
 
INTRODUCTION 

With recent developments in information technology, various digital 
devices have become widely used, with increasing frequency. Since these 
devices increase job efficiency and productivity, provide information 
quickly, and are convenient, they have become necessary in daily life. 
However, with increasing dependence on digital devices, the time spent 
in their use is rapidly increasing, acting as a major cause of societal 
problems, including various forms of addiction and digital dementia. 

Addiction to computer gaming is a major societal problem associated 
with the use of digital devices. Computer gaming leads to addiction if 
it exceeds a certain appropriate level of use and can result in individual 
and crime-related problems, including difficulties in daily life, psycho- 
logical difficulties, musculoskeletal difficulties, compulsive use, withdrawal 
symptoms, tolerance, and difficulties discerning reality (Lee & Ahn, 2002; 
Han & Lee, 2006). In particular, addiction to computer gaming exerts 
negative influences on the body and mind of adolescents, and the use 
of and addiction to computer gaming have reached dangerous levels 

among adolescents. Moreover, individual and social problems caused 
by adolescent addiction to computer gaming have become serious pro- 
blems worldwide (Lee & Sim, 2010). According to the Korean Societal 
Trends 2017 recently reported by Statistics Korea, 91.1% of upper year 
students in primary schools (grades 4~6), 82.5% of junior high school 
students, and 64.2% of high school students play games, and 2.5% of 
all have been reported to be addicted to gaming. According to a survey 
conducted in 2016 by the Ministry of Gender Equality and Family, the 
proportion of the addiction risk group, a group preceding the gaming 
addiction group, has increased consistently. As such, computer gaming 
has become a leisure activity for adolescents. However, since it is often 
perceived as an individual and societal problem interfering with daily 
lives of adolescents, many studies investigating addiction to computer 
gaming have been widely conducted. 

According to multiple previous studies on addiction or overindulgence 
in computer gaming, Kim (2011) who compared the brains of normal 
adolescents and those addicted to gaming through functional mag- 
netic resonance imaging (fMRI) reported that the areas concerning 
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 Objective: This study aimed to analyze the effects of computer game exposure on pathological musculoskeletal 
symptoms in adolescents. 
 
Method: This study included 10 male junior high school students who used computers less than 3 times a 
week for 1 hr per day. The subjects were asked to play computer games for 4 hr. Magnetic resonance imaging 
of the hand and wrist, from the distal radius and ulnar head to the distal phalanges, and radiography of 
the cervical vertebrae were performed before and after playing computer games. For each dependent variable, 
a paired t-test was performed to identify significant changes before and after a 4-hr active computer game 
(p<.05). 
 
Results: The horizontal diameters of the flexor tendons in the index and middle fingers were significantly 
reduced after playing computer games. The horizontal diameters of the flexor tendons of other fingers did 
not show any significant differences, but there was a tendency toward a decrease after playing computer 
games. There was no significant change in the cervical lordosis angle before and after playing computer 
games. However, the cervical lordosis angle was relatively decreased. 
 
Conclusion: The results of this study showed that computer game exposure had direct and indirect effects 
on morphological changes of flexor tendons. In addition, playing computer games for long periods of 
time can have a negative effect on normal functioning of the musculoskeletal system, with the possible 
development of abnormalities. However, computer game exposure in adolescents cannot be decisively 
identified as a factor causing pathological symptoms, based on the results of this study alone. Thus, long-
term longitudinal studies on the overall musculoskeletal system are necessary. 
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disembodiment, which is a phenomenon in which ego leaves the boun- 
daries of the body, are activated in adolescents addicted to gaming. 
Voluse, Körkel and Sobell (2007) reported that most adolescents tend 
to perceive their ego differently in online and offline situations. Hong 
(2002) reported that adolescents addicted to gaming have diminished 
functioning of the frontal lobe of the brain, which is responsible for 
judgment and emotional control, in comparison to the normal control 
group, and thus have problems in judgment and emotional control. 

Physical symptoms caused by addiction to computer gaming include 
excessive stiffening of shoulder or neck muscles and back pain (Kim & 
Chae, 2012; Shim, 2001). If such symptoms continue, they can develop 
into scoliosis in which the spine bends in an abnormal manner (Kim, 
2012; Moon et al., 2014; Park et al., 2012). Gerr, Monteilh and Marcus 
(2006) reported that prolonged use of computers can cause problems 
in the upper limb musculoskeletal system, including the neck, shoulders, 
hands, and wrists. Cho, Lee and Choi (2008) reported an electromyo- 
gram study on prolonged use of computers and neck and shoulder 
muscles and stated that turtle neck syndrome patients have decreased 
muscle activity and increased muscle fatigue in the neck and back. 
Armstrong (1986) and Louis (1987) suggested that excessive repeated 
movement, excessive force, and inappropriate posture caused by com- 
puter use can lead to carpal tunnel syndrome. 

As such, with increasing use and frequency of use of computers as 
well as increasing scope of use of computers, more patients are being 
diagnosed with visual display terminal syndrome, which comprises 
health-related problems associated with computer use, and negative 
aspects of computer use are being emphasized. Visual display terminal 
syndrome is often caused by continued repetitive use of the arms, 
hands, and fingers and by static posture during computer use and can 
lead to cumulative trauma disorders syndrome which can result in 
chronic diseases in the musculoskeletal system. Such cumulative trauma 
disorders syndrome causes symptoms in muscles, ligaments, and nerves; 
in particular, as in turtle neck syndrome and carpal tunnel syndrome, it 
causes severe pain in fingers, wrists, and neck (World Health Organization, 
1987). Therefore, pathological studies on neck and hands, which are 
body parts that are often affected by prolonged use of computers, are 
necessary. 

Most previous studies have been limited to analyzing psychological 
symptoms and phenomena in adolescents caused by computer gaming, 
and only a few pathological studies have investigated the possibility 
of musculoskeletal diseases. Moreover, since previous studies do not 
suggest objective indices of pathological changes of the musculoskeletal 
system caused by computer gaming, systematic research and investi-
gation of problems that can be caused by adolescent exposure to 
computer gaming are necessary. 

Therefore, the present study aims to analyze how computer game 
exposure influences pathological musculoskeletal symptoms in adoles- 
cents. Through this study, we seek to understand pathological muscu- 
loskeletal symptoms in adolescents that can be caused by computer 
gaming and to find ways to decrease such problems. 

 
 

METHODS 

1. Participants 

In order to investigate the influence of exposure to computer gaming 
on pathological musculoskeletal symptoms in adolescents, 10 male 
junior high school students who use computers for less than 1 hour a 
day and less than 3 times a week were selected. The participants were 
15.7±0.7 y old, 171.7±5.5 cm tall, and weighed 60.0±6.8 kg. Before 
the experiments, the purpose and methods of the study were explained 
in detail to the participants. The methods of this study were reviewed 
by the institutional review board (IRB) of ** University before the experi- 
ments. The participants and their guardians learned about the purpose 
and details of the study through the explanation sheet and consent 
form approved by the IRB and consented to participate in the study. 

2. Experimental setup 

1) MRI 

In order to analyze pathological changes in wrist joints caused by 
computer gaming, MRI tests were conducted. For the MRI test, 2 1.5 T 
MRI scanners (Magnetom Avanto SQ, Siemens, Germany) were used, 
and small-size flex coils were used (Figure 1). 

2) X-ray 

In order to evaluate cervical lordosis, an X-ray scanner (XGE0 GC80, 
Samsung Medicine, Korea) was used to image the lateral view of the 
cervical vertebrae (Figure 2). 

3. Data collection 

A computer game (Sudden Attack) that can cause fatigue in the 
participants' hands, wrists, and neck was chosen. The 10 participants 
played the game for 4 h, and MRI of the wrists and X-ray of the cervical 

Figure 1. MRI used in this study 
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spine were conducted twice, before and after gaming. MRI scans of the 
hands and the wrists, from the distal radius and ulnar head to proximal 
phalanges, were taken using the coronal T2 gradient 3D technique (TR 
45 ms, TE 25 ms, 0.6-mm slice thickness). Cervical spine X-rays were 
taken for a lateral view of the neck, and the participants were asked 
to close their eyes and relax their neck, shoulder, and arm muscles as 

much as possible while their proximal fibula and occipital bone were 
aligned horizontally. They were also asked to assume the most com- 
fortable and natural posture possible. 

4. Data analysis 

1) MRI 

In the MR images collected before and after computer gaming, the 
horizontal diameter of the flexor tendon in the index finger (HDFTI), 
vertical diameter of the flexor tendon in the index finger (VDFTI), 
horizontal diameter of the flexor tendon in the middle finger (HDFTM), 
and vertical diameter of the flexor tendon in the middle finger (VDFTM) 
were measured. The diameter of the flexor tendon was analyzed with 
the TeraRecon (TeraRecon Inc., USA) software from volume data acquired 
through thin-slice scans, and the diameter at the longest region was 
measured horizontally and vertically on axial scans. Measurements were 
made at a total of 3 levels: level 1 at the ulnar head, level 2 at the 
carpometacarpal joint, and level 3 at the metacarpophalangeal joint. 
Moreover, the diameter of the flexor tendon was measured at the same 
angle and location before and after computer gaming using the slope 
of the bone as the index in coronal, sagittal, and axial scans of each 
level (Bonél et al., 2001; Uchiyama et al., 2005; Radack, Schweitzer & 
Taras, 1997). Two radiologists participated in data analysis (Figure 3). 

Figure 2. X-ray used in this study 

Figure 3. Diameters of flexor tendons in the index and middle fingers 
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2) X-rays 

To measure cervical lordosis using X-rays, the Cobb angle, which is 
formed by a line perpendicular to the line connecting the anterior 
nodule (C1) of the atlas and the middle of the posterior nodule and a 
line tangent to the inferior border of C7 center, was measured using 
cervical spine X-rays (lateral view) (Figure 4). If the angle between C1 
and C7 was between 35 and 45°, the participants were classified as 
having normal lordosis. If the angle was less than 35°, the participants 
were classified as having decreased lordosis. When the angle was greater 
than 45°, the participants were classified as having extreme lordosis 
(Harrison, Harrison, Troyanovich and Harmon, 2000). 

 

5. Statistical analysis 

To test the statistical significance of MRI and X-ray tests conducted 
before and after computer gaming, paired t-tests were conducted at 
a significance level of p<.05 using SPSS 23.0. 

RESULTS 

1. MRI 

In terms of the changes in the diameter of the flexor tendon of 
fingers before and after computer gaming, HDFTI and HDFTM de- 
creased significantly after gaming. Moreover, although no statistically 
significant difference was observed in the diameters of the flexor tendons 
in other fingers, the diameters still tended to show a decrease after 
gaming (Table 1~3). 

 

2. X-ray 

No statistically significant difference was observed in the cervical 
lordosis angle before and after computer gaming. However, the cervical 
lordosis angle was relatively decreased after gaming; under both con- 
ditions, the Cobb angle was less than 35°, corresponding to the de- 
creased lordosis group (Table 4). 

 

DISCUSSION 

Gupta and Mahalanabis (2006) investigated hand function, and re- 
ported that gripping, repeated pushing, and typing, which are repetitive 
movements in the hands and wrists during use of a mouse, can cause 
carpal tunnel syndrome. Based on such findings, the present study 
aimed to investigate morphological changes in the carpal tunnel 

Table 1. Diameter of flexor tendons at level 1 (mm) 

 pre post t-value p-value 

HDFTI 5.62±1.27* 5.00±0.77* 2.354 .043 

VDFTI 2.89±1.43 3.03±1.35 -.945 .370 

HDFTM 5.23±0.78* 4.70±0.57* 2.517 .033 

VDFTM 2.68±1.02 2.65±1.19 .264 .798 

Note. *significant difference between pre and post tests at p<.05. 

Table 2. Diameter of flexor tendons at level 2 (mm) 

 pre post t-value p-value 

HDFTI 5.16±1.09 4.92±0.90 1.108 .296 

VDFTI 1.83±0.29 1.69±0.28 1.744 .115 

HDFTM 4.16±0.60 3.91±0.63 1.164 .274 

VDFTM 2.95±0.53 2.95±0.50 0.000 1.000 

Table 3. The diameter of the flexor tendons at level 3 (mm) 

 pre post t-value p-value 

HDFTI 5.78±0.68 5.59±0.71 .985 .351 

VDFTI 3.73±0.67 3.99±0.57 -1.009 .339 

HDFTM 7.11±0.91 6.93±0.36 .574 .580 

VDFTM 4.87±0.70 4.84±0.82 .167 .871 

Table 4. Cobb angle (deg) 

 pre post t-value p-value 

Cobb angle 33.4±9.2 32.7±10.2 .318 .758 

Figure 4. Cobb angle used in this study 
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caused by computer gaming through MRI of the hands and wrists. 
According to the MRI tests conducted in this study, HDFTI and 

HDFTM of the ulnar head decreased significantly after gaming. Lee et 
al. (2002) applied MRI tests in treating carpal tunnel syndrome, and 
reported that repeated movements of the wrists increase the pressure 
within the carpal tunnel, which is a very narrow space formed by hand 
bones and fibrous tissue as well as a closed space through which 9 
flexor tendons and the median nerve run. Jang (1998) analyzed the 
movement of the wrist joints during computer use and reported that 
ulnar flexing of the wrists is often observed during the use of a mouse. 
Since such posture increases static muscle load in the wrists, the author 
reported that repeated movements can cause cumulative trauma dis- 
orders syndrome in which chronic diseases arise in body cartilage. The 
present findings are contradictory to previous findings, although we 
found morphological changes in the finger flexor tendons since repeated 
use of a mouse led to decreases in HDFTI and HDFTM in the carpal 
tunnel within the wrists. Guggenberger et al. (2012) and Monagle et al. 
(1999) reported that different locations along the median nerve from 
its entry and movement through the carpal tunnel can cause different 
degrees of flattening of the median nerve; in particular, the median 
nerve was reported to be flattened within the carpal tunnel whereas 
edema was observed before the median nerve entered the carpal tunnel. 
Considering such findings, the diameter of the finger flexor tendons, 
which flatten the median nerve by increasing the intra-carpal-tunnel 
pressure at the beginning of the carpal tunnel at the ulnar bone, seems 
to decrease temporarily. Although the findings of the present study 
do not conclude that the flexor tendons of the fingers exert direct 
influences in increasing the intra-carpal-tunnel pressure, it is still possible 
that minute morphological changes of the flexor tendons of the fingers 
can lead to pathological musculoskeletal changes. 

X-ray tests showed no significant difference in cervical lordosis angle 
before and after gaming. However, as the Cobb angle, which can be 
used to evaluate cervical lordosis in adolescents, was less than 35° 
before and after gaming in all participants, all were classified as having 
decreased lordosis. Lim et al. (2015) reported that loss of cervical lordosis 
can lead to various degenerative changes since the cervical vertebrae 
directly support the weight of the head. Cho et al. (2008) reported 
that using computers for long periods of time with decreased cervical 
lordosis angles as in forward head posture can lead to excessive tension 
and imbalance of surrounding muscles in the neck and back that sup- 
port the cervical vertebrae. This can lead to muscular tension, fatigue, 
and pain. As seen in previous findings, adolescent cervical lordosis 
angles outside the normal range are expected to negatively influence 
their musculoskeletal system. However, since the cervical lordosis angle 
in adolescents did not differ greatly before and after gaming in this 
study, it is difficult to judge changes in cervical lordosis angle caused 
by computer gaming. In other words, the adolescents seem to have 
had decreased cervical lordosis angles since they have been using 
computers and other digital devices for long periods of time in their 
daily lives. Moreover, in the present study, the individual differences in 
cervical lordosis could not be taken into consideration due to the 
difficulties of selecting male junior high school students with limited 
hours of use of computers. It would thus be necessary for future studies 

to analyze normal participants with similar cervical lordosis angles. 

CONCLUSION 

The present study performed MRI of the hands and wrists and X-
rays of the neck to comparatively analyze pathological musculoskeletal 
changes in adolescents after computer gaming. Computer gaming 
exposure was found to directly and indirectly influence morphological 
changes in the finger flexor tendons. Moreover, we also confirmed that 
playing games for long periods of time can negatively influence the 
normal functioning of the human musculoskeletal system and can lead 
to pathological symptoms. However, since it is difficult to draw con- 
clusions on the causes of pathological musculoskeletal symptoms seen 
after computer gaming exposure in adolescents, future studies would 
be required in this regard. Therefore, future long-term longitudinal 
studies would need to evaluate the overall musculoskeletal system to 
confirm changes in pathological symptoms caused by computer gaming 
exposure and also to confirm their causes. 
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