LANRITLBUANIYRDY 1

a o W) 6
AMEITNIY ﬂ%ﬂﬂﬁﬂyim

Tassns

Innovation of Tablet/Smartphone Application (App) to Prevent
Neck and Arm Pain for Thai Children

lag

[V | 6 o A a ] 1
HZ28Md@n319138 A3 AN31 dunslila

24 AIRTAN 2562

o A (~1
INLasalasinig



Y] ¥ o a o 61 1
(YJ%W@I%’I ¢fin EIﬂ’lWi%ﬂ’]i‘l(l’ld’l%‘)% guasd ?J’]%"Iiﬂiq‘%slﬁ&l)

A11821 MRGE wcoamo

ILIUIVLATUANY IO

Tasens

Innovation of Tablet/Smartphone Application (App) to Prevent
Neck and Arm Pain for Thai Children

LA o
AR

u

2UANFAIINTY A3, ANIY DUN3INla

o
&INA

NRINLIRYAIHAITHNIILIAN (AMENI8AINLNIIRA)

aﬁumgu‘[@mﬁ'lﬁfnm%ﬂ aan%aﬁna%umﬁﬁ' 3

LA NUIINYIRYATHASTHNITILIGN



LANRIILBUANTYLRTY 2

31Uy Abstract (UnAntia)

Project Code : MRGe&&&oamo

(swalasans)

Project Title : Innovation of Tablet/Smartphone Application (App) to Prevent Neck and
(@alasans) Arm Pain for Thai Children

Investigator : HTomaaTanse An3m unilils

(Bawn298) UAINENRBAIUATUNTI L3al (e wiinga)

E-mail Address : drpattariya@gmail.com, pattariy@g.swu.ac.th

Project Period : 2 U daueiun 1 Aquren 2550 DITUN 1 Tquiun 2561
(3z2212811A%9N19)

3. UNAnEa
= a o A o v & A =
\inflaanthezeszuunszgnuaznauitannmiligunsallnsdwriniauiu
< & Ao < X A ~ A = p= Aq o
\Wa gaUszaidnyldbaTikAeTouifisuennsthalwdnety 10-12 8 lu 1. aoefld
a o & G 9 o A < & & =
wanwATUwadaEN N INWLALLEe 2. lWlTuennRiatuaadgunsnlnwuiuda o
minduldnawiwazian ldSouitwiwisiunsldauninliwuiuidaninanzay
Ao, a A v & o v & % & & & = !
Nunvhfede lhlaunudmantMsIngsluauInIWwuAUEe NanIAnEIWLIN
A . v A A \ o Ag o a o & A
omsthafine Tnd wun uaz deflauacfiolunguiliuanndintusasauninlnudannis
thavasninguililfiowniietuvassaninliuainidisdayneadd Maan 15, 30
a a A ' o
WaT 45 W (p value < 0.05) LAZWLENTI1 81NTL10IAD AR ARIFIULL WU WAY
v A A \ Ag o a < & & a o ! oAy A o
Toflouszlialungufiltuenniiatuvaufiviiafionmsthaesnit ngufliuanndingdu
VOIUNULRNDENIRIFANIIEDA N8 15, 30 WAz 45 WIN (p value < 0.05)
wa o & ° v & o A o & & A [ 9 v &
anzAstduuzi idnlfuanwiintusasauninlnwuiviga  iwetiadasnulaildidn
flaamsthandaiiaainnisldinugdninidindn nsdnwluewiaaaisinisfaauna
d' =1 a =3 d' L d' ] v'd o
J2U2E  WafnsngAnsInvadanfUsufoueetiin  uaznavaIn1ITaInueans
17a

Keywords : gunsnilnsdwy auninluu ufivida uawwdiatu Jesiuainiie


mailto:drpattariya@gmail.com

3. Abstract

Children reported musculoskeletal pain caused by mobile device usage. The aim
of study was to compare the muscular pain in children, aged 10-12, under two
conditions: 1.use of the ergonomic smartphone/tablet app (app use) 2.no use of the
ergonomic app (no app use). Parents and children were encouraged to discuss proper
use of the mobile device(s). The task was to complete an English vocabulary activity on
the device. Results revealed clearly that neck, shoulder, arm, and wrist and hand pain
in the “smartphone app use” condition was significantly lower than the “no smartphone
app use” condition at 15, 30, and 45 min (p<0.05). Furthermore, neck, shoulder, upper
back, arm, and wrist and hand pain in the “tablet app use” condition was significantly
lower than in the “no tablet app use” condition at 15, 30, and 45 min (p<0.05). We

would recommend children use the app to aid them in pain prevention.

Keywords: Mobile Device, Smartphone, Tablet, Application, Pain Prevention
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Abstract

Children reported musculoskeletal pain caused by mobile device usage. The
aim of study was to compare the muscular pain in children, aged 10-12, under two
conditions: 1.use of the ergonomic smartphone/tablet app (app use) 2.no use of the
ergonomic app (no app use). Parents and children were encouraged to discuss proper
use of the mobile device(s). The task was to complete an English vocabulary activity
on the device. Results revealed clearly that neck, shoulder, arm, and wrist and hand
pain in the “smartphone app use” condition was significantly lower than the “no
smartphone app use” condition at 15, 30, and 45 min (p<0.05). Furthermore, neck,
shoulder, upper back, arm, and wrist and hand pain in the “tablet app use” condition
was significantly lower than in the “no tablet app use” condition at 15, 30, and 45 min
(p<0.05). We would recommend children use the app to aid them in pain prevention.


mailto:drpattariya@gmail.com
mailto:pattariy@g.swu.ac.th

22

1. Introduction

Children currently use smartphone and tablet devices at an increasing rate at
school and at home.!* Fifty four percent of UK children partake in online
activities,® ana 64% of elementary and high school students use a smartphone every

day,® with usage time approximately 7.5 hours per day.(” In several countries,
hundreds of thousands of tablets have been delivered to elementary school students®
and high school students® 1 for their education.

Musculoskeletal pain is one of the common adverse health effects of mobile
device usage in children. Pain, particularly at the neck, shoulder, back, arm, wrist, and
hand regions have been found in children who consistently text and view portable
screen devices.**1®) Poor seated posture with posterior pelvic tilting is a risk factor
contributing to pain during smartphone and tablet usage. High loads on joints and
muscles when the user is in poor posture can lead to joint and muscle pain. Long
durations with no breaks can result in muscular pain and fatigue, causing sustained
muscle contractions.*4*® Holding a device with one hand and no arm rest also
induces pain. Reading text and viewing pictures on the screen with the typical blue
haze from the screen can cause issues with the eyes. The American Optometric
Association found that eye strain, headache, blurred vision, and dry eyes are common
symptoms of digital eye strain (DES).‘®) In that study, 44% of smartphone users
reported eye strain, and 83% had cell phone vision syndrome. Furthermore, it has
been found that smartphone addiction in children aged 12 years old can affect the
quality of relationships with family and outside social engagements.®” There is also
psychological impact.319 A good parent-child relationship helps reduce child
internet addiction and social anxiety issues. %2\

Smartphone and tablet applications (apps) have yet to provide innovative ways
to cooperate with parents in supervision of children’s use of applications and aiding
children in preventing consequent health risks. However, interestingly enough, one
study found that computer software that gives children information on how to use a
computer properly via a pop-up screen warning aided them in preventing muscle
aches and pains.®® The study found that the prevalence and severity of pain was
reduced significantly in children who were informed of correct posture while using
computers by teachers or who received automated posture warnings and tips on their
personal computers via the pop-up screens. Another study on an education program
for elementary school children in grades four and five focusing on posture,
specifically aimed at students’ back area, found that 15% of 42 volunteers showed
significant improvement in their knowledge from one week to three months after the
examination.®®  Therefore, knowledge of how to prevent risk of pain during
smartphone and tablet use should be incorporated into mobile apps coupled with help
from parents to inform their children of the potential risks. Such a partnership
between mobile applications and parents can help promote a healthy parent-child
relationship in which parent and child work together in learning and preventing the
risks of muscle aches and pain during mobile device use.

This is the first study on the development of a mobile app to help prevent
musculoskeletal pain in children. Correct posture is key in preventing these issues.
Holding a smartphone device with two hands, placing a tablet on a table with a
supporting case, frequent breaks from usage, eye resting, relaxing shoulders, and pop-
up warnings to provide additional information all help children avoid musculoskeletal
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pain. It is also important for parents to learn how to use devices carefully and work
with children to encourage them to do so as well. The aim of the current study is to
compare the pain children aged 10-12 report at the neck, shoulder, upper back, lower
back, arm, wrist, and hand regions under two conditions: use of the ergonomic app
(“app use”) and without the use of the ergonomic app (“no app use”), after 15, 30, and
45 minutes. Under both conditions, the childrens’ task was to complete an English
word game on a smartphone or tablet. Children in the “app use” condition reported
less pain.

2. Method

2.1 Participants

Sixty primary school children aged 10-12 years old from the Demonstration
(Satit) school of Srinakharinwirot University (Ongkharak) were recruited for the study
with the consent of their parents. Ethics approval was obtained from the Human
Ethics Committee of the Faculty of Physical Therapy at Srinakharinwirot University,
and the approach was agreed with the deputy principal of the school. Inclusion and
exclusion criteria are listed in Table 1. Thirty children were allocated to the
smartphone study, and 30 children were allocated to the tablet study (Figure 1).
Means and standard deviations of age, weight, and height in the smartphone study
were 10.8+0.6 years, 45.3+£15.1 kg, and 147.1+4.9 cm, respectively. The statistics for
those in the tablet study were 10.7+£0.6 years, 39.5+9.8 kg, and 147.5+7.6 cm,
respectively. The sample size calculation was based on the results of the study of
Robbins et al.

Table 1 Inclusion criteria and exclusion criteria

Inclusion criteria Exclusion criteria

1. Parents give consent for children to 1. Spinal kyphosis or scoliosis

participate in the study 2. Musculoskeletal pain that requires
2. Age 10-12 years old regular visits to the doctor or physical
3. Normal BMI (14.2-21 kg/m?)@®) therapist within one month prior to the
4. Experience with mobile use at least experiment

two hours/week?4-26) 3. History of spinal, hip, or hand surgery
5. 20/20 vision or vision corrected by

glasses®”

2.2 Procedure

The mobile (smartphone/tablet) study was designed to promote knowledge of
correct posture and to provide effective means for participants to correct their posture
while using a mobile device. Each participant participated in two sessions, one week
apart. In the first session, children used a smartphone or tablet for 45 min without the
innovative mobile app (“no app use”). The task chosen for the study was a game in
which the participants had to search for English words. During both sessions,
participants were asked to define the locations and severity of pain on a FACES pain
rating scale at the beginning (0 min) and after mobile use for 15, 30, and 45 min.
Children located any pain in their neck, shoulders, upper back, lower back, arm, wrist,
or hand regions. After the first session, documentation containing information about
the app was sent to participants’ parents for them to learn about the app along with
their children. Parents and children were encouraged to discuss proper use of the
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device. After one week, children participated in a second session, again using the
smartphone or tablet for 45 min., but this time with the innovative smartphone
application running in the background (app use) and the same task. As in the first
session, they were asked to define and locate the severity of any pain they experienced
(Figure 1).

60 Elementary
School students

-~

\

(no app use) —— (no app use)
Use Smartphone nﬂgifk'ﬂ:hzi';:j:: Use Tablet with De{(inehpailr; at
) f . . neck, snoulaer,
R valtr_] nof .5 upper back, no Appllca_tlon upper back,
pplication tor lower back, for 45 min lower back,
min arm, wrist and arm, wrist and
—p| handat0,15, hand at 0, 15,
| 30, 45 min -»> 30, 45 min
v |
\4
Learn and Learn and
communicat communicat
e with e with
parents parents
abput all about all
Children Children
learn how to learn how to
use app with use app with
> parent > parent
v v
(app use) (app use)
Use Smartphone Define pain at ) Use Ta_blet_ Define pain at
with Application neck, shoulder, with Application neck, shoulder,
: upper back, for 45 min upper back,
for 45 min lower back, lower back,
, wrist and arm, wrist and
>| Sndato 15 | handat, 15
30, 45 min 30, 45 min

Figure 1. Procedure for smartphone/tablet study.
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2.3 Pain and location of pain measurement

The FACES pain rating scale was used to measure the severity of pain.
Participants pointed to the face that conveys how much pain they felt. Scores were 0,
2, 4, 6, 8, or 10, counting left to right, with “0” equalling “No pain” and *“10”
equalling “Severe pain” (r=0.93).%® The locations of possible pain comprised five
regions: neck (area beside neck from C1 to C7), upper back (area between midline
and medial border of scapula from T1 to T7), lower back (area below scapula to L5),
shoulder (area from midline lateral to acromion process), arm (area from arm to
wrist), and wrist and hand (area from wrist to fingers).

2.4 Application
The smartphone/tablet app (Figure 2) consists of 2 main components:

1) Information to encourage good posture, hold device, place device on
table, relax shoulders, take frequent breaks, and rest the eyes

This component of the app was accompanied by photos and text that
encourage communication between parent and child to guide the child in
using the mobile device in the correct posture. Sitting with good posture
during mobile device use is important; this was explained before the study
began. Children in a slouching position were reminded to correct their
posture. The principles of frequent breaks with short durations every 15
min and occasional long breaks (such as going to talk with parent(s) or
playing with friends) were explained in the application. The techniques of
blinking eyes using 12-15 regular repetitions and resting eyes every 15 min
by looking forward 3 meters were also explained. Reminders to drink
water and have fruit instead of junk food were also included in the app. In
the case of the tablet app, children were encouraged to place the tablet in a
case and set it to tilt the screen upwards.

2) Pop-up screen warning

When the ergonomics application is running in the background, warnings
are shown on the top left corner of the smartphone/tablet screen in clear
and neat text, with a photo and a pleasant prompt noise. Each pop-up or
warning reminds the user how to sit with correct posture during
smartphone or tablet use. At the start of the study, children were reminded
to handle smartphones with both hands, whereas children using tablets
were reminded to prop the tablet on the table using the tablet case and
place both hands by their sides during use or find an armrest if available.
They were advised to take eye rests during mobile usage by looking
forward about 3 meters for 15 seconds in intervals. Children were also
asked to blink their eyes at least 15-20 times per min. The pop-up screen
warning started to work when children clicked on the app icon to activate
it.
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Figure 2 Information for parents and children in the app

Statistical Analysis

The normality of the distribution of participants’ pain severity responses was
analysed with a Komogorov-Smirnov test. The main hypothesis, that pain severity
under the “app use” condition would be lower than under the “no app use” condition,
was tested using a repeated-measures analysis of variance (ANOVA). Bonferroni
post-hoc corrections were used to adjust for multiple comparisons when a significant
difference (p < 0.05) in treatment means was observed. The statistical analyses were
rununder SPSS version 21 for Microsoft Windows.
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3. Results
We report results first for the smartphone group then the tablet group.

3.1 Smartphone
For the smartphone group, neck pain in the *“app use” condition was

significantly lower than that of the “no app use” condition at 15 min (app use vs. no
app use: 0.8+1.5 vs. 2.8+£2.6; maximum pain score = 10) with a p value of 0.001 and
at 30 min (app use vs no app use = 1.8+2.7 vs 3.4+3.1) with a p value of 0.013. Neck
pain in the “app use” condition at 45 min tended to be lower than in the “no app use”
condition but was not significantly different (2.7+£3.3 vs 3.7+3.5) (Table 2, Graph 1).

Arm pain in the “app use” condition was significantly lower than in the “no
app use” condition at 15 min with a p value of 0.004 (app use vs. no app use: 0.6+1.4
vs. 1.5+2.3) and at 30 min with a p value of 0.023 (app use vs no app use: 1.1+1.7 vs.
2.2+2.5).

Wrist and hand pain in the “app use” condition was significantly lower than in
the “no app use” condition at 15 min with a p value of 0.018 (app use vs. no app use:
0.4£1.0 vs. 0.9+2.2) and at 30 min with a p value of 0.001 (app use vs no app use:
0.8+1.5vs. 1.9+3.5).

Although there was shoulder pain, upper back pain, and lower back pain
during smartphone use under both the “app use” and “no app use” conditions, there
was no significant difference between the conditions. Pain levels did tend to be lower
in the “app use condition” in all cases (Table 2).
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Table 2  Severity of pain at neck, shoulders, upper back, lower back, arm,
and wrist and hand in “app use” and “no app use” for smartphone

group

Time  Situation Pain scale at six regions (total score = 10)

Neck pain Shoulder Upper Lower Arm pain  Wrist and
pain back pain  back pain hand pain

15 noappuse 28%26 09+1.9 10+£18 11+£23 15+23 09+%22
min app use 0.8+15 05+1.4 08+16 0919 06+x14 04£10
ANOVA p=0.001* p=0.096 p=0.713 p=0.329 p = p=0.018

0.004*

30 noAppuse 34131 18+19 13+£25 12+£22 22+25 19%35
min app use 1.8+2.7 09+15 11+21 09%20 11+17 08%15
ANOVA p=0.013* p=0.190 p=0421 p=0.652 p = p=0.001*
0.023*

45 noAppuse 3.7+35 24%27 17+29 17+26 23+30 28%35
min  app use 27+33 20+27 18%31 15%29 15+25 17+26
ANOVA  p=0507 p=0613 p=0638 p=0960 p=0.079 p=0.023*

*repeated measure ANOVA with p value of 0.05
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3.2 Tablet
In the tablet group, neck pain for the “app use” condition was significantly

lower than in the “no app use” condition at 45 min with a p value of 0.023 (app use
VS. o app use: 2.1+2.6 vs. 4.1+3.4) (Table 3, Graph 2). Neck pain in the “app use”
condition at 15 and 30 min tended to be lower than in the “no app use” condition with
p values of 0.07 and 0.09 respectively) but were not significantly different (Table 3,
Graph 2).

Shoulder pain in the “app use” condition was significantly lower than in the
“no app use” condition at 30 min with a p value of 0.007 (app use vs. no app use:
1.3+1.7 vs. 2.9+2.9) and at 45 min with a p value of 0.024 (app use vs. no app use:
1.6£2.4 vs. 2.9£3.5).

Upper back pain in the “app use” condition was significantly lower than in the
“no app use” condition at 15 min with a p value of 0.046 (app use vs. no app use:
1.7+2.2 vs. 1.1£1.6), at 30 min with a p value of 0.105 (app use vs no app use:
1.5+1.5 vs. 2.5+2.8), and at 45 min with a p value of 0.014 (app use vs no app use:
3.0+3.4 vs. 1.9+2.2).

Lower back pain in the “app use” and “no app use” conditions was not
significantly different.

Arm pain in the “app use” condition was significantly lower than in the “no
app use” condition at 30 min with a p value of 0.045 (app use vs. no app use: 1.7+1.5
vs. 1.1+£2.5) and at 45 min with a p value of 0.021 (app use vs. no app use: 1.4+2.1 vs.
3.1+3.2).

Wrist and hand pain in the “app use” condition was significantly lower than in
the “no app use” condition at 45 min with a p value of 0.015 (app use vs. no app use:
1.1+1.6 vs. 0.9£1.0). However, there was no significant difference between the “app
use” and “no app use” conditions at other times.
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Table 3 Severity of pain at neck, shoulder, upper back, lower back, arm,

and wrist and hand pain in “app use” and “no app use” conditions for
tablet group

Time Situation Pain scale at six regions (Total pain score = 10)
Neck pain Shoulder Upper Lower Arm pain  Wrist and
pain back pain back pain hand pain
15min  noappuse 3.1+28 16+25 17+22 10+21 09+£18 11+17
app use 17+21 08x16 11+16 11+20 11+16 0914
ANOVA p =0.070 p =0.057 p=0.046* p=0.885 p=0959 p=0.237
30min  noappuse 39+3.1 29+29 25+25 1825 21+25 11+19
app use 19+21 13+1.7 16+18 15+22 12+15 11+138
ANOVA p =0.099 p=0.007* p=0.105* p=0.856 p = p=0.763
0.045*
45min  noappuse 4.1+3.4 29+35 3.0+34 2427 31+32 09+10

app use 21+26 16+24 19%22 21+25 1421 11+16
ANOVA  p=0023* p=0024* p=0014* p=0487 p = p=0.015*
0.021*

*repeated measure ANOVA with p value of 0.05
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4. Discussion

4.1 Smartphone

This is the first study on the development of a smartphone app to help children
prevent the risk of musculoskeletal pain. The evidence clearly shows that children
experienced increasing neck pain due to smartphone use®” and some of them had
moderate or severe pain after smartphone use for 40 min.®? Using the smartphone for
10 min with no breaks induces pain at the neck and shoulders, and smartphone use for
30 min led to upper trapezius fatigue.®®

The results of the current study clearly show that neck pain in the “app use”
condition was significantly lower than in the “no app use” condition at 15 and 30 min.
Children were given information on how to correct their posture via the pop-up screen
warning during smartphone use. They were encouraged to learn about the information
provided with their parents. Cardon et al. in 2000 found that encouraging good
posture, which is part of back care education, was effective for elementary school
children. Children in their study improved in protecting their lower and upper back
areas.®? The findings of this particular study relate to those of the study of Robbin et
al. in 2009, who found that pop-up screen warnings raised awareness of good posture
for children aged 11-12 years during computer use.®? The most important point in
good posture is the linkage of the spine with anterior pelvic tilting, which leads to a
more straight back posture while sitting.®>3® In good posture, the lumbar region,
thorax, and neck are in neutral positions, which causes less load on the lumbar region,
thorax, and cervical spine®® and less muscle activity in the neck extensor.G"

Furthermore, the app reminded children to hold smartphone devices with two
hands at chest level and place the screen close to eye level. It also encouraged
children to relax their shoulders, place their hands by their sides, and have frequent
breaks to look ahead about 3 meters for 15 seconds every 15 min. This helped them
correct their head and neck posture from a tilting neck flexed posture to a neutral
posture. The information and warnings provided by the app apparently help children
prevent neck pain. Interestingly, after smartphone use for 45 min, neck pain in the
“app use” condition (pain scale = 3.7, total score = 10) tended to be lower than in the
“no app use” (pain scale = 2.7), but there was no significant difference between the
two conditions. This can be explained by the observation that prolonged smartphone
use, even with good posture, still accumulates pain in neck regions. Kim et al. in 2013
found that prolonged use of smartphones can induce changes in the cervical spine
posture and proprioception.?” Therefore, children should take occasional long breaks
or walk to talk with their parents or play with their friends to have enough time to
ensure ache prevention.

Arm pain inthe “app use” condition was significantly lower than in the “no
app use” condition at 15 min and 30 min (p value = 0.004, 0.023), and wrist and hand
pain was significantly lower in the “no app use” condition at 15 min, 30 min, and 45
min (p value = 0.018, 0.001, and 0.023, respectively). Children were asked to correct
their hand posture by holding the smartphone with two hands at chest level at the
beginning and relax their shoulders, then afterwards, hang their hands beside their
body. In addition, they were asked to take a short break after using the smartphone for
15 min and 30 min. Xie et al. in 2016 found that texting with both hands induced less
shoulder pain.©¥

However, there was no significant difference in the pain reported for the
shoulder, upper back, and lower back between the “app use” and “no app use”
conditions, even though the average severity of pain was less than 2.0. A previous
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study found that smartphone use did not significantly affect pain in the shoulders,
upper back, or lower back when compared with neck pain.*? This is consistent with
the fact that mobile usage during the current study induced less severe pain in these
areas than in the other areas. Readers may recall that the task in this study involved
searching for English words, which is not a vigorous task and is highly unlikely to
invoke clinical pain in said areas.

4.2 Tablet

This is likewise the first study on the development of a tablet app for children
to help prevent the risk of musculoskeletal pain. The results showed that there was no
significant difference in neck pain between the “app use” and “no app use” conditions
at 15 min and 30 min; however, there was a significant difference in neck pain
between the two conditions at 45 min (p = 0.023). This is not surprising, as little neck
pain was found during shorter durations of tablet use, as the screen of the tablet is
bigger, thus displaying text and photos larger and more clearly than in the smartphone
case. However, after use for 45 min during the study, pain did accumulate.®” It is
clear that children in the “app use” condition experienced less pain than in the “no app
use” condition. The app encourages children to sit upright at the beginning and urges
them to correct their spinal alignment. The app guides children to place their tablet on
the table with the case set so that the screen is close to eye level. This helps reduce
neck flexed posture, as tilting the tablet screen surface from horizontal can reduce
head/neck flexion.®%*2 Placing the tablet in such a way can also help reduce neck
pain and muscle activity.*®

Shoulder and upper back pain in the “app use” condition was significantly
lower than in the “no app use” condition. The app encourages children to sit with
good posture at the beginning and place the tablet on the table with the case set
instead of holding it, relaxing their shoulders and hanging their hands beside their
body. After they had a short break, participants returned their neck to a neutral
position. These tips helped children prevent pain in the shoulder and upper back areas.

Lower back pain did not show any difference between the two conditions.
Participants did not report much lower back pain during the study, so we suspect it
was minimal.®343)

Arm pain in the “app use” condition was significantly lower than in the “no
app use” condition after use for 30 min and 45 min. After tablet use without the app
for 45 min, arm pain in the “app use” condition rose to only 1.4 (of a maximum of
10), whereas pain in the “no app use” condition reached 3.1 in the same period. From
these results, it is clear that the app helped to reduce pain in children by prompting
them to use correct posture. Placing the tablet on the table enabled children to also
rest their hands on the table, a stable surface, which in turn assisted them to have
lower muscle activity in the shoulders. 1343

Wrist and hand pain did not show any difference between the two groups, but
at 45 min, the pain reported in the “app use” condition was significantly lower than in
the “no app use” condition. Pain reported in this area was less than 1 (of a maximum
of 10), which is consistent with other studies that found that mobile device did not
induce much pain in the wrist and hand areas when compared with neck area®?.
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Limitation of study

In the tablet study, two children could not complete the process of data
collection; however, the sample size was calculated to cover this number of drop-out
of participants. Children were asked to rate the pain they experienced on a scale of 0-
10 through self-assessment with nonverbal instructions; therefore, wide standard
deviations were found in the measured data. The process of parents and children
learning from the app together was not completed in front of the assessor; instead,
parents were surveyed on the results and sent results back after one week of learning
about the app with their children.

5. Conclusion

For the smartphone study, neck, arm, and wrist and hand pain in the “app use”
condition were significantly lower than in the “no app use” condition at 15, 30, and 45
min in children aged 8-12 years old. Moreover, for the tablet study, neck, shoulders,
upper back, arm, and wrist and hand pain in the “app use” condition were
significantly lower than in the “no app use” condition at 15, 30, and 45 min. We
would recommend children to use the smartphone/tablet app to prevent risk of
musculoskeletal pain caused during device usage.
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