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Abstract. [Purpose] The purpose of this study was to compare cervical repositioning errors according to smart-
phone addiction grades of adults in their 20s. [Subjects and Methods] A survey of smartphone addiction was con-
ducted of 200 adults. Based on the survey results, 30 subjects were chosen to participate in this study, and they were
divided into three groups of 10; a Normal Group, a Moderate Addiction Group, and a Severe Addiction Group. After
attaching a C-ROM, we measured the cervical repositioning errors of flexion, extension, right lateral flexion and
left lateral flexion. [Results] Significant differences in the cervical repositioning errors of flexion, extension, and
right and left lateral flexion were found among the Normal Group, Moderate Addiction Group, and Severe Addic-
tion Group. In particular, the Severe Addiction Group showed the largest errors. [Conclusion] The result indicates
that as smartphone addiction becomes more severe, a person is more likely to show impaired proprioception, as
well as impaired ability to recognize the right posture. Thus, musculoskeletal problems due to smartphone addiction
should be resolved through social cognition and intervention, and physical therapeutic education and intervention to

educate people about correct postures.
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INTRODUCTION

In modern society, the use of smartphones has increased
rapidly, and there are now more than 30 million smartphone
subscribers in Korea. In particular, 91% of university stu-
dents in their 20s use smartphones, which is much higher
than other age groups”. Compared to general cell phones,
a smartphone is capable of internet use which provides ad-
ditional various conveniences for users?. However, the use
of smartphones may result in smartphone addiction, which
is the convergence of existing internet and cell phone addic-
tion problems into smartphone addiction®. The characteris-
tics of smartphones such as usefulness, convenience and ac-
cessibility have encouraged dependence. The smartphone
addiction rate is now 8.4%, which is higher than the internet
addiction rate of 7.7%, and this trend is expected to continue
thanks to increasing smartphone penetration and use®.

The continuous use of a smartphone for a long time can
cause various musculoskeletal problems®. In particular, it
can encourage incorrect postures such as a hunched or neck-
bending postures®), and cause damage to the surrounding
skeletal structures as well as to ligaments”). Furthermore,
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spinal structures are connected to one another and deforma-
tion of the cervical position can affect the lumbar vertebrae
negatively®. Neck flexion is expected to increase due to the
frequent use of the relatively small screen of a smartphone
compared to that of a desktop computer?. One study re-
ported that the long and continuous use of a smartphone not
only incurred pain in the neck and waist but also impaired
proprioception!?. A study by Kim et al.!V reported that long
and continuous smartphone use causes posture change in
the cervical and lumbar vertebrae, as well as proprioception
deficts in the cervical vertebra. Furthermore, children who
used a tablet computer had a more incorrect posture than
those who used a desktop computer, and showed increased
muscle activities of the trapezius and cervical vertebra elec-
tor muscles!?. As mentioned above, the long and continuous
use of a smartphone causes deformation of the cervical and
lumbar vertebrae, as well as the surrounding soft tissues,
sometimes resulting in severe pain.

Most previous studies of smartphone addiction have in-
vestigated musculoskeletal diseases of the cervical verte-
brae due to the long and continuous use of a smartphone.
However, no study has yet investigated changes in pro-
prioception with respect to the grade of smartphone addic-
tion. Therefore, the present study determined the degree of
change in proprioception through cervical repositioning er-
rors with respect to the smartphone addiction grade.

SUBJECTS AND METHODS

This study surveyed smartphone addiction of 200 uni-
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versity students in their 20s and selected 30 subjects in to-
tal. The subjects were divided into a Normal Group (scores
below 40), Moderate Addiction Group (scores between 40
and 43), and Severe Addiction Group (scores over 43), with
10 subjects in each group. The subjects had no history of
musculoskeletal pain or neurological diseases and they vol-
untarily consented to participate in the experiment after re-
ceiving sufficient explanation about the experiment’s meth-
ods and limited information on the study’s purpose. This
study was approved by the Korea Nazarene University In-
stitutional Review Board and was conducted in accordance
with the ethical principles of the Declaration of Helsinki.
The general characteristics of the subjects who participated
in this study are summarized in Table 1.

The classification of smartphone addiction was done us-
ing a smartphone addiction scale survey form developed by
the Internet Addiction Response Center. The sub-scales for
the measurement of smartphone addiction are divided into
four categories of daily living difficulty, virtual word orien-
tation, withdrawal, and resistance comparising 15 questions
in total. All the questions are must answer multiple-choice
questions. Each answer is scored on a 4-point Likert scale
ranging from ‘Diasgree very strongly’ (1) to ‘Agree very
strongly’ (4). As the scores increase, smartphone addic-
tion is considered to be higher. If a subject’s score was over
43 points, the subjects was placed in the Severe Addiction
Group which had severe levels of difficulty with daily liv-
ing, resistance, and withdrawal. If a subject’s score was less
than 40, the subject was placed in the Normal Group, which
was considered as having no smartphone addiction with
no difficulty with daily living, withdrawal or resistance.
The scores were determined in accordance with the scor-
ing guidelines of the questionnaire’s scale, which classifies
scores as Normal (below 40), Moderate Addiction (between
40 and 43), and Severe Addiction (over 43)!3.

To measure the range of motion (ROM) around the neck,
a range of motion meter (Performance Attainment Associ-
ates, West-Germany) was used. The range of motion me-
ter was placed on the ridge of the nose and ears, similar to
wearing glasses, and was attached to the head by a Velcro
strap. In order for all subjects to have a uniform start pos-
ture, their trunks were maintained in a neutral posture, and
their ankle, knee, and hip joints were kept at 90° flexion
with the head and eyes facing the front. The normal angles
of the neck were set as follows: the angle of flexion was
0-60°, the angle of extension was 0—-50°, and the right and
left lateral flexion was 0—50°, while the target position was
set at 30°, which is 60% of the normal ROM angle. The sub-
jects memorized the target position of 30° for three seconds,
and then returned to the neutral position. Then, the subjects
held the target position by themselves, and kept the position
for three seconds followed by measurement of the angles,
and return to the neutral posture again. The measurements
were conducted three times per posture and the absolute
value of the repositioning errors compared to the target
position (30°) was calculated. The researcher instructed
the subjects orally to not move their trunk and to keep the
posture in order to maintain the neutral posture during the
measurements. The order of the measurements was flexion,

Table 1. General characteristics of the subjects

Normal group Moc.ler.ate Seyer.e
addiction addiction
(n=10) group (n=10) group (n=10)
Sex (M/F) 5/5 4/6 3/7
Age (yrs) 226+1.3 21.5+1.9 224+2.0
Height (cm)  170.0 £ 9.8 167.0 8.0 165.0+5.2
Weight (kg) 60.3+124 60.3 £16.0 54.8+5.8

Values are mean + SD

extension, right lateral flexion and left lateral flexion and
the target position (30°) for each posture was given before
the measurements'?.

The Data analysis was performed using SPSS 12.0 for
Window. The subjects were divided into a Normal Group,
Moderate Addiction Group, and Severe Addiction Group.
A one-way analysis of variance (ANOVA) was used to
compare the repositioning errors of the postures among the
groups. The least significant difference (LSD) was used for
post-hoc analysis. The statistical significance level, o, was
chosen as 0.05.

RESULTS

A significant difference in repositioning errors of neck
flexion was revealed among the three groups (p<0.05), and
the post hoc analysis showed that there was a significant
difference between the Normal Group and the Severe Ad-
diction Group (p<0.05). The three groups showed a signifi-
cant difference in repositioning errors of neck extension
(p<0.05), and the post hoc analysis indicated there were
showed a significant differences between the Normal Group
and the Moderate Addiction Group, and between the Nor-
mal Group and the Severe Addiction Group (p<0.05). The
three groups showed a significant difference in reposition-
ing errors of right lateral flexion (p<0.05), and the post hoc
analysis also showed significant differences between the
Normal Group and the Moderate Addiction Group and be-
tween the Normal Group and the Severe Addiction Group
(p<0.05). The three groups showed a significant difference
in repositioning errors of left lateral flexion (p<0.05), and
the post hoc analysis also showed there were significant
differences between the Normal Group and the Moderate
Addiction Group, and between the Normal Group and the
Severe Addiction Group (p<0.05) (Table 2).

DISCUSSION

It has been reported that smartphone addiction can make
it difficult for users to control themselves!, resulting in
excessive smartphones use, feelings of dependence on the
smartphone, and experiences of compulsive symptoms'®).
It has also been reported that the long and continuous use
of a smartphone causes incorrect posture, such as neck
flexion or a hunched posture which results in damage not
only to the surrounding soft tissues but also the surrounding
structures and ligaments!?). This study calculated survey'>)
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Table 2. The Comparison of repositioning errors according to addiction grade

. Moderate Severe
Motion Normal group . _
addiction group addiction group
Flexion (°)* 1.0+£0.2 1.7+04 32+0.8°
Extension (°)* 0.9+0.1 3.6+0.7 49+ 1.1%
Right lateral flexion (°)* 04+£0.1 2.8+0.8 3.9+ 1.0%
Left lateral flexion (°)* 0.6 £0.1 3.6+0.7 4.1+0.7%

Values are mean + SD. *p<0.05,  Significant difference between the normals and moderate
addiction groups. ® Significant difference between the normal and severe addiction group

scores to categorize the subject’s levels of dependence on
smartphones into three addiction grades, and determined
the effect of each addiction grade on each subject’s repo-
sitioning errors with respect to neck movements (flexion,
extension, and lateral flexion).

The study subjects were divided by their addiction levels
into three groups: the Normal Group, the Moderate Addic-
tion Group, and the Severe Addiction Group. The analy-
sis of the measurement results of the repositioning errors
showed that there were significant differences in the repo-
sitioning errors of flexion, extension, right lateral flexion
and left lateral flexion between the groups. In particular, the
Severe Addiction Group had the largest cervical vertebrae
repositioning errors.

Kim et al.!V reported that the long and continuous use
of smartphones increased repositioning errors of the upper
and lower cervical vertebrae while Cheng et al.'® reported
that patients with chronic neck pain had larger repositioning
errors than normal healthy adults. In addition, neck flexion
resulting from to the use of smartphone video screens can
cause damage to the surrounding structure around the cer-
vical vertebrae and ligaments, which can develop into neck
pain'?. Furthermore, repetitive and continuous movements
of the cervical vertebra had a high risk of causing chronic
neck pain??. A significant difference was shown in the neck
flexion movement between patients with chronic neck pain
and normal healthy adults?), and sitting with a bending pos-
ture for a long time could increase the angle of waist flexion
with the head leaning forward which may cause a lumbar
problem??,

A difference between the current study and other previ-
ous studies is that the current study did not measure the
repositioning errors through time variables, but through
assessment of grade of smartphone addiction and measure-
ment of repositioning errors. On the other hand, a common-
ality of the current and previous studies is that differences
in repositioning errors occurred due to pain, time variables,
and addiction degree. Our present results indicate that as
smartphone addiction becomes more severe, the accuracy
of proprioception is likely to decrease, as well as the abil-
ity to recognize the right posture. In addition, when smart-
phones are used for a long time, the muscle activity in the
neck changes causing micro-injury which eventually results
in neck pain later.

In conclusion, our present results suggest that if a smart-
phone is used regularly for a long time, it could affects the
correct perception of the proprioceptive sense thereby en-
couraging abnormal motion of the musculoskeletal system.

If this condition were to continue, it would negatively affect
the quality of life of daily living through pain. Therefore,
musculoskeletal problems due to smartphone addiction
should be resolved through social cognition and interven-
tion, and physical therapeutic education and intervention to
educate people on about correct postures. In future studies,
the muscle activity of the cervical vertebrae muscles and
mobilization order, according to the grade of smartphone
addiction, should be studied to provide information on cor-
rect postures.

ACKNOWLEDGEMENT

This work was supported by the University Research
Grant of the Korean Nazarene University in 2014.

REFERENCES

1) Lee SJ: Exploration and verification of risk factors on smartphone addic-
tion: focused on personality and use motivations. Unpublished Master’s
dissertation, Graduate School, Kyeongsang National University, 2013.

2) Kim DS: Biomechanical analysis of a smartphone task with different pos-
tures. Korean J Sport Biomech, 2012, 22: 253-259. [CrossRef]

3) Hwang KH, Yoo YS, Cho OH: Smartphone overuse and upper extremity
pain, anxiety, depression, and interpersonal relationships among college
Students. Korea Constents Association, 2012, 12: 365-375.

4) National Information Agency: 2011 Internet addiction Survey. Seoul: Na-
tional Information Agency, 2012.

5) KangJH, Park RY, Lee SJ, et al.: The effect of the forward head posture on
postural balance in long time computer based worker. Ann Rehabil Med,
2012, 36: 98—104. [Medline] [CrossRef]

6) Janwantanakul P, Sitthipornvorakul E, Paksaichol A: Risk factors for the
onset of nonspecific low back pain in office workers: a systematic review
of prospective cohort studies. ] Manipulative Physiol Ther, 2012, 35: 568—
577. [Medline] [CrossRef]

7) Kendall FP, McCreary EK, Provance PG, et al.: Muscles: Testing and
function with posture and pain, 5th ed. Baltimore: Lippincott Williams &
Wilkins, 2005, pp 85-93.

8) Page P, Frank C, Lardner R: Assessment and treatment of muscle imbal-
ance: The Janda approach. Champaign: Human Kinetics, 2009, pp 27-30.

9) Bababekova Y, Rosenfield M, Hue JE, et al.: Font size and viewing dis-
tance of handheld smart phones. Optom Vis Sci, 2011, 88: 795-797. [Med-
line] [CrossRef]

10) Dolan KJ, Green A: Lumbar spine reposition sense: the effect of a
‘slouched’ posture. Man Ther, 2006, 11: 202-207. [Medline] [CrossRef]

11) Kim YG, Kang MY, Kim W], et al.: Influence of the duration of smart-

phone usage on flexion angles of the cervical and lumbar spine and on

reposition error in the cervical spine. KAUTPT, 2013, 20: 10-17.

Straker LM, Coleman J, Skoss R, et al.: A comparison of posture and mus-

cle activity during tablet computer, desktop computer and paper use by

young children. Ergonomics, 2008, 51: 540-555. [Medline] [CrossRef]

13) Sin KU, Kim DI, Jung Y]J, et al.: Smartphone addiction diagnosis scale
final report. National Information Society Agency, 2011.

14) Seo HG: The effect of myofascial release, joint mobilization, and Mcken-
zine on the cervical muscle activity. Unpublished Doctor’s dissertation,

12

=


http://dx.doi.org/10.5103/KJSB.2012.22.2.253
http://www.ncbi.nlm.nih.gov/pubmed/22506241?dopt=Abstract
http://dx.doi.org/10.5535/arm.2012.36.1.98
http://www.ncbi.nlm.nih.gov/pubmed/22926018?dopt=Abstract
http://dx.doi.org/10.1016/j.jmpt.2012.07.008
http://www.ncbi.nlm.nih.gov/pubmed/21499163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21499163?dopt=Abstract
http://dx.doi.org/10.1097/OPX.0b013e3182198792
http://www.ncbi.nlm.nih.gov/pubmed/16621667?dopt=Abstract
http://dx.doi.org/10.1016/j.math.2006.03.003
http://www.ncbi.nlm.nih.gov/pubmed/18357540?dopt=Abstract
http://dx.doi.org/10.1080/00140130701711000

598 J. Phys. Ther. Sci. Vol. 26, No. 4, 2014

15)

16)

17)

18)

Graduate School, Daegu University, 2006.

Park YM: A study on adults’ smart phone addiction and mental health. Un-
published Master’s dissertation, Graduate School, Sangji University, 2011.
Shin YM: The relationships between smartphone usage motivation and
utilization degree and smartphone overuse. Unpublished Master’s disser-
tation, Graduate School, Danguk University, 2012.

Szeto GP, Lee R: An ergonomic evaluation comparing desktop, notebook,
and subnotebook computers. Arch Phys Med Rehabil, 2002, 83: 527-532.
[Medline] [CrossRef]

Cheng CH, Wang JL, Lin JJ, et al.: Position accuracy and electromyo-
graphic responses during head reposition in young adults with chronic
neck pain. J Electromyogr Kinesiol, 2010, 20: 1014-1020. [Medline]
[CrossRef]

19)

20)

21)

22)

Fredriksson K, Alfredsson L, Ahlberg G, et al.: Work environment and
neck and shoulder pain: the influence of exposure time. Results from a
population based case-control study. Occup Environ Med, 2002, 59: 182—
188. [Medline] [CrossRef]

Veiersted KB, Westgaard RH: Development of trapezius myalgia among
female workers performing light manual work. Scand J Work Environ
Health, 1993, 19: 277-283. [Medline] [CrossRef]

Rix GD, Bagust J: Cervicocephalic kinesthetic sensibility in patients with
chronic, nontraumatic cervical spine pain. Arch Phys Med Rehabil, 2001,
82: 911-919. [Medline] [CrossRef]

Bendix T, Biering-Serensen F: Posture of the trunk when sitting on for-
ward inclining seats. Scand J Rehabil Med, 1983, 15: 197-203. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/11932856?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2002.30627
http://www.ncbi.nlm.nih.gov/pubmed/20005126?dopt=Abstract
http://dx.doi.org/10.1016/j.jelekin.2009.11.002
http://www.ncbi.nlm.nih.gov/pubmed/11886949?dopt=Abstract
http://dx.doi.org/10.1136/oem.59.3.182
http://www.ncbi.nlm.nih.gov/pubmed/8235517?dopt=Abstract
http://dx.doi.org/10.5271/sjweh.1473
http://www.ncbi.nlm.nih.gov/pubmed/11441377?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.23300
http://www.ncbi.nlm.nih.gov/pubmed/6648391?dopt=Abstract

