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Abstract

Background: Previous studies have classified cameramen’s job as physiologically heavy work and identified the risk
factors of work-related musculoskeletal disorders (WRMDs) in cameramen. However, those studies limited their
research subjects to cameramen. In this study, we compared the frequency and severity of WRMDs between
cameramen and office workers.

Methods: A total of 293 subjects working in four broadcasting companies in Korea were recruited. A questionnaire
survey was conducted for a month, starting in October 2016. The subjects were divided into cameramen and office
workers according to their occupation. We compared the frequency and severity of WRMDs and ergonomic risk
assessment results between the two groups.

Results: The high-risk WRMD group had a higher proportion of cameramen than office workers. Moreover, the
high ergonomic risk group also had a higher proportion of cameramen than office workers for WRMDs in the
upper extremities and waist+lower extremities. In the multivariable-adjusted model comparing cameramen and
office workers, the odds ratio (OR) with 95% confidence interval (95% CI) for high-risk WRMDs was 3.50 (95% CI:
1.92–7.72) for the upper extremities and 3.18 (95% CI: 1.62–6.21) for the waist and the lower extremities. The
ORs by body parts were 3.11 (95% CI: 1.28–7.57) for the neck, 3.90 (95% CI: 1.79–8.47) for the shoulders, and 4.23
(95% CI: 1.04–17.18) for the legs and feet.

Conclusions: Our study suggests that cameramen are at high risk of WRMDs. Workplace improvements and
management of the neck, shoulders, and lower extremities, which are susceptible to WRMDs, are necessary to
prevent musculoskeletal disorders among cameramen.
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Background
Work-related musculoskeletal disorders (WRMDs) refer
to muscle, bone, joint, ligament, tendon, or nerve pain
that is induced or aggravated by work [1]. Pain caused
by WRMDs affects physical health, leading to reduced
functional capacity and vitality. Moreover, it also affects
mental health, resulting in lower satisfaction with interper-
sonal relationships and home life and cause additional cost
burdens, ultimately reducing an individual’s quality of life

[2–4]. WRMDs are known to be one of the main causes of
work absence [5, 6]. Buckle and Devereux [7] estimated
that 45% of all absences associated with occupational
diseases were due to WRMDs. WRMDs are associated
with reduced productivity in the society [8, 9]. However,
although musculoskeletal disorders can cause problems at
the personal and socioeconomic levels, they are signifi-
cantly underreported [10].
Biomechanical exposure, which is associated with

WRMDs, includes static posture; repeated pushing, pull-
ing, lifting, and neck bending [11]; highly repetitive work;
and forceful exertion in work [12]. In addition, workplace
factors (e.g., time pressure, poor work/rest schedule, and

* Correspondence: byungseong.suh@samsung.com
Department of Occupational and Environmental Medicine, Kangbuk
Samsung Hospital, Sungkyunkwan University School of Medicine, 29
Saemunan-ro, Jongno-gu, Seoul 03181, South Korea

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Jeong et al. Annals of Occupational and Environmental Medicine  (2018) 30:28 
https://doi.org/10.1186/s40557-018-0243-y

http://crossmark.crossref.org/dialog/?doi=10.1186/s40557-018-0243-y&domain=pdf
mailto:byungseong.suh@samsung.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


low job control), physical factors (e.g., old age and elevated
body mass index), and psychosocial stress have also been
reported as risk factors of WRMDs [13]. A study has
reported that these ergonomic risk factors are present
in workplaces for cameramen and that they affect the
incidence of WRMDs among cameramen [14]. Another
study has reported that because cameramen perform
physically demanding tasks and thus experience high
levels of physiological stress, their occupation must be
classified as heavy work [15].The environment for mak-
ing TV programs in Korea lacks production costs and
staff, giving cameramen long working hours and short
break times. This increases the risk of work-related
musculoskeletal disorders in cameramen [13].
However, very few studies have included cameramen

as research subjects, and no study has directly compared
WRMDs in cameramen and other workers. The office
workers were selected as a control group because of their
lower physical demands compared to other occupations
[16–18]. Therefore, we compared the incidence and sever-
ity of WRMDs among cameramen and office workers.

Methods
Subjects
Employees from four broadcasting companies in Korea
were recruited to answer a questionnaire on musculoskel-
etal disorders. Studio cameramen (news, drama, and en-
tertainment shows), video journalists, special cameramen
(aerial or underwater filming), and cameramen who
specialized in outdoor filming including those who
filmed dramas, entertainment shows, sports games, and
concerts were all classified as cameramen. Sedentary
workers from the same broadcasting companies who
spent most of their work time inside an office were classi-
fied as office workers. Employees who work indoors but
can handle heavy objects are excluded. Of the 505 total
subjects, 309 were office workers (42.72% women), and
196 were cameramen (1.53% women). Due to a significant
discrepancy in the sex ratio, this study was limited to male
subjects only. Subjects with current history of arthritis,
gout, diabetes, and lupus were excluded. Subjects with less
than one year of work experience were also excluded. A
total of 293 subjects (129 cameramen and 164 office
workers) were finally included in this study. A question-
naire survey regarding WRMDs and workplace ergonom-
ics was conducted for one month starting in October
2016. We collected no personally identifiable information.
Kangbuk Samsung Hospital Institutional Review Board
approved our waiver of written informed consent (IRB
No. KBSMC 2017–11–052-001).

Musculoskeletal symptom and ergonomic evaluation
Musculoskeletal symptom questionnaires and the Manu-
facturing Operations Risk Factor (MORF)from the Korea

Occupational Safety and Health Agency Guideline devel-
oped by DS Kim, JG Park, and GS Kim [19] were used
to check WRMDs and ergonomic risks in the workplace.
The questionnaires consist of five questions related to
house labor, with possible answers including none, less
than one hour, 1–2 h, 2–3 h, and over 3 h. Subjects were
divided into two groups depending on whether the num-
ber of hours they spent on house labor was less than 1 h
or greater than 1 h. Subjects who responded that they
regularly exercise for more than 30 min at a time, twice
per week, were assigned to the regular exercise group.
They were also categorized according to whether their
daily working hours were less than 9 h or greater than 9 h.
Traumatic history was investigated for six different body
parts, namely, neck, shoulders, arms/elbows, hands/wrists/
fingers, waist, and legs/feet. Likewise, questions regarding
work-related musculoskeletal pain and discomfort were
answered for each of the six body parts to investigate if
symptoms occurred bilaterally and to investigate symptom
duration, symptom severity (mild, moderate, severe, and
very severe), the incidence of symptoms in the last one
year, and history of symptoms in the last one week. In ac-
cordance with The National Institute for Occupational
Safety and Health standard, subjects who responded that
they experienced moderate to very severe pain in any of
the six body parts in the last one year, those whose
WRMDs symptoms lasted more than one week, or those
who experienced WRMDs symptoms more than once per
month were assigned to the high-risk WRMDs group
[20]. MORF was originally developed by the US Occu-
pational Safety and Health Agency and University of
Waterloo [21]. This assessment tool quickly assesses the
ergonomic risks of the upper extremities, waist+lower ex-
tremities and manual material handling by investigating
the posture, repeatability, pressure, vibration, and job
control during working hours. The subjects’ responses
to questions for the upper extremities and waist+lower
extremities were weighted according to exposure time.
Subjects who scored 10 or more points for the upper ex-
tremities and waist+lower extremities were considered to
perform high-risk tasks for the corresponding body part.

Statistical analysis
The general characteristics of cameramen and office workers
were assessed separately. A chi-square test was used for the
categorical variables, and an independent t-test was used for
the continuous variables for comparison between the two
groups. High-risk groups were identified for the upper ex-
tremities (neck, shoulders, arms, and hands/wrists/fingers)
and the waist+lower extremities (waist and leg/foot) based
on musculoskeletal symptoms reported by the subjects.
High ergonomic-risk groups were identified for the
upper extremities, and the waist+lower extremities de-
pending on the high-risk tasks reported by the subjects.
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We used a multivariate logistic regression model to de-
termine the odds ratios for musculoskeletal symptoms
for each body part among cameramen compared with
those among office workers with 95% confidence inter-
vals (95% CIs). The model was adjusted for age in the
first stage and then for tenure, regular exercise, daily
working hours, house labor, traumatic history for each
body part, and ergonomics in the second stage. The
level of statistical significance was set at p < 0.05. The
software program SPSS for Windows, version 24.0,
(SPSS, Chicago, IL) was used for statistical analysis.

Results
Cameramen had more tenure (year) and daily working
hours compared to office workers. They also had more
incidence of WRMD symptoms than office workers. No
significant difference in all other variables was found be-
tween the two groups (Table 1).
The subjects’ tasks were assessed using an ergonomics

assessment tool (MORF). The high ergonomic-risk
group for the upper extremities comprised a significantly
higher proportion of cameramen (52.7%) than office
workers (28.0%). The high ergonomic-risk group for
the waist and the lower extremities also comprised a
significantly higher proportion of cameramen (43.4%)
than office workers (21.3%) (Table 2).

Furthermore, the high-risk WRMD group for the upper
extremities comprised a higher proportion of cameramen
(32.6%) than office workers (11.0%). The high-risk WRMD
group for the waist+lower extremities also comprised a
higher proportion of cameramen (24.0%) than office
workers (9.1%). The proportion of cameramen was signifi-
cantly higher than that of office workers in the high-risk
groups for all body parts except the hand/wrist/finger
(Table 3).
In the age-adjusted model, the OR for cameramen in the

high-risk WRMD group relative to that for office workers
was 4.03 (95% CI: 2.17–7.49) for the upper extremities and
3.18 (95% CI: 1.62–6.21) for the waist+lower extremities.
The ORs by body parts were 3.38 (95% CI: 1.49–7.70), 3.85
(95% CI: 1.92–7.72), 2.77 (95% CI: 1.37–5.57), and 5.11
(95% CI: 1.40–18.66) for the neck, shoulders, waist, and
the legs/feet, respectively, and were all statistically signifi-
cant, except for the OR for hands/wrists/fingers. In the
multivariate model, the ORs for cameramen in the high-
risk WRMD group relative to that for office workers were
3.50 (95% CI: 1.76–6.96) and 2.43 (95% CI: 1.14–5.12)
for the upper extremities and waist+lower extremities,
respectively, and were all statistically significant. The
ORs by body parts were 3.11 (95% CI: 1.28–7.57), 3.90
(95% CI: 1.79–8.47), and 4.23 (95% CI: 1.04–17.18) for
the neck, shoulders, and legs/feet, respectively, and were

Table 1 General characteristics of the study subjects

Total Cameramen Office worker P value

No. of participants (%) 293(100) 129(44.0) 164(56.0)

Age, years (mean ± SD) 44.44 ± 7.48 45.23 ± 7.28 43.82 ± 7.61 0.110*

Tenure, years (mean ± SD) 16.35 ± 8.64 18.01 ± 7.98 15.04 ± 8.93 0.003*

Working hours/day (mean ± SD) 9.37 ± 2.39 10.42 ± 3.18 8.54 ± 0.87 < 0.001*

Marital status (%) 0.358**

Single 33(11.3) 17(13.2) 16(9.8)

Married 260(88.7) 112(86.8) 148(90.2)

Traumatic history (%) 0.479**

Yes 134(45.7) 56(43.4) 78(47.6)

No 159(54.3) 73(56.6) 86(52.4)

Regular Exercise (%) 0.308**

Yes 43(14.7) 22(17.1) 21(12.8)

No 250(85.3) 107(82.9) 143(87.2)

House labor/day (%) 0.284**

< 1 Hour 230(78.5) 105(81.4) 125(76.2)

1 Hour ≤ 63(21.5) 24(18.6) 39(23.8)

WRMD symptom (%) < 0.001**

Yes 148(50.5) 90(69.8) 58(35.4)

No 145(49.5) 39(30.2) 106(64.6)

SD standard deviation, WRMD work-related musculoskeletal disorder
*P value by independent t-test
**P value by Chi-square test
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all statistically significant, except for the ORs for the
hands/wrists/fingers and the waist (Table 4).

Discussion
Previous studies have measured the level of physiological
stress experienced by cameramen in terms of heart rate
and oxygen consumption and classified cameramen’s tasks
as physiologically heavy work [15], analyzed occupational
suprascapular nerve entrapment among cameramen [22],
and identified ergonomic factors and physical burden as
risk factors of WRMDs in cameramen, which were found
to affect the shoulders most commonly [14]. However,
these studies limited their research subjects to cameramen
only. In the present study, we compared WRMDs between
cameramen and office workers and found that the risk of
WRMDs was higher for cameramen. When break time
is reduced due to long working hours, musculoskeletal
fatigue can occur and induce WRMDs [23]. Chronic
musculoskeletal fatigue can lead to accumulated stress
on muscles and tendons and subsequently, reduced
blood flow in the corresponding areas as work experi-
ence and age increase. Eventually, they cause pain and
poor function by inducing localized muscle fatigue [24].
Ergonomic stress in the work environment is a risk

factor for WRMDs [13]. The biomechanical risks of
WRMDs include repetitious and forceful work, awkward
or sustained posture, and mechanical pressure [13]. The
cameramen’s jobs are associated with these risk factors.
Cameramen can also be exposed to ergonomic risks

depending on the type of camera and filming methods
they use. Standard studio cameras used in studios have
wheels attached to them for mobility. Although these
cameras are usually used in the erect state, cameramen
are forced to repeatedly use pulling and pushing forces
to change the filming angle and distance. While filming,
they must twist their bodies and tilt their head up to
look at the viewfinder for monitoring. There are three
main methods of outdoor filming: filming using a tripod,
filming by directly holding the camera, and filming using
a jimmy jib camera. When filming with a camera fixed
in a tripod (Electric News Gathering Camera, Electronic
Field Production camera, Electric cinematography), cam-
eramen must squat or bend their waist to adjust the
height according to the position of the subject, and thus
cannot film in a comfortable posture. Their bodies twist,
and their necks bend downward to look at the viewfinder.
When filming by directly holding a camera (Electric News
Gathering Camera), cameramen must carry the weight of
the camera, which is over 10 kg. They usually place the
camera on their right shoulder for a long period of time
without moving and must use different postures such as
lifting the camera above the shoulder or lowering it to
below the waist or knee level depending on the situation.
GK Karatas and F Gogus [22] proposed that these risk fac-
tors induce suprascapular nerve entrapment among cam-
eramen. Meanwhile, a jimmy jib camera in the shape of a
long lever is used to get an overall shot from high places.
A weight is added to one end of the lever and a camera at

Table 2 Number and percent distributions of high-risk individuals in ergonomic evaluation according to body parts and occupation

All Cameramen Office worker P value*

Upper Extremities (%) < 0.001

Normal 179(61.1) 61(47.3) 118(72.0)

High-risk group 114(38.9) 68(52.7) 46(28.0)

Waist+Lower Extremities (%) < 0.001

Normal 202(68.9) 73(56.6) 129(78.7)

High-risk group 91(31.1) 56(43.4) 35(21.3)

*P value = by Chi-square test

Table 3 Number and percent distributions of high-risk individuals in work-related musculoskeletal disorder according to body parts
and occupation

All Cameramen Office worker P value*

Upper Extremities (%) 60(20.5) 42(32.6) 18(11.0) < 0.001

Neck 30(10.2) 21(16.3) 9(5.5) 0.002

Shoulder 45(15.4) 32(24.8) 13(7.9) < 0.001

Arm 7(2.4) 7(5.4) 0(0.0) 0.003

Hand/finger/wrist 15(5.1) 9(7.0) 6(3.7) 0.201

Waist+Lower Extremities (%) 46(15.7) 31(24.0) 15(9.1) 0.001

Waist 40(13.7) 26(20.2) 14(8.5) 0.004

Leg/foot 15(5.1) 12(9.3) 3(1.8) 0.004

*P value = by Chi-square test
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the other end to adjust the camera height. It is the cam-
eramen’s job to lift the weight above the head or lower it
below the knees. Outdoor filming requires continuous
angle adjustment, focus, and light exposure before the ac-
tual shooting begins. Therefore, they should be considered
as working hours for the cameramen other than moving
hours and resting hours. And the cameramen’s filming
posture can vary for each scene, each angle.
Office workers can also develop musculoskeletal symp-

toms of the waist, neck, shoulders, and hands/wrists/
fingers due to long hours of using computers [25–27].
However, as can be deduced from the characteristics of
cameramen’s tasks described earlier, cameramen appear
to be at higher ergonomic risk than office workers and
thus showed higher ORs for WRMDs of the neck,
shoulders, and legs/feet in this study. The reason why
the risk of WRMDs was high for the neck may be that
cameramen look downward or upward while filming.
The shoulders were susceptible to WRMDS possibly
because cameramen place the cameras on their shoul-
ders for long periods. Meanwhile, the reason why the
risk of WRMDs was high for the legs/feet may be that
cameramen often have to stand or squat, whereas office
workers spend most of their working hours sitting.
The present study had several limitations. First, mus-

culoskeletal symptoms and ergonomic risk factors were
assessed based on self-reported answers. Subjects may
have overreported their symptoms and the ergonomic
aspects of their occupations. However, because it was
difficult to diagnose the subjects with a specific muscu-
loskeletal disorder and cameramen performed a wide range
of tasks, there were limits to assessing their symptoms
using the Rapid User Limb Assessment [28] or the Rapid
Entire Body Assessment [29]. As such, it was difficult to
use objective markers. In the following study, it would be
helpful to use an objective evaluation tool, such as the
video-based observation method [30]. Because different
kinds of cameras used for different tasks were clustered to

one group and assessed together in this group, future re-
search must divide them further according to their specific
tasks. Lastly, all female subjects were excluded, and only
male subjects were studied. However, had women, who
have higher sensitivity to musculoskeletal symptoms than
men [13], been included, the risk of musculoskeletal symp-
toms among cameramen would have increased. Thus, it
will not be difficult to obtain results even when subjects
are limited to men only.
Due to media advancements and increased value of

media contents, the demand for cameramen has increased.
However, research on cameramen, who work in unfavor-
able work environments that impose long working hours
and short break time, who perform ergonomically danger-
ous tasks that involve making awkward postures and with-
standing heavy weights, and who are exposed to various
risk factors for WMRD because of the nature of their work,
is lacking. In this study, the WRMD symptoms and
ergonomic factors were assessed to not only demonstrate
that the risk of WRMDs is higher among cameramen than
among office workers, but also to show that the tasks
performed by cameramen pose high ergonomic risks.
No study has directly compared musculoskeletal symptoms
between cameramen and other occupations. Confounding
effects were minimized by comparing the cameramen with
office workers from the same broadcasting companies.

Conclusion
Cameramen were at higher risk for WRMDs than office
workers. The risk of WRMDs of the shoulders, neck, and
legs/feet was higher than that of other body parts. The
working hours of cameramen should be reduced, and the
workplace environments with high ergonomic risks should
be improved. Furthermore, prevention and follow-up man-
agement of WRMDs among high-risk occupations such as
cameramen are important. Management of WRMDs af-
fecting the neck, shoulders, and legs/feet, which are highly
susceptible to WRMDs, may be effective.

Table 4 Age- and multivariate-adjusted odds ratio for high-risk WRMD group of cameramen using office worker as the reference

Crude model Age-adjusted model Multivariate-adjusted model

Upper Extremities 3.92(2.12–7.23) 4.03(2.17–7.49) 3.50(1.76–6.96)

Neck 3.35(1.48–7.60) 3.38(1.49–7.70) 3.11(1.28–7.57)

Shoulder 3.83(1.92–7.66) 3.85(1.92–7.72) 3.90(1.79–8.47)

Arm -a -a -a

Hand/Wrist/Finger 1.98(0.68–5.70) 1.97(0.68–5.71) 1.59(0.47–5.42)

Waist+Lower Extremities 3.14(1.61–6.12) 3.18(1.62–6.21) 2.43(1.14–5.12)

Waist 2.71(1.35–5.43) 2.77(1.37–5.57) 2.05(0.92–4.59)

Leg/Foot 5.50(1.52–19.94) 5.11(1.40–18.66) 4.23(1.04–17.18)

Multivariate model adjusted for age, tenure, regular exercise, daily working hours, house labor, traumatic history, ergonomic risk
Values are odds ratio (95% confidence interval)
WRMD work-related musculoskeletal disorder
aNo office worker in high-risk work-related musculoskeletal disorder group
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Acknowledgements
We thank the members of the Health Screening Center at Kangbuk Samsung
Hospital, Seoul, Korea for their help.

Availability of data and materials
All data generated during this study are included in this published article.

Authors’ contributions
HJ conceived the study and participated in literature review, data collection,
statistical analysis, and drafting of the manuscript. BS supervised the study
and participated in designing the study, statistical analysis, and drafting of
the manuscript. SGK, WSK, WCL, KHS, and MWN helped with the literature
review and manuscript revisions. All authors have read and approved the
final manuscript.

Ethics approval and consent to participate
We collected no personally identifiable information. Kangbuk Samsung
Hospital Institutional Review Board approved our waiver of written informed
consent (IRB No.KBSMC 2017–11–052-001).

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 31 January 2018 Accepted: 23 April 2018

References
1. Bernard BP. Musculoskeletal disorders and workplace factors: a critical

review of epidemiologic evidence for work-related musculoskeletal
disorders of the neck, upper extremity, and low back. In: DHHS (NIOSH)
Publication 1997. https://www.cdc.gov/niosh/docs/97-141/default.html.
Accessed 15 Dec 2017.

2. Bae YH, Min KS. Associations between work-related musculoskeletal
disorders, quality of life, and workplace stress in physical therapists. Ind
Health. 2016;54:347–53.

3. de Carvalho MP, Schmidt LG, Soares MC. Musculoskeletal disorders and
their influence on the quality of life of the dockworker: a cross-sectional
study. Work. 2016;53:805–12.

4. Baldwin ML. Reducing the costs of work-related musculoskeletal disorders:
targeting strategies to chronic disability cases. J Electromyogr Kinesiol.
2004;14:33–41.

5. Linaker C, Harris EC, Cooper C, Coggon D, Palmer KT. The burden of
sickness absence from musculoskeletal causes in great Britain. Occup Med
(Lond). 2011;61:458–64.

6. Hoy D, March L, Brooks P, et al. The global burden of low back pain:
estimates from the global burden of disease 2010 study. Ann Rheum Dis.
2014;73:968–74.

7. Buckle PW, Devereux JJ. The nature of work-related neck and upper limb
musculoskeletal disorders. Appl Ergon. 2002;33:207–17.

8. Rasotto C, Bergamin M, Simonetti A, et al. Tailored exercise program reduces
symptoms of upper limb work-related musculoskeletal disorders in a group of
metalworkers: a randomized controlled trial. Man Ther. 2015;20:56–62.

9. Berberoglu U, Tokuc B. Work-related musculoskeletal disorders at two textile
factories in Edirne, Turkey. Balkan Med J. 2013;30:23–7.

10. Morse T, Dillon C, Kenta-Bibi E, et al. Trends in work-related musculoskeletal
disorder reports by year, type, and industrial sector: a capture-recapture
analysis. Am J Ind Med. 2005;48:40–9.

11. Warren N, Dillon C, Morse T, Hall C, Warren A. Biomechanical, psychosocial,
and organizational risk factors for WRMSD: population-based estimates from
the Connecticut upper-extremity surveillance project (CUSP). J Occup
Health Psychol. 2000;5:164–81.

12. van der Molen HF, Foresti C, Daams JG, Frings-Dresen MHW, Kuijer P. Work-
related risk factors for specific shoulder disorders: a systematic review and
meta-analysis. Occup Environ Med. 2017;74:745–55.

13. Zakaria D, Robertson J, MacDermid J, Hartford K, Koval J. Work-related
cumulative trauma disorders of the upper extremity: navigating the
epidemiologic literature. Am J Ind Med. 2002;42:258–69.

14. Kim JH, Suh BS, Kim SG, Kim WS, Shon YI, Son HS. Risk factors of work-
related upper extremity musculoskeletal disorders in male cameramen. Ann
Occup Environ Med. 2015;27:5.

15. Asfour SS, Waly SM, Genaidy AM, Gonzalez RM. Physiological stresses
associated with television camera operators' tasks. Appl Ergon. 1988;19:275–80.

16. Shockey TM, Luckhaupt SE, Groenewold MR, Lu ML. Frequent exertion and
frequent standing at work, by industry and occupation group - United
States, 2015. MMWR Morb Mortal Wkly Rep. 2018;67:1–6.

17. Warnakulasuriya SS, Peiris-John RJ, Coggon D, Ntani G, Sathiakumar N,
Wickremasinghe AR. Musculoskeletal pain in four occupational populations
in Sri Lanka. Occup Med (Lond). 2012;62:269–72.

18. Choobineh AR, Daneshmandi H, Aghabeigi M, Haghayegh A. Prevalence of
musculoskeletal symptoms among employees of Iranian petrochemical
industries: October 2009 to December 2012. Int J Occup Environ Med.
2013;4:195–204.

19. Kim DS, Park JG, Kim GS. The guideline of survey about risk factor relating
to musculoskeletal disorders. In: Healthcare-Research resources. 2016.
https://www.kosha.or.kr/cms/generate/FileDownload.jsp?content_id=
192377&category_id=&version=1.0&file_name=408347_1.2_attachFile3_1.pdf.
Accessed 15 Dec 2017.

20. Lee DH, Kang B, Choi S, et al. Change in musculoskeletal pain in patients
with work-related musculoskeletal disorder after tailored rehabilitation
education: a one-year follow-up survey. Ann Rehabil Med. 2015;39:726–34.

21. Neumann P, Wells RP, Norman RWA. Participative field study of the inter-
rater reliability of a risk factor assessment checklist used by manufacturing
plant personnel. In: Kumar S, editor. Advances in occupational ergonomics
and safety. Ohmsha: IOS press; 1998. p. 47–50.

22. Karatas GK, Gogus F. Suprascapular nerve entrapment in newsreel
cameramen. Am J Phys Med Rehabil. 2003;82:192–6.

23. Hales TR, Bernard BP. Epidemiology of work-related musculoskeletal
disorders. Orthop Clin North Am. 1996;27:679–709.

24. Polanyi MF, Cole DC, Beaton DE, et al. Upper limb work-related
musculoskeletal disorders among newspaper employees: cross-sectional
survey results. Am J Ind Med. 1997;32:620–8.

25. Thomsen JF, Gerr F, Atroshi I. Carpal tunnel syndrome and the use of
computer mouse and keyboard: a systematic review. BMC Musculoskelet
Disord. 2008;9:134.

26. Spekle EM, Hoozemans MJ, Blatter BM, et al. Effectiveness of a questionnaire
based intervention programme on the prevalence of arm, shoulder and
neck symptoms, risk factors and sick leave in computer workers: a cluster
randomised controlled trial in an occupational setting. BMC Musculoskelet
Disord. 2010;11:99.

27. Tornqvist EW, Hagberg M, Hagman M, Risberg EH, Toomingas A. The
influence of working conditions and individual factors on the incidence of
neck and upper limb symptoms among professional computer users. Int
Arch Occup Environ Health. 2009;82:689–702.

28. McAtamney L, Nigel Corlett E. RULA: a survey method for the investigation
of work-related upper limb disorders. Appl Ergon. 1993;24:91–9.

29. Hignett S, McAtamney L. Rapid entire body assessment (REBA). Appl Ergon.
2000;31:201–5.

30. Juul-Kristensen B, Hansson GA, Fallentin N, Andersen JH, Ekdahl C. Assessment
of work postures and movements using a video-based observation method
and direct technical measurements. Appl Ergon. 2001;32:517–24.

Jeong et al. Annals of Occupational and Environmental Medicine  (2018) 30:28 Page 6 of 6

https://www.cdc.gov/niosh/docs/97-141/default.html
https://www.kosha.or.kr/cms/generate/FileDownload.jsp?content_id=192377&category_id=&version=1.0&file_name=408347_1.2_attachFile3_1.pdf
https://www.kosha.or.kr/cms/generate/FileDownload.jsp?content_id=192377&category_id=&version=1.0&file_name=408347_1.2_attachFile3_1.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Musculoskeletal symptom and ergonomic evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Competing interests
	Publisher’s Note
	References

