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Abstract

Objectives: Non-medical hospital staff members are in frequent contact with patients and therefore are required to per-
form a wide variety of repetitive and high-frequency activities. The objective of this study was to assess the relationships
between upper extremity activity and carpal tunnel syndrome (CTS) among non-medical hospital staff members. Material
and Methods: Carpal tunnel syndrome in 144 non-medical hospital staff members was diagnosed using the Nordic Muscu-
loskeletal Questionnaire (NMQ), a physician’s diagnosis, physical examination (Tinel’s signs and Phalen test) and a nerve
conduction velocity (NCV) test. In addition, an ergonomic assessment was performed and a video camera was used to
record the physical activities at work. Results: The prevalence rate of CTS was highest for the NMQ (51.9%), followed by
physician’s diagnosis (49.5% for the right hand, 29.9% for the left hand), physical examination (54.7%), and nerve conduc-
tion test (motor nerve 27.5% and 25%, sensory nerve 21.7% and 15%, for right and left hands, respectively). Based on
logistic regression models for the NMQ and physician’s diagnoses, there was a dose-dependently higher risk of CTS with
the upper extremity index among participants, but this was non-significant based on the physical examination and nerve
conduction tests. Conclusions: Nerve conduction velocity is the gold standard in diagnosis of CTS, but use of NMQ and
physician’s diagnosis may overestimate the incidence of CTS in workers who have been engaging in repetitive stress activi-
ties for a relatively short time. Int J Occup Med Environ Health 2017;30(2):281-290
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INTRODUCTION architecture of the wrist are associated with it, including
Carpal tunnel syndrome (CTS) is a common entrapment rheumatoid arthritis and Colles fractures. It is also com-
neuropathy resulting from compression of the median mon among workers whose jobs involve repetitive and
nerve in the wrist. The causes of CTS are not fully under- forceful hand movements. Office and business machinery

stood but a number of the ailments that affect the local were the leading sources of work-related CTS (42% of
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classifiable sources) in every economic sector except con-
struction, followed by hand tools (20%) [1].

There have been numerous previous studies which exam-
ined the possible implications of typing-related postures
and activities on CTS incidence [2]. Fourteen percent
of Americans have experienced dull pain, sharp pain or
numbness in both or one of the hands. However, based
on nerve conduction studies and electromyography, CTS
prevalence was as low as 2.7% [3].

A work operation can be defined as highly repetitive if
the cycle time to complete 1 unit is < 30 s, or if > 50% of
the cycle time is spent performing the same repetitive mo-
tion [4]. Therefore, people whose jobs involve this sort
of highly repetitive activity are more susceptible to CTS.
Even those who do not engage in highly repetitive motion
activities suffer from CTS if they are involved in differ-
ent kinds of motions that are bad for the wrist. Velocities
during typing in flexion/extension plane, when the nerve
is compressed by thickening of the flexor tendon sheaths,
are similar to velocities in workers involved in industrial
activities who are at risk of suffering CTS [5,6].

Although the nature of the work in hospital administra-
tive offices is varied and may not meet the definition of
repetitive work, there may still be damage to tendons in
the hands and wrist through repeated stretching and elon-
gation. In addition, administration workers in Taiwanese
hospitals are often required to wear office uniforms and
shoes, such as tight skirts and high-heels, which do not
always allow for unrestricted movement. Office staff may
also be required to frequently fetch and replace files from
large filing cabinets which may require a large range of
movement from crouching to standing on tip-toe. This has
led to widespread complaints of musculoskeletal discom-
fort or pain among non-medical hospital staff [7].

As such, hospital managers need to address the needs of
their staff in terms of their occupational injuries or symp-
toms, evaluate the scale of the problem and determine
the risk factors. Nerve conduction studies are frequently
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used to confirm the clinical diagnosis of CTS, and as a mea-
sure of patient progress in clinical trials [§]. However,
the correlations between nerve conduction study (NCS)
and both the questionnaire and physical examination are
weak to moderate. The objective of this study was to assess
the relationship between upper extremity motion in non-
medical hospital staff members and the risk of develop-
ing CTS using the 4 diagnostic methods.

MATERIAL AND METHODS

Subjects

One hundred twenty-nine of the 144 non-medical hos-

pital staff members at a teaching hospital participated

in this study. The participation rate was approximate-

ly 90%. From the initial walkthrough, jobs were classified

into 3 groups based on working characteristics:

- administrative unit (including finance and repair ser-
vices personnel),

- medical unit (including reception and medical records),

— service unit (including consulting and transferals).

Exclusion criteria included an underlying disease such as

rheumatoid arthritis, diabetes, gout or hypothyroidism,

renal dialysis, pregnancy, space-occupying lesions such as

a ganglion, and previous fracture of the distal radius.

Measurements
A signed informed consent was obtained from each sub-
ject. Nordic Musculoskeletal Questionnaire (NMQ) [9],
modified to include other risk factors, such as demograph-
ic data, use of oral contraception, regularity of menstrua-
tion, method of child delivery, domestic chores, and fre-
quency of exercise. All of the participants were evaluated
for CTS using the 3 diagnostic methods:

- occupational therapist conducted differential diagnosis
of pain symptoms by soft-touch palpation of the pain
spot in the wrist or upper extremity and collecting
further information on pain symptoms, pain severity,
pain duration, normal activity affected (yes/no), and
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undergoing treatment (yes/no). To maintain objectiv-
ity, the physician was unaware of the job description of
each of the examinees;
- the physical examination included Tinel’s signs and
the Phalen test;
- motor and sensory nerve conduction tests were per-
formed based on the procedures previously described.
Nerve conduction velocity (NCV) was assessed using
a Medelec MS 60 machine (Vickers Medical Ltd., Lon-
don, UK) at a room temperature of 25°C. Nerve conduc-
tion velocity consisted of palmar sensory and routine mo-
tor NCVs for both the median and ulnar nerve. All medi-
an nerve NCV abnormalities were based on absolute and
relative latency findings (> 0.4 ms) [10]. The participants
underwent a standardized electrophysiological examina-
tion and physical assessments that were performed blind
by a board-certified technician to ensure consistency of re-
sults. All NCV procedures were conducted in accordance
with American Association of Electrodiagnostic Medi-
cine (AAEM) guidelines for measurement, temperature,
safety precautions, and electrode placement [11,12].
An ergonomic assessment on wrist or hand was performed
for all non-medical staff members at the hospital. Each
participant was clearly asked for the frequency (times/
min) and duration (min/day) of workers’ physical move-
ments for various motions (check operation, overhead
grasping motion, fixing operation, adjusting files, sorting
operation and arm lifting). These data were confirmed us-
ing a video camera.
Observations were also conducted to monitor and record
the frequency and duration of motions. The following 12 up-
per extremity postures and motions were evaluated: neck
fixed point, eyes fixed on a computer monitor, shoulder fixed
point, keying, using photocopier, using ink chop, arm exten-
sion, checking paper work, handling documents, filing, tak-
ing medical charts, sorting charts or documents. The upper
extremity index (UEI) was calculated by multiplying the fre-
quency (times/min) and duration (min/day) of the postures/

motions per day. There were 3 main groups based on UEL
low exposure (< 100 times/day), moderate exposure (101-
240 times/day) and high exposure (= 241 times/day).

Statistical analyses

All data were recorded using Excel software and analyzed
by SPSS 12. A Chi® test was used to compare the demo-
graphics of the 3 groups. The prevalence rates of CTS were
calculated based on the 4 criteria. Univariate and multiple
logistic regression models were used to determine which
factors affected CTS.

RESULTS

Table 1 compares the demographic data of the 3 groups.
Work durationwassignificantly associated with the 3 groups
but all the other factors were not significant. Most of
the non-medical hospital staff members in the service
unit were under 30 years of age (71.4%), while the ma-
jority of the other participants were aged 30-40 years.
The lowest percentage of participants with a body mass
index (BMI) = 25 was in the service unit (5.7%). The high-
est percentage of married participants was in the adminis-
tration unit. Work duration was longest in the administra-
tion unit, followed by the medical and service units.

Table 2 compares the CTS prevalence rates among
non-medical hospital staff members using the 4 di-
agnostic methods. The prevalence rates of CTS were
highest for NMQ questionnaire method (51.9%), fol-
lowed by the physician’s diagnosis (49.5% and 29.9%,
for right and left hands, respectively), physical examina-
tion (54.7%) and NCV (motor nerve: 27.5% and 25%,
sensory nerve: 21.7% and 15%, for right and left hands,
respectively).

Table 3 shows upper body postures and motions in non-
medical staff associated with pain symptoms in CTS di-
agnosis using NMQ questionnaire. Risk of CTS symp-
toms was most significantly associated with overhead
grasping motions (odds ratio (OR) = 2.64), adjusting
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Table 1. Characteristics of respondents taking part in the study of the relationships between upper extremity activity
and carpal tunnel syndrome (CTS) among non-medical hospital staff members

Respondents in work group

(N =129)
Variable [n(%)] p
administrative medical service
(N =29) (N =65) (N =35)
Age [years] n.s.
<30 9(31.0) 14 (21.5) 25(71.4)
30-40 14 (48.3) 34(52.3) 10 (28.6)
=40 6 (20.7) 7(122) 0(0.0)
Body mass index [kg/m?]
<25 24 (82.7) 56 (86.2) 33 (94.3)
225 5(17.3) 9 (13.8) 2(5.7)
Education time [years] n.s.
<12 10 (34.5) 17(26.2) 9(25.7)
213 19 (65.5) 48 (73.8) 26 (74.3)
Marital status n.s.
unmartied 9(31.0) 37(57.0) 18 (51.4)
married 20 (69.0) 28 (43.0) 17 (48.6)
Activity frequency [days/week] n.s.
<3 19 (65.5) 49 (75.4) 29 (82.9)
3-7 7(24.2) 13(20.0) 6(17.1)
27 3(10.3) 3(4.6) 0(0.0)
Work duration [years] <0.05
<1 3(10.3) 8(12.3) 10 (28.6)
1-4 8(271.7) 26 (40.0) 14 (40.0)
5-8 15(51.7) 24 (36.9) 10 (28.6)
29 3(10.3) 7(10.8) 1(2.8)
Work time [h/week] n.s.
<40 4(13.8) 8 (12.3) 1(2.9)
40-44 23(79.3) 49 (75.4) 31(88.6)
=44 2(6.9) 8 (12.3) 3(8.5)

n.s. — not statistically significant.

files (OR = 2.17), and arm lifting (OR = 2.75). Overall,
the ORs and confidence intervals (CIs) were > 1. Slight
associations with risk of CTS were found for checking,
organizing, and sorting documents or medical charts.
The ORs were > 1, but the CIs were in the borderline
range. The postures of standing, sitting and kneeling did
not significantly correlate with any risk of CTS.
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Table 4 shows the factors affecting the risk of CTS based
on multiple logistic regression models for each of the 4 di-
agnostic criteria. The factors included into the models
were: work unit, age, education level, work duration, mari-
tal status, BMI and UEI. Based on the questionnaire and
the physician’s diagnosis, UEI correlated significantly with
the risk of CTS in a dose-dependent manner. However,



Table 2. Prevalence rates of carpal tunnel syndrome determined using the four diagnostic methods among non-medical hospital staff members

' ' Respondents
Diagnostic method
n %
Questionnaire (N = 129) 67 519
Physician’s diagnosis (N = 97) 77 79.4
right hand 48 49.5
left hand 29 29.9
Physical examinations (N = 117) 64 54.7
positive/positive 38 325
positive/negative 26 222
Motor nerve conduction velocity (N = 120) 63 52.5
right hand 33 275
left hand 30 25.0
Sensory nerve conduction velocity (N = 120) 44 36.7
right hand 26 21.7
left hand 18 15.0

N - number of study subjects.

Table 3. Carpal tunnel syndrome (CTS) diagnosed using self-reported questionnaire affected by various upper extremity postures
among non-medical hospital staff

Respondents
Posture of upper extremity total with CTS OR (95% CI)
(N =129) [n (%)]
[n]
Check operation
yes 49 26 (53.1) 1.08 (0.53-2.18)
no 80 41 (51.3) 1
Overhead grasping motion
yes 38 26 (68.4) 2.64* (1.202-5.80)
no 91 41 (45.1) 1
Fixing operation
yes 50 30 (60.0) 1.70 (0.83-3.48)
no 79 37 (46.8) 1
Adjusting file
yes 40 26 (65.0) 2.17%* (1.01-4.67)
no 89 41 (46.1) 1
Sorting operation
yes 46 28 (60.9) 1.76 (0.85-3.64)
no 83 39 (47.0) 1
Arm lifting
yes 58 38 (65.5) 2.75% (1.35-5.60)
no 71 29 (40.8) 1

OR - odds ratio; CI - confidence interval.
*p <0.05 ** p < 0.0L.
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Table 4. Risk factors correlated with carpal tunnel syndrome based on four diagnostic methods using multiple logistic regression
adjusted by education level, age, marital status and body mass index

Diagnostic method
. OR (95% CI)
Variable — -
. . physician’s physical nerve
questionnaire : . - . .
diagnosis examination conduction velocity
Work group
administrative 1 1 1 1
medical 4.30* (1.29-14.32) 1.10(0.33-3.62) 0.86 (0.25-2.94) 1.05 (0.23-4.68)
service 4.62* (1.23-17.45) 1.59 (0.44-5.71) 1.13 (0.30-4.33) 5.05% (1.05-24.28)
Work duration [years]
<1 1 1 1 1
1-4 3.29 (0.89-12.14) 0.82 (0.21-3.18) 1.38 (0.36-5.38) 2.62 (0.37-18.39)
5-8 1.57 (0.47-5.24) 0.96 (0.27-3.41) 1.61 (0.44-5.88) 4.14 (0.65-26.36)
=9 1.42 (0.16-12.46) 0.89 (0.77-10.40) 3.23(0.19-54.11) 10.73 (0.62-185.85)

Upper extremity index (UEI)

low 1
moderate 4.14* (1.11-15.43)
high 12.93%* (2.58-64.85)

1
2.52(0.68-9.31)
6.65* (1.40-31.56)

1
0.80 (0.21-3.11)
0.48 (0.10-2.28)

1
1.82 (0.38-8.63)
156 (0.23-10.68)

Low UEL < 100 times/day; moderate UEI 101-240 times/day; high UEL: > 241 times/day.

OR - odds ratio; CI - confidence interval.
*p < 0.05 ** p < 0.01.

the risk of CTS and UEI did not correlate significantly
based on the CTS physical examination and NCV. Service
unit and medical unit workers had significantly higher
risks of CTS compared to workers in the administrative
unit, based on NMQ questionnaire and NCV. However,
no association was found for the physician’s diagnosis
and physical examination. Work duration was associated
in a dose-dependent manner with the risk of CTS based
on NCV and physical examinations, but this association
was not statistically significant. Age, education level, mari-
tal status and BMI did not correlate with the risk of CTS.

DISCUSSION

There have been few studies on the prevalence of cumula-
tive trauma disorders (CTDs) among non-medical hospi-
tal staff members. Due to recent changes in office tech-
nology, workplace and equipment design, office workers
are required to do an increasing amount of work requiring
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varied physical movement, especially joint flexion/exten-
sion, abduction/adduction, and supination/pronation of
the wrist with inadequate time to recover. Approximate-
ly 3000 patients visit this hospital every day, which places
a high workload on non-medical staff.

In our study, non-medical staff members were divided
into 3 groups based on workplace design. The medical unit
is in frequent contact with visitors and therefore is required
to perform a wide variety of tasks involving repetitive and
high-frequency activities. These processes, which are often
highly repetitive, cause adjacent tendons to slide against one
another. The friction force is proportional to the tension
in the tendon and inversely proportional to the curvature
radius [13]. Thus, staff members frequently complained of
symptoms related to CTDs, such as neck and shoulder stiff-
ness, soreness of the hand or wrist, and low back pain.

The diagnosis of CTS is clinical and based on the proper
interpretation of symptoms and signs, with confirmation
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by electro-diagnostic testing [14]. The prevalence rates
of CTS may vary according to the diagnostic tools used.
Our data showed that the prevalence of CTS was high-
est using the NMQ questionnaire and lowest for NCV.
The prevalence rate of CTS was also found to be higher
in the right hand compared to the left hand using NCV.
In the current study, motor or sensory NCV > 0.4 ms indi-
cated that the individual had CTS.

Compared to the NMQ questionnaire, NCV has a higher
fluctuation in sensitivity and specificity (49-84% and 95%,
respectively). In the current study, NCV value acts as
the gold standard for diagnosis of CTS, while sensitivity
and specificity values of the physical examinations were
higher than those of the NMQ questionnaire (data not
shown). Based on multiple logistic regression models,
the factor that affected CTS, according to the NMQ ques-
tionnaire, was dose-dependent with the UEI.

However, this factor did not correlate significantly with
CTS diagnosis using physical examinations and NCV tests.
Physical examinations and NCV tests showed that CTS
correlated positively with work duration, but the correla-
tion was not significant. Nerve conduction velocity tests
were far more objective diagnostic tools for CTS than any
of the other three, all of which involved some degree of
subjectivity.

Previous studies [15,16] showed subjects with CTS in dif-
ferent stages (even early — that depended on the applied
technique) with damage to the median nerve detected us-
ing NCV test, whereas the NMQ questionnaire may only
reveal suspected CTS. Although the reliability of the NMQ
has been shown to be acceptable on specific characteristics
of work strain, CTS is unsuitable to diagnose using stan-
dardized NMQ for the analysis of musculoskeletal symp-
toms. Because none of the subjects in this study suffered
from peripheral or ulnar neuropathy, pronator syndrome,
thoracic outlet syndrome, cervical radiculopathy, arthri-
tis, or metabolic or endocrine disorders, we are confident
that CTS was not associated with any of these conditions.

Only 2 subjects took oral contraception and therefore re-
lated hormonal factors can be ruled out as a cause of CTS.
Carpal tunnel syndrome in non-medical hospital staff was
shown to be associated only with ergonomic stress, even if
the motions were not repetitive in nature but were varied
in their activities, and/or inappropriate or poor postures.
These may be harmful to the median nerve.

Ergonomic stress in the current study was evaluated us-
ing a questionnaire and field observation as well as video
recordings. The questionnaires measured the frequency
and duration of 12 postures and/or movements in which
the workers engaged.

The workers in our study were not involved in repetitive
stress activities and therefore the BRIEF (Baseline Risk
Identification of Ergonomic Factors) tool could be not ac-
curately used to assess ergonomic stress. As an alternative
to measuring ergonomic stress, an exposure index (EI)
was calculated by multiplying frequency and duration of
motion. Field observation and video recordings were used
to confirm the results.

Latko et al. (1999) [17] rated the ergonomic stress
of 352 workers involved in repetitive activities in 3 ma-
nufacturing facilities on a 10-point visual analog scale
(0-10, 10 = most stressful) and found that the odds ratio
of high versus low repetition was 2.32, and repetition was
significantly associated with the prevalence of CTS. Our
findings, using the NMQ questionnaire and physician’s di-
agnosis, were consistent with Latko et al.’s results with re-
gard to the dose-dependent effect of CTS and repetition.

We found no significant associations of the upper extrem-
ity index (UEI) with CTS using physical examinations
and NCV. This may be due to the clinical progression
of CTS which involves 3 phases: the preclinical phase,
phases of nerve compression, and the phase of irrevers-
ible damage. It is well-established that anthropometric
data varies among different populations. The cutoff point
in the current study was 0.4 ms (distal sensory latency
of the median nerve minus the distal sensory latency of
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the ulnar nerve), whereas previous studies [18,19] used
different cutoff points (0.5 ms and 0.26 ms, respectively).
Girlanda et al. (1998) [20] reported a sensitivity of 92% for
diagnosis of mild idiopathic CTS when the NCV and distal-
proximal ratio were combined. Resende et al. (2000) [19]
used a new technique which compared the distal motor
latency of the median nerve to the second lumbrical mus-
cle (L2) with the distal motor latency of the ulnar nerve to
the interossei muscle (INT).

Ultrasonographic examination of the median nerve seems
to be a promising method in the diagnosis of CTS, as-
sessing the morphologic changes of the median nerve in
patients with clinical signs and symptoms. Quantitative
ultrasonography assessment of CTS diagnosis was used
in patients with negative electrodiagnostic test findings,
especially in the early stage of CTS [21]. The alternative
technique proposed is more sensitive and simpler than
conventional techniques for detecting CTS, and should
be incorporated into thermography [22] and computed
tomography [23]. However, these methods are not very
common and cannot be conclusively substantiated without
further study.

Some limitations were found in this study. Firstly, er-
gonomic assessment among non-medical hospital staff
may not accurately measure in each posture during all
work duration, especially including intensity and posture
of activities, workload and impact for musculoskeletal
function. Future studies need to give consideration to
the subjectivity of respondents’ reported pain, which may
confound results. Secondly, it was often difficult to de-
termine whether a particular movement or posture was
the cause of the pain, or whether the pain caused the sub-
jects to adopt a more comfortable and/or incorrect pos-
ture or movement. Further research should be performed
to provide a comprehensive understanding of what com-
binations of trigger factors should be modified and to
evaluate the impact of workstation redesign using video
recordings, as well as to reveal the interrelationships
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between different factors that contribute to the develop-
ment of CTS.

CONCLUSIONS

The prevalence rates of CTS among hospital health-
care practitioners determined using the nerve conduc-
tion velocities tests were 27.5%, 25% (motor nerve)
and 21.7%, 15% (sensory nerve), for right and left
hands, respectively. There was a dose-response rela-
tionship between ergonomic stress (UEI) and CTS de-
tected using the NMQ and physician’s diagnoses, but
there were no associations with physical examination
and NCV. However, CTS diagnosis was confirmed by
positive NCV results, while the questionnaire alone is
able to indicate the cases of suspected CTS. It is nec-
essary to periodically monitor ergonomic stress among
healthcare practitioners with a view to decrease it and
reduce the incidence of CTS.
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