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Purpose: Chronic neck pain (CNP), defined as pain localized to the cervical spine region persisting for more than three months,
represents a major global health problem with a steadily increasing prevalence worldwide. This randomized controlled trial aimed to
investigate the effectiveness of adding jaw exercises to cervical stabilization exercises on pain, sensorimotor function, and functional
outcomes in individuals with CNP.

Patients and Methods: A total of 62 individuals aged 18—65 years with cervical spine pain lasting longer than three months and
a pain intensity of >3 cm on the Visual Analogue Scale (VAS) were included. Participants were randomly allocated to the Rocabado
group (RG, n=31) or the control group (CG, n=31). The CG performed cervical stabilization exercises (CSE), while the RG performed
Rocabado exercises in addition to CSE for 6 weeks. Pain intensity (VAS), pressure pain threshold and tolerance, balance, cervical
range of motion, muscle endurance, Neck Disability Index (NDI), and cervical proprioception were assessed at baseline and post-
treatment. Sample size was calculated based on the NDI as the primary outcome.

Results: Both groups demonstrated significant improvements in pain intensity, cervical range of motion, muscle endurance, disability,
balance, and proprioception after 6 weeks (p<0.05). Compared with the control group, the Rocabado group showed significantly
greater improvements in pressure pain threshold and tolerance (n° = 0.29-0.41), cervical propriosepsiyon (1> = 0.14-0.19), and static
and dynamic balance parameters (> = 0.27-0.46), indicating moderate to large group-by-time effects (p<0.05).

Conclusion: Adding Rocabado exercises to cervical stabilization exercises provides superior improvements in sensorimotor function
and pain-related outcomes in individuals with chronic neck pain. These findings suggest that integrating jaw-focused exercises into
cervical rehabilitation programs may offer clinically meaningful benefits.

Trial Registration: This clinical trial was registered at http://clinicaltrials.gov (Number: NCT05887349, registration date: 05/23/2023).
Keywords: pain, neck pain, jaw, exercise

Introduction

Chronic neck pain (CNP) is known as neck pain (NP) that lasts longer than 3 months.! CNP negatively affects the quality
of life, physical and mental functions of individuals. It is reported that approximately 67% of individuals worldwide will
experience NP at least once in their lifetime, and approximately 20% of these individuals will develop CNP.> Recent
Global Burden of Disease data indicate that chronic neck pain affects over 200 million people worldwide and represents
a substantial and growing contributor to global disability.®> Individuals with CNP have pain, migraine, muscle function
imbalances, and abnormal breathing patterns.*
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There are studies reporting that individuals with NP may have temporomandibular joint (TMJ) disorder due to the
anatomical and biomechanical relationship between the TMJ and the structures forming the cervical region, or vice versa,
TMIJ disorder (TMJD) may lead to painful sensations in the neck.’ In addition, some studies have reported that patients
with TMJD often have symptoms of NP.® The reason for the relationship between TMJD and neck symptoms is that jaw
movements consist of simultaneous movements of the mandible, head and neck.” Another relationship between the TMJ
and the cervical region is the trigeminocervical nucleus caudalis, which is the common afferent between the two regions.®
Previous biomechanical studies suggest that mandibular position and jaw movements can influence cervical propriocep-
tion and postural control through shared neuromuscular and sensory pathways. Given the coordinated movement of the
jaw, head, and cervical spine, exercises targeting the temporomandibular region, such as Rocabado exercises, may
enhance sensorimotor control and balance.’

There are various conservative treatment approaches for CNP, including education, manual therapy, stabilization
exercises, and electrotherapy.'® Available evidence supports the recommendation of a multidisciplinary treatment
approach for optimizing outcomes and facilitating recovery among patients with musculoskeletal disorders, particularly
those involving the TMJ and neck, which often exhibit multifactorial etiologies."

Rocabado exercises (RE) constitute a tailored exercise regimen designed for TMJD, aimed at alleviating pain by
facilitating the movement of synovial fluid across the joint surfaces. This process enhances circulation, fosters joint
nourishment, and eliminates metabolites from the joint.'> As a consequence of employing this exercise regimen,
a reduction in the severity of TMJ pain is attained."’

Several studies have evaluated the effectiveness of stabilization exercises performed alone versus those supplemented
with mobilization techniques in cases of CNP.' However, to our knowledge, there are no studies in the literature
investigating the effectiveness of RE applied in addition to stabilization exercises. Given the close biomechanical,
anatomical, and neurophysiological interaction between the jaw and neck, RE may be effective in the treatment of CNP.
In this context, our aim was to examine the effectiveness of RE in individuals with CNP.

Materials and Methods

Study Design

This study is a randomized controlled trial. This study was conducted on patients diagnosed with CNP who were referred
to Kirsehir Ahi Evran University School of Physical Therapy and Rehabilitation for treatment. The study was conducted
between July and October 2023. Written and verbal informed consent was obtained from all participants before the study.
The study was conducted in accordance with the principles of the Declaration of Helsinki. Permission for the study was
approved by the Mus Alparslan University local ethics committee (Date: 18/05/2023, protocol number: 2023-5/34).

Participants

Participants were eligible for inclusion if they were between 18 and 65 years of age, had experienced non-specific CNP
for at least three months, and reported moderate to severe pain intensity, defined as a Visual Analogue Scale (VAS) score
of 3 cm or higher. Only individuals with chronic neck pain without TMJD and without clinical signs of neuropathic or
radicular pain were included in the study, in order to ensure a homogeneous sample representing predominantly
mechanical neck pain. Exclusion criteria included a diagnosis of TMIJD, the presence of neuropathic or referred pain
symptoms (such as radicular pain, paresthesia, numbness, or neurological deficits), a history of cervical spine surgery,
osteoporosis, or any additional upper extremity pathology that could influence pain perception, neuromuscular control, or
functional assessment outcomes. There was no participant drop-out during the study period, and this is thought to be
related to the exercise programme administered under the supervision of a physiotherapist and regular follow-up.

Interventions

Cervical Stabilization Exercises

Level | (Week I)

In Level 1, individuals were taught correct posture, maintenance of correct posture, and the craniocervical flexion (CCF)
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movement, which is the basis of CSE. The exercises were started after the patient understood the CCF movement and
performed it correctly. A pressurized biofeedback device (Chattanooga Stabilizer Group Inc., Hixson, TN) was used to
teach the patient the movement. Individuals were asked to remain in the CCF position for 10 seconds. They were asked
to perform 10 repetitions after a rest period of 3—5 seconds. Then, the CCF movement was performed in prone, standing,

and crawling positions in order to gain dynamic stabilization (Figure 1).'*'?

Level 2 (Week 2)

In Level 2, upper and lower extremity movements were incorporated into the CCF movement to enhance motor control.
Limb movements were added bilaterally and then contralaterally on different surfaces and positions. The difficulty of the
exercises was progressively heightened based on the individuals’ correct execution and tolerance. Then, cervical region-
resistant isometric exercises were performed with the help of elastic bands. Isometric exercises were performed for 1012

repetitions (Figure 2).'*'?

Level 3 (Week 3-6)

In this level of exercises, unlike the previous levels, individuals were asked to control the ball. Participants performed
seated exercises on the exercise ball, involving limb movements, pressing the ball against the wall with their head, and
coordinating both ball and limb movements using elastic bands, as outlined in the CCF protocol. For each exercise,
participants performed a 10-second muscle contraction followed by 5 seconds of relaxation, completing 10 repetitions
(Figure 3).'*13

Rocabado Exercises
Individuals in RG performed RE in addition to CSE. RE were given as 6 repetitions and 6 sets after each CSE session.
RE consist of six movements (Figure 4).'?

Figure | Level | cervical stabilization exercises.
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Figure 2 Level 2 cervical stabilization exercises.

Outcome Measurements
Demographic information including age, height, weight, and gender was documented. Clinic assessments were per-
formed before and immediately after six weeks of treatment.

Primary Outcome

Disability

The assessment of neck disability resulting from NP utilized the Neck Disability Index (NDI), a validated and reliable
tool in Turkish. Developed to gauge the influence of NP on daily activities, the NDI comprises 10 sections, with each
section scored from 0 to 5 points. The total NDI score ranges from 0 to 50, with higher scores indicating greater neck-
related disability.'®
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Figure 3 Level 3 cervical stabilization exercises.
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Figure 4 Rocabado exercises.

Secondary Outcomes

Pain Intensity

The VAS assesses the intensity of pain felt by patients in centimeters (cm) during different activities and time periods
(rest, activity, and night). The patient is requested to indicate the intensity of their pain by marking a 10-cm line. Each
1 cm is scored from 0 to 10. “0” indicates no pain, and “10” indicates unbearable pain.'’

Pressure Pain Threshold and Tolerance

Pressure pain threshold (PPT') and pressure pain tolerance (PPT?) of the participants were measured using a digital
algometer device (JTech Medical Industries, ZEVEX Company). All measurements were performed with participants in
an upright sitting position, with the arms relaxed alongside the body. The midpoint of the upper portion of the trapezius
muscle, located between the seventh cervical vertebra and the acromion, was used as the standardized measurement site.
Measurements were obtained bilaterally (right and left sides) in all participants. Three consecutive assessments were
performed for each side, and the mean value was recorded in kg/cm.'®

Balance

The participants’ static and dynamic balance were evaluated utilizing the Biodex Balance System (Biodex, Inc., Shirley,
New York). This equipment quantifies the anterior-posterior stability index (A-P), medial-lateral stability index (M-L),
and overall stability index, covering variation in both planes. Individuals were asked to hold the black dot appearing on
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the screen of the device within the small circle in the center for 20 seconds and 3 repetitions. The mobility level of the
device platform was set to 12 for dynamic balance assessment. Participants were asked to hold the black dot in the center
of the small circle for 20 to 3 repetitions, this time on the moving platform. A-P, M-L, and overall stability values were
recorded separately for both static and dynamic balance.'’

Range of Motion

The cervical ROM of the participants was assessed in all directions (flexion, extension, right-left rotation, and right-left
lateral flexion) using a clinical goniometer (Baseline Evaluation Tools, USA) in an upright sitting position on a stool
fixed to the floor and recorded in degrees.”

Muscle Endurance

Participants’ cervical flexor endurance was assessed in the supine position, with arms along the sides of the torso and the
legs maintained in a hook-lying posture. Participants were instructed to gently draw their chin towards their chest, and the
duration they maintained this position was measured in seconds. Endurance of the extensor muscles in the cervical region
was evaluated with the participant in a prone position. The participant’s head was permitted to hang off the edge of the bed,
with a 2 kg weight bag affixed to it. The duration the participant sustained this position was recorded in seconds.”'

Cervical Proprioception

The cervical region proprioception sense of the participants was evaluated with CJPET. CJPET evaluates the ability of
the participant to find the neutral position again after maximal flexion, extension, and rotation movements of the head in
sagittal and transverse planes. For the test, the participant was seated in a chair with eyes closed and head in neutral
position. The laser lamp was positioned atop the participant’s head, and the midpoint of the target was identified as the
neutral or starting position. The participants were then asked to perform the movement at maximum range of motion 10
times for each direction and to find the neutral position again. The five nested circles in the trigonometrically graded
target were scored from the inside to the outside as 1 degree, 2 degrees, 3 degrees, 4.5 degrees, and 6 degrees,
respectively. This score indicates the angle of deviation from the center. The first four of the 10 repetitions were
averaged, and the last six were recorded in degrees.”

Sample Size

The required sample size was calculated using G*Power software (version 3.1.8.2, University of Diisseldorf, Diisseldorf,
Germany). The primary outcome measure was the Neck Disability Index (NDI). Based on the between-group differences in
NDI reported in a previous randomized controlled study investigating the effects of temporomandibular joint interventions
in individuals with chronic neck pain an effect size of 0.22 was estimated.”> Assuming a two-group comparison, an alpha
level of 0.05, and a statistical power of 80%, a minimum total sample size of 54 participants was required. To account for an
anticipated dropout rate of 20%, the final target sample size was increased to 66 participants (33 per group).

Randomization and Blinding

Participants were randomly allocated to either the Rocabado group (RG) or the control group (CG) using a stratified
randomization procedure based on age and gender to ensure balanced distribution of these variables between groups.
Following stratification, participants were randomly assigned to one of the two groups (RG, n = 31; CG, n = 31). All
baseline and post-intervention assessments were conducted by the same investigator (MC), who was blinded to group
allocation. However, due to the nature of the interventions, participant blinding was not feasible.

Statistical Analysis

IBM SPSS version 23 (ver. 22.0; IBM Corp., NY, USA) package program was used for statistical analysis of the data.
Descriptive analyses were performed using mean and standard deviation for normally distributed variables. The normality
of continuous variables was assessed using the Shapiro—Wilk and Kolmogorov—Smirnov tests, supported by visual
inspection of histograms and Q-Q plots. All variables showed normal distribution. For nominal variables, numerical
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values and percentages were employed. An independent sample ¢-test was utilized to compare the pre-treatment values
between groups, while the chi-square test (¥2) was employed to compare categorical variables such as gender. Paired
sample #-test was used to compare the pre- and post-treatment changes of two groups within groups. A two-way mixed
design repeated measures analysis of variance (ANOVA) was used to evaluate the change of the groups over time and

group-time interactions. Effect size (2) was interpreted as 0.10: small effect, 0.25: medium effect, and 0.40: large effect.”*

Results

The eligibility of 66 individuals diagnosed with CNP was evaluated. Four people who were not eligible for the study
were excluded from the study. A total of 62 people were randomly divided into two groups and the study was completed.
The flow chart of the study is shown in Figure 5.

Table 1 shows the baseline demographic and clinical characteristics between the study groups with no significant
differences.

The comparison of VAS, PPT', PPT?, ROM, proprioception, and balance values between the RG and CG groups
before and after treatment is presented in Table 2. Upon analyzing the changes over time within each group, significant
improvements were observed in all scores of VAS, PPT', PPT?, ROM, proprioception, and balance values in both groups
(p<0.05). When comparing the changes over time (Group*Time) between the groups post-treatment, a significant
difference favored the RG group in pressure PPT', PPT?, ROM (flexion), proprioception, and balance values (p<0.05).
However, no significant difference was found between the groups in ROM and VAS values (p>0.05).

Eligibility Assessed Individual (n=66)

Excluded (n=4)
o Inappropriate (n=3)
" = GAS<3cm (n=1)

= Positive vertebrobasilar artery test(n=2)

o Refused to participate in the treatment program(n=1)

v
Included in the Study (n=62)

!

Formation of Groups by
Randomization

/ \

Control Group (n=31)

Rocabado Group (n=31)

3 days a week/6

weeks follow-up l
Y
Evaluated After Treatment - Evaluated After Treatment
(n=31) Analysis (n=31)

Figure 5 Flowchart diagram.
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Table | Demographic Characteristics of the Groups

CG (n=31) | RG (n=31) | *p
Mean + SD | Mean = SD
Age (year) 49.65+9.47 47.61x12.84 | 0481
Height (cm) 164.58+7.25 | 163.68+7.29 | 0.626
Weight (kg) 75.94x12.27 | 72.97+13.86 | 0.376
BMI (kg/m?) 28.21%5.18 27.39+5.62 0.553
n (%) n (%)
Gender | Male 15 48.4 16 51.6
Female | 16 51.6 15 48.4

Notes: *p, Independent sample-t test; **p, Chi-square test.
Abbreviations: CG, Control group; RG, Rocabado group; SD, Standard
deviation; BMI, Body mass index.

The comparison of muscle endurance and NDI values between the RG and CG before and after treatment is displayed
in Table 3. Upon analyzing the changes over time within each group, significant improvements were observed in muscle
endurance and NDI values in both groups (p<0.05). However, when comparing the changes over time (Group*Time)
between the groups post-treatment, no significant difference was found (p>0.05).

Discussion

When the results of the study were analyzed, it was observed that pain intensity, PPTI, PPTZ, ROM, disability status,
muscle endurance, proprioception, and balance levels of individuals with CNP improved significantly both in RG and
CG. It was also concluded that RE applied in addition to CSE were more effective than CSE alone on flexion ROM,
proprioception, balance, PPT!, and PPT? in individuals with CNP.

Ghaderi et al*® reported that CSE was effective in reducing pain in individuals with nonspecific NP. Celenay et al*®
concluded that CSE were effective in reducing pain in individuals with mechanical NP. Ylinen et al*” reported that CSE
was effective in reducing pain in individuals with non-specific CNP. In this study, we observed significant improvements
in pain intensity, PPT', and PPT? in both RG and CG.

Ghodrati et al*® reported that the addition of TMJ intervention to the physiotherapy program was more effective in
reducing pain in individuals with CNP. Walczynska-Dragon et al*® reported that occlusal splinting may improve NP in
individuals with TMJD. In this study PPT' and PPT? increased significantly in both groups. However, the improvement
in PPT! and PPT? showed a significant difference in favor of RG. This result may be due to inhibition of the pathways
that carry the pain sensation of the TMJ and neck. In addition to statistical significance, the magnitude of pain reduction
observed in the RG appears to be clinically meaningful, as the between-group differences approached or exceeded
commonly reported minimal clinically important differences for pain intensity measured by VAS in chronic neck pain.
This finding supports the clinical relevance of adding jaw-focused exercises to cervical rehabilitation programs.

Previous research by Diisiinceli et al*® indicated that combining CSE with physiotherapy contributed to increased
ROM in individuals with CNP, while Yesil et al*° also confirmed the positive effect of CSE on ROM. In line with these
findings, our study observed parallel improvements in cervical ROM in both RG and CG, which may be explained by the
alleviation of pain.

Akiner et al*! reported that jaw exercises increased cervical ROM in individuals with CNP. Ghodrati et al** found that
supplementing standard treatment with TMJ intervention led to increased cervical ROM in patients with non-specific
chronic neck pain. When this study results were analyzed, cervical ROM increased significantly in both groups.

However, except for the flexion ROM value, the groups were not superior to each other in other ROM values.

Journal of Pain Research 2026:19 https: 9
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Table 2 Comparison of CG and RG Groups Pre-Treatment and Post-Treatment

CcG RG p? 95% CI n?
Pre- Post- p' Pre- Post- p' Time Group*Time (GroupxTime)
Treatment Treatment Treatment Treatment
(Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD)
VAS (cm) During rest 4.58+0.96 1.87+0.67 <0.001* | 4.65+0.95 1.52+0.63 <0.001* | <0.001* | 0.087 —0.48 to 0.19 0.048
During activity 5.97+0.71 2.45+0.57 <0.001* | 5.71+0.90 2.42+0.67 <0.001* | <0.001* | 0.344 —0.42 to 0.13 0.015
During night 4.35+£0.98 1.5240.63 <0.001* | 4.00+1.10 1.32+0.65 <0.001* | <0.001* | 0.544 —0.62 to 0.07 0.006
PPT' Right trapezius 7.45+3.11 9.47+3.06 <0.001* | 7.76%3.17 10.82+3.09 <0.001* | <0.001* | <0.001%* —0.73 to 2.39 0.289
(kglem?) Left trapezius 7.64+£3.00 9.69+2.86 <0.001* | 7.74+£3.09 10.47+3.09 <0.001* | <0.001* | <0.001%* —1.08 to 1.96 0.328
PPT? Right trapezius 9.94+3.14 11.82+3.09 <0.001* | 10.08£3.16 12.61%3.16 <0.001* | <0.001* | <0.001%* —1.12 to0 2.05 0414
(kglem®) Left trapezius | 9.8943.06 11.9123.08 <0.001% | 9.96£323 12.64£3.15 <0.001% | <0.001% | <0.001* 118t 198 | 0313
Cervical ROM (o) | Flexion 39.23£7.50 46.03+7.28 <0.001* | 37.48+8.37 46.29+7.95 <0.001* | <0.001* | 0.016* —4.6l to 3.13 0.093
Extension 30.13+5.84 37.03%5.19 <0.001* | 30.16+6.39 36.94%5.50 <0.001* | <0.001* | 0.817 —2.89 to 2.83 0.001
Right LF 25.55+4.41 30.97+4.33 <0.001* | 25.35+5.00 30.94+4.93 <0.001* | <0.001* | 0.674 —2.45 to 2.23 0.003
Left LF 25.10+3.66 30.74+3.14 <0.001* | 25.00+4.57 31.26%3.67 <0.001* | <0.001* | 0.134 —1.67 to 2.09 0.037
Right rotation 37.48+3.85 44.23+4.01 <0.001* | 37.71+5.78 44.87+5.46 <0.001* | <0.001* | 0.211 —2.00 to 2.87 0.026
Left rotation 36.77+4.20 43.10+4.18 <0.001* | 37.23+5.23 43.81+4.87 <0.001* | <0.001* | 0.506 —1.74 to 2.90 0.007
Proprioception Flexion 4.86+0.82 2.15+0.34 <0.001* | 4.85+0.98 1.62+0.42 <0.001* | <0.001* | 0.003* —0.58 to 0.04 0.137
© Extension 4.69+0.70 2.10+0.41 <0.001* | 4.73+0.77 1.61£0.35 <0.001* | <0.001* | <0.001* —0.48 to 0.03 0.172
Right rotation 4.62+0.72 2.04+0.29 <0.001* | 4.60+0.69 1.57+0.35 <0.001* | <0.001* | <0.001%* —0.49 to 0.05 0.186
Left rotation 4.67+0.70 2.17£0.33 <0.001* | 4.61+0.78 1.62+0.37 <0.001* | <0.001* | <0.001%* —0.55 to —0.04 0.166
Balance Static A-P 1.80+0.50 1.13+0.38 <0.001* | 1.85+0.52 0.84+0.32 <0.001* | <0.001* | <0.001%* —0.33 to 0.09 0.332
Static M-L 1.75+0.37 1.05+0.30 <0.001* | 1.79£0.37 0.80+0.30 <0.001* | <0.001* | <0.001%* —0.27 to 0.06 0.443
Static Overall 2.67+0.53 1.73£0.52 <0.001* | 2.62+0.44 1.12+0.42 <0.001* | <0.001* | <0.001%* —0.55 to —0.10 0.384
Dynamic A-P 2.14+0.49 1.47+0.39 <0.001* | 2.15+£0.53 1.12+0.31 <0.001* | <0.001* | <0.001* —0.37 to 0.04 0.276
Dynamic M-L 2.04+0.37 1.31£0.32 <0.001* | 2.08+0.36 1.07+0.31 <0.001* | <0.001* | <0.001* —0.26 to 0.07 0.396
Dynamic Overall | 2.94+0.45 2.16+0.47 <0.001* | 2.91%0.37 1.67£0.43 <0.001* | <0.001* | <0.001* —0.47 to —0.05 0.462

e 39 ued

Notes: p', paired sample t test; p%, Two-way mixed design repeated measures ANOVA; 02, effect size; *p < 0.05.
Abbreviations: CG, Control group; RG, Rocabado Group; SD, Standard deviation; VAS, Visual analogue scale; PPT', Pressure pain threshold; PPT?, Pressure pain tolerance; ROM, Range of motion; LF, Lateral flexion; A-P, Anterior-
posterior; M-L, Medial-lateral.
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Table 3 Comparison of Muscle Strength, Muscle Endurance, NDI, and NYPA Values of the CG and RG Groups Pre-Treatment and Post-Treatment

2

CG RG P 95% CI n
\ | i K (GroupxTime)

Pre- Post- P Pre- Post- P Time Group*Time

Treatment Treatment Treatment Treatment
Muscle endurance Flexion 12.46+2.31 19.77+3,48 <0.001* | 12.85+2.34 20.02+3,15 <0.001* | <0.001* | 0.718 —1.08 to 1.71 0.002
(second)

Extension | 15.40+2.45 21.99+2,92 <0.001* | 15.42+2.64 22.11%3.15 <0.001* | <0.001* | 0.862 1.26 to 1.40 0.001

NDI 33.48+6.86 20.23+5,88 <0.001* | 33.10+£7.70 20.00+5.57 <0.001* | <0.001* | 0.836 —3.54 to 2.93 0.001

Notes: p', paired sample t test; p%, Two-way mixed design repeated measures ANOVA, n?, effect size; *p < 0.05.
Abbreviations: CG, Control group; RG, Rocabado Group; SD, Standard deviation; NDI, Neck disability index.
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Lee and Shin®? reported that neuromuscular control exercises improved cervical proprioception in individuals with
NP. Jull et al** concluded that CCF training was effective for impaired proprioception. Hidalgo-Peréz et al** reported that
CSE improved proprioception in healthy individuals. According to this study findings, CSE is effective in improving
cervical proprioception in both groups. The results suggest that the increased proprioception following CSE may be due
to the improvement of the quality of cervical afferent input.

Changes in jaw posture are likely to affect proprioception in the cervical region.*> While a review of the literature did
not reveal any studies investigating the impact of jaw exercises on cervical proprioception in individuals with NP, there
are studies examining the effect of jaw clenching on proprioception and postural balance. In these studies, it is stated that
jaw clenching improves postural balance and proprioception.*® When the results of this study were analyzed, significant
improvement was observed in cervical proprioception in both groups. In addition, RE applied in addition to CSE were
found to be superior in improving cervical proprioception. This result may be due to the fact that RE improve jaw posture
and stimulate the postural control mechanism of the jaw sensory motor system.

Bernal-Utrera et al*” concluded that CSE improved body balance in individuals with non-specific CNP. Song et al*®
stated that CSE improved balance in individuals with anterior head tilt. Yong et al® stated that CSE reduces lateral
oscillations and thus positively affects balance. When this study were analyzed, significant improvements were observed
in both dynamic and static balance in both groups in which CSE was applied. We can attribute this result to the fact that
CSE improves impaired activation in deep cervical muscles and increases functionality.

Amaral et al*® reported that TMJ mobilization improves postural control in patients with TMJD. Zafar et al*' stated
that the jaw sensory-motor system directly or indirectly affects postural control. Hosoda et al** suggested that occlusion
contributes to maintaining postural balance and improving stability when an unexpected sway occurs in the standing
position. We concluded that RE applied in conjunction with CSE were more efficacy in reducing both dynamic and static
balance parameters. We attribute this outcome to the alteration of the jaw joint position by RE, which may influence the
postural mechanisms of the joint, known for its abundance of proprioceptors.

Ghaderi et al*® reported that CSE increased flexor muscle endurance in individuals with non-specific NP. In another
study, Cho et al*® reported that CSE was effective in increasing deep and superficial cervical muscle strength in
individuals with CNP. In this study, we found a significant increase in muscle endurance in both groups in accordance
with the literature. This result may be due to the effect of CCF movement, which is the basis of CSE, on increasing deep
cervical muscle strength.

Higgman-Henrikson et al** stated that applying neck exercises to patients with TMJD could increase the muscle
strength and endurance of the jaw joint. Moon et al** stated that co-contraction of masticatory muscles during CSE helps

to increase the thickness of the longus colli muscle. In another study, Béthun et al*®

stated that resistant jaw opening
increased jaw-neck motor function. They stated that this was due to the fact that the resistance given to the mandible
caused an increase in functional demand in the jaw-neck system. When this study results were analyzed, the groups were
not superior to each other in terms of muscle endurance.

Javdaneh et al*’ reported that CSE decreased the level of disability in individuals with CNP. Kaka et al*® reported that
CSE resulted in improvement in disability level in individuals with non-specific NP. When the results of this study were
examined, we found a significant improvement in the level of disability in both RG and CG. This may be due to
a decrease in the level of pain during activity.

Nicolakis et al*’

reported that exercise and manual therapy reduced the level of disability in patients with TMID.
Craciun et al’® reported that medication and physiotherapy were effective in reducing the level of disability in patients
with TMID. In another study, Wanman et al’' found that jaw exercises were effective on the level of neck disability in
patients with TMJD. When the results of this study were analyzed, significant improvement was observed in the neck
disability level in both groups, but the groups were not superior to each other.

This study has several notable strengths. First, its randomized controlled design enhances the internal validity of the
findings. Second, the inclusion of comprehensive and objective outcome measures, such as pressure pain threshold and
tolerance, balance, and cervical proprioception, alongside patient-reported outcomes, provides a multidimensional
evaluation of treatment effects. Additionally, the absence of participant attrition and the high adherence rate, achieved
through supervised interventions, strengthen the reliability of the results. Finally, to our knowledge, this is one of the first
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randomized controlled trials to investigate the additive effects of jaw exercises to CSE in individuals with CNP,
contributing novel evidence to the existing literature. The present study has several limitations. First, the follow-up
period was relatively short, and long-term effects of the interventions were not evaluated. In addition, participants were
not blinded to group allocation, which may have introduced potential placebo or performance bias. Furthermore, the lack
of similar studies in the literature limits direct comparisons of our findings. Future studies with longer follow-up periods,
blinded designs, and larger sample sizes are recommended to confirm and expand upon these results.

Conclusion

In the treatment of CNP, CSE can improve pain intensity, ROM, endurance, and disability level. Nevertheless, it can be
asserted that the addition of RE to CSE proves more efficacious in enhancing pain intensity, PPT', PPT?, proprioception,
and balance when contrasted with CSE alone among individuals with CNP.
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