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ABSTRACT: The present study aimed to explore the effect of smartphone usage on low back pain (LBP) and
shoulder pain (SP) in college students in a judo therapist course. From the course, 126 out of 155 students were
enrolled in this cross-sectional study. Smartphone usage i.e. frequency, time and application purpose were
evaluated using self-reported questionnaires. Clinical characteristics including LBP and SP were also evaluated.
The prevalence of LBP and SP was 18 students (14.3%) and 22 students (17.5%) respectively. The usage time of
smartphones in students with LBP or SP was significantly longer than in students without LBP or SP after
adjustment for confounding factors. The prevalence of game usage in students with LBP was significantly higher
than in students without. In addition, 2.5 hours for LBP and 5.0 hours for SP were the thresholds of usage time for
smartphone by receiver operating characteristic (ROC) curve. Smartphone usage, especially usage time, was closely
associated with LBP and SP. Proper usage of smartphones is needed for reducing LBP and SP in college students in

the judo therapist course.
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INTRODUCTION users in a WHITE PAPER Information and
Communications in Japan by the Ministry of

The number of smartphones is dramatically Internal  Affairs and Communications?.
increasing and approximately 72.0% of the Smartphone usage has many beneficial effects
population were reported to be smartphone on our daily life and environment. However,

XX



JAHS @ (@)

some disadvantages, health related problems
such as low vision29, sleeplessness4? and
orthopedic disorderst~15, In particular, low
back pain (LBP) and shoulder pain (SP) are
thought to be major problems12~15),

LBP and SP are common disorders and
have become a public health challenge in
Japan!®. About 10.4% of Japanese have LBP
and 8.8% have SP as reported by Ministry of
Health, Labor and Welfare, Japanl?. Also, in
occupational health problems, LBP is the most
common disorder!®, and SP is well known to be
display terminal
syndromel®. Also in Japanese students, LBP

associated with visual
and/or SP are one of major health problems!?.
Therefore, prevention and management of LBP
and SP are urgently required. Taken together,
it is speculated that smartphone usage is
closely linked to LBP and/or SP, and there are
about the
smartphone usage and LBP and/or SP12~14,

some reports link between
However, there is no report evaluating the
relationship between smartphone usage and
LBP and/or SP in college students in a judo

therapist course, who might be considered to be

Total number
n =155

more health conscious of LBP and/or SP than
other students. Because they specially learns
judo  therapy including musculoskeletal
diseases in their school courses20’ .

Therefore, in this cross-sectional study, we
investigated the effect of smartphone usage on
LBP and/or SP in college students in a judo

therapist course.
MATERIALS AND METHODS

Subjects

A total of 126 college students (107 men and 19
women), aged 26.0 £ 8.8 years, among 155
students, who met the entry criteria (Figure 1),
were enrolled in this cross-sectional study.

The criteria were as follows: (1) Students
in the judo therapist course, (2) Received
self-reported questionnaires including
smartphone usage, LBP and/or SP in November,
2016, (3) Not having acute pain of LBP and/or
SP, and (4) Provided written informed consent.

Ethical approval was obtained from the
ethical committee of Shikoku Medical College,

Utazu, Japan (H26-3).

Did not participate
n=12

Participants
n =143

Did not use smartphone

Used smartphone
n=131

l

n=12
Excluded
n=>5

Analysed at participants
n=126

Figure 1 Flow diagram of analysis
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Clinical parameters

Clinical parameters, such as age, sex, height
(cm), body weight (kg), body mass index (BMI),
smartphone usage, psychological distress,
exercise habits, LBP and SP, were obtained by
self-reported questionnaires.

As parameters of smartphone usage,
duration of usage (months), hours of usage per
day, screen size of smartphone (inches), and
data traffic of usage per month (gigabytes) were
evaluated. We asked if the students used the
smartphone daily for the following purposes
even for a second i.e. social networking services

(SNS),
searching,

playing games,
email,

video watching,

viewing news, phone,
listening to music, blogging or other uses. Body
mass index (BMI) was calculated as follows:
body weight (kg)/[height (cm)]2. Exercise habits
(over the level of 30 minutes per week and the
duration of one year) were also evaluated.
Psychological distress was evaluated by K6
scores as previously described2?.

LBP was evaluated as follows. “Do you
have low back pain?” If the answer was “yes”,
they were classified as students with LBP. If
the answer was “no”, they were classified as
students without LBP22. SP classification was

the same as LBP classification.

Statistical analysis

All data were expressed as mean =+ SD.
Comparison of parameters between subjects
with and without LBP and/or SP was
performed using un-paired t test and analyses
of covariance (ANCOVA), where p less than
0.05 was significant. The relationship between
application purpose and LBP and/or SP was
evaluated by x square test. In addition, the
threshold of usage time with LBP and/or SP
was evaluated by receiver operating
characteristic (ROC) curve. SPSS ver.22 for
Windows software (IBM, Co. Ltd, Tokyo, Japan)
was used for the analyses in this study.

RESULTS

Among the 155 students, 12 students did not
participate in the questionnaire survey and 12
did not use a smartphone. 5 questionnaires
were incomplete. Therefore, a total of 126
students are included in the analysis (Figure 1).
The characteristics of the 126 students were
shown in Table 1. Smartphone usage time per
day was 3.1 = 2.4 hours in men and 4.4 + 2.3
hours in women.

Table 1 Clinical characteristics of enrolled subjects

Mean =+ SD  Minimum Maximum

Number of subjects 126

Men/women 107/19

Age (years) 26.0 £ 8.8 18 56
Height (cm) 168.6 + 7.4 143.0  185.0
Body weight (kg) 68.8 + 149 45.0 135.0
Body mass index (kg/m’) 24.1 + 4.3 17.3 42.6
Duration of usage (months) 439 + 18.5 2.0 91.0
Hours ofusage per day (hours) 33+ 24 0.3 15.0
Screen size of smartphone (in.) 47 £ 04 3.7 6.0
Amount of usage per month (GB) 52 + 34 0.5 16.0
K6 score 4.1 £ 43 0 24
GB: Gigabyte.

in.:inch.
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The
usage and LBP is shown in Table 2. There were
18 (14.3%) students with LBP. Hours of
smartphone usage per day were significantly

relationship between smartphone

longer in students with LBP than in students
without LBP even after adjusting for age, sex,
BMI and exercise habits. Comparisons between
parameters in students with and without SP
are shown in Table 3. Twenty-two students
(17.5%) had SP. Hours of smartphone usage per
day and K6 scores were significantly higher in
students with SP than in students without.
Hours of smartphone usage per day in students
with SP were significantly higher than in
students without SP even after adjusting for
age, sex, BMI and exercise habits.

In addition, we investigated the link
between smartphone usage and sex, exercise
habits and purpose. Playing games were
significantly associated with LBP, and sex and
exercise habits were also associated with SP
(Table 4).

Finally, we investigated the thresholds of
smartphone usage time for the occurrence of
LBP and SP by ROC curve (Figure 2, 3). The
threshold yielding the maximal sensitivity plus
specificity for predicting LBP and SP was
estimated to be 2.5 hours for LBP (Figure 2)
and 5.0 hours for SP (Figure 3).

DISCUSSION

In this study, we firstly investigated the effect
of smartphone usage on LBP and/or SP in
college students in a judo therapist course in
Japan. We found that the hours of smartphone
usage per day was closely associated with LBP
and/or SP, and 2.5 hours for LBP and 5.0 hours
for SP were estimated as the thresholds of
smartphone usage.

Hakala et al. reported neck-shoulder pain
was perceived by 26% and LBP by 12% among
6,003 adolescents!?. Shan et al. evaluated the
prevalence of neck/shoulder pain as 48.4% and
LBP as 33.1% among 3,600 students across 30
high schools in Shanghai!®.

In Japan, Yamada et al. presented that the
prevalence of LBP was 25.2% by internet
survey2d. The prevalence of neck-shoulder pain
was 48.3 % in Japanese general population24.
In this study, the prevalence of LBP and SP
was 14.3% and 17.5% in college students in a
judo therapist course. The prevalence of LBP
and SP seemed to be comparably low as we
expected. The data obtained from this study
the
prevalence of LBP and/or SP in the college

provides us a wuseful database for

students in training courses for judo therapists
in Japan.

Table 2 Comparison of parameters i subjects with and without low back pamn

low back pain(—) low back pain(+)

Mean = SD  Minium Maximum  Mean = SD  Minioum Maxinum  p p*
Number of subjects 108 18
Age (years) 262 =89 18 56 246 = 8.1 18 47 0.463
Height (cm) 168.7 = 0.7 1430 185.0 167.6 = 1.7 153.0 1800 0.530
Body weight (kg) 69.0= 153 45.0 135.0 67.6 = 13.3  50.0 100.0  0.717
Body mass index (kg/n?) 241=04 17.3 42.6 240= 1.0 18.7 30.9 00913
Duration of usage (months) 438 = 1.8 20 86.0 439 = 44 15.0 91.0  0.983
Hours of usage per day (hours) 3.0=02 0.3 10.0 52= 05 0.5 15.0 <0.001 <0.001
Screen size of smartphone (in.) 47= 04 3.7 6.0 45= 0.5 4.0 55 0162
Amownt of usage per month (GB) 5.0 = 3.4 05 16.0 63= 35 0.8 16.0  0.123
K6 score 40= 44 0 24 45= 39 0 11 0.671
p *: after adjusting for age. sex, body mass index (BIM) and exercise habis.
GB: Gigabyte.
in:inch.
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Table 3 Comparison of clnical parameters in subjects with and without shoulder pamn

Shoulder pamn(—) Shoulder pam(+)

Mean = SD  Minimum Maxium ~ Mean = SD Minimum Masroum  p p*
Number of subjects 104 22
Age (years) 25.6 = 8.7 18 56 275= 095 18 47 0.361
Height (cm) 1689 = 72 143.0 185.0 1672 = 81  153.0 180.0 0.349
Body weight (kg) 68.8 =153 450 135.0 68.6 = 133 500 100.0 0.943
Body mass index (kg.:‘m:) 24.0 = 44 17.3 42.6 245=39 18.9 320 0.666
Duration of usage (months) 440= 18 2.0 86.0 432 =40 220 910 0.862
Hours of usage per day (hours) 3122 0.3 15.0 43 =32 0.5 100 0.039 0.049
Screen size of smartphone (in.) 46 = 04 3.7 6.0 47= 04 4.0 55 0847
Amount of usage per month (GB) 5.2 = 3.5 0.5 16.0 51=31 0.8 100 0919
K6 score 3.8= 44 0 24 56 =36 0 11 0.041 0.160
p *: after adjusting for age, sex, body mass index (BMI) and exercise habits.
GB: Gigabyte.
in:inch.

Table 4 The relationship between daily smartphone usage and low back pain or

shoulder pain
Low back pain Shoulder pain
(=) (H) )4 (=) () )4

Sex Wl\g:en ?2 144 0.474 ?i 175 0.024
Exercise habits E:L; ig 153 0.203 2 ; 220 <0.001
SNS E:L; ‘;‘ﬁ 135 0.558 éé 175 0.418
Video watching E:L; 2 3 g 0.803 Zi 193 0.244
Playing game 53 g s 0.038 2? 175 0.478
Searching E:L; ig 162 1.000 Zg 166 0.622
Viewing news E:L ; ;Z 144 0.780 Zg ! 48 0.432
Email E;; fé 153 0.304 fé 193 1.000
Phone E:L; 22 3 0.609 22 13 0.816
Listening to music E:L; ig 180 1.000 Zg 193 0.814
Blogging E;; 124 117 0.544 120 211 1.000
Others E:L; 124 108 1.000 1(3)1 211 0.541

SNS: Social Networking Services.
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Sensitivity

1-Specificity
Sensitivity: 0.89, Specificity: 0.49, Area Under the Curve (AUC): 0.71

Figure 2 Receiver operating characteristic (ROC) curves of daily usage and low back pain

Sensitivity

0.0 ; . ; .
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Sensitivity: 0.46, Specificity: 0.82, Area Under the Curve (AUC): 0.60

Figure 3 Receiver operating characteristic (ROC) curves of daily usage and shoulder pain
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According to the details of smartphone
usage in relation to LBP and SP, Hakala et al.
reported that daily use of computers exceeding

LBP and 2-3 hours
neck-shoulder pain was a threshold!?. Kim SY

5 hours for for

et al. also showed that pain and fatigue
worsened with longer smartphone use25. Yabe
et al. long video-game-playing time per day was
significantly associated with low back pain2®,
Kim HJ et al. found that the area of the most
painful body after smartphone usage was the
shoulder and neck!¥. However, Chiang et al.
reported that found no significant difference
between times spent using smartphone and
musculoskeletal discomfort after smartphone
usage2?. Although the relationship between
smartphone usage and LBP and/or SP was
partially controversial, we found that the hours
of smartphone usage were closely associated
with LBP and SP even after adjusting for
confounding factors in both sexes.

The of SP was different
between men and women. Playing games was

prevalence

associated with LBP, and exercise habits were
associated with SP. These results indicate that
the factor which is associated with LBP and/or
SP might be different. In addition, smartphone
usage at 2.5 hours for LBP and 5.0 hours for SP
was estimated as a threshold. However, the
thresholds obtained from this study did not
agree with the report of Hakala et al., and we
also did not find a relationship between
smartphone screen size and LBP and/or SP.
The enrolled students were thought to might be
conscious of LBP and/or SP, and the sample size
from one local college in Japan was small.
These factors may affect the results of this
study. However, reducing smartphone usage
hours may prevent LBP and/or SP in college
students in judo therapist training courses in
clinical practice.

There are still some limitations in this
study. Firstly, our study was cross-sectional,
but not longitudinal. In addition, the duration
of LBP and/or SP was not evaluated in this

XX

study. Therefore, we could not demonstrate a
causal relationship between smartphone use
and LBP and/or SP. Secondly, we could not
clarify the underlying factors for the effect of
smartphone usage on LBP and/or SP because
we could not obtain detailed data. In other
words, we could not evaluate whether the pain
occurs at rest, and at smartphone use. We could
not also evaluate the posture when they use
their smartphone. In addition, the prevalence
of SP in women was higher than that of SP in
men as the previous report2®. Thirdly, the
enrolled college students in our study were
students at only one college, Japan; therefore,
the results obtained from this study may not
apply to all students in Japan. Nevertheless, it
seems reasonable that reducing the usage time
of and
appropriate usage of
reduce LBP and/or SP in college students in the

smartphones recommending their

smartphones would
judo therapist training courses. Studies with a
large sample and longitudinal design with
detailed data are required.
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