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ABSTRACT
Background:  This review summarizes the evidence regarding the association between musculoskeletal disorders and 
computer users at work. Past studies had identified that musculoskeletal disorders among computer users are known to 
be multifactorial in origin. This includes work related and nonwork-related factors. 
Methods: Literature search was conducted in various databases such as Pubmed, ScienceDirect, and Scopus. The arti-
cles were analyzed based on predetermined objectives and Medical Subject Headings (MeSH) such as computer users, 
musculoskeletal disorders and risk factors. Almost seventy-seven (77) articles were retrieved and analyzed to under-
stand the occurrence of musculoskeletal disorders among computer users. 
Results: Based on the previous articles, a framework of musculoskeletal disorders and computer users was proposed 
for a better understanding of the occurrence of musculoskeletal disorders among computer users in the workplace. The 
framework emphasizes the association between work-related (physical, environmental and psychosocial risk factors) 
and non-work related factors (individual risk factors) among computer users. It was hypothesized that an increase 
in the muscle activity or increase in the muscle loads were the possible early symptoms of musculoskeletal disorders 
among computer users at the workplace due the interaction of individual, psychosocial and physical risk factors. Fur-
thermore, the decrease in productivity was shown in the framework as an effect of an increase in musculoskeletal 
disorders among computer users. 
Conclusion: The proposed framework may be used for better prevention and intervention of musculoskeletal disorders 
among computer users in the workplace. 
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INTRODUCTION
In conjunction with the Industry 4.0, the role of human 
is greatly limited in the companies with a focus on using 
different types of modern information technologies such 
as cyber-physical systems and data processing [1]; [2]. The 
concept of Industry 4.0 assumes a high-efficiency produc-
tion by creating a computerized and automated produc-
tion system [1]. In practice, the use of computer plays an 
important role in achieving the Industries 4.0 solution [2]. 
According to a report by the National Institute of Safety 
and Health (NIOSH) of Malaysia, almost 61.4% of the 
workers in Malaysia is highly dependent on the computers 
in their workplace [3]. However, the recent technology de-
velopment in ICT, with the use of computers and different 
types of pointing devices such as a mouse, touchpads, and 
keyboards have caused a different type of musculoskeletal 
injuries and health problems among computer users in the 
workplace [4]. 
A study conducted in Germany had revealed that comput-
er office workers suffered from musculoskeletal symptoms 
in a different type of regions [5]. The study had identified, 
the prevalence rates for neck, shoulder and forearm/arm 
complaints were 0.31 (95% CI 0.28–0.37), 0.33 (0.27–0.39) 
and 0.21 (0.14–0.28) irrespectively [5]. The above study 
finding is consistent with another study which was con-
ducted among computer users working for the population 
in China [6]. The study had identified that almost 50% of 
the working population had musculoskeletal disorders in 
the lower back region [6]. Similarly, a cross-sectional study 
among bankers using computers had found a high preva-
lence rate of musculoskeletal disorders in the neck (71.6%) 
and shoulder (48.33.%) region during working hours [7]. 
In Malaysia, there are few published papers which had 
reported a high incidence of musculoskeletal symptoms 
among computer users at work. A report from SOCSO 
(Malaysia) had found that almost 10,000 cases of muscu-
loskeletal injuries were reported among Malaysian work-
ers in every year [3]. Next, another prevalence study had 
identified that almost 92.8% of workers had musculoskel-
etal disorder [8]. A cross-sectional study from Malaysia 
reported computer users at the workplace has 2.0 higher 
odds ratio of developing of musculoskeletal symptom in 
the upper limb region [ 9]. Also, cross-sectional studies 
among computer users had reported a prevalence rate of 
musculoskeletal symptoms (10% - 62%) in the shoulder 
and neck region among computer users [10]. 
Musculoskeletal symptoms among computer users in the 
workplace are known to be a multifactorial in origin [4]; 
[11]. This includes psychosocial risk factors such as deci-
sion latitude, psychological demand, social support, job 
insecurity, etc. [12]; [13]. Furthermore, individual risk fac-
tors such as gender, BMI, physical fitness level, previous 
illness history are known to play a role in the occurrence 
of musculoskeletal disorders [14]; [15]. Apart from the risk 
mentioned above factors, most of the research studies on 
musculoskeletal disorders among computer users in the 
workplace are focused on work-related physical risk fac-

tors such as an awkward body posture, duration of com-
puter users, repetitiveness and work pace [13]; [16]; [17]. 
Some studies that had looked into risk factors associated 
with musculoskeletal disorders among computer office 
workers were identified and presented in Table 1. Despite all 
the available knowledge on risk factors causing the devel-
opment of work-related musculoskeletal disorders among 
computer users, the prevalence rate of musculoskeletal 
symptoms among computer users is still increasing. Al-
though few studies had incorporated physical, psychoso-
cial and individual risk factors in their studies, however, the 
level of exposure to risk factors that causes musculoskeletal 
disorders among computer users in the workplace are very 
difficult to establish as most of the studies only considered 
upper limb regions and utilized subjective measurement in 
their studies [ 4 ]; [5] [8]; [10]; [ 18]; [19] . Therefore, there 
is a limitation to establish the causality of musculoskeletal 
disorders among computer users in the workplace. 
Table 1:  Past studies on WRMDs and risk factors among 

computer office workers

Studies
Physical 

Risk 
Factors

Individ-
ual Risk 
Factors

Psycho-
social 
Risk 

Factors

Limitations 

Ambusam et al., 
2015  [20] /

Amell & Kumar, 
2000  [21] / /

Barbieri, et al., 2012  
[22] /

Chaiklieng & 
Krusun, 2015  [23] /

Coelho et al., 2015 
[24] / /

Collins & O’Sulli-
van, 2015  [25] / /

Darvishi et al., 2016  
[26] /

David, 2005 [17] /

Devereux et al., 
1999  [16] /

Eltayeb, et al., 2009  
[5] / / /

Considered only 
the upper limb 

regions

Eltayeb et al., 2007  
[18] / / /

Considered only 
the upper limb 

regions

Evans & Johnson, 
2000  [27] / /

França et al., 2012  
[13] / /

Fagarasanu & Ku-
mar, 2003  [28] / /

Golubovich et al., 
2014  [29] /

Griffiths et al., 2007  
[30] / /

Helland et al., 2008  
[31] /

Holtermann et al., 
2010  [32] /
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Hsiao & Cho, 2012  
[33] / /

IJmker, et al., 2006  
[34] /

Janwantanakul et 
al., 2009 [ 35] /

Johnston et al., 2009  
[36] /

Johnston, et al., 
2007 [37] / /

Johnston et al., 2008  
[38] / /

Juul & Jensen, 2005  
[39] / /

Kaliniene et al., 
2013  [40] / / /

Karasek et al., 1998  
[41] /

Korhan & Mackieh, 
2010  [42] / /

Lassen et al., 2005  
[43] / / /

Considered only 
the upper limb 

regions

Le & Marras, 2016  
[44] /

Li & Buckle, 1999  
[45] /

Lin et al., 2017  [46] /

Luttmann et al., 
2010  [47] / /

Maakip et al., 2015   
[48] / /

Maakip et al., 2016  
[49] / /

Maakip et al., 2017  
[8] / / /

Includes only 
the subjective 
measurement  

- Validated 
questionnaire for 
assessing physical 
risk factors were 

not used

Malmberg-Ceder et 
al., 2017  [50] / /

Matos & Arezes, 
2015  [51] /

Meijer et al., 2002  
[52] /

Ming & Zaproudi-
na, 2003 [53] / /

Moom et al., 2015  
[19] / / /

Includes only the 
subjective mea-

surement  

Oakman et al., 2018  
[54] /

Oha et al., 2014  
[14] / /

Ortiz-Hernández et 
al., 2003 [4] / / /

Includes only sub-
jective measure-

ment

Padmanathan et al., 
2016  [55] /

Paksaichol et al., 
2014  [56] / /

Palmer et al., 2007 
[ 57] /

Pan & Schleifer, 
1996  [58] /

Poochada & 
Chaiklieng, 2015  

[59]
/

Pope et al. 2002 
[ 60] /

Portuné, 2012  [61] /

Punnett, 2009  [62] /

Ranasinghe et al., 
2011 [ 10] / / / Includes only up-

per limb regions

Ribeiro et al., 2016 
[ 63] /

Riccò et al., 2016 
[ 64] / /

Rodrigues et 
al.,2017 [65] /

Sadeghian et al., 
2014 [ 66] / /

Santos et al., 2016  
[67] /

Sciences et al., 2009  
[12] /  

Shabbir et al., 2016 
[ 7] /

Shahidi et al., 2015 
[ 68] / /

Sharan et al., 2012  
[69] / /

Sharan et al., 2011  
[70] / / /

No any objective 
measurement 

available. Egonom-
ic risk factors  were   

not included. 

Sheahan et al., 2016  
[71] /

Shuval & Donchin, 
2005  [72] / /

Straker et al., 2008  
[73] /

Szeto & Lee, 2002  
[74] /

Szeto et al., 2005  
[75] /

Takala & 
Viikari-Juntura, 

1991 [ 76]
/

Thorn et al., 2007 
[ 77] /

Ustinaviciene et al., 
2013  [78] /

Van et al., 2006  
[79] /

Wahlstro, 2017  [11] / /

Wu et al., 2012  [6] / /

Yang & Cho, 2012  
[80] /

Zakerian & Subra-
maniam, 2011  [3] /

Zemp et al.,2016  
[81] /

Hence, this paper aims to give a summary of evidence re-
garding musculoskeletal disorders and computer users in 
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the workplace and to present a framework that integrat-
ed physical, individual and psychosocial risk factors. This 
framework was built to focus on the multi-factorial origin 
of musculoskeletal disorders among computer users in the 
workplace and to assist in the understanding of the com-
plex nature of the interactions between physical, psycho-
social and individual risk factors in the development of 
musculoskeletal. This framework can also be used as a fun-
damental knowledge for better intervention and preven-
tion of musculoskeletal disorders among computer users 
working profession. 
Overview and risk factors of work-related musculoskel-
etal disorders among Computer Office Workers
Work-Related Musculoskeletal Disorders (WRMDs) are 
injuries or dysfunctions affecting muscles, bones, nerves, 
tendons, ligaments, joints, cartilages and spinal discs due 
to the exposure at the workplace. The WRMDs includes 
clinical syndrome, such as tendon inflammations (teno-
synovitis, bursitis), nerve compression syndrome (carpal 
tunnel syndrome, sciatica), and other musculoskeletal 
injuries such as myalgia and back pain which pathologies 
are still unknown [82]; [83]. The body regions which are 
frequently affected due to the WRMDs are the lower back, 
shoulder, forearm, and lower limb [84]; [85]. 
Beginning to the 1990s, there has been growing evidence 
that WRMDs risks among computer users in workplace 
arose mainly from occupational hazards associated with the 
physical requirements of work performances that impose 
biomechanical stress on worker and commonly known as 
a physical risk factor [10]; [11]. Physical risk factors are the 
prospects of a job or task that impose biomechanical stress 
on worker which can contribute to the musculoskeletal 
hazards [45]. The most frequently associated risk factors 
on the occurrence of musculoskeletal symptoms among 
computer office workers are posture, duration of comput-
er users, work pace, force, repetition, number of working 
days, and computer-related equipment such as a monitor, 
keyboards, and mouse [13] ;[57]; [75]. Also, a few studies 
had discussed the effect on environmental factors such as 
temperature and lighting on the development of musculo-
skeletal symptoms in computer office workers [31]; [35]. 
Posture and Repetition
Static posture is an isometric posture which will lead to the 
static loading of muscles and joint tissues, consequently 
leading to discomfort and back pain [60]. A few studies 
had revealed that prolonged sedentary postures had been 
positively associated with musculoskeletal complaints in 
the neck, arm, shoulder in computer office workers [15]; 
[81]. In contrast, awkward posture is known when parts 
of the body are far from the extreme range of movements 
which lead to muscle stretching and compression of nerves 
[81]. A cohort study among Dutch computer office work-
ers had identified that improper neck and body postures 
are either due to prolonged sitting with a twisted trunk or 
with the head in a flexed position [5]. A similar prevalence 
study among computer office workers in Thailand revealed 

that frequently working in an uncomfortable posture, in-
creased the risk of experiencing head/neck symptoms 
(adjusted OR=1.81, 95% CI=1.35–2.44) [35]. A review of 
carpal tunnel syndrome (CTS) had reported that almost 
21% of the cases of work-related were due to repetitive 
typing or data entry [57]. Computer tasks such as mouse 
clicking, keystroke, data entry and etc. are always led to a 
combination of risk factors such as an awkward posture of 
upper limb (ulnar deviation > 241; radial deviation > 151; 
pronation > 401; supination > 571; abduction > 671; exten-
sion > 501 and flexion > 45) and highly repetitive motion 
(30/40/min) [53]. This cumulative load increases the risk 
of getting musculoskeletal disorders among computer of-
fice workers [53]. 
Force and Speed 
Past research studies had demonstrated a strong relation-
ship between occupational exposures, especially high force 
and speed in development of WRMDs among computer 
office workers [75]. Research studies by NIOSH of United 
State had described a relationship between keyboard us-
age and development of Cumulative Traumatic Disorders 
(CTD) [21]. The report specified that typing speed and 
force required to activate the keys might be the contrib-
uting factors for the occurrence of CTD  [21]. It has been 
observed that symptomatic workers with musculoskeletal 
symptoms type the keyboards with an extra force  [21];  
[75]. Also, a cross-sectional study conducted among female 
office workers had identified that workers with neck pain 
typed the keyboard with an extra force [38]. An increase 
in the force and speed with prolonged working duration 
may lead to an increase in muscle fatigue among computer 
office workers [38].
2.3. Lighting and Temperature
Environmental factors such as temperature and lighting 
had shown a significant relationship in the development 
of musculoskeletal disorders [31]; [38]. A cross-sectional 
study among office workers had found a relationship be-
tween neck pain and temperature in the office [38]. Sim-
ilarly, a review on computer use upper limb related disor-
ders had discussed on the influence of the cold working 
office environment in the development of hand pain and 
stiffness [53]. The review also suggested wearing gloves 
to keep the hands and wrist warm. Also, an intervention 
study on ergonomically designed office working environ-
ment had found a relationship between poor lighting and 
visual discomfort among computer users [53]. Similarly, 
few studies had identified that good lighting system in the 
working environment had decreased EMG activity of Tra-
pezius muscle and pain in the several body regions com-
pared to the control group  [31]; [58]. 
Psychosocial Factors and Work-Related Musculoskeletal 
Disorders 
The World Health Organization (WHO) and the NIOSH 
had noted that the causes of work-related musculoskeletal 
disorders among computer office workers are multifactori-
al including psychosocial risk factors [52]; [86]. Industrial-



 Int J Physiother 2018; 5(6)              Page | 171

ized countries nowadays are undergoing a lot of changes in 
the working system or working organization which leads 
to increase of job demands among computer office work-
ers and eventually increases the psychological demands 
among workers [13]; [62]. The increase in mental health 
problems due to the presence of psychosocial risk factors in 
the workplace leads to a high number of absenteeism and 
loss of productivity [62]. Psychosocial risk factors emerge 
from the poor working organization, lack of effective man-
agement as well as lack of coworker supports which may 
result in negative health outcomes such as depression, 
stress and WRMDs [61]. Some examples of psychosocial 
risk factors present in the working environment of com-
puter users include high psychological job demand, lack of 
decision latitude, job insecurity and lack of support from 
the management as well as from working colleagues [11]; 
[32];[62]. Psychological demand is defined as a perception 
of an individual on their work intensity with which he or 
she was required to perform a task in the middle of the ex-
isting conflicts in the working environment [55]. Besides, 
decision latitude is the capacity of the individual to make 
a decision and develop skills according to the requirement 
of the authorities [55].
Furthermore, few theories of stress had been linked to 
the development of the potential links between job stress 
and work-related musculoskeletal disorders. According to 
the Karasek Demand-Control theory, the combination of 
high psychological demand and low decision latitude may 
lead to different type of job strains such as cardiovascular 
diseases, mental disorders and musculoskeletal disorders 
[41]. Next, Smith & Sainfort (1989) had developed a job 
stress model based on the stress and balance theory [86]. 
The model explained that any individual who is exposed to 
prolonged physical, individual and psychosocial risk fac-
tors might increase the stress reactions which will eventu-
ally lead to the development of the WRMDs [86].
Individual Factors and Work-Related Musculoskeletal 
Disorders 
Individual risk factors such as age, gender, and previous ill-
ness history are proven to be some of the risk factors for the 
development of WRMDs among computer office workers 
[10]; [63]; [78]. A study on determining the risk factors on 
the development of work-related complaints of neck, shoul-
der, and arm in computer office workers had identified that 
female workers were prone to get musculoskeletal disor-
ders to compare to male workers [10]. Similarly, Maakip et 
al. (2017) reported the prevalence rate of WRMDs among 
Malaysian female computer workers (93.4%) were higher 
compared to male computer workers. Also (Armstrong & 
Chaffin, 1978) found that the anatomical differences be-
tween male and female, regarding bone circumference, size 
of the bone and joint flexibility increases the risk of get-
ting carpal tunnel syndrome [87]. In almost all scientific 
research studies of WRMDs, increase in the age was found 
to be associated with the occurrence of musculoskeletal 
disorders. In the study by Poochada & Chaiklieng (2015), 
the most commonly affected workers were in between 41-

50 age [59]. Furthermore,  Ustinaviciene et al. (2013) found 
the risk of neck pain increased with age among computer 
office workers [78]. Similarly, another experimental study 
identified the age factors influence the motor performance 
of mouse clicking task among computer users [88]. 
A review by Ranasinghe et al. (2011b) on the complaint of 
arm, neck, and shoulder (CANS) among computer office 
workers reported that the previous history illness was also 
considered as a potential risk factor for CANS [10]. This 
report corresponds with findings from Eltayeb et al. (2007)
which can differ in severity from mild, periodic symptoms 
to severe, chronic and debilitating conditions. They are 
thought to be associated with both physical and psychoso-
cial risk factors. The measurement and identification of the 
various risk factors for these complaints is an important 
step towards recognizing (a who found in a longitudinal 
study that the strongest predictor of incident neck/shoul-
der pain was the previous history of illness [5].  Although, 
several other factors such as BMI, education level, physi-
cal fitness, anthropometric, experience level, work habits, 
smoking history, and sleeping quality were found to have a 
link in WRMDs, very limited studies have been conduct-
ed to look into the association between these factors and 
musculoskeletal symptoms among computer users. Hence, 
more research integrating the following pre mentioned risk 
factors need to be conducted to identify the exact cause 
and effect of musculoskeletal symptoms among computer 
office workers. 
Theoretical Model
A theoretical framework of musculoskeletal symptoms 
among computer office workers is presented in figure 1. 
The framework shows that computer office workers have 
a direct path to work-related factors and non-work relat-
ed factors. The work-related factors consist of psychosocial 
risk factors and physical risk factors which includes envi-
ronmental, job task, and tool/equipment. Meanwhile, the 
non-work related factors consist of individual risk factors 
such as gender, age, previous illness history, BMI, educa-
tion level, smoking /alcohol history, physical fitness level, 
etc. 
3.1  Physical Risk Factors
The direct path from physical factors to job task and the 
tools/equipment suggest that job task factors such as; the 
number of working days, working hours, duration of com-
puter use, the type of task, type of position assumed, the 
number of breaks and different type of computer equip-
ment and tools will increase in the awkward posture, work 
pace, repetitiveness, and force. The increases in some 
working days/ hours and duration of computer use cause 
prolonged in sitting posture, which increases the muscular 
load and muscle activity around the facet joint which leads 
to the joint compression which in turn influences the mus-
culoskeletal symptoms [44]; [46]. The same mechanism 
applies to a different type of position assumed during com-
puter use. The sitting posture causes changes in the inter-
vertebral disc and ligament joints due to excessive flexion 
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in lumbar and neck region [89]. 
The extreme flexion position increases the muscle loads 
and muscle activity, which leads to the compression of an-
terior and nucleous polpusus and eventually causes mus-
culoskeletal disorders [35]. Next, a decrease in the number 
of breaks among computer users leads to an increase in 
muscle fatigue due to an increase in muscle activity and 
muscle load [63]. The increase in breaks schedules during 
working hours was also proven to decrease musculoskel-
etal discomfort among workers [71]. Also, the increase in 
muscle activity and muscle load may also be aggravated 
by the use of different type of computer appliances and 
equipment such as a mouse, keyboard, the position of the 
monitor, document holder, the design of chair and desk, 
and workstation design. For example, frequent clicking of 
mouse and typing of keyboards due to different types of 
tasks which over time may increase the force and repeti-
tion which eventually will increase the muscle activity and 
muscle load [75].
Moreover, an increase in work pace indicates a strong in-
dication of muscle fatigue due to an increase in muscle ac-
tivity in the EMG signal [28]; [63]. Also, there is also an in-
direct path from physical factors to environmental factors 
such as lighting, temperature, noise and air condition. For 
instance, poor lighting inside the workstation may cause 
visual discomfort, in which the body will try to adopt a pos-
ture, especially in the neck and shoulder region to improve 
the vision [31]. This causes an increase in muscle activity 
and muscle load around the neck and shoulder region[ 31]. 
A cold working environment is found to accelerate mus-
cle fatigue and cause higher muscle activity to compare to 
the warmer working environment [28]. Besides that, the 
framework also concluded that other environmental fac-
tors such as noise and air circulation indirectly increase 
muscle activity by elevating the mental stress level. The 
detailed mechanism between muscle activity and mental 
stress will be explained in the next section of mental stress.
Individual Risk Factors 
The current framework hypothesized that any imbalance 
between work-related factors and individual factors (non-
work-related factors) could increase in muscle activity and 
muscle load. Example, women tends to get musculoskeletal 
discomfort compared to the men [ 6]. This may be because 
generally women are having smaller body stature and 
weaker muscles compared to the men [6]. Therefore, wom-
en might work with higher muscle load and muscle activi-
ty when they perform the same job tasks as men, example 
larger range of motion might be used by women to per-
form any tasks related to mouse [6]. Next, older computer 
users apply a higher grip force while performing different 
tasks due to a loss in capacity in performing fine move-
ments [33]. This increases the muscle activity in EMG due 
increase in the physical demands [33]. The link between 
other individual factors and musculoskeletal symptoms as 
per shown in the frameworks need to be studied in more 
detail for better understanding of the mechanism of mus-
culoskeletal disorders.

Mental Stress
The framework also shows an indirect path from psycho-
social risk factors to mental stress, which might influence 
the occurrence of musculoskeletal disorders. Studies had 
identified that the risk of getting musculoskeletal symp-
toms are higher when workers are exposed to psychoso-
cial risk factors. For example, an experimental study using 
EMG had identified an increase in trapezius muscle activi-
ty in the neck and shoulder region when the workers were 
exposed to psychosocial risk factors such as time pressure 
[13]. In another experimental study,  Szeto et al., (2005b) 
had identified that a typing task that requires high speed 
and relative accuracy create a high demand on a motor 
control system which causes additional mental stress to the 
workers [75]. Furthermore, past research had already iden-
tified that psychosocial stress could increase the biome-
chanical loading in joint and increase the muscle activities 
among workers [29]. Next, although the exact mechanism 
between the musculoskeletal disorders and environmental 
factors are not known, perhaps few studies had discussed 
that increased in the noise level (occupational stressor) 
might increase the mental stress and eventually increased 
the muscle tension  [12];  [54]. The increase in the noise 
level also causes post-stressor deficits in task performance 
and task motivation. Another mechanism that might link 
the environmental factors and mental stress to musculo-
skeletal disorders is postural invariance [27]. The increase 
in mental stress due to noise leads to lack of postural ad-
justment in workstation furniture (chair, table, etc.) due to 
narrowing of attention to dominant stimuli (noise) [27]. 
The lack of postural adjustment might increase the mus-
cle strain among computer office workers [27]. Despite the 
fact, few studies had included environmental factors such 
as air quality into looking occurrence of musculoskeletal 
disorders, yet none of the studies had discussed the exact 
mechanism between environmental factors and musculo-
skeletal disorders  [54]; [62]. Hence, more research studies 
need to be conducted in the future to look into the possible 
association between environmental factors in the develop-
ment of musculoskeletal disorders. 
The new suggested framework hypothesized that increase 
in the muscle load or muscle activity to be early signs of 
musculoskeletal symptoms, which also has been observed 
in numerous research studies among computer office 
workers [6]; [46];  [63]. Also, an increase in mental stress 
also increases the muscle load, and muscle activity and 
this association have also been supported by past research 
findings [13] ; [62]. Finally, the framework also hypoth-
esized that the rise of musculoskeletal disorders leads to 
a decrease in the organization productivity. This has been 
supported in various past studies in musculoskeletal disor-
ders [29]; [54]. For instance, in the USA, it has been esti-
mated that almost 12 % of the computer workers indicate a 
reduction of productivity in term of medical expenses and 
absenteeism due to WMSDS which cost almost 45-54 bil-
lion dollars annually [64].
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CONCLUSION
The proposed framework can be used by practitioners 
to design effective intervention strategies for preventing 
WRMDs among office workers. For instance, any interven-
tion strategies to prevent WRMDs among computer office 
workers must consist of ergonomic training, counseling 
session (to identify the psychosocial risk factors) and in-
dividual training focusing on healthy lifestyle behaviors. 
Also, the suggested framework can also be used as a fun-
damental knowledge in developing an expert system or 
knowledge-based system for the identification of musculo-
skeletal symptoms among computer office workers. 
5.0 Acknowledgement
The researchers would like to thank the Faculty of Manu-
facturing Engineering, Universiti Teknikal Malaysia Mela-
ka, UTeM Zamalah and the University High Impact Short-
Term Grant (PJP/2017/FKP/H19/S01527).
REFERENCES
[1] Posada, J., Toro, C., Barandiaran, I., Oyarzun, D., 

Stricker, D., de Amicis, R., ... & Vallarino, I. (2015). 
Visual computing as a key enabling technology for 
industry 4.0 and industrial internet.  IEEE computer 
graphics and applications, 35(2), 26-40.

[2] Lee, J., Kao, H. A., & Yang, S. (2014). Service innova-
tion and smart analytics for industry 4.0 and big data 
environment. Procedia Cirp, 16, 3-8.

[3] Zakerian S.A. and Subramaniam I. D. (2011). Examin-
ing the Relationship between Psychosocial Work Fac-
tors and Musculoskeletal Discomfort among Comput-
er Users in Malaysia. Iranian journal of public health, 
40(1), 72–79.

[4] Hernández, L. O., & Ortiz-herna, L. (2003). Computer 
Use Increases the Risk of Musculoskeletal Disorders 
Among Newspaper Office Workers. Archives of Med-
ical Research, 34(4), 331-342. http://doi.org/10.1016/
S0188-4409(03)00053-5

[5] Eltayeb, S., Staal, J. B., Kennes, J., Lamberts, P. H. G., & 
De Bie, R. A. (2007). Prevalence of Complaints of Arm, 
Neck and Shoulder Among Computer Office Workers 
and Psychometric Evaluation of a Risk Factor Ques-
tionnaire. BMC Musculoskeletal Disorders, 8, 1–11. 
http://doi.org/10.1186/1471-2474-8-68

[6] Wu, S., He, L., Li, J., Wang, J., & Wang, S. (2012). Vi-
sual Display Terminal Use Increases the Prevalence 
and Risk of Work-related Musculoskeletal Disorders 
among Chinese Office Workers : A Cross-sectional 
Study. Journal of Occupational Health, 54(1), 34-43

[7] Shabbir, M., Sajid Rashid, Bilal Umar, Aqeel Ahmad, 
S. E. (2016). Frequency of Neck and Shoulder Pain 
and Use of Adjustable Computer Workstation among 
Bankers. Pakistan Journal of Medical Sciences, 32(2), 
423.

[8] Maakip, I., Keegel, T., & Oakman, J. (2017). Predic-

Figure 1: A Future Based Framework for Musculoskeletal Disorder Symptom among Computer Users in the Workplace



 Int J Physiother 2018; 5(6)              Page | 174

tors of Musculoskeletal Discomfort: A Cross-Cultural 
Comparison between Malaysian and Australian Office 
Workers. Applied Ergonomics, 60, S11–S12. http://doi.
org/10.1016/j.apergo.2016.11.004

[9] Rahman, Z. A., & Atiya, A. S. (2009). Prevalence of 
work-related upper limbs symptoms (WRULS) among 
office workers. Asia Pacific Journal of Public Health, 
21(3), 252-258.

[10] Ranasinghe, P., Perera, Y. S., Lamabadusuriya, D. A., 
Kulatunga, S., & Jayawardana, N. (2011b). Work-Re-
lated Complaints of Arm, Neck and Shoulder among 
Computer Office Workers in an Asian Country: Prev-
alence and Validation of a Risk-Factor Questionnaire. 
BMC Musculoskeletal Disorders, 12(1), 68. http://doi.
org/10.1186/1471-2474-12-68

[11] Wahlstro, J. (2017). Ergonomics , Musculoskeletal 
Disorders and Computer Work, Occupational Med-
icine, 55(3), 168-176. http://doi.org/10.1093/occmed/
kqi083

[12] Sciences, M., Costs, T. R., Following, A., & View, T. 
(2009). The Relationship Between Psychosocial Work 
Factors , Work Stress and Computer-Related Mus-
culoskeletal Discomforts among Computer Users in 
Malaysia. International Journal of Occupational Safe-
ty and Ergonomics, 15(4), 425-434. http://doi.org/10.
1080/10803548.2009.11076822

[13] França, D., Cristina, H., & Januário, L. (2012). Physi-
cal and Psychosocial Indicators Among Office Work-
ers from Public Sector With and Without Musculo-
skeletal Symptoms, Work, 41(1), 2461–2466. http://
doi.org/10.3233/WOR-2012-0481-2461

[14] Oha, K., Animägi, L., Pääsuke, M., Coggon, D., & 
Merisalu, E. (2014). Individual and Work-Related 
Risk Factors for Musculoskeletal Pain: A Cross-Sec-
tional Study among Estonian Computer Users. BMC 
musculoskeletal disorders, 15(1), 181. https://doi.
org/10.1186/1471-2474-15-181

[15] Côté, P., van der Velde, G., Cassidy, J. D., Carroll, L. 
J., Hogg-Johnson, S., Holm, L. W., & Peloso, P. M. 
(2009). The Burden and Determinants of Neck Pain 
in Workers: Results of the Bone and Joint Decade 
2000-2010: Task Force on Neck Pain and Its Associ-
ated Disorders. Journal of Manipulative and Physio-
logical Therapeutics, 32(2 Suppl), S70–86. http://doi.
org/10.1016/j.jmpt.2008.11.012

[16] Devereux, J. J., Buckle, P. W., & Vlachonikolis, I. G. 
(1999). Interactions between Physical and Psychoso-
cial Risk Factors at Work Increase the Risk of Back 
Disorders: An Epidemiological Approach. Occupa-
tional and Environmental Medicine, 56(5), 343–53. 
http://dx.doi.org/10.1136/oem.56.5.343

[17] David, G. C. (2005). Ergonomic Methods For Assess-
ing Exposure to Risk Factors for Work-Related Mus-
culoskeletal Disorders. Occupational Medicine (Ox-
ford, England), 55(3), 190–9. http://doi.org/10.1093/
occmed/kqi082

[18] Eltayeb, S., Staal, J. B., Hassan, A., & De Bie, R. A. 

(2009). Work related risk factors for neck, shoulder 
and arms complaints: A cohort study among Dutch 
computer office workers. Journal of occupation-
al rehabilitation, 19(4), 315. http://doi.org/10.1007/
s10926-009-9196-x

[19] Moom, R. K., Sing, L. P., & Moom, N. (2015). Preva-
lence of Musculoskeletal Disorder Among Comput-
er Bank Office Employees in Punjab (India): A Case 
Study.  Procedia Manufacturing,  3, 6624-6631. DOI: 
10.1016/j.promfg.2015.11.002

[20] Ambusam, S., Baharudin, O., Ro95slizawati, N., & 
Leonard, J. (2015). Position of Document Holder 
and Work Related Risk Factors for Neck Pain Among 
Computer Users: A Narrative Review. La Clinica tera-
peutica,166(6), 256-261. DOI: 10.7417/CT.2015.1898

[21] Amell, T. K., & Kumar, S. (1999). Cumulative Trauma 
Disorders and Keyboarding Work. International Jour-
nal of Industrial Ergonomics, 25(1), 69-78. https://
doi.org/10.1016/S0169-8141(98)00099-7

[22] Barbieri, D. F., Nogueira, H. C., Bergamin, L. J., & 
Oliveira, A. B. (2012). Physical and Psychosocial In-
dicators among Office Workers From Public Sector 
With and Without Musculoskeletal Symptoms.Work, 
41 (Supplement 1), 2461-2466. DOI: 10.3233/WOR-
2012-0481-2461

[23] Chaiklieng, S., & Krusun, M. (2015). Health Risk As-
sessment and Incidence of Shoulder Pain among Of-
fice Workers.Procedia Manufacturing, 3, 4941-4947. 
http://dx.doi.org/10.1016/j.promfg.2015.07.636

[24] Coelho, D. A., Tavares, C. S., Lourenço, M. L., & Lima, 
T. M. (2015). Working Conditions Under Multiple 
Exposures: A Cross-Sectional Study of Private Sector 
Administrative Workers.Work, 51(4), 781-789. doi: 
10.3233/WOR-152025

[25] Collins, J. D., & O’Sullivan, L. W. (2015). Musculo-
skeletal Disorder Prevalence and Psychosocial Risk 
Exposures by Age and Gender in a Cohort of Office 
Based Employees in Two Academic Institutions. In-
ternational Journal of Industrial Ergonomics, 46, 85-
97. DOI: 10.1016/j.ergon.2014.12.013

[26] Darvishi, E., Maleki, A., Giahi, O., & Akbarzadeh, A. 
(2016). Subjective Mental Workload and Its Correla-
tion with Musculoskeletal Disorders in Bank Staff. 
Journal of Manipulative & Physiological Therapeu-
tics, 39(6), 420-426.DOI: 10.1016/j.jmpt.2016.05.003

[27] Evans, G. W., & Johnson, D. (2000). Stress and 
Open-office Noise. Journal of Applied Psycholo-
gy, 85(5), 779–783. http://doi.org/10.1037/0021-
9010.85.5.779

[28] Fagarasanu, M., & Kumar, S. (2003). Carpal Tunnel 
Syndrome Due to Keyboarding and Mouse Tasks : A 
Review. International Journal of Industrial Ergonom-
ics, 31(2), 119-136. https://doi.org/10.1016/S0169-
8141(02)00180-4

[29] Golubovich, J., Chang, C., & Eatough, E. M. (2014). 
Safety Climate, Hardiness, and Musculoskeletal Com-
plaints: A Mediated Moderation Model. Applied Er-



 Int J Physiother 2018; 5(6)              Page | 175

gonomics, 45(3), 757–766. http://doi.org/10.1016/j.
apergo.2013.10.008

[30] Griffiths, K. L., Mackey, M. G., & Adamson, B. J. 
(2007). The Impact of a Computerized Work Envi-
ronment on Professional Occupational Groups and 
Behavioural and Physiological Risk Factors for Mus-
culoskeletal Symptoms: A Literature Review. Journal 
of occupational rehabilitation, 17(4), 743-765.DOI: 
10.1007/s10926-007-9108-x

[31] Helland, M., Horgen, G., Martin, T., Garthus, T., 
Richard, J., & Aara, A. (2008). Musculoskeletal, Vi-
sual and Psychosocial Stress in VDU Operators After 
Moving to an Ergonomically Designed Office Land-
scape. Applied Ergonomics 39(3), 284–295. http://
doi.org/10.1016/j.apergo.2007.10.005

[32] Holtermann, A., Jørgensen, M. B., Gram, B., Chris-
tensen, J. R., Faber, A., Overgaard, K., … Søgaard, K. 
(2010). Worksite Interventions for Preventing Phys-
ical Deterioration among Employees in Job-Groups 
with High Physical Work Demands: Background, 
Design and conceptual Model of FINALE. BMC Pub-
lic Health, 10(1), 120. https://doi.org/10.1186/1471-
2458-10-120

[33] Hsiao, L., & Cho, C. (2012). The Effect of Aging on 
Muscle Activation and Postural Control Pattern for 
Young and Older Computer Users. Applied Ergo-
nomics, 43(5), 926–932. http://doi.org/10.1016/j.
apergo.2011.12.014 

[34] Ijmker, S., Huysmans, M., Blatter, B. M., Van der Beek, 
A. J., Van Mechelen, W., & Bongers, P. M. (2006). 
Should Office Workers Spend Fewer Hours At Their 
Computer? A systematic review of the literature. 
Occupational and Environmental Medicine. DOI: 
10.1136/oem.2006.026468

[35] Janwantanakul, P. J., Ensri, P. P., Iamjarasrangsi, W. J., & 
Insongsook, T. S. (2009). Associations Between Prev-
alence of Self-reported Musculoskeletal Symptoms of 
the Spine and Biopsychosocial Factors Among Office 
Workers. Journal of Occupational Health, 51(2), 114–
122. https://doi.org/10.1539/joh.L8105

[36] Johnston, V., Jimmieson, N. L., Souvlis, T., & Jull, G. 
(2007). Interaction of Psychosocial Risk Factors Ex-
plain Increased Neck Problems Among Female Of-
fice Workers. Pain, 129(3), 311-320. DOI: 10.1016/j.
pain.2006.10.017

[37] Johnston, V., Souvlis, T., Jimmieson, N. L., & Jull, G. 
(2008). Associations between Individual and Work-
place Risk Factors for Self-Reported Neck Pain and 
Disability among Female Office Workers. Applied 
ergonomics, 39(2), 171-182. http://doi.org/10.1016/j.
apergo.2007.05.011

[38] Johnston, V., Jimmieson, N. L., Jull, G., & Souvlis, T. 
(2009). Contribution of individual, Workplace, Psy-
chosocial and Physiological Factors to Neck Pain in Fe-
male Office Workers. European Journal Of Pain, 13(9), 
985-991. DOI: 10.1016/j.ejpain.2008.11.014

[39] Juul-Kristensen, B., & Jensen, C. (2005). Self-Re-

ported Workplace Related Ergonomic Conditions As 
Prognostic Factors for Musculoskeletal Symptoms: 
The “BIT” Follow Up Study on Office Workers. Oc-
cupational and Environmental Medicine, 62(3), 188-
194. DOI: 10.1136/oem.2004.013920

[40] Kaliniene, G., Ustinaviciene, R., Skemiene, L., & Ja-
nuskevicius, V. (2013). Associations Between Neck 
Musculoskeletal Complaints and Work Related Fac-
tors Among Public Service Computer Workers in 
Kaunas. International Journal of Occupational Medi-
cine and Environmental Health, 26(5), 670-681. DOI: 
10.2478/s13382-013-0141-z

[41] Karasek, R., Brisson, C., Kawakami, N., Houtman, I., 
Bongers, P., & Amick, B. (1998). The Job Content Ques-
tionnaire (JCQ): An Instrument for Internationally 
Comparative Assessments of Psychosocial Job Char-
acteristics. Journal of Occupational Health Psychol-
ogy, 3(4), 322–55. http://dx.doi.org/10.1037/1076-
8998.3.4.322

[42] Korhan, O., & Mackieh, A. (2010). A Model for Oc-
cupational Injury Risk Assessment of Musculoskel-
etal Discomfort and Their Frequencies in Computer 
Users. Safety Science, 48(7), 868-877. DOI: 10.1016/j.
ssci.2010.03.010

[43] Lassen, C. F., Mikkelsen, S., Kryger, A. I., & Ander-
sen, J. H. (2005). Risk Factors for Persistent Elbow, 
Forearm and Hand Pain Among Computer Work-
ers.  Scandinavian Journal of Work, Environment & 
Health, 122-131. DOI: 10.5271/sjweh.859

[44] Le, P., & Marras, W. S. (2016). Evaluating the Low 
Back Biomechanics of Three Different Office Work-
stations: Seated, Standing, and Perching. Applied Er-
gonomics, 56, 170–178. http://doi.org/10.1016/j.aper-
go.2016.04.001

[45] Li, G., & Buckle, P. (1999). Current techniques for as-
sessing physical exposure to work-related musculo-
skeletal risks, with emphasis on posture-based meth-
ods. Ergonomics, 42(5), 674-695.

[46] Lin, M. Y., Barbir, A., & Dennerlein, J. T. (2017). 
Evaluating Biomechanics of User-Selected Sitting 
and Standing Computer Workstation. Applied Ergo-
nomics, 65, 382–388. http://doi.org/10.1016/j.aper-
go.2017.04.006

[47] Luttmann, A., Schmidt, K. H., & Jäger, M. (2010). 
Working Conditions, Muscular Activity and Com-
plaints of Office Workers. International Journal of In-
dustrial Ergonomics, 40(5), 549-559. DOI: 10.1016/j.
ergon.2010.04.006

[48] Maakip, I., Keegel, T., & Oakman, J. (2015). Workstyle 
and Musculoskeletal Discomfort (MSD): Exploring 
The Influence of Work Culture in Malaysia.  Journal 
of Occupational Rehabilitation, 25(4), 696-706. DOI: 
10.1007/s10926-015-9577-2

[49] Maakip, I., Keegel, T., & Oakman, J. (2016). Prevalence 
and Predictors for Musculoskeletal Discomfort in 
Malaysian Office Workers: Investigating Explanatory 
Factors for a Developing Country. Applied Ergonom-



 Int J Physiother 2018; 5(6)              Page | 176

ics, 53, 252-257. DOI: 10.1016/j.apergo.2015.10.008
[50] Malmberg-Ceder, K., Haanpää, M., Korhonen, P. E., 

Kautiainen, H., & Soinila, S. (2017). Relationship of 
Musculoskeletal Pain and Well-Being At Work– Does 
Pain Matter?. Scandinavian journal of pain, 15, 38-43. 
DOI: 10.1016/j.sjpain.2016.11.018

[51] Matos, M., & Arezes, P. M. (2015). Ergonomic Evalu-
ation of Office Workplaces With Rapid Office Strain 
Assessment (ROSA).  Procedia Manufacturing,  3, 
4689-4694. DOI: 10.1016/j.promfg.2015.07.562

[52] Meijer, S. a, Sinnema, G., Bijstra, J. O., Mellenbergh, 
G. J., & Wolters, W. H. G. (2002). Coping Styles and 
Locus of Control As Predictors for Psychological Ad-
justment of Adolescents with a Chronic Illness. Social 
Science & Medicine (1982), 54(9), 1453–61. http://
doi.org/10.1016/S0277-9536(01)00127-7

[53] Ming, Z., & Zaproudina, N. (2003). Computer Use 
Related Upper Limb Musculoskeletal (ComRULM) 
Disorders. Pathophysiology 9, 155–160. http://doi.
org/10.1016/S0928-4680(03)00004-X

[54] Oakman, J., Macdonald, W., Bartram, T., Keegel, 
T., & Kinsman, N. (2018). Workplace Risk Man-
agement Practices to Prevent Musculoskeletal and 
Mental Health Disorders: What Are the Gaps? Safe-
ty Science, 101, 220–230. http://doi.org/10.1016/j.
ssci.2017.09.004

[55] Padmanathan, V., Omar, B., & Joseph, L. (2016). 
Test-Retest Reliability of the Malay version Job Con-
tent Questionnaire (M-JCQ) among Linemen Work-
ing in the Electrcity Sector. Malaysian Journal of Pub-
lic Health Medicine, 16(1), 99–105.

[56] Paksaichol, A., Janwantanakul, P., & Lawsirirat, C. 
(2014). Development of A Neck Pain Risk Score 
for Predicting Nonspecific Neck Pain with Disabil-
ity in Office Workers: A 1-year Prospective Co-
hort Study.  Journal of Manipulative & Physiolog-
ical Therapeutics,  37(7), 468-475. DOI: 10.1016/j.
jmpt.2014.07.004

[57] Palmer, K. T., Harris, E. C., & Coggon, D. (2007). Car-
pal Tunnel Syndrome and Its Relation to Occupation: 
A Systematic Literature Review. Occupational Med-
icine, 57(1), 57–66. http://doi.org/10.1093/occmed/
kql125

[58] Pan, C. S., & Schleifer, L. M. (1993). An Exploratory 
Study of the Relationship Between Biomechanical Fac-
tors and Right-Arm Musculoskeletal Discomfort and 
Fatigue in a VDT Data-Entry Task. Applied ergonom-
ics, 27(3), 195–200. https://doi.org/10.1016/0003-
6870(95)00075-5

[59] Poochada, W., & Chaiklieng, S. (2015). Ergonom-
ic Risk Assessment among Call Center Workers, 3 
(Ahfe), 4613–4615. http://doi.org/10.1016/j.prom-
fg.2015.07.543

[60] Pope, M. Hs., Goh K. L., & Magnussion, M. L. (2002). 
Spine Ergonomics. Annual Review of Biomedical En-
gineering, 4, 49-68.http://doi.org/10.1146/annurev.
bioeng.4.092101.122107

[61] Portuné, R. (2012). Psychosocial Risks in the Work-

place : An Increasing Challenge for German and In-
ternational Health Protection. Archives of Industrial 
Hygiene and Toxicology 63(2), 123–131. http://doi.
org/10.2478/10004-1254-63-2012-2212

[62] Punnett, L. (2009). A Conceptual Framework 
for Integrating Workplace Health Promotion 
and Occupational Ergonomics Programs. Pub-
lic Health Reports, 124(4_suppl1), 16-25. DOI: 
10.1177/00333549091244S103

[63] Ribeiro, P., Monteiro, R., Santos, J., & Alberto, S. 
(2016). The Influence of Task Design on Upper Limb 
Muscle Fatigue During Low-Load Repetitive Work: 
A Systematic Review. International Journal of Indus-
trial of Industrial Ergonomic, 52, 78-91 http://doi.
org/10.1016/j.ergon.2015.09.010

[64] Riccò, M., Cattani, S., Gualerzi, G., & Signorelli, C. 
(2016). Work with visual display units and muscu-
loskeletal disorders: A cross-sectional study. Med Pr, 
67(6), 707-719

[65] Rodrigues, M. S. A., Leite, R. D. V., Lelis, C. M., & 
Chaves, T. C. (2017). Differences in Ergonomic 
and Workstation Factors between Computer Of-
fice Workers With and Without Reported Musculo-
skeletal Pain.  Work,  57(4), 563-572. DOI: 10.1016/j.
pmedr.2016.06.011

[66] Sadeghian, F., Raei, M., & Amiri, M. (2014). Persistent 
of Neck/Shoulder Pain among Computer Office 
Workers With Specific Attention to Pain Expectation, 
Somatization Tendency, and Beliefs.  International 
journal of preventive medicine, 5(9), 1169. 

[67] Santos, J., Baptista, J. S., Monteiro, P. R. R., Miguel, A. 
S., Santos, R., & Vaz, M. A. (2016). The Influence of 
Task Design on Upper Limb Muscles Fatigue During 
Low-Load Repetitive Work: A Systematic Review. In-
ternational Journal of Industrial Ergonomics, 52, 78-
91. DOI: 10.1016/j.ergon.2015.09.010

[68] Shahidi, B., Curran-Everett, D., & Maluf, K. S. (2015). 
Psychosocial, Physical, and Neurophysiological Risk 
Factors for Chronic Neck Pain: A Prospective Incep-
tion Cohort Study. The Journal of pain, 16(12), 1288-
1299. DOI: 10.1016/j.jpain.2015.09.002

[69] Sharan, D., Parijat, P., Sasidharan, A. P., Ranganathan, 
R., Mohandoss, M., & Jose, J. (2011). Workstyle Risk 
Factors for Work Related Musculoskeletal Symptoms 
among Computer Professionals in India.  Journal of 
Occupational Rehabilitation,  21(4), 520-525. http://
dx.doi.org.ezproxy.liberty.edu/10.1007/s10926-011-
9294-4

[70] Sharan, D., Ajeesh, P. S., Rameshkumar, R., & Jose, J. 
(2012). Risk Factors, Clinical Features and Outcome 
of Treatment of Work Related Musculoskeletal Dis-
orders in On-Site Clinics Among IT Companies in 
India.  Work,  41 (Supplement 1), 5702-5704. DOI: 
10.3233/WOR-2012-0924-5702

[71] Sheahan, P. J., Diesbourg, T. L., & Fischer, S. L. (2016). 
The Effect of Rest Break Schedule on Acute Low Back 
Pain Development in Pain and Non-Pain Developers 
During Seated Work. Applied Ergonomics, 53, 64–70. 



 Int J Physiother 2018; 5(6)              Page | 177

http://doi.org/10.1016/j.apergo.2015.08.013
[72] Shuval, K., & Donchin, M. (2005). Prevalence of 

Upper Extremity Musculoskeletal Symptoms and 
Ergonomic Risk Factors at a Hi-Tech Company in 
Israel.  International Journal of Industrial Ergonom-
ics, 35(6), 569-581. DOI: 10.1016/j.ergon.2005.01.004

[73] Straker, L., Burgess-Limerick, R., Pollock, C., Mur-
ray, K., Netto, K., Coleman, J., & Skoss, R. (2008). The 
Impact of Computer Display Height and Desk De-
sign on 3D Posture During information Technology 
Work By Young Adults. Journal of Electromyography 
and Kinesiology, 18(2), 336-349. DOI: 10.1016/j.jele-
kin.2006.10.007

[74] Szeto, G. P., & Lee, R. (2002). An Ergonomic Evalu-
ation Comparing Desktop, Notebook, and Subnote-
book Computers.  Archives of physical medicine 
and rehabilitation,  83(4), 527-532. DOI: 10.1053/
apmr.2002.30627

[75] Szeto, G. P. Y., & Lin, J. K. M. (2011). A Study of Fore-
arm Muscle Activity and Wrist Kinematics in Symp-
tomatic Office Workers Performing Mouse-Clicking 
Tasks with Different Precision and Speed Demands. 
Journal of Electromyography and Kinesiology, 21(1), 
59–66. http://doi.org/10.1016/j.jelekin.2010.06.006

[76] Takala, E. P., & Viikari-Juntura, E. (1991). Muscle 
Force, Endurance and Neck-Shoulder Symptoms of 
Sedentary Workers An Experimental Study on Bank 
Cashiers With And Without Symptoms. International 
Journal of Industrial Ergonomics, 7(2), 123-132. DOI: 
10.1016/0169-8141(91)90043-L

[77] Thorn, S., Søgaard, K., Kallenberg, L. A. C., Sandsjö, 
L., Sjøgaard, G., Hermens, H. J., ... & Forsman, M. 
(2007). Trapezius Muscle Rest Time During Stan-
dardised Computer Work–A Comparison of Female 
Computer Users With And Without Self-Report-
ed Neck/Shoulder Complaints.  Journal of Electro-
myography and Kinesiology,  17(4), 420-427. DOI: 
10.1016/j.jelekin.2006.04.010

[78] Ustinaviciene, R., Skemiene, L., & Januskevicius, V. 
(2013). Associations between Neck Musculoskeletal 
Complaints and Work Related Factors among Public 
Service Computer Workers in Kaunas. International 
Journal of Occupational Medicine and Environmen-
tal Health 26(5), 670–681. http://doi.org/10.2478/
s13382-013-0141-z

[79] Van den Heuvel, S. G., Van der Beek, A. J., Blatter, B. 
M., & Bongers, P. M. (2006). Do Work-Related Phys-
ical Factors Predict Neck and Upper Limb Symptoms 
in Office Workers?.  International archives of occu-

pational and environmental health,  79(7), 585-592. 
DOI: 10.1007/s00420-006-0093-8

[80] Yang, J., & Cho, C. (2012). Comparison of Posture 
and Muscle Control Pattern between Male and Fe-
male Computer Users with Musculoskeletal Symp-
toms. Applied Ergonomics, 43(4), 785–791. http://
doi.org/10.1016/j.apergo.2011.11.013

[81] Zemp, R., Taylor, W. R., & Lorenzetti, S. (2016). Seat 
Pan and Backrest Pressure Distribution While Sitting 
in Office Chairs. Applied ergonomics, 53, 1-9. DOI: 
10.1016/j.apergo.2015.08.004

[82] Costa, B. R. (2009). Risk Factors for Work-Relat-
ed Musculoskeletal Disorders: A Systematic Review 
of Recent Longitudinal Studies. American journal 
of industrial medicine, 53(3), 285-323. http://doi.
org/10.1002/ajim.20750

[83] Silverstein, B. A., Stetson, D. S., Keyserling, W. M., & 
Fine, L. J. (1997). Work-Related Musculoskeletal Dis-
orders: Comparison of Data Sources for Surveillance.

[84] Piedrahita, H. (2006). Costs of Work-Related Mus-
culoskeletal Disorders (MSDs) in Developing Coun-
tries: Colombia Case. International Journal of Occu-
pational Safety and Ergonomics: JOSE, 12(4), 379–86. 
https://doi.org/10.1080/10803548.2006.11076696

[85] Buckle, P. W., & Jason Devereux, J. (2002). The Nature 
of Work-Related Neck and Upper Limb Musculoskel-
etal Disorders. Applied Ergonomics, 33(3), 207–217. 
http://doi.org/10.1016/S0003-6870(02)00014-5

[86] Smith, M. J., & Sainfort, P. C. (1989). A Balance The-
ory of Job Design for Stress Reduction. International 
Journal of Industrial Ergonomics, 4(1), 67–79

[87] Armstrong, T. J., & Chaffin, D. B. (1978). An Investi-
gation of the Relationship Between Displacements of 
The Finger and Wrist Joints and The Extrinsic Finger 
Flexor Tendons. Journal of Biomechanics, 11(3), 119–
128. http://doi.org/10.1016/0021-9290(78)90004-0

[88] Szeto, G. P. Y., & Lin, J. K. M. (2011). A Study of Fore-
arm Muscle Activity and Wrist Kinematics in Symp-
tomatic Office Workers Performing Mouse-Clicking 
Tasks with Different Precision and Speed Demands. 
Journal of Electromyography and Kinesiology, 21(1), 
59–66. http://doi.org/10.1016/j.jelekin.2010.06.006

[89] Ellegast, R. P., Kraft, K., Groenesteijn, L., Krause, F., 
Berger, H., & Vink, P. (2012). Comparison of Four 
Specific Dynamic Office Chairs with a Conventional 
Office Chair: Impact Upon Muscle Activation, Physi-
cal Activity and Posture. Applied Ergonomics, 43(2), 
296–307. http://doi.org/10.1016/j.apergo.2011.06.005

Citation
Vinothini, P., Radin Umar, R., & Too, Y. (2018). A FUTURE FRAMEWORK FOR MUSCULOSKELETAL DISORDERS 
SYMPTOMS AMONG COMPUTER OFFICE WORKERS.  International Journal of Physiotherapy, 5(6), 167-177.


