
I. Introduction

In digital globalization, smartphones have played a signifi-
cant role in daily life. The benefits of smartphone use in-
cluded contacting a person, sending and receiving messages, 
getting news information, and accessing social media rapidly 
[1]. In Thailand, the number of smartphone users increased 
from 14.4 to 21.8 million people from 2013 to 2017, and the 
number of users is expected to gradually increase to 27.5 
million people in 2021 [2]. According to the Pew Research 
Center, adults aged 18–34 years or millennials owned smart-
phones and used the Internet more than those over 35 years 
old in many countries [3]. At the same time, the prevalence 
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of musculoskeletal disorders has risen, especially neck pain, 
which is related to smartphone use for a long time [4].
 Several epidemiological studies have reported a high preva-
lence of neck and shoulder pain among worldwide users 
of handheld devices. For example, a study of 140 handheld 
device users at a Canadian university showed that 68% of 
users had neck pain, while 46% and 52% had pain in their 
left and right shoulders, respectively [5]. Also, a study of 774 
smartphone users at Khon Kaen University reported that 
48.4% of users had shoulder pain, and 43.1% of users had 
neck pain [6]. Interestingly, regarding posture when using 
a smartphone, it was found that 91% of 859 subjects had a 
flexed neck position, in which the head is bent down to look 
at the smartphone screen, and the head is tilted in a forward 

position for a long time, which causes fatigue and contrib-
utes to the development of pain in the neck [7–9]. Poor pos-
ture can damage the ligaments in long-term use. It can also 
cause neck pain and impair proprioceptors in the muscles 
and ligaments [10,11]. The duration of smartphone use in a 
poor posture for 20 minutes can induce muscle fatigue in the 
cervical muscles, such as the upper trapezius and cervical 
erector spinae muscles [4,12]. Moreover, smartphone use can 
dramatically increase the force acting on the cervical spine 
increased as the downward flexing of the head increases [13].
 Prevention of neck pain for using smartphone was a very 
important issue to be concerned. There were many differ-
ent ways to prevent this such as exercise, reducing usage 
time and staying proper posture [4,14]. Reducing usage time 
was a relatively difficult control. Nowadays, communica-
tion, transmission or even work was all about using smart-
phone as media. Therefore, ways to cope with neck pain 
were exercise and staying proper posture. If the smartphone 
technology was used appropriately. This made it easy to use 
in the present day and to improve neck pain management. 
Recently, smartphone applications have been developed to 
be used in many healthcare areas which has helped to reduce 
the cost of medical treatment and can also promote self-care 
practices for chronic disease patients [15,16]. 
 Complementary alternative exercise is often chosen as 
home exercise for patients with musculoskeletal disorders, 
which has better results than conventional exercise [17,18], 
but the problem is that it is difficult to implement and takes 
a long time in practice. However, in developing interven-
tions, such as treatment or exercise, for practical use it is 
necessary to consider the likelihood of acceptance from 
patients or stakeholders. Patient acceptance consists of per-
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test and (B) breathing pat-
tern setting.
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ceived usefulness and perceived ease to use that influences 
intention to use and increases the benefits of the interven-
tion [19]. Hence, we developed a new application-based 
exercise for neck pain management. The development of the 
exercise, stretching that incorporates deep slow breathing, is 
based on the pilot study of Wongwilairat et al. [20] and is ap-
plied through a smartphone application to reduce pain and 
tension in the muscles around the neck.
 Therefore, the purpose of this study was to assess the im-
mediate effects on a visual analog scale, muscle tension, 
pressure pain threshold, and cervical range of motion and to 
assess the acceptability of NeckProtector through a Likert-
scale survey and open-ended questionnaires.

II. Methods

1. Research Design
A mixed-method design, which consisted of quantitative 
data to evaluate the immediate outcomes and acceptability 
and qualitative data to evaluate the acceptability, was utilized 
in a physical therapy laboratory at the Faculty of Associated 
Medical Sciences, Khon Kaen University, Thailand. The 
study was conducted throughout the period from December 
2017 to April 2018.
 The study protocol was approved by the Thai Clinical Trials 
Registry (TCTR20190124003) and the Ethical Committee of 
Khon Kaen University (IRB No. 00001189), Thailand, with 
the agreed adjustment following the standard principles of 
the Declaration of Helsinki. All eligible participants signed a 
consent form.

2. Participants
The participants involved in the study were informed of 
the study via brochures, posters on notice boards, and an 
announcement on Facebook in Khon Kaen University, 
Thailand. We recruited 100 participants with neck pain and 
assessed their eligibility. Participants were included if they 
(1) were aged between 18 and 34 years old; (2) had at least 
1-year smartphone usage experience; (3) used a smartphone 
for at least 4 hours per day; (4) had experienced pain inten-
sity between 3 to 6 (mild to moderate) on the visual analog 
scale (VAS) during past 3 months; (5) presented a total score 
of the Neck Disability Index for evaluation neck pain that af-
fected activities of daily living in the range below 40%.
 Participants were excluded if they (1) had a history of 
neck or shoulder surgery, including any condition contra-
indicating stretching exercise; (2) had any other treatment 
for neck pain within the past month, such as manipulation, 
ultrasound diathermy, medication, etc.; (3) had reported an 
underlying disease or disorder that would limit their ability 
to perform the proposed exercise (e.g., rheumatoid arthritis, 
degenerative disc diseases, shoulder diseases, heart disease, 
asthma, and neurological deficits). All participants provided 
written informed consent and completed a questionnaire on 
their demographic characteristics.

3. Smartphone Application
The home screen of the application is divided into three 
main menus: Exercise, Statistical record, and Information 
(Figure 1).
 For the first-time use, the user must complete a breathing 

How much
is your pain
level now?

Pain assessment

No pain The most pain
imaginable

Select the
painful areas Select all

Description of exercise

Name of exercise

Do not
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Figure 3.  Exercise menu consists of three parts: (A) modified visual analog scale, (B) painful areas selection, and (C) description of the 
exercise postures.
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test and breathing pattern setting to determine the exercise 
in accordance with the duration of breathing that is used in 
the exercise in the application. At first, the user presses the 
“Start” button with the deepest and longest breathing-in. 
Then, he or she presses the “Exhale” button with the deep-
est and longest breathing-out. Finally, the user presses the 
“Save” button to finish recording. This process is repeated 
five times. The application chooses the appropriate number 
of exercise sessions by the number of breaths taken in one 

minute (Figure 2).
 In the exercise menu, the assessment features allow partici-
pants to record the pain level before and after exercise with 
the accompanying modified visual analog scale and to select 
the five painful areas which they can select as needed to con-
tribute to the exercise by the selected area and description of 
the exercise postures (Figure 3).
 In exercise sessions, the exercise is divided into four steps: 
(1) inhale and rest, (2) exhale, stretch, and close eyes, (3) in-
hale and hold, and (4) exhale, release, and open eyes (Figure 
4).
 The exercise program based on a previous study [20] con-
sists of five postures, as shown in Figure 5. The theoretical 
framework of the intervention is based on the concept of 
static stretching and mindfulness meditation [21], which is 
presented in Figures 2–5. Each movement performed de-
pends on the pattern of breathing. The total run time of the 
exercise program is approximately 15–20 minutes.
 In the statistical record menu, when each exercise is com-
pleted, all of the results are recorded. This can be viewed in 
the record menu. It includes graphical recording and daily 
results in calendar format, a summary of exercise postures 
for each month, and the latest recordings. In the information 
menu, educational materials are provided on the causes of 
neck pain and how to deal with pain (Figure 6).

Exhale, stretch,
and closed-eyes

Figure 4. Screenshot of exercise sessions.

A B C

D E

Figure 5.   Exercise program consists of five postures: (A) neck lateral flexion, (B) neck flexion with lateral flexion and ipsilateral rota-
tion, (C) neck extension with lateral flexion and contralateral rotation, (D) neck flexion, and (E) trunk twist and neck ipsilat-
eral rotation.
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4. Measurements 
1) Immediate outcomes
(1) Pain intensity
Pain intensity was measured by a subjective assessment of 
pain intensity on the upper trapezius muscle according to 
the VAS. Participants were asked to indicate their current 
level of pain on a 10-cm horizontal line from 0 to 10. A re-
sponse of 0 represented ‘no pain’, whereas 10 represented ‘the 
most pain imaginable’. The test–retest reliability of VAS was 
high intraclass correlation coefficient (ICC) as 0.97 [22].

(2) Muscle tension
Muscle tension was measured by a subjective assessment of 
muscle tension on the upper trapezius muscle that is similar 
to VAS. A response of 0 represented ‘no tension’, whereas 10 
represented ‘the most tension imaginable’.

(3) Pressure pain threshold
The pressure pain threshold (PPT) was measured by pressure 
algometry in the area of muscle, which induced pain from 
the minimum force. The pressure algometry was applied on 
the upper trapezius muscle. The pressure of compression 
was increased gradually until the participants started feeling 
pain or any discomfort, at which point the compression was 
stopped. PPT measurement showed the data in kg/cm2. The 
test–retest reliability of PPT was high ICC as 0.90–0.99 [23].

(4) Cervical range of motion
Cervical range of motion (CROM) was measured by a 

CROM device in directions of flexion, extension, lateral 
flexion, and rotation. A magnetic yoke was placed on the 
participant’s shoulder with the arrow pointing towards the 
north to control the rotation of the dial inclinometer. The 
dial inclinometer is designed to settle in a direction for mea-
suring cervical movement in three directions. The test–retest 
reliability of CROM was high ICC as 0.89–0.98 [24].

2) Acceptability assessment
The original version of the System Usability Scale (SUS) is a 
10-item questionnaire [25]. Items are scored using a 5 point-
Likert scale ranging from 1 (strongly disagree) to 5 (strongly 
agree). Higher scores indicate greater usability of a product. 
The adapted version of the SUS used in this study was a 12-
item questionnaire that developed questions to assess ac-
ceptability consisting of usability, perceived benefits, and 
satisfaction subscales. Two items on the satisfaction subscale 
were reversed scored (This application is lacking in appeal; 
the content in this application is too large). After that, par-
ticipants gave their responses to open-ended questions to 
provide qualitative data.

5. Randomization and Study Protocol
One-hundred participants with non-specific neck pain were 
recruited in the current study. Each subject was randomly 
assigned to one of two groups by block randomized allo-
cation, either the treatment group (n = 50) or the control 
group (n = 50). All participants were in a closed, separate, 
and controlled-temperature room at 25°C and sat on a chair 
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Figure 6. Screenshots of (A) graphical recording, (B) daily results in calendar format, and (C) information.
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without armrests. The researchers gave the NeckProtector 
application to all participants for acceptability testing by 
navigation of the application for 20–30 minutes. Next, the 
participants in the treatment group performed the exercise 
via the application for 15–20 minutes, while the participants 
in the control group rested for 20 minutes. After that, the 
pain of all participants was measured before the intervention 
began and immediately after the intervention ended. The 
outcomes for pre- and post-intervention were measured, 
including pain intensity, muscle tension, PPT, and CROM. 
Finally, all participants filled out the acceptability survey and 
open-ended questionnaires (How do you feel about using 
this application? Do you think that the content or functions 
of this application are enough to deal with your neck pain? 
Do you think that this application can help manage neck 
pain through a smartphone? What parts of the application 
do you think should be improved?).

6. Data Analysis
Demographic data are presented as mean ± standard devia-
tions (SD) and percentages. The sum data of participants’ 
baseline were analyzed and are presented as mean ± SD for 
each variable separately. The differences in pain intensity, 
muscle tension, PPT, and CROM within each group were 
examined by a paired t-test and between groups by an inde-

pendent t-test. Qualitative data was subjected to thematic 
analysis to summarize themes, which are reported and il-
lustrated by specific comments from the participants. SPSS 
version 17.0 (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analysis. The level of significance was set at α = 
0.05.

III. Results

1. Participant Characteristics
Demographic data for the 50 participants in the treatment 
group and 50 participants in the control group are shown in 
Table 1. The mean age of the treatment group was 22.86 ± 
1.99 years; 9 participants were male and 41 were female. That 
of the control group was 22.68 ± 2.23 years; 12 participants 
were male and 38 were female. The mean body mass index 
scores of the treatment group and the control group were 
21.43 ± 3.24 kg/m2 and 22.33 ± 3.21 kg/m2, respectively. The 
participants’ dominant hand, smartphone usage time, types 
of hand grip, and mobile health experience are reported in 
Table 1.

2. Immediate outcomes
Table 2 shows the significant differences in pain intensity, 
muscle tension, PPT in the right and left side and CROM 

Table 1. Description of participants’ general characteristics and smartphone usage history

Characteristic Treatment group (n = 50) Control group (n = 50) p-value

Age (yr) 22.86 ± 1.99 22.68 ± 2.23 0.671
Gender
   Male 9 (18) 12 (24) 0.466
   Female 41 (82) 38 (76)
Body mass index (kg/m2) 21.43 ± 3.24 22.33 ± 3.21 0.163
Dominant hand 0.405
   Right 46 (92) 48 (96)
   Left 4 (8) 2 (4)
Smartphone usage time (hr) 0.838
   4–6 18 (36) 19 (38)
   >6 32 (64) 31 (62)
Types of handed grip 0.843
   One-handed grip 26 (52) 25 (50)
   Two-handed grip 24 (48) 25 (50)
Mobile health experience 0.121
   Never 44 (88) 38 (76)
   Ever 6 (12) 12 (24)

Values are presented as mean ± standard deviation or number (%).
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in that the mean score of all variables changed significantly 
after the intervention within the treatment group (p < 0.001 
in all variables). The mean scores for pain intensity, muscle 
tension, and CROM in the directions of right lateral flexion 
and left lateral flexion also changed significantly after inter-
vention within the control group (p < 0.012, p < 0.016, p < 
0.026, and p < 0.045, respectively). There were statistically 

significant differences in pain intensity (p < 0.001), muscle 
tension (p < 0.001), PPT in the right and left side (p < 0.001, 
p < 0.001, respectively) and CROM in all directions of flex-
ion, extension, right lateral flexion, left lateral flexion, right 
rotation, and left rotation (p < 0.001, p < 0.001, p < 0.047, p < 
0.001, p < 0.001, and p < 0.003, respectively) between groups. 

Table 2. Immediate effects of the intervention on outcomes within and between the groups

Variable Pre-test Post-test
Mean difference

(pre – post)
p-value

Mean difference

(treatment – control)
p-value

Pain intensity (cm) 
   Treatment 3.97 ± 0.74 2.44 ± 0.65 1.53 (1.38, 1.68) <0.001* 1.38 (1.20, 1.57) <0.001*
   Control 4.06 ± 0.68 3.91 ± 0.66 0.15 (0.03, 0.26) 0.012*
Muscle tension (cm)
   Treatment 3.93 ± 0.62 2.47 ± 0.63 1.46 (1.32, 1.59) <0.001* 1.32 (1.15, 1.49) <0.001*
   Control 3.90 ± 0.63 3.76 ± 0.68 0.14 (0.03, 0.25) 0.016*
Rt. PPT (kg/cm2)
   Treatment 1.08 ± 0.16 1.27 ± 0.12 –0.2 (–0.22, –0.17) <0.001* –0.18 (–0.22, –0.15) <0.001*
   Control 1.04 ± 0.17 1.05 ± 0.17 –0.01 (–0.03, –0.01) 0.15
Lt. PPT (kg/cm2)
   Treatment 1.09 ± 0.12 1.29 ± 0.11 –0.2 (–0.22, –0.18) <0.001* –0.2 (–0.23, –0.16) <0.001*
   Control 1.06 ± 0.20 1.06 ± 0.17 –0.01 (–0.03, –0.02) 0.687
CROM (°)
   Flexion
      Treatment 35.20 ± 3.05 36.78 ± 3.11 –1.58 (–1.82, –1.34) <0.001* –1.7 (–2.33, –0.99) <0.001*
      Control 37.14 ± 3.25 37.06 ± 3.27 0.08 (–0.55, 0.71) 0.801
   Extension
      Treatment 45.35 ± 3.66 46.70 ± 3.68 –1.35 (–1.61, –1.08) <0.001* –1.09 (–1.61, –0.57) <0.001*
      Control 44.69 ± 3.31 44.95 ± 3.99 –0.26 (–0.71, 0.19) 0.254
   Rt. lateral flexion
      Treatment 32.86 ± 3.08 34.07 ± 3.09 –1.21 (–1.4, –1.03) <0.001* –0.59 (–1.16, –0.01) 0.047*
      Control 32.73 ± 3.37 33.35 ± 3.27 –0.63 (–1.18, –0.08) 0.026*
   Lt. lateral flexion
      Treatment 32.70 ± 3.05 35.04 ± 2.83 –2.34 (–2.56, –2.12) <0.001* –1.55 (–2.35, –0.76) <0.001*
      Control 32.64 ± 3.27 33.43 ± 4.09 –0.79 (–1.56, –0.02) 0.045*
   Rt. rotation
      Treatment 55.47 ± 2.99 56.44 ± 2.82 –0.97 (–1.19, –0.75) <0.001* –1.19 (–1.82, –0.55) <0.001*
      Control 55.48 ± 3.68 55.26 ± 3.75 0.22 (–0.38, 0.82) 0.465
   Lt. rotation
      Treatment 56.03 ± 2.81 57.16 ± 2.60 –1.13 (–1.36, –0.89) <0.001* –1.14 (–1.88, –0.40) 0.003*
      Control 55.27 ± 3.70 55.25 ± 3.75 0.01 (–0.69, 0.72) 0.97
Values are presented as mean ± standard deviation.
PPT: pressure pain threshold, CROM: cervical range of motion, Rt.: right, Lt.: left.
*Indicated statistically significant at 0.05 of alpha level.
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3. Acceptability
1) Quantitative data findings
For the adapted SUS, the quantitative survey results were 
high (Table 3). All items of the usability subscales received 
scores of 4.52, 4.56, 4.44, and 4.62, respectively. All items of 
perceived benefits subscales received scores of 4.54, 4.58, 

4.50, and 4.42, respectively. Lastly, all items of satisfaction 
subscales received scores of 4.29, 4.49, 4.41, and 4.48, respec-
tively. Participants gave high ratings for the acceptability of 
the smartphone application. All items received mean scores 
over 4 points out of 5, which revealed that the participants 
were highly satisfied with the use of this application.

Table 3. Acceptability survey results

Item Mean SD

Usability
   This application was easy to use. 4.52 0.56
   I would need support from a technical person to be able to use this application 4.56 0.52
   Various functions in this application were well integrated. 4.44 0.64
   I felt very confident using this application. 4.62 0.53
Perceived benefits
   This application makes me more comfortable. 4.54 0.54
   This application allows me to change the behavior of smartphone usage. 4.58 0.50
   This application allows me to easily access and track neck pain. 4.50 0.56
   This application allows me to exercise properly. 4.42 0.55
Satisfaction
   This application is lacking in appeal (e.g., design, color). 4.29 0.73
   I like the overall composition of this application. 4.49 0.63
   The content of this application is too large. 4.41 0.62
   I would like to use this application frequently. 4.48 0.54

Table 4. Thematic analysis from the response of user-experience by open-ended questionnaires

Theme Examples of mention Summary

User-friendliness of this application “Application style makes it easy to use.”
“The use is quite convenient. Each menu in 

the application is clearly distinct.”
“Spend less time to learn the application is 

not difficult.”
 “Using this application is quite easy to un-

derstand. Take a short time to understand.”

Participants indicated that this application 
was easy to use. Several participants reported 
on the accessibility of the application that 
it can be easily used. Several participants 
similarly indicated that they spend less time 
to learn and they would need a less support 
from staff to learn.

Advantages of the intervention “Exercise make me feel relieved neck pain.”
“Exercise with breathing helps me to feel re-

lax and relieve the pain.”

Participants indicated that exercise feature 
was a useful exercise to relieve neck pain. 
Moreover, other participants indicated that 
exercise feature make them feel relaxed. 

Disadvantages of the intervention “Exercise with breathing should not com-
mand closed-eyes, because it is too diffi-
cult.”

“I think the closed-eyes command is too 
hard because I have to look at the smart-
phone while stretching.”

Participants reflected that exercise feature 
in the application should make it easier to 
understand. The sessions of exercise that 
was too hard may make the exercise less ef-
fective.
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2) Qualitative data findings
Qualitative data from the responses regarding user-expe-
rience obtained by open-ended questionnaires generated 
three primary themes, namely, (1) user-friendliness of the 
application, (2) advantages of the intervention, and (3) dis-
advantages of the intervention, outlined in detail below with 
representative comments illustrating these themes (Table 
4). Participants indicated that this application was easy to 
use. The exercise feature was useful to relieve neck pain and 
make them feel relaxed. However, some participants indi-
cated that the exercise feature was difficult to perform.

IV. Discussion

This study explored the usability, acceptability, and immedi-
ate outcomes of the NeckProtector application in 100 smart-
phone users who had reported neck pain in the previous 
three months as well as current neck pain symptoms. Both 
qualitative and quantitative feedback confirmed that the 
participants rated the NeckProtector as having a high level of 
acceptability. Most participants thought that the application 
was useful. We also found significant improvements in pain 
intensity, muscle tension, PPT, and CROM in all after the 
intervention. 
 Immediate outcomes, including pain intensity, muscle ten-
sion, PPT, and CROM showed significantly greater improve-
ment in the treatment group than in the control group. Pain 
intensity, which was the primary outcome, showed similar 
results to those in previous studies that proved the effect of a 
smartphone-based exercise program with a self-classification 
algorithm [26]. Lee et al. [26] reported that exercise sessions 
using the application three times a week for 8 weeks signifi-
cantly decreased pain intensity, and clinically meaningful 
improvements were also observed. Interestingly, the previous 
study showed greater improvements in the short-term peri-
od, but this study showed greater improvements immediately 
after the intervention. The results of this study demonstrate 
that pain intensity may be improved over longer periods. For 
muscle tension, there was change in the same direction as 
pain intensity. The result indicated that reduction of muscle 
tension may be associated with reduction of pain intensity. 
This intervention was stretching incorporating deep slow 
breathing. The duration of breathing was determined by 
the user’s breathing rhythm without feeling pressure. This 
may be the key point that results in decreased pain intensity 
and muscle tension because participants relax from breath-
ing while stretching, and they can focus on the stretching 
muscles. This may cause the participants to stretch in the 

correct position without increasing injury, resulting in more 
effective stretching [21,27]. For PPT and CROM, there were 
significant differences in both PPT and CROM in all direc-
tions between the groups. These results indicate that smart-
phone use affected the muscles around the neck, especially 
the upper trapezius [12], which was the muscle investigated 
to assess PPT. When the exercise was performed, it produced 
greater benefits for the affected muscles. Muscles around the 
neck were released, and the tightened muscles returned to 
the normal range, which indicated the great improvements 
of PPT and CROM.
 The quantitative survey indicated that the exercise program 
had a high level of acceptability. The mean score for all items 
of the survey was greater than 4 points, which reflected that 
many participants were thought that the application was ac-
ceptable after the experiment. The qualitative questionnaires 
also indicated that participants considered the application 
easy to use, and they initially felt concerned about their neck 
pain from the use of smartphone. Positive responses showed 
that many participants felt that the exercise program helped 
to relieve their neck pain. However, negative responses 
showed that some participants felt confused about the ses-
sions of exercise because the commands to close and open 
their eyes were difficult for those who started the exercise. 
The pilot study of Wongwilairat et al. [20] found that stretch-
ing with closed-eyes reduced pain and muscle tension more 
than stretching with open eyes. For an exercise program that 
one accesses through an application, it is necessary to look 
at the smartphone to be able to exercise properly, which may 
not feel comfortable to some users if they have to close their 
eyes. If users practice until they understand the exercise 
pattern, they will be able to close their eyes and listen to the 
voice commands from the application to exercise. Thus, the 
program of exercise should be designed for beginner, inter-
mediate, and advanced level.
 Smartphone application interventions are commonly used 
to provide education or health information in the current 
day. Technological interventions, such as text-messaging, 
health recording, or momentary ecological feedback, should 
be developed into the smartphone applications in many con-
ditions. However, a smartphone application that allows for 
the input of data may lead to a more efficient response and 
interaction with users to provide users with rapid and accu-
rate information on the problems they encounter [28]. 
 In the past, many studies have found that self-feedback 
was the key factor to increase motivation, user compliance, 
and acceptability. Many studies showed greater improve-
ments in adherence and self-awareness of pain from the use 
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of electronic diaries that monitor patients with chronic pain 
in comparison to paper diaries. In our study, self-feedback 
was used for pain assessment to assess the level and the area 
of pain and to select the appropriate exercise posture for 
the area of pain. This helps to monitor exercise records and 
changes in pain [29,30]. In our study, self-feedback was used 
for pain assessment to assess the level and the area of pain 
and to select the appropriate exercise posture for the area of   
pain. This helps to monitor exercise records and changes in 
pain. However, statistical records may not have received the 
attention of the participants. If the data is collected in the 
long run, it may be found that participants value them.
 There were some limitations to our study. The study only 
determined the immediate effects of this smartphone appli-
cation. The study should be repeated with a longer follow-up 
to investigate adherence to the application and to measure 
the effectiveness of the application after users become skilled 
in using it. Therefore, further studies are required to deter-
mine the effects in both the short-term and long-term and to 
compare the effects of the application with those of other ex-
ercises, such as stretching exercises, strengthening exercises, 
or other complementary alternative medicine interventions.
 In conclusion, this study demonstrated that the NeckPro-
tector application had a high level of acceptability and posi-
tive response as an intervention for neck pain in smartphone 
users. Moreover, there greater improvements were observed 
for multiple variables, such as pain intensity, muscle tension, 
PPT, and CROM, in all directions immediately.
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