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Abstract

OBJECTIVES: This laboratory study examined gender differences in upper extremity postures,
applied forces, and muscle activity when a computer workstation was adjusted to individual
anthropometry according to current guidelines.

METHODS: Fifteen men and fifteen women completed five standardized computer tasks: touch-
typing, completing a form, editing text, sorting and resizing graphical objects and navigating
intranet pages. Subjects worked at a height-adjustable workstation with the keyboard on top of the
work surface and the mouse to the right. Subjects repeated the text editing task with the mouse

in two other locations: a “high” mouse position, which simulated using a keyboard drawer with
the mouse on the primary work surface, and “central” mouse position with the mouse between the
keyboard and the body, centered with the body’s center line. Surface electromyography measured
muscle activity; electrogoniometric and magnetic motion analysis system measured wrist, forearm
and upper arm postures; load-cells measured typing forces; and a force-sensing mouse measured
applied forces.

RESULTS: Relative forces applied to the keyboard, normalized muscle activity of two forearm
muscles, range of motion for the wrist and shoulder joints and external rotation of the shoulder
were higher for women (p<0.05). When subjects were dichotomized instead by anthropometry
(either large/small shoulder width or arm length), the differences in forces, muscle activity of the
shoulder and wrist posture and shoulder posture became more pronounced with smaller subjects
having higher values. Postural differences between the genders increased in the high mouse
position and decreased in the center mouse location.

CONCLUSIONS: When a work station is adjusted per current guidelines differences in upper
extremity force, muscle activity and postural factors still exist between genders. However, these
were often stronger when subjects were grouped by anthropometry suggesting that perhaps the
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computer input devices themselves should be scaled to be more in proportion with the stature and
strength of the user.

INTRODUCTION
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Computer work has been associated with musculoskeletal disorders of the upper extremity
(e.g. Punnett & Bergqvist, 1997; Gerr et al., 2002). The prevalence of upper extremity
disorders related to computer work is higher among females (Punnett and Bergqvist, 1999;
Gerr et al., 2002; Lassen et al., 2005). A recent review (Treaster and Burr, 2004) reported
that the higher prevalence of MSD in females exists even controlling for work-factors.
However, Punnett and Herbert’s review (1999) of the epidemiologic literature showed that,
both in the general population and in workplace settings, the putative excess risk of upper
extremity disorders among women was not impressive when differences in occupation

and job demands were taken into account. Only a limited number of studies permitted
such analysis, and even fewer examined potential differences in exposure between men
and women within job titles, across similar tasks, and taking into account anthropometric
differences.

Musculoskeletal disorders can occur when there is a mismatch between a worker’s
capabilities and the job design. For example, Smet and Ghyselen (1998) found that
musicians with smaller hands had more frequent musculoskeletal symptoms and overuse
syndromes. Sauter et al (1991) reported that the relative height of the keyboard is associated
with neck and shoulder disorders. Interventions thus should be aimed at matching the
workstation with the anthropometry of the worker (OSHA, 1997). The relationship between
gender and anthropometric dimensions is significant to note, as women, on average,

have smaller anthropometric dimensions compared to men (Jurgens et al. 1990; National
Health Survey, 1985). Hence, failure to implement ergonomic principles may have greater
consequences for people with smaller anthropometry.

A small number of laboratory studies have examined gender and anthropometric differences
in upper extremity biomechanics. Wahlstrom et al. (2000) reported that women used

higher relative forces (percentage of maximum voluntary contraction) and more non-neutral
postures than men when operating a computer mouse during a text selection and deletion
task. Karlgvist and Bernmark (1998) examined mouse tasks and reported more extreme
postures in female computer operators as well as in those with narrower shoulders and
shorter height, suggesting that the higher exposures of female subjects resulted at least in
part from their smaller stature requiring greater extremes of reach. These studies, however,
have not examined multiple factors (force, muscle activity, wrist and shoulder postures)
during tasks that span a wide range computer tasks (Dennerlein and Johnson, 2006a).

In addition to general recommendations for workstation setup, the positioning of the mouse
is often utilized as an intervention for musculoskeletal symptoms. Dennerlein and Johnson
(2006b) studied the biomechanical implications of four different mouse positions; the poorly
positioned mouse yielded the least neutral posture and the highest level of muscle activity.
Others have also studied alternative mouse positions, and the results have consistently shown
that locating the pointing device close(r) to the midline of the body provides more neutral
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wrist and shoulder postures and reduces some muscle activity levels (Harvey and Peper,
1997; Sommerich et al., 2002; Cook and Kothiyal, 1998).

Our goal was to quantify differences in biomechanical measures (force, muscle activity and
posture) between men and women in a controlled laboratory setting where the participants
completed the same set of simulated work tasks at a workstation adjusted to fit each
individual, with the mouse positioned to the right of the keyboard. This study tested the
hypotheses that women utilize greater forces (absolute and relative), muscle activity and
non-neutral wrist and shoulder postures. This study also sought to determine whether

there was any correlation between these biomechanical parameters and the individuals’
anthropometry. The study hypothesized that smaller anthropometry leads to greater forces,
muscle activities and non-neutral postures. Finally, this study also examined how these
differences between genders were affected by workstation configuration.

METHODS

Subjects

Thirty subjects (15 males, 15 females) ranging in age from 21 to 39 years (mean = 26.9
years, standard deviation = 4.9 years), all of whom touch-typed at 40 words per minute

or higher, were recruited through a temporary employment agency. Based on a typing test
performed before the experiment, the net typing speed of the subjects ranged from 41 to
77 words per minute. Except for BMI, all anthropometric measurements were greater for
men compared to women (Table 1). The Harvard School of Public Health Human Subjects
Committee approved all protocols and consent forms.

Experimental Protocol

The experiment consisted of subjects completing a series of five standardized computer
tasks while seated at an adjustable workstation. The five different tasks were: typing (Type),
text editing (Edit), completing a web based form (Form), a graphics manipulation task
(Graphics), and web page browsing (Web). Each task designed to take approximately

5 minutes to complete and the five task required different combinations of mouse and
keyboard interactions (Dennerlein and Johnson 2006a).

The workstation consisted of an adjustable chair without arms, an adjustable work surface
for the keyboard and mouse, and a flat-panel monitor on an adjustable monitor stand. The
chair height was adjusted such that with the participant’s feet flat on the ground their thighs
were parallel to the ground. The height of the table was adjusted such that the surface was
level with the resting elbow height for each individual while sitting for all experimental
conditions. The keyboard was placed on the table surface near the edge of the workstation
with the alphanumeric portion of the keyboard centered with the body’s centerline. Forearm
and wrist supports were not provided. For all of the tasks the mouse was positioned to the
right of the keyboard in a standard configuration.

Subjects repeated the text-editing task with the mouse positioned in two other locations.
One location was with the mouse beyond the keyboard and elevated 5 cm above the surface
of the keyboard (“high mouse”). This high mouse position emulated a workstation with a
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keyboard tray vertically adjusted to the individuals’ anthropometry with enough space for
the keyboard only and the mouse is placed away from the user on the desk. The other
location was with the keyboard pushed back 25 cm from the edge of the table and the mouse
positioned between the keyboard and the user (“center mouse”). The order of the conditions
for each subject was randomized.

Apparatus and Measurements

Strain gauge based sensors located under the keyboard and within the mouse measured the
applied forces to the input devices during the tasks. The keyboard force sensing system
consisted of a rectangular aluminum plate 3.18 mm thick with four 22 Newton load cells
(model ELFS-B3-5L, Entran Devices Inc., Fairfield, NJ) mounted to the underside of

the plate. The platform had a force sensitivity of 0.03 Newton’s (N) and could measure
compressive forces up to 88 N. The mouse contained five miniature load cells (Model
AIFP-PJ; Microstrain; Winooski, VT) with four load cells embedded between two stainless
steel plates on the side of the mouse and one under the button providing a measure of
thumb grip and finger forces, respectively (Johnson et al., 2000). Calibration of the mouse
indicated the miniature side force sensing system had a sensitivity of 0.01 N, was linear

(r = 0.996) with applied forces, and was accurate in measuring forces over the whole area
of the side of the mouse. The side force-sensing system was also repeatable and had an
average measurement error of 6.5% when 0.5 Newton was applied twenty times. The button
force sensing system was linear (r = 0.983) with applied forces and moderately accurate in
measuring forces over a 1.5 cm x 1.5 cm area (average absolute force measurement error
over the area was 18.0%). Button force measurement was repeatable with an average error
of 3.4% while measuring 0.5 Newton applied to the same location twenty times. The force
signals were digitally recorded onto a personal computer at 200 samples per second and then
digitally low-pass filtered at 20 Hz to remove high frequency noise and platform resonance
(~100 Hz).

To normalize the force measurements as the percentage of a subject’s maximum capability,
Maximum Voluntary Isometric Contractions (MVCs) were collected. To normalize the force
results across subjects, three, five-second MVCs were collected to obtain the maximum
forces the subjects could apply to the keyboard and mouse. For typing, subjects pressed as
hard as they could on the J key of the keyboard with their index finger. For the mouse,
subjects pressed as hard as they could with their index finger against a force transducer
inserted into the mouse button and squeezed a force transducer mounted in the side of the
mouse between the thumb and fingers, as described by Johnson et al. (2000). Participants
rested for one minute between contractions. The force signals from these MV Cs were
smoothed with a one-second moving window average and the force MVC value was the
highest amplitude from these three signals.

The electromyographic activity from four muscles of the right forearm and three muscles
of the right shoulder were recorded during the tasks. The forearm muscles monitored were
the flexor carpi radialis (FCR), the flexor carpi ulnaris (FCU), the extensor carpi ulnaris
(ECU) and the extensor carpi radialis (ECR). The three shoulder muscles monitored were
the anterior deltoid (AD), the medial deltoid (MD) and the upper trapezius (Trap) muscles.
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Surface electrodes (DE-2.1 Single Differential Electrode, Delsys, Boston, MA) were placed
on top of the muscle bellies in accordance with the anatomical locations as identified

by Perotto (1994). Placements were validated through palpation and signal response to
isometric test contractions.

After amplification with a bandwidth of 20 to 450 Hz (Bagnoli-Eight Amplifier, Delsys,
Boston, MA), the raw EMG signals were recorded onto a personal computer at 1000
samples per second. The EMG amplitude was represented by a root mean square (RMS)
value calculated over a 0.2 second moving window. To normalize the EMG results

across subjects, three, five-second maximum voluntary isometric contractions (MVCs) were
collected for each muscle. The EMG MV C value was the highest amplitude from the three
EMG signals for the identified muscle. For the MV Cs, the experimenter manually restrained
the movement of the joint that the muscle of interest articulates. For the four forearm
muscles that articulate the wrist, the wrist was restrained and the subjects were instructed to
push in the direction that each of the four muscles act as defined by Buchanan et al. (1993).
For the anterior deltoid the experimenter resisted shoulder flexion and for the medial deltoid
shoulder abduction was resisted. For the trapezius muscle, subjects attempted to lift/shrug
their shoulders with the direction of the resistance being applied vertically downward at the
acromion. For these exertions of the shoulder muscle the upper arm was near the neutral
posture, vertically aligned with the torso.

The participants wore a two-channel, glove-based electrogoniometry system (Wristsystem,
Greenleaf Medical; Palo Alto, CA) that measured wrist posture during the tasks from both
the left and the right hand. The system measured wrist flexion and extension and ulnar and
radial wrist deviation. The system has a resolution of 0.1 degrees and 2 degree accuracy
over a £90 degree range. It was calibrated using a wrist jig in accordance with the methods
described in Jonsson and Johnson (2001). Postures were recorded continuously by a data
logger at 20 samples per second during the tasks. Using the same methods of Jonsson

and Johnson et al (2001), neutral radial/ulnar deviation was defined as the position where
the third metacarpal was in alignment with the long axis of the forearm and neutral flexion/
extension where the plane formed by the dorsal surface of the hand was in line with the
plane formed by the dorsal surface of the forearm (Greene and Heckman, 1994).

For the first 15 participants, the right upper arm postural data were collected using a
three-axis orientation sensor (Model 3DM; Microstrain, Inc.; Winooski, VT) placed on the
lateral midpoint of the right humerus, defined as halfway between the lateral epicondyle

and the acromiom process. The 3DM measured abduction (£70°) and flexion (x180°) using
inclinometers, and rotation (x180) using a magnetometer. For the last 15 participants, an
electro-magnetic motion analysis system (MiniBird, Ascension Technology, Burlington, VVT)
measured the orientation of the upper arm using two sensors, one placed on the forearm and
one on the upper arm, midway on the humerus. The second system was introduced due to
hardware failure. For both systems data were recorded through the serial port into a personal
computer at 10 samples per second. The neutral position for the upper arm was defined as
seated, shoulders relaxed with the elbows at the sides of the body and the palms of the hands
resting on the subjects’ own thighs.
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Upper extremity anthropometric measurements were taken using as the shortest distance
between anatomical landmarks (Pheasant and Haslegrave, 2005). These measurements
included shoulder width (distance across acromioclavicular joints), shoulder-elbow length
(measured as acromioclavicular joint to olecranon process), elbow-wrist (distance from
olecranon process to ulnar styloid), palm length (ulnar styloid to third metacarpophalangeal
joint) and finger length (third metacarpophalangeal joint to the tip of the third digit). Arm
length was calculated by adding the lengths of the upper arm and lower arm. Subjects
self-reported their height and their weight.

Data and Statistical Analysis

Summary statistics for muscle activity and upper extremity postures included mean and
standard deviation as well as the 10t, 50", and 90" percentiles of signal amplitude
(Jonsson, 1988). For the posture measures, the difference between the 90t and the 10t
percentile provides a measure of the range of motion and the 50 percentile provides a
measure of the median postural by definition These summary statistics were calculated for
each subject and each task.

The mouse and keyboard force data were parsed into grip and typing episodes respectively.
Grip episodes were defined when the force applied to the side of the mouse or the keyboard
exceeded minimum and standard deviation force thresholds. A grip episode on the mouse
was defined as any period where force applied to the side of the mouse was above 0.08
Newtons and a 100ms moving window of the force standard deviation exceeded 0.025
Newtons. For the keyboard force, the standard deviation of the force signal over a 150
millisecond second window had to be above a 0.45 Newton threshold, indicating dynamic
activity; the maximum force for the episode had to exceed the activation force for the
keyboard (0.65 N) and have a duration of over 150 milliseconds. Once an episode was
identified, the average force and peak forces (95! percentile) as well as the duration of the
episode were calculated. These force parameters were then averaged across episodes and the
five tasks to provide a summary measure for each subject.

To test the hypothesis that women utilize greater forces (absolute and relative), muscle
activity and non-neutral wrist and shoulder postures, repeated measures analysis of variance
(ANOVA) models were fitted to each summary statistic (dependent parameter). The
independent parameters in the model were gender, task and their interaction with subject
set as a random variable and gender nested within the subject random effects variable.
Post-hoc single sided t-tests were then used to compare values between the gender. To
explore if anthropometry was also a factor, the subjects were categorized into two groups
of 15 each, small and large. This was done twice, once based on shoulder width and

once on arm length. The repeated measures model and post-hoc comparisons as described
above were utilize with the anthropometry variable replacing the gender variable. Since
the post-hoc t-test p-values and the p-value for the gender factor were the same, p-values
for the post-hoc t-tests only are presented. Pearson correlation coefficients quantified the
relationship between the subjects’ summary statistics and their anthropometry measures.
To test the effects of different mouse positions the summary statistics were calculated
within the text-edit task for the three mouse positions (standard, high and center) and
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compared between genders via two-sample t-test stratified by position. To test differences
between genders across different workstation configuration, a repeated measures ANOVA
was also fitted, with gender, position and their interaction as independent variables. Gender
was nested within subject. Post-hoc single sided t-tests stratified within each workstation
configuration tested if women had higher summary statistics compared to men. Statistical
significance was defined as alpha < 0.05.

While there was little to no difference between women and men in the absolute forces
applied to keyboard and to the mouse during these five tasks, the normalized typing forces
were consistently higher for women than for men (Table 2 and Table 3). The normalized
median and 90t percentile keyboard forces were significantly higher (57% and 29%,
respectively) for women than for men. The normalized mean forces applied to the button
and to the side of the mouse were 36% and 24% higher, respectively, for women. Due to a
mechanical and electrical failure of the mouse sensor during the experiment, mouse grip and
button force data was collected successfully on only 6 women and 11 men; hence reducing
our power to test for statistically significant differences in mouse forces.

Women had higher muscle activity for all muscles except the medial deltoid (Figure 1). In
the forearm these greater values were statistically significant for the 10t and 50t percentile
for the flexor carpi radialis (FCR) and the 50t and 90™" for the extensor carpi radialis (ECR).
No shoulder EMG values were significantly higher for women compared to men.

Women adopted shoulder postures that were slightly less neutral than men (Figure 2).
External rotation of the shoulder was significantly greater in woman than compared to men
across all measures. The range of motion was also significantly greater for shoulder flexion
for women compared to men by 5 degrees. While wrist extension was 5 degrees greater for
men, the range of motion in wrist flexion/extension was significantly greater in the women
and exceeded the men’s by 3 degrees. No significant differences were observed in wrist
radial/ulnar deviation.

Most anthropometric measures were negatively correlated with force, muscle activity

and postural measurements (Table 4, Figure 3). Shoulder width and arm length had the
highest number of significant correlations with the biomechanical parameters. Both were
significantly correlated with normalized typing force, the range of motion in the wrist (both
extension and ulnar deviation) and shoulder flexion and external rotation and with the
amount of external rotation.

The median values for shoulder width and arm length used to categorize the subjects by
small and larger were 43 and 58 cm, respectively. Based on shoulder width, four subjects
changed their grouping and based on arm length six subjects changed their grouping

(i.e. three men were classified as small and three women were classified as large). The
differences between small and large anthropometry, by either criterion, were similar to or
more pronounced than those between men and women (Table 5). Some differences became
statistically significant when categorized by anthropometry, such as the EMG amplitude of
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the Trapezius with shoulder width, and wrist range of motion and shoulder abduction with
arm length.

For the text-editing task, the differences in parameters between women and men changed
across different workstation configurations (Table 6). Differences between genders for both
shoulder muscle activity and postural parameters were larger for the high mouse position
compared to the standard mouse position. These gender differences were smaller for the
centered mouse position compared to the standard mouse. Clear patterns across genders
were not observed for forearm muscles or for wrist postural parameters between the three
positions: Some parameters values increased while others decreased.

DISCUSSION

The goal of this laboratory study was to quantify differences in applied forces,

upper extremity muscle activity and upper extremity posture between genders when
working at a computer work-station adjusted for each individual’s anthropometry based

on current guidelines. Since there were differences between genders the study also

explored correlations of these upper extremity biomechanical measures with anthropometry.
Significant differences were observed for normalized keyboard force, forearm muscle
activity and shoulder postural measures across groups of individuals when grouped by
gender and when dichotomized by anthropometry. In general, exposures were higher for
women, and when dichotomized by anthropometry, for the smaller computer operators.
Differences were more pronounced when groups were defined by anthropometry than by
gender. Differences in shoulder postural and muscle activity measures were also greater
when the work station was configured with the mouse in a non-optimal position, whereas
these differences decreased when the mouse was positioned in the center of the work station,
a potential intervention (Dennerlein and Johnson, 2006b).

The differences in normalized applied forces and muscle activity metrics across genders
and their relationships with anthropometry may be due to differences of muscle strength.
Both the force and the EMG signals were normalized to values obtained during maximum
voluntary contractions, which were significantly higher in men than in women (Table 3).
Since there were no differences in absolute force the relative force will have an inverse
relationship with strength and thus this study observed that the normalized forces were
greater in the women. They have to use a higher percentage of their strength to achieve the
same absolute force as men. The relationships observed with anthropometry may also be
related to strength, since strength is related to the size and cross sectional area of muscles
(Zajac, 1989). Wahlstrom et al (2000) also observed a similar relationship for normalized
mouse grip and button forces across genders but did not explore anthopometric relationships.

The differences in shoulder postures between genders and their associations with
anthropometry may be due to the different kinematic demands of the upper extremity related
to anthropometry. With the commonly used mouse position where the mouse is placed just
beyond the right edge of the keyboard, the shoulder has to externally rotate so that the hand
can reach the mouse. For those with narrow shoulders the base of this rotation is closer to
the center of the keyboard and thus the operator with smaller stature has to externally rotate
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out more to reach the mouse. Karlqvist et al (1998) also hypothesized this relationship.

The two other mouse positions tested support this hypothesis. For the high mouse position
the mouse is further away relative to arm length and shoulder width and there were larger
differences between genders. When the mouse is centered it is then close and there were
smaller differences across genders. In addition Dennerlein and Johnson (2006b) reported
that postures for both men and women are more neutral for a more centered mouse position.

These differences in factors may provide an explanation of why women have higher
prevalence of musculoskeletal disorders compared to men. Given the exact same task and
that the workstations were set up according to specific anthropometric guidelines for both
men and women, women had less neutral shoulder postures, especially for external rotation.
Since the degree of external rotation was highly related to anthropometry and women have
smaller anthropometry, on average, these awkward postures may be a result of a poor fit for
women compared to men in computer workstations.

The differences between genders become more pronounced when a workstation is

not configured to standard guidelines. It is also worth noting the ubiquity of poor
workstation design in the modern US workplace. A survey of 1000 workstations at

various companies in the United States revealed that 75% of office workstations were not
correctly set-up (Dennerlein and Johnson, 2003). The resultant biomechanical disadvantage
that these improperly set-up workstations pose may also explain the high prevalence of
musculoskeletal disorders.

Most ergonomic guidelines (e.g. OSHA, 1997) suggest vertical adjustments of workstations
to match an operator’s anthropometry; however, guidelines suggest a standard keyboard

and pointing device position within the horizontal worksurface without consideration for
different subject anthropometries. These data along with the higher prevalence of MSD
among women, who have smaller anthropometry, suggest that perhaps more attention should
be paid to both the horizontal position of the mouse within the workstation and the size

of the mouse and keyboard. Ergonomic products exist to bring the mouse closer to the
center; however, most keyboards come with numeric key pads that push the mouse further
to the right requiring more outward rotation. For computer operators that either do not

use or minimally use the numeric keypad, one alternative would be to use a keyboard
without numeric keypad or one that is detachable. This would bring the mouse closer to

the body’s centerline (Harvey and Peper, 1997; Sommerich et al., 2002; Dennerlein and
Johnson, 2006b). In addition, men have significantly greater strength capacities in the hands
yet men and women use input devices which require the same activation force, irrespective
of gender/strength. The data clearly demonstrates that women have to work at higher relative
force capacities than men and this may also partially contribute to the higher prevalence of
injuries among women. It is likely that certain exposures would be reduced if the computer
input devices themselves were designed/scaled to be more in proportion with the stature

and strength of the user intended to operate them. Sometimes this may prove useful. For
instance, this study observed that women have less wrist extension than men contrary to
what Wahlstrom et al (2000) observed. This difference may be explained by the different
mice used, which in turn may have different effects on genders. Wahlstrom et al. used an
Apple mouse that is flat and low profile whereas this study used a MicroSoft mouse that fills
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the hand. Men can generally anchor the wrist behind the MicroSoft mouse but not all women
can; they instead tend to rest the hand on the mouse, resulting in less extension.

The differences between genders appear to be in part due to anthropometric differences
between genders. As we grouped subjects based on anthropometry differences observed
between genders were more pronounced. Some parameters that were not significant between
genders became significant based on anthropometry. This study is limited in the overlap of
anthropometry between women and men to fully test this further. If for example, one could
examine the difference between a group of men and women that are not different in terms of
key anthropometric measures. Such a study could add to our understanding in mechanisms
leading to the observed differences in exposure between genders.

These conclusions have to be taken within the context of this study and within the
limitations of this study. First these hypotheses were tested within a small population,
limiting our power to detect differences and generalize the results. Unfortunately, the
small sample size was partly due to equipment failure. Nonetheless there was statistical
significance for many variables where the complete study population was sampled. .

While the average stature and hand length for our participants were similar to those for

the general population of North America (Jurgens et al., 1990), there was a moderate
overlap between genders in size/anthropometry. Four subjects (27%) changed categories for
dichotomizing by shoulder width and 6 subjects (40%) for arm length. If the groupings
were based on stature, only two subjects would change groups. Grouping subjects by
anthropometry often provided stronger differences than group subjects by gender, but the
numbers did not permit cross-tabulation by both gender and anthropometry simultaneously.
In addition, the effects of mainly the lengths of limbs were studied. Other anthropometric
variables may also influence our results.

In conclusion, when a work station is adjusted per current guidelines for computer
workstations differences in upper extremity force, muscle activity and postural factors

still exist between genders. However, these differences in biomechanical parameters were
often stronger when subjects were grouped by anthropometry suggesting that perhaps the
computer input devices themselves should be scaled to be more in proportion with the
stature and strength of the user. Many of these correlations are the result of variable sized
or computer operators which vary in strength using either fixed size devices or devices with
fixed activation forces. In the interim, either using a smaller footprint keyboard without the
numeric keypad, placing the mouse or using accessories to place the mouse closer to the
center line will likely reduce some of the postural differences between men and women in
computer operation.
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Figure 1.

Average shoulder and forearm EMG amplitudes (10th (¢), 50th (O) and 90th (A) percentile)
grouped by gender for the standard workstation configuration. The error bars represent

the standard error across subjects within the gender group. Females tended to have higher
muscle activity in all but the medial deltoid muscle. Student t-tests compared the values
between the subjects grouped by gender with significance found for the 10" and 50t
percentile for FCR and the 50t and 90t percentile for the ECR.
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Figure 2.

Average shoulder and wrist postures (10th (¢), 50th (O) and 90th (A) percentile) grouped

by genders for the standard workstation configuration. The error bars represent the

standard

error across subjects. For the shoulder and wrist ulnar deviation, women postures tended to
be further from neutral than male postures Student t-tests compared the values between the
subjects grouped by gender. (* p < 0.05 for the 10™, 50t and 90t percentiles, and ** p

<0.05 for the range of motion being greater for women than for men).
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Figure 3.
The range of motion of the wrist joint along the flexion extension (F/E) axis and the

corresponding length of the subject’s arm.
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Selected subject anthropometry and strength measures. Mean values (and standard deviations) across subjects
within the gender groups are presented. Bolded values indicate p-values < 0.05 for student t-tests between

genders.
Parameter Women (n=15) Men (n=15) p—value*
Height (cm) 163 (5) 179 (7) <0.001
Weight (Kg) 59 (7) 79 (12) 0.001
BMI (Kg/m2) 22.3(2.1) 24.7 (3.5) 0.03
Shoulder width (cm) 39.0 (2.5) 44.4 (1.5) <0.001
Arm Length (cm) 55.6 (2.7) 60.7 (4.0) <0.001
Hand length (cm) 17.5(0.7) 19.1(1.5) <0.001
Index finger maximum voluntary 52 (14) 37(7) <0.001

contraction (N)

*
p-values from student t-tests
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Force applied to the keyboard during the text typing task. Mean values (standard deviations) across subjects
within the gender groups are presented. Bolded values indicate p-values < 0.05 for student t-tests between

genders.
Parameter Women (n=15)  Men (n=15) p—value*
Median force (N) 0.8 (0.4) 0.7 (0.4) 0.36
90t percentile force (N) 2.1(0.5) 2.3(0.4) 0.11
Median normalized force (%MVC) 2.3(1.5) 15(0.7) 0.03
90t percentile normalized force (% MVC) 6.1 (2.5) 4.7 (1.3) 0.03

*
p-values from student t-tests
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Force applied to the mouse during all five tasks. Mean values (standard deviations) across subjects within the

gender groups are presented.

Parameter Women (n=6)""  Men (n=11)""  p-value*
Mean side force (N) 0.9 (0.4) 1.0(0.5) 0.42
Mean peak side force (N) 2.1(0.8) 2.0(0.8) 0.41
Mean button peak force (N) 1.0(0.2) 1.0(0.3) 0.39
Mean normalized side force (% MVC) 1.3(0.5) 0.9 (0.4) 0.06
Mean normalized peak side force (% MVC) 26(1.1) 1.9(0.8) 0.05
Mean normalized button peak force (% MVC) 2.8(0.9) 21(11) 0.07

*
p-values from post-hoc single sided student t-tests

Hk
due to hardware failure forces applied to the mouse were observed on only 6 women and 11 men.
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