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Follow-up study of musculoskeletal disorders 20 months after the
introduction of a mouse-based computer system
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Objectives This study attempted to determine whether musculoskeletal health is influenced by mouse-intensive
computer work.

Methods The neck—upper limbs of 148 air-traffic controllers (71 women, 77 men) with demanding computer
work were examined before (baseline) and a median of 20 months after (follow-up) a change from varied com-
puter work to a mouse-based system, causing a significant change in the physical exposure of the workers (eg,
lower variation of work postures and less rest in the forearm extensor muscles, as assessed by technical measure-
ments). Complaints (according to a Nordic questionnaire), diagnoses (standardized physical examination), and
psychosocial work environment (Copenhagen Psychosocial Questionnaire) were recorded.

Results The air traffic controllers had consistently higher prevalences of disorders in the elbows—hands in the
follow-up than at the baseline (complaints 30% versus 18%, P=0.03; diagnoses 10% versus 3.4%, P=0.02). The
predominance of right-arm disorders was more pronounced in the follow-up than at the baseline. For the neck—
shoulders—upper back, there was no consistent difference between the baseline and follow-up values; disorders
increased significantly among the “young” controllers (<37 years), but not among the “older”” ones. Perceived
decision latitude decreased, while social support increased, but these changes did not explain the disorders that
appeared in the elbows—hands.

Conclusions Intensive mouse-based computer work, with constrained posture and little rest in the forearm
muscles, was associated with an increased risk of disorders in the elbows—hands. This finding should be consid-

ered for similar technological developments in other settings.

Key terms air-traffic control; complaint; diagnosis; physical examination; prospective study.

Over the past 20 years, information technology has gone
through radical changes that have strongly influenced
worklife, as well as the whole of society. In most oc-
cupational groups, computers are now necessary work
tools. In Sweden in 2005, 69% of the workforce used
computers in their daily work (1). Computers are also
used extensively by children and students.

Several studies claim that computer-intensive work
is associated with an increased risk of musculoskeletal
disorders in the neck-upper limbs (2, 3). Workstation
design and computer equipment influence the risk (4,
5). Especially the input device may play an important
role, because of its effects on posture, movements, and
muscular load (6, 7). New computer systems imply a
considerable increase in mouse use. Compared with the
keyboard, mouse operations lead to higher demands on
eye—hand coordination and a stronger visual focus on the
screen (8), which, in turn, may imply more constrained

postures (9). In addition, there is a higher load on the
forearm muscles (9).

In a recent review (10), it was concluded that there
was moderate evidence for an association between the
duration of mouse use and disorders in the hand—arm re-
gion. However, the information on the use of a computer
and mouse was mostly based on self-reports, which may
overestimate the duration of use (11). Moreover, since
most operators use both a keyboard and a computer
mouse, it was difficult to separate the exposures.

Air-traffic control work is based almost entirely
on information technology. In March 2005, there was
a momentary change in the computer system used by
Swedish air-traffic controllers. While the old system
was managed with a keyboard, a trackball, and manual
writing, the new one was characterized by intensive
mouse use. Technical measurements showed that the
new system was associated with significantly lower
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movement velocities, less posture variation for all of
the measured body segments, higher muscular activity,
and less rest in the right forearm extensor muscles in the
mouse-operating arm (9). Before the change, the air-traf-
fic controllers had fairly high prevalences of disorders
in the neck-shoulders—upper back, while disorders in
the arm-hand region were less prevalent (12). The psy-
chosocial work environment was characterized by high
demands, low decision latitude, high social support, and
low stress (13).

The aim of our present study was to determine
whether musculoskeletal health among air-traffic con-
trollers is influenced by a change from varied computer
work to mouse-intensive computer work.

Study population and methods

Air-traffic control work

The air-traffic control centers in Malmo and Stockholm
consist of 45 identical workstations (9). The controllers
were scheduled to work uninterruptedly in cycles of 1.5
hours “on-line”, followed by a break of 45 minutes, in
total about 5 hours of computer work per day. In ad-
dition, the controllers used personal computers during
their breaks for other occupational tasks, such as e-mail
communication, averaging about 1 hour (range 0.5-3
hours) per day.

In the old system (9), each air-traffic controller was
responsible for one sector of the air space. Incoming
aircrafts were announced on paper strips. The controller
sat in front of a radar screen (diameter 500 mm), also
using a keyboard and a trackball. Changes in the height,
speed, or direction of aircraft were noted on the paper
strips, by manual writing.

In the new system (9), each sector was controlled
from two workstations, and the controllers worked pair-
wise. Each controller had a large square video display

"New” participants

(N=43)
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unit (VDU) (size 505 x 505 mm), a regular computer
screen, a keyboard, and an ordinary computer mouse.
Most of the information was given on the large VDU. The
mouse was used in almost all commands during work, and
the keyboard was used only to a minor extent.

Baseline

At the baseline (examination I, figure 1), all currently
employed 187 certified air-traffic controllers (90 women
and 97 men; participation rate 100%) were examined
(12). The median age and time of employment were 37
(range 24-58) years and 11 (range 0-34) years, respec-
tively. The inclusion criteria were operative air-traffic
control work >20 hours/week, for at least 3 months.
At the baseline, 128 persons (68%) worked full-time
(30-40 hours/week), and 59 persons (32%) worked
part-time as controllers (20 hours/week) and part-time
performing administrative worktasks.

Prospective group

The follow-up (examination II) was made at a median
of 4.7 (range 2.9-5.3) years after the baseline examina-
tion (figure 1). The follow-up was carried out 2 years
later than planned due to an unexpected delay in the
introduction of the new system. Altogether 148 (79%)
of the 187 persons who were examined in the baseline
examination, 71 women and 77 men, were examined.
The median age and time of employment at the time of
the follow-up were 42 (range 27-60) years and 16 (range
3-37) years, respectively. The inclusion criteria were the
same as in examination I. The controllers had worked in
the new system for a median of 20 (range 3—27) months,
preceded by 1.5-2 months of education in simulated air-
traffic control. The proportion of full-time controllers
was 78%, and 22% did part-time administrative work.
The right hand was used for mouse operations by all but
two participants, in spite of the fact that 12 (8%) were
left-handed.

Examination | Prospective group Examination Il
Baseline (N=148) Follow-up
(N=187) (N=191)
Dropouts
(N=39)
Change in computer system
for air-traffic control: - )
March 1th 2005 Figure 1. Study design. The musculoskeletal health
of the neck and upper limbs was studied before
Examination periods l and after a “natural” intervention (ie, a change in
- - - - - - = the computer system) in a cohort of 148 air-traffic
Year 2002 2003 2004 2005 2006 2007 2008 controllers.
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Dropouts

Of the 187 participants in examination I, 39 (20 men and
19 women) did not participate in examination II because
of retirement (4 men), child care (7 women), change of
worktasks (8 men and 8 women), migration (7 men and
3 women), or university studies (1 man and 1 woman).
The median age and time of employment at baseline
were 36 (range 26-58) years and 10 (range 1-34) years,
respectively. Among the dropouts, 36 were reached for
an interview. Regarding the musculoskeletal health at
baseline, there was no significant difference between
the dropouts and those who participated in the follow-
up (methods described later): elbow—hand complaints
8% versus 18% [prevalence odds ratio (POR) 0.3, 95%
confidence interval (95% CI) 0.1-1.2]; age-adjusted
diagnoses 0% versus 3%, neck—shoulder—upper-back
complaints 46% versus 41% (POR 1.2, 95% CI1 0.6-2.5;
diagnoses 18% versus 18% (POR 1.0, 95% CI 0.4-2.5).
None of the dropouts reported that they had left air-traf-
fic control work because of musculoskeletal pain.

“New” participants

In addition, 43 “new” air-traffic controllers (15 women
and 28 men), who fulfilled the inclusion criteria, par-
ticipated in examination II. The median age and time
of employment were 33 (range 26-54) years and 6
(range 2-26) years, respectively. Among these work-
ers, 23 started their employment in the old system after
examination I, and 10 started work after the change in
the system. The remaining 20 “new” controllers were off
duty at the time of the baseline examination.

Interview

In examinations I and II, the participants were asked
about musculoskeletal complaints during the last 7 days,
according to the Standardized Nordic Questionnaire
(14) and the duration of the complaints. Furthermore,
they were asked if they believed that the complaints
were work-related. The participants were also asked
about their family situation and their responsibility for
children, their sports activities, and their smoking. Data
on computer use during their spare time was collected in
categories as follows: (i) no computer use, (ii) <2 hours/
week, (iii) 2-5 hours/week, (iv) >5 hours/week. In ex-
amination II, the controllers were asked their opinion
about the new air-traffic control system per se (usability)
and about ergonomic factors at the new workstations.

Physical examination

A standardized physical examination (15) of the neck,
shoulders, upper back, elbows, wrists, and hands was
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performed in both examinations by the same physical
therapist. Diagnoses were made by the examiner accord-
ing to predefined criteria for findings. Compared with
the original method (15), the diagnoses trapezius myal-
gia [current pain from the neck and tender and restricted
trapezius muscle(s)] and de Quervain’s disease (wrist
pain, palpable tenderness of the tendons of the first dor-
sal compartment of the wrist, positive Finkelstein’s test)
were added. After the baseline examination, the criteria
for some of the elbow—hand diagnoses were revised to
increase sensitivity (16, 17). The same protocol was used
in both examinations, and all of the findings have been
saved. Hence the prevalences of the elbow—hand diag-
noses reported at baseline (12) have been recalculated in
this study to make the two examinations comparable.

Psychosocial work environment

A questionnaire on psychosocial work conditions (Co-
penhagen Psychosocial Questionnaire (COPSOQ) (18)
was administered to each participant immediately after
the physical examination. A subset of 16 dimensions
(with a total of 75 questions) was chosen to represent
four different areas: demands, decision latitude, support,
and stress (12). All of the questions were answered on
a 5-point scale (0, 25, 50, 75, or 100 points). For each
participant, the dimension score was calculated as the
mean of the included questions. Furthermore, the area
scores were calculated as the mean of the included
dimensions. In the prospective group, the questionnaire
was answered at both examinations by 137 participants
(participation rate 93%).

Statistical methods

The complaints (total and work-related) and diagnoses
in the prospective group at baseline and follow-up were
compared by McNemar’s test. The same method was
used to compare complaints and diagnoses between the
right and left arms.

To estimate the differences between independent
groups (the total group of 187 controllers at examina-
tion I compared with the 43 who were examined only in
examination II, dropouts compared with the prospective
group at baseline, and full-time controllers compared
with part-time controllers), the prevalence odds ratio
(POR) with the 95% confidence interval (95% CI) was
calculated, using the logistic regression for complaints
and diagnoses (adjusted for age).

To assess possible confounding, we analyzed the
differences between the baseline and follow-up results
of the COPSOQ scores and nonoccupational factors
(decrease, no change, increase) using the Wilcoxon
matched-pairs signed rank test. Then the controllers
were stratified into the following four groups as regards



complaints and diagnoses: (i) healthy in both exami-
nations (healthy/healthy), (ii) new cases at follow-up
(healthy/case), (iii) cases at baseline and healthy at fol-
low-up (case/healthy), and (iv) cases in both examina-
tions (case/case). Differences in possible confounders
between these groups were assessed using the Kruskal-
Wallis test for continuous variables (actual difference in
psychosocial scores) and the chi-square test for categori-
cal variables (nonoccupational factors). The investigated
possible confounders were demand, decision latitude,
support, stress, computer use during leisure time, num-
ber of children at home, sports activities, and smoking.
Statistical significance was taken as P<0.05.

Results

Musculoskeletal disorders in the prospective group

For the elbows—hands, the air-traffic controllers had sig-
nificantly higher prevalences of complaints and diagno-
ses at the follow-up, compared with the baseline values
(table 1). In addition, the prevalence of work-related
complaints from the elbows—hands the last year had
increased from 16% to 40% (P<0.001, not in table).

For the neck-shoulders—upper back, there were no
statistically significant differences in the complaints and
diagnoses (table 1) between the two examinations. Fur-
thermore, there was no significant change in the preva-
lences of work-related complaints the last year (45% at
the baseline versus 50% at the follow-up, P=0.37).

However, the tendencies varied between the age stra-
tums. The prevalence of diagnoses among the “young”
participants (<37 years, median age at baseline) in-
creased in both the elbows—hands (0% at baseline versus
5.6% at follow-up, data not in table) and the neck—shoul-
ders (8.5% versus 30%, P<0.001). Among the “older”
controllers (>37 years), it numerically increased for
the elbows—hands (6.6% versus 14.5%, P=0.15) but
decreased for the neck—shoulders (26% versus 16%,
P=0.13). Elbow—hand complaints increased numerically
among both the “young” (10% versus 23%, P=0.08)
and “older” (26% versus 36%, P=0.24) workers, while
neck—shoulder—upper-back complaints were similar in
both age groups and at both examinations.

At baseline, there were no significant differences
in the prevalences of disorders between the full-time
and part-time controllers. However, at the follow-up,
those who worked full-time had significantly more
complaints in the elbows—hands (35% versus 12%, POR
4.3, 95% CI 1.3-13, age-adjusted; data not shown) and
the neck—shoulders—upper back (54% versus 27%, POR
3.1, 95% CI 1.3-7.2), as compared with the values of
the part-time operators. For diagnoses, there were no
such differences.
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Right arm versus left arm

The prevalences of both complaints and diagnoses
were significantly higher for the right arm (shoulder,
elbow and hand combined) than the left in the follow-
up examination (complaints: 43% versus 33%, P=0.02;
diagnoses: 16% versus 9.5%, P=0.04), but not in the
baseline examination (complaints: 33% versus 27%,
P=0.15; diagnoses: 8.8% versus 6.8%, P=0.61).

“New” participants versus total group at baseline

For the elbows—hands, the 43 “new” participants in
examination II had a significantly higher prevalence
of complaints than the original baseline group, which
included 187 participants (complaints: 23% versus 16%,
POR 2.4, 95% CI 1.0-5.9, adjusted for gender and age).
For the elbow-hand diagnoses, there was no signifi-
cant difference (0% versus 2.7%). For the neck-shoul-
ders—upper back, there were no significant differences
between the groups (complaints: 44% versus 42%, POR
1.3, 95% CI 0.6-2.6; diagnoses: 21% versus 18%; POR
1.8, 95% CI 0.7-4.3, adjusted for gender and age).

Psychosocial work environment

In some aspects, the perception of the psychosocial work
environment changed between the baseline and follow-
up examinations. The controllers in the prospective
group reported significantly lower decision latitude and
higher support at the time of the follow-up (table 2).

The change in decision latitude did not differ signifi-
cantly between the four groups of controllers (“healthy/
healthy”, “healthy/case”, “case/healthy”, and “case/
case” at baseline/follow-up) as regards complaints and
diagnoses in the elbows—hands, as well as in the neck—
shoulders—upper back.

Table 1. Prevalences (%) of musculoskeletal disorders in the
elbows—hands and neck—shoulders—upper back in the prospec-
tive group, including 148 air-traffic controllers (712 women and
77 men) in the baseline and follow-up examinations.

Body region Complaints Diagnoses

Baseline Follow-up P-value® Baseline Follow-up P-value®

Elbows-hands

Women 18 32 0.10 43 11 0.12

Men 18 27 0.25 26 91 0.18

All 18 30 0.03 34 10 0.02
Neck-shoulders—upper back

Women 52 63 0.17 24 34 0.21

Men 31 34 0.84 12 12 1.00

All 41 48 0.20 18 22 0.34

2 0ne woman did not participate in the second physical examination, and
only data on complaints are available for her.

> McNemar test for differences between the baseline and follow-up
values.
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Table 2. Scores on the Copenhagen Psychosocial Questionnaire
scales (0-100 points) for the 137 air-traffic controllers in the pro-
spective group, in the baseline and follow-up examinations.

Area Scores
Baseline Follow-up P-value®
Mean SD Mean  SD
Demands 49 9 50 8 017
Decision latitude 57 9 53 9 <0.001
Support 61 9 65 9 <0.001
Stress 14 10 14 10 0.86

2 \Wilcoxon matched-pairs signed ranks test for the difference between the
baseline and follow-up values.

Nonoccupational factors

Computer use outside work increased between the base-
line and follow-up examinations (eg, >2 hours/week:
58% versus 75%, P<0.001), while none of the other
nonoccupational factors changed statistically signifi-
cantly (data not shown).

There was no statistically significant difference
in computer use during leisure time between the four
groups of controllers as regards complaints and diagno-
ses in the neck-shoulders—upper back and complaints in
the elbows—hands, while for the elbow-hand diagnoses,
there was a difference close to significant. However, the
two groups of cases (“healthy/case” and “case/case”) were
the ones that showed the least increase in computer use
outside work at the time of the follow-up examination.

Discussion

After the introduction of a mouse-based computer sys-
tem, with a significant change in the physical workload,
the controllers had consistently higher prevalences of
complaints and diagnoses concerning the elbow-hands.
Disorders in the neck—shoulders—upper back did not dif-
fer significantly between the two examinations. In addi-
tion, the controllers reported lower decision latitude and
higher social support, but these changes did not explain
the elbow-hand disorders.

Methodological issues

A limitation of this study was the lack of a reference
group. However, it was very hard to find a sufficiently
large group of computer operators who did not use a
computer mouse and who had the same socioeconomic
status. However, some support may be obtained from
the dropouts and the “new” participants. Thus among
the 18 dropouts, who never worked in the new system,
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the prevalence of elbow—hand complaints (reported in
the follow-up dropout interview) was 17%, versus 30%
in the prospective group at follow-up. This finding may
indicate a lower risk. The group of “new” participants
was heterogeneous, since many of them had been work-
ing also in the old system. Still, they had significantly
more elbow-hand complaints in examination II than
the original baseline group in examination I, while no
such difference was found for the neck-shoulders—up-
per back.

The prevalences of musculoskeletal disorders in-
crease with age in the general population (19). During
the study period, the air-traffic controllers grew some-
what older. This occurrence may explain some of the in-
crease in elbow and hand disorders, but probably only a
fraction. Importantly, the increase in disorders was more
pronounced among the “young” participants. We tried to
predict the age effects, but, due to the small size of the
cohort and few cases, the model was not stable.

Out of the potential confounders investigated, deci-
sion latitude, support, and computer use outside work
were the only factors for which a change was observed
during the study period. The increase in support at
follow-up was not considered to be a confounder of
the physical workload. Furthermore, the four groups
(“healthy/healthy”, “healthy/case”, “case/healthy”,
“case/case”) did not differ with respect to decision
latitude, and the increase in computer use outside work
tended to be negatively associated with elbow-hand
diagnoses. Hence these time-related changes should not
have influenced the conclusions.

The participation rate in the follow-up examination
was good (79%). The musculoskeletal health of the
dropouts at baseline was similar to that of the prospec-
tive group, and none had left the operator work due to
musculoskeletal problems. Hence there is no reason to
suspect that selection explained the increased frequen-
cies of disorders in the elbows-hands at follow-up.

The increased load on the forearm extensor muscles
was known by the examiner (9). Therefore, the possibil-
ity of an observer bias must be considered. However,
the standardized physical examination followed a very
strict protocol, with a good interexaminer reproducibil-
ity (20). Hence observer bias was probably not a major
source of bias. Moreover, the air-traffic controllers may
have been influenced by public media attention on the
adverse health effects of mouse use and by a report
on the physical exposures in the new system (9). This
situation might have influenced the complaints to some
extent, but was less likely to have affected the results of
the physical examination.

It could be argued that the exposure to the old system
prevailed for an average of 2 years after the baseline
examination (due to the delay in the introduction of the
new system) and that some of the disorders recorded



in the follow-up examination may have been due to
the extended worktime in the old system. However, the
prevalences of elbow and hand disorders were low in
the first examination, despite work for 12 years (median
time of employment) in the old system. Furthermore,
air-traffic controllers with elbow or hand disorders in
the follow-up examination reported that complaints had
started after the change in the system, while disorders of
the neck-shoulders—upper back had lasted for a longer
time. Obviously, the exposure time in the new system
was long enough to cause problems in the elbows and
hands. However, if there were participants with tem-
porary disorders caused by exertion due to their initial
inexperience, they may have already recovered.

We have detailed information about the physical
workload involved in both systems (9). Admittedly, the
technical measurements were made for only a fraction
of the controllers (N=14), and in simulated work in the
new system (9). On the other hand, we performed paired
measurements of the two systems under very realistic
conditions. Then the old and new systems differed
widely as to, for example, wrist movement velocities
(50 degrees/second versus 19 degrees/second, 90th
percentile) and rest of the forearm extensor muscles
(9% versus 3.5% of time), indicating that the change
of systems implied more constrained hand and forearm
work (9). These measures in the new system are similar
to those recorded in other mouse-intensive computer
work (21). Furthermore, the duration of daily mouse
use was assessed (=5 hours/day) on the basis of the strict
schedule for work and breaks among the controllers. We
do not have specific measurements of mouse activity (eg,
clicking), which seems to be important (11). However,
due to the character of the work, the operators had to
be continuously prepared to make mouse commands,
which also may involve attention-related activities of
the forearm muscles (22).

Musculoskeletal disorders

The risk of disorders in the elbows and hands in mouse-
intensive computer work is in accordance with results
from the review of IJmker et al (10). The present 7-day
prevalences of complaints were similar to those reported
by Jensen et al (23), while our diagnoses were more
frequent than in the study by Funch Lassen et al (24),
probably due to their more strict criteria. Most results
on the consequences of mouse-intensive computer work
come from northern Europe. This situation is probably
not due to differences in hardware, job station design, or
variation in worktask, but, instead, to the fact that only a
few prospective studies have been conducted in this area
(and none concerning air-traffic controllers).

A pathophysiological mechanism behind the el-
bow and hand disorders may be the sustained
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mouse-associated muscular activation (25). In addition,
the amplified prevalence of disorders in the right arms at
follow-up, as compared with the prevalences for the left
hand, is probably associated with the mouse operations,
since all but 2 of the 148 controllers operated the mouse
with their right hand and muscular rest was lower in that
arm than in the left one (9).

Contrary to the results for the elbows and hands,
there were fewer consistent increases in disorders in the
neck-shoulders—upper back, and this finding is also in
accordance with earlier results (10). This difference may
be due to the high muscular rest in the trapezius muscles
in both systems (9). However, the higher prevalence of
diagnoses in the neck-shoulders-upper back among the
“young” operators, compared with among the “older”
ones, was unexpected. The recovery in several “older”
participants, observed at follow-up, may have been due
to chance, possibly to treatments (eg, physical therapy)
or because experienced participants with disorders ad-
just their work patterns.

Perception of ergonomic and psychosocial factors

It is unlikely that the increase in disorders was ex-
plained by exertion due to technical problems in the
new computer system, since almost all of the controllers
(95%) were satisfied with the usability. However, many
controllers were dissatisfied with ergonomic factors in
the workplace and the fact that the mouse was used too
much. Associations between such dissatisfaction and
disorders have been found earlier (22).

The general psychosocial work environment was
perceived to be good, when compared with the situa-
tion in a Danish reference population (18), although the
air-traffic controllers, as in the baseline examination,
reported high demands and low decision latitude (12,
18). In spite of this situation, the stress levels were low,
possibly because of the good social support. One reason
for the decrease in decision latitude in the follow-up
may have been a shortage of staff, partly because, in
the new system, the controllers worked two-by-two.
On the other hand, this work scheme facilitated social
communication during work, which may explain the
improved social support.

Concluding remarks

The present new air-traffic control system is not unique;
similar mouse-based technology has been—or will
be—introduced worldwide. It is obvious that preventive
measures should be implemented, such as other input
devices (6), short keyboard commands instead of mouse
ones, better software (7), and ergonomically more ad-
equate, adjustable workstations. As mouse use is a hall-
mark for all kinds of modern information technology,
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we believe that our results have importance far beyond
air-traffic control.
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