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Computer mouse position as a determinant of posture, muscular load
and perceived exertion
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Objectives This study concerned the influence of 6 positions of the computer mouse on the work table on
posture, muscular load, and perceived exertion during text editing.

Methods An optoelectronic 3-dimensional motion analysis system was used to register the postures of 10
men and 10 women using video display units. Muscular load was also registered (with electromyography), as
was perceived exertion (with rating scales).

Results A neutral posture with a relaxed and supported arm showed the least perceived exertion, and the
electromyographic results showed low activity in both trapezius muscles in this position. Short operators (all
women) showed a numerically higher activity in the 4 examined muscles than the tall operators (all men, except
1). This finding could be related to lower muscle force among women and to anthropometric differences, which
also influence biomechanic load moments. Narrow-shouldered operators (8 women and 1 man) and short
operators worked with larger outward rotation and abduction of the shoulder in a position of the mouse lateral
to the keyboard than the broad-shouldered (7 men and 2 women) and tall operators did. Arm support markedly
reduced muscle load in the neck-shoulder region among the operators.

Conclusions The operators using video display units in this study preferred to use the mouse on a table in
a close to relaxed, neutral posture of the arm in combination with arm support. Short and narrow-shouldered
operators worked in more strenuous postures of the arm when the mouse was located lateral to the keyboard.

Key terms arm support, electromyography, input device, MacReflex motion analysis system, subjective

ratings, upper limb, video display unit.

In recent years, the occurrence of cumulative trauma disor-
ders such as carpal tunnel syndrome and tendinitis has in-
creased dramatically in the United States, and these diseases
account for over 60% of occupational illnesses (1). Video
display terminal users have reported musculoskeletal symp-
toms primarily in the upper limbs, neck, and shoulders (2,
3). Health problems during work with video display termi-
nals have been reported also in Sweden (4, 5).

The computer mouse and other nonkeyboard input de-
vices supplement the keyboard in many visual display unit
(VDU) workstations. The mouse technique changes posture
and movements compared with keyboard use without the
mouse (6). Franzblau et al (7) found the incidence of carpal

tunnel syndrome to be related to the pattern of mouse usage
in a medical illustration department.

Associations between self-reported neck and upper-limb
symptoms and physical exposure factors at VDU worksta-
tions have recently been investigated (8). The study showed
that long hours of work with the mouse, as well as work with
the mouse nonoptimally located on the table, seem to be risk
factors for upper-limb symptoms.

Several significant relationships between the design of
workstations or postures on one hand and the incidence of
complaints or medical findings on the other have been dis-
covered among VDU operators using a keyboard (3, 4, 9).
Schiildt et al (10) found that arm support or arm suspension
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can be used to reduce neck muscle load. However, no re-
ports have been found regarding the location of nonkeyboard
input devices for computers on the worktable in relation to
posture, arm support, and muscular load.

The aim of the present study was therefore to study pos-
ture, muscular load, and perceived exertion for different po-
sitions of the mouse during text editing.

Subjects and methods

Subjects

Twenty healthy computer operators, 10 men and 10 women,
volunteered to participate in the study. They were all profes-
sional computer users, working with the window technique
and using a mouse or a track-ball beside the keyboard. The
mean age of the men was 41 (range 29—49) years, and for
the women it was 47 (range 30—56) years (table 1). The men
were taller and heavier than the women. The median work-
time was 40 hours a week in both groups, and both groups
also reported similar experience with mouse and track-ball
use, an average of 6 and 5 years, respectively. They mainly
used software such as Word, Excel, Canvas, and Delta Graph.
All the subjects used their right hand for the nonkeyboard
computer input device. They were all informed of the objec-
tive of the study and the study design. On the day of the
measurements, more-detailed information was given, and
everyone received a personal presentation of the procedure
and the questionnaires to be filled out.

This study was approved by the Ethics Commiittee of the
Karolinska Institute, Stockholm.

Experimental set-up

The study was performed in a laboratory with a modern, ad-
justable workstation. The desk and the chair were easy to
modify for differences in anthropometric data among the sub-
jects who adjusted the heights and work positions them-
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selves. The chair had 2 ordinary, removable armrests and the
subjects could choose to use them or not, according to their
former habits. The lighting was adapted for this purpose, and
there was a manuscript holder. The mouse used was from
Apple® (BusMouse II), and the computer was a Macintosh 11
Si with MS Word 4.0 software.

All the subjects corrected a given text during 2 minutes
in each of 6 mouse positions (figure 1). The testing sequence
of the 6 mouse position alternatives was randomized. The
subjects were instructed to keep the center of the mouse as
close as possible within each of the set 6 positions when cor-
recting the given text. The screen of the computer was in a
fixed position; it was placed at a distance of 0.5 m from the
front edge of the work table and the height from the work
table surface to the mid-point of the screen was 0.3 m. After
all the subjects had adjusted the workstation, we compared
its dimensions with the anthropometric data (table 1).
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Figure 1. Location of the mouse on the work table when performing
text editing at 6 different positions (A—F).

Table 1. Participating subjects, anthropometric data, and workstation dimensions. (VDU =visual display unit)

Men (N = 10) Women (N = 10)
Mean Range Mean Range

Age (years) 41 29—49 47 30—56
Stature (cm) 182 172—191 166 156—173
Shoulder breadth (biacromial) (cm) 42 37—45 37 33—43
Body weight (kg) 81 70—101 60 45—82
Workhours/week 40.2 32—50 37.6 30—42
VDU work as percentage of workday 49 30—84 43 20—70
VDU work experience (months) 114 6—264 100 26—324
Sitting height (cm) 136 126—144 125 120—135
Eye height {(cm) 125 116—132 116 108—125
Shoulder height (cm) 108 101—114 98 92—108
Elbow height (cm) 69 66—73 62 58—72
Popliteal height (cm) 48 44—53 43 39—47
Chair height (cm) 52 50—55 49 45—54
Table height (cm) 74 70—76 71 70—71
Work surface below (=)

or above (+) elbow height 0 ~5—+4 3 -5—+9
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Computer mouse position

Postures

To document body postures, video recordings were made in
the sagittal plane during the whole measuring time. Postures
of the neck, shoulder, elbow, and wrist of the right side were
registered with an optoelectronic 3-dimensional (3D) motion
analysis system, the MacReflex system, version 3.0
{Qualisys, Goteborg, Sweden); 4 cameras with video proces-
sors, a Macintosh computer, and 11 markers attached to the
subject were used for this purpose (figure 2).

The camera system records the reflective markers and de-
livers 2-dimensional (2D) information about their positions.
Each camera is equipped with a built-in invisible infrared
light. The video processor processes the image from the cam-
era, calculates 2D marker coordinates, and delivers the coor-
dinates to the Macintosh computer. The MacReflex software
reads data from the camera system, processes it, and then
converts it to a format suitable for data-processing programs.

All 11 markers attached to the study subjects were re-
corded by at least 2 cameras at a time. Markers 1 to 4 (head,
neck, shoulder, elbow) (figure 2) were recorded by cameras
1, 2, and 4 and markers 5 to 11 (forearm, reference coordi-
nate system, wrist, hand surface, mouse) (figure 2) were seen
by camera 3 and at least 1 of the other 3 cameras. The sam-
pling frequency was set at 10 Hz.

After the subject had adjusted his or her workstation, the
MacReflex measurement system was calibrated with a cali-
bration reference frame. The frame had a size that covered
the field of view for all cameras, had 6 markers, and was
placed on the work table during the calibration procedure.

Figure 2. Placement of 11 markers attached to the subject.
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Just before the registrations, the subject’s reference pos-
ture was recorded as a starting position (upright sitting, look-
ing straight ahead with an angle of 90° for elbows, and palms
on the edge of the table). So that registrations could be made
of all 11 markers with all 4 cameras, the subjects leaned
down towards the table. This action was repeated for each of
the 6 mouse positions in order to minimize any marker sort-
ing problem.

After the markers were sorted, all the data were trans-
ferred to Excel 5.0 for the calculations.

Flexion was calculated for the neck, the right shoulder,
the right elbow, and the right wrist. The abduction and rota-
tion of the right shoulder and the deviation of the right wrist
were also calculated. Postures and joint motion were defined
according to the recommendations of the American Academy
of Orthopedic Surgeons (11). Negative values were used for
angles of extension and inward rotation of the shoulder and
radial deviation and flexion of the wrist.

Muscular load

A digital telemetric ME4001 electromyographic (EMG) anal-
ysis system (Mega Electronics Ltd, Finland) was used for
measuring EMG muscle activity. Surface electrodes (Medi-
cotest A-10-S) were placed in pairs with a 30-mm center dis-
tance upon carefully prepared skin over the studied muscles
(12). All the electrodes were positioned by the same person.

Muscular activity was studied from the left trapezius, pars
descendens (midpoint between the 2 electrodes 10 mm lateral
to half the distance between C7 and the acromion) (13), the
right trapezius, pars descendens (midpoint between the 2
electrodes 10 mm lateral to half the distance between C7 and
the acromion), the right deltoid (front part), and the right ex-
tensor digitorum (midpoint between the 2 electrodes one-
third of the distance between the lateral epicondyle and the
lateral styloid process).

So that the EMG base-line values could be determined,
the subject relaxed for 30 s before the registration with the 6
positions of the mouse and again after finishing the last test.
At the beginning of the recordings the subject performed
standardized maximal contractions to obtain the maximal vol-
untary electrical activity of all relevant muscles (14). This
procedure was done against manual resistance and performed
by the same person every time.

The raw EMG signal was the root mean square (RMS)
detected at a time constant of 100 ms. Data were collected
with a BioPac, Qualisys Synchronized Unit, for which the
EMG signals were synchronized with MacReflex measure-
ments. EMG data from the BioPac were then transferred to a
Macintosh computer for editing in the AcqKnowledge pro-
gram.

Subjective ratings

After finishing the work in each mouse position, the subjects
rated their perceived exertion in the shoulder and hand-fore-
arm region and also their general comfort. This rating was




done by comparing the latest mouse position with the pre-
vious one (ie, the position used in the preceding test). Dur-
ing the comparison, the previous mouse position was always
set a 0 on a scale running from —4, much worse, to +4, much
better. The ratings from each subject were normed from po-
sition A=0when the positions were compared. The preferred
position of the mouse was noted.

Statistics

As the data were approximately normally distributed, all the
descriptive data have been presented as means with the stand-
ard deviations or ranges. The results of 2 male subjects were
excluded in the analysis of postures and muscular load due
to technical recording errors. Median stature (171 cm) and
shoulder breadth (39 cm) were used when comparisons be-
tween data from different mouse positions were analyzed by
a 2-way analysis of variance for repeated measurements.
Stature or shoulder breadth and position were used as inde-
pendent variables (SuperANOVA®). P-values less than 0.05
were considered statistically significant. When single mouse
positions for tall or short subjects and subjects with narrow
or broad shoulders were compared (joint positions, muscles),
95% confidence intervals (95% CI) were calculated with the
t-distribution for the differences between the means (15).

Results

Postures

All the joint positions studied, except wrist deviation,
changed significantly with mouse position. (See the appen-
dix.) Shoulder abduction and shoulder elevation also showed
interaction between position and stature (ie, the effects of the
positions were not the same for the tall and short subjects).
Work with the hand out to the side (positions E and F, fig-
ure 1) led to large outward rotation and abduction in the
shoulder for all the operators (table 2). Shoulder rotation dif-
fered between the tall and the short subjects in positions A,
D, and E and between subjects with broad and narrow shoul-
ders in positions A, C, E, and F. (See the appendix.) The tall
and the broad-shouldered subjects worked with larger inward
rotation in position A and less outward rotation in positions
C, D, E, and F than the short and the narrow-shouldered sub-
jects (table 2). Shoulder abduction also differed between the
tall and broad-shouldered and the short and narrow-shoul-
dered subjects in position D, where the short and narrow-
shouldered subjects worked with larger abduction (table 2).
Shoulder flexion in position A and E also differed between
the same groups. The short and the narrow-shouldered sub-
jects extended the shoulder backwards and the tall and the
broad-shouldered subjects flexed it forward (table 2). Shoul-
der elevation differed among the 6 positions for the short and
the narrow-shouldered subjects. With the hand in front of the
body (in position B), the short and the narrow-shouldered
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subjects lifted their right shoulder. The average shoulder
elevation of the short subjects was 10 mm higher than in
their reference posture, and for the tall subjects it was 16 mm
lower.

Muscular load

Muscular activity in the right trapezius and the deltoid mus-
cles changed significantly with mouse position. (See the ap-
pendix.) In the deltoid muscle the activity differed signifi-
cantly between the tall and short subjects, and there were no
interactions between position and stature.

The short subjects showed numerically higher activity in
the 4 examined muscles than the tall subjects did across all
positions. The 95% confidence interval showed statistical
significance between the tall and short subjects in position B
(the right trapezius, the deltoid, and the extensor digitorum
muscles) and positions D, E, and F (the deltoid muscle) (ta-
ble 3). The left trapezius muscle had activity similar to that
in the right trapezius muscle although all the subjects used
the right hand to operate the mouse.

The video recordings showed that all 9 tall subjects sup-
ported their right arm against the table or the armrest of the
chair in position D, 8 supported it in position B, and 6 in
position F. Eight of the 9 short subjects supported their right
arm in positions D and F. Out of a total of 40 different work
sessions with a supported right arm, 32 also demonstrated
the lowest percentage of maximal voluntary electrical activity
in the right trapezius muscle.

The analysis of the anthropometric data and workstation
dimensions showed that 10 subjects adjusted the work sur-
face to 0.03 to 0.09 m above elbow height during their work.
The other 10 subjects chose a work surface of less than
0.03 m above their elbow height. The EMG resuits showed
lower activity (P <0.0001) in both trapezius muscles and the
deltoid muscle among the subjects who had chosen the work
surface to be less than 0.03 m above their elbow height.

The activity in the right extensor digitorum muscle did
not differ between the mouse positions or with the work sur-
face height.

Subjective ratings

Seven of the tall operators and 5 of the short operators ex-
perienced the most comfort in position D. Perceived exertion
in the shoulder and in the hand-forearm showed a similar
pattern.

The preference was highest for position D (8 operators)
followed by C, B, and F. No person preferred position E.

Discussion

The fixed mouse positions in our study were selected from
experience in field studies (16, 17). Design work is often
performed on a fixed table immediately in front of the opera-
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Tahle 2. Mean joint positions during work with the mouse in 6 different mouse positions (A—F). Measured in degrees. (95% Cl = 95% con

N A B
Mean SD 95% Cl Mean SD 95% Cl
Neck flexion
Tall subjects 9 27 71 28 9.3
-1.056—13.0 -0.294—18.3
Short subjects 9 21 7.0 19 9.3
Shoulder rotation
Tall subjects 9 41 11.6 -29 7.8
-25.7—2.31 -14.7—2.69
Short subjects 9 -27 11.8 23 9.5
Shoulder abduction
Tall subjects 9 17 10.2 15 105
-10.4—6.40 -13.0—5.04
Short subjects 9 19 6.1 19 7.3
Shoulder flexion
Tall subjects 9 0.4 10.7 18 10.5
-4.39—17.2 -10.3—16.3
Short subjects 9 -6 10.9 15 15.7
Wrist extension
Tall subjects 9 23 5.1 17 4.6
-3.30—7.30 -6.96—2.96
Short subjects 9 21 55 19 53
Wrist deviation
Tall subjects 9 i 9.0 10 5.2
-7.09—11.1 -6.61—4.61
Short subjects 9 9 9.2 11 6.0
Elbow flexion
Tall subjects 9 75 101 95 14.9
-1.76—13.8 -8.79—18.8
Short subjects 9 69 4.4 90 12.6
Shoulder elevation (mm) as difference between
reference value and positions
Tall subjects 9 -13 24.9 -16 9.5
-30.1—101 -39.56—-12.5
Short subjects 9 -3 13.7 10 16.5

Table 3. Mean muscular activity (percentage of maximal voluntary efectrical activity) during work with the mouse in 6 different positions (A—F).

N B B
Mean SD 95% Cl Mean SD 95% Cl
Left trapezius
Tall subjects 9 4.0 3.4 3.2 2.7
-7.29—2.09 -11.8—2.18
Short subjects 9 6.6 5.7 8.0 9.5
Right trapezius
Tall subjects 9 2.9 2.7 2.3 0.8
-10.6—0.799 -17.8—~-0.390
Short subjects 9 7.8 7.6 11.4 12.3
Right deltoid
Tall subjects 9 0.9 07 2.0 3.1
-3.40—0.403 —=7.55—~-1.75
Short subjects 9 2.4 2.6 4.9 5.8
Right extensor digitorum
Tall subjects 9 6.9 3.6 6.1 2.3
~-4.51—1.11 -5.46—-1.34
Short subjects 9 8.6 1.7 9.5 1.8
tor, where a mouse is used to click on several objects {posi- sition C and D). However, many operators put the mouse
tion A and B in our study). Most computer operators have a even further away on the table (position E and F).
keyboard located on the table in front of them and have to It is easier to support the arm against the work surface

place the mouse further away and lateral to the keyboard (po- when the table is higher than elbow height (5, 18). On the
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fidence interval)

Karlqvist et al

C D E F
Mean SD 95% Cl Mean SD 95% ClI Mean SD 95% Cl Mean SD 95% Gl
26 7.9 26 7.9 29 4.1 29 6.2
-3.94—11.9 -5.64—7.64 -0.962—8.96 ~1.15—11.1
22 8.0 25 5.1 25 5.7 24 6.1
18 9.2 16 6.2 41 6.9 36 6.2
-18.1—2.13 -12.6—-1.42 -19.3—-2.70 9.95—1.95
26 11.0 23 4.9 52 9.5 40 57
23 8.4 21 6.9 34 14.4 31 12.7
-3.70—9.70 ~21.6— -2.40 -11.6—11.6 -16.2—4.25
20 4.4 33 1.7 34 7.8 37 7.0
-2 115 10 6.4 6 8.1 13 13.2
-5.91—19.9 -11.6—7.35 0.886—21.1 -12.5—10.5
-9 14.2 12 11.9 -5 11.8 14 9.5
3 11.9 23 6.1 41 12.8 25 7.0
-9.36—17.4 -5.23—5.23 4.82—25.2 -11.2—9.25
27 14.7 23 4.2 26 6.6 26 12.7
12 9.9 10 4.1 12 9.2 6 9.9
-7.89—11.9 ~5.37—5.37 -1.72—13.7 -9.65—7.65
10 9.9 10 6.4 6 59 7 7.2
95 13.7 101 10.9 112 23.0 117 18.2
0.0305—22.0 -13.6—3.63 -17.7—19.7 -11.9—15.9
84 7.3 106 55 111 13.2 115 7.4
-10 17.2 -21 19.4 -10 14.5 -28 17.1
-18.3—10.3 -22.1—101 -15.2—9.25 -9.26—23.3
-6 10.7 -15 12.0 -7 95 -35 15.4
(95% Cl = 95% confidence interval)
C D E F
Mean  SD 95% Cl Mean  SD 95% ClI Mean  SD 95% Cl Mean  SD 95% Cl
4.8 3.5 3.9 35 4.3 3.3 3.6 25
-5.38—2.78 -3.856—3.05 -11.2—1.64 -3.75—0.953
6.1 4.6 4.3 3.4 9.1 8.5 5.0 2.2
3.4 2.4 2.0 1.9 3.0 1.9 1.3 1.2
-7.96—1.56 -5.40—0.602 -10.4—0.636 -5.92—0.119
6.6 6.3 4.4 3.8 7.9 7.6 4.2 41
1.5 1.4 1.3 1.1 1.5 1.3 1.3 0.6
-5.00—0.595 ~7.56—-2.24 -8.72— -0.875 -6.19— -0.612
37 37 6.2 3.6 6.3 5.4 4.7 3.9
6.2 3.9 6.4 241 6.7 34 6.8 2.4
-4.74—1.74 -4.15—0.149 -4.53—0.533 -2.75—1.95
7.7 2.4 8.4 2.2 8.7 1.8 7.2 2.3

other hand, too high a work surface could increase the shoul-
der height and lead to a high muscular load in the trapezius
muscles and cause discomfort (5). The EMG results showed
a lower activity in both trapezius muscles and the deltoid

muscle among the subjects who had chosen the work surface
to be less than 0.03 m above elbow height. This finding
agrees with that of studies of musculoskeletal load and bio-
mechanical torque in the neck and shoulders (10, 19—21).
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Our results from the EMG and the video recordings indicat-
ed less shoulder muscle load during work in positions with
the arm supported against the worktable or armrest than dur-
ing work without support. This finding is consistent with the
results of other experimental studies (10).

The analysis of work postures in the 6 different positions
of the mouse indicated large outward rotation and abduction
in the shoulder for all the operators in position E and F.
These postures cause high biomechanical torques in the neck-
shoulders (20), and they were also rated as the most uncom-
fortable. However, in position F, the operators demonstrated
low muscular activity in the right trapezius muscle. This find-
ing was probably due to the use of the arm support among
most of the operators in this position (14 of the 18 opera-
tors) and a low shoulder height as a result of forward lean-
ing of the trunk. A subjectively uncomfortable posture may
thus be accompanied by low muscle activity. In position E,
where the mouse was used further away from the body, the
wrist extension among the tall and broad-shouldered subjects
was greater than in position B.

Position A implied large inward rotation in the shoulder
for the tall and the broad-shouldered subjects. The short (all
women) and the narrow-shouldered subjects (8 women and
1 man) worked with outward rotation in positions C, D, E,
and F. This result demonstrates the anthropometric differ-
ences between the men and women in our study group. An-
thropometric studies have shown that men are more broad-
shouldered than women (22). The high muscular activity for
the short subjects in position B seemed to relate more to
shoulder elevation than to arm support. This difference may
be due to the operators’ having less experience with that po-
sition, as well as to the operators’ adjustment of table height
to more than 0.02 m above elbow height. Seven of the short
subjects had adjusted the table to more than 0.02 m above
their elbow height. We had expected therefore for position B
to be given higher comfort ratings among the short subjects
than it received, since this position is also within the natural
range of motion for the shoulder and arm. From an ergo-
nomic point of view, position B is preferable. In this posi-
tion it was easy to support the arm, and for the tall subjects
this ease was reflected in low activity in the trapezius mus-
cles and low perceived exertion ratings for both the shoulder
and the hand-forearm. Joint positions of the shoulder-arm
were close to neutral. We believe that, through information
and active training, it would be possible for many operators
to learn to appreciate this position.

Whether the differences found for tall and short persons
were affected by other gender-related factors than anthropom-
etry, such as motor control, physiology and the like, is un-
certain.

The analysis of the comfort ratings showed a clear pref-
erence for position D for the tall subjects and position C,
closely followed by position D, for the short subjects. Per-
ceived exertion ratings for the shoulder followed the same
pattern, but, for the hand-forearm, both the tall and the short
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subjects preferred position D. It is probably difficult for the
subjects to distinguish between contfort and perceived exer-
tion, and therefore the results of the ratings were similar.

The tall subjects bent their neck more than the short sub-
jects possibly because the screen was placed at a fixed height.
No extremes were found in the neck flexion results (23), and
the results were in accordance with findings in other studies
among VDU operators (3, 5, 9, 18).

In position C and D the overall neck and arm postures
were as close to neutral joint positions as possible when
computer mouse work is performed and a keyboard is
present (6).

The EMG pattern (percentage of maximal voluntary elec-
trical activity) of the left trapezius muscle was similar to that
of the right, although all the study subjects used the right
hand for mouse work. This finding may be the result of an
effect of contralateral muscule activity or neck flexion, as de-
scribed in the literature (24). When the right arm is used, the
activity increases also in the left shoulder muscle.

The EMG results showed numerically higher activity in
the 4 examined muscles of the short subjects (all women)
than in the tall subjects (all men, except 1). This finding could
be related to lower muscle force among women and to an-
thropometric differences, which also influence biomechanic
load moments.

Limitations of the study

The data collection in this study was made during a period
of only 2 minutes in each position. The positions chosen were
based on experiences from field studies (8, 17), which
showed that long hours of work with the mouse and work
with the mouse nonoptimally located on the table seem to be
risk factors for upper-limb symptoms. This study focused
on the location of the mouse only.

When the MacReflex system is used, short sampling pe-
riods are necessary due to time-consuming data analysis.
However, all the subjects were experienced computer opera-
tors and should not have had any initial difficulties in per-
forming the work. They were, on the other hand, not trained
to work with the mouse in all the positions studied. This dif-
ference may have led to extra muscular load with unfamiliar
positions of the mouse.

Muscle activity was studied from only 4 muscles. The 4
muscles were chosen because of earlier reports on muscu-
loskeletal symptoms and muscular loads during VDU work
(20,21, 24,26, 27).

There were some problems in connection with the Mac-
Reflex system. Marker sorting problems were numerous.
Even though the worktask was static, the markers changed
position to a large extent, and the sorting procedure was
time-consuming.

The work performed in this study was text editing, and
the results cannot be generalized to other worktasks. There
are many mouse types on the market today, and this study
used only 1 of the standard mice (BusMouse II). The mouse




parameters (software) were regulated for normal use with the
same mean velocity for all the subjects.

Concluding remarks

- The VDU operators in this study preferred a table position
for the mouse which was close to the relaxed, neutral pos-
ture of the arm combined with arm support (position D for
the tall subjects and position C-D for the short ones, in ac-
cordance with differences in anthropometry).

+ The tall and broad-shouldered subjects worked with larger
inward rotation of the shoulder in a mouse position imme-
diately in front of them than short and narrow-shouldered
subjects did.

+ Short and narrow-shouldered subjects worked in a more
strenuous position than the tall and broad-shouldered sub-
jects did, with larger outward rotation and abduction of the
shoulder in a mouse position lateral to the keyboard.

- Arm support markedly reduced muscle load in the neck-
shoulder region among the VDU operators.
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Appendix

Tahle 1. Mean joint positions during work with the mouse in 6 different positions (A-F) — measured in degrees.

Neck flexion

Men
Women

Shoulder rotation

Men
Women

Shoulder abduction

Men
Women

Shoulder flexion

Men
Women

Wrist extension

Men
Women

Wrist deviation

Men
Women

Elbow flexion

Men
Women

Shoulder elevation (mm)

as difference between
reference value and
positions

Men

Women

N Mouse position2
A D

Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD
8 27 7.3 29 8.7 27 6.2 28 7.2 29 4.3 29 6.7
10 21 6.5 19 8.8 22 7.6 24 5.8 25 5.3 24 5.8
8 -42* 123 -29 8.6 16* 8.1 17 6.3 40* 73 36 6.4
10 -29* 116 ~24 9.0 27 105 22 5.9 51* 93 40 5.4
8 19 104 16 10.9 24 8.8 21 7.4 33 15.2 3 134
10 18 6.6 18 7.7 19 4.2 32 116 35 7.5 37 6.6
8 2 103 19 110 0 11.0 10 6.8 7 8.5 13 144
10 -6 104 15 14.8 -10 135 12 112 -4 113 14 9.0
8 23 5.3 17 4.6 32 122 23 6.5 41 136 24 71
10 22 5.4 19 5.0 26 14.0 23 3.4 27 7.0 27 120
8 11 9.6 10 55 13 100 11 3.8 14 8.9 6 104
10 9 8.6 il 57 9 9.5 10 6.2 6 5.7 8 6.9
8 76 10.2 95 159 98 1341 100 116 110 240 15 179
10 69 4.2 91 120 84 71 106 5.2 113 132 117 9.6
8 -15  26.2 -17* 9.9 -10 183 =20 204 -1 152 =30 174
10 -3 12.8 8* 16.7 -7 105 -16 124 -7 9.1 -33 162

a See figure 1.

* P <0.05, difference between the men and women.
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Table 2. Mean joint position during work with the mouse in six different positions (A-F) — measured in degrees.

N Mouse position?
A B C D E F
Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD

Neck flexion

Broad shoulders 9 27 6.8 30 8.1 28 6.6 28 8.6 30 4.1 29 6.0

Narrow shoulders 9 20 6.6 19 8.8 22 7.6 24 5.8 25 5.3 24 5.8
Shoulder rotation

Broad shoulders 9 -41* 117 28 6.7 16* 7.3 17 6.4 41* 8.0 35 47

Narrow shoulders 9 =27 114 -25 10.8 28* 107 22 6.0 52* 94 41* 55
Shoulder abduction

Broad shoulders 9 21 9.0 15 10.2 20 7.7 21 7.1 33 144 30 123

Narrow shoulders 9 15 6.7 19 7.5 22 6.1 32 124 35 7.6 39 6.4
Shoulder flexion

Broad shoulders 9 3* 100 18 124 -2 1.2 1 7.9 6 8.4 13 137

Narrow shouiders 9 8* 94 15 143 -10 142 10 112 -4 119 14 8.8
Wrist extension

Broad shoulders 9 22 4.5 17 4.4 31 11.0 23 6.1 40 138 23 5.8

Narrow shoulders 9 23 6.1 19 5.4 26 151 23 4.2 28 7.4 29 125
Wrist deviation

Broad shoulders 9 9 7.0 10 4.4 15 5.9 1 3.6 13 8.7 6 10.0

Narrow shoulders 9 11 1.0 11 6.5 7 112 10 6.6 5 5.4 7 7.1
Elbow flexion

Broad shouliders 9 77 8.6 96 145 95 138 102 107 111 233 114 164

Narrow shoulders 9 67 35 89 125 84 7.2 104 7.2 112 127 118 105
Shoulder elevation (mm)
as difference between
reference value
and positions

Broad shoulders 9 -10 2338 -11 13.8 -3 17 -19  20.2 -7 145 -32  19.8

Narrow shoulders 9 -6 175 5 199 -14 148 -17 116 -11 9.2 =31 129

a Gee figure 1.
* P < 0.05, difference between broad and narrow shouldered subjects.
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Table 3. Analysis of variance for repeated measurements of the joint positions in the neck and arm and the mouse positions. Interactions
between the mouse positions and gender, height or shoulder breadth. Two-way analysis of variance for repeated measurements with
degrees (or millimeters) as the dependent variable. (df = degrees of freedom)

Source df F-Value P-Value

Neck flexion
Gender/height/shoulder breadth 1 3.199/1.908/6.424 0.0939/0.1874/0.0229
Positions 5 2.563/3.007/3.317 0.0339/0.0158/0.0092
Paositions - gender/height/shoulder breadth 5 1.803/1.777/2.928 0.1223/0.1278/0.0181

Shoulder rotation

Gender/height/shoulder breadth 1 8.170/7.959/8.800 0.0120/0.0129/0.0096

Positions 5 386.893/386.642/396.926 0.0001/0.0001/0.0001

Positions - gender/height/shoulder breadth 5 1.154/1.198/1.605 0.3400/0.3183/0.1619
Shoulder abduction

Gender/height/shoulder breadth 1 0.659/1.065/1.288 0.4296/0.3184/0.2742

Paositions 5 17.213/17.667/18.138 0.0001/0.0001/0.0001

Positions - gender/height/shoulder breadth 5 2.401/2.372/2.619 0.0448/0.0471/0.0308
Shoulder flexion

Gender/height/shoulder breadth 1 2.055/1.618/2.347 0.1723/0.2228/0.1463

Positions 5 23.590/23.950/23.969 0.0001/0.0001/0.0001

Positions - gender/height/shoulder breadth 5 2.251/1.701/1.626 0.0578/0.1448/0.1635
Shoulder elevation

Gender/height/shoulder breadth 1 3.291/3.309/0.240 0.0897/0.0889/0.6316

Positions 5 9.346/10.713/9.755 0.0001/0.0001/0.0001

Paositions - gender/height/shoulder breadth 5 2.233/3.060/2.162 0.0596/0.0144/0.0673

Elbow flexion

Gender/height/shoulder breadth
Positions
Positions - gender/height/shoulder breadth

Wrist extension

0.663/1.051/1.095
36.362/35.412/36.998
1.892/0.984/1.517

0.4282/0.3215/0.3120
0.0001/0.0001/0.0001
0.1058/0.4332/0.1948

Gender/height/shoulder breadth 1 1.505/1.744/0.135 0.2388/0.2064/0.7180

Positions 5 7.204/6.452/6.550 0.0001/0.0001/0.0001

Paositions - gender/height/shoulder breadth 5 2.098/2.000/2.234 0.0750/0.0883/0.0596
Wrist deviation

Height/shoulder breadth 1 0.064/0.401 0.8043/0.5359

Paositions 5 0.649/0.661 0.6628/0.6538

Positions - height/shoulder breadth 5 0.695/1.782 0.6288/0.1269

Table 4. Mean muscular activity (percentage of maximal voluntary electrical activity) during work with the mouse in 6 different positions
(A—F).

Muscle N Mouse positiona
A B C D E F

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Left trapezius

Men 8 4.0 37 3.3 2.9 48 3.8 3.9 37 4.4 35 3.4 2.6

Women 10 6.4 5.4 7.5 9.1 6.0 4.4 4.2 3.3 8.5 8.2 5.0 21
Right trapezius

Men 8 2.7 2.8 2.4 2.4 3.4 2.6 1.9 1.9 3.3 1.9 1.0 09

Women 10 7.5 7.3 104 121 6.3 6.0 4.3 3.6 7.2 7.6 42% 39
Right deltoid

Men 8 1.0 0.7 2.1 33 1.5 1.5 1.0 0.8 16 1.3 1.1 05

Women 10 2.2 2.5 4.5 5.6 3.5 3.5 5.9 3.5 57 54 45% 38
Right extensor digitorum

Men 8 6.8 3.8 59* 24 6.1 4.2 6.1 2.0 6.6* 34 6.7 2.6

Women 10 8.5 1.6 94* 18 7.7 2.2 8.4 2.1 86* 18 7.2 2.2

2 See figure 1.
* P < 0.05, difference between the men and women.
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Tahle 5. Mean muscular activity (percentage of maximal voluntary electrical activity) during work with the mouse in 6 different positions
(A—F).

Muscle N Mouse positions

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Left trapezius
Broad shoulders 9 3.8 3.6 3.6 2.7 4.5 3.6 3.9 34 4.6 33 3.7 2.2
Narrow shoulders 9 6.8 54 7.5 9.7 6.5 4.4 4.3 35 8.8 8.7 4.8 2.6
Right trapezius
Broad shoulders 9 3.0 2.7 3.1 2.7 3.5 2.3 2.4 1.9 3.9 1.9 1.3 1.1
Narrow shoulders 9 7.7 7.6 105 129 6.5 6.5 4.1 4.0 7.0 8.2 4.3 4.1
Right deltoid
Broad shoulders 9 1.0 0.7 1.2 3.1 1.4 1.4 2.5 3.3 2.0 1.3 1.3* 09
Narrow shoulders 9 2.4 2.6 4.9 5.8 3.8 3.6 4.9 3.7 5.8 5.8 47 3.8
Right extensor digitorum
Broad shoulders 9 7.3 3.5 6.7 2.8 7.0 3.7 7.5 2.9 7.6 3.1 7.5 2.3
Narrow shoulders 9 8.1 2.1 8.9 2.2 6.9 2.9 73 1.7 7.9 2.4 6.5 2.4

a See figure 1.
* P < 0.05, difference between broad and narrow shouldered subjects.

Table 6. Analysis of variance for repeated measurements of the 4 muscles during work with the mouse in different mouse positions and
interactions between the mouse positions and gender/height or shoulder breadth. A two-way analysis of variance for repeated measure-
ments with the percentage of the maximal voluntary electrical activity as the dependent variable. (df = degrees of fredom)

Source df F-Value P-Value

Right trapezius muscle

Gender/height/shoulder breath 1 3.345/4.282/2.721 0.0861/0.0551/0.1185

Positions 5 3.421/4.136/3.907 0.0075/0.0022/0.0032

Positions - gender/height/shoulder breath 5 1.783/2.7431.707 0.1258/0.0244/0.1425
Left trapezius muscle

Gender/height/shoulder breath 1.451/1.904/1.696 0.2458/0.1866/0.2112

Positions 5 1.269/1.538/1.489 0.2855/0.1875/0.2026

Positions - gender/height/shoulder breath 5 1.033/1.518/0.965 0.4043/0.1936/0.4444
Right deltoid muscle

Gender/height/shoulder breath 1 5.549/7.320/4.463 0.0316/0.0156/0.0507

Positions 5 2.223/2.653/2.482 0.0600/0.0286/0.0384

Positions - gender/height/shoulder breath 5 1.800/1.866/0.718 0.1222/0.1095/0.6115
Right extensor digitorum muscle

Gender/height/shoulder breath 4.011/3.509/0.098 0.0624/0.0794/0.7579

Positions 5 0.775/0.950/0.973 0.5708/0.4536/0.4395

Positions - gender/height/shoulder breath 5 1.519/1.436/1.857 0.1933/0.2205/0.1113
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