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ABSTRACT  
Background: Prolonged smartphone and 
computer use results in an imbalance of the neck, 
scapular, and shoulder muscles leading to pain 
and weakness. However, neck and shoulder 
exercises are varied and not specific to problems. 
Objective: To evaluate the effects of modified 
scapular exercise in participants with neck, 
scapula and shoulder pain. 
Methods: Forty-six participants were randomly 
allocated to the intervention group and the control 
group. The allocation sequence was concealed 
from the researcher enrolling and assessing 
participants. The intervention group received 
modified scapular exercise 3 times per week for 6 
weeks, and the control group received stretching 
exercise, 2 times per day for 6 weeks. Neck 
disability index, pain scale, and muscle 
contraction force of the upper trapezius, 
rhomboid, and serratus anterior muscles were 
evaluated in both groups before and after the 
intervention. 
Results: The results showed the statistical 
significance of the neck disability index (NDI) 
(p<0.01) and visual analog scale (VAS) (p<0.001) 
before and after the program but not a significant 
difference between the groups. As compared 

between groups, significant differences were 
found in muscle contraction force of right upper 
trapezius, rhomboid, and serratus anterior muscle 
(p<0.05). 
Conclusion: The modified scapular exercise could 
decrease neck disability index score, pain and 
improve the strength of the neck, scapular, and 
shoulder muscles compared with those of 
stretching exercises. 
  
Keywords: Neck and shoulder pain, Forward head 
posture, Modified scapular exercise, Smartphone 
use 
 
บทคัดยอ่    
ที่มาและความส าคัญ: การใชส้มารท์โฟนและคอมพิว
เตอรเ์ป็นเวลานานสง่ผลใหก้ลา้มเนือ้คอ สะบกั และไหล่
ท างานไม่สมดุล ก่อให้เกิดอาการปวดและน าไปสู่
กลา้มเนือ้อ่อนแรง อย่างไรก็ตาม การออกก าลงักายคอ
และไหล่มีความหลากหลายและไม่เฉพาะเจาะจงกับ
ปัญหา 
วัตถุประสงค:์ เพื่อประเมินประสิทธิภาพของการออก
ก าลงักายกลา้มเนือ้สะบกัแบบประยุกตใ์นผูท้ี่มีอาการ
ปวดคอ สะบกั และไหล ่
วิธีการวิจัย: ผูเ้ขา้ร่วมการศึกษาจ านวน 46 คน ถกูสุ่ม
เป็นกลุม่ทดลองและกลุม่ควบคมุโดยวิธีการแบ่งกลุม่จะ
ไดร้บัการปกปิดจากผูว้ิจยัและผูป้ระเมิน กลุม่ทดลองจะ
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ไดร้บัการออกก าลงักายกลา้มเนือ้สะบกัแบบประยกุต ์3 
ครัง้ต่อสัปดาห์ เป็นเวลา 6 สปัดาห ์และกลุ่มควบคุม
ไดร้บัการยืดเหยียดกลา้มเนือ้ 2 ครัง้ต่อวนั เป็นเวลา 6 
สัปดาห์ ทั้งสองกลุ่มจะได้รับการประเมินดัชนีความ
บกพร่องความสามารถของคอ ระดับอาการปวด และ
แรงหดตวัของกลา้มเนือ้ upper trapezius, rhomboid 
และ serratus anterior ก่อนและหลงัเขา้รว่มการฝึก 
ผลการวิจัย: ผลการศึกษาพบความแตกต่างอย่างมี
นัยส าคัญทางสถิติของค่าดัชนีความบกพร่องของคอ 
(p<0.01) ระดับอาการปวด (p<0.001) ก่อนและหลัง
การฝึก แต่ ไม่พบความแตกต่างระหว่างกลุ่ม เมื่ อ
เปรียบเทียบค่ากลางของแรงในการหดตวัของกลา้มเนือ้ 
upper trapezius, rhomboid และ serratus anterior 
ทางดา้นขวา พบว่ามีความแตกต่างอย่างมีนัยส าคัญ
ทางสถิติระหวา่งกลุม่ (p<0.05) 
สรุปผล: การออกก าลังกายกล้ามเนื ้อสะบักแบบ
ประยกุตส์ามารถลดความบกพรอ่งของคอ อาการปวด 
และเพิ่มความแข็งแรงกลา้มเนือ้บริเวณคอสะบักและ
ไหลเ่มื่อเปรยีบเทียบกบัการยืดเหยียดกลา้มเนือ้ 
 
ค าส าคัญ: ปวดคอและไหล่  คอยื่น  การออกก าลัง
กลา้มเนือ้สะบกัแบบประยกุต ์ การใชม้ือถือ 

 
Introduction  
 Neck/shoulder pain is a condition 
associated with the overuse of electronic devices, 
leading to repetitive injury at the neck, upper 
back, and shoulder regions.1 It is commonly found 
in smartphone and computer users at a young 
age.2–4 The posture when using these devices 
requires the users to look forward, downward 
position, hold their arms out in front resulting in 
fatigue, and injure the neck, upper back, and 
shoulder regions, respectively.5–8 In addition, the 
musculoskeletal pain in users depends on the 
time-used, type, and size of the smartphone.6,7,9 

Previous studies found that using a smartphone 
device for 10-30 minutes leads to muscle fatigue, 
especially in the upper trapezius and cervical 
erector spinae muscles.10,11 Daily uses of mobile 
handheld device longer than two hours was 
associated with pain in the left shoulder (OR 2.06, 
95% CI 1.00-4.24( , the right shoulder (OR 2.55, 
95%CI 1.25-5.21 (and the neck (OR 2.72, 95%CI 
1.24-5.96(and the pain was associated with neck 
flexion posture.5 Every 15 degrees of cervical 
flexion can increase pressure to the spine.  Neck 
flexion of 15-60 degrees during smartphone use 
can produce a load of 5-27 kilograms on the 
cervical spine.12 Moreover, forward head posture 
can affect the posterior and anterior neck, 
shoulder muscles, scapular position, and 
kinematics.13 This data indicates that an increased 
range of cervical flexion and sustain in a period of 
time would increase the risk of the degenerative 
cervical spine.  Furthermore, prolonged 
smartphone and computer use in this position 
results in abnormal muscle work. Using an 
electronic device with forwarding head posture 
causes greater pain in the upper trapezius muscle 
and induces increased upper extremity muscle 
activity.14,15 Exercises program including 
stretching, strengthening, and endurance exercise 
is an effective treatment for individuals who have 
neck, scapular, and shoulder pain.16–18 
Strengthening and endurance exercises are 
effective in patients with chronic neck pain.16 
Dynamic exercise training can improve muscle 
strength and decrease pain compared with other 
types of exercise.16,19 Scapular stabilization 
exercise is one of the exercise programs used in 
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the scapulothoracic joint problem. This exercise 
focuses on the trapezius, rhomboid, and posterior 
neck muscles. The exercise program included 
stretching and exercise using an elastic band 
composed of the overhead press, chest press, 
horizontal pull apart, retract scapula plus external 
rotation, and resisted shoulder extensions. After 4 
weeks of exercise program, pain and muscle 
function decreased in all participants.20 Resistive 
exercises using a dumbbell in supine, side-lying, 
and prone position for 10 weeks could improve 
muscle strength in the upper trapezius more than 
other parts of this muscle.20  Consequently, it can 
improve muscle strength of trapezius and serratus 
anterior muscles and decrease pain in the neck 
and shoulder regions. Additionally, the 
appropriate alignment of the scapula could 
decrease movement disability of the 
scapulothoracic joint.20,21 However, the exercise 
programs for neck and shoulder pain are varied 
and not specific to upper trapezius, rhomboid, 
and serratus anterior muscles in smartphone and 
computer users. Therefore, we are interested in 
the modified exercise program to solve this 
problem by a modified scapular exercise program 
using muscle function and mobility technique. This 
exercise affects more than one direction and 
facilitates multiple muscle works during exercise.22 
This study aimed to evaluate the effects of 
modified scapular exercise on neck disability 
index score, pain score, and contraction force of 
upper trapezius, rhomboid, and serratus anterior 
muscles. We hypothesized that the neck disability 
index (NDI) score, pain score, and muscle 
strength of upper trapezius, rhomboid, and 

serratus anterior were better in the intervention 
group. 
 
Methods 
Study design 

 A prospective, randomized controlled trial 
with concealed allocation was conducted in the 
Department of Physical Therapy, Faculty of 
Medicine, Prince of Songkla University, Thailand. 
The present study was approved by the Prince of 
Songkla University Human Research Ethics 
Committee (REC 59-380-30-2) and was registered 
at the Thai Clinical Trials Registry 
(TCTR20170313001) at the beginning of the study. 
The sample size calculation compares the mean 
between two independent groups was calculated 
by n4Studies application.23 The calculation using 
the NDI score that was reported from the previous 
study.2 1    The total number of participants per 
group with estimating 20% dropout was 23 per 
group. 

Participants 
 Participants were recruited by poster 
advertisement posted on the faculty board and 
internet advertisement on Facebook. The 
participants were the electronic device users with 
neck, upper back, and shoulder pain at least one 
month, and volunteers contacted the researcher 
team before enrolling in the study. The inclusion 
criteria were young adults aged between 18-32 
years, daily smartphone and/or computer use of at 
least five hours per day, having experience with 
neck, upper back, and shoulder pain at least one 
month before enrolling in this study, having 
muscle tenderness and trigger point at least one 
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muscle of upper trapezius, rhomboid, and 
serratus anterior muscles. Participants were 
excluded from the study if they had any of the 
following conditions; any history of traumatic and 
neuromuscular disorder at the neck region 
received another treatment before the study. All 
participants who met the inclusion criteria were 
invited to participate in this study. 

Procedures 

 After signing the written consent form of 
the study, the participant was asked to complete 
the questionnaire regarding the musculoskeletal 
symptom among the smartphone user. This 
questionnaire consisted of 3 sections: general 
characteristic data, smartphone/computer use 
data, and musculoskeletal pain data. A baseline 
measurement was performed before the training 
program. The participants were then randomly 
divided into two groups by the primary researcher 
using randomized block allocation to achieve an 
approximate balance of the intervention group 
sizes. The intervention group received modified 
scapular exercise by the second researcher, while 
the control group received stretching exercise 
alone. The outcome was measured before and 
after 6 weeks of the program. 

Training program 
The modified scapular exercise consisted 

of 9 exercises (Figure 1)developed from previous 
studies.17 ,21 ,24 ,25   Each exercise was performed 3 
sets of 10 repetitions 3 times per week for 6 
weeks. The stretching exercise consisted of 10 
repetitions of the wrist and hand, elbow extensor, 
pectoralis major, upper trapezius, rhomboid, 

anterior, posterior neck stretching and maintained 
each position for 10 seconds, 2 times per day for 
6 weeks (Figure 2). All participants in both groups 
were given the opportunity to instruct self-care 
management and education regarding proper 
body posture. This study used the following 
outcome measures; pain intensity was measured 
by using a visual analog scale (VAS) with 
horizontal line 10 cm length, scales from 0-10, 
where a score of 0 indicated no pain and a score 
of 10 indicated worst pain. The participant marked 
on the line depending on pain and individual 
feeling. A neck disability was measured by using 
self-reported levels of neck pain and disability 
using a modified Thai version of neck disability 
index (NDI-TH), and the reliability of this test was 
high (Cronbach alpha = 0.85).26 This 
questionnaire consisted of 10 sections designed 
to assess pain intensity, headache, concentration, 
sleeping, and activities of daily living including 
work, personal care, lifting, reading, driving and 
recreation. For each section, the score ranges 
from 0 representing the highest level of function to 
5, the lowest level of function. The total score was 
the sum of the 10 individual section scores. 
Muscle contraction force was selected from 3 
muscles; upper trapezius, rhomboid, and serratus 
anterior muscles measured by baseline digital 
gauge functions (Serial No.12-0387GAGE made in 
the USA) 3 times per muscle and recorded the 
best value for analysis. The outcomes were 
assessed before the training program and post 6 
weeks of the program. 

 



Saikaew Chuachan, et al.                 Thai Journal Of Physical Therapy 2021; 43(1): 31-44 

35 

 

  

 
 

Figure 1 The modified scapular exercises 
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Figure 2 The stretching exercises 
 

Statistical analysis 
 The data was entered using the Epidata 
for questionnaire and outcome variables. The 
distribution of pain within each of the 6 body parts 
(left/right neck, left/right shoulder, and left/right 
upper back) was a dichotomous scale (yes/no). 
Data were analyzed with R package version 3.5.3. 
General characteristics of the participants were 
presented as mean (standard deviation), median 
(interquartile range) and percentage. The 
characteristics between control and intervention 
groups were compared using independent 
sample t-tests for normally distributed variables, 
Wilcoxon rank-sum tests for continuous variables 
that were not normally distributed, and the Chi-
square or Fisher's exact tests for discrete 
variables. We compared the VAS score, NDI 
score, and muscle contraction force between the 
control and intervention groups using a t-test and 
Wilcoxon rank-sum test. The data before and after 
programs within a group were compared during 

paired t-test and Wilcoxon test. The significance 
level was set at p < 0.05. 
 
Results 
 A total of 46 participants met the inclusion 
criteria and were randomly allocated into a control 
group and intervention group. One participant in 
the control group had to leave the study due to a 
discontinued exercise program. The forty-five 
participants have completed the measurement 
and intervention period (Figure 3). 

The general characteristics and 
electronic device use of participants were not 
statistically different between the control and 
intervention groups (Table 1). The pain position in 
the body part of the questionnaire was highest at 
the shoulder part in both groups, but not 
significantly different between the control and 
intervention groups after 6 weeks (Table 2). The 
VAS was decreased 4.6-3.3 cm in the control 
group, 5.3-2.23 cm in the intervention group. The 
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NDI score was decreased 6-4 scores in the 
control group and 6-3.5 scores in the intervention 
group. A significant difference was observed 
before and after the program, but not significant 
between the control and intervention groups. A 
significant difference was observed for muscle 

contraction force at the right upper trapezius and 
serratus anterior in the intervention group before 
and after the program. Significant differences 
between groups were observed at the upper 
trapezius, rhomboid, and serratus anterior 
muscles (Table 3). 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 The flow chart of the study 
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Table 1 General characteristic of the participants in the control and intervention group. 

Characteristics 
Control 
(n=23) 

Intervention 
(n=22) 

bAge (years) median(IQR)  20 (20,21.5) 20 (20,22) 
 dSex     (%) 
    Male 11 (47.8) 6 (27.3) 
    Female 12 (52.2) 16 (72.7) 
bBody mass index (kg/m2) 
      median(IQR) 

 
21.6 (19.7,23.7) 

 
22.7 (20.7,24.4) 

dUnderlying of disease   (%) 
     No 
     Yes 

 
21 (91.3) 

2 (8.7) 

 
21 (95.5) 
1 (4.5) 

dSmoking behavior   (%)        
   Never smoker 
   Current smoker 

 
20 (87) 
3 (13) 

 
19 (86.4) 
3 (13.6) 

cDrinking behavior   (%) 
   Never drinker 
   Current drinker 

 
15 (65.2) 
8 (34.8) 

 
17 (77.3) 
5 (22.7) 

cExercise behavior  (%)    
   Never exercise 6 (26.1) 6 (27.3) 
   Currently exercise 17 (73.9) 16 (72.7) 
dHand dominance (%)   
     Left 4 (17.4) 1 (4.5) 
     Right 19 (82.6) 21 (95.5) 
dHand to use smartphone (%)   
      Left 1 (4.3) 1 (4.5) 
      Right 8 (34.8) 9 (40.9) 
      Both hand 14 (60.9) 12 (54.5) 
d Using position (%)   
      sitting 15 (65.2) 14 (63.6) 
      standing 1 (4.3) 1 (4.5) 
      sit and stand 7 (30.4) 7 (31.8) 
bDuration of electronic device use (hours/day)   
  median(IQR) 8 (6,9) 7 (6,8) 

Note: aWilcoxon signed rank test, b Mann-Withey -U test, cChisq.test,  d Fisher's exact test, n: number, IQR: interquartile 
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Table 2 characteristics of pain position in the body part 

Pain region 
Control,  
n (%) 

Intervention 
n (%) 

cLeft neck regions   
No 16 (69.6) 11 (50) 
Yes 7 (30.4) 11(50) 

cRight neck regions   
No 18 (78.3) 15 (68.2) 
Yes 5 (21.7) 7 (31.8) 

dLeft upper back regions   
No 20 (87) 18 (81.8) 
Yes 3 (13) 4 (18.2) 

dRight upper back regions   
No 22 (95.7) 19 (86.4) 
Yes 1 (4.3) 3 (13.6) 

dLeft shoulder regions   
No 5 (21.7) 4 (18.2) 
Yes 18 (78.3) 18 (81.8) 

dRight shoulder regions   
No 2 (8.7) 3 (13.6) 
Yes 21 (91.3) 19 (86.4) 

Note: cChisquare .test,  d Fisher's exact test, n: number 

 
Discussion  

Modified scapular exercise and 
stretching exercise could decrease pain and neck 
disability after 6 weeks of the exercise program. It 
is similar to Karlsson and collagenous in 2014 that 
compared strengthening exercise program with a 
stretching program for 6 months. The result 
showed NDI was decreased by2 scores but not 
significantly different between group.27 In addition, 
the knowledge about maintaining a suitable 
posture in daily life, sitting/standing posture, 
smartphone/computer use, and regular exercise 
could decrease pain intensity and improved 

physical activity.28 The effect of exercise and 
stretching on pain could be described by two 
mechanisms. In the group received exercise, the 
muscles contract and relax against a certain 
amount of force, resulting in vasodilation within the 
muscle due to stimulation of the sympathetic 
system. During exercise, the rate of blood flow to 
the muscles increases by 8 to 10 times, causing 
the muscles to loosen and reduce the initial pain. 
When exercising for longer time, there will be 
secretion of analgesics from periaqueductal gray 
(PAG) matter to inhibit pain at presynaptic 
junction.29,30 While stretching, the nerves near the
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Table 3 Comparisons the medians of visual analog score (VAS), neck disability index score (NDI) and muscle 
contraction force before and after program in control and intervention groups 

 Within groupsa 
Between 
groupsb Measure Control (n=23) median (IQR) Intervention  (n=22) median (IQR) 

 before after p-value before after p-value 
Pain and disability       

   VAS  4.6 (3.4,6.3) 3.3(1.75,5) <0.001 5.3 
(3.35,6.08) 

2.35 (1.43,2.85) <0.001 0.059 

   NDI 6 (3,7) 4 (2,4.5) 0.005 6(4.25,9) 3.5 (1.25,6) 0.009 0.106 
Muscle contraction force (kg)      

Upper trapezius       

    Left 
 
    Right 

13  
(10, 16) 
13 (11.5,15) 

13  
(10, 15) 
13 (11.5, 14) 

0.081 
 
0.856 

12.5  
(10.25,14.75) 
12 (11,14) 

2.5  
(10.25,14.75) 
14 (10.25,17.5) 

0.052 
 
0.012 

0.015 
 

0.006 

Rhomboid       
   Left 
   Right 

11 (8, 15.5) 
11 (9, 14) 

10(8.5,13) 
9(8,13) 

0.954 
0.989 

10 (7,11.75) 
9.5 (7.25,11) 

9.5 (7.25,12) 
10 (8,12) 

0.403 
0.272 

0.070 
0.036 

Serratus anterior       
   Left 
   Right  

8 (7, 10) 
9 (7, 11) 

8 (6.5, 10) 
9 (7, 10) 

0.941 
0.777 

7 (6,9.75) 
7 (6,8) 

7.5 (5,10)  
7 (6,9.75) 

0.105 
0.013 

0.037 
0.013 

Note: aWilcoxon signed rank test, b Mann-Withey -U test, VAS: visual analog score, IQR: interquartile range, NDI: neck disability 
index, kg: kilogram, n:number  

 
Ends of the muscle fibers, called Golgi tendon 
organ and pressure sensing receptors, respond to 
stretch movement resulting in the inhibition of the 
nerve signals leading to reducing contractions in 
the tendon. The muscles are loosened in the right 
length, which can cause the muscles to 
loosen/relax and can reduce pain perception.31 
However, the participants in this study were 
university students. The pain intensity did not 
disturb to daily activity leading to a little change in 
VAS and NDI score after the program. Further 
study should be conducted in the participants with 

moderate to severe pain and neck disability 
scores. The modified scapular exercise could 
improve the strength of the upper trapezius, 
rhomboid and serratus anterior. Upper trapezius 
and serratus anterior muscles are important to 
rehabilitation in a participant with neck/shoulder 
pain caused by an abnormal posture.13,32 Since 
upper trapezius and serratus anterior are the 
important scapular stabilizers, the proper position 
and improvement of these muscles' length-tension 
are essential.13,32  The exercise program in this 
study was a stabilization exercise of the scapular. 
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It could improve the strength of the stabilizing 
muscles of the scapula. However, the dominant 
hand might affect muscle strength. The previous 
studies found that the posture, when used 
smartphone/computer, required the user to look 
forward, downward position and held their arms 
out in front of them, resulting in muscle 
imbalance2,11,33 and affected respiratory muscle 
work.34,35 Modified scapular exercise with 
breathing control might improve postural control 
and stretch the muscles in front of the thorax.  This 
exercise program could facilitate upper trapezius 
and serratus anterior contraction to resist gravity 
or body weight. The benefit of this exercise 
program could improve the normal alignment of 
scapula and forward head posture. A previous 
study found 120 degrees of shoulder flexion 
during exercise could stimulate serratus anterior 
work.36  It was similar to this study that quadruped 
position with arm press could recruit serratus 
anterior muscle contraction but not for the 
improvement of the rhomboid muscle strength. 
The scapular retraction exercise can improve 
rhomboid muscle contraction in a prone position 
with 90 degrees of the shoulder and elbow 
flexion.37 According to our exercise program, it 
could improve the strength of the upper trapezius 
and serratus anterior rather than that of rhomboid 
muscle.  Increased muscle strength caused by 
neural adaptation increased nerve impulse to the 
muscle resulting in greater motor unit recruitment 
and higher muscle contraction38. Previous studies 
on the shoulder and neck muscle exercises 
focused on pain rather than the strength of the 
muscles.17,21,39 The result of this study aimed to 

evaluate scapular exercise on pain and muscle 
strength. We expected that the benefit of this 
program could be used to prevent neck, scapular 
and shoulder pain in smartphone and computer 
user. However, mobile users with neck and 
shoulder pain should focus on scapular 
stabilization exercise for prevent musculoskeletal 
problems in the future. 
 
Conclusion 

Modified scapular exercise for 6 weeks 
could decrease pain, neck disability index score, 
increase the strength of the upper trapezius, 
rhomboid, and serratus anterior muscles. 

 
Acknowledgment 

The authors would like to thank all the 
patients in the present study. This research was 
supported by the Faculty of Medicine, Prince of 
Songkla University. 

 
References 

1. Tapanya W, Puntumetakul R. Prevalence and 

risk factors of musculoskeletal disorders in 

smartphone users. Thai J Phys Ther. 

2019;41(3):148–63.  

2. Intolo P, Sirininlakul N, Saksanit N, 

Kongdontree P, Thuwatorn P. Pain and Muscle 

Activity of Neck, Shoulder, Upper Back and 

Arm during Smartphone Use in Women Aged 

18-25 Years Old. JHSR. 2016;10(3):351–60.  

3. Park J-H, Kang S-Y, Jeon H-S. The Effect of 

Using Smart-Phones on Neck and Shoulder 



Saikaew Chuachan, et al.                  Thai Journal of Physical Therapy 2021; 43(1): 31-44 

42 

Muscle Activities and Fatigue. Phys Ther Ko. 

2013;20(3):19–26.  

4. Alruzayhi MK, Almuhaini MS, Alwassel AI, 

Alateeq OM. The effect of smartphone usage 

on the upper extremity performance among 

Saudi Youth, KSA. Rom J Rhinol. 

2018;8(29):47–53.  

5. Namwongsa S, Puntumetakul R, Neubert MS, 

Boucaut R. Factors associated with neck 

disorders among university student 

smartphone users. Work. 2018;61(3):367–78.  

6. Kim H-J, Kim J-S. The relationship between 

smartphone use and subjective 

musculoskeletal symptoms and university 

students. J Phys Ther Sci. 2015;27(3):575–9.  

7. Berolo S, Wells RP, Amick BC. Musculoskeletal 

symptoms among mobile hand-held device 

users and their relationship to device use: A 

preliminary study in a Canadian university 

population. Appl Ergon. 2011;42(2):371–8.  

8. Namwongsa S, Puntumetakul R, Neubert MS, 

Chaiklieng S, Boucaut R. Ergonomic risk 

assessment of smartphone users using the 

Rapid Upper Limb Assessment (RULA) tool. 

PLOS ONE. 2018;13(8):e0203394.  

9. Xie Y, Szeto G, Dai J. Prevalence and risk 

factors associated with musculoskeletal 

complaints among users of mobile handheld 

devices: A systematic review. Appl Ergon. 

2017;59:132–42.  

10. Lee S, Choi Y-H, Kim J. Effects of the cervical 

flexion angle during smartphone use on 

muscle fatigue and pain in the cervical erector 

spinae and upper trapezius in normal adults in 

their 20s. J Phys Ther Sci. 2017;29(5):921–3.  

11. Kim S-Y, Koo S-J. Effect of duration of 

smartphone use on muscle fatigue and pain 

caused by forward head posture in adults. J 

Phys Ther Sci. 2016;28(6):1669–72.  

12. Hansraj KK. Assessment of stresses in the 

cervical spine caused by posture and position 

of the head. Surg Technol Int. 2014;25:277–9.  

13. Lindstrøm R, Schomacher J, Farina D, Rechter 

L, Falla D. Association between neck muscle 

coactivation, pain, and strength in women with 

neck pain. Man Ther. 2011;16(1):80–6.  

14. Lee M, Hong Y, Lee S, Won J, Yang J, Park S, 

et al. The effects of smartphone use on upper 

extremity muscle activity and pain threshold. J 

Phys Ther Sci. 2015;27(6):1743–5.  

15. Straker LM, Coleman J, Skoss R, Maslen BA, 

Burgess-Limerick R, Pollock CM. A 

comparison of posture and muscle activity 

during tablet computer, desktop computer and 

paper use by young children. Ergonomics. 

2008;51(4):540–55.  

16. Sihawong R, Janwantanakul P, 

Sitthipornvorakul E, Pensri P. Exercise Therapy 

for Office Workers With Nonspecific Neck Pain: 

A Systematic Review. J Manipulative Physiol 

Ther. 2011;34(1):62–71.  



Saikaew Chuachan, et al.                 Thai Journal Of Physical Therapy 2021; 43(1): 31-44 

43 

17. Moezy A, Sepehrifar S, Solaymani Dodaran M. 

The effects of scapular stabilization based 

exercise therapy on pain, posture, flexibility 

and shoulder mobility in patients with shoulder 

impingement syndrome: a controlled 

randomized clinical trial. Med J Islam Repub 

Iran. 2014;28:87.  

18. Ruivo RM, Carita AI, Pezarat-Correia P. The 

effects of training and detraining after an 8 

month resistance and stretching training 

program on forward head and protracted 

shoulder postures in adolescents: Randomised 

controlled study. Man Ther. 2016;21:76–82.  

19. Chiu TTW, Lam T-H, Hedley AJ. A randomized 

controlled trial on the efficacy of exercise for 

patients with chronic neck pain. Spine. 

2005;30(1):E1-7.  

20. De Mey K, Danneels L, Cagnie B, Cools AM. 

Scapular muscle rehabilitation exercises in 

overhead athletes with impingement 

symptoms: effect of a 6-week training program 

on muscle recruitment and functional outcome. 

Am J Sports Med. 2012;40(8):1906–15.  

21. Im B, Kim Y, Chung Y, Hwang S. Effects of 

scapular stabilization exercise on neck posture 

and muscle activation in individuals with neck 

pain and forward head posture. J Phys Ther 

Sci. 2016;28(3):951–5.  

22. Wilke J, Krause F, Vogt L, Banzer W. What Is 

Evidence-Based About Myofascial Chains: A 

Systematic Review. Arch Phys Med Rehabil. 

2016;97(3):454–61.  

23. Ngamjarus C,Chongsuvivatwong V.n4Studies: 

Sample size and power calculations for iOS. 

The Royal Golden Jubilee Ph.D. Program- The 

Thailand Research Fund&Prince of Songkla 

University. 2014.  

24. Kibler WB, Sciascia AD, Uhl TL, Tambay N, 

Cunningham T. Electromyographic analysis of 

specific exercises for scapular control in early 

phases of shoulder rehabilitation. Am J Sports 

Med. 2008;36(9):1789–98.  

25. Andersen CH, Andersen LL, Zebis MK, 

Sjøgaard G. Effect of Scapular Function 

Training on Chronic Pain in the Neck/Shoulder 

Region: A Randomized Controlled Trial. J 

Occup Rehabil. 2014;24(2):316–24. 

26. Uthaikhup S, Paungmali A, Pirunsan U. 

Validation of Thai Versions of the Neck 

Disability Index and Neck Pain and Disability 

Scale in Patients With Neck Pain: Spine. 2011; 

36(21):E1415–21. 

27. Karlsson L, Takala E-P, Gerdle B, Larsson B. 

Evaluation of pain and function after two home 

exercise programs in a clinical trial on women 

with chronic neck pain - with special 

emphasises on completers and responders. 

BMC Musculoskelet Disord. 2014;15:6.  

28. Koh MJ, Park SY, Park EJ, Park SH, Jeon HR, 

Kim M-G, et al. The effect of education on 

decreasing the prevalence and severity of 



Saikaew Chuachan, et al.                  Thai Journal of Physical Therapy 2021; 43(1): 31-44 

44 

neck and shoulder pain: a longitudinal study in 

Korean male adolescents. Korean J 

Anesthesiol. 2014;67(3):198–204.  

29. Frontera WR. Clinical Sports Medicine: Medical 

Management and Rehabilitation. Elsevier 

Health Sciences; 2007. p 216–7   

30. Basbaum AI, Fields HL. Endogenous pain 

control systems: brainstem spinal pathways 

and endorphin circuitry. Annu Rev Neurosci. 

1984;7:309–38.  

31. Micheo W, Esquenazi A. Orthoses in the 

Prevention and Rehabilitation of Injuries. In: 

Frontera WR, editor. Rehabilitation of Sports 

Injuries: Scientific Basis. Oxford, UK: Blackwell 

Science Ltd; 2003. p. 301–15.  

32. Wegner S, Jull G, O'Leary S, Johnston V. The 

effect of a scapular postural correction 

strategy on trapezius activity in patients with 

neck pain. Man Ther. 2010;15(6):562–6.  

33. Choi J-H, Jung M-H, Yoo K-T. An analysis of 

the activity and muscle fatigue of the muscles 

around the neck under the three most frequent 

postures while using a smartphone. J Phys 

Ther Sci. 2016;28(5):1660–4.  

34. In Jung S, Lee N, Woo Kang K, Kim K, Youn 

Lee D. The effect of smartphone usage time on 

posture and respiratory function. J Phys Ther 

Sci. 2016 Jan 30;28:186–9.  

35. Kang KW, Jung SI, Lee DY, Kim K, Lee NK. 

Effect of sitting posture on respiratory function 

while using a smartphone. J Phys Ther Sci. 

2016;28(5):1496–8.  

36. Helgadottir H, Kristjansson E, Einarsson E, 

Karduna A, Jonsson H. Altered activity of the 

serratus anterior during unilateral arm elevation 

in patients with cervical disorders. J 

Electromyogr Kinesiol. 2011;21(6):947–53.  

37. Fennell J, Phadke CP, Mochizuki G, Ismail F, 

Boulias C. Shoulder Retractor Strengthening 

Exercise to Minimize Rhomboid Muscle Activity 

and Subacromial Impingement. Physiother 

Can. 2016;68(1):24–8.  

38. Stanley P. Brown, Wayne C. Miller, Jane M. 

Eason. Exercise Physiology: Basis of Human 

Movement in Health and Disease. 

Philadelphia: Lippincott Williams & Wilkins; 

2006.  

39. Buttagat V, Taepa N, Suwannived N, 
Rattanachan N. Effects of scapular 
stabilization exercise on pain related 
parameters in patients with scapulocostal 
syndrome: A randomized controlled trial. J 
Bodyw Mov Ther. 2016;20(1):115–22. 

 
 
 

 


