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Choosing a mouse: what does the research say?

1.0 Introduction

It is now well known that musculoskeletal discomfort and other problems can result from
computer use. The contributing factors to developing discomfort are multi-factorial and
includes individual®, psychosocial® and physical factors. Physical factors are those to do with
the interaction of the workers with their physical work environment, for example, the postures
and techniques adopted to do computer work. The term ‘computer use’ is usually used to refer
to using the inputs of computer, that is, the keyboard, screen and input device, typically a

mouse.

As computer use has increased over the years so too has musculoskeletal discomfort associated
with it. The use of the mouse as an input device has been associated with the development of
discomfort. This typically includes pain or discomfort experienced in the neck, shoulder,
forearm and hand and may include specific disorders of these regions e.g. tendonitis.
Discomfort and disorders can result in significant cost to both individuals and organisations.
Efforts to prevent and manage discomfort have included seeking improvements in the use of

the mouse, including its design.

Many mouse-type devices are available but the differences between them is often not clear.
The traditional mouse is used with a ‘claw’ type hand position, where the palm and forearm
face down. This is called full ‘pronation’. Newer, alternative mice offer positions where there
is less pronation of the forearm and hand, and the mouse is used in a more neutral position. In
making a choice of mouse considering the associated benefits and drawbacks of these positions

IS important.

Following the explanation of the literature search strategy, this white paper aims to provide a

summary of the peer-reviewed research to discuss:

! Individual factors include gender and level of general physical activity. For example, women develop discomfort more
than men (e.g. Gerr et al. 2002; Juul-Kristensen et al., 2004; Karlgvist et al., 2002;) and physical activity has a protective
effect in discomfort development, helps to manage symptoms and reduced absenteeism (e.g. van den Heuvel et al, 2005
Blangsted et al.,2008; Proper et al., 2006)

2 psychosocial factors are concerned with the interaction of individuals with the demands of their job and their work
environment. For example, work demands, job control and social support are all associated with the incidence and
development of discomfort (e.g. Devereux et al., 2002; Kryger et al.,2003; Jensen, 2003; Lassen et al., 2005; Polanyi et
al.,1997).
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e Can mouse use result in musculoskeletal discomfort? If so, what are the likely factors
contributing to discomfort?

e How do traditional, pronated mouse designs compare with alternatives in terms of
postures and musculoskeletal load?

e Can alternative designs help to manage discomfort?

2.0 Literature search

Four searches were performed in the SCOPUS?® database with keywords and combinations
shown in Table 1. SCOPUS is the largest abstract and citation database of peer-reviewed
literature across the fields of science, technology, medicine, social sciences, and arts and
humanities. These searches were repeated in the CINAHL* database to identify any additional
potentially relevant references. CINAHL is a Nursing and Allied Health research database
available on the EBSCOhost platform. Using these two database provides confidence that key
literature is captured. Abstracts were read, and the full paper sourced if it was considered
relevant. Additional relevant references were sourced from the reference lists included in

articles and those already held by the author.

Table 1 Search strategy

Field code Search | Keywords Operator | Limits
no’
1 Discomfort
“computer mouse” AND
Article title 2 “computer  mouse”
Abstract “computer mice” OR English
Keywords “non-keyboard input language
device” Acrticle,
3 “computer pen OR review
«“ P article
pen-grip
4 “computer mouse”
“mobile” AND

The following sections summarise the information available in the sourced literature.

3 https:/iwww.elsevier.com/solutions/scopus
4 https://www.ebscohost.com/nursing/products/cinahl-databases/cinahl-complete
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3.0 Incidence and contributing factors of discomfort with mouse use

Does mouse use lead to musculoskeletal discomfort? If so, what are the likely contributing

factors? This section aims to address these questions.

3.1 Musculoskeletal discomfort

Using the mouse for prolonged computer activities has been associated with musculoskeletal
discomfort in many studies in the 2000 decade. The types of mice used are not differentiated
but the majority of mouse use occurs with traditionally designed mice and so the results apply
to traditional mice. In fact, much of alternative mouse development has been in response to
discomfort associated with using traditional mice. Kryger et al.’s (2003) prospective study
found that the prevalence and incidence of right forearm pain was independently related to
intensive use of the mouse device. Other studies also conducted around this time have
expressed similar results (e.g. Jensen et al. 2002; Lassen et al. 2004). Most of the earlier studies
used self-report measures to estimate duration. Research after this time eliminated self-report
error with computer recording. Though this resulted in shorter durations of actual use,®
associations between usage and discomfort were still found. Anderson (2006) found that the
duration of weekly mouse use was associated with upper limb pain in the following week.
Another associated study (Anderson, et al., 2008) found that the risk for acute neck pain and
shoulder pain increased linearly by 4% and 10%, respectively, for each quartile increase in
weekly mouse usage time. This finding is also supported more recently by Kiss et al. (2012)
who found using the mouse for 50% or more of working time increased risk of neck and

shoulder discomfort.

Ijmker et al. (2006) reviewed the longitudinal studies regarding the relationship between the
duration of computer use and the incidence of hand-arm and neck-shoulder symptoms. They
found moderate evidence for the association of mouse use duration for hand-arm symptoms
and disorders but insufficient evidence for an association with keyboard use duration. There
was a dose-response relationship found with this association, meaning there was an increase in
risk as the duration of use increased. In support of these findings a later study also found some
limited evidence that computer mouse time was associated with neck, forearm and wrist
discomfort (Wersted et al., 2010).

5 Computer users have been found to overestimate the time they spend using the computer when self-reporting. This
overestimation can be up to 4 times as much compared to video analysis or WorkPace® software (e.g. Homan & Armstrong,
2003; Heinrich, Blatter & Bongers, 2004)
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Carpal tunnel syndrome, a specific disorder associated with median nerve entrapment at the
wrist, has been associated with prolonged mouse use in some studies (Village et al 2005, Shiri
& Falah-Hassani, 2014) though others have found insufficient evidence of computer work
causing carpal tunnel syndrome (Thomsen, Gerr & Atorshi, 2008).

While not common place, additional conditions have been associated with prolonged mouse
use. Ghasri & Feldman (2010) presented a case of frictional lichenified dermatosis® attributed,
in part, to prolonged pressure and friction on the desk surface or mouse pad while using the

mouse.

In summary, the research evidence is that using a traditional mouse can be associated with the
development of upper limb discomfort or disorders. The longer the time spent using the mouse

the greater the risk of experiencing discomfort.

3.2 What factors contribute to the discomfort associated with mouse use?

Several studies have tried to determine why using a mouse leads to discomfort. The areas that
have been considered in the literature are organisational factors, forces, muscle activity,
postures and techniques.

3.2.1 Organisational factors

Workplace stressors are now recognised as important risk factors for musculoskeletal
symptoms (Bongers et al., 2006). This may be for several reasons including an increased
physical load (e.g. increase muscle activity, higher forces, higher repetition, and awkward
postures) due to these stressors. A fairly recent meta-analysis of computer use patterns and
workplace stressors (Eijckelhof et al., 2014) showed some variation of mouse working
technique depending on levels of workplace stressors. Workers with medium levels of reward
moved their computer mouse significantly faster than workers with high levels of reward and
workers with medium compared to low levels of over-commitment clicked significantly more

times per minute with the mouse.

3.2.2 Forces
The force that is used to grip the mouse has been hypothesised as a potential contributor to
discomfort. However, the forces applied to the mouse during regular work have been found to

be low though women tend to exert more force than men (Johnson et al. 2000; Lindegard et al.

6 Lichenoid dermatosis is the term used to describe any non-inflammatory skin disorder characterized by thickening and
hardening of the skin.
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2003.). Itis not likely that musculoskeletal discomfort or disorders can result from these low

force levels though they may play a part in muscular activity and load.

3.2.1 Muscle activity

Cooper and Straker (1998) found a trend towards higher muscular load for shoulder muscles
during using the mouse compared to keying. Other EMG studies have found that more
continuous and repetitive activity is present in the neck muscle on the mouse side than the non-
mouse side (Jensen et al., 1999). In addition, muscle activity has been found to be higher when
the mouse is used on the right with a keyboard that includes a numerical pad as this increases

the distance the shoulder is positioned away from a neutral position (Cook & Kothiyal, 1998).

3.2.3 Postures and techniques

Deviations from ‘neutral posture’ with mouse use have been reported as increasing the
likelihood of discomfort (Brown, Albert & Croll, 2007). Individual differences in postures and
techniques have been identified in several studies (Burgess-Limerick et al. 1999; Cooper and
Straker, 1998; Lee, McLoone & Dennerlein, 2008). Computer users assessed as having ‘good’
technique (using an assessment that included support of arms, movement of the mouse and
posture) have been found to have decreased muscular load in the arms and neck with mouse
use than users with ‘poor’ technique (Lindegard et al., 2003). This indicates a ‘poor’ technique
may contribute to discomfort. Postures and techniques are determined, in part, by the design

of the mouse used and the impact of design is considered in the next section.

4.0  Postures required for ‘traditional’ and ‘alternative’ mouse devices

Several studies have looked at different types of computer mice to determine the differences in
postures and loads required depending on the design of the mouse. For this paper, these will
be considered in terms of the traditional mouse and alternative mice with respect to forearm
and hand position. The traditional style of mouse is where the mouse is used with the forearm
and hand fully pronated, held with fingers and thumbs, buttons depressed with fingers and
moved mainly with wrist movements. This includes trackballs, touchpads and various surface
mouldings. Alternative mice are generally those that are used with less forearm pronation, in
a ‘handshake’ position or a pen-like position, using fingers and/or thumbs for button activation
and are moved mainly with whole arm movements (Gustafsson, 2003). Typical examples of

these are vertical or upright mice, computer pens and a combination of these.

Biomechanics and ergonomics principles suggest that to use tools and equipment effectively,

efficiently and with the least muscular stress joints should be used in ‘neutral positions’
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(Pheasant, 1991). This can also be defined as the resting position. For the lower arm this is
when the forearm in a mid-position between full pronation (palm facing down on the desk with
a bent elbow) and full supination (palm facing up on the desk with a bent elbow), the wrist in
slight extension and fingers slightly flexed, and the thumb in line with the hand and slightly
forward. Essentially, this is the pen-holding position that most people adopt. Using a mouse
may activate muscles of the shoulder, forearm, wrists and hands. Reviewing the comparisons
of traditional and alternative mice examined in the literature, the effects of design on muscle

load, wrist movements and hand pressure are discussed in the next sections.

4.1 Traditional mice compared to vertical mouse

One of the first studies to spur development of alternative mice, Aards & Ro (1997)
investigating an early vertical mouse design, found that the muscle load on the forearm was
less than with a traditional mouse. The authors suggested that this is due to reduced pronation
required with the upright design. Following this, Keir et al (1999) found increased carpal
tunnel pressure with three traditional mice. They postulated that this was a result of increased
wrist extension with this design and the fingertip force applied to depress the buttons and to
grip the sides of the mouse. They also suggested that a forearm not fully pronated may lead to

slightly lower pressures when the wrist is extended to 20-30°.

Gustafsson (2003) demonstrated less ulnar deviation and less muscle load in work with a
prototype mouse with a neutral pronation hand position compared to a traditional design. This
was explained by the fact that this aspect of the hand is resting on the upright mouse during
use. This contact, however, may be a negative in terms of contact pressure (Cobb & Cooney,
1995; Ghasri, & Feldman, 2010). The Gustafsson study (2003) attributed less wrist extension
and frequency of deviation movements in the neutral posture to the design which encouraged
whole arm movement rather than wrist movements. Also, they postulated that less muscle

activity was because the neutral position is a more relaxed position.

Terming them ‘slanted’ computer mice, Chen & Leung (2007) compared five custom made
mice with different angles in the palm position of the mouse. Thus, the slant angle altered the
degree of hand and forearm pronation. They found that as the slant angle of the mouse
increased (less pronation) the muscle activity of the hand, forearm and neck decreased relative
to the non-slanted, traditional mouse. A 25° or 30° slant was optimal, this results in a mid-
range pronated position.

Looking at a similar design, Odell & Johnson (2015) report on the comparative testing carried

out for three concept mice with different angled top cases which led to the commercial
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production of the Microsoft Natural mouse 6000/7000. They compared the concept mice with
the Evoluent vertical mouse and the more traditional Intellimouse Explorer. The vertical
mouse reduced pronation but had the greatest wrist extension and poorer pointing performance.
They found that the angled concept mice reduced forearm pronation and ulnar deviation though
increased wrist extension slightly compared to the traditional mouse. In addition, they found
that the contact area at the wrist was altered by the slight height and mid-range pronation. They
suggested that this is another potential benefit of a more vertical mouse design in that it may
reduce the contact pressure at the base of the palm (Odell & Johnson, 2015). Contact pressure
has been identified as a possible consequence of mouse use (Ghasri & Feldman, 2010). The
concept mouse which was rated more favourably by the users was used in the commercial

product.

Feathers, Rollings & Hedge (2013) compared five mice including one vertical mouse
(Evoluent) and one pronating reducing mouse (Microsoft Natural). Their results also showed
that, in the traditional palm holding position, there is less pronation and less ulnar deviation,
but more wrist extension. Similarly, Houwink et al., (2009) compared the traditional mouse
with a pronation reducing alternative (Microsoft Natural Mouse). They found, again, less
pronation with the alternative mouse than the traditional and higher wrist extension.
Interestingly, this study added a training element, to teach the participants how to use the mouse
optimally. Those in the ‘trained’ group exhibited less pronation and extension and lower
muscle activity than those not trained. In addition, the trained group had less ulnar deviation

and lower extensor muscle activity with the alternative mouse.

Gaudez & Cail (2016; 2017) also looked at slanted mouse, comparing musculoskeletal stress
recorded between a traditional mouse, vertical mouse (Evoluent) and a slanted prototype. As
with several of the other studies, they concluded muscle activity and ulnar deviation of the
hand is lower with the alternative mouse design, though wrist extension is greater, than with
the traditional design. The vertical mouse rated lowest on user-rated comfort and ease of use.
Of note, they also tested the difference of muscle activity and performance with a change in
the position of use of the mouse and found that using the mouse in front of the keyboard or
freely moving it across the workstation improved these variables and resulted in lower muscle
activity. This finding is supported by Kiss et al., (2012) noted that the position of the mouse is

at least as important as usage time when examining development of discomfort.

In the most recent of research sourced Lourenco, Pitarma, & Coelho (2017) also compared the

Evoluent vertical mouse and a traditional mouse in terms of performance and user ratings.
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Their small study showed better performance and higher user ratings with the standard mouse.
This finding has been repeated in many studies, with preference staying with the traditional
design. This may be because the traditional mouse is ubiquitous in computer use and most
people now are very familiar with it. Notably they found no correlation between the subjective
discomfort variables and the objective useability parameters leading them to suggest that

designing hybrid configurations of handheld pointing devices may be a better compromise.

4.1.1 Size

The effect of mouse size on postures and muscle activity were investigated by Oude Hegel et
al., (2008). They compared five traditional mouse which differed primarily in size (75-105
mm long and 35-65 mm wide) with a reference, larger traditional mouse (121 mm x 64 mm).
They found that the smallest mice results in less neutral postures with increased ulnar deviation,
MCP flexion and wrist extension. Effectively, more hand ‘hook’. Additionally, the smaller
mouse evoked higher muscle activity in the wrist extensor muscles. Participants preferred the
smaller mice for portability and the larger mice for comfort and useability. This indicates if
the mouse is a smaller size the way in which it is held and used needs to differ from the
traditional design to support optimal postures.

4.2 Traditional mice compared to pen-like mice

Several studies have used the idea of writing with a pen to develop alternative mice. The
concept is based around the idea that an ordinary pen grip requires less static tension than that
of a traditional mouse grip and that writing with a pen does not require wrist extension, ulnar

deviation or extreme pronation.

Comparing a traditional mouse and a pen-tablet Kotani & Horii (2003) found significant less
muscle load in the muscles of the hand with the pen, 5-10% less than with the mouse. There
was also some reduction in the muscle load of the biceps with the pen (2.4%). In addition, this
study found that the learning process to use the new device was short with high participant

acceptance. This suggests that a pen-like position is intuitive and requires less muscle effort.

Ullman et al., (2003) developed a prototype mouse which mimicked a pen but including a
moveable base, called the Ullman PenClic mouse. Their small-scale study compared muscle
activity in mouse use between the pen-grip mouse and a two traditional mice. The pen-grip
mouse showed reduced muscle activity in the neck and shoulder girdle muscles as well as

forearm muscles compared to the traditional mouse.
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Hedge & Chen (2004) then compared the Ullman PenClic mouse with another pen mouse
(Salient V-mouse) and a traditional mouse. In this small study they found that these pen-mice
reduced wrist pronation and ulnar deviation compared to the traditional mouse though showed
an increase in wrist extension. Moreover, the performance of the pen-mice was equivalent,

and preferences were overall more for the pen-mice than the traditional mouse.

More recently, the I-pen was compared to a traditional mouse (Mduller, Tomatis, & L&ubli,
2010) and muscle activity and performance examined. The I-pen uses a force sensitive tip for
left mouse click and a multi-functional bottom on the top back for scrolling and right mouse
click. This study found no differences in muscle load of the trapezius between the two devices.
Interestingly, they found that learning allowed for near equal performance of both devices. The
effort required by both the hand and the shoulder to use the 1-pen was not perceived to be harder

than the mouse.

Using a prototype vertical mouse of a vertical rod on a base, again based on the biomechanics
of handwriting, Quemelo & Vieira (2013) compared positions and muscle activity with a
traditional mouse. This small study found significant lower muscle activity in the extensor
muscles with the vertical mouse, less pronation and ulnar deviation though extension
movements were greater. The authors suggested improvements to their prototype of reducing
button force, including a scroll wheel, decreasing the base size and adjusting the handle to

allow the arm to rest on the table.

In another small-scale prototype development study, a vertical mouse based on pen-grip
principles (Ergomice) was compared on aspects of performance and user-rated comfort
(Dehghan et al., 2015) with a traditional mouse, a pen mouse and a track-pad. They found
performance (task completion time and error rate) and comfort better with the traditional mouse
with the Ergomice out-performing the pen-mouse and the trackball on these measures.

4.3 Summary
Considering the available evidence described above it can be suggested that,

e Vertical mice design, compared to traditional design, decreases pronation, ulnar
deviation and muscle activity but increases wrist extension.

e Vertical mice design tends to be preferred less than traditional design. Most likely due
to familiarity.

e Small, traditional design mice increase non-neutral postures.
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e The ability to position the mouse freely in the workspace decreases muscle load.

e Pen-like mouse design compared to traditional design, decreases pronation, ulnar
deviation and muscle activity but tends to increase wrist extension.

e Pen-like mouse design seem to be more accepted than vertical mouse with a short
learning time.

e Alternative mouse design with less pronation can reduce contact pressures.

5.0 Can using an alternative mouse change discomfort?

Considering if using alternative mice impacts on discomfort in the long term in the ‘real world’
is generally not well researched given the complexities of longitudinal, intervention studies.
However, Aaras, Ro & Thorensen (1999) provided a vertical mouse to a group of people
experiencing discomfort and after six months they reported a significant decrease in pain
intensity and frequency for the neck, shoulder, forearm and hand compared to the control
group. As a follow-up to this study they then provided the control group the vertical mouse
and after a further six months this group also reported significantly less pain in the shoulder,
forearm and hand (Aaras, Dainoff, Ro & Thorensen, 2001). In addition, re-evaluation of the
initial intervention group after one year reported no increase in pain intensity. This study
showed that an alternative mouse with less pronation can influence recovery from
musculoskeletal discomfort associated with mouse use. Moreover, this reduction in discomfort

is sustained.

Another intervention study (Conlon, Krause & Remple, 2008) all eligible employees
completed an initial questionnaire and then consenting computer-based engineers were
randomly allocated to one of four intervention groups. They either received a traditional
mouse, a vertical (Renaissance) mouse, a traditional mouse with a forearm support board or a
vertical mouse with a forearm support board. Baseline measures of discomfort and other
factors were recorded, and the study participants were tracked over 52 weeks. This study
concluded that provision of forearm support may reduce right upper extremity discomfort.
While not statistically significant, there was a trend for the vertical mouse to reduce neck
/shoulder discomfort and right upper limb musculoskeletal disorders. These studies suggest
that there is an opportunity to reduce and manage musculoskeletal discomfort related to mouse
use with mice that are different to the traditional mouse and, in particular, reduce pronation

require for use.
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Conclusion

When choosing a mouse, the research suggests:

A traditional mouse design, which requires a fully pronated hand position is a
contributor to discomfort related to computer use.

Vertical mouse designs in neutral pronation decrease pronation and muscle activity but
increase extension and seem to have performance and acceptance issues compared to

traditional designs.

Designs reported in the literature using pen-like positions show reduced pronation,
ulnar deviation and muscle activity though increased wrist extension. A pen-like

position design which limits wrist extension would be desirable.

Pen-like position designs seem to have better acceptance than vertical mice.
Acceptance may be improved if the design included aspects of the functionality of

traditional mouse e.g. moveable base, buttons and scroll wheel.

Smaller mice are preferred for portability and may improve the ability to change where
mouse is used on the worksurface, e.g. in front of keyboard, which improves neutral
shoulder positions, but if the mouse is a small version of the traditional design they may

compromise hand position and increase muscle loading.

A slightly, higher mouse with a mid-range pronation position may reduce contact

pressure with the work surface.

Training in how to use the mouse helps to optimise technique and reduce muscle

activity.

Alternative mice, if designed considering the points above, offer one potential way to prevent

and manage musculoskeletal discomfort related to mouse use.

Author

This report was prepared by:

Nicola Green

Ergonomist and Occupational Health Physiotherapist

MPhil (Hons); BA (Business Psych); Adv.Cert.Occ.Health Physio (UK); DipPhysio(Otago)
Email nicola@ewh.co.nz

Ergonomics, Work & Health Ltd Page 11 of 14


mailto:nicola@ewh.co.nz

Mouse: literature review

References

Aaras, A., Ro, 0., 1997. Workload when using a mouse as an input device. Int. J. Hum. Comput. Interact. 9 (2),
105-118.

Aaras, A., Ro, O., & Thoresen, M. (1999). Can a More Neutral Position of the Forearm When Operating a
Computer Mouse Reduce the Pain Level for Visual Display Unit Operators? A Prospective Epidemiological
Intervention Study. International Journal of Human-Computer Interaction, 11(2), 79

Aaras, A., Dainoff, M., Ro, O., & Thoresen, M. (2001). Can a More Neutral Position of the Forearm When
Operating a Computer Mouse Reduce the Pain Level for Visual Display Unit Operators? A Prospective
Epidemiological Intervention Study: Part I1. International Journal of Human-Computer Interaction, 13(1), 13-
40.

Andersen, J.H.; Harhoff,M., Grimstrup, S. Vilstrup,l. Lassen, C.F. Brandt, L P A Kryger, A. I., Overgaard, E.,
Hansen, K D. ,Mikkelsen, S. (2008). Computer Mouse Use Predicts Acute Pain but Not Prolonged or Chronic
Pain in the Neck and Shoulder Occupational & Environmental Medicine, 65(2), 126-131.

Blangsted AK, Sggaard K, Hansen EA, Hannerz H, Sjggaard G. (2008) One-year randomized controlled trial with
different physical-activity programs to reduce musculoskeletal symptoms in the neck and shoulders among
office workers. Scandinavian Journal of Work Environment & Health—online first, 10 March 2008

Bongers P.M., Ijmker, S., van den Heuvel, S., Blatter, B. M. (2006) Epidemiology of work related neck and upper
limb problems: Psychosocial and personal risk factors (Part I) and effective interventions from a bio behavioural
perspective (Part I1) Journal of Occupational Rehabilitation 16(3), 272-302

Brown, J. N. A, Albert, W. J., & Croll, J. (2007). A new input device: Comparison to three commercially available
mouses. Ergonomics, 50(2), 208-227.

Burgess-Limerick, R., Shemmell, J., Scadden, R., & Plooy, A. (1999). Wrist Posture during Computer Pointing
Device Use. Clinical Biomechanics, 14(4), 280-286.

Chen, H. M., & Leung, C. T. (2007). The effect on forearm and shoulder muscle activity in using different slanted
computer mice. Clinical Biomechanics, 22(5), 518-523.

Conlon, C. F., Krause, N., & Rempel, D. M. (2008). A randomised controlled trial evaluating an alternative mouse
and forearm support on upper body discomfort and musculoskeletal disorders among engineers. Occupational
and Environmental Medicine, 65(5), 311-318

Cobb T, An K, Cooney W. (1995) Externally applied forces to the palm increase carpal tunnel pressure. Journal
of Hand Surgery, 20:181-5.

Cook, C. J., & Kothiyal, K. (1998). Influence of Mouse Position on Muscular Activity in the Neck, Shoulder and
Arm in Computer Users Applied Ergonomics, 29(6), 439-443.

Cooper, A., & Straker, L. (1998). Mouse versus Keyboard Use: A Comparison of Shoulder Muscle Load.
International Journal of Industrial Ergonomics, 22(4-5), 351-357.

Dehghan, N., Choobineh, A., Razeghi, M., Hasanzadeha, J., Irandoost, M., & Ebrahimi, S. (2015). Assessment of
functional parameters and comfort of a new computer mouse as compared with other types of input devices.
International Journal of Occupational Safety & Ergonomics, 21(4), 493-497

Dennerlein, J. T., & Johnson, P. W. (2006). Different computer tasks affect the exposure of the upper extremity
to biomechanical risk factors. Ergonomics, 49(1), 45-61

Devereux, J.J, Vlachonikolis, I.G., Buckle, P.W. (2002) Epidemiological study to investigate potential interaction
between physical and psychosocial factors at work that may increase the risk of symptoms of musculoskeletal
disorder of the neck and upper limb, Occupational & Environmental Medicine, 59: 269-277

Eijckelhof, B. H. W., Huysmans, M. A., Blatter, B. M., Leider, P. C., Johnson, P. W., van Dieén, J. H., ... van der
Beek, A. J. (2014). Office workers' computer use patterns are associated with workplace stressors. Applied
Ergonomics, 45(6), 1660-1667.

Feathers, D. J., Rollings, K., Hedge, A., & (2013). Alternative computer mouse design s: performance, posture,
and subjective evaluations for college students aged 18-25. WORK-A Journal of Prevention Assessment &
Rehabilitation, 44, S115-S122.

Ergonomics, Work & Health Ltd Page 12 of 14



Mouse: literature review

Gaudez, C., & Cail, F. (2016). Effects of mouse slant and desktop position on muscular and postural stresses,
subject preference and performance in women aged 18-40 years. Ergonomics, 59(11), 1473-1486.

Gaudez, C., & Cail, F. (2017). What’s the best computer mouse? A comparative study of wrist angles and carp
extensor activity when using three mice. Computer Methods in Biomechanics and Biomedical Engineering, 20,
89-90.

Gerr, F., Marcus, M., Ensor, C., Kleinbaum, D., Cohen, S., Edwards, A., Gentry, E., Ortiz, D.J., Monteilh,
C.(2002) A prospective study of computer users: | Study design and incidence of musculoskeletal symptoms
and disorders, American Journal of Industrial Medicine, 41: 236-249

Ghasri, P., & Feldman, S. R. (2010). Frictional lichenified dermatosis from prolonged use of a computer mouse:
Case report and review of the literature of computer-related dermatoses. Dermatology Online Journal, 16(12),3

Gustafsson, E., & Hagberg, M. (2003). Computer mouse use in two different hand positions: exposure, comfort,
exertion and productivity. Applied Ergonomics, 34(2), 107-113.

Hedge, A., Chen, C.C. (2004). Evaluation of pen-shaped and conventional mouse designs
Paper presented at the Proceedings of the Human Factors and Ergonomics Society 48th Annual
Meeting, New Orleans.

Houwink, A., Oude Hengel, K. M., Odell, D., & Dennerlein, J. T. (2009). Providing training enhances the
biomechanical improvements of an alternative computer mouse design. Human Factors, 51(1), 46-55.

Ijmker, S., Huysman, M.A., Blatter, B.M., van der Beek, A.J., van Mechelen, W., Bongers, P.M. (2006) The
duration of computer use as a risk factor for hand-arm and neck-shoulder symptoms, IEA Conference
Proceedings, 10th-14th July, Maastrict, The Netherlands

Jensen C. (2003) Development of neck and hand-wrist symptoms in relation to duration of computer use at work
Scandinavian Journal of Work, Environment &Health 29,3:197-205

Jensen, C., Finsen, L., Hansen, K., & Christensen, H. (1999). Upper trapezius muscle activity patterns during
repetitive manual material handling and work with a computer mouse. Journal of Electromyography and
Kinesiology, 9(5), 317-325.

Jensen, C., Sggaard, K., Finsen, L., Christensen, H (2002) Musculoskeletal symptoms and duration of computer
and mouse use, International Journal of Industrial Ergonomics, 30: 265-275

Johnson, P. W., Hagberg, M., Wigaeus Hjelm, E., & Rempel, D. (2000). Measuring and characterizing force
exposures during computer mouse use. Scandinavian Journal of Work, Environment and Health, 26(5), 398-
405.

Juul-Kristensen, B., Segaard, K., Strayer, J., Jensen, C. (2004) Computer users’ risk factors for developing
shoulder, elbow and back symptoms, Scandinavian Journal of Work, Environment and Health, 30,5: 390-398

Karlgvist, L., Wigaeus Torngvist, E., Hagberg, M., Hagman, M. Toomingas, A. (2002) Self-reported working
conditions of VDU operators and associations with musculoskeletal symptoms: a cross-sectional study
focussing on gender differences , International Journal of Industrial Ergonomics 30, 4-5: 277-294

Keir, P.J., Bach, J. M., & Rempel, D. (1999). Effects of computer mouse design and task on carpal tunnel pressure.
Ergonomics, 42(10), 1350-1360.

Kiss, P., De Meester, M., Kruse, A., Chavée, B., & Braeckman, L. (2012). Neck and shoulder complaints in
computer workers and associated easy to assess occupational factors - A large-scale cross-sectional multivariate
study. International Archives of Occupational and Environmental Health, 85(2), 197-206.

Kotani, K., & Horii, K. (2003). An analysis of muscular load and performance in using a pen-tablet system.
Journal of Physiological Anthropology and Applied Human Science, 22(2), 89-95.

Kryger, A.l., Andersen, J.H., Lassen, C.F., Brandt, L.P.A., Vilstrup, I., Overgaard, E., Thomsen, J.F., Mikkelsen,
S. (2003) Does computer use pose an occupational hazard for forearm pain; from the NUDATA study,
Occupational and Environmental Medicine, 60: e14

Lassen, C.F., Mikkelsen, S., Kryger, A.l., Andersen, J.H. (2005) Risk factors for persistent elbow, forearm, and
hand pain among computer workers, Scandinavian Journal of Work, Environment and Health, 31,2: 122-131

Lassen, C.F., Mikkelsen, S., Kryger, A.l., Brandt, L.P.A, Overgaard, E., Thomsen, J.F., Vilstrup, I., Andersen,
J.H. (2004) Elbow and wrist/hand symptoms among 6,943 computer operators: A 1- year follow up study ( The
NUDATA study), American Journal of Industrial Medicine, 46: 521-533

Ergonomics, Work & Health Ltd Page 13 of 14



Mouse: literature review

Lourenco, M. L., Pitarma, R. A., & Coelho, D. A. (2017). Horizontal and vertical handheld pointing devices
comparison for increasing human systems integration at the design stage, Advances in Intelligent Systems and
Computing, 497, 15-24.

Lee, D. L., McLoone, H., & Dennerlein, J. T. (2008). Observed finger behaviour during computer mouse use.
Applied Ergonomics, 39(1), 107-113.

Lin, M. Y. C,, Young, J. G., & Dennerlein, J. T. (2015). Evaluating the effect of four different pointing device
designs on upper extremity posture and muscle activity during mousing tasks. Applied Ergonomics, 47, 259-
264

Lindegard, A., Wahlstrém, J., Hagberg, M., Hansson, G. A., Jonsson, P., & Torngvist, E. W. (2003). The impact
of working technique on physical loads - An exposure profile among newspaper editors. Ergonomics, 46(6),
598-615.

Luttmann, A., Schmidt, K. H., & Jager, M. (2010). Working conditions, muscular activity and complaints of office
workers. International Journal of Industrial Ergonomics, 40(5), 549-559.

Mdiller, C., Tomatis, L., & Laubli, T. (2010). Muscular load and performance compared between a pen and a
computer mouse as input devices. International Journal of Industrial Ergonomics, 40, 607-617

Odell, D., & Johnson, P. (2015). Evaluation of flat, angled, and vertical computer mice and their effects on wrist
posture, pointing performance, and preference. WORK-A Journal of Prevention Assessment & Rehabilitation,
52(2), 245-253.

Oude Hengel, K. M., Houwink, A., Odell, D., van Dieén, J. H., & Dennerlein, J. T. (2008). Smaller external
notebook mice have different effects on posture and muscle activity. Clinical biomechanics, 23(6), 727-734.

Pheasant, S. (1991) Ergonomics, Work & Health, MacMillan Press: London

Polanyi, M.F., Cole, D.C., Beaton, D.E., Chung, J., Wells, R., Abdolell, M., Beech-Hawley, L. Ferrier, S.E.
Mondloch, M.V., Shields, S., Smith, J.S., Shannon, H.S. (1997) Upper limb work-related musculoskeletal
disorders among newspaper employees: cross-sectional survey results American Journal of Industrial Medicine
32:620-628

Proper, K.1., van den Heuvel S.G, De Vroome, E.M., Hildebrandt, V.H., van der Beek A.J. (2006) Dose-response
relation between physical activity and sick leave British Journal of Sports Medicine,40:173-178.

Quemelo, P. R. V., & Vieira, E. R. (2013). Biomechanics and performance when using a standard and a vertical
computer mouse. Ergonomics, 56(8), 1336-1344.

Sauter, S.L., Chapman, L.J., Knutsen, S.J. & Anderson, H.A. (1987). Case example of wrist trauma in keyboard
use, Applied Ergonomics, 18, 3, 183-186

Shiri, R., & Falah-Hassani, K. (2014). Computer use and carpal tunnel syndrome: A meta-analysis. Journal of the
Neurological Sciences, 349(1-2), 15-19. do0i:10.1016/j.jns.2014.12.037

Thomsen, J. F., Gerr, F., & Atroshi, |. (2008). Carpal tunnel syndrome and the use of computer mouse and
keyboard: A systematic review. BMC Musculoskeletal Disorders, 9. d0i:10.1186/1471-2474-9-134

Ullman, J., Ullman, P., Kangas, N., Wartenberg, F., & Ericson, M. (2003). A new approach to the mouse arm
syndrome. International Journal of Occupational Safety and Ergonomics, 9(4), 463-477.

van den Heuvel S.G, Heinrich, J., Jans, M.P., van der Beek A.J., Bongers P.M. (2005) The effect of physical
activity in leisure time on neck and upper limb symptoms, Preventive Medicine;41:260-267.

Village, J., Rempel, D., & Teschke, K. (2005). Musculoskeletal disorders of the upper extremity associated with
computer work: A systematic review. Occupational Ergonomics, 5(4), 205-218.

Weersted, M., Hanvold, T. N., & Veiersted, K. B. (2010). Computer work and musculoskeletal disorders of the
neck and upper extremity: A systematic review. BMC Musculoskeletal Disorders, 11.

Ergonomics, Work & Health Ltd Page 14 of 14



