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Abstract

Background. Extensive computer mouse use is an identified risk factor for computer work-related musculoskeletal disorders; however,
notebook computer mouse designs of varying sizes have not been formally evaluated but may affect biomechanical risk factors.

Methods. Thirty adults performed a set of mouse tasks with five notebook mice, ranging in length from 75 to 105 mm and in width
from 35 to 65 mm, and a reference desktop mouse. An electro-magnetic motion analysis system measured index finger (metacarpopha-
langeal joint), wrist and forearm postures, and surface electromyography measured muscle activity of three extensor muscles in the fore-
arm and the first dorsal interrosseus.

Findings. The smallest notebook mice were found to promote less neutral postures (up to 3.2° higher metacarpophalangeal joint
adduction; 6.5° higher metacarpophalangeal joint flexion, 2.3° higher wrist extension) and higher muscle activity (up to 4.1% of maxi-
mum voluntary contraction higher wrist extensor muscle activity). Participants with smaller hands had overall more non-neutral postures
than participants with larger hands (up to 5.6° higher wrist extension and 5.9° higher pronation); while participants with larger hands
were more influenced by the smallest notebook mice (up to 3.6° higher wrist extension and 5.5% of maximum voluntary contraction
higher wrist extensor values). Self-reported ratings showed that while participants preferred smaller mice for portability; larger mice
scored higher on comfort and usability.

Interpretation. The smallest notebook mice increased the intensity of biomechanical exposures. Longer term mouse use could enhance
these differences, having a potential impact on the prevention of work-related musculoskeletal disorders.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Computer use on the work floor has increased enor-
mously in the last thirty years, with over half of all employ-
ees in the United States using a computer (Bureau of Labor
Statistics, 2005). The number of people who are using a
portable computer (notebook) is also rising. Designed for
mobile workers, notebooks are now often used as a
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replacement for the desktop computer (Haesman et al.,
2000).

Duration of computer use and specifically duration
of computer mouse use are often associated with a high
prevalence of upper extremity and neck musculoskeletal
symptoms and disorders (Cook et al., 2000; IJmker et al.,
2007). Biomechanical risk factors include non-neutral pos-
tures, specifically extreme ulnar deviation, wrist extension
and forearm pronation (Jensen et al., 1998; Karlqgvist
et al., 1994) and sustained muscle activity (Gissel, 2000;
Hagg, 2000); which are observed in computer work
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(Sjogaard and Segaard, 1998) and mouse work (Burgess-
Limerick et al., 1999; Jensen et al., 1998).

The design of notebook computers provides ergonomic
challenges for the user. More non-neutral postures and
muscle load in neck and upper extremities were observed
and more discomfort was reported when using a notebook
than when using a desktop computer (Straker et al., 1997;
Villanueva et al., 1998). Using the internal pointing device
of a notebook computer was associated with more discom-
forts (Sommerich et al., 2002). As a result, recent preven-
tion efforts have focused on using external input devices
with notebook computers. In addition, there are several
different external notebook mouse designs on the market
that are often small in size to improve portability.

The effect of the design of input devices on biomechan-
ical factors has long been explored. For example, Aaras
and Ro (1997) found that the intensity and frequency of
pain in the upper extremity was reduced after six months
of using a joystick mouse that promoted less forearm pro-
nation. Burgess-Limerick et al. (1999) found a decreased
ulnar deviation but increased wrist extension when using
a trackball device. However, very little has been done to
explore the size of a mouse, hand size and their effects on
biomechanical factors. Recently Johnson and Blackstone
(2007) reported the effect of different mouse sizes relative
to hand size; when using a standard mouse, greater ulnar
deviation was observed for children compared to adults.
When using a smaller mouse, smaller hands showed a
decreased ulnar deviation compared to a standard mouse.

Therefore, the aim of this study is to determine the
effects of different sized notebook mice on finger, wrist
and forearm posture and muscle activity. Through a
repeated measures laboratory experiment this study com-
pares the intensity of exposures across different notebook
mouse designs. The study hypothesizes that posture and
muscle activity will differ across different notebook mouse
designs and that hand size also influences posture and mus-
cle activity. Specifically, the study expects that smaller
hands will benefit from using smaller mice.

2. Methods
2.1. Participants

Thirty healthy, right handed adults (15 males and 15
females) participated in this study (mean age 29.8 yr., range

19-58 yr.; mean hand length 18.2 cm, range 16.0-21.0 cm).
Based on the median value of hand length measurements
(distance between the crease of the wrist and the tip of
the middle finger), participants were categorized as having
smaller or larger hands. Average hand length for the smal-
ler hands group was 17.0 cm and for the larger hands group
19.4 cm. All participants provided signed consent and all
experimental procedures were approved by the Harvard
School of Public Health Human Subjects Committee.

2.2. Experimental design

Participants performed a standard set of pointing tasks
with six different computer mice, while muscle activity and
posture of the forearm and hand were measured. The six
commercially available mice included one reference desk-
top mouse (Microsoft Wireless Optical Mouse 2000) and
five notebook mice (Table 1; Fig. 1). The five notebook
mice were (A) the Logitech VX Revolution Cordless Laser
Mouse, (B) the Microsoft Mobile Memory Mouse 8000,
(C) the Microsoft Notebook Optical Mouse 3000, (D) the
Iogear Wireless Bluetooth Optical Mini Mouse, and (E)
the Targus PAUMO1U Ultra Mini Retractable [cord] Opti-
cal Mouse. The mice had different looks with regards to
color, material and buttons; however, the mice were
selected to differ most with regards to size and symmetry,
while trying to keep other features as similar as possible.
The software speed settings were adjusted to the same level
and observed control display gains were similar across all
mice. The order of the mice were balanced and randomly
assigned to participants.

For all tasks, participants were seated at a workstation
that consisted of a chair with no armrests, a work surface
and a flat-panel monitor on a monitor stand. The compo-
nents were all adjusted to each individual such that the par-
ticipant’s thighs were horizontal to ground and the table
surface was at resting elbow height. The keyboard was cen-
tered with the participant and its position marked on the
work surface. For each experimental condition, the mouse
was positioned to the right of the keyboard.

The standard pointing tasks consisted of a large-sized
point-and-click task, a small-sized point-and-click task, a
dragging task and a steering task. Each task was omnidi-
rectional and lasted for approximately one minute. The
large-sized and small-sized point-and-click tasks and the
dragging task consisted of evenly spaced target circles

Table 1

Mouse design features

ID Length (mm) Width (mm) Height (mm) W:L ratio H:L ratio H:W ratio Weight (grams) Symmetry

R 121 64 38 1:1.9 1:3.2 1:1.7 139 Symmetrical
A 105 64 41 1:1.6 1:2.6 1:1.6 116 Asymmetrical
B 84 65 41 1:1.3 1:2.0 1:1.6 82 Asymmetrical
C 90 52 34 1:1.7 1:2.6 1:1.5 57 Symmetrical
D 87 36 31 1:2.4 1:2.8 1:1.2 74 Symmetrical
E 75 35 23 1:2.1 1:3.3 1:1.5 28 Asymmetrical
R = reference mouse; W:L ratio = width:length ratio; H:L ratio = height:length ratio; H:W ratio = height:width ratio.
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Fig. 1. Frontal-lateral view of the mice. From left to right: reference
mouse, mouse A, mouse B, mouse C, mouse D, mouse E.

arranged in a large circle with a radius of 356 pixels. The
target circles of the large-sized point-and-click task and
the dragging task had a radius of 21 pixels whereas the tar-
get circles of the small-sized point-and-click tasks had a
radius of 6 pixels. For the large-sized and small-sized
point-and-click tasks, participants had to click on an active
circle; for the dragging task, participants had to select
(press the button) an active circle and drag it to the oppo-
site side of the large circle (release the button). For the
steering task, participants had to select a small target circle
(9 pixels radius) and then move the circle from one point to
another while maintaining its position within the bound-
aries of the tunnel (20 pixels wide and 120 pixels long).
All tasks were presented via a custom developed software
program in LabView (National Instruments, Austin,
Texas, USA) on a monitor set to 1024 by 768 pixels. To
measure performance, the program recorded the time to
complete each task. Participants were told before the tasks
to be as fast as possible while remaining accurate. They
practiced each task with a desktop computer mouse that
was not entered in the study. Participants also practiced
with each mouse while being instructed to “hold and use
the mouse as they thought they should when looking at
the design”.

2.3. Measuring instruments

During the experiment, surface electromyographic
(EMG) clectrodes (DE-2.1 Single Differential Electrode;
Delsys, Boston, Massachusetts, USA) measured muscle
activity for three forearm muscles and one hand muscle
of the right arm. Electrodes were placed on the muscle bel-
lies of the Extensor Carpi Radialis (ECR), the Extensor
Digitorum Communis (EDC), the Extensor Carpi Ulnaris
(ECU) and the First Dorsal Interosseus (FDI), as recom-
mended by Perotto (1994). Placements were validated
through palpation and signal response to isometric test
contractions. The EMG signals were amplified and band-
pass filtered (20-450 Hz, Bagnoli-eight amplifier; Delsys,
Boston, Massachusetts, USA) before being digitally
recorded at a sample rate of 1000 samples per second. To
obtain data for normalizing the EMG amplitude, three
5-s maximum voluntary contractions were collected for

each muscle. Participants rested between contractions for
one minute.

An electro-magnetic motion analysis system (Minibird;
Ascension Technology, Burlington, Vermont, USA) mea-
sured position and orientation of the forearm, hand and
index finger of the right arm at a sample rate of 20 samples
per second. One small sensor (9 x 5 x 5 mm) was placed
on the proximal phalanx of the index finger and two larger
ones (12 x 7 x 7 mm) were placed on the metacarpus (mid-
way on the third metacarpal bone) and on the forearm
(between ulna and radius, on one third of the forearm as
seen from the wrist). The Minibird system provided the ori-
entation of each segment relative to the global reference
frame. From these orientations, rotation matrices describ-
ing the orientation of the finger relative to the hand and
the hand relative to the forearm were calculated. The asso-
ciated Euler angles were calculated from these matrices rep-
resenting the relative joint angles. Before starting the data
collection, a reference position of the finger, hand and
arm was recorded using a calibration fixture as described
by Jonsson and Johnson (2001). The neutral postures of
the metacarpophalangeal (MCP) joint and wrist were then
defined as the index finger and hand aligned with the fore-
arm with the palm of the hand flat on the calibration fix-
ture and the forearm fully pronated. For the forearm,
this position was defined as 90° pronation; therefore the
neutral posture was defined as the forearm vertical on the
work surface with the thumb pointing upward.

To measure the participants’ preference and comfort,
participants completed a questionnaire after each trial
and then ranked the six mice after completing the protocol.
The questionnaire consisted of four questions about usabil-
ity and comfort with a seven point Likert response scale
and two questions on difficulty and fatigue with a 10 cm
Borg CR10 scale (Borg, 1990) where the verbal anchors
were adjusted from ‘strong’ to ‘difficult’ and ‘fatigued’.

2.4. Data processing and statistical analysis

The EMG amplitude was represented by a root mean
square value calculated from the raw data over a 0.2 s mov-
ing window and then normalized by the root mean square
value obtained during the maximum voluntary contrac-
tions. The maximum voluntary contraction value was the
highest root mean square amplitude averaged from three
maximum voluntary contractions. Relative joint angles of
the MCP, wrist and forearm were calculated from the ori-
entations of the finger, hand, and forearm Minibird
sensors.

For each subject, mouse and task, summary statistics
were calculated for postural data, muscle activity and task
performance. The first and last ten seconds of each task
were removed to ensure that the data contained actual
mouse work. The summary statistics included mean,
10th, 50th and 90th percentile of the EMG amplitude
and the relative joint angles. For the EMG values, Jonsson
(1988) defined the 10th percentile as the static component
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of muscle load, and the 50th and 90th percentile as the
dynamic components. For the postural data, the 10th to
90th percentile represented the joint’s range of motion.
For performance the average movement time was calcu-
lated, which was defined as the average time between each
successful click, drag and tunnel steer.

Differences in the EMG and postural measures across all
mice were analyzed using a repeated measures ANOVA;
post-hoc pairwise comparisons were made using multiple
t-tests for all mouse pairs with Bonferroni adjustment. To
determine differences between all mice for smaller and lar-
ger hands, a between factor was added to the repeated mea-
sures ANOVA. To distinguish differences between mice,
separate repeated measures ANOVA’s were performed
for both hand size groups. Subjective questionnaires and
rankings across all mice were analyzed using a Kruskal-
Wallis ANOVA. To distinguish differences between mice,
separate Mann—Whitney U-tests were performed for both
hand size groups. All statistics were performed using SPSS
13.0. Significance was noted for a probability of a false
positive being less than 5% (P < 0.05).

3. Results
In general, postures were similar across the reference

mouse and mice A, B, and C whereas mice D and E dem-
onstrated some significant differences (Table 2). For MCP

Table 2
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and wrist, mouse D had more non-neutral postures than
the other mice. Mice D and E had higher MCP adduction
(up to 3.2°) than the reference mouse and mouse C
(P <0.001). Mouse E also had higher MCP flexion (up
to 6.5°) than the other mice (P <0.0001). For wrist pos-
ture, mouse D had higher wrist extension than the refer-
ence mouse and mice B and C (up to 2.3° higher) for the
90th percentile (P <0.001). For the 90th percentile ulnar
deviation, the reference mouse was lower than mouse B
and D (P <0.002), with the largest difference with mouse
D (3.2° lower). Forearm pronation showed no significant
differences across mice. Range of motion of the MCP
and wrist joints showed the same pattern of differences
across mice; mouse D had higher values than the other
mice (P < 0.0001). Range of motion for forearm pronation
was higher for mouse A and D than the other mice
(P <0.0001), and these were not significantly different from
each other.

In general, the notebook mice had lower FDI muscle
activity compared to the reference mouse whereas for the
finger extensor and for two of the wrist extensor muscles,
mouse D had the highest activity levels (Fig. 2). For the
FDI muscle activity, the reference mouse was higher than
mouse A and D for the 10th percentile and higher than
mouse A for the 50th and 90th percentile (P <0.01).
Mouse D was lower than mouse B and C for the 10th per-
centile (P < 0.0001). For the EDC muscle activity, the 90th

Postural values (10th, 50th and 90th percentile) and dynamic value (range of motion (ROM)) with standard errors for right hand and forearm averaged

across all tasks

Percentile P Mouse
Reference A B C D E
MCP
Flexion (extension) 10th <0.0001 22.0 (1.5*P  17.1 1.®)RCE 195 (1.7)E 224 (1.4MBP 193 (1.6)RCE 239 (1.5BCP
50th <0.0001 25.1 (1.5)* 21.1 (1L.HRCE 228 (1.7)CE 254 (1.54BE 238 (1.6)F 27.7 (1.5ABCD
90th <0.0001 279 (1.5*F 246 (1.7)RPE 259 (1.8)F 282 (1.5 278 (1.6)ME 31.1 (1.5)ABCD
ROM <0.0001 5.9 (0.3)AP 7.5 (0.5)%€ 6.3 (0.4)° 5.8 (0.3)APE 85 (0.6)%BC 7.1 (0.5)€
Adduction (abduction)  10th 0.0001 8.9 (1.4)>E 9.1 (1.4) 8.6 (1.4) 9.1 (1.4)>E 10.5 (1.4)R€ 10.8 (1.5)%C
50th <0.0001 10.5 (1.5PF  11.2(1.4) 10.5 (1.4)° 10.6 (1.4)>F 12.9 (1.4)RBC 12.8 (1.5)%€
90th <0.0001 122 (1.5PE  13.5(1.4) 12.6 (1.4)P 124 (1.4°PE 154 (1.4RBC 14,9 (1.5RC
ROM <0.0001 3.3 (0.2)ABPE 44 (0.2)RCD 4.1 (02RCP 33 0.1)ABPE 49 (02RABCE 47 (0.2)RCP
Wrist
Extension (flexion) 10th 0.7966  28.8 (1.1) 28.0 (1.3) 28.2 (1.4) 28.2 (1.3) 28.5(1.2) 28.1 (1.4)
50th 0.0688  31.2(1.2) 31.0 (1.3) 30.5 (1.3) 30.5 (1.3)P 32.0 (1.2)¢ 30.9 (1.4)
90th 0.0003 333 (1.2)° 33.2(1.3) 325 (1.3 324 (1.3)P 347 (1.2)RBC  332(1.4)
ROM <0.0001 4.5 (0.3)AP 5.2 (0.3)RBC 44(03AP 41 02MPE 62 (0.5RBCSE 50 (04)CP
Ulnar (radial) deviation 10th 0.0179 —1.8(1.6) —1.4(1.7) 0.6 (1.4) —0.3 (1.6) —14(1.6) —0.6 (1.6)
50th 0.0590 0.9 (1.7) 1.9 (1.8) 3.2(1.5) 2.3 (1.7) 2.5 (1.6) 2.5(1.7)
90th 0.0017 3.5 (1.7)BP 53 (1.9) 6.1 (1.6)} 5.0 (1.8) 6.7 (1.7} 5.8 (1.8)
ROM <0.0001 5.3 (0.2)APE 6.6 (03)RBCD 55 03ADE 52 0.3)APE 8.1 (0.3)RABCE 64 (0.3)RBCD
Forearm
Pronation (supination)  10th 0.2638  85.0 (1.5) 83.0 (1.6) 83.8 (1.5) 84.2 (1.4) 83.9 (1.4) 83.7 (1.4)
50th 0.3727 864 (1.5) 84.8(1.5) 85.3 (1.5) 85.5 (1.5) 85.9 (1.4) 85.2 (1.4)
90th 0.4246  87.8 (1.6) 86.7 (1.5) 86.7 (1.6) 86.9 (1.5) 87.8 (1.5) 86.9 (1.4)
ROM <0.0001 2.8 (0.1)~P 3.7 (0.2)RB€ 2.9 (022 27 02)AP 3.9 (0.3)R-BC 3.3(0.3)

Positive values indicate flexion and adduction for MCP (metacarpophalangeal joint), extension and ulnar deviation for the wrist and pronation for the

forearm.

Superscript letters denote significant differences; for example the 10th percentile for MCP flexion for the reference mouse, 22.0(1.5

value is significantly different from the values for the 10th percentile for MCP flexion for mice A and E.

)A

means that this
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Fig. 2. Electromyographic (EMG) amplitude distribution (10th (), 50th
(M) and 90th (A) percentile) values in percentage of maximum voluntary
contraction (%M\;C) for the hand (FDI) and forearm muscles (ECR,
EDC and ECU). = Significant differences obse»{;/ed across mice for the
10th, 50th and 90th percentile (P < 0.0065). Signiﬁcimt differences
observed across mice for the 90th percentile (P < 0.0044). Significant
differences observed across mice for the 10th and 90th percentile
(P <0.0050). R = reference mouse See text for more details.

percentile and the mean value of mouse D were higher than
mouse B and E (P <0.046). For the ECU muscle activity,
the mean value of mouse D was higher than mouse E and
the 90th percentile was higher than mouse B and E
(P <0.029). For the 10th percentile of the ECU, mouse E
was lower than the reference mouse and mouse B and C.
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For the ECR muscle, nine participants were not entered
in the analysis because there was interference observed that
was larger than the EMG signal. Among the remaining
participants no significant differences were found across
the mice for the ECR muscle.

Participants rated mouse A the highest and D and E the
lowest on usability and comfort but rated A the lowest and
D and E highest for portability (Table 3). Mouse D was also
rated the most difficult to use and the most fatiguing
(P <0.001). Participants rated mouse A the highest on
appealing and usable looks (P < 0.001). After using all mice,
participants ranked mouse D and E the lowest on comfort
and usability (2.0 and 2.2, respectively) and mouse A the
highest (5.3). For portability, mouse D and E were ranked
the highest (5.3 and 5.4, respectively) and the reference
mouse and mouse A the lowest (1.3 and 2.1, respectively).

Average movement times were similar except for mouse
C, which had the fastest average movement time. Mouse C
(1.12's) had a faster movement time than the reference
mouse (1.20 s) and mouse B (1.22 s) (P <0.001); however
movement time was not different from mouse A (1.155s)
and mouse D (1.16s).

Participants with smaller hands had more non-neutral
postures than participants with larger hands (Table 4). Par-
ticipants with smaller hands had higher wrist extension and
forearm pronation (up to 5.6° and 5.9°, respectively; P
< 0.045). Furthermore, interaction effects existed between
mice and hand size for wrist extension (P < 0.042). Partic-
ipants with larger hands had more wrist extension for

Table 3

Self-reported subjective ratings across mice on a seven point Likert scale (questions 1-4), the Borg CR 10 scale (questions 5 and 6) and an overall ranking

Parameter Mouse

P Reference A B C D E

Questionnaire

1. The mouse is easy to hold [1 7]' <0.0001 5.0 (0.3)”F  59(02>F  51(03)PF 47(03)>F 238 3.1
(0‘3)R,A,B,C (0.4)R<A,B,C

2. This mouse feels comfortable [1 77 <0.0001 4.7 (0.3)>F  57(0.3)>F 49 (0.3)PF  44(03)°F 26 3.0
(0‘3)R,A,B,C (0.4)R,A_B,C

3. I quickly adjusted to using this mouse [1 7]' 0.0009  5.1(0.3) 5.7 (0.2)" 5.3(0.3) 5.2(0.3) 42 (0.3)* 4.6 (0.3)

4. T would use this mouse if I had a notebook

computer [1 71" 0.0001 3.3 (0.4)* 50 (0.3)RPE 4204°  4204° 29042 BC 31047

5. How difficult was it to perform all tasks? <0.0001 2.1(0.3) 1.4 (0.2)° 1.7 (0.3) 1.5(0.2)P 2.6 (O.3)A‘C 2.3(0.4)

[0 10P

6. How fatigued are you? [0 10T 0.0001 1.8 (0.3) 1.2 (0.2)° 1.7 (0.3) 14(02)° 2504 1904

Overall rank

1. Comfort [1 6] <0.0001 3.9 (0.3)»PE 53 44 (02)PF 35 2.0 2.2

(0.2)R,C,D.E (O.z)A,D,E (O.z)R,A,B,C (OAZ)R.A‘B,C
2. Usability [1 67" <0.0001 3.6 (0.3)* 49 4.0 (0.3)P 3.4 (0.2) 25038 28 (04"
(0'3)R,C,D,E
3. Portability [1 6]* <0.0001 1.3 2.1 3.4 3.3 5.3 5.4

(0 1)A,B,C.D,E

(O.I)R,B,C,D,E (0.1)R,A,D,E

((‘).2)R,A.B,C

(0.2)R,A,D,E (O.I)R’A’B‘C

Questions were given after using each mouse during the computer tasks and overall rank after using all mice.

Superscript letters denote significant differences between values, for example question 2 for the reference mouse, 5.9(0.2

significantly different from mouse B, D and E.
! 1: strongly disagree — 7: strongly agree.
2 0: not difficult at all — 10: very, very difficult.
3 1: not fatigued at all — 10: very, very fatigued.
* 1: least favorite — 6: favorite.

)BP-E means this value was
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Table 4

Postural values (10th, 50th, 90th percentile and range of motion (ROM)) with standard errors for right hand and forearm averaged across all mice differed

between hand sizes (main effects)

Hand size Posture
MCP F (E) MCP Ad (Ab) Wrist E (F) Wrist U (R) Forearm P (S)
10th Small 20.2 (2.1) 11.1 (1.9) 31.0 (1.6)" —0.2(2.2) 86.7 (1.8)"
Large 212 (2.1) 7.8 (1.9) 25.6 (1.6)" ~14(2.2) 81.2 (1.8)"
P 0.7300 0.2402 0.0245 0.7173 0.0442
50th Small 23.6 (2.1) 13.1 (2.0) 33.8 (1.6)" 2.9 (2.3) 88.4 (1.9)
Large 25.0 (2.1) 9.7 (2.0) 28.3 (1.6)" 1.5(2.3) 82.6 (1.9)"
P 0.6563 0.2175 0.0247 0.6528 0.0363
90th Small 269 (2.2) 15.3 (2.0) 36.0 (1.6)" 6.2 (2.4) 90.1 (1.9)"
Large 28.2(2.2) 11.7 (2.0) 30.4 (1.6)° 4.6 (2.4) 84.2 (1.9)
P 0.6624 0.2137 0.0239 0.6188 0.0378
ROM Small 6.7 (0.5) 4.1(0.2) 5.0 (0.4) 6.5 (0.4) 3.4(0.2)
Large 7.0 (0.5) 3.9 (0.2) 4.8 (0.4) 5.9 (0.4) 3.0 (0.2)
P 0.6755 0.4604 0.8377 0.2857 0.2692

Positive values indicate flexion and adduction for MCP (metacarpophalangeal joint), extension and ulnar deviation for the wrist and pronation for the

forearm.

* denotes significant differences between hand sizes averaged across all mice. F (E) = Flexion (extension); Ad (Ab)= Adduction (abduction);
E (F) = Extension (flexion); U (R) = Ulnar (radial) deviation; P (S) = Pronation (supination).

mouse D than for the other mice (up to 3.6° higher). Such
difference across mice was not observed for participants
with smaller hands. No significant differences were found
for EMG activity between hand sizes. There were, how-
ever, interaction effects between mice and hand size for
the mean, 50th and 90th percentile of muscle activity of
the EDC and ECU (P <0.044). Participants with larger
hands had higher muscle activity for mouse D compared
to the other mice and no differences across mice were
observed for participants with smaller hands. The ratings
also showed significant differences between hand sizes. Par-
ticipants with larger hands found it more difficult to work
with mouse B, C and D than participants with smaller
hands (P <0.048). Furthermore, mouse A was ranked
higher by participants with larger hands than participants
with smaller hands on comfort, usability and portability
(P <0.01).

4. Discussion

The goal of this study was to determine the effects of dif-
ferent sized notebook mice on posture and muscle activity.
The results of this study indicate that there are differences
in biomechanical exposures across notebook mice. In gen-
eral, the smallest mouse designs and participants with
smaller hands had less neutral postures and higher muscle
activities. Surprisingly, participants with smaller hands did
not benefit from using the smaller mice; however partici-
pants with larger hands had more difficulty with smaller
mice than with the larger mice.

Values for wrist extension for all notebook mice were
higher than found in previous studies on mouse use (Bur-
gess-Limerick et al., 1999; Dennerlein and Johnson, 2006;
Keir et al.,, 1999). These differences could have been
affected by many factors, for instance differences in proto-
col or measuring methods. Differences in mice could also
be a factor, as the mice in the present study were smaller

than in other studies. In fact mouse D, one of the smaller
mice tested, had higher wrist extension compared to previ-
ous studies, while the other, mostly larger mice had similar
values. In addition, this study recruited participants with
smaller hands which has not been done in the other studies.
This could have been another factor for the differences in
values, as wrist extension was most different for partici-
pants with smaller hands, while larger hands had similar
wrist extension values as in the other studies.

For wrist ulnar deviation, all notebook mice had higher
values than the reference mouse; this difference for the 90th
percentile was largest for mouse D. The values were within
the values of previous studies (Keir et al., 1999; Sommerich
et al., 2002). Keir et al. (1999) also found that smaller mice
had higher wrist ulnar deviation. Johnson and Blackstone
(2007), however, found that ulnar deviation decreased
when children used a smaller mouse instead of a larger
mouse. In the present study, participants with smaller
hands did not have a decreased ulnar deviation when using
the smaller mice. The children’s mean hand size, however,
was smaller than the smallest hand in the present study,
which could be a reason for this difference.

The smallest mice had the highest MCP adduction (D
and E) and flexion (E). A reason for this could be that
for these mice the participants positioned their hand and
forearm to grip and control with their fingers in a different
manner. Unfortunately, this behavior could not be con-
firmed as this was not recorded in the study. No difference
was found between hand size groups; however this could be
because this difference was not captured by the Minibird
sensor on the proximal phalanx. After observations of
hand positioning on the mice, participants showed different
postures than expected. It was expected that participants
with larger hands would claw their fingers (hyper extension
of the MCP and flexion of the proximal and distal inter-
phalangeal joints) in order to have a precision grip with a
small mouse and activate the buttons at the same time.
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However, it was observed that participants mostly flexed
the MCP and increased flexion of the proximal and distal
interphalangeal joints. There were no previous studies
found that measured MCP postures; therefore these values
could not be compared to other studies.

Pronation of the forearm did not differ across mice. This
was contrary to what was expected, because the asymmet-
ric shape of mouse A and B was designed to promote less
pronation. It could be that participants did not use mouse
A and B as the design intended; or that longer use of the
mouse would have led to a less pronated forearm posture.

For muscle activity, ECU had the highest values and
ECR the lowest. This was related to posture, as all partic-
ipants used the mice in ulnar deviation and users were
allowed to rest their arms and portions of their hands on
the work surface. Mouse D required the most dynamic
activity for the ECU; this corresponds with the range of
motion in the present study, which was highest for mouse
D. This difference was affected by hand size; as ECU mus-
cle activity for mouse D was only higher for larger hands.
In the present study, the anti-pronation mice (A and B) did
not show decreased ECU values. This is contrary to results
from previous studies by Chen and Leung (2007) and
Gustafsson and Hagberg (2003) who found decreased
ECU values for anti-pronation mice. These different results
could indicate that the mice used in the present study were
not slanted enough or that the participants did not use the
mice as the design intended.

The EDC showed less dynamic activity than the ECU.
Mouse D still required most dynamic muscle activity com-
pared to the other mice which could be a result of a more
lifted finger posture observed for mouse D than for the
other mice. Although EDC values for mouse A and B did
not differ from the other mice; Chen and Leung (2007)
and Gustafsson and Hagberg (2003) did find differences in
EDC values for anti-pronation mice. This difference could
indicate that the participants did not utilize the anti-prona-
tion design feature of the mice in the present study.

FDI muscle activity was the highest for the reference
mouse; this was supported by lower adduction values of
the MCP; as a function of the FDI is also abduction of
the MCP joint. Sommerich et al. (2002) also found higher
values for a desktop mouse compared to an internal note-
book pointing device. A reason for the higher FDI values
for the reference mouse could be that the buttons were lar-
ger and participants had to abduct their index finger to
reach the middle of the button.

The participant’s ranking matched the postural and mus-
cle activity data; participants rated mouse D as least favor-
ite on comfort and usability. The ratings also showed that
participants with larger hands found working with the smal-
ler mice harder than participants with smaller hands, with
the exception of mouse E. Although participants were con-
sistent in rating mouse B as most favorite, this was not sup-
ported by the posture and muscle activity measurements.

The mouse with the most non-neutral postures and
highest muscle activity (mouse D) was one of the smallest

mice. In addition, mouse D had the largest width to length
ratio and the smallest height to width ration (Table 1). The
combination of size and ratios may have constrained how
the user held the mouse and therefore this constraint added
burden to the user while using it. The effect of mouse D
was, however, most present for participants with larger
hands. The smallest mouse (mouse E) did not differ much
with the larger notebook mice and the desktop mouse in
terms of postures and muscle activity. The reason for this
could be that participants with larger hands could enclose
their whole hand around the smallest mouse, and only
moved the mouse with their fingers. That is they were more
constrained relative to the smaller hand users on how they
could hold the mouse. This was not possible with mouse D
because of the longer length; therefore participants had to
use their wrist more to move the mouse.

The differences across mice were small in terms of abso-
lute numbers; however these could have a large impact
when participants work for a longer time period with the
psychological pressures and demands of a job. Even these
small absolute differences could potentially increase injury
risk because there is no consensus on what postures can
increase injury risk. Marcus et al. (2002) for instance,
found a higher risk of hand and arm disorders when partic-
ipants used a computer mouse in more than five degrees of
radial deviation in the wrist than when working in a neutral
range of —5° to 5° of ulnar deviation. The values for ulnar
deviation found in the present study varied between being
within the neutral range provided by Marcus et al. (2002)
and being outside this range, therefore even a small abso-
lute difference could be clinically relevant.

The conclusions made in this study are limited to mouse
use in a laboratory workstation. Participants worked for
only one hour with different mice and most of them did
not previously work with notebook mice; which could have
affected results. Another important note is that although the
notebook mice were selected on different sizes and shapes,
there could be other confounding factors for design features
(e.g. weight, texture, grip or wired versus wireless) that may
play a role in the biomechanical differences. The different
biomechanical effects could therefore not be attributed to
the design aspects but only to the whole mouse. However,
speculations could be made to ascribe the effects on the
design features. Furthermore, only computer mice that were
labeled as notebook mice were used in this study; but this is
an arbitrary classification because there is no clear defini-
tion of what makes a notebook mouse different from a desk-
top mouse. Despite these workstation-related limitations,
this study has made an important attempt to research bio-
mechanical risk factors associated with notebook mouse
use, which has not been done before.

In conclusion, posture, muscle activity and participant’s
comfort and preference suggest that the smallest mice were
not optimal to use, particularly for participants with larger
hands. Overall, this study demonstrates that mouse D had
the most non-neutral postures and highest EMG values,
which were most pronounced for participants with larger
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hands. These findings were also supported by the subjective
ratings. Because exposure to biomechanical risk factors can
increase the risk for musculoskeletal symptoms and disor-
ders, it is important to design a notebook mouse that is
portable yet does not increase biomechanical exposures.
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