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Abstract

This paper explores the gender differences with respect to potential negative physical effects associated
with prolonged Video Display Terminal (VDT) use. In this cross-sectional survey, we distributed self-
reported health questionnaire along with the Nordic Musculoskeletal Questionnaire (NMQ) to 278
University of Ontario students (95 males and 183 females, aged between 17-32 years) in Oshawa,
Ontario, Canada. Results showed that female students suffered more pain/discomfort in the
neck/shoulder/hand and wrist (64.1%) in comparison to males (45.7%). Location of pain was also
different in female students when compared to male students. This study provides preliminary evidence to
suggest that female UOIT students experienced increased negative health effects on exposure to VDTs in
comparison to male students. This study will help facilitate more targeted interventions towards
millennials and assist them in reducing pain/discomfort they may experience when using devices with
VDTs.

Keywords: VDTs, VDT use and health, VDTs and physical health, VDT and repetitive strain, VDT and
carpal tunnel-like symptoms
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Introduction

A video display terminal (VDT) is defined as a device, either in the form of Cathode Ray
Tube (CRT), Liquid Crystal Display (LCD) or any other form of image projection technology
that converts electrical signals into visual display. These video displays can be used for the
purposes of relaying information in the form of images, photos, texts, and/or films. Examples of
VDTs include computers, laptops, electronic notebooks, tablets, and a variety of portable cellular
phones and devices (e.g., BlackBerrys, iPhones, smartphones) (Young, 1990; Raynes, 2001).
The use of electronic and digital devices and technologies with VDTs has increased
exponentially in the past few decades in many countries around the world (Internet World Stats,
2014). In Canada and other industrialized nations in the world (e.g., UK, EU, USA, Australia)
accessing the Internet via VDT-based devices has become one of the primary means of
communication, information sharing, and entertainment (Klussman et al., 2008; Kormas et al.,
2011; Travers & Stanton, 2002). It has been estimated that 45% of youth and young adults are
online every day in North America, and as of July, 2010, Canada had the world’s greatest
number of Facebook users in proportion to its population; the United Kingdom was second and
the USA was third (CEFRIO, 2010; O’Neil et al. 2012).

Statistics Canada (2013) reports that female enrollment in universities has risen steadily
to about approximately 60%. Additionally, female enrollment in 2008 was approximately 62%.
Currently, there is a dearth of investigations into the relationship between electronic or digitally-
based mobile devices and technologies (e.g., cellular phones, tablets, iPods, laptop computers)
with VDTs and their potential health effects on Canadian male and female college or university-
aged young adults who are high users of these devices and technologies. There are only a

handful of studies to date that have reported the differences between males and females with
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respect to the potential negative health effects related to VDT exposure (e.g. Wu et al., 2012;
Rajagopal et al., 2012; Das & Ghosh, 2010). For example, Wu et al. (2012), who studied Chinese
officer workers, reported that the prevalence of work-related musculoskeletal disorders was
higher in women (64.6%) compared to men (46.7%). Similarly, Rajagopal et al. (2012) reported
a higher prevalence of musculoskeletal pain among female college students (96%) when
compared to their male counterparts (76%). A study by Das & Ghosh (2010) of office workers
using VDTSs reported that females suffer higher rates of repetitive strain injury in general as well
as in the workplace. Hence, we sought to conduct the present investigation in response to this
noted gap in the empirical literature. That is to say, the investigations involving gender
differences with VDT exposure and negative health outcomes conducted to date have focused on
office workers, and not young adults who are university students and high-end users of these
technologies. This study has the potential to facilitate more targeted interventions towards
Canadian millennials who are high-end VDTs and assist them in reducing the pain/discomfort
they experience when using various devices. This study can also help support a needs-based
access to health interventions assisting people who experience pain as a result of VDT use.
VDT use and negative physical symptoms

El-Bestar, EI-Mitwalli, and Kashaba (2011) reported that approximately 12.6% of their
study participants had symptoms suggestive of median nerve neuropathy. Of the 12.6% of
participants that had these symptoms, approximately 33.3% were clinically confirmed as having
Carpal Tunnel Syndrome (CTS). Prevalence of CTS among VDT users was found to be 3.3%.
Although the mean age in their study was higher (51.5 £ 7.2 years) when compared to other

studies, they attributed this difference to the relatively new addition of VDTs in workplaces. This
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study suggests an association between VDT use and the development of CTS-like
symptomatology in office workers.

El-Bestar et al. (2011) reported that the prevalence of neck/upper extremity
musculoskeletal disorders (MSDs) among VDT users was higher (= 28.3%) in comparison to
non-VDT users (= 14.3%). Prevalence of cervical spondylosis, cervical disc space narrowing,
and cervical radiculopathy was higher among VDT users (18.3, 18.3, and 10%, respectively),
when compared to controls (11.4, 11.4, and 2.8% respectively). Similarly, a study by Hakala et
al. (2010) examined the effects of ergonomic instruction on computer related symptoms (i.e.
headache, neck-shoulder pain, and lower back pain). They found that using the computer for
more than one hour daily was associated with negative health symptoms in the upper extremities
(i.e., the neck, shoulder, hands, fingers, and wrists). Similarly, Das and Ghosh (2010) suggested
that VDT workers who performed hand intensive jobs had a higher rate of pain in the upper
extremities of the body. A growing body of evidence suggests that use of mobile devices and
technologies with VDTs results in negative physical effects such as muscle pain and discomfort
(i.e., neck, shoulder) (Balci & Aghazadeh, 2003; Hsu & Wong, 2013; Kormas et al., 2011;).

Pillastrini et al. (2010) examined the relationship between lower back pain and VDT use
with a Rapid Entire Body Assessment (REBA) method that uses Action Level (AL) scores as an
index for measuring musculoskeletal risk and urgency. They found that there was a reduction in
lower back pain when an ergonomic intervention was introduced. Das and Ghosh (2010)
suggested that prolonged VDT use is associated with an increase in the incidence of
musculoskeletal discomfort primarily in the upper extremities as well as the lower back among

male and female VDT users. Their study suggests that the most common complaint among VDT
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workers is lower back pain and neck pain. They noted that this may be associated with prolonged
awkward positioning while engaged in VDT work.

Considering the increasing number of musculoskeletal disorders associated with VDT
use, the present study aims to examine the relationship between the negative health effects and
the use of and/or exposure to mobile electronic or digital devices and technologies with VDTs by
male and female undergraduate university students in the Durham Region of Ontario, Canada.
Methods
Ethics Approval

Research Ethics Board (REB) approval was granted for this study (Ethics approval
number: REB 12-120) by the UOIT Research Ethics Board.

Study Design and Participant Recruitment

A cross-sectional study was conducted to examine exposure to a variety of mobile
electronic and digitally-based technologies and devices that use VDTs (e.g., cellular phones,
laptops) and various negative health related conditions and disorders (e.g., neck and shoulder
pain, back pain). A non-random, purposive, convenient sampling method was employed,
recruiting students at the University of Ontario Institute of Technology (UOIT), a state-of-the-art
university wherein faculties rely on modern technology including laptops and computers.

The recruitment of these students was done through oral invites/addresses made in selected
classes. The sample consisted of undergraduate students from various divisions such as nursing,
kinesiology, medical laboratory science, health sciences, and business and information
technology. These clusters were decided based on permission given by the respective professors
to conduct the survey in their classes during class time; selection of these divisions is not likely

to influenced the results of the study as health science students are not more likely to report
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outcomes than other students (Waterman and Weinman, 2014). An average of approximately 10
minutes of class time was allotted for the distribution and return of a hard copy version of the
questionnaires. A total of 278 of 2", 3 and 4™ year university students participated in the study,
of which 65.83% were females aged between 17-32 years (mean age 22.32 years) and 34.17%
were males aged between 17-32 years (mean age 22.34 years).
Outcome Measure

A hard copy of a self-reported demographic questionnaire along with the Nordic
Musculoskeletal Questionnaire (NMQ) was used to elicit responses from the students between
September 2013 to December 2013 (please see Appendix A). The reliability of the NMQ is fair
to good (kappa [K] coefficient values ranging from 0.40-0.75). The NMQ questionnaire is
reliable as the majority of k values for the symptom variables were above 0.55 (Cook, et al.
2002). Disagreement with the NMQ questionnaire when compared to the clinical history for this
instrument has been reported to range from 0-20% with a validity of 80%-100% (Kuorinka et al,
1987; Crawford, 2007). The outcome measure was self-reported pain in the neck, shoulders,
hands, and wrists. These variables were measured using a Visual Analogue Scale (VAS scale).
VAS are helpful to measure strength, magnitude, or intensity of the participants’ subjective
feelings, sensations, or attitudes about specific signs, symptoms, and situations (Burns & Grove,
2011).
Data Analysis

SPSSX version 21 (Chicago, IL) was used for descriptive and inferential statistics.
Descriptive statistics included mean, standard deviation and ranges presented in table or graphic
forms. Inferential statistics used were independent samples student t-test, Chi-Squared test,

Pearson’s correlation as well as post-hoc path analysis. The dependent variables were
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musculoskeletal pain in the neck, shoulder, upper arm, fingers, and back pain. The independent
variables included the amount of time spent on the cell phone/computer/social networking
sites/Twitter/YouTube/coursework. A p-value of < 0.05 is deemed to be significant.

Linear regression and path analysis were used to determine the relationship between key
variables such as physical pain and discomfort, as well as the total number of hours exposed to
VDTs, including time spent on Facebook, Twitter, checking e-mails, YouTube, coursework,
Internet browsing (both on cell phones as well as other devices), in front of VDTs playing
games, and talking and texting on the cell. Path analysis was used to study patterns of causation.
Path analysis is a diagrammatic representation of presumed causal linkages among variables; it
relies on multiple regression. The aim of path analysis is to give an estimate of the magnitude
and significance of a proposed causal connection between different sets of variables, which is
explained by means of a diagram. In path analysis, the relationship between variables is assumed
to be linear (Ho, 2014; Polit & Hungler, 1991; Lenior, Dingemans, Schene & Linszen, 2005).
Results

A total of 278 university students participated in the study, of which 65.83% were females
aged between 17-32 years (mean age 22.32 years) and 34.17% were males aged between 17-32
years (mean 22.34 years); the participants were in their 2" , 3" and 4™ years of university.
Young male university students spent an average of 750 minutes/day in front of VDTs (750.02 +
571.60). Females spent more time on average in front of VDTs compared to their male
counterparts (846.57 + 445.27 minutes/per day). Approximately 45% of females experienced
occasional pain/discomfort in the neck following prolonged exposure to VDTs compared to
males (18%), while 35.4% of females reported pain in the shoulders compared to only 13.8% of

males, and 37% of females reported pain in the upper back, compared to 18.1% of males who
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experienced pain in the same region. Approximately 33% of females had pain in the wrist/hands
compared to 31.9% of males after exposure to devices with VDTs. Moreover, 32% of females
reported experiencing pain in the lower back compared to 23.4% of males who reported pain in
the same region. Tables 1 and 2 reported the gender-specific exposure times and gender-specific

outcomes of included participants.

Table 1: Average Gender-specific Exposure Times (reported in total minutes/day)

Variable (time in minutes) Males Females p-values
(MeanzSD) (MeanzSD)
Facebook time 75.16x77.40 88.69+84.67 0.19
Twitter time 27.79+£74.04 22.62+56.43 0.52
Time reading e-mails 37.58+74.52 40.16+30.73 0.68
Time playing games 63.16+101.73 | 13.44+36.08 0.00**
Time on YouTube 75.02+99.12 62.97+£71.92 0.25
Time on Internet 145.21+174.83 | 121.82+111.45 | 0.24
Time on Coursework 159.89+147.46 | 231.34+137.64 | 0.00**
Talking on cell 31.60+41.59 41.21+48.37 0.10*
Texting 103.89+153.83 | 186.72+228.73 | 0.00**
Browsing Internet on cell phone 35.05+44.40 43.52+58.79 0.22
Total minutes spent on technology 750.02+571.60 | 846.57+445.27 | 0.12

Note: All values shown are shown are X = S.D. ** indicates p < 0.01, * indicates p=0.10
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Table 2: Average self-reported health and pain using VAS scale

Variables Males Females p-values
Physical Health 7.56+1.49 7.22+1.54 0.08
Mental Health 7.97+1.60 7.85+1.69 0.58
Overall Physical pain | 3.69+2.59 4.40+2.35 0.02*

(neck, shoulders,

wrists)

Note: All values shown are shown are X + S.D. ** indicates p < 0.01, * indicates p<0.05.

Physical health and mental health outcomes are defined as any self-reported inability to adapt to
physiological stressors such as pain or discomfort other than in the neck, shoulder, hand or wrist.
Mental health is the self-reported inability to cope with psychological stressors such as stress and
anxiety manifesting as lack of sleep and loneliness among young Canadian adults (Huber et al.,
2011). Overall physical pain is the pain/discomfort experienced by the respondents in the neck,
shoulders, and wrists. All these variables were measured on a VAS scale.

The Chi-Squared test showed that females suffered more pain/discomfort in the neck,
shoulder, hand, and wrist (64.1%) in comparison to their male counterparts (45.7%) [x* (2, N =
275) = 18.463, p < 0.01]. Pearson’s correlation indicated a moderate positive relationship
between the total number of hours spent in front of a VDT and online coursework (r=.53,
p<0.01) and a significant but weak positive correlation between playing games online and total
number of hours spent in front of a VDT (r=.20, p < 0.01). In female students, online coursework
had a moderately significant positive correlation on total number of minutes spent in front of a

VDT (r=.53, p<0.01).
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Path Analysis

Combined

Playing games online

Total # hours (in minutes) Pain/Discomfort in neck,
shoulders, hands, wrists

'\:l

Online Coursework

Fig 1: Path analysis showing the direct and indirect effects of VDT exposure

Path Analysis (see Figure 1, above) revealed that there was an indirect effect of exposure
to VDTs (measured by total number of minutes in front of a VDT) and pain/discomfort in the
neck, shoulder, hand and wrist via coursework (.09) (obtained by multiplying the standardized
regression coefficient (p = .53) and (B = .17). Similarly, an indirect effect was observed on
pain/discomfort in the neck, shoulders, hands and wrists from online gaming (.03). The total
indirect effect of exposure to VDT (measured as the total number of minutes in front of a VDT)
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was .12.
Path Analysis

Females

Playing games online

Pain/Discomfort in neck,
shoulders, hands, wrists

Total # hours (in minutes)

Online Coursework

Fig. 2: Path analysis showing direct and indirect relationship to VDT exposure among female students

Among female university students (see Figure 2, above), VDT exposure had an indirect
effect on pain/discomfort in the neck, shoulders, hands, and wrists through two different routes.
The first is via playing games online; the indirect effect amounts to be .05 (obtained by
multiplying the standard regression coefficients (f =.18) and ( = .26). Secondly, the indirect
effect that VDT exposure has on pain/discomfort (neck, shoulders, hands, wrists) via coursework
was found to be .15. There was no such direct or indirect effect of exposure to VDTS on
pain/discomfort (neck, shoulders, hands and wrists) among their male counterparts.

Discussion and Recommendations
The goal of this cross-sectional study was to examine the differences in pain reported by

male and female UOIT students who are high-end users of VDTSs. In this study, undergraduate
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students of UOIT who were high-end users of VDTs reported suffering from increased pain and
discomfort in the neck, shoulder, hand, and wrists. There is a growing body of evidence to
suggest that prolonged exposure to VDTs may result in pain in different regions of the body
(Balci & Aghazadeh, 2003; Hsu & Wang, 2013; Kormas et al., 2011). Our study found that
prolonged VDT exposure is positively associated with hand/wrist symptomatology in both males
and females. This finding is in agreement with El-Bestar et al. (2010), who found an increased
prevalence of carpal tunnel-like symptoms among VDT workers. Their sample consisted,
however, of older populations (mean age 51.5£7.2)

Our findings suggest that there is high prevalence of neck (45%) and shoulder discomfort
(35%) associated with VDTs in millennials. This finding is consistent with a study by Hsu and
Wong (2003) who examined data-entry personnel, programing engineers, CAD engineers, and
fabrication engineers. The researchers reported an increased prevalence of upper extremity
discomfort of about 42% (including neck, shoulder, upper arm, forearm/elbow, wrist, and
fingers). This finding is also in agreement with El-Bestar et al. (2010) who studied
telecommunication employees. El-Bestar et al. (2010) reported a positive association between
prolonged exposure to VDTs and musculoskeletal discomfort particularly in the upper
extremities and neck among VDT. Similarly, Hakala et al. (2010) found that using the computer
for more than one hour/day was associated with negative health symptoms in the upper
extremities including the neck, shoulder, hands, fingers and wrists in 12-18 year old young
adolescents. Loghmani et al. (2013) noted that approximately 89% of office workers reported
musculoskeletal symptomatology within a period of 1 year. The researchers found that most of
the musculoskeletal symptoms were reported in the neck region (69.2%), lower back (58.2%),

knees (41.8%), and shoulders (35.2%).
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Smith, Louw, Crous, and Grimmer-Sommers (2009) reported that neck pain reported by
males and females were similar (20.1% and 19.6%, respectively). By contrast, our findings
suggest that female students suffer greater amounts of pain/discomfort in the neck in comparison
to male students. Our finding may be partially explained by the fact that female students reported
increased VDT screen time exposure in comparison to their male counterparts. This finding is
consistent with the findings of Das & Ghosh (2010), who reported that female VDT workers
suffered more discomfort compared to their male counterparts. Similarly, Johnston et al. (2010)
reported that workers who spent >2 hours at a time on the computer experienced greater neck
pain and disability. However, their study involved female office workers exclusively.
Additionally, similar findings were reported by Wu et al. (2012) who examined the prevalence of
self-reported Work-related Musculoskeletal Disorders (WMSDs) for office workers who are
exposed to VDTSs. They noted that the prevalence of Work-related Musculoskeletal Disorders of
the neck (WMSD-N) was substantially higher in women (64.6%) when compared to men
(46.7%). Berkley (1997) found that women tend to report more pains in multiple body regions
more often than men. There are differences in the way pain mechanisms operate among men and
women, particularly in the way pain is learned and stimuli are interpreted. Bartley & Fillingham
(2013) argue that men and women respond to pain differently with respect to risk of pain and
increased pain sensitivity. Both risk of pain and increased pain sensitivity are more prevalent in
women. Taken together, these findings suggest that females experience increased pain and
discomfort in various regions of the body as a result of prolonged VDTS, in comparison to males.
What may explain the increase in reporting of pain and discomfort among female students
exposed to VDTs when compared to their male counterparts may be the fact that females tend to

report ill health/negative health outcomes more often than males (Wang et al., 2013; Gerritsen &
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Deville, 2009). Future investigations may include hormonal, psychological, and social factors
that may contribute to differences in pain perception among males and females. Additionally,
future pharmacokinetic, pharmacodynamics, and behavioural studies can be of benefit in pain
management and gender-specialized care (Greenspan et al., 2007; Darnall & Suarez, 2009).

Our findings suggest that university students spent the majority of their online time
browsing the Internet and/or visiting social media sites such as Facebook. Specifically, both
males and females in our study reported spending most of their time online doing coursework
and browsing the Internet. Online coursework was found to be a significant predictor of pain in
the neck, shoulder, hands, and wrists in females only. This could be related to the fact that
females spent more time doing coursework in comparison to their male counterparts (see table
1). This finding is consistent with that of Odell et al. (2000) who reported that although Internet
usage is almost similar among male and female college students, female students spent most of
their time online doing course work while their male counterparts played online games, copied
and listened to music.
Conclusions

This study was conducted because there are not many studies in the empirical literature
that examine the negative health effects of VDT use among university students from a
specifically Canadian perspective. The few that examine these outcomes concentrate on specific
devices such as mobile hand held devices. Our study takes into account all types of VDT devices
such as laptops, cellular phones, smartphones, and tablets. Prolonged exposure to VDTs may
predispose university students in general to a host of negative health effects including neck,
shoulder, hand, and wrist pain or discomfort. Particularly, our study reported increased

pain/discomfort among female university students when compared to their male counterparts.
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There is very little literature comparing Canadian male and female university students and the
negative effects of exposure to VDTs. To our knowledge, this is only the second Canadian study
to examine the negative health effects of VDT exposure on university students. Our study is the
first to examine gender differences in VDT use among Canadian university students. Several
studies have suggested that females tend to report ill health/negative health outcomes more often
than males (Wang et al., 2013; Gerritsen & Deville, (2009). We recognize that gender
stereotyping may be a limitation of this study; however, there are several studies that suggest sex
differences in pain sensitivity. Additionally, men elicited increased pain tolerance when
compared to women (Alabas, Tashani, Tabasam & Johnson, 2012; Reidy, Dimmick, MacDonald
& Zeichner, 2009). Multi-centered randomized experimental and prospective studies are
warranted to confirm these preliminary findings and to further examine the relationship between
the key variables examined.

Our findings are preliminary and need to be interpreted with caution because of the cross-
sectional nature of the study design employed. Furthermore, the results obtained were based on a
non-random sample and limited to one university setting only. By convention, VDT use is
divided into 3 categories: high-end, medium or low-end users. In our study, no participant
reported being exposed to VDTs <5 hrs. /day. In other words, all participants were high-end
users. Implications of these findings may include interventions geared at prevention such as
ergonomic designs for desks in university classrooms, effectiveness of range of motion.
Particular attention needs to be directed to investigating negative health effects associated with
the use/abuse of VDTs. Moreover, it is important that young adults learn these negative health
effects associated with VDTs given the fact that even younger adults are currently frequent users

of technologies. Furthermore, limiting exposure to VDT-based devices through frequent breaks,
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look away icon/apps for laptops, cellular phones maybe helpful in reducing negative health

effects associated with VDT use (Balci & Aghazadeh, 2003).
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