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Objectives The aim of this study was to investigate whether gender or different methods of operating a computer
mouse have an effect on performance and musculoskeletal load in the use of a computer mouse.

Methods Thirty experienced computer mouse users, 15 men and 15 women, participated in the study. Electromy-
ography (right first dorsal interossei, right extensor digitorum and right and left trapezius), a force-sensing mouse,
and subjective ratings were used to register muscular load. An electrogoniometer was used to register the wrist
movements. The subjects worked with 3 different methods, their own, a wrist-based method and an arm-based
method. Gender comparisons were made when the subjects used their own method.

Resulis The women worked with greater extension and range of motion and tended to work with a greater ulnar
deviation of the wrist. They also applied higher forces to the mouse when expressed as a percentage of a maximum
voluntary contraction and had higher muscular activity in the right extensor digitorum. When using the arm-based
method, the subjects worked with greater wrist extension, had higher muscular activity in the right and left
trapezius muscles, and had the highest ratings of perceived exertion in the neck and shoulder. The wrist-based
method resulted in higher forces being applied to the sides of the mouse and the highest ratings of perceived
exertion in the wrist and hand-fingers.

Conclusions Gender differences were found for musculoskeletal load, and for most of the measured variables the
women worked with higher loads than the men. The work method affected performance and musculoskeletal load.
Finally, subjective measures appeared to have some utility in characterizing muscular load.

Key terms electrogoniometer, electromyography, forces, gender differences, input device, subjective ratings,
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There has been a rapid increase in the use of nonkey-
board computer input devices, and today the market is
filled with such devices, the most common being the
computer mouse. Several studies have suggested that an
increased prevalence of upper-extremity musculoskele-
tal symptoms is associated with computer mouse use (1—
4). According to data collected in 1997 in Sweden (5),
49% of working men and 45% of working women use a
computer mouse in their profession. In a comparison of
users of visual display units (VDU), mouse users were
shown to have more extreme work postures in ulnar de-
viation of the wrist and outward rotation of the shoulder
than keyboard operators did (6). Studying mouse use is
of importance since more extreme work postures may
increase a computer operator’s risk for developing dis-
comfort in the neck, shoulder, elbow, and wrist. Differ-
ences between methods of using a computer mouse have
not been well documented; however, Karlqvist et al (7)

observed gender differences and found that women work
with more extreme shoulder postures when using the
mouse. Studies have also shown that differences in mouse
location and work with or without forearm support af-
fect exposure and muscular load (8, 9).

It is hypothesized that there may be differences in
musculoskeletal load between work methods and gender
in computer mouse use. The aim of this study was to in-
vestigate whether different methods of operating a com-
puter mouse or gender have an effect on performance and
musculoskeletal load in computer mouse use.

Subjects and methods

Subjects

Thirty subjects, 15 men and 15 women, volunteered
to participate in the study. Subjects from various
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occupations were recruited from 2 different sections of
the Sahlgrenska University Hospital, Goteborg, Sweden,
and they participated in the experimental session during
paid worktime. The mean age was 34 (range 18—52)
years for the men and 39 (range 22-—60) years for the
women. The subjects were all experienced mouse users
with a mean experience of 51 (range 6-——144) months of
mouse use at work or at home. Prior to the study, they
were given written and verbal information on the exper-
imental procedures and were interviewed to assure they
were in good health and free of musculoskeletal disor-
ders. They all used their right hand to operate the com-
puter mouse.

Experimental procedures

An adjustable VDU workstation was set up, and the sub-
jects adjusted the table and chair to fit their needs. A
Macintosh computer with a 13-inch color display and a
101-key keyboard was used. Typically, the subjects ad-
justed the chair so that their legs were well supported
with their feet resting flat on the floor; the table was ad-
justed so that the mouse and keyboard were approximate-
ly at elbow level and the monitor was at a fixed height
above the work surface. The subjects were instructed by
the same person to use the following 3 methods to oper-
ate the mouse: (i) a wrist-based method (WB) with which
the forearm was fully supported on the desk and the
mouse was moved by lifting and sweeping the mouse
across the mouse-pad using the wrist, (ii) an arm-based
method (AB) with which only the wrist was supported
on the work surface and the mouse was moved using
movements initiated from the shoulder, and (iii) their own
method (own). On the day before the study, in their own
office, the subjects were instructed on how to perform
the different methods and asked to practice and familiar-
ize themselves with them. On the day of the measure-
ment, they practiced at the experimental worksite to fa-
miliarize themselves with the equipment and to confirm
that they performed the different work methods correct-
ly. The subjects performed a text editing task consisting
of 8 paragraphs each containing 5 lines of 12-point Cou-
rier text. In each line, at a random location, 1 to 4 char-
acters were highlighted using colored text. The subjects
were instructed to select the colored characters with the
mouse and then delete the characters by hitting the de-
lete key on the keyboard with the mouse-using hand.
They all used their own work method first, after which
the sequence with the wrist-based and arm-based meth-
ods was introduced using a latin square design.

Characterizing the subjects’ own work method

Three items from an ergonomic checklist were used to
characterize the subject’s own work method with the
mouse. These items were (i) how the forearm or wrist
was supported (near the elbow at the proximal part of
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the forearm or distally at the wrist or hand), (ii) whether
or not the computer mouse was lifted from the surface,
and (iii) the type of arm movements (whole arm or wrist
and fingers). To characterize each subject’s own work
method, video recordings were made simultaneously
from 2 different angles. Two of the researchers (JW, MH)
independently characterized the subjects into 1 of 3 dif-
ferent groups (arm-based, wrist-based or a hybrid of the
two) as they used their own method. If the result of the
researchers differed, which occurred only 6 out of 30
times, a 3rd researcher (JS) analyzed the video record-
ings and made a final characterization. To be categorized
as a user of the arm-based method, a subject could not
rest the forearm on the work surface and had to use the
whole arm to move the computer mouse. To be catego-
rized as a user of the wrist-based method, a subject had
to support the forearm on the work surface and use wrist
movements to lift and move the computer mouse repeat-
edly.

Forces applied fo the mouse

So that the forces applied to the sides and button of the
mouse could be measured, a force-sensing Apple ADBII
mouse was used. The force-sensing mouse was fully op-
erational and similar in weight, feel, and appearance to a
regular Apple ADBII mouse. The validity and measure-
ment accuracy of the force-sensing mouse has been dis-
cussed elsewhere (10, 11). A portable computer instru-
mented with a PCMCIA data acquisition card (National
Instruments, DAQCard 700, Austin, Texas, USA) was
used to collect and store the force data. The force sig-
nals from the mouse were amplified using a portable
amplifier (model 1210, FFA, Bromma, Sweden) and
stored at 60 Hz on the hard disk of the computer. The
force data were analyzed using a program written in Lab-
view 4.0 (National Instruments, Austin, Texas, USA).
The program identified each time the mouse was used,
called a grip episode, and kept track of idle periods,
which were defined as any period the mouse was not used
for 1 second or longer. For each grip episode the pro-
gram calculated the mean force, peak force, and grip du-
ration.

Maximum voluntary forces applied to the mouse

The maximum forces the subjects could apply to the sides
and button of the mouse were measured after the experi-
ment. The subjects were asked to apply maximum vol-
untary contractions (MVC) to the sides and button of an
Apple ADBII mouse instrumented with load cells (Pinch-
meter, Greenleaf Medical, Palo Alto, California, USA).
They were instructed to grip the mouse during the con-
tractions the same way they gripped the mouse during
the experiment. The contractions applied to the sides and
button of the mouse were measured separately. Each sub-
ject applied 3 maximum voluntary contractions to the
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sides and the button of the mouse, and the highest force
applied to each location was chosen as the subject’s
MVC. If the difference between the highest and second
highest MVC was greater than 10%, additional data were
collected to verify the maximum.

Wrist movements

A 2-axis electrogoniometer (Model XM635, Penny &
Giles Biometrics, Blackwood, Wales) and a data logger
(Model DL 1001, Penny & Giles Biometrics, Blackwood,
Wales) were used for recording flexion and extension and
the radial and ulnar deviation angles of the right wrist.
The sampling frequency was 20 Hz. The reference (zero)
position of the goniometer system was recorded when the
subject sat at the workstation with the arm fully pronat-
ed in front and the hand flat in a neutral radial and ulnar
position on the work surface (12). Goniometry data were
analyzed using a program written in Labview 4.0. The
program calculated the mean angles, mean velocities,
mean power frequency, and the range of motion for both
flexion-extension and radial-ulnar deviation. The mean
power frequency was defined as the center of gravity for
the power spectrum, and it has earlier been used as a
measure for repetitiveness (13). The range of motion was
defined as the difference between the 95th and the 5th
percentile of the wrist angles (13).

Muscular load

Muscle activity from 4 separate muscles was recorded at
1 kHz using a commercial electromyographic (EMG) sys-
tem (model ME3000P, Mega Electronics Ltd, Kuopio,
Finland). The muscles examined were the right first in-
terossei, the right extensor digitorum, and the pars de-
scendent of the right and left trapezius muscles. The elec-
trodes for the first interossei and the extensor digitorum
were placed as recommended by Perotto et al (14), and
those for the trapezius were positioned as recommended
by Mathiassen et al (15). Self-adhesive surface electrodes
(M-00-S, Medicotest AS, Copenhagen, Denmark) were
placed in pairs with a 35-mm interelectrode distance. For
the first interossei muscle, the electrodes were modified
(cut) and resulted in an interelectrode distance of 25 mm.
Before the electrodes were attached, the skin was dry
shaved and cleaned with alcohol. At the beginning of the
recordings the subjects performed standardized maximum
voluntary contractions to obtain the maximal voluntary
electrical activity of the first interossei and the extensor
digitorum muscles. Voluntary electrical activity in the
first interossei and the extensor digitorum muscles were
set with maximum static contraction against manual re-
sistance for a minimum of 3 seconds. The reference vol-
untary electrical activity in the pars descendent of the
right and left trapezius muscles was set with arms flexed
90 degrees, thumbs up, and a 1-kg dumbbell in each hand
for a minimum of 3 seconds. A 3-second sampling
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window was used to calculate the average electrical ac-
tivity during the maximal and reference contractions. The
raw data were recorded online using a portable compu-
ter and monitored in real-time for quality control. The
EMG signal was smoothed using a root mean square
(rms) procedure with an averaging moving window of
100 ms. Data were analyzed using ME3000P software,
version 1.5 (Mega Electronics Ltd, Kuopio, Finland), and
the median EMG signal was calculated for each subject.

Subjective ratings

Before the experiment, the subjects rated perceived ex-
ertion using a modified Borg scale ranging from 0 to 14
(16) for the following 5 body regions: neck-shoulder
(scapular), right shoulder (upper arm), right forearm, right
wrist, and right hand-fingers. After the use of each work
method, they rated their perceived exertion again. The
ratings of perceived exertion (difference between per-
ceived exertion after the 3 different conditions and be-
fore the experiment) were compared between work meth-
ods and between genders.

Besides the perceived exertion ratings, the subjects
also rated their overall comfort with each work method
on a scale graded from —4 (poor comfort) to +4 (excel-
lent comfort).

Productivity

The total time and numbers of errors were used as a meas-
ure of productivity when the subjects used each of the
different work methods. The total time was defined as
the time it took the subject to complete the task from be-
ginning to end. Errors were defined as any occurrence
where the subject failed to highlight the text that was to
be deleted. Errors were manually recorded by having one
of the experimenters unobtrusively observe the subjects
from behind and record each time an error occurred.

Statistics

Before the statistical tests, the data were tested for nor-
mality. They were analyzed using repeated-measures
analyses of variance (JMP 3.2,SAS Institute Inc, Cary,
North Carolina, USA). Descriptive data have been pre-
sented as means with the standard error of the mean
(SEM). The comparisons between the work methods
were performed using Tukey-adjusted t-tests (paired ob-
servations), and likewise-adjusted 95% confidence inter-
vals (95% CI) of the differences between the means were
calculated. Gender comparisons were made using t-tests
(2 independent groups) and were only performed on the
data when subjects used their own work method. Due to
technical problems, the results of 1 man were excluded
from the analysis of wrist postures, and the results of an-
other were excluded from the analysis of muscular load.



Results

The gender comparisons are presented in table 1, and the
method comparisons can be found in table 2.

Differences between genders

The women applied almost twice the force of the men to
the button of the mouse, when expressed as the percent-
age of the MVC (%MVC). No gender differences were
found when the forces were expressed as newtons. When
operating the mouse, the women worked with greater ex-
tension and greater ulnar deviation and had a greater
range of motion in the wrist when compared with the
men. The women also had higher wrist velocities, but the
men’s wrist movements had a higher mean power fre-
quency, the greatest differences occurring in flexion-ex-
tension, There were gender differences in muscular ac-
tivity in the first interossei and extensor digitorum mus-
cles, the women working with higher muscular activity
than the men. The gender differences for the pars de-
scendent of the left and right trapezius muscles were in-
consistent, although there was a tendency for the men to
have higher muscular activity (as percentage of the ref-
erence voluntary electrical activity) in the shoulder than
the women. Small differences were found in the per-
ceived exertion, although the women tended to rate it
higher. The women were prone to have more errors and
performed the task slightly faster, but these differences
were negligible. When comfort was rated, no gender dif-
ferences were found. The mean maximum force the men

Wahlstrém et al

applied to the button and sides of the mouse was 60.4
(SEM 3.86) N and 98.6 (SEM 5.72) N, respectively. The
mean maximum force of the women was 41.4 (SEM
1.73) N and 64.4 (SEM 2.54) N, respectively.

Differences between methods

When using the wrist-based method, the subjects applied
more force to the sides of the mouse than with the other
methods, but the differences were smaller when the forc-
es applied to the buttont of the mouse were compared.
Differences between the methods were found for all the
goniometric variables, the largest being for greater ex-
tension of the wrist and less range of motion, in radial-
ulnar deviation, with the arm-based method and higher
velocities with the wrist-based method. Muscular activi-
ty in the pars descendent of the right and left trapezius
muscles was dependent on the work method, the highest
occurring when the subjects worked with the arm-based
method and the lowest being measured with the wrist-
based method. Only small differences in the first inter-
ossei and the extensor digitorum muscles were found
between the work methods. Differences in perceived ex-
ertion were found between the work methods for all the
body regions studied. After the wrist-based method, the
perceived exertion was rated highest for the forearm,
wrist, and hand-fingers, and after the arm-based method
the highest ratings were given to the neck-shoulder,
shoulder, and forearm. The subjects rated their own work
method as the most comfortable, and the arm-based meth-
od as the least comfortable. With the wrist-based meth-
od the duration to complete the task was longer than with

Table 1. Gender differences in applied forces (N=15 men and 15 women), wrist position data (N=14 men and 15 women) and muscular
activity (N=14 men and 15 women), including the mean differences and 95% confidence intervals (95% Cl) of the differences. (SEM =
standard error of the mean, MVC = maximal voluntary contraction, ROM = range of motion, MPF = mean power frequency, FDI = right
first interossei muscle, MVE = maximal voluntary electrical activity, ED = right extensor digitorum muscle, RTRAP = pars descendent of
the right trapezius msucle, LTRAP = par descendent of the left trapezius muscle, RVE = reference voluntary electrical activity)

Variable Men Women Differences
Mean SEM Mean SEM Mean 95% Gl

Side mean force (%MVC) 0.82 0.08 0.97 0.10 -0.15 -042 — 012
Side peak force (%MVC) 1.44 0.15 1.74 0.21 -0.30 ~0.82 — 0.21
Button mean force (%MVC) 1.20 0.09 1.85 0.16 -0.65 -1.03 — -0.26
Button peak force (%MVC) 2.92 0.30 4.62 0.45 -1.69 -2.81 — -0.58
Position (degrees), flexion-extension? 25.9 1.6 30.3 1.5 ~4.4 -89 — 0.02
ROM(degrees), flexion-extension 16.8 1.0 21.7 1.6 -4.9 -88 — -1.0
Velocity (degrees/s), flexion-extension 14.5 0.7 14.8 15 -0.3 -3.8 — 3.1
MPF (Hz), flexion-extension 0.80 0.04 0.57 0.04 0.23 011 — 035
Position (degrees),deviation? 7.2 1.5 11.2 2.0 -4.0 92 — 1.1
ROM(degrees),deviation 15.9 1.7 21.8 2.1 -5.9 -11.5 — -03
Velocity (degrees/s), deviation 8.5 0.8 1.2 1.1 2.6 -54 — 0.2
MPF (Hz), deviation 0.43 0.03 0.43 0.03 0.005 -0.08 — 0.09
FDI (%MVE) 7.6 17 11.3 2.2 -3.6 -93 — 21
ED (%MVE) 7.6 0.7 11.3 1.1 -3.7 64 — 0.9
RTRAP {%RVE) 30.9 6.4 26.5 4.0 45 -10.9 — 19.8
LTRAP (%RVE) 13.7 4.0 15.8 45 -2.1 -145 — 10.3

2 Pogitive values were used for extension and ulnar deviation.
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Table 2. Method differences in applied forces (N=30), wrist position data (N=29), muscular activity (N=29), and ratings of perceived
exertion (RPE) (N=30) including the mean differences and the 95% confidence intervals (95% CI) of the differences. (SEM = standard
error of the mean, ROM = range of motion, MPF = mean power frequency, FDI = right first interossei muscle, MVE = maximal voluntary
electrical activity, ED = right extensor digitorum muscle, RTRAP = pars descendent of the right trapezius muscle, LTRAP = par descend-
ent of the left trapezius muscle, RVE = reference voluntary electrical activity)

Variable Method Comparison

Own AB WB Methods Difference

Mean SEM Mean SEM Mean SEM Mean 95% Gl

Side mean force (N) 069 005 063 0.05 097 006 Own-wrist-based -0.28 -040— -0.16

. . . . . . Own —arm-based 0.06 -0.06— 0.18

. . . . . . Wrist-based — arm-based 0.34 0.22— 046
Side peak force (N) 123 0.09 1.08 0.09 171 011 Own - wrist-based -0.48 -0.70— -0.25

. . . . . . Own —arm-based 0.15 -0.07— 0.38

. . . . . . Wrist-based — arm-based 0.63 040— 0.86
Button mean force (N) 072 004 069 004 061 0.03 Own-wrist-based 0.1 0.05— 0.17

. . . . . . Own — arm-based 0.04 -0.02— 0.09

. . . . . . Wrist-based ~ arm-based ~ —0.08 -0.13— -0.02
Button peak force (N) 1.78 011 179 012 174 010  Own - wrist-based 0.04 -012— 019

. . . . . . Own - arm-based ~0.01 -017— 014

. . . . . . Wrist-based — arm-based -0.05 -0.20— 0.11
Position (degrees), flexion-extension® 28.2 115 350 124 291 111  Own - wrist-based -0.9 -32 — 14

. . . . . . Own — arm-based -6.8 -91 — 45

. . . . . . Wrist-based — arm-based -5.9 -82 — -3.6
ROM (degrees), flexion-extension 194 104 217 126 210 1.25 Own — wrist-based -1.6 -42 — 09

. . . . . . Own - arm-based -2.3 -49 — 03

. . . . . . Wrist-based - arm-based -0.6 -32 — 189
Velocity (degrees/s), flexion-extension 14.7 083 139 076 158 0.85  Own - wrist-based -1.1 -24 — 02

. . . . . . Own - arm-based 0.8 05 — 2.1

. . . . . . Wrist-based — arm-hased 1.9 06 — 32
MPF (Hz), flexion-extension 068 0.04 056 002 068 0.03 Own- wrist-based 0.00 -0.06— 0.07

. . . . . . Own — arm-based 0.12 0.05— 018

. . . . . . Wrist-based — arm-based 0.11 0.05— 0.18
Position (degrees), deviation® 93 129 91 140 89 125  Own - wrist-based 0.4 -11 — 19

. . . . . . Own - arm-based 0.1 ~-13 — 16

. . . . . . Wrist-based - arm-based -0.3 17 — 12
ROM (degrees), deviation 19.0 146 157 1.05 212 154  Own - wrist-based -2.2 -51 — 07

. . . . . . Own — arm-based 33 04 — 6.2

. . . . . . Wrist-based — arm-based 5.5 26 — 84
Velocity (degrees/s), deviation 99 072 85 044 111 077  Own - wrist-based -1.2 25 — 02

. . . . . . Own — arm-based 1.4 01 — 28

. . . . . . Wrist-based — arm-based 2.6 13 — 490
MPF (Hz), deviation 043 002 045 0.02 045 0.02 Own-wrist-based -0.02 -0.07— 0.04

. . . . . . Own - arm-based -0.02 -0.08— 0.04

. . . . . . Wrist-based — arm-based -0.00 -0.06— 0.05
FDI (%MVE) 95 141 100 164 95 1.53  Own - wrist-based 0 -110— 110

. . . . . . Own - arm-based -0.45 -155— 0.65

. . . . . . Wrist-based — arm-based -0.45 -1.55— 0.65
ED (%MVE) 95 074 100 076 99 0.68  Own - wrist-based -0.38 -1.25— 0.48

. . . . . . Own - arm-based -0.55 -142— 032

. . . . . . Wrist-based — arm-based ~ -0.17 -1.04— 070
RTRAP (%RVE) 286 3.69 524 557 214 277  Own- wrist-based 7.2 -24 — 16.7

. . . . . . Own - arm-based -23.8 -33.3 —-14.2

. . . . . . Wrist-hased — arm-hased -309 405 —-21.4
LTRAP (%RVE) 148 297 221 3.55 93 3N Own — wrist-based 5.5 -1.2 — 122

. . . . . . Own — arm-based -73 -140 — -06

. . . . . . Wrist-based — arm-based  ~12.8  -195 — -6.1
Neck-shoulder (RPE, scale step) 0.3 0.4 2.0 0.6 0.4 0.5  Own — wrist-based -0.1 -12 — 14

. . . . . . Own - arm-based -1.7 -28 — 05

. . . . . . Wrist-based — arm-based -1.6 -27 — -05
Shoulder (RPE, scale step) 0.6 0.3 3.8 0.5 1.4 0.5  Own - wrist-hased -0.8 -1.8 — 041

. . . . . . Own — arm-based -3.2 -42 — -23

. . . . . . Wrist-based — arm-based -2.4 -33 — -14
Forearm (RPE, scale step) 1.1 0.3 2.9 0.6 2.6 0.5  Own - wrist-based -1.5 -26 — 04

. . . . . . Own — arm-based -1.8 -29 — -06

. . . . . . Wrist-based — arm-based -0.3 -14 — 09
Wrist (RPE, scale step) 0.9 0.3 1.6 0.3 341 0.5  Own - wrist-based -2.2 -32 — 12

. . . . . . Own — arm-based -0.6 -17 — 04

. . . . . . Wrist-based — arm-based 1.6 05 — 26
Hand-fingers (RPE, scale step) 0.9 0.2 1.5 0.3 241 0.4 Own — wrist-based -1.2 21 — -03

. . . . . Own - arm-based -0.5 -14 — 03

Wrist-hased — arm-hased 0.7 02 — 15

@ Positive values were used for extension and ulnar deviation.
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the other 2 methods. According to the video observations
used to characterize each subject’s own work method, 9
subjects used an arm-based method, 7 used a wrist-based
method, and 14 used a hybrid method (primarily a wrist-
based method where the mouse was not lifted off the
mouse pad).

Discussion

Differences between genders

The main finding of this study was the gender differenc-
es in work with the computer mouse. Women worked
with greater wrist extension, greater ulnar deviation, and
a greater range of motion and had higher wrist veloci-
ties. The smaller stature of the women and the fixed size
of the devices used may explain part of this difference.
The fixed size of the keyboard may have caused more
outward rotation of the shoulder and ulnar deviation of
the wrist, and the fixed height of the mouse could have
resulted in more wrist extension among the women than
among the men. The only variable for which the men’s
wrist movements exceeded the women’s was the mean
power frequency in flextion-extension. This difference
could be explained by the smaller range of motion that
the men worked with in that it resulted in a greater fre-
quency of repetitive movements about the wrist. Wom-
en also operated the mouse with higher muscular activi-
ty in the extensor digitorum muscle and tended to have
higher muscle activity in the first interossei muscle. They
also applied higher forces to the computer mouse when
expressed as the percentage of the MVC. Similar results
for muscular activity (7, 8) and forces (17, 18) have been
reported by other researchers. These finding may be re-
lated to the lower muscular strength of women and an-
thropometric differences, which influence biomechani-
cal loads. Fixed button actuation forces in combination
with strength differences is a possible explanation for
why women applied more relative (%MVC) force than
the men. Another reason could be that women have
smaller hands, which result in higher relative exertion
needed to grip the mouse.

In a review of epidemiologic findings, Punett &
Bergqvist (19) stated that a woman “appears to be con-
sistently associated with higher occurrences of several
upper extremity and neck muscle discomforts among
VDU users” [p 120]. No definite explanations were found
in the reviewed studies, but constitutional and work sit-
uation differences were mentioned as possibilities. Titti-
ranonda and her co-workers (20) suggested that “small
anthropometric dimensions (i.e., hand and height) may
cause women to work in postures or at higher relative
muscle forces, which cause greater mechanical stresses,
than men” [p 33]. Finally, it is worth noting that the
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gender differences observed were consistent across all 3
methods of operating the mouse.

Differences between methods

Two basic elements characterize work technique, the
method or systems of methods used to carry out a task
(21) and the individual motor performance of the task
(22). The “method” in our study was represented by the
3 different ways of operating the mouse. “Individual per-
formance” focuses on the individual variations in how a
given “method” is executed. There were interindividual
differences in all the measured variables, and this varia-
tion can be explained by differences in anthropometry,
strength, and motivational factors (23).

The trapezius muscle was the most sensitive muscle
for detecting differences in muscular activity between
methods. When looking for the extremes in the variables
measured, the arm-based method was distinguished from
the other 2 methods, as the subjects worked with higher
muscular activity in the right trapezius muscle. The oth-
er muscles showed little differences in the comparison
of methods, at least at the group level of muscular activ-
ity. Previous studies have shown that operating the com-
puter mouse without support of the forearm increases the
load on the trapezius muscle (24, 25).

The velocity of the wrist (flexion-extension and ra-
dial-ulnar deviation) was higher when the subjects used
the wrist-based method. Only small differences were
found in mean power frequency between the methods,
and it varied from 0.43 to 0.45 Hz in radial-ulnar devia-
tion and from 0.56 to 0.68 Hz in flexion-extension. In a
study by Karlqvist et al (25), with computer mouse op-
erators, the mean power frequency was between 0.23 and
0.28 Hz in flexion-extension and between 0.21 and 0.24
Hz in radial-ulnar deviation. The specific task in the
present study resulted in higher mean power frequencies
(ie, higher repetitiveness) when compared with the cor-
responding values of the Karlqvist et al study (25). This
difference may have been due to fewer pauses or the re-
petitive nature of the task.

The forces applied to the sides of the mouse formed
the most sensitive force variable for detecting differenc-
es between the methods. It a study by Johnson et al (17),
whose subjects performed a similar text editing task, the
forces applied to the sides of the mouse were found to
be highly correlated with those of regular work (r=0.89).
Whether these low forces are risk factors for developing
symptoms is unknown, but the combination of high re-
petitiveness and long duration could be a plausible fac-
tor in the development of musculoskeletal symptoms.

Changes in subjective ratings, after a short duration
of physical exposure, appear to be of some value for de-
tecting differences in perceived exertion between the dif-
ferent methods of operating the mouse. When the 3 meth-
ods were compared, the greatest increases in perceived
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exertion occurred in the neck-shoulder and shoulder re-
gions after the use of the arm-based method. After the
wrist-based method the greatest increases in perceived
exertion were reported for the wrist and hand-fingers. The
subjective ratings of perceived exertion often mirrored
the trends observed in the objective physical findings, and
similar trends have previously been reported (7).

The differences between the methods could, in part,
be due either to a difference between the number of men
and women who use each method as their “own” meth-
od or to the distribution of arm-based and wrist-based
users; however, the distribution in both cases was rela-
tively balanced so the differences were probably attrib-
utable to differences between the methods themselves.

Limitations of the study

The subjects were instructed to use work methods that
they did not use in their regular work. We tried to limit
the effect of unfamiliar motion patterns with training ses-
sions before the test. The data collection for each meth-
od was made during approximately 3—4 minutes, which
may be a short time, but all the subjects were experienced
computer mouse operators and should have had few, if
any, initial difficulties in performing the task. The task
performed was text editing, and the generalizability to
other worktasks is limited. However, it has been shown
that the forces applied to the computer mouse during text
editing tasks are highly correlated with regular worktask
forces (17). Finally, only 1 type of mouse was tested in
this study, and it would be of interest to determine wheth-
er the same trends occur with other mice.

Concluding remarks

Gender differences were found for musculoskeletal load,
and, for most of the measured variables, the women
worked with higher loads than the men. The work meth-
od affected performance and musculoskeletal load. Fi-
nally, subjective measures appear to have some utility in
characterizing muscular load.
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