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Abstract

strokes and CTS has been revealed (p < 0.001).

Background: Contradictory reports have been published regarding the association of Carpal Tunnel Syndrome
(CTS) and the use of computer keyboard. Previous studies did not take into account the cumulative exposure to
keyboard strokes among computer workers. The aim of the present study was to investigate the association
between cumulative keyboard use (keyboard strokes) and CTS.

Methods: Employees (461) from a Governmental data entry & processing unit agreed to participate (response rate:
84.1 %) in a cross-sectional study. A questionnaire was distributed to the participants to obtain information on
socio-demographics and risk factors for CTS. The participants were examined for signs and symptoms related to
CTS and were asked if they had previous history or surgery for CTS. The cumulative amount of the keyboard strokes
per worker per year was calculated by the use of payroll's registry. Two case definitions for CTS were used. The first
included subjects with personal history/surgery for CTS while the second included subjects that belonged to the
first case definition plus those participants were identified through clinical examination.

Results: Multivariate analysis used for both case definitions, indicated that those employees with high cumulative
exposure to keyboard strokes were at increased risk of CTS (case definition A: OR=2.23;95 % Cl=1.09-4.52 and case
definition B: OR=2.41; 95%Cl = 1.36-4.25). A dose response pattern between cumulative exposure to keyboard

Conclusions: The present study indicated a possible association between cumulative exposure to keyboard strokes
and development of CTS. Cumulative exposure to key-board strokes would be taken into account as an exposure
indicator regarding exposure assessment of computer workers. Further research is needed in order to test the
results of the current study and assess causality between cumulative keyboard strokes and development of CT.

Background

Carpal Tunnel Syndrome (CTS) is a clinical disorder
resulting from the compression of the median nerve at
the wrist. It has been considered as the most common of
the entrapment neuropathies [1]. However a generally
accepted case definition of this disorder has not been
established, and thus a variety of case definitions for
CTS have been used, especially in studies related to oc-
cupational risk factors for the development of the syn-
drome [2].Furthermore, contradictory reports have been
published regarding the association of carpal tunnel
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syndrome and the use of computer keyboard. Two sys-
tematic reviews reported either that the balance of evi-
dence did not indicate an important association between
keyboard, and computer work and carpal tunnel syn-
drome and that there is insufficient epidemiological evi-
dence that computer work causes CTS [3,4]. It has been
stressed that there are several limitations related to the
quality of the CTS case definition, and of exposure as-
sessment used in the epidemiological studies on the oc-
cupational risk factors of CTS. Nevertheless, it has been
stated that the question of whether intense keyboard use
is associated with an increased or decreased risk of CTS
is still unanswered [5].

We conducted a cross-sectional study of computer
workers at a Governmental data entry& processing unit
in order to investigate the possible impact of exposure
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to keyboard use on the development of Carpal Tunnel
Syndrome through detailed measurement of the cumula-
tive keyboard strokes.

Subjects and methods

All 548 workers of a Governmental data entry & proces-
sing unit were invited to participate in the study. 461
accepted to participate in the study (response rate:
84.1 %).

A questionnaire was distributed to the participants
aiming to obtain information regarding sex, age, Body
Mass Index (BMI), educational level, smoking habit, his-
tory of physical activity, and personal medical history:
diabetes mellitus, rheumatoid arthritis, thyroid disorders
and history of accidents. In particular, the “physical ac-
tivity” was measured by the use of a questionnaire. Parti-
cipants asked to report the type and frequency (less than
1 day per month, 1-4 days per month, 1-2 days /per
week and 3 or more days per week) of their physical ac-
tivity (basketball, football, tennis, jogging, swimming).
Participants were also asked if they had previous history
of CTS or underwent surgery for CTS.

Exposure assessment

The work schedule of the employees was 7.30 hours per
day, for 5 days/ week. Employees took two brakes (dur-
ation of each brake: 15 min). The nature of keyboard
work was related mainly to the insertion of numbers by
the use of the right/left hand.

The assessment of workers exposure to keyboard use
was performed by using the payroll records. The relevant
information was available from the start of employment. It
should be emphasized that the worker’s salary was key-
board stroke dependent. In particular, the amount of the
keyboard stroke per worker per year has been calculated
by the use of payroll records. The worker’s cumulative ex-
posure to keyboard use was then calculated by multiplying
the number of keyboard strokes per year by the years of
work. Two categories of exposure (high exposure group,
low exposure group) to keyboard use have been created
and the cut-off level has been defined by the use of the
ROC analysis [6]. An indicator variable with high discrim-
inatory ability will have a curve with Area Under Curve
(AUC) 0.5-1 and an indicator variable with low discrimin-
atory ability will have an AUC<0.5.

Moreover, in order to assess a possible dose—response
pattern between exposure to keyboard and CTS, four
groups were formed based on percentiles of the ex-
posure distribution among participants. In particular,
subjects falling into the 25" percentile (<101.400.000
key-board strokes-years) were considered as the very
low exposure group. Participants falling into the 25™-
50" percentile of exposure (101.400.001-208.000.000
keyboards-strokes-years) were considered as the low
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exposure category. Workers that fell into the 50-75"
percentile (208.000.001-335.400.000 key-board strokes)
were considered as the medium exposure category. Fi-
nally, employees falling into the 75™ -100 ™ percentile
(>335.400.000 key-board-strokes-years) comprised the
high exposure group.

Outcome assessment

In order to synthesize the history of symptoms and the
findings of clinical examination we used an approach
based on the CTS-6 algorithm which has been devel-
oped by Graham through a Delphi consensus incorpor-
ating a variety of medical specialties [7]. The CTS-6
algorithm includes six dimensions: Two from the med-
ical history (numbness predominately or exclusively in
median nerve territory [3.5 points], and nocturnal
numbness [4 points]. Four dimensions were related to
physical examination: thenar atrophy and/or weakness
[5 points]; positive Phalen test [5 points]; loss of two
point discrimination [4.5 points]; and positive Tinel sign
[4 points]. A score 212 is considered as very suggestive
of a CTS diagnosis.

Participants completed a questionnaire on the previ-
ously mentioned CTS symptoms. Then, a clinical exam-
ination took place and focused on thenar atrophy and or
weakness, Phalen’s test, Tinel’s test and loss of two point
discrimination. The physician who performed the clin-
ical examination was blinded to subject’s exposure sta-
tus. In order to verify a possible association between
cumulative exposure to keyboard use and CTS we used
two case definitions for CTS.

Case definition A

Subjects with personal medical history of CTS or sur-
gery due to CTS were considered as CTS cases. Subjects
who reported surgery for CTS were examined by the
physician in order to verify the existence of scar. Sub-
jects who reported personal medical history of CTS
(CTS diagnosed by an orthopedic surgeon) were asked
to report confirmation of the diagnosis by the use of
electro-diagnostic testing. In summary, case definition A
was defined as CTS diagnosed by a physician (including
surgery for CTS).

Case definition B

Subjects with score>12 (CTS-7 algorithm) or partici-
pants with a medical personal history of CTS or surgery
for this disease were considered as CTS cases.

Statistical analysis

Data collected were entered in a database created within
Epi Info 2000 software. Absolute (n) and relative (%) fre-
quencies were presented for qualitative variables, while
quantitative (continuous) variables were presented as
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mean (standard deviation). Chi- square test or Fischer’s
exact test was used for the univariate analysis of qualita-
tive variables.

In order to identify risk factors independently asso-
ciated with the development of carpal tunnel syndrome
(two case definitions) two models of backward logistic
regression analysis have been employed. In the first
model the dependent variable was the case definition A
and the independent variables included all risk factors
that demonstrated statistical significance in the univari-
ate analysis. In the second model the dependent variable
was the Case definition B. In order to assess the correl-
ation between age and exposure to keyboard use the
Spearman correlation coefficient has been calculated.
Chi-square test for trend was used for the assessment of
a dose—response relationship between cumulative expos-
ure to keyboard and CTS. Statistical analysis was con-
ducted by the use of Epi- Info software and SPSS version
14.0. Relative Risk (RR) for univariate analysis and
adjusted Odds Ratio (OR) for multivariate analysis and
95 % Confidence Interval (95 % CI) were calculated. The
level of statistical significance was defined < 0.05. More-
over, because of the possible correlation between inde-
pendent variables a second logistic regression model was
employed regarding case definition B. In this model a p
value <0.25 has been defined as a screening criterion
(univariate analysis) for the inclusion of variables in lo-
gistic regression.

Ethical approval
Ethical approval was obtained from the scientific com-
mittee of the University of Thessaly.

Results

The study population was predominantly female (83.6 %
females; 16.6 % males). The mean age was 45.2 years
(SD=9.46) and the mean duration of employment with
computer work was 16.2 years (SD =9.05).The range of
work years with computer was 1 to 38, and the mean of
keyboard strokes per year was 23.700.000. Moreover,
42.3 % of the participants were ever-smokers. Personal
medical history of Rheumatoid Arthritis, Diabetes Melli-
tus or Disorders of the Thyroid gland was reported by
13.2 % of the participants. The mean BMI was 20. 6
(SD =3.77). Fifty one participants (11 %) reported a per-
sonal medical history of CTS or a surgery for Carpal
Tunnel Syndrome. One hundred sixteen subjects (25 %)
have recorded significant clinical evidence of CTS (score
in CTS algorithm >12).

Results of ROC analysis

The application of ROC for case definition A revealed
that the AUC was 0.642 (95%CIL: 0.563 - 0.721; p-value
=0.001) and the cut-off point was set at 240,500,000
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keyboard strokes/years. For the case definition B the
AUC was 0.668 (95%CIL: 0.616 - 0.720); p-value < 0.001)
and the cut-off point was set at 149,500,000 keyboard
strokes/years. These results indicate that both indicator
variables have demonstrated high discriminatory ability.

Descriptive and multivariate analysis for case definition A
The prevalence of CTS (case definition A) was estimated
at 11 %. Table 1 illustrates the univariate analysis of per-
sonal medical history of CTS or surgery for CTS. Total
cumulative exposure to keyboard use was significantly
associated with the development of CTS (RR =2.38;95%
CI=1.38-4.12).

Table 1 Univariate analysis of case definition A

Risk factor CTS case definition A RR (95 % CI)
n/total (%)
Age
>=45 31/233 (13.3) 1.38 (0.81-2.35)
<45 20/208 (9.6)
BMI
>=25 28/212 (13.2) 1.22 (0.72-2.06)
<25 22/204 (10.8)
Smoking
Ever-smoker 28/181(15.5) 1.74 (1.02-2.93)*
Non- smoker 22/247 (8.9)
Physical activity
Yes 8/144 (5.6) 040 (0.19-0.84)
No 43/317 (13.6)
Rheumatoid Arthritis
Yes 2/8 (25.0) 232 (067-7.89)
No 49/453 (10.8)
Diabetes Mellitus 0/11 (0) NA
Yes 51/450 (11.3)
No
Hypothyroidism
Yes 7/42 (16.7) 1.58 (0.76-3.29)
No 44/419 (10.5)
Hyperthyroidism
Yes 0/14 (0) NA
No 51/447 (11.4)
Total keyboard strokes-years
>=240500000 31/174 (17.8) 238 (1.38-4.12)*
<240500000 18/241 (7.5)

Risk factors and personal medical history of CTS or surgery for CTS. (Case
definition A).

*P =0.003;chi-square test.

** P=0,001;chi-square test.

NA: Not applicable.
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Backward logistic regression analysis indicated that cu-
mulative exposure to keyboard use and smoking, and
physical activity were independent predictors of the de-
velopment of CTS (Table 2).

Descriptive and multivariate analysis for case definition B
The prevalence of CTS was estimated at 36 % (n=167).
Table 3 shows the univariate analysis of CTS. According
to these results female sex (RR =3.41;95%CI = 1.83-6.37,
age >45 years old (RR =1.31;95%CI = 1.02-1.68), and cu-
mulative exposure to keyboard use(RR=2.6;95 % CI=
1.8-3.73) were variables associated with the development
of the carpal tunnel syndrome. On the other hand the
report of regular physical activity has been found as a
protective factor against the development of CTS (RR =
0.72;95 % CI=0.54-0.96). Smoking habit and personal
medical history of Rheumatoid Arthritis, Diabetes Melli-
tus, and disorders of the Thyroid gland did not show a
statistically significant association with the prevalence of
CTS.

Logistic regression analysis has shown (Table 4) that
employees with cumulative exposure to keyboard use >
149.500.000 key-strokes- years (high exposure) pre-
sented a 2,4 fold increased risk of CTS (OR =2. 41; 95%
CI=1.36-4.25) in comparison to the low exposure cat-
egory (<149.500.000 key strokes). Moreover, female sex
was identified as an independent predictor of CTS (OR =
4.08;95%CI =1.51-11.04). As shown in Table 2 and
Table 4 no statistical significant association was found
between age and CTS while our results indicated a cor-
relation between age and exposure to keyboard Spear-
man’s correlation coefficient = 0.463; p <0.001). It should
be stated that the inclusion of the variables for the
multivariate analysis was based on a screening criterion
of p<0.05. After the use of a less restrictive screening

Table 2 Logistic regression of case definition A
Risk factor CTS

OR (95 % Cl) P value
Total keyboard strokes- years
>=240500000 223 (1.09 to 4.52) 0.026
< 240500000
Age
> =45 1.16 (0.53 to 2.55) 0.701
<45
Physical activity
Yes 0.38 (0.16 to0 0.87) 0.023
No
Smoking
Ever 1.99 (1.01 to 3.54) 0.043
Non smoker

(Case definition A).
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Table 3 Univariate analysis of case definition B

Risk factor CTS. Case definition B RR (95 % Cl)
n/total (%)

Sex

Female 156/381 (40.9 %) 341

Male 9/75 (12 %) (183 - 637)*
Age

> =45 years 97/233 (41.6) 1.31

<45 years 66/208 (31.7) (1.02 to 1.68)**
BMI
>=25 22/55 (40.0) 1.07
<25 134/361(37.1) (0.75 t0 1.52)

Physical activity

Yes 45/144 (31.3) 0.72

No 89/206 (43.2) (0.54 to 0.96)***
Smoking

Ever-smoker 77/181 (42.5) 122

Non-smoker 86/247 (34.8) (0.96 to 1.55)
Rheumatoid Arthritis

Yes 4/8 (50.0) 1.38

No 163/453 (36.0) (0.68 to 2.80)
Diabetes Mellitus

Yes 5/11 (45.5) 1.26

No 162/450 (36.0) (0.65 to 244)
Hypothyroidism

Yes 14/42 (33.3) 091

No 153/419 (36.5) (0.58 to 1.42)
Hyperthyroidism

Yes 4/14 (28.6) 0.78

No 163/447 (36.5) (0.33 to 1.80)
Cumulative keyboard strokes-years
>=149500000 128/268 (47.8) 2.60
<149500000 27/147 (184) (180 to 3.73) *

Risk factors related to CTS (Case definition B).
*P < 0.001;chi-square test.

**P =0.031;chi-square test.

*** P =0.002;chi-square test.

criterion (p <0.25) exposure to keyboard use remained a
significant risk factor for CTS (OR=2.595%CI=14-
4.47). This also was the case for sex (OR =4.7;95%CI =
1.58-13.93). Smoking appeared to be a risk factor for
CTS (OR=1.69;95 % CI=1.03-2.76).A dose—response
pattern has been found regarding cumulative exposure
to key-board and the risk of CTS (Table 5). In particular,
among employees classified as very low, low, medium,
and high exposure group the prevalence of CTS was
found to be 17.3 %,32.7 %, 45.5 % and 54.4 %, respect-
ively (Chi square for trend; p < 0.001).
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Table 4 Multivariate (logistic regression) analysis of risk
factors related to CTS (Case definitionB)

Risk factor CTS

OR (95 % Cl) P value
Total keyboard strokes- years
>=149500000 241 (1.36 to 4.25) 0.002
< 149500000
Sex
Female 4.08 (151 to 11.04) 0.005
Male
Physical activity
Yes 0.72 (044 t0 1.20) 0217
No
Age
>=45 148 (0.90 to 2.43) 0.117
<45
Discussion

In the present study we found that cumulative keyboard
use was an independent predictor of Carpal Tunnel Syn-
drome (CTS) among employees working at a data pro-
cessing unit. In addition, it is worth mentioning that
with both case definitions used, the exposure to cumula-
tive keyboard use remained an independent determinant
of the development of CTS syndrome even after control-
ling for several confounding factors. In addition, a dose—
response relationship between cumulative exposure to
keyboard use and risk of CTS has been found. Thomsen
et al in a systematic review evaluating eight epidemio-
logical studies concluded that the epidemiological evi-
dence of an association between computer use and
development of CTS is inconsistent [4]. This conclusion
is in line with a more recent systematic review con-
ducted by van Rijm et al [8]. In addition, the studies on
the association between computer work and CTS have

Table 5 Dose-response relationship between cumulative
exposure to key board use and CTS

Cumulative exposure (key board-years) CTS. OR
n/total (%)

High exposure

2335.400.001 56/103 (54.4) 569

Medium exposure
208.000.001-335.400.000 46/101 (45.5) 4.00
Low exposure
101.400.001-208.000.000 35/107 (32.7) 232
Very low exposure
<101.400.000

18/104 (17.3 %)  1.00 (ref)
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been characterized by heterogeneity in terms of study
design, definition of exposure and outcome assessment.
Two illustrative examples of this heterogeneity are the
studies of Ali et al and Atroshi et al.Ali and Sathiyase-
karan [9] where in an Indian workplace based cross sec-
tional study found that the prevalence of CTS (case
definition based on clinical features) was 13.1 % and also
that time of computer work was an independent risk fac-
tor for CTS (OR: 2.5 to 4.9).0n the contrary, Atroshi
and coworkers in a large population study (case defin-
ition based on both physical examination and Nerve
Conduction Tests) have reported a statistically signifi-
cant protective effect of keyboard use (PR =0.55;95%CI =
0.32-0.96) [10]. However, these two studies have a differ-
ent approach in terms of exposure assessment in com-
parison to the present study. Both studies used
questionnaires for the exposure assessment and didn’t
take into account the cumulative exposure to keyboard
strokes. In particular, in the study of Atroshi et al the
participants were asked about the average daily time
spent at a keyboard. A different approach for exposure
assessment has been adopted by Ali et al. Participants
were asked to report cumulative years of computer
work, and daily hours of computer work per day. How-
ever, a distinction between exposure to keyboard and
mouse use has not been made in this study.Multivariate
analysis of our results has also shown that apart from
occupational exposure to keyboard use, smoking status
(ever-smokers) was an independent risk factors for CTS.
This finding is in agreement with the results of other
studies [10-12]. Our results have also revealed that regu-
lar physical activity was a protective factor against the
development of CTS. It has been suggested that being
physically inactive is a major risk factor for slowing and
clinical CTS [13]. We are not able to provide an explan-
ation for the possible protective role of physical activity
on CTS, and future research is needed to further investi-
gate this issue.Another finding which deserves to be dis-
cussed is the absence in multivariate analysis of a
statistically significant association between age and CTS.
However, as it has been mentioned in the results, further
analysis has shown that age was strongly correlated with
the cumulative exposure to keyboard strokes. We believe
that the most interesting finding of the present study is
that cumulative exposure to keyboard use as an inde-
pendent predictor of the development of CTS, and a
dose-response relationship have been documented. Our
study has several limitations. One limitation is related to
its cross-sectional design which does not allow us to
conclude if the association between cumulative exposure
to key-board use is of causative nature. The study
included workers present when the study was per-
formed, which implies a possible selection bias as is the
case in all cross-sectional studies, especially if the study
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population was affected by high turn-over. It’s a limita-
tion of our study that we don’t have data on actual
turn-over of the staff. Moreover, despite of the satisfac-
tory response rate (80 %) we were not able to collect
information from non responders. In addition, the inclu-
sion among cases of subjects who had been diagnosed or
had surgery for CTS raises some issues which need fur-
ther discussion. First, the association with cumulative
keyboard use may have been confounded by the dur-
ation of employment, which is expected to correlate with
both cumulative exposure and the likelihood of develop-
ing CTS, because the referral period increased with
longer company seniority. Additionally, given that the
time when CTS was diagnosed (case definition A) was
not taken into account in the computation of cumulative
keyboard use, relevant cumulative exposure could be
overestimated for past CTS cases. Further, we didn’t
control for possible confounding factors like anthropo-
metric characteristics of the wrist, wrist position, use of
wrist pad and type of keyboard [13-15]. Last, it’s a limi-
tation that our study population was mainly consisted by
females. Consequently, our results can be hardly extra-
polated to male computer workers. Notwithstanding
these limitations our study presents several advantages.
A major limitation of the previous studies concerning
the association between computer work and CTS is
related to the assessment of the exposure to keyboard
use which-in the most of the cases- was based on self-
reports. Moreover, the cumulative exposure to key-
board use was not taken into account regarding expos-
ure assessment. On the contrary in the present study the
exposure assessment was objective because the payroll
system of the company under study was based on the
records of daily keyboard strokes per employee. Another
advantage of our study is that we have controlled for a
variety of confounding factors like age, sex, BMI, per-
sonal medical history of disorders associated with the
occurrence of CTS. Finally, we used two case definitions
in order to verify the association between keyboard use
and risk of CTS. Despite the fact that subjects belonging
to both case definitions were examined by a physician,
there is a difference between the two case definitions
that deserves to be discussed. The first case definition
was specific and restrictive because it included only
cases with a history/surgery for CTS. On the contrary
the second definition could be considered as more sensi-
tive because it was more inclusive and included subjects
that belonged to the first case definition plus cases iden-
tified through clinical examination).

Conclusion

In conclusion, the present study indicated a possible as-
sociation between cumulative exposure to keyboard
strokes and the development of CTS after controlling
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for several confounding factors. In addition, a dose—re-
sponse relationship between cumulative exposure to
key-board strokes and CTS has been found. Cumulative
exposure to key-board strokes would be taken into ac-
count as an exposure indicator regarding exposure as-
sessment of computer workers. Further research is
needed in order to test the results of the current study
and assess causality between cumulative keyboard use
and development of CTS.
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