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Effects of Watching Virtual Reality and 360° Videos on Erector Spinae
and Upper Trapezius Muscle Fatigue and Cervical Flexion-Extension Angle
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We investigated fatigue in the erector spinae, upper trapezius muscles and changes in the cervical flexion-extension angle
when individuals watched 360° videos, general videos using virtual reality (VR), and smartphones. The subjects included 34
young, healthy, South Korean college students. The systems VR Gear3, the Galaxy S8, and “STAR WARS 360 VR’ made
by the manufacturer Cube CZ were utilized. The subject test conditions were: 1) watching 360° video with VR (V360), 2)
watching 360° video on a smartphone (S360), 3) watching general video with VR (VG), 4) and watching general video on
a smartphone (SG). The subjects watched a video for 10 min under each condition, where median frequencies of the
erector spinae and upper trapezius muscles were measured using electromyography, while changes in the cervical flexion-
extension angle were measured with an electrogoniometer. The results noted that the erector spinae and upper trapezius
muscles were significantly fatigued over time in all conditions, with significant differences relating to time and conditional
effect. Watching 360° videos was less fatiguing than watching general videos and neck muscles moved the most when
watching V360, and least watching general videos. These results suggest that neck muscles are less fatigued when
watching 360° videos.
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and are similar to reality, but not real, otherwise the technology
itself.”!

Recently, the Korean government announced plans to provide
VR-AR (Augmented Reality) funds and start-up funds totaling 36

NOMENCLATURE

VR = Virtual Reality
V360 = Watching 360° video with VR

$360 = Watching 360° video with smartphone billion Won and will be actively promoting the VR-related industry
VG = Watching general video with VR in response to the fourth industrial revolution.” The bulk of the VR
SG = Watching general video with smartphone industry is accounted for by gaming, but entertainment, performance,

and sports also utilize VR. In particular, music videos using VR
have attracted many fans from the early stages of VR, which
1. Introduction presents one of the negative aspects of VR. Specifically, watching
videos for more than 3-5min results in rapid fatigue and

Virtual Reality (VR) refers to “certain specific settings or dizziness. Music videos tend to be watched repeatedly. They are
situations that were made by artificial technology such as computers expected to be developed and distributed by VR, which may result

Copyright © The Korean Society for Precision Engineering
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/
3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



1108 / November 2018

in great ripple effects with respect to VR perception.!

With the rapid development of technology, users can appreciate
high quality content anytime or anywhere, even without VR. The
representative device for this is the smartphone. The smartphone
dispersion rate of South Korea is 85%, and the worldwide
smartphone dispersion rate is over 50%, and is expected to reach
75% in 2020.° In particular, 70% of smartphone owners use
smartphones for watching videos, and more than 20% of
smartphone owners watch videos on smartphones for more than 6
hours per week. Furthermore, in Korea, the duration of watching
videos on a smartphone accounts for 20% of all types of video-
watching, including TV, which is a two-fold increase from that in
2010.* In China, 2018 statistics reported that the Chinese people
watch videos longer on a smartphone than on a TV.> Given these
statistics, the increasing duration of watching videos on a
smartphone appears to be a global trend.

Along with the distribution of smartphones and their increased
use, users increasingly report pain.’ This pain primarily seems to
be caused by poor posture associated with smartphone use, mostly
resulting from excessive bending of the neck.”® Bending the head
while using VR makes it hard to keep the eyes on the video.
However, while watching a 360° video, the head should be moved
frequently in different directions. Additionally, the degree of
muscle fatigue may be different when watching 360° compared to
traditional smartphone use, since smartphone users maintain a
single posture with the head bent forward. VR devices are mounted
on the head and may be unfavorable for the neck and shoulder
muscles supporting it, since forward bending of the head during
use may also be affected by gravity.

Kang et al.’ reported that watching videos while wearing VR
equipment requires movements of the head that increased feelings
of fatigue more than watching videos that did not require
movement of the head. Kim et al.” also reported that watching 3D
videos using VR caused more fatigue than watching 2D videos. On
the contrary, Kozulin et al.!” found no difference in discomfort
between viewing videos with VR and viewing videos in the
conventional way, after 30 minutes of viewing. However, current
studies of physical changes due to VR use are limited to expert
opinions, surveys of users’ subjective experiences, or their
complaints of eye strain. There have been no quantitative studies
on head movements and muscle fatigue.

This study investigated fatigue in the erector spinae and upper
trapezius muscles while watching 360° videos and standard videos
using VR and smartphones, as well as changes in cervical flexion-

extension angle.

Table 1 Demographic characteristics of the subjects

Subject Mean + SD
Sex (M/F) 17/17
Age (yr) 20.29+£1.21
Height (cm) 165.77 + 8.85
Weight (kg) 60.65 + 15.59

2. Methods

2.1 Subjects

The number of subjects required to achieve significance was
calculated using the G*power 3.1.5 program in reference to a
report by So et al.!' (a error probability = 0.05, power = 0.90),
which found that 32 people (actual power = 0.90) were required.
Thirty-four people (17 male and 17 female) were enrolled, in
consideration of potential dropouts from the study. The present
study received approval from the Institutional Review Board at U1
University. Individuals were included if they:

- Had no history of falls while performing daily activities due to
ophthalmic disease or vestibular disease

- Had no musculoskeletal diseases or neurological disorders

- Voluntarily gave consent for this study

General characteristics of the subjects are listed in Table 1.

2.2 Measuring Equipment and Tools
2.2.1 VR

The VR Gear 3 (Samsung, South Korea, 2017) was utilized in
this study. The VR device was 98.6 x 207.8 x 122.5 mm (length x
width X thickness) in size and 345 g in weight. The Galaxy S8 was
linked to the VR device, and a remote control was not used.
Researchers operated the device to begin the video.

The VR gear was mounted to the subjects’ heads by one of the
researchers while they were in a seated position. During that time,
the length and position of the head band was adjusted for the
subject’s comfort (Fig. 1).

2.2.2 Smartphone

The Galaxy S8 (Samsung, South Korea, 2017) was used as the
smartphone device for this study. The device was 148.9 x 68.1 x
8.0 mm (length x width x thickness) in size and 155 g in weight.
Smartphones were used in the horizontal mode with the user
holding the ends of the smartphone with both hands. Devices were
operated by the researchers (Fig. 2).
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Fig. 1 Image of watching a video wearing a VR device

2.2.3 Electromyography

To measure muscle fatigue in the erector spinae and the upper
trapezius muscles, the BioNomadix 2-channel wireless EMG of
MP150 (BIOPAC System Inc. Santa Barbara, CA, USA) was used,
which has electrodes made of Ag-Ag/Cl (Biopac, 2 cm in diameter).
Electromyography signals were collected at a sampling rate of
1,000 Hz and were processed by full-wave rectification. The signal
data were processed using band pass filtering at 30 - 500 Hz using
Acgknowledge 4.1 (Biopac System, USA) software, followed by
notch filtering at 60 Hz to remove noise.

Electromyography electrodes were attached to the erector spinae
on both sides of C4, while electrodes for the upper trapezius
muscle were fixed to the point slightly outside the midpoint
between C7 and the acromion.'> A total of four measurements
were taken from both the right and the left sides.

Median frequency was computed to examine muscle fatigue in
relation to the duration of each condition. A lower median

frequency indicates a more fatigued muscle.!>!*

2.2.4 Electrogoniometer
To measure the degree of changes in the cervical range of
motion, the BN-GON-150-XDCR (BIOPAC Systems, Inc., USA)

was utilized.

Fig. 2 Image of watching a video using a smartphone

2.2.5 Video contents
The STAR WARS 360 VR (running time 10 min 35 sec), made by
Cube CZ, was used as the experimental video in the present study.
For viewing the 360° video, video images were set to move
according to the position of the device. Video images used in the
general videos were fixed, although the same video contents were

used for all conditions.

2.3 Measurements
A total of four measurement conditions were applied as follows:
1) Watching 360° video with VR (V360)
2) Watching 360° video with smartphone (S360)
3) Watching general video with VR (VG)
3) Watching general video with smartphone (SG)

Subjects were seated on a chair that had armrests and a back
support in all conditions, which allowed for free head and arm
movement. For safety, chairs without wheels were used.

To eliminate learning effects, the order of the measurement
conditions was randomized for each subject. While measurements
were taken for 10 min in each condition, the experiment was
stopped if subjects complained of dizziness or fatigue during the

experiment.
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Table 2 Median frequency changes in the erector spinae muscle

Mean + SD (unit: Hz) Time Time*group
min
V360 $360 VG SG F(p) pol:f-plzoc

1 41.616 + 11.521 41.704 + 11.513 43320 + 11.639 41.922 + 11.251

2 41.147+13.956 43.730 £ 14.151 28.798 + 14.246 37.759 + 14.136

3 36.445+14.998 41.569 + 14.285 24.953 + 14.803 33272 + 13.924

4 42212+14.095 39.925 + 14.352 23.025 + 14.394 31.466 + 14.445

5 4177912922 41.090 + 13.472 23.757 + 13.624 28.754 £ 13.501 12737 (< 0.001) 3.839 (< 0.001)
6  38988+16.115 39.925 + 15.878 23.470 + 16.352 33.760 + 16.097 V360, $360 > SG, VG
7 40340+ 12.112 44.780 + 12.902 20.721 + 12.819 25.591 + 13.382

8  42.183%13.352 41.463 £ 13.367 20.325 + 13.504 30.775 + 13.366

9 41.090+ 15217 39.530 + 15.142 20.793 + 14.735 23.935+ 15.119

10 37.764 £ 14.678 34.012 + 14.423 19.009 + 14.831 27.381 £ 14.075

Table 3 Median frequency changes in the upper trapezius muscle
Mean + SD (unit: Hz) Time Time*group
i V360 $360 VG SG F(p) pozt(ﬁfoc

1 37.724 + 15.336 37.347 + 15.300 40.094 + 15.171 37.714 + 14.969

2 36.633+13.591 35.804 + 13.164 32.687 + 13.168 25.328 + 13.084

3 29.137+13.243 41.747 + 13.118 29.790 + 13.227 26.468 + 12.867

4 34924+14.757 39.379 + 14.569 27.745 + 14.596 23.882 + 14.713

5 37108+ 15238 37.405 + 14.922 27312+ 15.123 28.496 + 15.149 12,104 (< 0.001) 5.747 (< 0.001)
6 32.853 £ 15.193 36.010 + 14.244 28.076 + 15.100 24.104 + 14.238 V360, S360 > SG, VG
7 38.943+15.435 33.020 + 15.214 25.167 + 15.294 24.059 + 15.224

8 32397+ 14.801 29.891 + 14.707 24.016 + 14.712 23.379 + 14.729

9 33204+ 13.547 34.028 + 13.412 22.180 + 13.737 23.953 + 13.582

10 32418+ 15.591 34.398 + 14.463 19.906 + 15.528 21.379 + 14.742

*V360 = Watching 360° video with VR; S360 = Watching 360° video with smartphone; VG = Watching general video with VR; SG = Watching

general video with smartphone

2.4. Statistical Analyses

SPSS 18.0 was used for the statistical analyses, and the

significance level was set as 0.05.

In all conditions, the mean values of median frequency and

cervical flexion-extension angle were measured every 1 min after a
video was started to play. The value of the cervical flexion-
extension angle measured in the first 1 min was used as the
reference angle, and the motions of the neck muscles at every
minute were added after all 10 measurements were obtained to find
the total motion.

The changes in the median frequency and cervical flexion-
extension angle depended on the condition and time lapse. Repeated
measures of analysis of variance (ANOVA) were performed, and

the Bonferroni correction was applied for the post-hoc analysis.

3. Results

3.1. Changes in Median Frequency of the Erector Spinae
The erector spinae showed significant differences in the median
frequency with time (p < 0.05) and conditional effects (p < 0.05).
In a post-hoc analysis, V360 and S360 formed a high group (less
muscle fatigue), while VG and SG formed a low group (more

muscle fatigue) (Table 2).

3.2. Changes in Median Frequency of the Upper Trapezius
Muscle

The upper trapezius muscle showed significant differences in
median frequency with time (p < 0.05) and conditional effects (p <
0.05). In a post-hoc analysis, V360, S360, and VG formed a high
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Table 4 Changes in the cervical flexion-extension angle

Mean + SD (unit: degree) Time Time*group
min F(p)
V360 S360 VG SG F(p) post-hoc
2 0.106 +2.343 0.308 +2.175 0.810+2.173 0.738 £ 2.175
3 0.88+3 418 1.384 +3.326 0.967 + 3.382 0.523 £2.935
4 2.001 £3.02 1.546 + 2.857 1.235+2.982 1.212 +2.464
5 0.049 +£4.476 1.217 £4.335 1.669 + 4.477 2.056 £ 3.565
6 -0.986 + 4.735 1.627 £ 4.755 1.61 £4.738 2.528 +3.871 5.248 (< 0.001) 3.753 (< 0.001)
’ ’ ’ ’ ’ ’ ’ ’ ’ ’ SG, S360, VG, V360
7 -0.143 + 6.060 2.326 + 6.065 1.687 + 6.071 2.996 + 5.249
8 0.727 £3.698 1.958 + 3.588 1.468 +3.670 2.849+3.272
9 1.275 + 4.668 2.434 +4.592 1.442 £4.712 3.096 £ 4.100
10 0.520 +£5.158 2.629 +5.071 1.520 + 5.165 3.385+4.383

*V360 = Watching 360° video with VR; S360 = Watching 360° video with smartphone; VG = Watching general video with VR; SG = Watching

general video with smartphone

Table 5 Changes in the cumulative cervical flexion-extension angle

Mean £ SD (unit: degree) Time Time*group
min
V360 $360 VG SG F(p) F(p)
post-hoc

2 1.789 + 1.485 1.107 + 1.362 0.909 + 1.366 1.399 + 1.361

3 4116 £2.433 3.024 £2.467 1.518 £2.429 2.419+£2.371

4 6.013 +£2.802 4.359 £ 2.960 2.170 + 2.881 3.397 £2.923

5 8.500 + 3.991 5.513+4.162 3.082 £ 4.046 4918 +£3.896

6 10.153 £ 4.703 6.992 +4.722 4314+ 4814 6.223 £ 4.446 50.745 (< 0.001) 3774 (< 0.001)

: : : : : : : : ’ ’ V360 > S360, SG > VG

7 12.143 £ 5.646 8.293 £ 5.646 5.044 £ 5.784 7.722 £5.511

8 15.640 + 7.975 9.482 +8.132 5.851 +8.162 9.017 +7.827

9 18.136 = 8.873 11.239 + 8.913 7.248 £ 8.992 10.780 = 8.672

10 19.730 £ 9.456 12.800 +9.419 8.308 £9.541 11.782 £ 9.150

*V360 = Watching 360° video with VR; S360 = Watching 360° video with smartphone; VG = Watching general video with VR; SG = Watching

general video with smartphone

median frequency group. S360, VG, and SG formed a low median
frequency group (Table 3).

3.3. Changes in the Cervical Flexion-Extension Angle

Cumulative changes in the cervical flexion-extension angle
showed significant differences depending on time (p < 0.05) and
also based on both the time and conditional effects (p < 0.05). In a
post-hoc analysis, the amount of changes decreased following the
order of SG, S360, VG, and V360, but there was no significant
difference (p > 0.05) (Table 4).

3.4. Cumulative Changes in the Cervical Flexion-Extension
Angle
Cumulative changes in the cervical flexion-extension angle

showed significant differences depending on time (p < 0.05) and
based on both time and conditional effects (p < 0.05). In a post-hoc
analysis, V360 formed group with the highest cervical flexion-
extension angle, S360 and SG made a middle group, and VG
formed the lowest group (Table 5).

4. Discussion

The present study aimed to investigate changes in fatigue of the
erector spinae and the upper trapezius muscles while watching
360° video compared to traditional video using VR and
smartphones. It also aimed to identify changes in the cervical

flexion-extension angle.
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In the present study, the length of time for using the smartphone
was set at 10 min, which was primarily for ethical protection of the
subjects. Koreans tend to spend 12.5 min each time they used a
smartphone,® and prolonged use of a smartphone can cause muscle
fatigue and pain.'>!'° In the present study, researchers operated the
smartphone or VR for the subjects to minimize potential stress that
subjects may experience by being unfamiliar with the operation of
the devices. Furthermore, the subjects sat on a chair with a backrest
and armrest but without wheels. This was not only to ensure safety
of the subjects but also to minimize stress resulting from the
anxiety that the chairs may roll unintentionally. As shown here, this
study attempted to minimize the stress factors other than effects on
muscle fatigue of watching general and 360° videos on VR and
smartphone.

Video watching was selected as the setting for use of VR and
smartphones in the present study because the primary uses of
smartphones by Koreans are for messenger (99.8%), playing
games (89.5%), and watching videos (45.5%).'® Although VR can
be used for messenger, the targets and contents of messenger might
have affected the results of the present study. There is currently no
game that can be controlled by both VR and smartphone. As such,
neither messenger nor games could be chosen. Since videos can be
viewed in VR, videos were chosen in the present study. Unlike the
results of our study, Kang et al.? reported that watching 360° videos
using VR caused more fatigue than watching standard videos.
Since Kang et al.? reported the sense of fatigue, not muscle fatigue,
their results cannot be compared directly to those of the present
study. In addition, Kang et al.’ used different videos for the
traditional and 360° videos; so, the effects of the difference in
video contents were effectively compared. In the present study, we
used the same video for both 360° and traditional videos to
minimize variation in the function of the 360° rotation, which may
also lead to the difference between the results of the two studies.

We chose to use “STAR WARS 360 VR” made by Cube CZ as
the experimental video. To find this video, YouTubeKR was
searched using “VR” as the keyword, and filters for videos with
over 4 K in pixel size, 360° videos, over 2 million views, and over
10 min of continuous running time were selected. Ultimately, this
video was chosen because it had neither sexuality nor violence.

Muscle fatigue is a neuromuscular condition where muscles fail
to generate the required force. In the present study, extracted EMG
data were analyzed to investigate muscle fatigue. With respect to
this, Karthick et al. (2015) reported that more diverse range of
frequencies are observed when the muscles are not fatigued, as
compared to when they are fatigued,'* while Kupa et al. (1995)
reported that different frequencies are observed according to the

types of muscle fibers.”* Lower frequencies are observed with type

1 muscle fibers with strong endurance, whereas higher frequencies
are observed with type 2 muscle fibers with weak endurance. In
other words, when muscles are not fatigued, diverse frequencies
are observed as both type 1 and type 2 muscle fibers are used,
whereas when muscles are fatigued, higher frequencies are not
readily observed as the activities of type 2 muscle fibers with weak
endurance decrease while lower frequencies are still observed as
the activities of type 1 muscle fibers with relatively strong
endurance are maintained or decreased to a lesser degree than the
type 2 muscle fibers. Consequently, as muscles become more
fatigued, the median value of all frequencies become lower. The
present study was able to identify muscle fatigue by analyzing the
frequencies that are observed according to muscle types.

Park et al.'® reported that the use of a video display terminal had
a close relationship with an increase in fatigue of muscles in the
neck, the upper extremities, and the general musculoskeletal
system. Many researchers also reported that prolonged use led to
increased complaints of pain and fatigue.?'">® In the present study,
fatigue in the erector spinae and the upper trapezius muscles
increased with time when using either smartphone or VR. We
found that prolonged use of VR could cause muscle fatigue,
although VR induced less muscle fatigue than smartphone,
depending on the condition.

The head weight accounts for about 1/7" of the whole body
weight. Pressure to the bones of the neck increases, and negative
changes in the connections between the head and the neck are
induced as the center of gravity moves forward.?* Kim and Sung®
reported that about 10% of people who were wearing glasses
complained of discomfort with their glasses. Although the weight
of the VR apparatus has become lighter due to technological
advancements, the total weight of the latest VR, and the
smartphone mounted to VR in the present study was about 0.5 kg.
It was speculated that such weights would enhance fatigue in the
neck and the upper back muscles in order to bend the neck or
prevent the head from bending forward. For the median frequency
of the erector spinae and the upper trapezius muscles, however,
V360 and S360 formed a high group and VG and SG made a low
group depending on time and the conditional effect. In other
words, the 360° video and a general video seemed to have a larger
impact on muscle fatigue than VR and smartphone. In addition, the
present study investigated cumulative changes in the cervical
flexion-extension angle, resulting in a larger change watching a
360° video than watching a general video. Specifically, V360
showed a statistically significant difference compared to the other
conditions. It was postulated that since subjects were able to view a
wider scene as they moved their head while watching a 360° video,

they moved their heads continuously. Continuous movements
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seemed to have prevented them from taking an undesirable
posture. According to researchers, bending the neck forward while
using VR or smartphones is a poor posture which increases fatigue
in the erector spinae and the upper trapezius muscle.

So and Yoo!' reported that bending the neck while using a
smartphone caused pains, while there was little neck pain when
using a smartphone at eye level. However, only 18% of users use
smartphones at eye level in a sitting position.? The small screen of
smartphones is one of the factors that causes smartphone users to
bend their necks.”****” On the contrary, VR has a much wider
screen compared to the smartphone. In addition, it is impossible to
control the position of the video if the neck is bent while using VR,
unlike when using a smartphone, because it would end up focusing
on the lower part of video. Therefore, it was thought that the
subjects did not bend their neck in order to watch video from the
appropriate angle. It also seemed that such movements caused VG
to have the least cumulative change in the cervical flexion-
extension angle. However, it was postulated that subjects were not
accustomed to watching video while maintaining a posture without
bending their necks. That may be the reason why VG formed a
group with a low change of median frequency of the erector spinae
and the upper trapezius muscle depending on time and conditional
effect.

There were two main limitations to this study. First, the present
study was conducted using only healthy subjects in a specific
region. Second, the fatigue of all the muscles that could be affected
by use of VR and smartphone, and the rotation of the neck muscles
with various lateroflexion movements were not examined in this
study. Further study will be needed with respect to evaluating more

muscles and movements.

5. Conclusion

The present study was performed to investigate fatigue of the
erector spinae and the upper trapezius muscles and the changes in
the cervical flexion-extension angle when watching 360° videos
and traditional videos using VR and smartphone. As a result, the
erector spinae and the upper trapezius muscles showed significant
fatigue in all conditions with time, and also had significant
difference depending on time and conditional effect. In general,
watching 360° videos caused less fatigue than watching traditional
videos. In addition, the neck muscles showed the largest movement
when watching 360° videos with VR and the least movement when
watching general videos with VR. These results suggested that
movement of the neck while watching 360° videos leads to less

fatigue in the erector spinae and the upper trapezius muscles.
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