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Abstract. Alternatively configured keyboards have been extensively marketed
as one method to reduce musculoskeletal symptoms and musculoskeletal
disorders in computer operators. This paper reviews current evidence about the
effectiveness of alternative keyboards at reducing risky postures and improving
musculoskeletal symptoms. In general, the literature strongly supports the
ability of alternative keyboards to reduce potentially risky postures, but is much
more equivocal about their ability to reduce musculoskeletal symptoms in the
workplace.
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1 Introduction

Since 2000 there has been a proliferation of alternative keyboard designs purported to
reduce risky postures associated with musculoskeletal disorders of the upper
extremity (MSD-UE). There are over a dozen alternative keyboard designs, and
alternative keyboards now outsell flat keyboards [1]. Despite this proliferation, there
has been only limited research on the effectiveness of alternative keyboard designs in
reducing MSD-UE and musculoskeletal symptoms (MSS) in the real world of the
workplace.

2 Mechanisms of Alternative Keyboard Designs

Alternative keyboards were created based on the hypothesis that non-neutral postures
of the forearm and wrists can affect musculoskeletal health by placing joints at greater
mechanical and physiological disadvantage [2]. Studies have found associations
between forearm supination, wrist flexion/extension, and wrist ulnar/radial deviation
postures and MSS/MSD-UE [3], and several studies [4-7] have found that keyboard
operators may assume these potentially risky postures during keyboard operation.
Alternative keyboards have focused on reducing these postures by angling parts of the
standard flat keyboard to reduce the amount of angle that the forearm or wrist must
achieve to allow the fingers to interact with the keyboard. There are three areas of
adaptations to standard keyboards that are thought to reduce these postures; roll angle
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Fig. 1. Keyboard adaptations to reduce postures: a) roll angle (pronation/supination); b) pitch
angle (wrist flexion/extension); ¢) yaw angle (wrist ulnar/radial deviation)

for pronation/supination, pitch angle for wrist flexion/extension, and yaw angle for
ulnar/radial deviation (Nelson et al 2000) (Fig. 1). Each alternative keyboard
configuration has varying degrees of changes in each of these angles.

3 Effectiveness of Alternative Keyboard Designs

3.1  Effectiveness of Alternative Keyboard Designs at Reducing Risky
Postures

Early research examining alternative keyboard designs was cross-sectional, and
examined if alternative keyboards improved these risky postures. These studies found
that most alternative keyboard designs were very effective at reducing risky forearm and
wrist postures [8]. However, these studies had limited generalizability to “real world”
keyboard operators, since the studies took place in laboratories under ideal conditions.
Most of these efficacy studies assumed that their subjects’ kinematics performances
were well adapted after a minimal acclimation time, 20 minutes or less. In addition most
subjects’ data collection were completed in one session with the keying on each
keyboard ranging from 3 to 60 minutes [9-17]. Those studies that did provide a longer
acclimation period, 5 consecutive days [18] and 20 hours prior to participating in the
study [19], did not measure postural changes in depth or did not provide baseline
information on the postures prior to the keyboard acclimation. The assumption that
subjects’ postures are stabilized very quickly on alternative keyboards may be false, as
Hedge et al. [20] reported that alternative computer keyboard users took from between 4
to 6 weeks to adjust to the novelty of their new keyboard.

An additional concern for the validity of these efficacy studies is that MSS was
rarely included as an outcome. Only five of these studies examined the effect of
alternative keyboard on musculoskeletal pain. While the laboratory studies that have
examined musculoskeletal pain while using alternative keyboards [10, 12, 13, 21, 22]
generally reported that using an alternative keyboard decreased musculoskeletal pain,
they had flaws in design or reporting which made this reduction difficult to attribute
solely to the presence of the alternative keyboard. Overall, in the laboratory,
alternative keyboard configurations appear to have only a slight effect on reducing
immediate musculoskeletal pain.

Thus, while these studies indicate that alternative keyboards alter short-term postures,
they do not confirm that alternative keyboards alter long term postures. Of more
significance, these studies do not make the direct link between reductions in risky
postures and reductions in MSS in the workplace over an extended period of time.
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3.2  Effectiveness of Alternative Keyboard Designs at Reducing MSS.

There have been only seven studies that have examined alternative keyboard use in
the workplace [20, 23-27], and only four were randomized clinical trials with standard
keyboard control groups [20, 23, 26, 27]. The most frequently evaluated keyboard
was a fixed split-angle keyboard which provides mild reductions in the roll angle and
yaw angle. These trials only marginally support the use of alternative keyboards as an
effective method to reduce MSS. While subjects in the alternative keyboard group
demonstrated significant reductions in MSS over time, differences between groups
were generally not significant [20, 23, 26], indicating that users of both keyboards,
standard and alternative, improved, or there were only one or two significant results in
multiple measures [26, 27], which could be an artifact of multiple statistical testing.
Of these studies, only Tittiranonda and colleagues [26] examined workers with MSD-
UE such as carpal tunnel syndrome and tendonitis. She found a significant difference
in overall symptoms at 6 months in those using the split-angle keyboard in
comparison to a standard board, but not in those using other, more angled designs.

Based on the literature, we designed a randomized, cross-over study to examine the
effectiveness of one alternative keyboard design, a fixed split-angle keyboard, in
reducing MSS in a real-world situation [23]. Our study, as with those cited earlier, did
not strongly support the use of this alternative design for a population of symptomatic
computer operators. Seventy-seven symptomatic computer operators (2 or greater
pain level on a numerical rating scale from O to 10) were randomly assigned to
receive either a fixed split-angle keyboard first or standard flat board first. After 5
months, subjects “crossed over” and received the other study keyboard for the
remaining five months. Thus, all subjects used both keyboards, only the order in
which they used them varied. Subjects completed weekly online discomfort surveys
[28, 29], and rated the usability of each keyboard after use.

We analyzed the results as dichotomous outcomes (had MSS yes/no), as the data
was not normally distributed, using generalized estimating equation (GEE) method
for longitudinal data analysis. There were no significant differences between the two
groups for MSS for any body part (neck, back, right and left upper extremity). Close
to 100% of subjects reported MSS at the start of the study, but by 7 to 8 weeks this
number had reduced to approximately one third (See Fig. 2). Even when subjects
crossed over to the other study keyboard, this percentage remained essentially the
same and remained level to the end. Thus, for this sample of computer operators, the
fixed split-angle keyboard was no more effective at eliminating MSS than a standard
flat keyboard.

We also examined subjects’ perceptions of the ease of use of the fixed split-angle
keyboard. We asked them to rate the usability of both keyboards on a likert scale with
questions such as “This keyboard was awkward to use,” “The keys on this keyboard
were smooth and easy to use,” and “I found it easy to adapt to this keyboard.” For all
usability parameters, subjects significantly preferred the standard keyboard at both
baseline and follow-up. Many subjects reported that it took a month or more for them
to become acclimated to the fixed split-angle design. Despite these perceptions, half
the subjects indicated that, overall, they preferred the fixed split-angle keyboard to the
standard keyboard [23].
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Fig. 2. Percent of subjects experiencing elimination of MSS at the neck/shoulder. Note that
almost 100% of subjects started with MSS (Period 1 Baseline) and that regardless of keyboard
assignment, approximately 2/3 no longer had MSS by week 7-8. This number remained
essentially constant throughout the rest of the study, even with the introduction of the second
keyboard (Period 2 Baseline).

We did have one intriguing outcome. There was a significant interaction effect for
medication use. This interaction effect suggested that a significantly larger proportion
of subjects used medication when they started with the fixed split-angle keyboard and
switched to the standard keyboard (20% to 32% = 12%) than when they started with
the standard keyboard and switched to the fixed split-angle keyboard (51% to 45% =
6%). Since medication use may be indicative of increased symptoms we inferred that
severity of symptoms might be a moderator of the effect of the keyboards. To explore
this, we completed post hoc exploratory analyses on the data of the first half of the
study only. We examined if baseline symptom severity moderated the effect of type
of keyboard on follow-up symptom severity. Our analyses suggested that the fixed
split-angle keyboard was significantly more effective in reducing MSS for those with
moderate to severe MSS at baseline than those who had none to mild MSS [30].
While these results are promising, they were only obtained on half the data, and
should be interpreted with caution. More research is needed to determine if and how
baseline severity affects the effectiveness of a fixed split-angle keyboard.

The results of our study exemplify the results of current research related to
alternative keyboards. While laboratory studies support the ability of alternative
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keyboards to reduce risky postures, “real world” studies do not find an overwhelming
significant benefit for alternative keyboard users. Our post hoc analyses may shed
light onto why alternative keyboards are believed to be effective. For those with
severe MSS, fixed split-angle keyboards may be more effective at reducing computer
associated pain than standard keyboards. Thus, computer operators with significant
pain, often those with actual disorders, may experience real and significant reductions
of their symptoms due to an alternative keyboard. This supposition is supported by
the results reported by Tittiranonda and colleagues [26], the only study that has been
completed on people with actual MSD-UE.

4 Conclusions

These results offer tentative support to the adoption of alternative keyboards for those
experiencing severe MSS. However, our research, and research done by others, does
not really support the use of alternative keyboards for those with mild symptoms, or
as a preventative measure. Given that the long acclimation period for the alternative
keyboard, and that the perceived usability is less than that of the standard keyboard,
clinicians should consider carefully before they prescribe an alternative keyboard as a
prophylactic measure. Further research which examines the effectiveness of
alternative keyboards at reducing MSD-UE must be completed to understand under
what circumstances alternative keyboards should be used. In addition, research on the
effectiveness of other alternative keyboard designs in the workplace is almost non-
existent. Studies examining designs that are more extreme in reducing postures or
that are novel in some other way should be completed.
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