
Journal of Back and Musculoskeletal Rehabilitation 37 (2024) 883–896 883
DOI 10.3233/BMR-230323
IOS Press

Efficacy of scapulothoracic exercises on
proprioception and postural stability in
cranio-cervico-mandibular malalignment:
A randomized, double-blind, controlled trial
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ORCID: https://orcid.org/0000-0002-9053-3948
cDepartment of Physiotherapy and Rehabilitation, Faculty of Health Sciences, Cyprus International University,
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Abstract.
BACKGROUND: Cranio-cervico-mandibular (CCM) malalignment is associated with forward head posture (FHP) and temporo-
mandibular joint (TMJ) disorders and affects masticatory muscles.
OBJECTIVE: This randomized, double-blind controlled trial aimed to compare the efficacy of scapula-thoracic (ST) exercises
on temporomandibular and cervical joint position sense and postural stability in individuals with CCM malalignment.
METHODS: Fourty-nine participants with CCM malalignment were randomly assigned to the ST exercise group (STEG, n =
24) or the control group (CG, n = 25). STEG included progressive strengthening, proprioceptive, and stabilization exercises.
All participants were assessed before treatment, at the end of the 8th week treatment period and at the 12th week post-treatment
follow-up. Cranio-vertebral angle measurement, Fonseca’s Questionnaire, Helkimo Clinical Dysfunction Index, TMJ position test,
cervical joint position error test and postural stability assessment were used.
RESULTS: The TMJ and cervical joint position sense, total sway degree, area gap percentage, sway velocity and antero-posterior
body sway results showed significant improvement in the STEG compared to the CG (p < 0.05), however medio-lateral body
sway did not differ between groups (p > 0.05).
CONCLUSIONS: Postural stability, TMJ and cervical joint position sense appear to be affected in individuals with CCM
malalignment. Our results showed that an exercise program including ST stabilization, proprioception and strengthening of the
scapular muscles may be effective in the management of CCM malalignment and will allow clinicians to plan holistic treatment.

Keywords: Temporomandibular joint disorders, exercise therapy, proprioception, posture

∗Corresponding author: Mehmet Miçooğulları, Department of
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1. Introduction

Cervical spine malalignment can be seen in the sagit-
tal and frontal planes. In particular, head anterior tilt
or forward head posture (FHP) is the most common
postural disorder characterized by hyperextension in the
upper cervical region and flexion in the lower cervical
region. Due to malalignment, compensation also oc-
curs in other segments such as the temporomandibular
joint (TMJ) and scapula-thoracic (ST) joint to maintain
the balance of the spinal column. Thus, the TMJ and
ST joints may also be affected [1,2]. Cranio-cervico-
mandibular (CCM) malalignment is associated with
FHP and temporomandibular joint disorders (TMJD)
and affects masticatory muscles [3].

TMJD and FHP are seen in 5–16% and 66–73% of
the population respectively, and have become large-
scale public health issues. Both conditions are most
commonly seen between the ages of 18–45, and the
incidence is higher in females. Although, studies have
shown that the incidence of development of cranio-
mandibular dysfunction is higher in patients with
cranio-cervical problems [4,5], to our knowledge there
are no prevalence studies in which these 2 conditions
were seen together.

According to biomechanical principles, there is a
reciprocal relationship between the structure of body
parts and active movement. In other words, the muscu-
lar performance required for various functions in our
body is closely related to the ideal posture and mus-
culoskeletal balance in which the body segments are
in harmony with each other. Therefore, the effect of
cranio-cervical posture on the functionality of the stom-
atognathic system can be attributed to the concept of
the CCM system, which includes the musculoskeletal
relationship of the head, neck, hyoid bone, mandible,
and the ST region [6].

CCM malalignment changes the length-tension rela-
tionship of the muscles in the adjacent segments, and
accordingly, the function of the scapular muscles, mus-
cle activation patterns and normal scapular kinematics
may be affected. However, muscle imbalance due to
abnormal scapular biomechanics and deterred neuro-
muscular control can also cause CCM malalignment
and postural problems such as FHP. It has been stated
that shortening in neck extensors, weakness in the flex-
ors and functional changes in the trapezius and serratus
anterior muscles may cause such postural disorders [7,
8].

To ensure effective and coordinated TMJ move-
ment, the muscles in the cranio-mandibular and cranio-

cervical region must work in harmony. Alignment dis-
orders in these regions or an imbalance of strength and
tension between the muscles result in disturbed func-
tion of both the TMJ and cervical region. Moreover, the
mechanics of the muscles in the cervical region also
change as a result of the malposition of the mandible in
people with CCM malalignment [9,10].

The fact that there are a higher number of mechanore-
ceptors in the cervical region than in the thoracic and
lumbar regions indicates that this region is more sen-
sitive in terms of proprioception [11]. CCM malalign-
ment affects neuromuscular control of the stomatog-
nathic system, leading to abnormal afferent information,
which consequently causes impaired muscle function
in the cervical region and mandibular malposition [12].
Additionally, FHP disrupts the normal position of the
hyoid and mandible bones by changing the natural kine-
matics of the TMJ and suprahyoid muscles [13].

Many physiotherapy methods are used to treat CCM
malalignment. In 1997, Feine and Lund emphasized
that dentists valued physiotherapy as an effective option
in the treatment of TMJD [14]. A recent survey study
revealed that 72% of respondents considered physio-
therapy to be an effective treatment option for TMJD,
with jaw exercise (79%), ultrasound (52%), manual
therapy (48%), acupuncture (41%), and laser therapy
(15%) as the most effective modalities for managing
TMJD [3].

When the body is considered as a whole, it is clear
that a problem in any part of the musculoskeletal system
or kinetic chain will affect other parts. For example,
some studies have reported that malalignment in the
foot may affect the activation of the masticatory mus-
cles [15,16,17,18]. The ST region serves as a bridge
between the cervical and lumbar regions as well as be-
tween the shoulder and the cervical region. The opti-
mal position of the scapula and the stabilization of the
ST muscles play a crucial role in fulfilling this task. In
this context, the aim of our study was to investigate the
effectiveness of ST exercises on postural stability and
on cervical and TMJ proprioception in individuals with
CCM malalignment.

2. Materials and methods

2.1. Study design and subjects

This randomized double-blinded controlled study
was performed in accordance with the Declaration
of Helsinki. All participants were informed about the
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study, and written informed consent was obtained. The
study was approved by the Eastern Mediterranean Uni-
versity Scientific Research and Publication Ethics Com-
mittee (Number: 2022-0232; Date: 25.10.2022). The
clinical trial registration number is “NCT05966103”.

A total of 52 patients between the ages of 18–45
who met the inclusion criteria were selected among
176 screened individuals, who applied to the Cyprus In-
ternational University physiotherapy department. Each
participant was asked to choose a number from 1–52
using the lottery method. After matching each partici-
pant to their particular number, a random number gen-
erator (https://www.randomizer.org) is used to assign
all numbers randomly into two groups. An experienced
physiotherapist, who did not participate to the study
performed all randomisation procedures and concealed
the allocation.

Individuals with a sedentary lifestyle, cranio-vertebral
angle (CVA) < 50◦, a Fonseca questionnaire score of
20–100 and a Helkimo clinical dysfunction index score
of 1–25 were included in the study. Participants who
have both FHP and TMJDs, which are indicating CCM
malalignment were included in the study. Individuals
with serious musculoskeletal problems of the cervical
and thoracic spine, chronic disease, neurological dis-
ease affecting balance and postural control, dental and
jaw problems, and total dental prosthesis or prosthesis
in front teeth were excluded. In addition, those who did
not participate in the exercise program regularly (who
did not participate in 4 sessions of 24 sessions) were
excluded from the study.

2.2. Sample size

The sample size was calculated with the G∗Power
program (version 3.1.9.2). When the power analysis was
performed, the number of participants to be included
in the study was calculated as 42 when the type I error
(alpha value) was 0.05, the type II error (1-β value) was
0.8, and the effect size (Cohen’s d) was 0.5. However,
considering that at least 20% of the participants might
drop out of the treatment program, the number was de-
termined to be 52, with 26 people in each group. Three
participants dropped out, resulting in the completion of
the study with 49 participants. These were divided into
25 (14 female) into the CG and 24 (14 female) into the
STEG (Fig. 1).

2.3. Data collection and outcome measures

The participants’ age, weight, height, body mass in-
dex (BMI), history, lifestyle habits, presence of chronic
disease and parafunctional habits were recorded.

2.3.1. Forward head posture (FHP)
CVA measurement was used in the evaluation of

FHP. To determine the CVA, the lateral photographing
method was used by placing markers on the ear tragus
and the spinous process of the seventh cervical vertebra
(C7). The digital camera recorded the CVA at a distance
of 200 cm from the participant, with the height of the
camera at the level of the acromion. The camera was
fixed on a tripod. This technique shows high reliabil-
ity (intraclass correlation coefficient 0.94). Individuals
with a CVA less than 50◦ as an indicator of FHP were
included in the study [19].

2.3.2. Temporomandibular joint disorders (TMJDs)
The “Fonseca Questionnaire” and “Helkimo Clin-

ical Dysfunction Index”, which were reported to be
valid and reliable for the presence of TMJD, were
used [20,21]. The Fonseca questionnaire consists of
10 questions. The questionnaire included questions
about joints, head and neck pain, pain during masti-
catory activity, parafunctional habits, decreased joint
movement, impaired occlusion, and emotional stress.
Participants were asked to answer each question as ‘yes’
(10 points), ‘no’ (0 points), and ‘sometimes’ (5 points).
The results of the questionnaire were classified as no
TMJD (0–15), mild TMJD (20–40), moderate TMJD
(45–65), and severe TMJD (70–100) according to the
answers given by the participants. The validity and reli-
ability study of the Turkish version of the Fonseca ques-
tionnaire was performed by Kaynak et al., and the intr-
aclass correlation coefficient (ICC) values were found
to be 0.73–0.89 [22]. In an earlier study, the original
version of the Fonseca Questionnaire also showed high
accuracy at 86.30–91.90% when compared to the Re-
search Diagnostic Criteria for Temporomandibular Dis-
orders (RDC/TMD), which is counted as the gold stan-
dard [21]. The Helkimo clinical dysfunction index was
used to detect the presence of clinical findings such as
limitation of jaw movements, dysfunction of the TMJ,
pain with palpation of the masticatory muscles and the
TMJ, and pain with lower jaw movements. Accord-
ing to the dysfunction index scoring, classification was
made as the group with no clinical symptoms (0 points),
mild symptoms of TMJD (1–4 points), moderate symp-
toms of TMJD (5–9 points) and severe symptoms of
TMJD (10–25 points) [23,24]. It has been stated that
the Helkimo clinical dysfunction index has a sensitiv-
ity of 86.67% and a specificity of 68.09% for TMJD
prediction [20].
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Fig. 1. Flow chart of the individuals included in the study.

2.3.3. Temporomandibular joint position sense
(TMJPS)

For the TMJPS measurement, a 6 mm thick reference
wooden stick and 9 wooden test sticks from 4 mm to
8 mm thickness (increment 0.5 mm) were used. First,
the participants were asked to sense the position by bit-
ing the 6 mm thick reference test stick with their front
teeth for 1 minute. Then, they were asked to randomly
bite each of the 9 test sticks and compare each of them
with a 6 mm reference test stick. Each of the test sticks
was administered in a random order 5 times (45 tests
in total). The participants were asked how thick they
felt compared to the reference stick that they bite off
and indicated their answers as “thinner”, “thicker” or
“equal” [25,26]. During the test, the participant’s eyes
were closed and the answers given about the stick thick-
nesses were recorded as true (1 point) or false (0 point)
(Fig. 2).

2.3.4. Cervical joint position error test (CJPET)
Cervical joint position error test measurements were

performed with an AOS PropPoint R© device with a laser
apparatus. The validity and reliability study of the AOS
PropPoint R© device was performed by Köseoğlu et al.
(2022), and according to the results obtained, it was
found that the device is a valid and reliable method
for the measurement of cervical proprioception [27].
A hundred- and eighty-degree platform drawn with 1◦

intervals was used with the help of a small laser fixed to
the head apparatus. Participants were seated in a chair
with back support and the laser starting point was ad-
justed. For flexion, extension and rotation movements,
30◦ angles were determined as the target point and the
patients were passively taught to find these positions by
moving their neck (Fig. 3). Afterward, they were asked
to actively find these positions with their eyes closed.
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Fig. 2. TMJPS measurement.

Fig. 3. CJPET measurement (a: Initial position for flexion and extension, b: Extension, c: Initial position for rotations, d: Left rotation).
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Fig. 4. Prokin device and postural stability measurement (red circle represents reference circle).

The error rate between the final position of the laser and
the target position was recorded in degrees for flexion,
extension and rotation movements [28].

2.3.5. Postural stability
The PROKIN-PK200W* (Tecnobody, Italy) device

was used for postural stability assessment. The Prokin
device has a mobile circular platform, which detects
angular movements thanks to the chip on the platform
and transfers the information from the platform to the
computer. Four different parts can be placed under the
mobile platform: easy, medium, hard and rectangular.
Changes in stability can be tracked on a computer [29].
For assessment, 2 measurements were made during
30 seconds of standing on both legs with the easy mode
of the device, and the average values were recorded
(Fig. 4). A total of five different data were obtained,
including the total sway degree (the number of total de-
grees done during the test), area gap percentage (the per-
centage of the area included in the drawn-on flat view
trace with respect to the reference circle), sway velocity
value (the average number of covered degrees for sec-
ond), medium equilibrium center antero-posterior (AP)
(the average among the values reached on backward-
forward axis) and medium equilibrium center medio-
lateral (ML) (the average among the values reached on
medial-lateral axis) [30,31]. In the literature, the ICC
values of the device have been shown to be between
0.89 and 0.98 [32,33].

2.4. Interventions

Cervical posture corrective exercises were applied to
both the CG and the STEG 3 times a week for 8 weeks.

In addition to cervical posture corrective exercises, ST
exercises including strengthening, proprioceptive, and
stabilization exercises, were added to the STEG. Ex-
ercise diary tracking was used to follow the exercise
program. For the progression of the exercise programs,
the progressive changes in theraband colour and the
increase in the number of weights, sets and repetitions
were added (Appendix 1). All treatment was carried
out by the same physiotherapist. Assessments were
made 3 times as pretreatment (T0), at the end of the
8th week treatment program (T1), and at the 12th week
post-treatment follow-up (T2). A double-blind study
was designed, all assessments were carried out by a
physiotherapist who was blinded to the treatment, and
participants did not know which group they were in.

Control Group: Chin tuck exercises in a sitting po-
sition, cervical range of motion exercises, cervical iso-
metric exercises in flexion, extension and lateral flex-
ion, stretching exercises combined with breathing to
sternocleidomastoid (SCM), suboccipital, pectoral, up-
per trapezius and levator scapula muscles were applied
(Appendix 1).

Scapulothoracic Exercise Group (STEG): In addition
to the exercises applied to the CG, exercises aiming to
stabilize, strengthen and stimulate the proprioceptive
input of the ST region were given to the STEG. Ex-
ercises in the STEG included punch, rowing, bilateral
external rotation and scapular adduction exercises with
theraband, ST neuromuscular control exercise, towel
sliding on the wall, stabilization against the wall with
the help of a small ball, push-up plus on bosu-ball, ST
alignment on foam roller, retraction in Y position, T
position, W position on an exercise ball, and protraction
with dumbbells (Appendix 1).
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Table 1
Comparison of participants’ age, BMI, CVA and TMJD scores

Group n Mean ± SD p

Average age (years) Control 25 22.36 ± 2.76 0.406U

STEG 24 22.83 ± 2.40
BMI (kg/m2) Control 25 23.25 ± 3.31 0.492ε

STEG 24 22.64 ± 2.76
CVA (◦) Control 25 45.75 ± 2.08 0.649ε

STEG 24 46.02 ± 1.99
Fonseca score Control 25 46.80 ± 17.37 0.912ε

STEG 24 47.29 ± 13.51
Helkimo score Control 25 5.62 ± 2.90 0.894U

STEG 24 5.80 ± 2.53
U: Mann-Whitney U test, ε: Student t-test, BMI: Body mass in-
dex, CVA: Craniovertebral angle, SD: Standard deviation, STEG:
Scapulothoracic exercise group

2.5. Statistical analysis

IBM Statistical Package for Social Sciences (SPSS)
26.0 software was used for statistical analysis for the
data obtained from the individuals included in the study.
The normal distribution of the variables was anal-
ysed with the Kolmogorov-Smirnov test. The Mann–
Whitney U test was used to compare non-normally dis-
tributed data and Student’s t-test was used to compare
normally distributed data. Repeated measures ANOVA
was used for intragroup analysis and intergroup com-
parisons. The results were assessed at a 95% confi-
dence interval, and p < 0.05 was considered to indicate
statistical significance.

3. Results

A total of 176 individuals were screened for the study.
Fifty-two individuals who met the inclusion criteria
were included in the study. One participant in the CG
(due to starting active sports) and 2 participants in the
STEG (not participating in more than 4 sessions) were
dropped from the study. The present study was com-
pleted with a total of 49 individuals, 25 in the control
group and 24 in the STEG group. The study was carried
out to determine the efficacy of ST exercises on TMJPS,
CJPET and postural stability in sedentary individuals
aged 18–45 with CCM malalignment.

There were no statistically significant baseline dif-
ferences between groups in age, BMI, CVA or TMJD
score values (p > 0.05, Table 1).

The repeated-measures ANOVA of the TMJPS and
CJPET measurements of the participants in the CG and
STEG, pretreatment (T0), at the end of the 8th week
treatment program (T1), and post-treatment 12th week
follow-up (T2) are shown in Table 2. Baseline (T0)

values of CVA, TMJPS and CJPET measurements did
not differ between the two groups (p > 0.05, Table 2).
Within the group comparison, there was a statistically
significant increase in the CVA variable from T0 to T2

in both the STEG and CG (p < 0.05). In between-group
comparisons, the CVA results of T1 and T2 measure-
ments showed a statistically significant increase in the
STEG compared to the CG (p < 0.05). Within and be-
tween group comparisons for TMJPS, the T1 and T2

results were found to be higher in the STEG than in the
CG (p < 0.05). The T1 and T2 results of CJPET were
found to be lower in favour of the STEG in within- and
between-group comparisons (p < 0.05).

Figure 5 shows changes in three measurement results
for the CVA, TMJPS, flexion, extension, right rotation
and left rotation CJPET in both groups.

The repeated-measures ANOVA for the postural sta-
bility measurements in the CG and STEG, pretreatment
(T0), at the end of the 8th week treatment program (T1),
and post-treatment 12th week follow-up (T2) are shown
in Table 3. There were no statistically significant dif-
ferences in baseline (T0) values for any postural stabil-
ity parameter between the two groups (p > 0.05, Ta-
ble 3). In the T1 and T2 measurement results, the total
sway degree, area gap percentage, sway velocity and
AP sway degree were found to be statistically signifi-
cant and lower in favour of the STEG in both within and
between-group comparisons (p < 0.05). On the other
hand, ML sway degree differences were not statistically
significant in within and between-group comparisons
(p > 0.05).

The changes in the total sway degree, area gap per-
centage, sway velocity, medium equilibrium center-AP
and medium equilibrium center-ML measurement re-
sults of the groups at 3 different times are shown in
Fig. 6.

4. Discussion

The purpose of the study was to assess whether ST
exercises, including progressive strengthening, proprio-
ceptive and stabilization exercises (STEG), were more
effective than conventional PT on TMJPS, CJPET and
postural stability in individuals with CCM malalign-
ment.

The results of the study showed that applying ST
exercises increased TMJPS and decreased the error rate
in CJPET in the STEG compared to the CG. Addition-
ally, postural stability results showed that total sway
degree, area gap percentage, sway velocity and medium
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Table 2
Within- and between-group comparison of participants’ CVA, TMJPS and CJPET measurement results

Outcome Group T0 T1 T2 Within group comparison
Mean ± SD Mean ± SD Mean ± SD p1 p2 p3

CVA (◦) Control (n = 25) 45.75 ± 2.08 46.47 ± 1.82 46.35 ± 1.78 0.005∗ 0.023∗ 0.733
STEG (n = 24) 46.02 ± 1.99 49.47 ± 1.51 49.30 ± 1.71 0.001∗ 0.001∗ 0.341

Between group comparison (p) 0.649 0.001∗ 0.001∗
TMJPS (Number of correct answers) Control (n = 25) 32.76 ± 3.42 33.64 ± 2.84 33.32 ± 3.23 0.160 0.609 0.440

STEG (n = 24) 32.92 ± 3.82 37.63 ± 1.83 37.21 ± 1.66 0.001∗ 0.001∗ 0.198
Between group comparison (p) 0.880 0.001∗ 0.001∗
CJPET flexion (◦) Control (n = 25) 4.92 ± 1.56 4.48 ± 1.18 4.56 ± 1.40 0.114 0.225 0.824

STEG (n = 24) 5.58 ± 1.73 3.64 ± 0.78 3.70 ± 0.81 0.001∗ 0.001∗ 0.851
Between group comparison (p) 0.166 0.006∗ 0.013∗
CJPET extension (◦) Control (n = 25) 5.28 ± 1.22 4.70 ± 1.58 4.60 ± 1.47 0.232 0.130 0.692

STEG (n = 24) 5.79 ± 2.71 3.70 ± 0.98 3.77 ± 0.94 0.001∗ 0.001∗ 0.769
Between group comparison (p) 0.397 0.012∗ 0.024∗
CJPET right rotation (◦) Control (n = 25) 7.34 ± 1.77 6.94 ± 1.33 7.12 ± 1.25 0.525 0.632 0.657

STEG (n = 24) 7.23 ± 1.73 6.17 ± 0.61 6.27 ± 0.79 0.002∗ 0.026∗ 0.791
Between group comparison (p) 0.826 0.013∗ 0.007∗
CJPET left rotation (◦) Control (n = 25) 7.76 ± 2.22 7.52 ± 1.58 7.42 ± 1.90 0.573 0.403 0.593

STEG (n = 24) 7.54 ± 2.63 6.31 ± 0.69 6.42 ± 0.74 0.020∗ 0.026∗ 0.585
Between group comparison (p) 0.755 0.001∗ 0.020∗

p1: Significance between T0 and T1, p2: Significance between T0 and T2, p3: Significance between T1 and T2, TMJPS: Temporomandibular
joint position sense, CVA: Craniovertebral angle, CJPET: Cervical joint position error test, STEG: Scapulothoracic exercise group.

Table 3
Within- and between-group comparison of participants’ postural stability measurement results

Outcome Group
T0

Mean ± SD
T1

Mean ± SD
T2

Mean ± SD p1 p2 p3

Total sway degree (◦) Control (n = 25) 305.13 ± 63.98 291.08 ± 41.62 294.57 ± 38.89 0.410 0.770 0.968
STEG (n = 24) 296.19 ± 55.83 232.40 ± 38.41 239.39 ± 29.76 0.001∗ 0.001∗ 0.609

Between group comparison (p) 0.605 0.001∗ 0.001∗
Area gap percentage (%) Control (n = 25) 12.07 ± 9.63 9.08 ± 8.21 10.60 ± 7.24 0.086 0.575 0.510

STEG (n = 24) 11.33 ± 7.61 4.85 ± 5.29 6.91 ± 4.77 0.001∗ 0.001∗ 0.212
Between group comparison (p) 0.765 0.038∗ 0.042∗
Sway velocity (◦/sec) Control (n = 25) 9.47 ± 1.98 8.52 ± 1.28 8.56 ± 1.73 0.079 0.132 0.954

STEG (n = 24) 9.91 ± 2.57 6.42 ± 2.12 6.60 ± 1.62 0.001∗ 0.001∗ 0.875
Between group comparison (p) 0.473 0.001∗ 0.001∗
Medium equilibrium center-AP (◦) Control (n = 25) 1.41 ± 1.99 1.07 ± 2.08 1.01 ± 1.91 0.381 0.346 0.904

STEG (n = 24) 1.09 ± 1.74 0.07 ± 1.58 0.19 ± 1.24 0.009∗ 0.004∗ 0.761
Between group comparison (p) 0.565 0.013∗ 0.042∗
Medium equilibrium center-ML (◦) Control (n = 25) 0.60 ± 1.66 0.35 ± 1.42 0.55 ± 1.050 0.588 0.882 0.441

STEG (n = 24) 0.36 ± 1.92 0.06 ± 1.09 0.20 ± 1.02 0.494 0.620 0.616
Between group comparison (p) 0.644 0.433 0.340

p1: Significance between T0 and T1, p2: Significance between T0 and T2, p3: Significance between T1 and T2, AP:Antero-Posterior. ML: Medio-
Lateral, STEG: Scapulothoracic exercise group.

equilibrium center-AP results decreased in favour of
the STEG.

The CCM system is closely linked with the head,
neck, hyoid bone, TMJ, ST region and shoulder girdle.
Therefore, head and neck biomechanics are of great
interest both in the field of dentistry and physiother-
apy [34]. Many physiotherapy methods, such as joint
mobilization and strengthening exercises, are used in
CCM malalignment in addition to the cervical collar
and manual therapy approaches for the cervical region.
On the other hand, various methods, such as cervical
stabilization exercises, mobilization and manipulation

techniques for the cervical and thoracic region, postural
corrective exercises, kinesio taping, instrument-assisted
soft tissue mobilization techniques and clinical Pilates,
are frequently used interventions for FHP. One sys-
tematic review and meta-analysis revealed that manual
therapy and therapeutic exercises such as strengthen-
ing, stretching, stabilization, proprioceptive and mo-
tor control exercises have favourable effects in patients
with TMJD [3]. Another meta-analysis study showed
evidence that physiotherapy interventions are more ef-
fective than other treatment modalities (acupuncture,
passive range of motion, etc.) and sham therapy in the
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Fig. 5. Time-dependent changes in CVA, TMJPS and CJPET measurement results of the groups (a: CVA, b: TMJPS, c: CJPET for flexion,
d: CJPET for extension, e: CJPET for right rotation, f: CJPET for left rotation).

management of TMJD [35]. Considering that the ST
region serves as a bridge between the shoulder and the
cervical region, it is clear that dysfunction in any part
of this chain will affect adjacent parts. Indeed, a sys-
tematic review conducted by Chaves et al. found that
individuals with TMJD could have scapular and cer-
vical malalignment [15]. It has also been stated that

even if positive improvements are achieved in symp-
toms with TMJ-oriented treatments or cervical region-
focused treatments in such postural disorders, full re-
covery cannot be achieved in long-term follow-ups [36,
37,38,39]. The treatment of patients with TMJD needs
extensive management, taking into account not only the
treatment of the jaw but also the treatment that involves
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Fig. 6. Time-dependent changes in the postural stability measurement results of the groups (a: total sway degree, b: area gap percentage, c: sway
velocity, d: AP sway, e: ML sway).

the entire CCM system and the spinal complex [40]. In
the current study, therefore, we added scapular stabi-
lization and proprioceptive and strengthening exercises
for muscles of the ST region to the treatment program
for patients with CCM malalignment.

A previous study carried out by Armijo and Magee
found that subjects with TMJD presented increased
resting EMG activity in the SCM and upper trapezius

muscles. Hence, increased activity in the superficial
muscles could be seen as a strategy to compensate for
the weakness of the deep flexor muscles [41]. There-
fore, we included strengthening of the ST muscles in
our treatment program.

Data in the current study showed that proprioceptive
sense in the TMJ and cervical region deteriorated with
the increase in FHP defined by CVA. Our results are
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in concurrence with a study carried out by Goldstein
and Makofsky in 2005. According to their study, “the
natural kinematics of the TMJ and suprahyoid mus-
cles is affected by FHP and results with loosening nor-
mal position of the hyoid and mandible bones which
causes a change in the length-tension relationship of the
muscles in the adjacent segments” [42]. Consequently,
FHP disrupts the function of the scapular muscles, mus-
cle activation patterns and normal scapular kinematics.
While FHP leads to abnormal scapular muscle activ-
ity, the association may be bidirectional, as abnormal
scapular muscle activity could also lead to FHP. The ac-
cessory nerve carries proprioceptive afferents from the
neck and shoulder muscles through the atlanto-occipital
joint [43], and therefore, changes in scapular biome-
chanics and neuromuscular control may cause FHP [8].

In the current study, there was a significant improve-
ment in TMJPS and CJPET in the STEG after the spe-
cific exercise program, including proprioceptive, stabi-
lization and strengthening exercises, over the conven-
tional exercise program that was given to the CG. A
previous study suggested that cervical and scapular sta-
bilization exercises increase proprioception around the
head and neck [44] and therefore correct FHP [45]. Fur-
thermore, resistance training was found to be associated
with increasing the sensitivity of Golgi tendon organs
and muscle spindles and stimulation of mechanore-
ceptors around the cervical region [46]. In our opin-
ion, the presence of resistance strengthening exercises
in the content of the exercise program applied to the
STEG may also explain the improvement in TMJPS and
CJPET. Additionally, the review conducted by Winter
et al. (2022) depicted that proprioceptive training re-
sults in improvements in somatosensory and sensori-
motor functions. These exercises were found to be asso-
ciated with adaptations in cortico-spinal systems, such
as remapping in the motor cortex [47]. In the STEG, we
also studied the effect of intensive proprioceptive in-
puts using materials such as foam rollers, Pilates balls,
bosu balls and barbed balls. Therefore, based on the
abovementioned evidence, we can suggest that ST pro-
prioceptive exercises improved both TMJ and cervical
proprioception in the STEG.

In our study, there were significant improvements in
TMJ and cervical proprioception. The fact that there
was no statistically significant difference between the
results at the end of 8 weeks and the follow-up af-
ter 12 weeks indicates that the effects of the exercises
lasted in the post-treatment period. In the literature,
it was found that some of the studies conducted with
the application of such exercises for an average of 3–

6 weeks did not have positive results. Since there is
no clear timeframe for exercise in the literature [37],
we suggest that up to 8 weeks for such exercises may
be effective in improving proprioceptive sensation and
postural stability in patients with TMJD and FHP.

Many studies investigating the relationship between
TMJD and FHP and postural stability have revealed
different results [48,49,50,51,52]. CCM malalignment
affects neuromuscular control of the stomatognathic
system, leading to the formation of abnormal affer-
ent information [12]. FHP can cause pain in the jaw,
neck, back, shoulders and arms due to changes in the
body’s center of mass (CoM) and balance between mus-
cles [45]. When the head moves forward, the CoM shifts
anteriorly with respect to the base of support (BoS).
This malalignment can affect postural stability, and it
may become difficult for individuals to maintain an up-
right posture without swaying or losing balance [51,
53]. Asymmetrical alignment of the head and neck also
causes errors in the information received as visual and
vestibular perception [54]. This ultimately reduces bal-
ance and increases the risk of falls and musculoskele-
tal injuries while performing activities [50]. TMJD is
considered another leading cause of increased postural
sway. It has been found that there were greater changes
in the body CoM and poor postural stability in patients
with TMJ dysfunction due to changes in the whole-body
muscle chain [49,55]. Providing a symmetrical function
of TMJs corrects the dysfunctions in adjacent regions
and relocates the position of the CoM [34,40]. This as-
sumption was also made based on a study by Sforza et
al. (2006), in which a symmetrical mandibular position
led to a more symmetrical contraction pattern in the
SCM muscle and reduced postural sway [56] through
intense proprioceptive information in the cervical and
thoracic regions. Hence, proprioceptive sensing of the
cervical and thoracic vertebrae transmits information
and plays an important role in postural control. The pro-
prioceptive sense works in tandem with the vestibular
system and reacts sensitively to the fine movement of
the head to act in coordination [57]. Studies suggest that
individuals with FHP may have impaired propriocep-
tion in the neck and upper back regions. Reduced pro-
prioceptive input can disrupt the body’s ability to make
rapid and precise postural adjustments and results in
poor postural stability [58,59]. A decrease in the CJPET
in the current study suggests that ST exercises could
increase proprioceptive inputs and segmental realign-
ment, thus improving postural stability and postural
sway in the AP direction, as revealed by Bae and Park
(2020) [60]. The current study has a few limitations.
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First, the duration of the symptoms was not recorded,
and it could be considered a limitation. Second, an age-
and gender-matched healthy group might be added to
the study.

5. Conclusion

This study has a strong clinical emphasis. Postu-
ral stability, TMJ and cervical joint position sense ap-
pear to be affected in individuals with CCM malalign-
ment. Designing exercise programs with the inclusion
of ST stabilization, proprioception and strengthening of
the scapular muscles may be effective in the manage-
ment of CCM malalignment. The results of the study
also showed that the treatment of the ST region should
be considered in the extensive management of CCM
malalignment.
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