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Abstract

This randomized clinical trial evaluated the effects of keyboard
keyswitch design on computer users with hand paresthesias. Twenty
computer users were matched and randomly assigned to keyboard A
(n = 10) or B (n = 10). The keyboards were of conventional layout
and differed in keyswitch design. Various outcome measures were
assessed during the 12 weeks of use. Subjects assigned keyboard A
experienced a decrease in hand pain between weeks 6 and 12 when
compared with keyboard B subjects (P = 0.05) and demonstrated an
improvement in the Phalen test time (right hand, P = 0.006; left
hand, P = 0.06). Keyboard assignment had no significant effect on
change in hand function or median nerve latency. We conclude that
use of keyboard A for 12 weeks led to a reduction in hand pain and an
improved physical examination finding when compared with keyboard
B. There was no corresponding improvement in hand function or
median nerve latency.

Reports of persistent hand and arm pain and discomfort are common
among computer users and appear to be related to long hours of
computer use, sustained awkward body postures, and other factors.1-
5 Compared with other office workers, computer users are at
increased risk for musculoskeletal problems in the neck, shoulder,
arm, and hand regions, but a recent review noted that the highest
relative risks are for hand and wrist problems.6 Carpal tunnel
syndrome is a specific hand-wrist disorder that involves the
compression of the median nerve at the wrist and leads to progressive
tingling, numbness, pain, and weakness in the hand. Its prevalence
may be elevated among computer users.f-9

Few studies have systematically evaluated the health effects of
modifying office furniture, computer equipment, or work organization



among computer users. Reducing hours on the computer and work
pace, providing frequent short work breaks, and providing adjustable
furniture, if coupled with appropriate training, have been associated
with a reduction of upper extremity musculoskeletal symptom severity
or frequency.10-14 In a 7-year follow-up study of computer operators,
Bergqvist 15 noted that assignment of a new keyboard was associated
with recovenyf fromh upper extremity musculoskeletal problems.
However, this was not a controlled intervention study, and the
authors did not identify the characteristics of the new keyboards.
Alternative keyboard designs (eg, split or adjustable keyboards) have
been proposed as a low-cost method to reduce the risk of
musculoskeletal problems among computer users,16 yet there have
been no clinical trials to evaluate their health value.

Several laboratory studies have investigated the effects of altering the
keyboard switch characteristics on fingertip force and muscle activity.
It has been hypothesized that although the forces applied by the
fingers during typing are small, the loads occur repeatedly and
rapidly, and therefore a modification in the applied force may reduce
muscle load and risk of tendon or muscle injury.17 Surprisingly, given
the low force required to activate these keys, the peak muscle activity
of the finger-moving muscles is higher than might be expected, on
the order of 15% to 20% of full muscle strength.18 Altering some
keyswitch force-displacement characteristics (eg, switch make-force,
travel distance) will cause typists to change their finger-muscle
activity and the forces applied to the keycaps.19,20

Several years ago, a physician at a large man{ifacturing facility noted
that secretaries diagnosed with carpal tunnel syndrome seemed to
prefer a certain keyboard. The keyboard preferred was of
conventional external appearance but used a new switch design that
provided different keyswitch force-displacement characteristics or
switch "feel" than did the keyboard that the secretaries were used to.
The clinician relayed this information to the manufacturer.
Subsequently, the manufacturer, Key Tronic Corporation (Spokane,
WA), and The Northwest Trade Adjustment Corporation (Seattle, WA),
sponsored this pilot study to evaluate the health effects of the new
keyboard in computer users with possible carpal tunnel syndrome in
comparison to a keyboard containing typical switches.

Methods™

This was a Elmonth, randomized, controlled, double-blinded, clinical
trial with matching to evaluate the effects of keyboard keyswitch



design on patients with hand paresthesias and physical examination
findings consistent with carpal tunnel syndrome. The two keyboards
used were of conventional layout 21 and differed in the force-
displacement characteristics of their switches. The study was
approved by the institutional review boards of the University of
California at San Francisco and Lawrence Livermore National
Laboratories, and informed consent was obtained from subjects in
writing.

Eligibility Criteria™

Subjects were seled from among full-time employees of Lawrence
Livermore National Laboratory who reported to the site occupational
medicine clinic for hand or wrist symptoms within 6 months of the
onset of the study. All such patients completed a standardized
medical questionnaire and physical examination. Patients were eligible
for participation if they (1) used a computer keyboard for >= 2 hours
per day or >= 10 hours per week, (2) were employed in their current
job for >= 3 months, (3) met the criteria for possible carpal tunnel
syndrome, and (4) had no prior surgery of the hands or wrists.

Criteria for possible carpal tunnel syndrome were based on history
and physical examination: (1) symptoms of paresthesia, numbness or
tingling in at least two fingers innervated by the median nerve, and
(2) numbness, tingling, or decreased sensation with use of hands or
with hands in an awkward posture, and (3) no neck symptoms, and
(4) no acute major trauma to the arm or shoulder, and (5) positive
Phalen's test or Tinel's test or thenar atrophy, and (6) no evidence of
cervical root involvement, thoracic outlet syndrome, or pronator teres
syndrome upon physical examination.22 Electrodiagnostic studies
were performed in all participants but were not used for determining
their eligibility.

A recruitment interview confirmed employment history and keyboard
exposure. Of the 28 eligible employees, three declined to participate.
The remaining 25 eligible participants were administrative assistants
or technical writer/editors.

Matching and Randomization™

Subjects were matched accordi to self-reported average computer
usage hours per week and to the hand involved. After matching, one
of the partners of a pair was randomly assigned to keyboard A and

the other partner was assigned to the control, keyboard B. Standard



clinical treatment (eg, work limitation, wrist splints, nonsteroidal anti-
inflammatory agents) continued to be provided regardless of the
keyboard assignment. The clinician recommending these treatments
was blinded to the keyboard assignment.

From the 25 eligible patients, 24 were matched into 12 pairs. During
the first 2 weeks of the study, four subjects dropped out. The
dropouts were all female: three had right hand symptoms and one
had bilateral symptoms; three were administrative assistants and one
was a technical writer/editor. Two reported that they could no longer
participate in the study because of their heavy workloads. The other
two withdrew because of worsening symptoms and discomfort (both
assigned keyboard B).

Of the remaining four subjects from the four broken pairs, one could
not be rematched and was dropped, and three were rematched using
the original matching criteria: two to each other and one to the back-
up subject. Therefore, 20 subjects (ten matched pairs) completed the
study.

Keyboards™

Keyboard A@Protouch keyboard, Key Tronic Corporation) and
keyboard B (MacPro Plus keyboard with 2-ounce rubber domes, Key
Tronic Corporation) were similar in external appearance. Both
keyboards were of conventional layout with 101 keys 21 and differed
in the force-displacement characteristics of the keys.

At the end of the study, three keyboards from each group were
randomly selected, and the static force-displacement characteristics
of four keyswitches on each keyboard were measured (Table 1).23
Three prominent landmarks (eg, P1, P2, and P3) on a typical force-
displacement curvE|for both keyboards are identified in Fig. 1.
Differences between the force-displacement characteristics are
explored further in the Discussion section.

TABLE 1 Mean Values of Landmarks P1, P2, and P3 (see Fig. 1) From
the Switch Force-Displacement Curves From Three A Keyboards and
Three B Keyboards*



Fig. 1. Typical static keyswitch force-displacement curves for keyboard
A (Fig. 1A) and keyboard B (Fig. 1B). Three landmarks on the curves are
identified: P1 (make-force point, or minimum force required to
activate the key), P2 (lowest force after make-force point) and P3
(total key travel, or travel to 1.5 N force).

To the extent possible, patients were blinded to keyboard group. The
keyboards could not be identified from external appearance; all
identifying labels were masked. Patients were told that the study was
to "evaluate the effectiveness of different keyboards" but were not
provided with information about the differences between the
keyboards nor the number of different keyboards evaluated. At the
time the keyboards were installed, all participants received the same
1-hour training that included suggestions for avoiding awkward
postures, the importance of work breaks, and typically recommended
adjustments to the workstation. At unannounced times throughout
the study, subject workstations were visited to ensure that the
assigned keyboard was used. Prior to the intervention, subjects used
the Apple Extended keyboard™ (Cupertino, CA).

Health Outcomes™

Each subject used the assigned keyboard for 12 weeks. Various health
measures were collected before the keyboards were used (week 0), 6
weeks into the study, and at the conclusion of the study at week 12
(Table 2). The medical personnel performing these measures were
blinded to the patients' keyboard assignments.

TABLE 2 Health Outcome Measures Collected During the Study




The self-administered medical history questionnaire was designed to
elicit information on demographics, job tasks, work practices, and
prior medical conditions, as well as hand-intensive activities at work
and outside of work.

A self-administered symptom survey assessed pain levels in the
hands on the day the form was filled out. This scale was based on a
Likert summative 10-point scale in which numerical response O
represents no pain, 5 represents somewhat painful, and 10 represents
the worst pain imaginable. The symptom survey was completed only
at weeks 6 and 12. The pain guestions on the survey were different
from those asked on the medical history questionnaire, limiting
possible comparisons to week 0.

A self-administered questionnaire assessed hand-function status by
rating the level of difficulty for performing activities of daily living,
such as turning the doorknob, writing, opening jars, driving, lifting a
heavy box, etc.24,25 Functional difficulty was rated on a Likert
summative 5-point scale (1 represents not a problem and 5
represents very significant problem). A summary functional score was
generated by summing the values across the 13 questions for each
subject, yielding a range of scores from 13 (least problem) to 65
(worst problem}.26 Again, this questionnaire was completed at weeks
6 and 12, limiting possible comparisons to week O.

A standardized physical examination of the upper extremities
consisting of a timed Phalen's test was performed by a trained nurse
practitioner who was also blinded to the questionnaire response. For
each subject, the three examinations were performed by the same
examiner. For the Phalen's test, subjects are asked to actively flex
their wrists to maximum,27 maintain this position for 60 seconds, and
report when, if at all, symptoms of numbness and tingling occur in the
fingers. The duration of time from when the wrist is bent to the onset
of the symptoms is called the Phalen test time and is considered an
indication of the severity of carpal tunnel syndrome.28,29

A nerve-conduction study of the symptomatic hand(s) was
administered at weeks O and 12 to detect a change in the median
nerve conduction latency at the carpal tunnel. An occupational
therapist, trained by a neurologist board-certified in[eleciromyography
(Y.S.), recorded the palm-wrist orthodromic median sensory action
potential using a Cadwell S-5200 electromyograph (Kennewick, WA).
A conduction distance of 8 cm was used. Each subject's skin
temperature was monitored and maintained at 32°C or above. All



nerve-conduction study results were reviewed by the neurologist. The
criteria for abnormality was a latency of the peak median sensory
nerve action potential of greater than or equal to 2.1 ms.30 The
occupational therapist and neurologist were blinded to clinical
findings, physical examination findings, and keyboard assignment.

At the end of the study, subjects completed a keyboard survey, which
rated various characteristics of the assigned keyboard. The
characteristics evaluated were comfort characteristics (eg, hand,
wrist, shoulder, and forearm comfort; fatigue; ease of use), posture
characteristics, keyboard features (eg, feel/touch, key size, keying
rhythm), and overall attributes. A summative categorical 5-point scale
ranging from unfavorable (scored as 1) to favorable (scored as 5) was
assigned to each characteristic.

Statistical Analyses™

The distribution of matching variables (hours typing per week,
involved hand) and potential covariates (age, sex, typing speed, and
years of computer use, etc) between subjects in the two keyboard
groups was comparemusing the paired t test, McNemar's test
(modified [chi]? statistics), or the Wilcoxon signed-rank test.
Comparison of outcome measures between keyboard groups was
done using the repeated measures analyses of variance (RANOVA) or
the Wilcoxon signed-rank test. Analyses were considered statistically
significant if P < 0.05. Statistical analyses were performed using
Statview version 4.1 and SuperAnova Linear Modeling Program
version 4.0 (Abacus Concepts, Berkeley, CA).

Results™

The final distribution of matching criteria between keyboard groups
was almost identical. Mean estimated hours of keyboard use per day
were 5.3 (standard deviation [SD], 0.9) hours for the keyboard A
group an(%.z (SD, 2.0) for the keyboard B group. One matched pair
had left-sided symptoms (n = 2), three matched pairs had right-sided
symptoms (n = 6), and six matched pairs had bilateral symptoms (n
= 12).

Demographic and clinical characteristics and the distribution of
potential covariates between the two keyboard groups were similar
(Table 3). The keyboard groups did not differ significantly by gender,
handedness, typing speed, smoking status, pregnancy status,
childcare, various measures of hand-symptom severity, and



treatments. The presence of median mononeuropathy (abnormal
electrodiagnostic study) was not significantly different between
keyboard groups. Those assigned to keyboard A were older and had
fewer years of exposure to computers, but these differences were not
statistically significant.

TABLE 3 Characteristics of the Study Group, by Keyboard, at Baseline*

After 6 weeks of exposure to the keyboards, there were no significant
differences in pain levels between the keyboard groups; however, by
12 weeks, there were (Table 4). Between 6 and 12 weeks, subjects
using keyboard A experienced a significantly greater reduction in pain,
compared with subjects using keyboard B (RANOVA, P = 0.05). The
mean reported pain in the keyboard A group decreased by 0.8 points,
while it increased by 1.4 points in keyboard group B. The questions
asked at week O regarding pain were not identical to those asked at
weeks 6 and 12. Therefore, only the changes between the 6- and 12-
week pain scores can be compared. The effect size associated with
keyboard A, calculated as the mean symptom score change divided by
the standard deviation of the 6-week symptom score,31,26 was 0.5.

TABLE 4 Mean (SD) Overall Hand-Pain Levels (0, no pain;]10, worst
pain) at the Middle and End of the Study, by Keyboard Group

For the same 6- and 12-week time points, the changes in hand-
function ratings were not significantly different between keyboard
groups (Table 5). Specifically, there was no perceived improvement in
keyboard use when the keyboard groups were compared between 6
and 12 weeks (P = 0.55). There was also no difference between
keyboard groups in change in summary functional scores (P = 0.7).



TABLE 5 Mean Ratings of Self-Assessed Hand Function and Change in
Hand Function Between the Middle and End of the Study (1, Not a
Problem; 5, Very Significant Problem)*

Across the 12 weeks of the study, a greater improvement in the
Phalen test time was noted in keyboard group A in comparison to
group B. Mean values for the 18 subjects with right-sided symptoms
(nine matched pairs) are presented in Figure 2. The change in the
Phalen test time between weeks 0, 6, and 12 between the keyboard
groups was statistically significant (RANOVA, P = 0.006). Follow-up
contrast tests demonstrated that among subjects assigned to
keyboard A, the Phalen test time improved significantly from week O
to week 12 (P = 0.0004). On the other hand, among those assigned
to keyboard B, the change in the Phalen test time was not significant
(P =0.5).

Fig. 2. Mean time to positive Phalen's test for right hand at study times
0, 6, and 12 weeks. A significant difference in change in the Phalen
test time between visits is observed between keyboards groups
(RANOVA P = 0.006).

Mean values for the left-sided Phalen test time for the 14 subjects
with left-sided symptoms (seven matched pairs) are plotted in Figure
3. The change in the Phalen test time between weeks 0, 6, and 12
between the keyboard groups was of borderline statistical significance
(RANOVA, P = 0.06). Among subjects assigned to keyboard A, the
improvement in the Phalen test time from week O to 12 was of
borderline statistical significance (P = 0.08). There was no significant
change in the Phalen test time among subjects assigned keyboard B
(P = 0.29).




Fig. 3. Mean time to positive Phalen's test for left hand at study times
0, 6, and 12 weeks. The difference in change in the Phalen test time
between visits observed between keyboard groups was of borderline
significance (RANOVA P = 0.06).

Nerve-conduction studies were conducted on all subjects at week 0O,
but two subjects refused the nerve conduction study at week 12
because of discomfort associated with the initial nerve-conduction
study. Therefore, the sample sizes are smaller for this outcome
measure. These two subjects completed all other aspects of the
study.

The mean palm-wrist median sensory latencies are presented for the
right-sided and left-sided symptomatic subjects in Table 6 (14 subjects
and 12 subjects, respectively). There was no significant difference in
the 0- to 12-week change in latency between the two keyboard
groups for either those with right-sided carpal tunnel syndrome
(RANOVA, P = 0.81) or those with left-sided carpal tunnel syndrome
(RANOVA, P = 0.13).

TABLE 6 Mean (SD) Right and Left Palm-Wrist Median Sensory
Latencies at the Beginning and End of the Study, by Keyboard Group

At the end of the study, subjects rated various characteristics of the
keyboard assigned to them (Table 7). Although keyboard A received
better ratings for almost all characteristics, the difference was only
significant for the feature of "keying rhythm/smoothness” (P = 0.02).

TABLE 7 Mean (SD) Ranking Scores of Keyboard Characteristics as
Assessed by Subjects at the End of the Study (1, unfavorable; 5,



favorable)

Discussion?

This pilot study demonstrates a positive effect of keyboard A on hand
pain and on theqjPhalen test time, in comparison to keyboard B,
among compuElr users with symptoms and physical examination
findings consistent with carpal tunnel syndrome. The improvement in
hand pain was delayed, occurring after 12 weeks of use of the new
keyboard. The reporting of hand-symptom intensity over a short
period has high test-retest reliability in working populations,32 and in
this study participants were asked to rate their hand-symptom
intensity on the day of testing. The response of hand pain to keyboard
can be expressed as an effect size of 0.5, which is a low or moderate
response to an intervention 31 and can be compared to the much
larger effect size of 1.4 following carpal tunnel surgery.25

The improvement in hand pain is accompanied by an improvement in
the Phalen test time. Although the typical Phalen's test (eg, wrist
flexion with the reporting of presence or absence of paresthesias at
60 seconds) has been shown to have relatively poor sensitivity and
specificity,22 the Phalen test time has not been extensively evaluated.
Kaplan et al 28 demonstrated a relationship between the Phalen test
time and the severity of carpal tunnel syndrome: the more severe the
condition, as assessed by symptoms and signs, the sooner that wrist
flexion produced symptoms. Therefore, the findings of an
improvement of both hand pain and the Phalen test time support a
positive effect of the keyboard. However, there was no significant
effect of the keyboard on hand function or median nerve latency.

The disparity of the effect of the keyboard on outcome measures may
be due to differences in the responsiveness of the outcome measures
or to a lack of effect of keyboard on the functional measures and
median nerve latency. In patients evaluated after carpal tunnel
release surgery, the most responsive outcome measure was the
symptom severity score, followed by the functional scores, followed
by the physical examination findings.25 The responsiveness of
functional scores after carpal tunnel release surgery are
approximately half that of symptom-severity scores.26 Furthermore,
the measures of hand function used in this study, which were
originally designed for the follow-up of the status of patients with



hand arthritis, are not particularly sensitive for the follow-up of
working populations with carpal tunnel syndrome.24 In addition, it is
possible that the effect of the keyboard was not large enough or that
the duration of exposure was too brief to alter the electrophysiologic
characteristics of the median nerve. Nerve-conduction latency
improves after carpal tunnel surgery, but this improvement appears
to lag that of symptoms.33

Keyboards A and B differed only in the force-displacement
characteristic of the keys. At first glance, these differences appear to
be trivial (Figure 1). Three landmarks on the force-displacement
curves-make force (P1), breakaway force (P2), and total travel
distance (P3)-are not strikingly different between the keyboards. Two
of these landmarks, make force and total travel distance, have been
shown in laboratory studies to influence applied force and muscle
activity.17,19,20 The primary differences between the switches of
keyboards A and B are travel distance to P1 and curve shape at the
end of key travel. The increased travel distance to P1 gives the keys
of keybdard A & greater feeling of looseness when one rests his or her
fingers on the keycaps. This feature may be associated with less
chance of accidental activation of the keys when touching the keys
and therefore may promote greater resting of fingertips on the
keycaps between keystrokes or allow for more small, random finger
movement between keystrokes. The second difference is in the
stiffness of the key (slope of the curve) near the end of key travel.
The switches of keyboard A may be associated with less fingertip
impact force at the end of key travel 23 because of the gradual
increase in stiffness at the end of key travel. Keyboard B switches
have a much sharper increase in stiffness at the end of key travel. In
essence, keyboard A has greater dampening when the key hits
bottom.

The limitations of this study include the rematching carried out at the
beginning of the study, the potential problem of blinding subjects to
the nature of the study, the short duration of exposure, and the small
sample size. During the first 2 weeks of the study, four subjects
dropped out and their remaining partners were rematched. Given that
the two who dropped out because of increasing hand pain were using
keyboard B, the rematching would likely have biased the outcome
toward the null. Therefore, it is likely that the rematching reduced the
possibility of observing positive findings for keyboard A.

Subjects were blinded to the specific nature of the intervention and
could not distinguish between the assigned keyboards on the basis of



their outward appearance. It is possible that they noted a difference
in the feel of the keys during use. In fact, at the end of the study,
subjects in the two keyboard groups rated "keying
rhythm/smoothness™ and, to a lesser degree, "key touch™” differently.
However, since the subjects did not know the other keyboard used in
the study nor did they know to which keyboard group they were
assigned, it is unlikely that they were able to compare the two
keyboards.

The significant differences between keyboard groups are intriguing in
light of the small sample size. With this sample size, it is more likely
that the analysis suffered from a Type Il error (eg, missing a real
effect) than a Type | error (eg, observing an effect when there is no
real effect), especially since there were minimal differences between
the keyboards groups at the start of the study.

This is the first study to use a randomized clinical trial design to
evaluate the effect of a workplace intervention on hand pain. The
study demonstrated that a significant reduction in symptoms is
possible with a simple intervention measure: namely, changes in the
force-displacement characteristics of the keyboard keyswitches. Given
the low cost and the lack of negative consequences, it would be
reasonable for health care providers caring for computer users with
hand paresthesias to recommend a 3-month trial of a keyboard with
keys with a long travel distance to P1 and a gradual increase in
stiffness at the end of key travel. Patients should be advised that the
effect of the keyboard, if any, will be minimal. This recommendation
should be in addition to recommendations to reduce time on the
keyboard or other aggravating tasks and to complete appropriate
training regarding working postures at the computer and work-break
patterns. In addition, treatments that have been shown to be
effective in managing carpal tunnel syndrome, such as splinting,
corticosteroid injections, 34,35 and carpal tunnel surgery,36 should not
be ignored. Generalizing the findings of this study to asymptomatic
computer users or complter]users with other upper extremity
problems should be limited. A longer keyboard trial could determine
whether the improvements in hand pain persist and whether
improvements in functional measures and nerve latency would follow.
The findings of this study and the potential mechanisms linking
keyswitch design to hand and arm disorders deserve further
exploration. Keyboard manufacturers should consider studying the
preventive health effects of alternative keyswitch designs.
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