and after the follow-up period, the difference of pain and
MMO between the 2 groups was significant, and the man-
ual therapy group experienced more improvement in pain
and MMO than the control group. In addition, based on
the effect size of Cohen's d, after the intervention and after
the follow-up period, there was a large efficacy (d > 0.8)
for pain and MMO favoring the manual therapy.
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Fig. 3. The changes of the primary and secondary outcomes in both treatment groups during repeated measurements, mm= millimeter,

VAS=Visual analog scale

Table 4. The results of the two-way analysis of variance, pairwise comparisons with Bonferroni correction, effect sizes of mean difference, and

Cohen's d with 95% CI

Outcome measures Interaction Between-group compari- Mean difference (95%CI) Cohen's d (95%Cl)
time x group sons (Intervention group — Control
pvalue * group)
pvalue F T1 T2 T3 T1 T2 T3 T1 T2 T3
Jaw pain intensity <0.001 21 0583  <0.001 <0.001 0.2 -2.53 -1.73 0.2 -3.63 -2.08
(VAS) (-0.54 to (-3.06-2) (-2.35t0 (-0.52to (-4.81to - (-2.97 to -
0.94) -1.11) 0.92) 2.42) 1.17)
MMO (mm) <0.001 27 0548  <0.001 <0.001 -1.07 4.93 10.8 -0.22 1.60 4.37(3.01
(-4.67t0 (2.63- (895t  (-0.94t0  (0.76t0 t0 5.70)
2.53) 7.23) 12.64) 0.5) 2.42)
Cervical flexion <0.001 17 0387  <0.001 <0.001 -1.53 5 8.2 -0.32 1.62 2.86
(degree) (-5.10to (2.70to (6.05t0  (-1.04to  (0.78t0 (1.81to
2.04) 7.3) 10.35) 0.40) 2.65) 3.88)
Cervical extension 0.970 0.03  0.191 0.198 0.117 1.33 12 -1.2 0.49 0.48 0.58(-
(degree) (-0.70to (-0.67 to (-0.32t0  (-0.24to (-0.24 to 0.15to
3.37) 3.06) 2.72) 1.21) 1.20) 1.32)

Control group received routine conservative treatment group, Intervention group received routine conservative treatment group plus manual therapy
ClI= confidence interval, mm=millimeter, VAS=visual analog scale, T1=at baseline, T2= end of the treatment, T3=after the follow-up period

* Adjustment for multiple comparisons was performed using the Bonferroni test

These results are in agreement with previous studies in-
dicating that manual therapy of the cervical region can be
an effective intervention in TMJD patients. La touché et al
(15) in a single-group before-after study found that mobi-
lization and exercises directed at the cervical spine had a
considerable effect on pain improvement and increasing
pressure pain threshold, and MMO in patients with TMDJ.
In the study of Espi-Lopez et al (11) it was reported that
the best results in improving outcomes in patients with
TMDJ were obtained with the combination of splint ther-
apy and manual therapy, which included TMJ and upper
cervical mobilization, and myofascial release techniques
on masseter, temporal, and sternocleidomastoid muscles.

Garrig6s-Pedron et al (39) showed the superiority of
manual therapy of the cervical and orofacial region in
comparison with cervical manual therapy in pain reduc-
tion and increasing MMO of patients with TMJD.

In other studies, it has been suggested that myofascial
release techniques on the suboccipital, masseter, and pter-
ygoid muscles produced significant pain reduction and
function improvement in patients with TMJD (22, 40, 41).

In our study, although in the routine treatment group,
pain intensity decreased after the end of the treatment pe-
riod and MMO increased after the follow-up period, it was
demonstrated that manual therapy of upper cervical com-
bined with TMJ was a more effective treatment
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Table 5. The results of Within-group analysis with Bonferroni post hoc test

Outcome Main effect of time control group (n=15) Intervention group (n=15)
measures Pvalue (F) Mean difference (95%Cl), pvalue* Mean difference (95%Cl), pvalue*
Group T1lvs. T2 Tlvs. T3 T2vs. T3 Tlvs. T2 T1lvs. T3 T2vs. T3
Control  Intervention
group group
Jaw pain intensity 0.001 <0.0001 1.20 (0.35to 1.26 (0.13 to 0.7 (-.066 3.93(3.13to 3.20(2.31to -0.73 (-1.35 to-
(VAS) (8.86) (124) 2.05) 2.40) t0 0.8) 4.55) 4.08) 11)
0.005 0.028 0.999 <0.0001 <0.0001 0.019
MMO (mm) <0.0001 <0.0001 -0.93 (-3.69 to 4.80 (0.63 to 5.73 (2.97 -6.93 (-10.1to - -7.07 (-10.45 -0.13 (-1.99 to
(12.84) (29.09) 1.82) 8.9) t0 8.5) 3.77) to -3.69) 1.72)
0.999 0.022 <0.0001 <0.0001 <0.0001 0.999
Cervical flexion 0.013 <0.0001 -3.80(-7.94t0  -167(-4.67t0  2.13(-0.22 -10.3(-13.8to-  -11.40 (-15.13 -1.07 (-2.73 to
ROM (degree) (5.07) (60) 0.34) 1.34) t0 4.5) 6.8) to -7.67) 0.6)
0.077 0.463 0.082 <0.0001 <0.0001 0.311
Cervical extension ~ 0.418 0.211 0.6 (-1.8t0 0.13(-1.7t0 0.47 (-0.5 -0.73 (-2.14 to -0.27 (-1.16 to 0.46 (-0.48 to
ROM (degree) (0.89) (1.64) 0.6) 1.5) to 1.42) 0.68) 0.63) 1.41)
0.566 0.999 0.611 0.542 0.999 0.611

Control group received routine conservative treatment group, Intervention group received routine conservative treatment group plus manual therapy
Cl= confidence interval, mm=millimeter, mm= millimeter, T1=at baseline, T2= end of the treatment, T3=after the follow-up period, VAS=visual analog scale

* Adjustment for multiple comparisons was performed using the Bonferroni test

than routine treatment.

In addition to the large efficacy of manual therapy,
based on the minimal clinically important difference
threshold, the differences of pain and MMO between the 2
groups were clinically significant. The MCID is character-
ized as the smallest change in a treatment outcome that
shows a clinical significance (42). Generally in chronic
pain conditions, an MCID range of 1.5 to 3.2 has been
determined for a clinical improvement (29, 43-45), while
in the study of Calixtre et al (42), they reported that in
patients with TMJD a change of 1.2 on the maximum
pain, a change of 0.9 on the minimum pain, and a change
of 1.9 on the current pain could be considered as a clinical
difference. These values are consistent with the data in our
study. According to the MCID range of 1.5 to 3.2 for
chronic pain and MCID value of 1.2 for maximum pain,
the mean difference (MD) of pain intensity after the end
of the treatment period (MD, -2.53), and after the follow-
up (MD, -1.73) showed a clinical significance favoring the
manual therapy intervention. In addition, considering an
MCID range from 3 to 9 (42, 46), after the treatment (MD,
4.3) and after the follow-up period (MD, 10.8), the manual
therapy group experienced a clinical improvement for
MMO.

There are several possible explanations for our findings.
The efficacy of manual therapy techniques in TMJDs can
be explained by the fact that these interventions through
decreasing pain and increasing circulation can improve the
mobility and function of tissue and muscles (1, 21). Fur-
thermore, previous studies have argued that "pain interfer-
ence theory™ may be a possible explanation for inhibiting
voluntary muscle function, and when pain sensation is
decreased, normal muscle function can be restored (47). In
our study, following pain improvement, the MMO of the
manual therapy group significantly increased, and based
on the "pain interference theory" it may partly be attribut-
ed to the relationship between pain reduction and function
improvement. In addition, because of the biomechanical
and neuroanatomical relationship between the cervical
region and TMJ, in the literature, these regions are consid-
ered as a functional unit that any pain or disorder in one
region could affect another region (3). Thus, consistent
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with data obtained from previous studies (6, 14, 21, 39), in
our study, adding manual therapy of cervical spine to TMJ
manual therapy had positive effects in patients with TMD.

Another important finding in the present study was
that the cervical flexion significantly increased in the
manual therapy group compared with the control group.
There were no previous studies that specifically assessed
the cervical ROMs in patients with TMJD after treatment.

For cervical flexion ROM, the results of the Cohen's d
showed that manual therapy was a highly effective treat-
ment in patients with TMJD. Although MMO is closely
related to the upper cervical extension and the compensa-
tory upper cervical extension can increase mouth opening,
in the present study, MMO significantly improved in the
intervention group, but there was no considerable differ-
ence among the 2 groups for cervical extension ROM, and
the effect size showed a small efficacy for manual thera-
py intervention.

There were some limitations for our study. One limita-
tion of the study is that the results cannot be attributed to a
special type of TMJDs. Another limitation is the short
follow-up period, which is typical due to time constraints.
In addition, all findings were based on the per-protocol
analysis, and intention to treat analysis (imputation) was
not performed.

Conclusion

The present study concluded that adding manual therapy
of the upper cervical spine and TMJ to the routine con-
servative treatment could be an effective intervention in
relieving pain and increasing MMO and cervical flexion
in patients with TMJDs. The triad of results based on the
per-protocol analysis, including statistical significance,
high efficacy according to the Cohen's d effect size, and
the existence of clinical significance (MD >MCID) con-
firmed a conclusive finding for the efficacy of manual
therapy combined with routine treatment for jaw pain in-
tensity and MMO. In addition, the results showed that
manual therapy had an effective role in increasing cervical
flexion ROM, while no significant differences were found
between the 2 groups for cervical extension ROM.
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