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Abstract

Background and purposes: With the development of technology, smartphones
have become a necessity of life. With the high penetration of smartphones, the prevalence
of musculoskeletal disorders (MSDs) also increased. The common locations of the MSDs
among smartphone users are: neck, shoulders, upper back, upper limbs, and lower back.
Among them, the prevalence rate of neck is the highest (17.3%-89.9%). There are three
main risk factors for the MSDs of the smartphone users, including awkward posture,
excessive use time, and high repetitive movements. The common faulty postures are
excessive neck flexion and humpback position, which may be associated with neck pain.
How to improve posture while using the smartphone is very important. Recent studies have
explored how to reduce muscle activity and improve posture while using the smartphone.
The researchers found that typing with elbow support could improve the head and neck
flexion angle, and significantly reduce the muscle activities of the cervical erector spine
and upper trapezius. Also, the users had less fatigue and neck discomfort. However, no
studies have examined the effect of forearm support in young smartphone users with neck
pain who may have higher muscle activity and worse posture while using smartphones.
Therefore, the purposes of this study were: (1) to investigate the effect of elbow support
and time on muscle activity and posture during smartphone use in young adults (2) to
evaluate whether the elbow support is more effective in reducing their musculoskeletal
load on the neck and upper extremities in young adults with neck pain.

Methods: Thirty-two young adults (mean age: 22.8 + 2.6 y/o) were included in our
study (16 healthy adults and 16 neck pain adults). The inclusion criteria for neck pain
group are the visual analogue score greater than 2, and the neck disability index greater

than 5. The experimental procedure consists of three parts: baseline data measurement, five



minute-typing with elbow support, and five minute-typing without elbow support. First,
resting posture and muscle activities were recorded in the static sitting position as the
baseline data. Then both groups randomly performed five-minute typing tasks (with and
without elbow support). There was a five-minute break between the two tasks to reduce
muscle fatigue bias. Before the start of the typing task and immediately after typing task,
the subjects’ upper trapezius pain pressure threshold and neck discomfort were recorded.
The 3D motion analysis system and the wire EMG system were used to record the changes
in posture and muscle activity. The subjects” muscle activities and postural changes were
recorded for 30 seconds right after the typing task start, and 30 seconds before the end. A
three-way repeated measures analysis of variance (RMANOVA) was used to analyze the
joint angle, EMG signals, perceived neck discomfort, and pain pressure threshold for the
effects of group, elbow support, and time.

Results: Elbow support significantly improved the typing posture (reduced head/
neck flexion: p<0.001), and reduced wrists tension (increased wrist extension, p<0.001). It
also reduced muscle activities of bilateral cervical erector spine (right: p<0.001, left:
p=0.014), right upper trapezius (p=0.006), flexor digitorum superficialis (p=0.042) and
neck discomfort (p<0.001). After five minutes typing, the head flexion (p=0.024), and
wrist extension angle (p=0.018) significantly increased, while elbow flexion angle
(p=0.002), muscle activity of flexor digitorum superficialis (p=0.018), and pain pressure
threshold of bilateral upper trapezius (right, left: p<0.001) significantly decreased. A
significant interaction among support x time x group (p=0.002) was found for neck flexion
angle. Under the no support condition, the neck pain group significantly decreased their
neck flexion angle after five minutes typing task (p=0.015). However, the healthy group
had an increasing trend (p=0.131). A significant interaction among time x group (p=0.01)

for wrist extension angle was found. After five minutes typing, wrist extension angle



increased more in the healthy group than the neck pain group (p=0.022). A significant
interaction among time x group (p=0.03) was found for the pain pressure threshold of the
left upper trapezius. After the typing task, the pain pressure threshold of the healthy group
decreased more than the neck pain group. A significant interaction among support X time
(p=0.045) was found for the pain pressure threshold of right upper trapezius. Typing under
the elbow support condition, the pain pressure threshold tended to decrease less than under
no elbow support.

Conclusion: Using the elbow support is effective in improving posture and
reducing not only neck muscle activities but also neck discomfort among the young adults
while using smartphones. Five-minute typing task can affect posture, muscle activity, and
neck discomfort. After a five-minute typing task, both groups moved the smartphone closer
to the body. For the group difference, two groups use different posture strategies when they
are using smartphones, especially under no support condition. Above all, our results
suggested that use smartphones with elbow support could improve the posture and muscle
activities. Future studies could increase the usage time to explore the effect of time, and

recruit the subjects with greater neck disability to explore the group differences.
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Chapter 1 Introduction

1.1 The penetration rate of smartphone and the prevalence of
musculoskeletal symptoms

The first mobile phone in the world was patented by Motorola in 1973 (Dunnewijk,
& Hultén 2007). The price of a mobile phone was quite expensive originally. However,
since mobile phone was not necessary for life, it was not popular at that time. With the
development of technology, the price of mobile phones has gradually become cheaper and
their functions have become more and more diversified (Rothman et al., 2017; Stalin et al.,
2016). Nowadays, people's lives are almost inseparable from mobile phones, and the
penetration rate is gradually increasing. A recent survey pointed out that the higher the
economic development of the country, the higher the prevalence of mobile phones
(Poushter, 2016). The survey also pointed out that 88% of South Koreans, 77% of
Australians, 74% of Israelis, and 72% of Americans have at least one smartphone at the
time. In Taiwan’s latest market survey in 2021, it was found that Taiwanese smartphone
ownership is nearly 90% (£ 77 B2 88 P 55—t —#] > BUH https://www.ixresearch.com/
reports/£ll 7T BX 8 P 55— —H# -20210302). The high penetration rate of smartphones has
made people pay attention to the health problems (e.g. eye soreness, musculoskeletal
disorders) they cause.
1.1.1 Common musculoskeletal disorders for the smartphone users

Musculoskeletal disorders (MSDs) is prevalent for the smartphone users. Xie et

al (2017) discussed the relationship between musculoskeletal symptoms (neck, shoulder,

upper back, lower back, upper extremity) and mobile handheld devices. The study pointed



out that among the users of the mobile handheld devices, the prevalence of musculoskeletal
symptoms is between 1.0% and 67.8%. Among all symptoms, the neck complaints are the
most prevalent, ranging from 17.3% to 67.8% (Xie et al., 2017).

In another systematic review, Eitivipart et al (2018) pointed out that the use of
smartphones will cause some clinical (e.g. range of motion, tendon diameter, and pain) and
sub-clinical (e.g. thumb performance, and discomfort) changes in the musculoskeletal
system (Eitivipart et al., 2018). In addition, a recent systematic review, Zirek et al (2020)
found that the incidence of musculoskeletal symptoms in mobile phone users ranged from
8.2% to 89.9%. In particular, the discomfort rate of the neck and upper back was the
highest (55.8 % to 89.9%). The most common uncomfortable symptom is pain, other
symptoms such as myofascial pain syndrome, and fibromyalgia are also reported (Zirek et
al., 2020). From the above systematic review, it can be seen that smartphone users are
prone to have musculoskeletal problems in the shoulders and neck, upper back, upper
extremity, and lower back, and the prevalence of neck pain is the highest.

1.1.2 Definition and prevalence of chronic neck pain

Neck pain was a common musculoskeletal disorder and the fourth leading cause
of disability between 1990 and 2010 (Vos et al., 2012). Nowadays, chronic neck pain is
still a common disorder for modern people. In a cross sectional study in Iran in 2017, it
pointed out that the proportion of chronic neck pain accounted for 15.34% between 30 and
70 years old people (Noormohammadpour et al., 2017). Another study in 2019, Jiménez-
Trujillo et al. found that the incidence of chronic neck pain was 25.68% (women) and
12.54% (men) in Spain (Jiménez-Trujillo et al., 2019). Mékela et al. found that the

prevalence of chronic neck pain was 9.5% for men between 30 and 64 years old, and



13.5% for women (Mékela et al.,1991). They defined the chronic pain should be lasted at
least three months. However, the definition of the location of chronic neck pain was not
very clear. The region was widely applicable to the neck area.

Besides, the International Association for the Study of Pain (IASP) in 1994
defined the location of chronic cervical pain (Merskey et al., 1994). The association stated
that chronic neck pain should be located at the back of the cervical spine and range from
the superior nuchal line to the spinous process of the first thoracic vertebra. Therefore,
chronic neck pain can be defined as the pain at the back of the cervical spine, ranging from
the superior nuchal line to the spinous process of the first thoracic vertebra, and the pain is
at least three months. In a recent systematic review of the global prevalence of neck pain, it
was pointed out that from 1990 to 2017, the number of people suffering from neck pain
increased by approximately 124 million (Safiri et al., 2020). The region with the highest
prevalence rate is in the East Asia (approximately 4,600 per 100,000 people), and Taiwan
is also in this region.

It can be inferred that chronic neck pain is a common musculoskeletal disorder
recently. Smartphone users are prone to neck pain. Therefore, how to improve and avoid
neck pain is an important issue for the smartphone users.

1.2 The risk factors and mechanism of neck pain for the smartphone
users

To avoid pain, we must understand the mechanism of neck pain. The causes of
the neck pain can be found from the characteristics of smartphone users. Awkward posture
and high repetitive use are two major risk factors for neck pain in smartphone users (Lee et

al., 2015). Many studies have pointed out that when using smartphones (e.g., sending



messages, playing games, watching videos), people usually stay in an awkward posture
(e.g., flexed head position, humpback position) and they usually use it for a long time
period ; both factors are related to musculoskeletal symptoms (Berolo et al., 2011; Gold et
al., 2012; Maniwa et al., 2013; Bababekova et al., 2011). Recently, Namwongsa, et al.
conducted a survey about smartphone users of the university students. They found that
after using the mobile phone for a long period of time (12 months), the proportion of neck
pain was the highest (32.5%). Similar to previous studies, they believed that using
smartphone in flexed neck position is associated with neck pain (Odds ratio (OR): = 2.44)
(Namwongsa et al., 2018). Using smartphones in awkward positions, the neck muscles are
more activated to against the weight of the head and reduce the stress on the neck. The
stress on the cervical spine at 30 degrees of flexion (40 1bs) is about four times of the stress
that in the natural position (10-12 Ibs), and the increased stress may lead to cervical spine
degeneration and other musculoskeletal system problems (Hansraj, 2014). This explains
the results in Namwongsa et al.'s study, why as neck flexion increases, so does the muscle
activity of the cervical erector spine.

Highly repetitive movement is another factor that make the smartphone users
vulnerable to injury (Korpinen et al., 2015; Ming et al., 2006). Previous study pointed out
that highly repetitive movements can easily cause micro-traumas in the musculoskeletal
system, which in turn can cause injury to the users. Derakhshanrad et al (2021) found that
office workers who addicted to (Definition of Overuse: Smartphone Addiction Scale short
version : Male> 30, Female > 33) smartphones would significantly increase the chance of
neck pain by 6 times (Derakhshanrad et al., 2021). Therefore, we can infer that repeated

use of smartphones in awkward positions for a long time is likely to cause neck pain.



1.3 Characteristics of the smartphone users

Smartphones have transformed people's living habits and work styles. Many tasks
that used to depend on computers are gradually being replaced by smartphones.
Researchers started to wonder what characteristics do smartphone users have?
1.3.1 Posture

Using smartphone can be detrimental to posture. How does smartphone use affect
the posture for the young adults?

Previous studies have investigated the impact of smartphone use on posture
(Gold et al., 2012; Maniwa et al., 2013; Jung et al., 2016). Gold et al (2012) observed the
posture changes of college students when using their mobile phones for one hour. They
found that the flexed neck and non-neutral wrist were commonly observed during the one
hour typing task. Under long-term use, people often fail to notice that their posture is
getting worse (Gold et al., 2012). However, not only long-term use (e.g., one hour)
smartphones will affect posture, short-term use (e.g., five minutes) can also affect posture
(Maniwa et al., 2013). Maniwa et al (2013) found that when college students was
performing a five-minute typing task, their posture changed significantly after five minutes
compared with the first 30 seconds. The flexion angle of the head, neck, elbow and lower
back increased significantly. In addition, Jung et al (2016) found that young adults who
used smartphones for more than four hours a day had more forward head posture than
those who used smartphones for less than four hours a day (Jung et al., 2016).

Not only the time factor, but also gender seems to be a factor affecting posture.
(Gold et al., 2012; Guan et al., 2015). Gold et al (2012) pointed out that males were more

likely to have more shoulder protraction than women. However, women were more likely



to have non-neutral inner elbow angles than males (Gold et al., 2012). Guan et al (2015)
compared the postural differences between standing and sitting smartphone use (Guan et
al., 2015). They found when young adults (between 17 and 31 years old) were using a
mobile phone in a standing position, the head tilt angle significantly increased, but the neck
angle significantly decreased as compared to sitting. Men's head tilt angle was significantly
higher than women's. While head tilt angle and gaze angle were positively correlated, but
neck tilt was negatively correlated. Smartphone users seem to use different postures to
cope with different tasks. In text messaging tasks, the amount of head flexion angle change
was obviously greater than video watching movies or web browsing. The change in sitting
posture was significantly higher than the change in standing (Lee et al., 2015). Neck pain
also affect posture while using a smartphone. Kim (2015) compared the impact of neck
pain on posture in young adults while using a smartphone. He found that young adults with
mild neck pain have greater flexion angles in the upper and lower cervical spine than
young adults without neck pain (Kim 2015).

From these studies, it was found that the posture of using a smartphone is
affected by many factors (e.g., time, gender, task, neck pain). A five-minute typing task is
enough to turn the user into awkward postures. Daily long-term users are prone to poor
posture. In addition, men are also more likely to have larger head tilt angle and round
shoulder than women. Among smartphone functions, typing tasks result in the worst
posture.

1.3.2 Electromyography
Using smartphone has been shown to affect posture in young adults, but how

about its effect on muscle activities?



Kim et al (2012) attempted to compare differences in repetitive movements
between computer users and smartphone users. After computer typing, the median
frequency of the upper trapezius muscle and flexor carpi radialis decreased significantly.
However, after smartphone typing, the median frequency of the brachioradialis decreased
significantly (Kim et al., 2012). Xie et al. also found that in the typing task, neck extensors
(cervical erector spine) significantly increased whether using a computer or using a mobile
phone with both hands, but there was no significant difference between groups. Computer
users, however, had significantly higher muscle activity in the upper trapezius and lower
trapezius. In the distal upper extremity, computer users have higher muscle activity in
extensor carpi radialis and extensor digitorum. Smartphone users had higher muscle
activity in abductor pollicis brevis (Xie et al., 2016). These results allow us to infer that
there are still differences in muscle activation between smartphone users and computer
users. We can conclude that both computer and smartphone use affect muscle activities.
Both can affect neck muscle activities. However the effect on upper extremity muscle
activities are different, which should be related to the different using strategies. Recently,
Namwongsa et al (2019) discussed the effect of different neck flexion angles on neck
muscle activity (Namwongsa et al., 2019). Cervical erector spine showed increased muscle
activity with increased neck flexion, whereas upper trapezius decreased. Neck flexion
angle is positively correlated with neck muscle activity. The greater the neck flexion angle,
the greater muscle activity of the neck extensor muscles (Cervical erector spine).

We wondered whether neck pain will affect the neck muscle activity. Johnston et
al (2008) found that there was no significant difference on the muscle activity of the

cervical erector spine between workers with mild neck pain during texting task and



workers without neck pain (Johnston et al,. 2008). However, there was a significant
difference between no pain worker as compared with the moderate pain workers. Another
study, Xie et al (2016) explored whether neck and shoulder pain can affect the activity of
cervical erector spine and upper trapezius in young adults (Xie et al., 2016). They found
that when young people with neck and shoulder pain send text messages with both hands
or one hand, the muscle activity of the cervical erector and upper trapezius muscles is
significantly higher than those without pain. However, Namwongsa et al. (2019) had
different findings. They explored the influence of neck flexion angle on the neck muscle
activity of smartphone users with or without neck pain. They found that whether there is
neck pain or not, the greater the neck flexion angle, the greater the activity of the cervical
erector spine and upper trapezius muscles (Namwongsa, et al., 2019). Although the muscle
activity of the pain group was higher than that of the no-pain group, there was no
significant difference between these two groups.

The relationship between neck pain and neck muscle activities, some scholars
have found that people with neck pain have higher neck muscle activities (Johnston et al.,
2008; Xie et al., 2016). Although others have yet to discover this feature (Namwongsa, et
al., 2019). It seems inconclusive whether people with neck pain necessarily have high neck
muscle activities. We can be sure that posture does affect neck muscle activities. When
users have a greater angle of neck flexion, they have higher neck extensor activities.

1.3.3 Pain pressure threshold
Using a smartphone will not only induce neck pain, but also affect the pain pressure
threshold of the upper trapezius. Kim and Lee both found that after using the smartphones,

the user’s pain pressure threshold of the upper trapezius will be significantly reduced (Kim



etal., 2012; Lee et al., 2015). The pain pressure threshold of the upper trapezius was
significantly lower with one-handed use than with two-handed use (Lee et al., 2015).
1.4 Common interventions for chronic neck pain

The common intervention strategies of therapists for neck pain patients are
exercise therapy and manual therapy (Bogduk et al., 2007; Fredin et al., 2017). In addition,
ergonomic intervention is also one of the strategies used to avoid and alleviate
musculoskeletal symptoms (Driessen et al., 2010).

1.4.1 Manual therapy

Manual therapy is an intervention that therapists using their hands as the medium
and gives the patient the force of the therapeutic purposes. Manual therapy techniques
include massage, joint mobilization/manipulation, myofascial release, et al. (Smith, 2007).
Two systematic reviews found that manual therapy not only improved short-term but also
long-term symptoms in adults with acute or chronic neck pain (Fredin et al. 2017; Hidalgo
et al., 2017). However, whether combined manual therapy with exercise therapy will have
a better effect seems to be inconclusive. Hidalgo et al. found that combining manual
therapy with exercise will be more effective in improving neck pain than single training
(Hidalgo et al., 2017). However, Fredin et al. concluded that there seems to be no better
effect (Fredin et al., 2017).

Even so, we can infer that manual therapy can improve neck discomfort. The
mechanism of improving pain may be that manual therapy activates the endogenous pain
inhibitory system of the central nervous system to reduce pain (Lascurain-Aguirrebeia ey
al., 2016).

1.4.2 Physical activity or exercise



Physical activity 1s defined as any musculoskeletal activity that expends energy
(e.g., usual activity). The difference between exercise and physical activity is intensity.
Exercise is defined as any planned musculoskeletal repetitive activity such as strength
training, aerobic training, etc (Chodzko-Zajko et al., 2009). Studies have demonstrated that
both physical activity and exercise can improve neck pain severity and physical function in
adults for long-term, thereby improving quality of life (Lorés et al., 2015; Gross et al.,
2016; Geneen et al., 2017). The mechanism of reducing pain may be due to increasing in
pain tolerance and decreasing in the temporal summation of pressure (Vagter et al., 2015).
1.4.3 Ergonomic intervention

From the above two interventions and the mechanisms of reducing pain, we can
see that neither is targeting on the risk factors for neck pain. According to the definition of
the International Ergonomics Association (IEA), ergonomics is human-centered, and
explores the interaction with the surrounding environment when performing tasks. The
concept of ergonomics is closer to our idea. We hope to improve neck pain by reducing
exposure to risk factors when performing tasks with smartphones through ergonomics.
Ergonomics can be divided into three categories: physical ergonomics, organizational
ergonomics, and cognitive ergonomics. The purpose of all is to reduce pain and discomfort
(Hoe et al., 2018). Are there any findings from previous research?

Physical ergonomic interventions (e.g., alternative mouse and arm support) which
are the most appropriate interventions had moderate evidence of positive health benefits
for office worker’s MSDs of the neck or upper extremities (Boocock et al., 2007; Kennedy
et al., 2010; Van Eerd et al., 2016). However, there is low to moderate evidence that it may

not reduce the incidence of MSDs in the neck or shoulder (Hoe et al., 2018).
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Organizational interventions (e.g., supplementary breaks or reduced work hours) are
limited and moderate evidence for improving office worker’s MSDs and symptoms
(Kennedy et al., 2010; Van Eerd et al., 2016). There is low-quality evidence that
supplementary rest can reduce discomfort, yet training with ergonomic guidelines does not
seem to prevent work-related MSDs (Hoe et al., 2018). However, there are few
interventional studies of cognitive ergonomics (Hoe et al., 2018). Above all we can deduce
that among the ergonomic interventions, not all ergonomic interventions are effective.
Physical ergonomic interventions should be more able to alleviate neck or upper
extremities discomfort in office workers and more likely to reduce the incidence of
shoulder and neck MSDs.

In the study of physical ergonomics of office workers, Cook et al. (2004) found
that typing with sufficient forearm support for 12 weeks the worker’s neck, back and wrist
discomfort were significantly reduced (Cook et al., 2004). Additionally, Cook et al.
continued to explore the long-term effect of forearm support (21 months) for the centre
computer users. However, for the long term effect, only the neck discomfort is significantly
reduced (Cook et al., 2008). We can make sure that the forearm support posture can
effectively reduce neck discomfort for computer users. In recent years, due to the increase
in smartphone users, scholars have begun to explore the effect of the elbow support on
smartphone users. In 2018 and 2021, Syamala et al. and Tapanya et al. explore whether
using elbow support can reduce the activity of the neck muscles and improve posture.
Syamala et al (2018) found that when young adults are sitting and using mobile phones for
typing tasks, the users with elbow and back support can significantly reduce the muscle

activity of upper trapezius and splenius capitis muscle, and significantly reduce neck

11



flexion, head flexion, cranio-cervical angle to improve posture. As the posture improved,
the gravitational moment at C7-T1 also significantly reduced, which can help reduce the
risk of neck pain (Syamala et al., 2018). Tapanya et al (2021) equipped young adults with
ergonomic arm support devices during the standing video game tasks (20 mins). They
found that the group wearing the ergonomic arm support device had significantly reduced
shoulder and neck muscle activity (Anterior deltoid/ Upper trapezius/Splenius capitis
muscle). In addition, the muscles were less prone to fatigue and less neck discomfort
(Tapanya et al., 2021).

We can infer that the elbow support can improve posture and reduce neck
extensors (Upper trapezius/Erector splenius capitis) muscle activities in healthy young
smartphone users.

1.5 Research gap and Motivation

Smartphone users tend to position themselves in awkward postures while using
their smartphones (Gold et al., 2012; Maniwa et al., 2013; Guan et al., 2015; Lee et al.,
2015; Kim 2015; Jung et al., 2016). Awkward postures activate the neck muscles, and
those with neck pain seem to have higher muscle activation (Xie et al., 2016; Namwongsa
et al., 2019; Johnston et al., 2008). Prolonged use of smartphones in awkward positions can
lead to musculoskeletal disorders (Namwongsa et al., 2018; Derakhshanrad et al., 2021).
However, neither manual therapy, exercise nor combined both interventions targeted risk
factors for neck pain users. Ergonomic interventions place more emphasis on the
interaction between people and environment than manual or exercise. This is why in this
experiment, we chose ergonomic intervention. We hope to reduce the risk factor for neck

pain by modifying the environment in which people are using their smartphones. Previous
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researches have also shown that forearm support can improve posture and reduce muscle
activity in healthy young smartphone users, thereby reducing neck musculoskeletal load
(Syamala et al., 2018; Tapanya et al., 2021).

To the best of our knowledge, there are no studies examinate the effect of forearm
support in young smartphone users with neck pain. In addition, the effect of forearm
support on musculoskeletal load of upper extremities has not been discussed. Therefore we
would like to investigate whether the forearm support is more effective in reducing
musculoskeletal load on the neck and upper extremities in young smartphone users with
neck pain.

1.6 Purposes and Hypotheses

The first purpose of this study was to evaluate the effect of elbow support and
time on muscle activity and posture during smartphone use in young adults. The hypothesis
was that the elbow support can effectively prevent postural deterioration and high muscle
activity caused by short-term typing tasks in young smartphone users. The second purpose
was to compare the effect of elbow support on the musculoskeletal load of the neck and
upper extremities between young smartphone users with and without chronic neck pain.
The hypothesis was that elbow support may be better to improve posture and reduce

muscle activities for young adults with neck pain.
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Chapter 2 Materials and methods

2.1 Participants

In this study we included 32 young adults (20-40 years old) who have at least 6
months of experience using mobile phones and spend at least 2 hours on smartphones a
day (Tapanya et al., 2021; Namwongsa et al., 2019). The inclusion criteria for neck pain
group are VAS (Visual Analogue Scale) score greater than 2 (Jensen et al., 2003) , and NDI
(Neck disability index) score greater than 5. The participants were excluded if they have
history of neck trauma and surgery in the past year (Kim et al., 2012, Kim 2015, Xie et al.,
2016), any medical conditions problems which have negative effects on upper extremities
and spine (Kim et al., 2012, Xie et al., 2016), any chronic diseases that may affect the
musculoskeletal system (Kim 2015, Xie et al., 2016), neurological disorders, visual
problems, dizziness, vertigo, sensory deficit (Xie et al., 2016), and other orthopedic
disorders (Lee et al., 2015) Additionally, participants were excluded if they have taken
sedative drugs or alcohol in the past 48 hours (Kim et al., 2012), or neck range of motion is
restricted.

This study was approved by the Human Experiment and Ethics Committee of the
National Cheng Kung University Hospital (IRB No.B-ER-111-006).
2.2 Experimental procedures

After the recruitment process, subjects were asked to fill in their basic
demographic characteristics (e.g. age/sex/smartphone use history/physical activity/daily
use). Then the subjects were divided into two groups (healthy group and neck pain group).
For those included in neck pain group were asked to fill in more information about neck

pain (e.g. neck pain duration, neck pain intensity). Both groups performed the same
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experimental procedures. In this experiment we used reflective markers to detect subjects’
postural changes and surface electromyography (EMG) to record the upper extremities and
neck muscle activities.

The reflective markers were placed on the dominant side canthus, tragus, cervical
vertebra level seven, dominant side acromion, dominant side lateral epicondyle, midpoint
between radial and ulnar styloid process, dominant side distal end of the 3rd metacarpal.
Six infrared motion analysis cameras (Qualisys AB, Gothenburg, Sweden) were used to
record the position of the reflective markers, and the sampling frequency was set at 120
Hz. Then, using MATLAB to calculate the angle of the subject's head, neck and upper
extremities, to evaluate the posture changes when the subjects using the smartphone in two
different conditions (with/ without elbow support).

The EMG patches were placed on the bilateral cervical erector spine (RCES,
LCES), bilateral upper trapezius (RUT, LUT), dominant abductor pollicis brevis (APB),
dominant extensor digitorum (ED), dominant wrist flexor digitorum superficialis (FDS),
and dominant wrist extensor carpi radialis brevis (ECRB). Use Delsys eight-channel
surface electromyography (Delsys, Bagnoli 8-channel Desktop EMG system, USA) to
record muscle activities during rest and typing tasks, and the collection frequency were set
to 1200 Hz. Before applying EMG patches, the skin were exfoliated and cleaned with
alcohol. All EMG signals were filtered from 20 to 400 Hz, and 300 Hz, 180 Hz, and 60 Hz
were filtered out. The EMG signals of subjects in a static sitting position were used as the
standard for normalization. After the reflective markers and EMG patches were attached to
the subjects, the interventional procedure was started.

2.2.1 Test procedures
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In this experiment, the resting posture data of the two groups were collected first
as the standard for normalization. The standardized test postures were as follows: the
subjects were asked to place their feet on the ground and both hands on the thighs, keep
bodies relaxed, and look straight ahead. The researchers recorded 10-second static data for
three times. Then the average of these three trials was taken as the standard of the resting
posture EMG signal. After the static data recording, both groups performed interventional
procedures. The interventional procedure was to perform a five-minute sitting typing tasks
for two times (with and without the elbow support). There was a five-minute break
between the two tasks to reduce muscle fatigue bias. All subjects in this experiment used
the same smartphone for the experiment to reduce the bias of different smartphones (OPPO
A72 screen size: 6.5 inch, length: 162 mm, width: 75.5 mm, thickness: 8.9 mm, weight:
192 g).

Tang et al. found that forearm support reduced the height of smartphone use,
which increased head flexion and reduce neck discomfort (Tang, et al. 2022) Therefore,
when performing the typing task with support, subjects were reminded to place only their
elbows on the cushion, not entire forearms. There was a five-minute rest period between
typing tasks to ensure subjects had adequate rest and reduce muscle fatigue bias. The flow
chart of the experiment was shown in Figure 1. The elbow support instrument used in this
experiment is a combination of balance pad and chair lumbar pad (Figure 2). Gerr et al.
suggested that the effects of postural interventions might be more observable if the
workstation were easier to adjust and allowed more complete compliance with postural
interventions (Gerr et al., 2005). We choose common items of the daily life usage as our

physical ergonomic intervention.
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The balance pad is used as the supporting plane, and the length and width are 47
cm and 38 cm respectively. The chair lumbar pad is used to provide support height, similar
to the function of the armrest of a chair. The height of the chair lumbar pad plus balance
pad is 15 to 19 (cm). The different heights are designed to accommodate subjects'
anthropometry to get comfortable elbow support during the typing task.

2.2.2 Outcome measures

Before the start of the typing task, the subjects' upper trapezius pain pressure
threshold and neck discomfort were recorded. The subjects’ muscle activities and postural
changes were recorded for 30 seconds right after the typing task start (T1) and 30 seconds
before the end (T2). Immediately after typing task, the subjects' upper trapezius pain
pressure threshold and neck discomfort were also recorded. The data collection process of
this experiment is shown in Figure 3.

Postural measurements were recorded by six infrared motion analysis cameras
recording the position of the reflective markers during typing tasks. Then the researchers
used Matlab to calculate the change of angles (Figure 4). The postural angles in this
experiment were defined as follows: head angle was the angle between the vertical line and
the line from canthus to tragus; neck angle was the angle between the vertical line and the
line from tragus to cervical vertebra level seven; shoulder angle was the angle between the
vertical line and the line from acromion to lateral epicondyle (Straker et al., 2009) The
elbow angle was the angle between the line from acromion to lateral epicondyle and the
line from lateral epicondyle to midpoint between radial and ulnar styloid process. The wrist
angle was the angle between the line from lateral epicondyle to midpoint between radial

and ulnar styloid process and the line between end of the 3rd metacarpal.
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The mean angle of posture were calculated by recording 30-secs typing tasks.
EMG recording time was the same as the posture. The EMG signals of three static sitting
postures were averaged as the standard value. In this experiment the change of EMG signal
was the subtraction of EMG signal recorded in typing task and static sitting posture.

The EMG data presented in this experiment were based on the normalization of
the root mean square (RMS) of the signal during the typing task and the root mean square
of the signal during the static sitting posture. The normalized formula was as follows:

RMS of typing - RMS of static sitting

Percentage of RMS change = x 100%
RMS of static sitting

2.2.3 Statistical analysis

Independent t was used to analyze and compare the basic data (age, BMI, weekly
physical activity time, daily walking, daily sitting, smartphone experience, daily
smartphone usage time, daily smartphone tablet and notebook computer usage time, resting
position, resting EMG) between the two groups. Chi-square test was used to compare
whether there were differences in physical activity time in the past seven days and three
months between the two groups.

In this experiment the independent variables were group, elbow support, and
time (30 seconds after the typing task starts and 30 seconds before the typing task ends). A
three-way repeated measures analysis of variance (RMANOVA) was used to analyze the
joint angle, EMG signals, perceived neck discomfort, and pain pressure threshold for the
effects of neck pain, elbow support, and time. Post-hoc analysis was conducted for

multiple comparisons when there were an interaction among factors. If there were an
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interaction between three factors, two-way ANOVA was used for further analysis.
Moreover, if there were an interaction between two factors, paired t test, independent t test,
or one-way ANOVA were used. All analyze were perform by SPSS version 17.0 (SPSS,

Inc., Chicago, IL, USA).The statistical significance level was accepted at p=0.05.

19



Chapter 3 Results

3.1 Demographic data

Thirty-two young adults (16 males, 16 females, mean age (£SD): 22.8 + 2.6 years
old), participated in this experiment. According to the inclusion criteria, they were divided
into two groups, the healthy young adults and young adults with chronic neck pain. The
gender ratios and numbers were the same in both groups. All participants were found to be
right-handed by observation as they filled out the questionnaire. Also they were using two-
handed typing as their typing strategy while they were using smartphones. The
demographic data of the two groups were shown in Table 1. There was no significant
difference for most of the basic data. However, there were significant differences between
the neck pain group and the healthy group in terms of the difference in physical activity
between the past seven days and the past three months (p=0.004), and daily smartphone/
tablet/laptop use time (p=0.016). Less recent physical activity and higher daily
smartphone/tablet/laptop use time were presented in the neck pain group.
3.2 Posture

The head, neck, shoulder flexion angles were measured at the static position, 30
seconds after the typing task start (Time 1), and 30 seconds before the end (Time 2). The
effect of neck pain, elbow support, and time on head, neck, shoulder, elbow and wrist
flexion angles were analyzed. The static sitting posture was shown in Table 2. There were
no significant differences in head, neck and shoulder flexion angles between two groups.
3.2.1 Head flexion angle

In the three-way ANOVA, significant main effects were found on elbow support

(F1,30=107.181, p<0.001) and time factors (F(1,30=5.694, p=0.024) (Table 3). Typing with
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elbow support significantly reduced head flexion angle (p<0.001) (Figure 5, Table 4). After
five minutes typing, head flexion angle increased significantly (p=0.024) (Figure 6, Table
5).
3.2.2 Neck flexion angle

In the three-way ANOVA, a significant main effect was found on elbow support
(F1,30=51.173, p<0.001). A significant interaction was also found on support x time x
group (F(1,30=11.930, p=0.002) (Table 6). Typing with elbow support reduced neck flexion
angle significantly when comparing with no elbow support (p<0.001) (Figure 7, Table 4).

There was a significant interaction existed among support x time x group. Under
the no support condition, the neck pain group significantly decreased their neck flexion
angle after five minutes typing task (t=2.755, p=0.015). However, the healthy group
increased their neck flexion angle but it did not reach the significant level (t=-1.598,
p=0.131). Under the support condition, both groups maintained their neck flexion angle at
the same level after the typing task (Figure 8).
3.2.3 Shoulder flexion angle

In the three-way ANOVA, a significant main effect was found only on elbow
support (F1,30=251.587, p<0.001) (Table 7). Typing with elbow support significantly
increased shoulder flexion angle (p<0.001) (Figure 9, Table 4).
3.2.4 Elbow flexion angle

In the three-way ANOVA, a significant main effect was found on time (F130)
=11.956, p=0.002) (Table 8). After five minutes typing, elbow flexion angle decreased
significantly (p=0.002) (Figure 10, Table 5).

3.2.5 Wrist extension angle
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In the three-way ANOVA, there were significant main effects found on the elbow
support (F(1,30) =36.280, p<0.001), and time factors (F(1,30)=31.312, p<0.001) for wrist
extension angle. A significant interaction was also found on group x time (F(1,30=7.533,
p=0.01) (Table 9). When typing with the elbow support, wrist extension angle increased
significantly (p<0.001) (Figure 11, Table 4). After five minutes typing, wrist extension
angle increased significantly (p<0.001) (Figure 12, Table 5). There was a significant
interaction existed among group x time. Wrist extension increased more in the healthy
group than the neck pain group after five minutes typing task (t=2.420, p=0.022) (Figure
13).

3.3 Electromyography

The static sitting electromyography (EMG) of all muscles was shown in Table 10.
3.3.1 Neck muscles

In the three-way ANOVA, a significant main effect of the elbow support was
found on right cervical erector spine (F(1,30=21.637, p<0.001), left cervical erector spine
(F=6.806, p=0.014), and right upper trapezius (F(1,30=8.782, p=0.006) (Table 11, Table 12,
Table 13, Table 14). There was no group effect among these neck muscle activities.

Typing with elbow support significantly reduced activities of these muscles (right
cervical erector spine : p<0.001, left cervical erector spine : p=0.014, right upper
trapezius : p=0.006) (Table 15, Figure 14, Figure 15, Figure 16). However, there was no
significant main effect of the elbow support on left upper trapezius, but there was still a
trend (F(1,30=3.545, p=0.069). A significant main effect of the time factor was found only
on the left upper trapezius (F(1,30=6.056, p=0.020). After five-minute typing, the muscle

activity of left upper trapezius significantly reduced (Figure 16, Table 23).

22



3.3.2 Upper extremity muscles

In a three-way ANOVA, significant main effects of elbow support (F(130=4.521,
p=0.042) and time factors (F(1,30=6.288, p=0.018) were found only on flexor digitorum
superficialis (Table 17, Table 18, Table 19, Table 20). Typing with elbow support
significantly reduced flexor digitorum superficialis muscles activity (p=0.042) (Figure 18,
Table 28). After five minutes typing, the muscle activity of the flexor digitorum
superficialis significantly reduced (p=0.018) (Figure 19, Table 16).
3.4 Perceived neck discomfort

In a three-way ANOVA, significant main effects of elbow support (F(1,30=46.632,
p<0.001), time (F(1,30=27.649, p<0.001), and group factors (F(130=48.595, p<0.001) were
found on perceived neck discomfort (Table 21). Typing with elbow support significantly
reduced perceived neck discomfort (Table 22, Figure 20). After five minutes typing,
perceived neck discomfort significantly increased (Table 23, Figure 21). Perceived neck
discomfort was significantly higher in the neck pain group than the healthy group (Table
24, Figure 22). There were two significant interactions existed among support x time
(F1,30=46.632, p<0.001), and time x group (F(1,30=5.461, p=0.026) (Table 30). Under the
no support condition, both groups significantly increased perceived neck discomfort after
five minutes typing task. However, under the support condition both groups maintained
their perceived neck discomfort at the same level after the typing task (Figure 23). After
the typing task, both groups perceived neck discomfort significantly increased. However,
the healthy group increased perceived neck discomfort significantly higher than the neck
pain group (t=2.710, p=0.011) (Figure 24).

3.5 Pain pressure threshold
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In a three-way ANOVA, a significant main effect of time factors (F(1,30=43.640,
p<0.001) and a significant time x group interaction (F1,30=5.172, p=0.03) were found on
left upper trapezius (Table 25). The left upper trapezius pain pressure threshold
significantly decreased after five minutes typing (p<0.001) (Figure 25, Table 26). There
was a significant time x group interaction (F(1,30=5.172, p=0.03) among left upper
trapezius pain pressure threshold (Figure 26). After five minutes typing task, the pain
pressure threshold of the both group decreased significantly. However, the healthy group
decreased significantly more than the neck pain group.

On the other hand, a significant main effect of time (F(1,30=32.565, p<0.001) and a
significant support x time interaction (F(1,30=4.390, p=0.045) were found on right upper
trapezius (Table 27). The right upper trapezius pain pressure threshold also significantly
decreased after five minutes typing (p<0.001) (Figure 27, Table 26). There was a
significant interaction support x time (F(1,30=4.390, p=0.045) among right upper trapezius
(Figure 28). Both groups significantly decreased pain pressure threshold after five minutes
typing task. However, typing under the elbow support the pain pressure threshold tended to

decrease less than typing under no elbow support.
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Chapter 4 Discussion
4.1 Main findings

The purpose of this study was to evaluate and compare the effects of elbow
support and time on muscle activities and posture during smartphone use in young adults
with and without neck pain. In this study, we found that the support factor affected most of
the results. The elbow support significantly improved the neck posture (reduced head/neck
flexion angles), and increased wrist extension angle when using the smartphone. It also
significantly reduced the muscle activities of bilateral cervical erector spine, right upper
trapezius and flexor digitorum superficialis. The time factor affected the head, elbow
flexion angle, wrist extension angle, left upper trapezius, flexor digitorum superficialis
muscle activities. After five minutes typing, the head flexion angle, and wrist extension
angle significantly increased. However, the elbow flexion angle, left upper trapezius, and
flexor digitorum superficialis muscle activities significantly decreased.

These results supported our hypothesis that elbow support may effectively
prevent young smartphone users from turning into awkward postures and reduce muscle
activities during short-term typing task. Some interactions were also found in our study.
Under elbow support, both groups were able to maintain the same posture level for five-
minute typing. However, when typing under no elbow support, the neck flexion angle
significantly decreased in the neck pain group. In contrast, the healthy group had an
increasing trend. Besides after five-minute typing task, the wrist extension angle increased
more in the healthy group than the neck pain group. Less group differences were found.
Therefore, insufficient findings could support our second hypothesis. That elbow support

may be better for improving posture and reducing muscle activities for young adults with
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neck pain was rejected.
4.2 Demographic data

From the baseline data, there were significant differences in recent physical
activity and daily smartphone/tablet/laptop use time between healthy young adults and
young adults with neck pain. Those with neck pain had less recent physical activity and
more daily smartphone/tablet/laptop use time. It can be inferred that young adults with
neck pain seem to be more inactive and spend more time with smartphones/tablet/laptop
per day, which is consistent with previous studies (Mansfield et al., 2018; Scarabottolo et
al., 2017). Physical activity is significantly associated with pain. Leisure and work-related
physical activity decreases when neck pain is present (Mansfield et al., 2018). Lack of
physical activity in sports and occupational context may increase the chance of neck pain
(Sports OR:1.39, Occupational OR:1.5) (Scarabottolo et al., 2017). Therefore, reducing
physical activity might be related to neck pain (Loras et al., 2015; Gross et al., 2016;
Geneen et al., 2017). As a physical therapist, we usually recommend that young adults
should avoid sedentary lifestyle and maintain physical activity in order to avoid neck pain.
4.3 Posture

Previous studies indicated that smartphone users were prone to awkward posture,
which is associated with musculoskeletal disorders (Toh et al., 2017; Namwongsa et al.,
2018). Reducing head and neck flexion angles can reduce excessive stress on the neck
(Hansraj, 2014). Therefore, it is important to prevent the increase of the head and neck
flexion angles during typing.
4.3.1 Elbow support did improve postures in the young adults while using smartphones

In our study, both groups significantly reduced head and neck flexion angles by
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using elbow support (Figure 4, Figure 6). These results were supported by Syamala (2018)
and Tang (2022). Syamala et al. considered that using the elbow support would increase
the height of the smartphone using, which significantly reduced head and neck flexion
angles and gravitational moments (Syamala et al., 2018). In addition, they indicated that
the elbow support would have better posture improvement effect when using the
smartphone at the lower position (lap position). Tang et al. showed that adjusting the height
of the seat armrest moderately can effectively reduce the head flexion angle (Tang et al.,
2022). However, excessively high armrests can cause the user to change their support
position from elbow support to forearm support. Using a smartphone with forearm support
results in more shoulder protraction and more head flexion than elbow support, resulting in
less support effect. This is why we used different support heights to make appropriate
adjustments for the different body heights of the subjects. Our results found that typing
with elbow support could significantly increase shoulder flexion angle (Figure 10). We
inferred that the use of elbow support increases the angle of shoulder flexion, which
increases the height of the smartphone. Thereby improving the user's posture and reducing
awkward postures caused by smartphone using.
4.3.2 Neck pain affect neck and wrist postures while using a smartphone

There was no main effect found on group factor. However, we did find group x
time x support interaction for neck flexion and group x time interaction for wrist extension
angles. When typing without elbow support, the healthy group maintained their neck
posture in the same position during the whole typing task. On the contrast, the neck pain
group decreased neck flexion significantly after the typing task. While typing with elbow

support, there were no such findings. We speculate that neck discomfort is responsible for
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this interaction. When typing without elbow support the neck pain group might avoid more
neck discomfort due to the excessive neck flexion angle. Therefore, they choose another
typing strategy (reduce the neck flexion angle) to complete the typing task. The speculation
was supported by our finding that the perceived neck discomfort increased higher in the
healthy group than the neck pain group after the typing task.

These results contrasted with Kim's research, which they found that the young
adults with mild neck pain had a greater degree of cervical flexion when using a
smartphone (Kim 2015). This may be related to the greater neck disability score (NDI:
16.9 = 7.1) in their neck pain group. Higher neck disability scores may be associated with
poorer use posture.
4.3.3 The head flexion angle increased after the typing task

After five minutes typing, we found a significant increase in head flexion angle
which was supported by Maniwa (2013). The maintenance of tense in the upper extremities
while typing, may increase the head, and neck flexion angle (Maniwa et al., 2013).
However in our study only head flexion angle significantly increased. It may be caused by
the different typing strategy. Maniwa’s participants were asked to typing by one hand,
however, in our study all participants were two-handed typing. One-handed typing had
significant higher muscle activity in right upper trapezius than two-handed typing (Lee et
al., 2015). The different levels of upper trapezius muscle activity may affect the
smartphone using posture, which made the findings different. Even the findings were slight
different, we still confirmed that short-term smartphone typing can worsen posture in
young adults.

4.4 Electromyography
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4.4.1 Elbow support reduced most of the neck muscle activities, but less forearm muscle
activities

When typing without elbow support, Namwongsa et al. pointed out that the less
neck flexion, the upper arm must be raised in order to improve vision. Under this typing
strategy, cervical erector spine muscle activities were reduced, while upper trapezius
muscle activities were increased (Namwongsa et al. 2019). This typing strategy can
improve the user's posture and reduce cervical erector spine activity, which can reduce the
chance of musculoskeletal diseases caused by prolonged awkward postures (Namwongsa
et al., 2018; Berolo et al., 2011; Gold et al., 2012; Maniwa et al., 2013; Bababekova et al.,
2011). However, this strategy still caused discomfort of neck and shoulders as the upper
trapezius muscle activities increased.

In recent years, the influence of elbow support on smartphone user’s neck muscle
activities has been explored (Syamala et al., 2018; Tapanya et al., 2021). Using elbow
support improved posture and reduced both cervical erector spine and upper trapezius
muscle activities (Syamala et al., 2018; Tapanya et al., 2021). These were consistent with
our findings that elbow support was effective in improving neck muscle activities while
using the smartphone. In our study, it was found that both groups when typing with elbow
support significantly reduced bilateral cervical erector spine, and right upper trapezius
muscle activities (Figure 14, Figure 15, Figure 16). The possible mechanism is that the
elbow support transferred the gravitational moment of the upper extremities to the support
device and distributed the load, thereby reducing the load on the neck muscles (Tapanya et
al., 2021). In addition, it may be that elbow support can help improve posture, thereby

reducing neck and shoulders gravitational moments and muscle activities (Syamala et al.,
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2018).

Additionally, to our knowledge, we are the first to investigate the effect of elbow
support on forearm muscle activity during smartphone use. Our findings pointed out that
when typing with elbow support, the flexor digitorum superficialis muscle activity reduced
significantly (Figure 18). We speculate that typing with elbow support also altered the
biomechanics of the upper extremity. We found that typing under elbow support, the wrist
extension angle increased significantly. Probably because the users can rest the arm by
transferring the weight of the forearm and smartphone to the support (Tapanya et al.,
2021). Therefore, the flexor digitorum superficialis muscle activity significantly reduced.
To sum up, we found that elbow support reduces not only neck muscle activities, but also
forearm muscle activity (only flexor digitorum superficialis).

4.4.2 The group difference of the muscle activities was not significant

In this study, we did not find any group difference of the muscle activities. We
inferred that mild neck pain did not affect neck and forearm muscle activities during the
smartphone use. The result is consistent with Johnston and Namwongsa et al.. There were
no significant difference in neck muscle activities between non-neck pain and mild pain,
although neck pain groups tended to have higher muscle activities (Johnston et al., 2008;
Namwongsa et al., 2019). However, Xie et al. pointed out that neck-shoulder pain may
affect neck muscle activities in young adults. Young adults with neck-shoulder pain had
higher neck muscle activities during typing (Xie et al., 2016). Such contradictory findings
may be due to different neck pain intensities. Johnson et al. also pointed out that office
workers with moderate neck pain had higher EMG amplitude than those without pain.

Additionally O'Leary et al. found superficial muscle activities and pain intensity were
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significantly and positively correlated in patients with chronic neck pain (O'Leary et al.,
2011). Also typing task involved sustained stabilization by the proximal muscles and less
force generated by the forearm muscles. There is no significant difference in upper
trapezius EMG amplitude between neck pain and health groups with movements below the
shoulder (Castelein et al., 2015). Above all, it can be inferred that the effect of neck pain on
neck muscle activities for typing tasks may be found in groups with higher pain levels.
4.4.3 The time factor only affected some data of the muscle activities

The muscle activities of the left upper trapezius and flexor digitorum superficialis
decreased significantly after five-minutes typing (Figure 21, Figure 23). The results of
neck muscle activities were not fully consistent with Tapanya et al.. Their subjects were
asked to play the smartphone game for twenty minutes. They found significant difference
in bilateral upper trapezius muscle activities after fifteen minute playing. While in cervical
erector spine muscle activities only the left side showed significant difference after five
minutes playing (Tapanya et al., 2021). The different findings may be due to the task time
(five minutes v.s. twenty minutes) and task intensity. Castelein (2015) pointed out that in
activities below the shoulder, the proximal muscles (upper trapezius) continuously
contracted to maintain posture (Castelein et al., 2015). However, the strength of
contractions required to maintain posture typically less than 5% of maximal voluntary
electrical activation (Veiersted et al., 1993). Thus, Tapanya (2021) found most neck muscle
activity differences after fifteen minutes. Therefore, we infer that five minutes typing task
may not be long enough and low strength demands, which does not effectively detect the
effect of time on most neck muscle activities. In addition, flexor digitorum superficialis

muscle activity decreased after a five-minute typing task. We speculate that it is due to
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visual distance. However, the opposite direction of neck flexion resulted in a difference in
the required wrist extension angle between the two groups. At constant visual distance, the
healthy group required greater wrist extension to increase visual distance due to increased
head and neck flexion.

4.5 Using the elbow support can reduce perceived neck discomfort

Typing under elbow support, the perceived neck discomfort of both groups can
maintain as the same level before typing task. However, typing under no elbow support
significantly increased the perceived neck discomfort of both groups. These results
supported that typing with elbow support can effectively reduce neck discomfort in health
young adults during smartphone use (Tapanya et al., 2021; Tang et al., 2022).

We also found that the perceived neck discomfort increased higher in the healthy
group than the neck pain group after the typing task. We speculated that it was related to
our neck flexion findings. The healthy group had a tendency to increase the neck flexion
angle, whereas the neck pain group had the opposite finding. This resulted in a different
degree of increased neck discomfort between the two groups. To sum up, it is important for
the young adults to using ergonomic interventions (elbow support) when using
smartphones, which could be effective in avoiding perceived neck discomfort.

4.6 Pain pressure threshold was affected by time factor

After the typing task, bilateral upper trapezius pain pressure threshold decreased
significantly. These were supported by Kim (2012) and Lee (2015). They found that using
smartphones can significantly reduce the upper trapezius pressure pain threshold (Kim et
al., 2012; Lee et al., 2015). The mechanism may be that the repetitive movements during

using smartphone may increase the percentage of reference voluntary isometric
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contractions (RVIC), which cause micro-trauma to muscles, nerves, etc (Kim et al., 2012;
Park et al., 2013). Micro-trauma may increase susceptibility to musculoskeletal disorders
(Kim et al., 2012; Lee et al., 2015). Therefore, a short-term (e.g., five minutes) typing task
is sufficient to lower the upper trapezius pain pressure threshold.

We found that left upper trapezius had a significant group x time interaction, and
right upper trapezius had a significant time x support interaction. After the typing task, the
pain pressure threshold of left upper trapezius for the healthy group decreased more than
the neck pain group. We speculate that this is because the healthy group had a significantly
higher pain pressure threshold before the typing task. Combined with the floor effect, it is
easier for the pain group to reach their lowest level of pain pressure threshold. However,
our speculation contradicted previous research findings. Nunes et al (2021) investigated the
pain pressure threshold in neck pain office workers. In their review, there was no
significant difference between the chronic neck pain and healthy workers, but the chronic
neck pain group tended to have smaller pain pressure thresholds compared to the healthy
group (Nunes et al., 2021). However, they pointed out that this finding is based on a small
sample of existing research. In the future, more research is needed to determine whether
patients with chronic neck pain have lower pain pressure thresholds than the healthy adults.

The pain pressure threshold of right upper trapezius tended to decrease more
when typing without elbow support than with elbow support. This may be due to better
typing posture when typing with the elbow support. When neck extensor muscle activity
reduced, head and neck posture can be improved and the pain pressure threshold increased
(Kim et al., 2018; Kim et al., 2016). Therefore, elbow support may reduce the effect of the

time factor to the pain pressure threshold. More research is needed to explore the effect of
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elbow support on pain pressure threshold in the future.
4.7 Limitation

There are some limitations to the experiment. First, the typing task time may be
relatively short (5 minutes). Since the intensity of the typing task may not be strong
enough. Some long-term changes may not be detected when the typing time is too short.
Second, this experiment is the first to discuss the muscle groups of the forearm. However,
the result suggested that elbow support improves head and neck posture by increasing the
shoulder flexion angle. Therefore, the effect of elbow support on muscle activities of
shoulder flexor muscles (e.g., anterior deltoid) should be explored. Third, the neck pain
group in this study had low neck disability scores. As a result, there were only few
significant difference between groups in posture and muscle activity. Future research could
explore the effect of elbow support on people with more severe neck disabilities.

Despite these limitations, this experiment to our knowledge is the first
experiment that investigated the effect of elbow support on young smartphone users with
neck pain. Although, there were no significant findings between the neck pain group and
healthy group. We found that elbow support helped improve posture and reduce muscle
activities when using smartphones in young adults. Also, elbow support can significantly
reduce the neck discomfort scores when typing in young adults. However, young adults do
not use smartphones only in sitting position. They may use smartphones in some other
positions (e.g., prone, supine). Whether the use of elbow support also helps to improve
posture and reduce muscle activity in these worsen positions is worth to investigate in

future research.
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Chapter 5 Conclusion

This experiment demonstrated that ergonomic intervention (elbow support) is
effective in improving posture and reducing not only neck muscle activities but also neck
discomfort among the young adults while using smartphones. Five-minute typing task can
affect posture, muscle activity, and neck discomfort. However, less time effect was found
on muscle activity. After a five-minute typing task, both groups moved the smartphone
closer to the body. For the group difference, two groups use different posture strategies
when they are using smartphones, especially under no elbow support condition. Above all,
our results indicate that young adults using smartphones with elbow support could improve
their posture and EMG. Future study may focus on the using time to explore the effect of

time, and recruit some subjects with higher neck disability to explore the group differences.
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Table 1. Demographic data of participants

Neck pain young
P val
Healthy young adults adults value
Number (Male:Female) 16 (8:8) 16 (8:8)
Age (y/o) 23.1+2.4 22.5+2.9 0.551
BMI 23.47£3.76 23.09+£3.65 0.778
Physical activity time per week
(hours) 3.45+2.60 4.83+6.99 0.465
Difference in physical activity
between the past seven days 1. -
and the past three months 2:11:3 11:3:2 0.004*
(less/similar/more)
Daily walking time (hours) 1.94+2.50 0.66+1.24 0.08
Daily sitting time (hours) 8.34+3.12 10.29+3.38 0.1
Smartphone experience
8.6+1.8 8.9+2.7 0.703
(years)
Daily smartphone use time 53429 59422 0.891
(hours)
Daily smartphone/tablet/ 9.60+3.17 12.0342.79 0.016*
laptop use time (hours)
Neck Disability Scale (NDI 0 64416 <0.001*
score)
Pain intensity at rest (VAS 0 30412 <0.001*
score)
Values are mean +£SD, *:Significant difference of groups (p<.05)
Table 2. Resting sitting position
M le(° Health dults T\ cCK pain young P val
ean angle(°) calthy young adults . .. value
Head flexion 49.8+7.9 46.3+7.8 0.211
Neck flexion 43.0+£7.3 44.5+6.2 0.531
Shoulder flexion 20.6£7.8 17.545.2 0.197

Values are mean +£SD, *:Significant difference of groups (p<.05)
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Table 4. Condition difference of postural results

Mean angle(°) Without elbow support Elbow support F df p value
Head flexion 68.0+9.4 50.0£8.5 107.181 1,30 0.024*
Neck flexion 62.6+9.1 53.7£7.2 51.173 1,30 <0.001*
Shoulder flexion ~ 16.4+8.0 40.0+6.4 251.587 1,30  <0.001*
Elbow flexion 110.5+2.7 111.3+1.2 0.105 1,30 0.749
Wrist extension 15.8+1.4 21.0£1.4 36.280 1,30  <0.001*
Values are mean +SD, *:Significant difference of conditions (p<.05)

Table 5 Time difference of postural results

Mean angle(®) Time 1 Time 2 F df P value
Head flexion 58.5+13.0 59.6+12.6 5.694 1,30 0.024*
Neck flexion 58.4+1.3 58.0+1.3 0.657 1,30 0.424
Shoulder flexion 28.3+1.1 28.1£1.0 0.550 1,30 0.464
Elbow flexion 70.4+1.7 67.7£1.6 11.956 1,30 0.002*
Wrist extension 17.2+1.4 19.6+1.3 11.956 1,30 0.002*

Values are mean £SD, *:Significant difference of time points (p<.05)

47



. — 9'97C°¢S ['0T+L'09 7 LFOPS 8'8FLE9 (LU
dnoi3 x owmn x poddng

(100704 g1 15=4)

S 6'9FL'TS 6'67L'CY TITS vk V' 8FLYS 0'8F5'79 £LFOEY [ swiy

dd yoddns B dd 11oddns 3
yoddns moqrg MOQ[® RO, gunsay woddns moqpg AOQIAINORIIAL unsay s10)de

UoIPRINU] )

10 syinpe sunoA ured }oaN sympe Sunok Qedyy

1291J0 UTEI\

sdnoa3 gjoq 10y syurod Iwr) JUIIYJIP J€ PUE SUOHIPUOI JUIYJIP Japun (,)3[3ue uoIxay YN "9 qeL

48



CLF88E 66FE VI SSTFPOb 8 ¢TR8I ¢ ULy,
(100°0>d
L88°15T=1)
woddns moqg
CLFI9°6E R O0IFL I CSFCLI 09F0°1¥ CSFO'8I 8'LF9°0C [ QuI],
dd 11oddns 3 dd 110ddns 3
1oddns moqg P unsay jroddns moqrg unsay s10)deq

MOqJ2 IOy

uondeIdU|
10 sjinpe 3unoi ured 23N
13§39 Ulejy

sjinpe 3unoA Ayjeay

sdnoag yyoq 105 syurod duir) JUIIIFJIP J& PUE SUORIPUOD JUIIIJJIP J3puUn (,)I[SUr UOIXI[J JIPINOYS L IQEL

49



§'SFT99 € CIFER9 SLFTRY TYIFI'89 gouwry,
(200°0=4 956" 11=4)
iy,
P'8F1°69 8 LIFOIL 89FI'IL CEIFFOL [ dwiI],
dd 1oddns dd 11oddns
yoddns moq[q ol o poddns moqq P $10)9%,]
uonIeINU
10 sympe 3unoX ured }oaN s)npe 3unoA AY)edH
333139 uley

sdnoid oq 10j syurod dum yuazagyIp e pue suonIPUOd JUAIJIp Japun ()a[due woIxag moq[y "8 IqBL

50



(ro-d ges L) PLFTIT TLFEI 0'6¥T¥T €87 61

¢ Puwl]
dnoid x o
(1000>d ‘Z1€18=4)
ouny,

(100°0>d '087'9¢=1) ’ ) y g ’ ; - ;
yoddns moqys 89781 LLFI VI L' 8FC0C S6F091 ] awiL
dad woddns odd woddns
1oddns moqrg MOGI® INOTIA uoddns moqrg MOQ[d NOTIAL $10)9% ]
uonde.Idu|
10 sjinpe 3unoA ured }OaN sjinpe 3unoX AyjedH

123))0 UTRI\

sdnoa3 yjoq 10j syurod swiry JUIIILIP J€ PUB SUOHIIPUOD JUIIIJIP J9pun (,)I[3Ue UOISUIIXI JSLIAL 6 d[qEL

51



Table 10. RMS of static EMG

RMS Health young adults Neck pain young adults
Left cervical erector spine 0.0046+0.0037 0.0080+0.0057
Left upper trapezius 0.0082+0.0065 0.0127+0.0157
Right cervical erectorspine 4 5031.40,0013 0.0057:0.0045
Right upper trapezius 0.0057+0.0063 0.0073+0.0074
Flexor digitorum superficialis ~ 0.0068+0.0065 0.0121+0.0095
Extensor digitorum 0.0148+0.0170 0.0177+0.0128
Extensor carpi radialis brevis 0.0046+0.0030 0.0081+0.0097
Abductor pollicis brevis 0.0070+0.0045 0.0086+0.0057

Values are mean £SD, *:Significant difference of groups (p<.05)
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Table 15. Condition difference of electromyographic results (percentage %)

Muscle activity Xgﬁgﬁt elbow Elbow support F df P value
Right cervical erector spine 27.9+41.8 2.9+21.8 21.637 1,30 <0.001*
Left cervical erector spine 19.5+£57.2 -4.84+27.1 6.806 1,30 0.014*
Right upper trapezius 95.4+150.2 15.1£77.0 8.782 1,30 0.006*
Left upper trapezius 0.2+0.2 -0.1+0.1 3.545 1,30 0.069
Flexor digitorum superficialis ~ 94.74+23.0 57.9+28.3 4.521 1,30 0.042%*
Extensor digiturom 0.4+0.1 0.3+0.1 0.801 1,30 0.378
Extensor carpi radialis brevis 1.9+0.7 1.8+0.7 0.131 1,30 0.720
Abductor pollicis brevis 19.8+£2.9 18.7+2.4 0.825 1,30 0.371
Values are mean +SD, *:Significant difference of conditions (p<.05)

Table 16. Time difference of electromyographic results (percentage %)

Muscle activity Time 1 Time 2 F df P value
Right cervical erector spine 0.2+0.1 0.1+0.1 0.943 1,30 0.339
Left cervical erector spine 0.1+0.1 0.1£0.1 0.315 1,30 0.579
Right upper trapezius 0.6+0.2 0.5+0.1 0.667 1,30 0.420
Left upper trapezius 8.84+86.7 -4.5+£53.4 6.056 1,30 0.020*
Flexor digitorum superficialis 87.8£160.1 64.8+£140.4 6.288 1,30 0.018*
Extensor digiturom 0.3+0.1 0.3+0.1 0.304 1,30 0.585
Extensor carpi radialis brevis 1.8+£0.7 1.9+£0.7 0.429 1,30 0.517
Abductor pollicis brevis 19.1+£2.5 19.442.8 0.054 1,30 0.818

Values are mean +£SD, *:Significant difference of conditions (p<.05)
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Table 22. Perceived neck discomfort under different conditions

ithout
Perceived neck discomfort Withou Elbow F df P value
elbow support
Perceived neck discomfort 2.3+0.2 1.5+0.2 46.621 1,30 <0.001*
Values are mean +SD, *:Significant difference of conditions (p<.05)
Table 23. Perceived neck discomfort at different time points
Perceived neck discomfort Time 1 Time 2 F df P value
Perceived neck discomfort 1.4+0.1 2.3+0.2 27.649 1,30 <0.001*
Values are mean +£SD, *:Significant difference of time points (p<.05)
Table 24. Perceived neck discomfort in different groups
Perceived neck discomfort Healthy Retiqopg F df P value
group group
Perceived neck discomfort 0.6+£0.3 3.1+0.3 48.595 1,30 <0.001*

Values are mean +£SD, *:Significant difference of groups (p<.05)
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Table 26. Pain pressure threshold of the left/ right upper trapezius at different time points

Pain pressure threshold  Time 1 Time 2 F df P value
Left upper trapezius 2.04+0.10 1.85+0.12 43.640 1,30 <0.001*
Right upper trapezius 2.20+0.11 2.02+0.12 32.565 1,30 <0.001*

Values are mean +SD, *:Significant difference of time points (p<.05)
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Flow chart

Participants

Baseline test
Age/Sex/Height/Weight/History of
smartphone usage/Physical activity/ Neck pain ?
Daily usage/

VAS>2 & NDI>S
Pain intensity(VAS)

Neck disability index(NDI)

X) O)

Healthy group Neck pain group

L,

Collect resting position data 3 times

Healthy group Neck pain group
Without Elbow Without Elbow

elbow support support elbow support support

Randomly, 5 minutes typing test, S minutes rest between the test

Figure 1. The flow chart of the experiment
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Figure 2. Elbow support instrument left :front view, right :side view

Before task Postural change After task
30 Muscle activity 30

Pain pressure threshold Pain pressure threshold

Neck discomfort Neck discomfort

Figure 3. The data collection process
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Head flexion angle

Outer canthi

Neck flexion angle Ear lobe

Cervical vertebra level seven

Wrist extension
Elbow flexion angle

angle

Acromion

3rd finger

Shoulder flexion Midpoint between radial

angle and ulnar styloid process

Lateral epicondyle

Figure 4. Marker placement and angle definition. The dotted line is an extension of the
solid line.
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Angle (°)

Head flexion angle

90.0 % _
80.0 !
70.0 68.0
60.0
50.0 °00
40.0
30.0
20.0
10.0

0.0

Without elbow support Elbow support

Figure 5. Comparison of the head flexion angle between two conditions *:Significant

Angle (°)

difference (p<.05)
Head flexion angle
90.0
*

80.0 I I
70.0
60.0 54.5 >1.6
50.0
40.0
30.0
20.0
10.0

0.0

Time 1 Time 2

Figure 6. Comparison of the head flexion angle between two time points *:Significant
difference (p<.05)
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Angle (°)

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

Neck flexion angle
*

Without elbow support Elbow support
Figure 7. Comparison of the neck flexion angle between two conditions *:Significant

difference (p<.05)
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Neck flexion angle
80.0 -

75.0

70.0 T

65.0 637

M4
60.0

Angle (°)

55.0 547 4. +54.0

50.0

45.0

40.0
Time 1 Time 2

4 Healthy group - without elbow support
Healthy group - with elbow support
Figure 8-1. Neck flexion angle - Support x time x group interaction (The health group)
Under no elbow support condition, the neck flexion angle increased in the health group.
Under elbow support condition, the neck flexion angle maintained the same level in the health group.
“*” indicates that significant differences at Time 1 and Time 2 in neck pain group typing without elbow
support (p<0.05)

Neck flexion angle

80.0
*

75.0
70.0 -

65.0 63.7

60.0 60.7

Angle (°)

55.0

52.7 T
50.0

45.0

40.0
Time 1 Time 2

-4 Neck pain group - without elbow support
Neck pain group - with elbow support

Figure 8-2. Neck flexion angle - Support x time x group interaction (The neck pain group)

Under no elbow support condition, the neck flexion angle decreased in the neck pain group.

Under elbow support condition, the neck flexion angle maintained the same level in the neck pain group.
“*#” indicates that significant differences at Time 1 and Time 2 in neck pain group typing without elbow
support (p<0.05)
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Angle (°)

Angle (°)

60.0

50.0

40.0

30.0

20.0

10.0

0.0

100.0

80.0

60.0

40.0

20.0

0.0

Shoulder flexion angle

*
Without elbow support Elbow support
Figure 9. Comparison of the shoulder flexion angle between two conditions *:Significant
difference (p<.05)
Elbow flexion angle
*
| |
70.4
—I l
Time 1 Time 2

Figure 10. Comparison of the elbow flexion angle between two time points
*:Significant difference (p<.05)
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Angle (°)

Angle (°)

30.0

20.0

10.0

0.0

30.0

20.0

10.0

0.0

Wrist extension angle

*
| |
21.0
1|8
Without elbow support Elbow support

Figure 11. Comparison of the wrist extension angle between two conditions *:Significant
difference (p<.05)

Wrist extension angle

|
136

F

Time 1 Time 2

Figure 12. Comparison of the wrist extension angle between two time points *:Significant

difference (p<.05)
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Wrist extension angle

30.0
*
25.0 | |
21.8
<
)
= 200 #
=)
<
18.1
17.5
16.2
15.0
10.0
Time 1 Time 2

4 Healthy group

O Neck pain group
Figure 13. Wrist extension angle : a significant group x time interaction was found
The wrist extension increased more in the healthy group than the neck pain group after
five minutes typing.
“*” indicates that significant difference at Time 1 and Time 2 in healthy group (p<0.05)
“#” indicates that significant difference between two groups at Time 2 (p<0.05)
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Percentage of change (%)

Percentage of change (%)
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0.0

-20.0

-40.0

Right cervical erector spine muscle activity
*

Without elbow support Elbow support

Figure 14. Comparison of the muscle activity for the right cervical erector spine between
two conditions *:Significant difference (p<.05)

Left cervical erector spine muscle activity

*

-4.8

Without elbow support Elbow support

Figure 15. Comparison of the muscle activity for the left cervical erector spine between
two conditions *:Significant difference (p<.05)
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Right upper trapezius muscle activity

*

Without elbow support Elbow support

Figure 16. Comparison of the muscle activity for the right upper trapezius between two
conditions *:Significant difference (p<.05)

Left upper trapezius muscle activity

*
818
N
I
-4.5
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Figure 17. Comparison of the muscle activity for the left upper trapezius between two
time points *:Significant difference (p<.05)
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Figure 18. Comparison of the muscle activity for the flexor digitorum

superficialis between two conditions *:Significant difference (p<.05)
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Figure 19. Comparison of the muscle activity for the flexor digitorum superficialis
at different time points *:Significant difference (p<.05)
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Figure 20. Comparison of the perceived neck discomfort at different conditions
*:Significant difference (p<.05)
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Figure 21. Comparison of the perceived neck discomfort at different time points
*:Significant difference (p<.05)
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Figure 22. Comparison of the perceived neck discomfort for different groups
*:Significant difference (p<.05)
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Figure 23. Perceived neck discomfort score : a significant support x time interaction was found
The perceived neck discomfort significantly increased when typing under no elbow support

condition. “*” indicates that significant differences between the two conditions in Time 2 (p<0.05)
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Figure 24. Perceived neck discomfort score: a significant time x group interaction was found.

The healthy group increased more neck discomfort than the neck pain group after five-minute

typing task
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Figure 25. Comparison of the pain pressure threshold for the left upper trapezius at
different time points *:Significant difference (p<.05)

Left upper trapezius pain pressure threshold

*
+2.21 1
q
’_( 1.95
A D 1.75
—A
TIme 1 Time 2

O Healthy group # Neck pain group
Figure 26. The pain pressure threshold of the left upper trapezius: a significant time x

group interaction was found
The pain pressure threshold of the left upper trapezius decreased more in the healthy

group than the neck pain group.
“*” indicates that significant differences between the two groups (p<0.05)
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Figure 27. Comparison of the pain pressure threshold for the right upper trapezius at
different time points *:Significant difference (p<.05)
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Figure 28. The pain pressure threshold of the right upper trapezius: a significant support x

time interaction was found
The pain pressure threshold of the right upper trapezius decreased significantly under no

elbow support condition
“*” indicates that significant differences between Time 1 and Time 2 in the two

conditions at P-value <0.05)
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Appendix 1
eEEEEHRE- WhkRGE International Physical Activity Questionnaire (IPAQ)
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Appendix 2
¥4 it £ 4 NeckDisability Index (NDI)
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