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Should office workers spend fewer hours at their computer? A

systematic review of the literature

S Umker, M A Huysmans, B M Blatter, A J van der Beek, W van Mechelen, P M Bongers

Occup Environ Med 2007;64:211-222. doi: 10.1136/0em.2006.026468

Worldwide, millions of office workers use a computer. Reports
of adverse health effects due to computer use have received
considerable media attention. This systematic review
summarises the evidence for a relationship between the
duration of work time spent using the computer and the
incidence of hand-arm and neck-shoulder symptoms and
disorders. Several databases were systematically searched up
to 6 November 2005. Two reviewers independently selected
articles that presented a risk estimate for the duration of
computer use, included an outcome measure related to hand-
arm or neck-shoulder symptoms or disorders, and had a
longitudinal study design. The strength of the evidence was
based on methodological quality and consistency of the results.
Nine relevant articles were identified, of which six were rated as
high quality. Moderate evidence was concluded for a positive
association between the duration of mouse use and hand-arm
symptoms. For this association, indications for a dose-response
relationship were found. Risk estimates were in general stronger
for the hand-arm region than for the neck-shoulder region, and
stronger for mouse use than for total computer use and
keyboard use. A pathophysiological model focusing on the
overuse of muscles during computer use supports these
differences. Future studies are needed to improve our
understanding of safe levels of computer use by measuring the
duration of computer use in a more objective way,
differentiating between total computer use, mouse use and
keyboard use, attaining sufficient exposure contrast, and
collecting data on disability caused by symptoms.

workplace has led to hundreds of millions of

computer users worldwide.' * In many coun-
tries, the widespread use of computers has led to
considerable media attention concerning potential
adverse health effects.

In the scientific literature, the rise and fall of an
epidemic of “repetitive strain injuries” (ie, workers
reporting and claiming compensation for disorders
of hand, arm, shoulder or neck) in Australia
during the 1980s has been fuelling the debate of
whether computer use at work is a potential
occupational hazard.” Proponents stated that repe-
titive movements and static load due to con-
strained working postures caused the “injuries”.
Critics focused on the absence of objective clinical
signs among patients and the role of a liberal

The large-scale introduction of computers in the
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compensation system, offering large sums of
money to workers who were unable to work
because of hand, arm, shoulder or neck symp-
toms.* Some authors argued that lost lawsuits of
workers against their employers were main con-
tributing factors to the decline of the epidemic.” In
1988, Bammer and Martin* concluded that the
debate was characterised by a lack of empirical
evidence to support many of the assertions made
by both the proponents and the critics of the work-
relatedness of repetitive strain injuries.

In this review, we focus on the empirical
evidence available for an association between the
duration of work time spent using the computer
(referred to as ““duration of computer use”’) and
hand, arm, shoulder or neck symptoms and
disorders. Previous reviews suggest that an asso-
ciation between the duration of computer use and
disorders of hand, arm, shoulder or neck is
present. In addition, computer use might be more
strongly related to disorders of the hand and arm,
than to disorders of the neck and shoulders.®”
However, the limitation of these reviews is that
they are mainly based on cross-sectional studies.*®
Cross-sectional studies cannot disentangle causes
and effects, and are therefore considered to be
inferior to longitudinal studies.”” The recent
narrative review by Wahlstrom” includes only part
of the available longitudinal studies.

To get a more conclusive insight into the
relationship between the duration of computer
use and the incidence of hand-arm and neck-
shoulder symptoms and disorders, a systematic
review of longitudinal studies was performed.
Since information on potential dose-response
relationships is lacking, specific attention will be
paid to this issue.

METHODS

Search strategy

Publications were retrieved by a computerised
search of the following databases: Medline (from
1950 to November 2005), NIOSHTIC 2, CISDOC,
HSELINE, MHIDAS, OSHLINE (all from 1985 to
April 2005) and PsycINFO (from 1967 to April
2005). The databases were searched for published
articles up to 6 November 2005. The keywords
included: retrospective, prospective, longitudinal,
follow-up, computer, keyboard, mouse, office,
display, VDU, VDT, terminal, neck, shoulder,
elbow, wrist, hand, upper extremity, upper limb,
musculoskeletal, pain, physical symptom and

Abbreviations: NUDATA, Neck and Upper extremity
Disorders Among Technical Assistants
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physical health. After inclusion of the articles based on the
selection criteria, references were checked for additional
articles. Finally, personal databases of the authors were
searched for relevant articles.

Selection criteria

Two reviewers (SIJ and MAH) independently selected relevant
articles from the articles retrieved with the search strategy. The
articles were selected based on the abstracts. If abstracts
provided insufficient information, the full text of the articles
was used. The selection criteria were: (1) the study population
included computer workers; (2) the outcome included one or
more syndromes, signs or symptoms related to pain or
discomfort in hand, arm, shoulder or neck; (3) a risk estimate
of the association between the duration of computer use,
mouse use or keyboard use and a relevant outcome measure
(see 2) was presented; (4) the study had a longitudinal design
(ie, at least one follow-up measurement after baseline); and (5)
the study was a full-text, peer-reviewed article, written in
English, Dutch or German. Experimental studies, letters and
abstracts were excluded.

Quality assessment

The articles that met the selection criteria were evaluated for
methodological quality. We used a quality assessment list for
prospective cohort studies, based on previous systematic
reviews of risk factors for musculoskeletal disorders."'™* Box 1
presents the full list of items.

Two reviewers (SIJ and MAH) independently assessed the
quality of the studies. All items were scored positive, negative or
unclear (ie, meaning that insufficient information was avail-
able). For each item, the scoring of the two reviewers was
compared. In case of disagreement, consensus was reached
during a meeting. If agreement could not be reached, a third
reviewer (AJvdB) decided the matter. Subsequently, the first
author of the included articles was contacted to provide an
opportunity to discuss the quality assessment of their articles.
Methodological quality assessment was based on the percen-
tage of positive items over the total number of items. A high-
quality study was defined as scoring positive on >50% of the
items, which is in concordance with previously published
systematic reviews.'™"*

Data extraction

Details on study population, exposure assessment, outcome
assessment and data analysis were extracted from all articles.
To examine the agreement between the two reviewers for the
selection of articles and for the methodological quality
assessment, Cohen'’s « coefficients were calculated.

To evaluate the associations between the duration of
computer use and hand, arm, shoulder and neck disorders,
we decided to stratify according to the measure of computer use
that was reported (total computer use, mouse use or keyboard
use) and according to the location of the symptoms or disorders
(ie, neck-shoulder or hand-arm). Elbow symptoms were
classified as hand-arm symptoms.

An association was scored positive if the risk estimate (odds
ratio (OR), rate ratio (RR) or hazard ratio (HR)) was
statistically significant, or if at least one of the presented
exposure categories showed a point estimate >2 (or <0.5).

Levels of evidence

To summarise the results of the studies, we used levels of
evidence. Strong evidence was defined as consistent results for
all tested associations, including at least two high-quality
studies. We anticipated that one article could present multiple
associations for different case definitions and that multiple
articles could present associations for the same cohort of
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Box 1 Quality assessment list for prospective
cohort studies

o Study design

- Was the participation rate at baseline at least 80% odds
ratio (OR), if participation rate was <80%, not selective
regarding exposure (ie, duration of computer use) and
potential conEJunders (ie, at least for sex and age)?

- Was the response at follow-up at least 80% OR, if the
response was <80%, not selective regarding exposure
(ie, duration of computer use), potential effect modifiers
(ie, ot least sex and age) and outcome (ie, hand, arm,
shoulder and neck symptoms, or disorders)?

® Exposure assessment

— Were the data on duration of computer use collected
using standardised methods of acceptable quality?*

— Were the data on ergonomic factors collected using
standardised methods of acceptable quality?*

— Were the data on psychosocial factors collected using
standardised methods of acceptable quality?+

— Were the data on physical factors during leisure time
collected and used in the analysis?

— Were the data on exposure change regarding the
duration of computer use during the follow-up period
(eg, due to job change) collected and used in the
analysis?

o Outcome assessment

— Were the data on outcome collected using standardised
methods of acceptable quality?3

® Data analysis

- Was the statistical method used appropriate for the
outcome studied and was a measure of association
presented, including 95% Cl or p value?

— Was the statistical analysis tested for confounding by
sex and age?

— Was the number of subjects in the multivariate analysis
at least 10 times the number of independent variables?

*ICC >0.6 or k >0.4 for test-retest reliability or interobserver
reliability. Additionally, for self-reports: ICC >0.6 or k >0.4
or r >0.75 for agreement with observation or direct
measurement.

HCC >0.6 or k >0.4 for test-retest reliability. Additionally for
self-reports, in the case of using scales: Cronbach’s o >0.7 for
the majority of scales used.

$ICC >0.6 or k >0.4 or r >0.75 for test-retest reliability or
interobserver reliability, or if (modified) Nordic questionnaire
was used.'s"7

workers. Therefore, multiple positive associations from the
same cohort of workers were counted as one study.

The criterion of consistent results was met if at least 75% of
all tested associations for the risk factor were positive (ie,
provided a statistically significant risk estimate, or a risk
estimate >2 or <0.5).
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Moderate evidence was defined as consistent results for all
tested associations (with a minimum of three associations
tested) or consistent results for at least two high-quality
studies, irrespective of the findings from medium-quality
studies for that association. Insufficient evidence was defined
as inconsistent results for all tested associations, including the
situation in which less than three associations were evaluated.

Dose-response analysis

The dose-response relationship was evaluated if at least
moderate evidence was available for an increased risk of
developing hand—arm or neck—shoulder symptoms or disorders.
We assessed dose-response qualitatively by plotting the point
estimates against the exposure categories. Therefore, we
extracted the point estimates for all reported exposure
categories. We used the middle value of the lower and upper
limit to reflect the average duration of computer use for that
exposure category. If there was no upper limit for the highest
exposure category, we conservatively used the lower limits to
reflect the duration of computer use. Some studies presented
exposure categories as a percentage of working time. On the
basis of the distribution of working hours at baseline, we
estimated the average number of working hours for the whole
population and multiplied this average with the percentage of
computer use to calculate the average duration of computer use
for each exposure category. A general increase of risk (ie, higher
point estimates) over increasing duration categories for most
studies was considered as evidence for a dose-response
relationship.

RESULTS

Search results

The search strategy resulted in 277 hits. Applying the selection
criteria resulted in nine articles. We excluded the longitudinal
study by Lindstrom ef al,'® because cross-sectional analyses were
performed. The two reviewers initially disagreed on the
selection of one article, resulting in a k of 0.94. The references
of the included articles provided another article.”” The final set
of articles was based on five cohorts of workers: (1) the
Behavior in Information Technology Study” *'; (2) the Neck
and Upper extremity Disorders Among Technical Assistants
(NUDATA) Study*; (3) Bergqvist et al'’; (4) Marcus et al*®;
and (5) Korhonen ef al.*’Table 1 gives the characteristics and
results of the included articles.

Methodological quality assessment

Table 2 presents the methodological quality assessment of the
articles. The « coefficient for the agreement between the ratings
of the individual items (positive vs negative or unclear) of the
two reviewers was 0.91 (disagreement on 5 of 108 scored
items). One item needed a decision of the third reviewer
(AJvdB); agreement on the other items was reached during the
consensus meeting. Eight of nine corresponding authors replied
to our invitation to discuss the quality assessment. On the basis
of the information, five unclear scores were replaced by positive
scores. Six studies had a quality score exceeding 50%, which we
considered as the cut-off point for high quality.”**’

Levels of evidence

Figures 1 and 2 present point estimates and 95% CIs, derived
from the original articles, for the associations between the
duration of total computer use, mouse use and keyboard use
and hand-arm and neck-shoulder symptoms and disorders,
respectively. We excluded one of the associations studied by
Bergqvist et al,'” because the case definition involved anatomical
locations from both the hand-arm and the neck-shoulder
region. Risk estimates were in general larger for mouse
use than for total computer use and keyboard use. For
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neck—shoulder symptoms and disorders, fewer associations
were positive than for hand-arm symptoms and disorders.

For hand—-arm symptoms and disorders, moderate evidence
was concluded for the association with duration of mouse use,
because all studies showed a positive association, including
three high quality studies based on the NUDATA cohort.** ** *
However, these were counted as one study. For the duration of
total computer use and the duration of keyboard use,
insufficient evidence was concluded, because inconsistent
results were found. For the duration of total computer use,
associations from three cohorts were available. Only the
NUDATA cohort investigated the duration of keyboard use.

For neck-shoulder symptoms and disorders, insufficient
evidence was concluded for the duration of mouse use and
the duration of keyboard use, since inconsistent results were
found. For both mouse use and keyboard use, only the
NUDATA cohort investigated the association with neck—
shoulder symptoms and disorders. For the duration of total
computer use, all tested associations failed to show a positive
association. Four cohorts investigated total computer use,
including two high-quality studies.”® *

Dose-response analysis

Following the criteria set beforehand, we analysed the relation-
ship between the duration of mouse use and the incidence of
hand-arm symptoms. In general, an increase in risk over
duration categories can be observed from fig 3. However, the
association between mouse use and hand-wrist symptoms
reported by Jensen®” and the association between mouse use
and “severe” hand-wrist pain found by Lassen et a/*> did not
show a clear increasing risk over duration categories (fig 3).
Jensen™ reported an increased risk (OR 4) at a rather short
duration of mouse use (ie, approximately 4.5 h per week), as
well as an increased risk (OR 4) at a long duration of mouse use
(ie, approximately 27 h per week). Lassen ef al*> presented a
drop in risk from 4.8 to 2.3 for their highest exposure category
(ie, >30 h per week).

DISCUSSION

The results of this review of longitudinal studies confirm the
finding of previous reviews. The duration of computer use was
more consistently associated with hand-arm than with neck—
shoulder symptoms and disorders.®” In addition, our review
adds to the existing literature the observation that the duration
of mouse use was more strongly and more consistently
associated with the incidence of hand-arm symptoms than
the duration of total computer use and keyboard use.

Methodological considerations

All the studies included in this review have substantial
methodological quality, since they were based on longitudinal
study designs, and all but one scored positive on the quality
items with regard to statistical analysis. Still, the design of
future studies might be improved by taking into account a
number of methodological limitations that are present in the
published studies.

First, all studies used self-report measurements to assess the
duration of computer use. No study reported data on the test—
retest reliability of these self-reports. Low test-retest reliability
might be related to a poor validity of exposure measures.
Moreover, several studies have shown that self-report measure-
ments, on average, strongly overestimate the duration of
computer use, resulting in misclassification.” ** Assuming that
this misclassification is non-differential, this would lead to an
underestimation of the true exposure-response relationship.”® A
recent development is the use of computer software to
objectively measure the duration of computer use. Such
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> and has

software showed good agreement with observation,
already been used in an epidemiological study.”

Second, most studies in this review solely measured the
duration of total computer use. General measures of the
duration of computer use might not be able to detect the
variability in the duration of mouse and keyboard use. This
might explain the stronger risk estimates for the duration of
mouse use in comparison with those for the duration of total
computer use. However, within the NUDATA cohort total
computer use was not analysed, since it was highly related to
mouse use.”

Third, all included articles had study populations consisting
solely of computer users. This might have led to a limited
exposure contrast (ie, only the contrast present within the
group of computer users) and a limited power to explain the
contributing factors to the incidence of hand, arm, shoulder
and neck symptoms among computer users.*

Fourth, most case definitions were based on arbitrary cut-off
points, based on the number of days on which pain or
discomfort was experienced. In the NUDATA Study,” > few
participants met the criteria for a clinical diagnosis during
follow-up (ie, <2% incidence for both neck-shoulder and
hand-arm disorders). In addition, self-reports showed mild
disability. In contrast with the NUDATA Study, the study by
Marcus et al** (see Gerr et al**) showed a high incidence of
clinical diagnoses (ie, 35% incidence of neck—shoulder disorders
and 21% incidence of hand-wrist disorders). One of the
explanations for this difference between studies might be that
the population studied by Marcus et al consisted of newly hired
workers. Newly hired workers might be more prone to health
problems, because they are not experienced with the physical
and psychosocial exposures that they have to deal with in the
new job. The difference might also be attributed to selection
effects within the NUDATA cohort: workers who are susceptible
to or have had hand, arm, shoulder or neck symptoms and
disorders might have migrated to jobs with lower durations of
exposure or might have left the workforce. Kryger et al*
indicated that the criteria used to establish a clinical diagnosis
might be different between the NUDATA study and the one
reported by Marcus ef al** (see Gerr ef al’*). In addition, it should
be noted that physical examination might not have sufficient
interobserver reliability” and that information on validity is
largely unknown.*

On the basis of the limitations of physical examinations on
the one hand, and the identical risk estimates for self-reported
symptoms and clinically diagnosed disorders in the study by
Marcus et al** on the other hand, self-reports of the degree of
disability caused by symptoms might be preferred to grade the
severity of symptoms in future epidemiological studies.

To estimate safe levels of the duration of computer use more
precisely, more high-quality studies are needed. These studies
should focus on measuring the duration of computer use in a
more objective way, differentiating between total computer use,
mouse use and keyboard use, attaining sufficient exposure
contrast, and collecting data on disability caused by symptoms.

Sensitivity analysis

The levels of evidence proposed in this review might have been
influenced by arbitrary decisions regarding the criteria used in
the methodological quality assessment. The methodological
quality score ranged between 45% and 73%, with seven of nine
studies scoring between 45% and 55%. On the basis of this
distribution, our a priori cut-off point of >50% might have
influenced the levels of evidence and potentially the results of
this review. Shifting the cut-off point from >50% to >40%,
would have only changed the level of evidence for the
combination of mouse use and hand-arm symptoms and
disorders. Strong evidence, instead of moderate evidence,
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Figure 1 Risk estimates for the association

between duration of computer use and
hand-arm symptoms and disorders. See the
italic numbers in the results columns of table 1
for exact values (*, high-quality study). CTS,
carpal tunnel syndrome; HR, hazard ratio;
OR, odds ratio; RR, rate ratio.
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would have been concluded. By contrast, shifting the cut-off
point to >60% would not have influenced our levels of evidence
at all.

Variation of exposure contrasts between studies might also
have influenced the levels of evidence via the consistency of
results. Studies analysing limited exposure contrasts are less
likely to find a positive association than studies analysing large
exposure contrasts. Large variations in exposure contrast
between studies were only available for the associations
between the duration of total computer use and both hand-
arm and neck-shoulder symptoms and disorders. However,
variation in exposure contrast was not likely to influence the
levels of evidence for these associations. For the association

between the duration of mouse use and neck-shoulder
symptoms, a higher exposure contrast in the study by
Jensen® might have led to a positive association. In that case,
moderate evidence instead of insufficient evidence would have
been concluded.

Dose-response analysis

In general, the dose-response analysis for hand—arm symptoms
showed an increase in point estimates over an increasing
duration of mouse use. Jensen ef al* presented an increased risk
at a rather low duration of mouse use and again at a high
duration of mouse use. It is possible that residual confounding
was present in their study, because subjects who had a low

Figure 2 Risk estimates for the association
between duration of computer use and neck—

shoulder symptoms and disorders. See the
italic numbers in the results columns of table 1
for exact values (*, high-quality study). HR,
hazard ratio; OR, odds ratio; RR, rate ratio.
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Odds ratio

Jensen

— — Lassen elbow?

— — Lassen severe hand-w rist?®

———— Andersen CTS??

Figure 3 Odds ratios for the association
between the duration of mouse use and
hand-arm symptoms.
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Main messages

e Longitudinal studies provide moderate evidence for an
association between the duration of mouse use and the
incidence of hand-arm symptoms among office workers.

® Future studies are needed to improve our understanding
of safe levels of occupational computer use by dealing
with the methodological limitations of the studies
published so far.

exposure to mouse use might have had a high exposure to
keyboard use, leading to a long duration of total computer use
and thus an increased risk.

Lassen et al”> showed a decreased risk for developing severe
hand-wrist pain at their highest exposure category (ie, >30 h
per week). A possible explanation is a saturation of biological
pathways, or the presence of less susceptible workers at the
highest exposure category due to selection in the past.”

To be able to explore a dose-response relationship, we
assumed that the relationship between the point estimates of
increasing exposure categories was linear. In addition, we had
to estimate the average exposure within an exposure category.
Both these factors might have biased our findings. However,
these assumptions did not influence our general conclusion
that the risk of developing hand—-arm symptoms is higher at
longer self-reported durations of mouse use.

Biological plausibility

The studies in this review that investigated the effects of the
same exposure contrast on both the hand-arm and the neck-
shoulder region, generally showed stronger risk estimates for
the hand-arm region than for the neck-shoulder region.
Studies on muscle activity during computer use are in line
with these findings, since they indicate a higher loading of the
hand-arm region (extensors of the wrist) than of the neck—
shoulder region (trapezius muscle).”*”* In addition, Laursen et
al’” found fewer electromyographic gaps in the extensor
muscles of the wrist than in the trapezius muscle during
computer use, potentially indicating longer periods of contin-
uous activation of local muscle fibres belonging to the same
motor unit. The findings from both lines of research are
supported by a hypothesis that attributes a central role to the
overuse of muscles and the physiological consequences of this

overuse in the pathophysiological mechanism underlying hand,
arm, shoulder and neck symptoms and disorders.*

Stronger risk estimates were found for mouse use than for
keyboard use and total computer use. This difference can also
be interpreted using the muscle overuse mechanism described
above. Less variation in working postures during mouse use has
been observed in comparison with keyboard work,** *' poten-
tially leading to a longer duration of continuous muscle
loading.*

On the basis of the above, it seems that evidence for a
pathophysiological mechanism is available. However, caution is
advised. The central role of muscles in the pathophysiological
mechanism has been criticised.” In addition, it should be borne
in mind that the evidence found in this review for and against
associations was based on a limited number of studies. In
addition, data for the effects of mouse and keyboard use are for
the larger part derived from the NUDATA cohort. The possibility
that a long duration of keyboard use can be a risk factor for
developing hand, arm, shoulder or neck symptoms and
disorders cannot be excluded, since only a limited range of
exposures to keyboard use was available in the NUDATA
cohort.

Limitations of this review

The conclusions of this review are based on a rather low
number of cohort studies. Therefore, it is possible that the
conclusions might change when new studies become available
in the future.

A second limitation is that we compared studies with different
case definitions. This might have influenced the results. Future
research might indicate whether the associations between the
duration of computer use and hand-arm or neck-shoulder
symptoms are sensitive to these differences in case definition.

In addition, our review focused on only one contributing
factor to the incidence of hand-arm and neck-shoulder
symptoms and disorders among computer users (ie, duration
of computer use). This does not represent the general concept of
a multifactorial origin of musculoskeletal disorders.®”
Moreover, it might be possible that other factors related to
computer use (such as working postures or mental demands)
act as effect modifiers of the association between the duration
of computer use and hand-arm and neck—shoulder symptoms.
A combination of, for example, high mental demands and long
duration of computer use might lead to a higher incidence than
a long duration of computer use in itself. This might explain the
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observed variation between study populations of the effect of a
longer daily duration of computer use.

CONCLUSION

This review showed moderate evidence for an association
between the duration of mouse use and the incidence of hand-
arm symptoms. Indications for a dose-response were found. In
addition, the neck—shoulder region seemed less susceptible to
exposure to computer use than the hand-arm region. Both
findings are supported by a pathophysiological mechanism
based on the overuse of muscles during computer use. The low
number of high-quality studies prevents drawing a firm
conclusion. More research is needed to confirm our findings.
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