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	 Background:	 The purpose of this study was to investigate the effects of eyeball exercise and cervical stabilization programs 
to patients with chronic neck pain, tension-type headache (TTH), and forward head posture (FHP).

	 Material/Methods:	 The design of this study was a randomized controlled trial. A total of 40 participants were randomly divid-
ed into 2 groups: the experimental group (n=20) and the control group (n=20). Both groups received cervical 
manual therapy and biofeedback-guided stabilization exercises (30 min/session, 3 sessions/week, 6 weeks). In 
addition to the regular treatments, the participants in the experimental group also performed eyeball exercis-
es for 20 minutes per session, 3 sessions per week, for a total of 6 weeks. Changes in neck pain (numeric rat-
ing scale, NRS), neck disability index (NDI), quality of life (Short Form-12 Health Survey Questionnaire, SF-12), 
headache impact test-6 (HIT-6), craniovertebral angle (CVA), cranial rotation angle (CRA), and muscle tone were 
measured.

	 Results:	 Both groups showed significant improvements in NRS, NDI, SF-12, HIT-6 scores, CVA, CRA, and muscle tone 
(p<0.05). The experimental group had significant differences in NDI, SF-12, HIT-6 scores, and suboccipital mus-
cle tone compared to the control (p<0.05).

	 Conclusions:	 Combining the eyeball exercise program with commonly used manual therapy and stabilization exercises for 
patients with chronic neck pain can help reduce nerve compression and promote muscle relaxation in the eye 
and neck areas. The method is thus proposed as an effective intervention to enhance function and quality of 
life in patients with chronic neck pain patients, TTH, and FHP.
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Introduction

In the International Classification of Headache Disorders 3rd 
edition, tension-type headache (TTH) is very common, with a 
lifetime prevalence in the general population ranging in differ-
ent studies of between 30% and 78% [1]. The causes of TTH in-
clude excessive muscle activity due to stress, nerve root com-
pression due to structural anomaly of the cervical vertebra(e), 
and muscle imbalance due to improper posture [2]. Additionally, 
TTH may be further aggravated by excessively increased activ-
ity of the neck, head, and periocular muscles, causing a sensa-
tion of pressure in the head and periocular muscles and per-
sistent pain accompanied by neck discomfort [3].

The control of muscles in the cervical vertebral area requires 
integrated movements of the key sensory organs of visual, 
auditory, and balance functions and the stability of head and 
neck movements [4]. In neuroanatomical terms, muscle pain 
in the cervical region is caused by the first and second cer-
vical nerves of the trigeminocervical complex (TCC). At such 
nerve endings, the fusion with the periocular nerve terminal 
leads to headache and pain in the periocular muscles [4]. To 
alleviate TTH, drugs or electrostimulation treatments are used 
in clinical practice. These treatments, however, only address 
the alleviation of pain, and it is difficult to suggest a funda-
mental solution [5]. The muscle activities in the cervical ver-
tebral area affect eyeball movement and in the case of TTH, 
the muscle tone of the orbicularis oculi in the periocular re-
gion continuously increases. Therefore, a method to reduce 
TTH is to reduce the tonicity of the orbicularis oculi through 
eyeball movement in addition to reducing muscle tone in the 
cervical region via manual therapy, which has gained increas-
ing attention [6-8].

Forward head posture (FHP), a muscle abnormality caused 
by poor posture and physical loading due to changes in cer-
vical curvature, can result from abnormal control of muscles 
in the cervical region. Craniovertebral angle (CVA) is an objec-
tive indicator of FHP [9]. As the angle between the horizontal 
line and the line connecting the C7 vertebra and the tragus 
at the head, CVA decreases as the severity of FHP increases; 
CVA £53° is a criterion that classifies FHP [9]. Among the mus-
cles associated with headache caused by FHP are suboccipi-
tal, upper trapezius, and longus colli muscles. The suboccipital 
and upper trapezius muscles are involved in cranial rotation, 
postural control, and head stability and shortening of these 
muscles is closely correlated with FHP. Hence, persistent FHP 
leads to headache as well as neck pain [10]. Additionally, the 
longus colli muscle is an intrinsic muscle with a role in stabil-
ity and neutral position of the neck, which should be consid-
ered when employing strengthening exercises [10]. To allevi-
ate TTH, the suboccipital and upper trapezius muscles as the 
main muscles affecting FHP should be relaxed, and the longus 

colli muscle should be strengthened, for which a stabilization 
exercise is required; thus, neck pain and headache as well as 
postural imbalance can be reduced [11].

Muscle fatigue results from excessive tension-type in the 
neck and shoulder muscles caused by improper posture such 
as FHP. As this leads to TTH with neck pain, a vicious cycle is 
created [12]. Among the muscles that are associated with TTH, 
the suboccipital muscle is where the laryngeal nerve and the 
TCC are found with potential effects on the periocular region. 
Thus, excessive muscle tension due to improper posture can 
lead to nerve compression, causing muscle pain in the peri-
ocular region [13]. Furthermore, abnormal function of the up-
per trapezius muscle can cause FHP and increase neck pain, 
which induces neurological symptoms and causes TTH [13].

TTH has been reported to be closely correlated with patients’ 
physical health conditions such as improper posture and 
mental health problems such as depression and anxiety [10]. 
Consequently, the estimation of a patient’s quality of life is an 
important factor that should be assessed via objective quan-
tification. To assess the quality of life in patients with TTH, 
tests should be performed not only to assess pain but also to 
determine personal psychological issues, quality of life, social 
functions, and other various dimensions [14].

Several previous studies have actively investigated the effects 
of manual therapy and neck stabilization exercises in patients 
with headache [6,7,10]. However, few studies have focused on 
methods to control the muscle tone that influences postural 
stability as well as a sensation of pressure in the periocular 
muscles. Thus, this study aimed to determine the effects of 
an eyeball exercise program combined with a cervical stabili-
zation program in patients with chronic neck pain, TTH, and 
FHP, with respect to pain and disability, quality of life, impact 
on headache, postural alignment, and suboccipital and upper 
trapezius muscle tonicity.

Material and Methods

Participants

Using an advertisement posted in a hospital (P Hospital in D 
Metropolitan City, South Korea), 55 participants were recruit-
ed among admitted patients and outpatients with neck pain 
from June to August 2023. The inclusion criteria were individ-
uals with the following: experience of headache in the past 6 
weeks, average neck pain on the numeric rating scale (NRS) 
³3, neck disability index (NDI) ³5 and £24, generalized persis-
tent pressure based on the classification of the International 
Headache Society, bilateral pain in the head or neck, tighten-
ing pain in the occipital region at or below a moderate level 
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satisfying 2 of the 4 conditions of lack of increased pain upon 
a physical activity [15], and an individual with a CVA £53. The 
exclusion criteria were individuals with an abnormality of the 
central nervous system, individuals who were administered 
an analgesic in the past month for headache, and those ex-
periencing symptoms such as dizziness, nausea, or vomiting 
during eyeball exercises. All participants were provided ade-
quate explanations on the study purpose and procedures, af-
ter which they voluntarily agreed to participate. This study re-
ceived approval from the Bioethics Committee of D University 
in accordance with the Helsinki Declaration and was registered 
on the WHO International Clinical Trials Registry Platform (reg-
istration number: KCT0008636).

Experimental Procedures and Methods

This study was designed as a pretest-posttest, randomized con-
trolled investigation. The G*power program was used to esti-
mate the sample size. The main effect size (d) was set at 0.93, 
with significance level (a)=0.05 and power (1-b)=0 [16]. The 
estimated sample size at minimum was n=20 in each group, 
and considering a 10% drop-out rate, the minimum number 
of participants in each group was set at n=22.

From the 55 recruited participants, those who did not satisfy 
the TTH criteria (n=5) and those with a CVA ³53 (n=6) in the 
eligibility test were excluded. To compare the effects before 
and after the interventions, initial assessments were made 

before assigning them to experimental (n=22) and control 
(n=22) groups using the randomization program [17]. To an-
alyze the pre- and post-intervention effects, neck pain (NRS), 
NDI, headache impact test-6 (HIT-6), Short Form-12 Health 
Survey Questionnaire (SF-12), postural alignment, and muscle 
tone were measured before and after the intervention. Both 
groups underwent cervical manual therapy and pressure bio-
feedback-guided stabilization exercise (30 min/session, 3 ses-
sions per week, 6 weeks in total). Additionally, an eyeball ex-
ercise program (20 min/session, 3 sessions per week, 6 weeks 
in total) was applied in the experimental group. The experi-
mental procedures are shown in Figure 1.

Cervical Stabilization Exercise Program

Cervical Manual Therapy

Cervical manual therapy in this study was based on the meth-
od of Hyoung et al [18] in which rotation is applied to the at-
lanto-occipital joint in patients with neck pain. The rotation is 
applied as follows: One hand of the therapist is placed at the 
patient’s larynx and the other hand holds the patient’s chin. 
Next, the atlanto-occipital joint is rotated in a single direc-
tion to the anatomical limit, and a brief push is applied to the 
physiological space at a rapid rate and approximately 10 Hz 
frequency. This technique was performed on the joints bilat-
erally at approximately 10 min/session, 3 sessions per week, 
for 6 weeks in total.

Assessed for eligibility (n=55)

Pre-test 
(NRS, NDI, SF-12, HIT-6, posture alignment, muscle tone)

Post-test 
(NRS, NDI, SF-12, HIT-6, posture alignment, muscle tone)

Screening Test (n= 11) 
Failure to meet the criteria for tension

headaches (n=5)
CVA 53≤ (n=6)

Experimental group (n=22)
Cervical stabilization exercise program 

+ Eyeball exercise program
(50 min, 3 times a week, 6 week) 

Control group (n=22) 
Cervical stabilization exercise program

(30 min, 3 times a week, 6 week)

Allocation

Drop out (n=2)
Refusal (n=2)

Drop out (n=2)
Refusal (n=2)

Follow-up

Data collection and analysis 
(n=20)

Data collection and analysis 
(n=20)

Analysis

Figure 1. CONSORT flow chart.
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Cervical Stabilization Exercise Using Pressure Biofeedback

Cervical stabilization exercise using pressure biofeedback 
(Chattanooga group Inc., Hixson, TN, USA) was based on the 
intervention method described by Abdel et al [19] with modi-
fications. The pressure biofeedback used in this study provides 
quantitative indicators (Figure 2). The goal of the pressure bio-
feedback-guided cervical stabilization exercise is to improve 
the stability of the longus colli muscle through strengthen-
ing; it involves a chin-in exercise, whereby the chin is pulled 
downwards while the head is prevented from bending, such 
that the device is compressed during the exercise. The final 
target was set at 10 mm above the baseline (20 mm), and at 
the target level, the patient was instructed to hold for 10 s. 
The holding time of 10 s was repeated 10 times, with 10 s of 
resting time between each contraction. A break of 15 s was 
provided between each set. The exercise program consisted 

of 3 sets, repeated twice, at approximately 20 min/session, 3 
sessions per week, for 6 weeks in total.

Eyeball Exercise Program

The additional eyeball exercise program performed by the ex-
perimental group was based on the intervention method de-
scribed by Sakshi & Kumar [20] with modifications. The meth-
od aims to use eyeball movements to relax the muscles in the 
periocular region. In this program, the physical therapist pal-
pates the suboccipital muscle, after which the muscle is re-
laxed through the patient’s breathing, and then fixed by the 
physical therapist’s hand on the suboccipital muscle through 
gravity. The subsequent eyeball movements were performed: 
1. leftward direction, 2. rightward direction (Figure 3A), 3. up-
per-left direction, 4. lower-left direction (Figure 3B), 5. upper-
right direction, 6. lower-right direction (Figure 3C), 7. leftward 
circular motion, 8. rightward circular motion (Figure 3D), 9. 
leftward figure-eight motion, 10. rightward figure-eight mo-
tion (Figure 3E). In the eyeball exercise, the movements were 
performed to the maximum end range in the respective direc-
tion, with the holding time of 10 s, repeated 4 times. The rest-
ing time between each movement was 10 s. A break of 20 s 
was provided between each set, and the program consisted 
of 2 sets, performed at approximately 20 min/session, 3 ses-
sions per week, for 6 weeks in total.

Evaluation Methods and Instruments

Numeric Rating Scale (NRS)

To examine the level of headache in patients, the NRS was 
used as a subjective verbal expression of the level of pain on 
a scale of 0-10, with higher scores indicating higher levels of 
pain. The reliability of NRS is high (intraclass correlation coef-
ficient (ICC)=.61) [21].

Figure 2. �Cervical stabilization exercise using pressure 
biofeedback.

A

D

B

E

C

Figure 3. (A-E) Eyeball exercise program.
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Neck Disability Index (NDI)

The NDI was used to determine the level of neck disability in 
patients. The NDI is a questionnaire that rates the following 
10 items on a scale of 0-5: pain intensity, personal care, lifting, 
reading, headache, concentration, work, driving, sleeping, and 
recreation. The NDI score is the sum of the score of each item. 
A score of 0-4 indicates “No disability”; a score of 5-14 indi-
cates “Mild disability”; a score of 15-24 indicates “Moderate 
disability”; a score of 25-34 indicates “Severe disability”; and 
a score ³35 indicates “Complete disability”. The intra-rater re-
liability of NDI is high at r=.85~.95 [22].

Short Form-12 Health Survey Questionnaire (SF-12)

To measure the quality of life in patients, the SF-12 was used 
as an instrument of health-related quality of life. The SF-12 
is an abridged form of the Short Form-36 Health Survey 
Questionnaire (SF-36) developed by Ware and Shebourne [23]. 
The tool consists of 12 items in 8 subcategories of 2 main fac-
tors: physical health and mental health. Physical health com-
prises 4 domains: physical functioning, physical role limita-
tions, bodily pain, and general health perceptions. Mental 
health comprises 4 domains: emotional role limitations, men-
tal health, vitality, and social functioning. Each item is rated 
on a scale of 0-5; higher scores indicate greater health sta-
tus. The total score as the sum of all scores of the 12 items 
ranges from 6 to 30 in both the physical component summa-
ry (PCS) and mental component summary (MCS). The reliabil-
ity is high, at Cronbach’s alpha=0.88 [24].

Headache Impact Test-6 (HIT-6)

The HIT-6 questions are designed to assess the following 6 
parameters over the previous 4 weeks: pain, social function-
ing, role functioning, cognition, psychological pain, and vi-
tality [25]. For each of the 6 HIT-6 questions, responses of 
“Never”, “Rarely”, “Sometimes”, “Often” and “Always” are 
assigned scores of 6, 8, 10, 11, and 13, respectively. The HIT-
6 score is the sum of all scores for the 6 parameters, ranging 
from 36 to 78. Higher scores indicate greater levels of impact 
of headache on quality of life. The reliability of HIT-6 is high 
at Cronbach’s alpha=0.85 [25].

Postural Alignment

To examine the changes in patient’s postural alignment ac-
cording to the method of intervention, a tripod was placed at 
a distance of 1 m from the patient, and the patient was pho-
tographed in the straight stance position. Image J software 
(version1.46j, National Institutes of Health, USA) was used to 
measure the following angles: CVA, which is an angle formed 
by the line parallel to the 7th cervical vertebra and the line 

connecting to the tragus; the cranial rotation angle (CRA), 
which is an angle formed by the line connecting the 7th cervi-
cal vertebra and the tragus; and an angle formed by the line 
connecting the lateral side of the eye and the tragus. A single 
rater recorded the mean of triplicate measurements. The reli-
ability of the instrument is high at r=0.86 [26].

Muscle Tone

To measure the tonicity of the upper trapezius and suboccip-
ital muscles, MyotonPRO (Myoton AS, Tallinn, Estonia) was 
used to analyze the mechanical properties of the muscles. As 
a non-invasive device, MyotonPRO induces vibrational stimu-
lation on the skin surface, and the device automatically takes 
measurements of the muscle tone. For the upper trapezius 
muscle, the muscle located at the center of the line connect-
ing the acromion and the spinous process of the 7th cervical 
vertebra was palpated for measurements [27]. For the sub-
occipital muscle, the muscle located at the center of the line 
connecting the spinous process of the 2nd cervical vertebra 
and the occipital region was palpated for measurements [28]. 
During each measurement, the compressor of the MyotonPRO 
(3 mm in diameter) was vertically applied to the skin surface 
at a constant pressure (0.18N). The vibration at a lower tissue 
is induced by 10 short (15 ms) mechanical shocks applied at 
1 Hz and low force (0.4 N). The tone was measured for both 
the upper trapezius and suboccipital muscles, and the mean 
of triplicate measurements was recorded. The ‘F’ parameter of 
the MyotonPRO indicates blood flow to the muscle and thus 
is reflective of muscle tone. It is defined as the effect aris-
ing from mechanical-elastic characteristics; higher values in-
dicate greater muscle tone. The reliability of the tool is high 
(ICC=.85~.98) [28].

Data Analysis

For data analysis, IBM SPSS Statistics for Windows, ver-
sion 21.0 (IBM Corp., Armonk, NY, USA) was used. Using de-
scriptive statistics, the general characteristics of the partici-
pants are presented as means and standard deviations. The 
normality of data was tested using the Shapiro-Wilk test. 
The chi-square test was used to assess gender differences, 
while the t-test was used for comparisons of all other vari-
ables related to general characteristics and to test the ho-
mogeneity of pretest values. The between-group variations 
before and after the intervention was compared using the 
independent t-test, and the paired t-test was used to com-
pare the within-group differences across dependent vari-
ables before and after the intervention. The level of signifi-
cance was set at a=0.05.
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Results

General Characteristics

Data of 20 participants in the experimental group and 20 par-
ticipants in the control group among a total of 44 subjects 
were collected. Four subjects dropped out of the study for ear-
ly discharge (n=2) and refusal to participate (n=2). The gen-
eral characteristics of the participants are shown in Table 1.

Comparison of Pre- and Post-Intervention NRS, NDI, SF-12, 
and HIT-6

Both the experimental and control groups were homogeneous 
for NRS, NDI, SF-12, and HIT-6 in the pretest. Both groups exhib-
ited significantly reduced values after the intervention (p<.05). 
Variations of NDI, SF-12, and HIT-6 scores differed significant-
ly between groups (p<.05) (Table 2).

Comparison of Pre- and Post-Intervention CRA and CVA

Both the experimental and control groups were homogeneous 
for CVA and CRA in the pretest. Both groups exhibited signif-
icant changes after the intervention (p<.05), although varia-
tions in CVA and CRA did not differ significantly between the 
2 groups (p>.05) (Table 3).

Comparison of Muscle Tone Pre- and Post-Intervention for 
Suboccipital and Upper Trapezius Muscles

Both the experimental and control groups were homogeneous 
in tonicity for the suboccipital and upper trapezius muscles in 
the pretest. Both groups exhibited significant changes after 
the intervention (p<.05). Additionally, a significant difference 
was found between the 2 groups for variation in muscle tone 
of the suboccipital muscle (p<.05) (Table 3).

Discussion

This study aimed to determine the effects of an eyeball ex-
ercise program on patients with chronic neck pain, TTH, and 
FHP. The results demonstrated significant variations in NDI, 
SF-12, and HIT-6 scores, and suboccipital muscle tone in the 
experimental group, whose intervention included an addition-
al eyeball exercise program.

The clinical practice guidelines (CPG) published in 2017 in the 
USA classify neck pain into the following 4 categories: neck 
pain with mobility deficits, neck pain with movement coordi-
nation impairments, neck pain with headache, and neck pain 
with radiating pain. TTH is included in the category of neck 
pain with headache, and the recommended intervention is self-
stretching of C1/C2 for the acute phase, cervical manipulation 
and mobilization in addition to self-stretching for the subacute 
phase, and cervical and thoracic manipulation and combined 
manual therapy for the chronic phase [29]. The onset of neck 
pain with headaches in the participants of this study occurred 
approximately within the previous 11 months on average, in-
dicating the chronic phase. According to the CPG recommen-
dations, an exercise intervention including cervical manipula-
tion was applied. In addition to cervical manual therapy, neck 
stabilization and eyeball exercises were applied for the pur-
pose of relaxing the following pressure points in TTH: suboc-
cipital, sternocleidomastoid, upper trapezius, and orbicular-
is oculi muscles. It is determined that increased neck stability 
and coordination effectively contributed to the alleviation of 
headache and neck pain.

Pachkhede and Singh [30] reported that symptoms of TTH, 
neck function, and quality of life could be improved through 
eyeball exercise. They also pointed out the need to system-
atically verify the effects of the exercise to reduce the pain 
intensity and frequency in treating TTH and for a random-
ized controlled study using rigorous methodological criteria. 

Experimental group (n=20) Control group (n=20) t/c2 p

Sex (M/F) 9/11 8/12 -.325 .747

Age (year) 35.61±3.77# 33.78±3.77 1.247 .221

Height (cm) 168.67±7.74 170.22±9.69 -.532 .598

Weight (kg) 64.00±13.31 67.44±16.39 -.692 .493

BMI (score) 22.35±3.56 22.96±3.47 -.518 .608

Onset (month) 12.56±4.67 10.78±3.87 1.243 .222

Table 1. General characteristics.

# Mean±standard deviation; BMI – body mass index.
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In TTH, complex effects of musculoskeletal and psychologi-
cal factors caused by muscle tension-type affect the quality 
of life through such conditions as pain and reduced range of 
motion at the neck [31]. Accordingly, this study assessed the 
quality of life as well as neck function in all participants be-
fore and after the intervention, and the results showed sig-
nificant improvements (p<.05). Furthermore, the experimen-
tal group whose intervention included an additional eyeball 
exercise program exhibited significant differences from the 
control group (p<.05). The percentage conversion of the total 
score demonstrated that NDI decreased from 33% to 14% (ef-
fect size, d=2.81) in the experimental group, and from 36% to 
23% (effect size, d=2.24) in the control group. Among the PCS 
items of the SF-12, the scores of 1. General health, 5. Limited 
in kind of work, and 8. Pain-interference, increased by approx-
imately 36% from 5.5 to 8.6 on average (effect size, d=-7.55) 
in the experimental group. Additionally, for the experimental 
group, among the MCS items of the SF-12, the scores of 7. Did 
work less careful and 12. Social limitations-time increased by 
approximately 39% from 5 to 8.3 on average (effect size, d=-
5.29). This suggested that, the eyeball exercise program had 

equally positive effects on the quality of life as well as recov-
ery of neck function via improvement in headache.

Rahimi et al. [32] reported that a 12-week intervention of eye-
ball exercise and diaphragm exercise had positive effects on the 
HIT-6 scores via improvement of sleep quality in 22 patients with 
TTH (p<.05). The HIT-6 is a tool to assess the impact of head-
ache on normal daily activities [33]. In this study, post-interven-
tion HIT-6 scores decreased significantly in all participants com-
pared to pre-intervention HIT-6 scores (p<.05). Furthermore, the 
experimental group exhibited significant differences from the 
control group (p<.05). The percentage conversion of the total 
score demonstrated that HIT-6 scores decreased from ~79% to 
~70% (effect size, d=2.06) in the experimental group and from 
~78% to ~74% (effect size, d=1.36) in the control group. This 
suggested that the eyeball exercise program had positive ef-
fects on HIT-6 scores through changes in muscle length with in-
creased movements of the muscles in the eye and neck regions. 
Thus, among the scales for assessment of headache, the HIT-6 
and SF-12, which involve the assessment of pain and various 
emotional aspects, are likely to be closely associated with TTH.

Experimental group (n=20) Control group (n=20) t(p)

NRS (point) Pre 7.11±0.96# 6.78±0.88 	 1.085	 (.286)

Post 3.22±0.88 3.44±1.15

Post-pre -3.89±1.37 -3.33±1.45 	 1.142	 (.269)

t(p) 	 -12.068	(.000)* 	 -9.718	(.000)*

NDI (score) Pre 16.83±4.26 18.28±3.41 	 -1.123	 (.269)

Post 7.39±2.09 11.61±2.48

Post-pre -9.44±4.41 -6.67±3.29 	 2.239	 (.039)*

t(p) 	 -9.088	(.000)* 	 -8.597	(.000)*

PCS (score) Pre 33.96±3.12 33.32±3.99 	 .531	 (.599)

Post 52.85±1.67 48.52±3.28

Post-pre 18.89±3.18 15.20±4.45 	 -2.937	 (.009)*

t(p) 	 25.214	(.000)* 	 14.478	(.000)*

MCS (score) Pre 30.97±3.66 30.40±4.33 	 .425	 (.674)

Post 53.42±4.75 47.66±4.13

Post-pre 22.45±6.73 17.26±6.72 	 -2.209	 (.041)*

t(p) 	 14.160	(.000)* 	 10.895	(.000)*

HIT-6 (score) Pre 61.89±3.19 61.06±2.39 	 .886	 (.382)

Post 55.28±3.23 57.78±3.12

Post-pre -6.61±4.15 -3.28±4.29 	 2.369	 (.030)*

t(p) 	 -6.765	(.000)* 	 -3.238	(.005)*

Table 2. Comparison of pre- and post-intervention scores between groups.

# Mean±standard deviation; * p<0.05; NRS – numeric rating scale; NDI – neck disability index; PCS – physical component summary; 
MCS – mental component summary; HIT-6 – headache impact test-6.
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Castien and Hertogh [13] reported that headache and perioc-
ular muscle pain could be induced by increased suboccipital 
muscle tone in the cervical region in TTH. They also reported 
that the cause was nerve root compression at the trigeminal 
and cervical nerves due to increased muscle tone. Olesiejuk 
et al [34] applied ischemic pressure on the neck and shoulder 
muscles in patients with TTH who had neck and shoulder pain 
and reported that the muscle tone in the neck and shoulder 
region decreased after 3 weeks of intervention (p<.05). Park 
and Park [35] applied a suboccipital muscle relaxation exercise 
combined with an ultrasound treatment in patients with TTH 
and reported that the suboccipital muscle tone decreased sig-
nificantly after 4 weeks (p<.05). Similarly, in this study, a sig-
nificant reduction in muscle tone after the intervention was 

observed in all participants (p<.05), although only the suboc-
cipital muscle varied significantly between the control group 
and the experimental group (p<.05, effect size, Rt d=2.68, Lt 
d=4.65). The reduced muscle tone is attributed to the effects 
of the eyeball exercise to reduce nerve compression through 
muscle relaxation based on the physiological mechanisms at 
the trigeminal and cervical nerves. The eyeball exercise is also 
presumed to exert a simultaneous pain control effect, as the 
relaxation of the orbicularis oculi muscle contributes to the 
activation of beta-endorphin.

This study investigated the effects of an eyeball exercise pro-
gram in patients with chronic neck pain, TTH, and FHP. There 
are several limitations in this study. First, as the mean age of the 

Experimental group (n=20) Control group (n=20) t(p)

CVA (angle) Pre 47.29±3.71# 47.46±3.94 	 -.128	(.899)

Post 51.78±3.90 50.27±4.27

Post-pre 4.48±3.10 2.81±2.42 	 -1.831	(.085)

t(p) 	 6.127	(.000)* 	 4.921	(.000)*

CRA (angle) Pre 147.73±6.29 146.05±5.29 	 .868	(.392)

Post 142.32±6.51 141.60±6.61

Post-pre -5.41±3.98 -4.45±5.18 	 0.631	(.537)

t(p) 	 -5.768	(.000)* 	 -3.641	(.002)*

Rt. suboccipital 
muscle tone (Hz)

Pre 17.07±0.52 17.09±0.66 	 -0.112	(.991)

Post 15.73±0.48 16.18±0.51

Post-pre -1.34±0.57 -0.91±0.53 	 2.325	(.033)*

t(p) 	 -10.039	(.000)* 	 -7.246	(.000)*

Lt. suboccipital 
muscle tone (Hz)

Pre 17.31±0.29 17.22±0.58 	 0.542	(.591)

Post 15.79±0.36 16.19±0.28

Post-pre -1.51±0.41 -1.03±0.57 	 2.903	(.010)*

t(p) 	 -15.692	(.000)* 	 -7.641	(.000)*

Rt. Upper trapezius 
muscle tone (Hz)

Pre 19.32±0.74 19.23±0.67 	 0.354	(.725)

Post 18.38±0.59 18.57±0.69

Post-pre -0.93±0.52 -0.66±0.49 	 1.553	(.139)

t(p) 	 -7.563	(.000)* 	 -5.738	(.000)*

Lt. Upper trapezius 
muscle tone (Hz)

Pre 19.86±0.69 19.63±0.47 	 1.145	(.260)

Post 18.52±0.65 18.68±0.61

Post-pre -1.34±0.93 -0.96±0.74 	 1.183	(.253)

t(p) 	 -6.132	(.000)* 	 -5.516	(.000)*

Table 3. Comparison of pre- and post-intervention variables between groups.

# Mean±standard deviation; * p<0.05; CVA – craniovertebral angle; CRA – cranial rotation angle.
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participants was approximately 35 years, it is difficult to general-
ize the results in other age groups or the elderly. Second, due to 
the lack of post-intervention follow-up, the long-term effects of 
the intervention remain unknown. Third, alternatives other than 
the eyeball exercise program implemented in this study should 
be discussed to provide a fundamental solution for TTH. Fourth, 
there are limitations in providing greater insight than objective 
methods by measuring the subjects’ psychological factors us-
ing subjective measurement methods. These limitations should 
be considered for future studies to offer more effective exer-
cise methods for patients with chronic neck pain, TTH, and FHP.

Conclusions

This study was conducted to determine the effects of an eye-
ball exercise program on NRS, NDI, SF-12, and HIT-6 scores, 

postural alignment, muscle tone, and muscle thickness in pa-
tients with chronic neck pain, TTH, and FHP. The results re-
vealed significant increases in NDI, SF-12, and HIT-6 scores, 
with significantly reduced suboccipital muscle tone in the ex-
perimental group. Based on the findings, the eyeball exercise 
program combined with manual therapy and stabilization ex-
ercise was shown to facilitate the relaxation of muscles in the 
eye and neck regions while reducing nerve compression. The 
method is thus suggested as an effective intervention to en-
hance function and quality of life in patients with chronic neck 
pain, TTH, and FHP.
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