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Objectives The purpose of this study was to develop and validate a sampling strategy for characterizing the finger 
force exposures associated with computer mouse use. 
Methods Mouse forces were measured from 16 subjects (8 men, 8 women), on 3 separate days, at their actual 
workstations while they performed (i) their regular work, (ii) a batte~y of standardized tasks, and (iii) simulated 
mouse use. 
Results The forces applied to the mouse did not vary between hours or days. During regular work, the mouse was 
used 78.0 (SD 40.7) times per hour, accounting for 23.7 (SD 9.5)% of the worktime. The mean forces applied to the 
sides and button of the mouse were low, averaging 0.6 % (0.35 N) and 0.8 % (0.43 N) of the maximal voluntary 
contraction, respectively. The forces applied to the mouse during the standardized tasks differed from the regular 
work forces; however, there were moderate-to-strong correlations between the 2 measures. 
C O ~ C ~ U S ~ O ~ S  With respect to performing exposure assessment studies, the 3 major findings were (i) mouse force 
measurements should be made while subjects perform their actual work in order to characterize the absolute 
applied force accurately, (ii) the forces applied to the mouse during the performance of a short battery of 
standardized tasks can be used to characterize relative exposure and identify computer operators or work situations 
for which higher forces are applied to the mouse, and (iii) subjects cannot accurately simulate mouse forces. 

Key terms computer work, exposure assessment, force, upper extremities. 

Recent studies have shown that musculoskeletal disor- 
ders may be  associated with the use of the computer 
mouse (1-3) and that these apparent mouse-related dis- 
orders are increasing (4). Before the relationship between 
mouse use and disorders in the mouse-using arm can be 
understood, mouse use patterns (ie, the amount and type 
of mouse use) and the biomechanical components of 
mouse operation (force, repetition, posture, muscle load- 
ing patterns, etc) must be assessed. 

The amount of mouse use and the forces applied to 
the mouse by a computer operator are 2 risk factors that 
may play an important role in the development of mus- 
culoskeletal disorders (5). A limited number of studies 
has attempted to characterize the physical "doses" asso- 
ciated with mouse use (6, 7) and the physiological "re- 
sponses" as a result of mouse operation (8-14). How- 
ever, these studies were all small-scale laboratory inves- 
tigations. Exposure assessment of computer mouse use 

in larger scale, real work settings is needed to help clari- 
fy the role that the various risk factors play in the devel- 
opment of mouse-related musculoskeletal disorders. Cur- 
rently, it is uncertain what the exposures to the various 
mouse-related risk factors are and how the exposures vary 
between persons, occupations, computer systems, and 
software applications. 

One of our long-term goals is to develop and vali- 
date a sampling strategy suitable for use in epidemiolog- 
ic  studies in order to determine whether there is any pre- 
dictive value between the forces computer operators ap- 
ply to their mouse and the development of upper-extrem- 
ity musculoskeletal disorders. In order to achieve our 
long-term goals, the primary aims of this study were to 
(i) characterize mouse use and force exposures among a 
group of computer operators while they performed their 
usual work at their workstations, (ii) compare differenc- 
es in  computer mouse use between male and female 
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operators, and (iii) develop and validate an exposure as- 
sessment sampling strategy to characterize accurately the 
forces computer operators apply to the mouse. 

A secondary aim of this study was to determine 
whether simpler and quicker methods, other than mak- 
ing time-consuming "real work" measurements of force, 
can be used to characterize a computer mouse operator's 
level of force exposure. Therefore, the forces applied to 
the mouse were measured while subjects performed a 
battery of standardized tasks, and forces were also meas- 
ured while subjects simply tried to simulate mouse use. 

Subjects and methods 

Subjects 
Sixteen experienced Macintosh computer users (8 men, 
8 women) with a mean age of 41.6 (SD 6.1) years par- 
ticipated in the study. All the subjects were full-time 
employees at the National Institute for Working Life in 
Solna, Sweden. The subjects were administrative person- 
nel (N=3), support staff (N=3), computer administrators 
(N=2), and researcher staff (N=8). 

The subjects were asked to participate in the study 
during days in which they planned to use their computer 
(ie, not in meetings or away from the worksite for part 
of the day). The experiment consisted of (i) continuous- 
ly measuring the forces the subjects applied to the mouse 
while they performed their regular work, (ii) measuring 
the forces applied to the mouse while the subjects per- 
formed a battery of standardized tasks, and (iii) measur- 
ing the forces the subjects applied to the mouse while 
they tried to simulate mouse use. 

Force measurements during regular work 

A force-sensing Apple ADBII mouse was used to meas- 
ure the forces the subjects applied to the sides and but- 
ton of the mouse while they performed their work. The 
force-sensing mouse was fully operational and similar in 
weight, feel, and appearance to their regular Apple AD- 
BII mouse. The design and measurement accuracy of the 
force-sensing mouse has been validated, described, and 
discussed in detail elsewhere (15, 16). 

The mouse force measurements took place at the sub- 
ject's actual workstation while they performed their reg- 
ular work. Data acquisition equipment, consisting of the 
instrumented mouse (Ergonomics Program, University of 
California - San Francisco, Richmond, CA, USA), a 2- 
channel portable amplifier (model 1210, FFA; Bromma, 
Sweden) and a portable computer (Lap Power AB; Stock- 
holm, Sweden) were set up in the subject's office. After 
a short briefing, the data acquisition equipment was 
turned on, and the subject was left alone to perform his 
or her regular work. 

Continuous force measurements were collected from 
each subject on 3 separate days with an average of 20 
days between each measurement. On 1 day, force meas- 
urements were collected over the full workday with the 
data collection periods broken into 6 1-hour blocks. On 
2 other days the data were collected in 1-hour increments 
for either a half or full workday (3 or 6 hours). The force 
signals from the instrumented mouse were sampled at 20 
or 60 Hz. The calibration of the force-sensing mouse was 
verified at the beginning and end of each day by apply- 
ing known forces (0.3, 0.6, 1.0, 4.0 N) to the sides and 
button of the mouse. 

Force measurements during standardized tasks 
Each subject's regular work was periodically interrupt- 
ed so that a battery of standardized tasks could be per- 
formed. The standardized task battery was performed 
once every hour on the 1st day (6 times) and at the be- 
ginning and end of the day on the 2nd and 3rd days (2 
times). The order of the standardized task battery was 
randomized; the battery included the following 3 tasks: 
(i) an omnidirectional pointing task designed to simulate 
moving and clicking on objects with the mouse, (ii) an 
omnidirectional dragging task designed to simulate mov- 
ing and manipulating objects with the mouse, and (iii) a 
text-editing task designed to simulate text editing during 
the use of word-processing applications. On the 1st day, 
before the experiment started, the subjects were allowed 
to familiarize themselves with the standardized tasks by 
performing each of them once. They were instructed to 
perform the standardized tasks at their own pace, and no 
time constraints were imposed. Force data during the 
performance of the standardized tasks were collected at 
60 Hz. 

The omnidirectional pointing task consisted of alter- 
nately clicking on 18 evenly spaced 1.2-cm circular tar- 
gets, arranged in a large circle and spaced 7.5 cm apart 
(figure 1). Each target first turned black to indicate that 
it was active; then the subject clicked on the target with 
their mouse and it disappeared. This sequence continued 
until all 18 targets had been acquired. The omnidirec- 
tional dragging task consisted of dragging 9 evenly 
spaced 1.2-cm circular targets to 9 diametrically oppo- 
site destination targets (1.2-cm circles) spaced 7.5 cm 
apart (figure 2). First, the active and destination targets 
turned black and grey, respectively. Then the active tar- 
get was acquired and dragged to the destination target 
and released, and both targets disappeared. This proce- 
dure continued until all 9 targets were dragged to their 
respective destinations. 

There were 4 paragraphs, 5 lines long, of 12-point 
Courier text in the text-editing task. In each line, at a ran- 
dom location, 1 to 4 characters were highlighted using 
bold text. The subjects were instructed to select the bold 
text with the mouse, and then delete the text by hitting 
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-11 cm - 
Figure 1. Omnidirectional pointing task and screen dimensions of 
targets. The numbers next to the circles represent the sequence of the 
tasks. After a participant clicks on target I ,  target 2 turns black, and so 
forth. 

- 1 1 crn -------+ 
Figure 2. Omnidirectional dragging task and screen dimensions. The 
numbers next to the circles represent the  sequence of the tasks. The 
letter "a" next to the number  indicates that the object is a drag target, 
the letter "b" indicates that the object is a drag destination, and "a" is 
dragged to "b". 

the delete key on the keyboard with the mouse-using 
hand. The target sizes and distances varied slightly de- 
pending on the monitor size and screen resolution. 

Force measurements during simulated mouse use 
On the 1st day of the study at the beginning, middle, and 
end of the workday, the subjects were asked to try to 
simulate the forces that they applied to the sides of the 
mouse using a nonfunctional Apple ADBII mouse instru- 
mented with a load cell (Pinch Meter; Greenleaf Medi- 
cal; Palo Alto, CA, USA). They were instructed to hold 
their real mouse, simulate mouse use, and then switch to 
the mouse instrumented with the load cell and replicate 
the force they applied to their regular mouse for a period 
of 5 seconds. They alternated between the 2 devices un- 
til force measurements from 5 simulated mouse pinch 
force measurements had been collected. 

Measuring maximal voluntary contractions 

laboratory. An adjustable table and chair were set up to 
match the table and chair heights of the subject's actual 
workstation. Then the subject was asked to apply maxi- 
mal voluntary contractions (MVC) to the sides and but- 
ton of an Apple ADBII mouse instrumented with load 
cells (Pinch Meter, Greenleaf Medical, Palo Alto, CA, 
USA). The MVC applied to the sides and button of the 
mouse were measured separately and stored on a com- 
puter at 50 Hz. The subject was instructed to grip the 
mouse during the MVC the same way they gripped the 
mouse during regular use. Three MVC recordings were 
collected from the sides and button of the mouse. A min- 
imum of 2 minutes elapsed between each MVC. If the 
3rd MVC was the highest, additional MVC values were 
collected until the MVC force declined. 

Data analysis and statistical methods 

Regular work. Each hour of mouse force data collected 
during the subject's regular work was analyzed using a 
force decomposition program written in Labview 3.1. 
The program recorded each time the mouse was used (de- 
fined as a grip episode) and kept track of idle periods 
(defined as any period where 0 newtons of force was be- 
ing registered by both the sides and button of the mouse 
for 1 second or longer). For each grip episode, the pro- 
gram calculated the mean force, peak force, and grip du- 
ration. Summary statistics were calculated across all the 
grip episodes for each hour of mouse operation, includ- 
ing (i) the mean forces applied to the sides and button of 
the mouse during use, (ii) mean of the peak forces ap- 
plied to the sides and button of the mouse, (iii) mean of 
the grip episode duration, (iv) median of the grip episode 
duration, (v) mean idle period, (vi) median of the idle 
period, and (vii) minutes of mouse use during the hour. 

To determine whether the forces applied to the mouse 
varied from hour to hour or between days, a repeated- 
measures analysis of variance (RANOVA) was used, and 
the 95% confidence intervals (95% CI) were calculated 
using Bonferroni's method. For an hour of force data to 
be included in this portion of the analysis, the hour had 
to contain a minimum of 20 grip episodes (26 out of 21 1 
hours of data were excluded). To test for differences be- 
tween the genders, sign-rank tests were performed, and 
the 95% confidence intervals were calculated for the 
median differences (17). 

Sometimes, a certain level of precision is specified, 
and then data are collected until that level of precision is 
met in order to determine how long to collect data. In 
our study we defined precision as the coefficient of vari- 
ation (standard deviation divided by the mean) divided 
by the square root of n, where n was the number of grip 
episodes. 

The maximum forces that a subject could apply to the To evaluate how long regular work force data would 
sides and button of the mouse were measured in the have to be collected to attain a certain level of precision, 
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we analyzed the 1st hour of each subject's mouse force 
data that contained at least 50 grip episodes. With these 
data, the precision statistic was calculated and iterative- 
ly re-calculated with each successive grip episode. Then 
the average number of grip episodes and the sampling 
duration needed to reach a 10% level of precision were 
determined for (i) the mean forces applied to the sides of 
the mouse, (ii) the mean forces applied to the button of 
the mouse, (iii) the peak forces applied to the sides of 
the mouse, and (iv) the peak forces applied to the button 
of the mouse. 

Standardized tasks. RANOVA methods were also used 
to determine whether the forces applied to the mouse 
during the performance of the standardized task battery 
varied from hour to hour (between the 6 standardized task 
batteries collected on day I )  and between days (days 1, 
2, and 3). 

Comparison of simulated mouse use and regular work 
forces. A RANOVA was used to dete~mine whether there 
were differences between the forces applied to the sides 
of the mouse during regular work and simulated mouse 
use. In addition, a simple linear regression was per-formed 
to assess the degree of correlation between the regular 
work and simulated mouse forces. 

Comparison of standardized task and regular work 
forces. RANOVA methods and Dunnett's follow-up tests 
were used to determine whether there were differences 
between the mean forces applied to the mouse during reg- 
ular work and each of the standardized tasks. With the 
use of Dunnett's test statistic, the 95% confidence inter- 
vals were calculated for the differences between the 
means. 

To determine whether the standardized task and reg- 
ular work forces were related, simple linear regressions 
were performed to assess the degree of correlation (r) 
between the regular work forces averaged over 3 days 
(considered the gold standard) and the standardized task 
forces collected on day 1. In addition, the performance 
of various combinations of the standardized tasks were 
compared with regular work forces by taking the aver- 
age force for the various standardized task combinations 
for each subject and correlating them with the regular 
work forces averaged over 3 days. Since the standard- 
ized tasks were collected from each subject 6 times on 
day 1 (once every hour), the individual values for each 
subject were based on the median of the 6 measurements 
in order to obtain a representative correlation. The cor- 
relations were calculated when the forces were expressed 
in newtons and as the percentage of the maximal volun- 
tary contraction (%MVC). Since there was evidence that 
the MVC data were not normally distributed, Spearman 
rank correlations were calculated. 

Using the standardized tasks to identify operators who 
apply higher forces to the mouse. Using the average of 
the regular work forces applied to the mouse over the 3 
days, we categorized each operator as either a "high- 
force" or "moderate-to-low-force" user. "High-force" 
users were defined as operators whose forces were in the 
upper quartile (upper 25%), whereas "moderate-to-low- 
force" users were those whose forces were in the lower 
3 quartiles (lower 75%). We made this division to split 
the subjects into 2 groups to match the "diseased" and 
"nondiseased" paradigm as used in epidemiology. Like- 
wise, the operators were categorized as high-force or 
moderate-to-low-force users according to their standard- 
ized task forces. In order to measure the agreement and 
validity between the high-force users identified by the 
regular work and standardized task forces, the kappa co- 
efficient, sensitivity, specificity, and positive predictive 
values were calculated. 

Regular work 
Based on the averaging of each subject's mouse use over 
the 3 days, the group mean amount of mouse use per hour 
was 14.24 (SD 5.70) minutes, accounting for 23.7 (SD 
9 3 %  of the time the subjects spent working. The mouse 
was used an average of 78.0 (SD 40.7) times per hour, 
the average grip episode lasting 12.0 (SD 5.2) seconds. 
There were no differences between the genders as to how 
much the mouse was used (95% CI of the difference 
-15.0 to 7.0%, P=0.37). The median amount of mouse 
use was 27.5 (range 13.540.1)% of the time for the men 
and 22.1 (range 6.1-3 1.9)% for the women. 

The maximal force that the subjects could apply to 
the sides and button of the mouse during an MVC were 
79.5 (SD 21.4) N and 52.8 (SD 16.8) N, respectively. 
Three subjects gripped the mouse with their thumb and 
middle finger and ring and little fingers; 5 subjects used 
their thumb and ring finger; and 8 subjects used their 
thumb and ling and little fingers. When the maximal forc- 
es were grouped by gender, there were differences be- 
tween the men and women in the median force applied 
to the sides (95.8 versus 67.6 N, 95% CI 6 . 6 4 2 . 6  N, 
P=0.02) and button (61.1 versus 46.7 N, 95% CI -1.73- 
32.4 N, P=0.07) of the mouse. 

In general, the forces applied to the mouse during reg- 
ular work were low, with a median force of 0.5 (range 
0.3-1.8)%MVC applied to the sides and 0.7 (range 
0.4-1.5)%MVC applied to the button. When the forces 
applied to the mouse during regular work were expressed 
in newtons, no differences were observed between the 
genders (table 1); however, when forces were expressed 
as the %MVC, there were small gender differences, the 
women applying slightly more force. The newton values 
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Table 1. Differences between the genders in the  mean and peak forces applied to the mouse (N=8 men and N=8 women). The 95% 
confidence intervals (95% CI) and P-values are for the differences between the genders. (%MVC = percentage of the maximal voluntary 
contraction) 

Mouse Newtons %MVC 

Median Range 95% CI P-value Median Range 95% CI P-value 

Sides 
Mean 

Men 
Women 

Peak 
Men 
Women 

Button 
Mean 

Men 
Women 

Peak 
Men 
Women 

Table 2. Comparison between the forces applied to the mouse during regular work and the  standardized tasks. The 95% confidence 
intervals (95% CI) are for the differences between the regular work and standardized task (N=16). 

Mean force 
Regular work 
Dragging task 
Pointing task 
Text editing 

Peak force 
Regular work 
Dragging task 
Pointing task 
Text editing 

Sides Button 

Mean (N) SD 95% CI Mean (N) SD 95% CI 

0.35 0.06 
0.24 - 0.48 (significant) 0.90 0.25 0.44- 0.64 (significant) 
0.04 - 0.28 (significant) 0.30 0.05 -0.04- 0.16 (not significant) 
0.01 - 0.24 (not significant) 0.63 0.1 2 0.18- 0.38 (significant) 

1.41 0.24 
0.47 - 1.40 (significant) 2.51 0.86 0.79- 1.40 (significant) 

-0.18 - 0.74 (not significant) 1.64 0.31 -0.07- 0.55 (not significant) 
-0.24 - -0.68 (not significant) 1.50 0.28 -0.22- 0.40 (not significant) 

for the forces during regular work are summarized in ta- P=0.89, respectively). In addition, there were no signifi- 
ble 2. cant hour-by-day interactions. 

The RANOVA indicated that there were no differ- 
ences between hours (figure 3) or days (figure 4) in the 
forces applied to the mouse, nor were there any signifi- 
cant hour-by-day interactions. When the error variance 
terms from the RANOVA were analyzed, the between- 
subject error variances were largest, followed by the be- 
tween-day error variances, the between-hour error vari- 
ances being the smallest. 

Table 3 shows that, according to the most variable 
force measure, the mouse would have to be used 42 times 
for an average of 43.2 minutes to reach a 10% level of 
precision for all the force measures. 

Standardized tasks 

The RANOVA indicated that the mean forces applied to 
the sides and button of the mouse during the perform- 
ance of standardized tasks did not vary between the hours 
(P=0.39 and P=0.91, respectively) or days (P=0.68 and 
P=0.70, respectively), nor did the peak forces applied to 
the sides and button of the mouse vary between the hours 
(P=0.71 and P=0.84, respectively) or days (P=0.84 and 

- - 
Comparison of simulated mouse use and regular work 
forces 
The RANOVA indicated that there was a difference (P 
< 0.01) between the forces applied to the sides of the 
mouse during regular work [0.43 (SD 0.13) N] and that 
measured during simulated mouse use [0.92 (SD 0.35) 
N]. The correlation between the 2 measures (r=0.16) was 
low. When the forces were expressed as the %MVC, 
there was still a significant difference (0.5 versus 1.0 
%MVC, P<0.01), but an increase in correlation (r=0.50). 

Comparison of standardized tasks and regular work 
forces 
As table 2 indicates, the forces applied to the mouse dur- 
ing the performance of the standardized tasks were task 
dependent. There was no one single task for which the 
standardized task forces matched the forces applied to 
the mouse during regular work. 

Despite the force differences, there were moderate- 
to-strong relationships between the standardized task and 
regular work forces (table 4). When both side and button 
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2.0 ---------------------..----------..------.....------- c:!!: --... 
p = 0.20 9S0hCl (-0.10 - 0.35) 

9S0hCl (4.09 - 0.28) 

- 
s. 
a, 1.0 ---.....--------- 
2 
0 95%C1 (4.04 - 0.07) 
M, 95%Cl (4.04- 0.10) 

Figure 3. Mean and standard deviation of 
the forces, grouped by hours, applied to the 
mouse during regular work on day 1.  The 
probabilities (p) and 95% confidence inter- 

Mean Peak Mean Peak val (95% GI) of the  largest differences are 
Sides Button shown (N=16), 

Mean Peak Mean Peak 

Sides Button 

forces are considered, the text editing task had the best 
combined overall correlation with regular work forces. 
When combinations of the standardized tasks were com- 
pared with the regular work forces, there were slight in- 
creases in the conelation coefficients, the combination 
of the text editing and pointing test having the best over- 
all correlation. The relationships between regular work 
and standardized tasks were greater when the forces were 
expressed as the %MVC. An increase in the conelation 
could be explained by an increase in the range of the var- 
iables tested when expressed as the %MVC; however, 
the increase in the correlation was not due to an increase 
in range. The ratios between regular work and the stand- 
ardized task forces were virtually identical when the fort- 
es were expressed in newtons and as the %MVC. 

Using the standardized tasks to identify operators who 
apply higher forces to the mouse 
Table 5 shows the validity of using 2 of the standardized 
tasks (the text editing and omnidirectional pointing task) 
as a tool for identifying operators who apply higher forces 
to the mouse. In general, there was good agreement be- 
tween the forces that the operators applied to the mouse 
during regular work and during the performance of the 
standardized tasks. As indicated by the correlations in 
table 4 and the agreement measures in table 5, the power 
to discriminate between high- and moderate-to-low-force 
users increased when the forces were expressed as the 
%MVC. Although the agreement measured by the kappa 

Figure 4. Mean and standard deviation of 
the forces, grouped by days, applied to the 
mouse during regular work. The probabili- 
ties (p) and 95% confidence interval (95% 
CI) of the largest differences are shown 
(N=16). 

Table 3. Number of grip episodes and time needed to reach 10% 
precision in the mouse force measurements when the mouse 
forces were measured during regular work (N=16). 
-- - - - 

Mouse Grip ep~sodes ( N )  Time ( m ~ n )  

Mean SD Peak SD Mean SD Peak SD 

Sides 17.6 17.1 27.8 18.8 20.0 23.9 31.2 34.1 
Button 41.9 33.5 13.8 11.9 43.2 41.7 12.5 12.3 

Table 4. Correlation between regular work forces and various 
combinations of the standardized task forces. Correlations are 
presented when the forces are expressed in newtons and as the 
percentage of the maximal voluntary contraction (%MCV) (N=l6). 

Task Sides Button 

Newtons %MVC Newtons %MVC 

Dragging 0.82 0.87 0.53 0.80 
Pointing 0.80 0.89 0.46 0.82 
Text editing 0.82 0.83 0.73 0.92 
Dragging & pointing 0.85 0.91 0.57 0.85 
Dragging & text editing 0.87 0.90 0.64 0.88 
Pointing & text editing 0.87 0.89 0.73 0.94 
Text editing, pointing & dragging 0.90 0.93 0.66 0.91 

coefficients may not seem high, a kappa coefficient of 
0.67 resulted when only 1 out of the 16 subjects was mis- 
categorized. 
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Table 5. Measures showing the agreement between the regular 
work and standardized task forces for identifying operators who 
applied higher forces to the mouse. Agreement measures are 
shown when forces are expressed in newtons and as the maxi- 
mal voluntary contraction (%MCV) (N=16). (K = kappa, PPV = ?) 

Mouse Newtons %MVC 

K Sensi- Speci- PPV K Sensi- Speci- PPV 
tivity ficity tivity ficity 

Sides 0.67 0.75 0.92 0.75 0.67 0.75 0.92 0.75 
Button 0.33 0.50 0.83 0.50 0.67 0.75 0.92 0.75 

Discussion 

This study is the first part of a larger study to determine 
the role the computer mouse plays in the development 
of upper-extremity musculoskeletal disorders, and it rep- 
resents the first time mouse forces have been determined 
for subjects in their actual offices while performing their 
actual work. Several key issues related to data collection 
procedures have been explored, and the results can be 
used to direct initial data collection procedures in upcom- 
ing field studies. First, the forces that the subjects ap- 
plied to the mouse did not valy between hours or between 
days. From an exposure assessment standpoint, this find- 
ing indicates that the forces that a computer operator ap- 
plies to the mouse can be characterized in 1 day during 
any hour of the day. For a 10% level of precision for the 
regular force measures of work with a mouse, on the av- 
erage, the mouse would have to be used 42 times, taking 
43.2 minutes to collect. Second, the forces that the sub- 
jects applied to the mouse during the performance of 
standardized tasks differed from the forces applied to the 
mouse during regular work. However, there were mod- 
erate-to-strong cowelations between the 2 measures that 
indicated that standardized task forces may be useful as 
a relative force exposure measure. If the goal is to dis- 
criminate between computer operators or work situations 
in which "high" compared to "moderate-to-low" forces 
are applied to the mouse, then a single battery of stand- 
ardized tasks can be used for identification. A single bat- 
tery of tasks has the advantage of reducing and simplify- 
ing data collection procedures. Finally, the simplest of 
all collection procedures, having operators simply simu- 
late computer mouse use, did not perform well as an ex- 
posure assessment tool. 

With respect to characterizing mouse use, the forces 
applied to the mouse during regular work were low 
(range 0.3-6.2%MVC), and mouse use accounted for 
24% of the time the subjects spent working. Muscle fa- 
tigue has been documented after 5 hours of intensive 
mouse use (18); however, it is uncertain at this point 
whether musculoskeletal disorders can result from these 
low force levels. The correlations between the number 
of times the mouse was used per hour (work pace) and 

the force applied to the sides and button of the mouse 
were low (r values <0.25). 

During mouse use, the men and women applied the 
same absolute (newton) force; however, the relative 
(%MVC) force applied by the women was slightly high- 
er. Similar gender differences have been observed in the 
forces applied to computer keyboards during typing (19). 
In occupational settings, women have been shown to have 
a higher prevalence of upper-extremity disorders than 
men (3,20-22). One possible explanation could be the 
greater relative (%MVC) force exposure for women. This 
possibility stresses the importance of making both abso- 
lute and relative force measurements in comparisons 
evaluating gender differences. If a subject's MVC force 
is not measured, then relative (%MVC) force exposure 
comparisons cannot be made. 

A major issue is whether either type of force expo- 
sure (absolute or relative) is a better measure of expo- 
sure and a predictor of disease and disorder. It is worth 
noting that with virtually every force measure, the abili- 
ty of the statistical tests to measure or detect differences 
was increased when the mouse forces were compared 
using relative (%MVC) forces rather than absolute (new- 
tons) forces. The increase in the ability of the statistical 
tests to detect differences with relative forces was not due 
to an increase in the range of forces when expressed as 
the %MVC. In addition, both mean and peak forces were 
measured in this study; cul~ently it is uncertain which 
measure is more important as an exposure measure. How- 
ever, it is worth noting that there was a strong correla- 
tion between the mean and peak forces. 

Finally, this study had some limitations. First, the 
mouse force data were collected from Macintosh mouse 
users only. It is uncertain if the same findings and trends 
in mouse use would be observed among personal com- 
puter and workstation users. Second, these data were col- 
lected from subjects on 1 job site. It would be interest- 
ing to collect data from subjects at other job sites and 
from other occupations. Finally, the patterns and distri- 
butions of the mouse force patterns were not character- 
ized in this study. Such a procedure may provide addi- 
tional information. Despite these limitations, key factors 
pertaining to computer mouse use and how to collect 
mouse force exposure data have been identified. 

Concluding remarks 

The 3 major findings of this study with respect to expo- 
sure assessment research are (i) mouse force measure- 
ments should be made while subjects perform their actu- 
al work in order to characterize accurately the absolute 
(newton) forces that subjects apply to the mouse, (ii) the 
forces applied to the mouse during the performance of a 
short battery of standardized tasks will work well as a 
tool for identifying computer operators or work situations 
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in which higher forces are applied to the mouse, and (iii) 
subjects cannot accurately simulate mouse forces. 

In the future we hope to collect mouse forces in dif- 
ferent occupational settings (eg, different software, hard- 
ware, tasks, etc) and use the performance of the stand- 
ardized task battery to identify computer operators or 
work situations in which higher forces are applied to the 
mouse. Ultimately we would like to determine whether 
the forces that a computer operator applies to the mouse 
has any predictive value for identifying which computer 
operators may be at risk for developing mouse-related 
musculoskeletal disorders. 
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