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Abstract

Background and Aims: Carpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment syndrome with a high prevalence among workers. Insights on the
physical work-related risk factors is necessary to develop appropriate preventative
methods. The objective of this systematic review, including meta-analyses, is to assess
which physical work-related risk factors are associated with carpal tunnel syndrome.
Methods: Systematic literature searches were carried out using PubMed and
Embase until September 6, 2021. Studies were included if: (1) CTS was clinically
assessed, (2) the studies were prospective cohort studies, and (3) the exposure was
reported using terms of exposed/less or nonexposed. Risk of bias was assessed
using the Quality in Prognosis Studies (QUIPS) tool. Quality of evidence was
assessed using the Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE).

Results: In total, 9270 patients with CTS from a population of 1,051,707 workers
were included from 17 studies. Meta-analyses revealed high-quality evidence for
associations between CTS and high exposures to repetition (hazard ratio [HR] 1.87,
95% Cl 1.42-2.46), force intensity (HR 1.84, 95%Cl 1.22-2.79), exposures above
hand activity level of ACGIH (HR 1.75, 95%Cl 1.40-2.17), and the Strain Index >10
(HR 1.58, 95% Cl 1.09-2.30). No significant associations were found for pinch
gripping, hand-arm vibration or force duration. High computer-use exposure was
significantly associated with a decreased rate of work-related CTS (HR 0.28, 95% Cl
0.12-0.64).

Conclusion: This systematic review of prospective cohort studies found high
certainty for an increased rate of CTS due to a high Strain Index, exposures
exceeding the Activity Level of ACGIH, and high force intensity and high repetition.
Workers performing tasks requiring both high force and high repetition even have a

higher rate of developing CTS.
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1 | INTRODUCTION

Carpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment syndrome and is caused by pressure on or
around the median nerve. The carpal tunnel is a narrow
passageway located at the palm side of the hand and is defined
by the carpal ligament at the volar side where some tendons of
the fingers (flexor digitorum profundus, flexor digitorum super-
ficialis, and flexor pollicis longus) and the median nerve run
through. Compression of the median nerve causes tingling,
weakness, and numbness in the thumb, index finger, middle
finger, and on the radial side of the ring finger.?

In de past two decades several studies have been performed to
identify personal and psychosocial risk factors for CTS, but not often
with a prospective study design to assess causal associations
between risk factors and CTS. Examples of reported personal risk
factors are sex, age, pregnancy, obesity, square wrists, and comorbid
diseases such as rheumatoid arthritis, diabetes, and thyroid dis-
eases.>™ Studies have also shown that CTS might affect post-
menopausal women and women taking oral contraception.®” More
recently, studies have described an association between psychosocial
factors and carpal tunnel syndrome such as job strain and
dissatisfaction.®?

Although personal and psychosocial factors have been
associated with CTS, CTS is still seen as a frequently occurring
occupational disease probably caused by work/related.'®
Luckhaupt et al concluded that the overall lifetime prevalence
of clinician-diagnosed CTS among current workers was 6.7% and
the 12-month prevalence was 3.1%, representing approximately
4.8 million workers with current CTS.? This high prevalence also
leads to high sickness absence rates after carpal tunnel release
and the average return to work ranges from 21 days for
nonmanual to 39 days for manual work.'? We do know that the
problem is not only a financial issue, as some workers can't fulfill
their jobs anymore and may need to find another job, also
employers may suffer indirect costs such as loss of productivity
and time spent on hiring new employees.*®

Since CTS is associated with many risk factors, it is important
to look into the work-related population attributive fraction (PAF)
of CTS. This indicates the proportion of incidents of CTS in the
population that are attributable to work. Roquelaure et al.,'* a
study regarding the attributable risk of CTS in the general
population, showed a PAF of 50% for males performing manual
work and 19% for females. This suggests that the incidence of
CTS caused by work might decrease by introducing changes in
the workplace. Given the association with manual work, it is
important to determine the work-related physical risk factors of
CTS to lower the incidence. Therefore, we decided to include only
work-related physical risk factors in this review. Moreover, we
presume that physical risk factors are likely to be explained by the
pathophysiologic mechanisms in CTS.'>'® Therefore, these

physical risk factors are more likely to be causative for CTS and

coherent preventive measures probably more effective to reduce
the risk of manual work.

The American Academy of Orthopaedic Surgeon (AAOS)
published a guideline in 2016 for the management of CTS, in
which they described risk factors of CTS sorted into limited,
moderate and strong evidence. They found an increased risk of
CTS due to repetition with strong evidence. Moderate evidence
was found for the following risk factors are: vibration, computer
use and force.'”

Complementary to that, a number of reviews have
been published over the past two decades, for example, van
Rijn et al.,’® Barcenilla et al.,’? and Kozak et al.2° These reviews
assessed cross-sectional, case-control and cohort studies
to determine the occupational risk factors concluded that
repetition, force, vibration and wrist bending are risk factors for
carpal tunnel syndrome. To properly infer causality between
work-related risk factors and CTS, it is preferred to use
longitudinal studies preferably also adjusting for confounding
factors.

Hence, we conducted a systematic review, including meta-
analyses with evidence synthesis using the Grading of Recommenda-
tions, Assessment, Development, and Evaluation (GRADE) frame-
work, using only prospective cohort studies to determine the
association between physical work-related risk factors and clinically
assessed CTS. The aim of this systematic review is to investigate
which work-related physical risk factors are associated with clinically

diagnosed CTS.

2 | METHODS

This systematic review, including a meta-analysis, was conducted
according to the criteria of the PRISMA statement.?!

2.1 | Eligibility criteria

Only cohort studies published in peer-reviewed journals fulfilling
the following criteria were used: the study was written in English,
German, French, Italian or Dutch; CTS was clinically assessed; the
association between CTS and the work-related physical risk
factors was described using the effect measures, hazard ratio
(HR), relative risk (RR) or could be calculated with the provided
data; exposure data were provided for CTS and at least two levels
of exposures were reported to retrieve a risk estimate. The
clinical examination should report at least symptoms and signs as
tingling, weakness, and numbness in the thumb, index finger,
middle finger and on the radial side of the ring finger. Physical
work-related risk factors had to be described in terms of physical
workload or specific occupational activities such as repetitive
hand movements or postures. No studies were excluded on the

basis of the year of publication.
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2.2 | Literature search

Systematic literature searches were carried out using PubMed and
Embase from 1954 to December 2, 2021. We combined several CTS
terminologies and work-related physical risk factors to generate the
search strategy. The search strategies used in both databases are
shown in Appendix 1.

2.3 | Study selection

After duplicates from PubMed and Embase had been removed, all
studies were checked independently and blinded for each other by at
least two of the authors. First, titles and abstracts were screened to
identify relevant studies and to exclude studies that did not fulfill the
inclusion criteria. Secondly, we obtained the full texts of the remaining
studies and assessed those for eligibility. Disagreement was resolved
by discussion between the two authors, and if needed a third author
was asked. Endnote X9 and Rayyan were used to manage the

screening and selection.

2.4 | Data extraction

The following data were extracted from each article: author; year of
publication; country; study design; case definition of CTS; length of
follow-up; definition of work-related physical risk factors; method
of assessment of work-related risk factors; number and characteristics
of participants such as sex and age; risk estimate and confidence

interval; and adjustment for confounding.

2.5 | Quality assessment

The methodological quality of the study was rated independently by two
authors. Since we only included prospective cohort studies, we used the
Quality in Prognosis Studies (QUIPS) tool. The checklist covers six
domains: (1) study population (e.g., the study sample represents the
population of interest), (2) study attrition (e.g., the response rate was
>80%), (3) prognostic factor measurement (e.g., the exposure was
assessed by professionals), (4) outcome measurement (e.g, CTS
was clinically assessed), (5) study confounding (e.g., the risk-estimate
was adjusted for age, sex, BMI and diabetes mellitus), (6) statistical analysis
and reporting (e.g., a risk-estimate was calculated). Every domain was
scored as having a low, moderate or high risk of bias.?? The overall quality
of the studies was classified as having a high risk of bias if one domain was
scored as having a high risk of bias or two domains were scored as having
a moderate risk of bias.

2.6 | Data analysis

A meta-analysis was performed if there were at least two studies to

determine whether work-related physical risk factors were associated

Open Access

with CTS. For each risk factor, we used the highest versus the lowest
exposures as reported in the studies. If the exposure was trichotomized,
we used the reported medium exposed group as exposed category and
the reported low exposure as reference category. A pooled HR and 95%
confidence interval (Cl) were calculated for each risk factor using a random
effects model in Cochrane's RevMan 5.4. Heterogeneity was assessed
using the I test, which describes the dispersion of effect sizes and the
relative heterogeneity in the studies as compared to random chance.
Heterogeneity was considered high if 12 > 70%. Forest plots were made

for each risk factor to visualize the pooled results.

2.7 | GRADE

To assess the certainty of evidence for the association between physical
work-related risk factors and CTS of risk factors that were included in
the meta-analyses we used the Grading of Recommendations, Assess-
ment, Development, and Evaluation (GRADE) framework.?® GRADE uses
four levels to judge the certainty of evidence: very low, low, moderate,
and high. Since we included only prospective cohort studies that studied
an association between specific risk factors and CTS, the starting
qualification of certainty of evidence for each risk factor was high. The
quality of evidence was downgraded on the basis of the following five
factors: (1) study limitation (high risk of bias present in the majority of the
studies), (2) inconsistency (1% > 70%), (3) indirectness (CTS not clinically
assessed), (4) imprecision (range of the 95% Cl > 2.0), and (5) presence of
publication bias. If the quality of evidence was not downgraded on the
basis of these five criteria, it could be upgraded on the basis of two
factors: (1) large effect size (the risk estimate of a risk factor >2.5), and (2)
presence of a dose-effect relationship in the reported study. Two
authors independently assessed the quality criteria and the level of

agreement was discussed in the whole author group.

3 | RESULTS

3.1 | Study selection

Our search strategy resulted in 3846 studies of which 1202 were
duplicates. After our first screening of the titles and abstracts we
excluded 2551 articles that did not meet our inclusion criteria's. The
remaining 97 articles were assessed in our full-text screening. In total,
17 studies”?*73? were included and 12 of these studies were enrolled

in our meta-analysis. Three studies?282?

used the same pooled
cohorts with the same participants and because of that we chose
study?’ with the most participants in the meta-analysis. The study

selection process is shown in a PRISMA flowchart in Figure 1.

3.2 | Study characteristics

All the studies are prospective cohort studies and were published

between 2001 and 2021. The included studies were conducted

worldwide with eight studies in the United States,2°72931:323¢ two in
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FIGURE 1 Flow chart of the included studies.

France,”2 three in Italy,24'38'39 two in Finland,?®%” one in Denmark,3*
and one in both the United States and France.®®> The total number of
included workers was 1,051,707 and were all 18 years of age or older.
In total, 9270 cases of CTS were clinically assessed but two studies did
not mention the cases of CTS in their articles. CTS was clinically
assessed in all the studies by symptoms with or without nerve
conduction studies (NCS). Symptoms were tingling, numbness, pain
and/or burning in two or more of the first four digits. Leclerc et al.%®
Lund et al.* and Roquelaure et al.” assessed CTS if these symptoms
were present. Hulkkonen et al.>° and Pourmemarie et al.3” obtained
data on hospitalizations due to CTS. The remaining studies assessed CTS
by both the presence of the above-mentioned symptoms and NCS. Six
studies studied the association between the ACGIH Threshold Limit
Values (TLV) and the incidence of CTS?#2527:323839. four studies
assessed the association between repetition and the incidence of
CTS26282939. Four studies studied the association between force
duration and the incidence of CTS?>2¢28:2%; Four studies assessed the

association between vibration and the incidence of CTS?8303637. gix
studies assessed the association between force intensity and the

§26:2829.3334.39. t\wo studies assessed the association

incidence of CT:
between wrist bending posture and the incidence of CTS”2%; three
studies assessed the association between pinch gripping and the
incidence of CTS?3%%7; two studies assessed the association between

53536 and finally, two

computer/keyboard use and the incidence of CT.
studies studied the association between a high Strain Index (SI) and the
incidence of CTS.2”*! The characteristics of the studies are described in

Appendix 2.

3.3 | Quality of the studies

Bonfiglioli et al.2* and Violante et al.*® had the best quality and had a low
risk of bias on all six domains. Seven studies”?¢3%33-373% had a moderate

risk of bias on the first domain because they did not provide a table with
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the baseline characteristics or did not have a sufficient number of
participants in their study (<500 participants). All of our included studies,
except two studies,?** did not provide a table with the baseline
characteristics of the participants lost to follow up and on top of those
five studies also had a low response rate (<70%). Studies”>%%33> that
measured the exposure by a self-administered questionnaire had a high
risk of bias on the third domain and one study®” that measured the
exposure by interviews had a moderate risk of bias on the third domain.
Lastly, five studies”?>24333¢ did not measure all the confounders and had
a moderate/high risk of bias on the fifth domain. The complete
assessment of the studies is shown in Table 1.

3.4 | Risk factors and CTS

3.4.1 | Meta-analysis and GRADE

We performed a meta-analysis for the following risk factors:
repetition, force duration, force intensity, ACGIH Threshold Limit
Values (TLV), vibration, pinch gripping computer use, the Strain Index
(SI). We could not perform a meta-analysis for the following risk
factor: wrist bending posture because there were not enough studies
to include in the meta-analysis. Details of the assessment of the
GRADE framework are presented in Table 2.

3.4.2 | Repetition and CTS

Repetition was measured using the HAL-scale, which is a 10-point
scale that rates the repetitiveness of hand use and also accounts for
pauses and efforts.*® The meta-analysis showed, based on two

studies,?®%?

that there was high-quality evidence that high exposure
of repetition is significantly associated with an increased rate of the

onset of CTS (HR 1.87, 95%Cl 1.42-2.46) (Figure 2C).

3.4.3 | Force and CTS

Force was measured using two methods. We made a distinction

between force intensity, which measures the actual perceived force,

and force duration, which measures the duration of time in forceful

exertion. This resulted in two forest plots regarding force and CTS.
Force intensity was measured using the Borg-10 scale, which

estimates an individual's effort, exertion, and breathlessness during

physical tasks.*!

The meta-analysis showed, based on three
studies,?®3%37 that there was high-quality evidence that high
exposure of force is significantly associated with an increased rate
of the onset of CTS (HR 1.84, 95%Cl 1.22-2.79) (Figure 2D).

Force duration was measured in percentage of time in forceful
exertion. The meta-analysis showed, based on two studies,?>%® that
there was very low-quality evidence that high exposure of forceful
exertion is not significantly associated with an increased rate of the

onset of CTS (HR 1.80, 95%Cl 0.98-3.31) (Figure 2E).

_Wl LEY—m
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The ACGIH Threshold Limit Values (TLV) is a method to assess the risk
on the overload of the wrists and hands of workers. It combines two
parameters: the Hand Activity Level (HAL) and normalized Peak Force
(nPF). ACGIH differentiates between three levels of exposure. Below
Activity Level (AL) is the lowest level, AL to Threshold Limit Value
(TLV) is the intermediate level and above TLV is the highest level.*? In
our meta-analyse we used <AL as the low exposure and 2AL+<TLV
(intermediate) as the high exposure. The meta-analysis showed, based
on four studies, 2323837 that there was high-quality evidence that the
high exposure is significantly associated with an increased rate of the
onset of CTS (HR 1.75, 95%Cl 1.40-2.17) (Figure 2A).

3.4.5 | Vibration and CTS
Low exposure was defined as not/lightly using a vibration tool and
high exposure was defined as using a vibration tool. The meta-

analysis showed, based on three studies, 283037

that there was very
low-quality evidence that high exposure of vibration is not
significantly associated with an increased rate of the onset of CTS

(HR 1.47, 95%Cl 0.63-3.42) (Figure 2B).

3.4.6 | Pinch gripping and CTS

High exposure was defined as gripping for more than 4 h a day or any
pinch grip force. The meta-analysis showed, based on three studies,”>%%”
that there was very low-quality evidence that high exposure of pinch
gripping is not significantly associated with an increased rate of the onset

of CTS (HR 1.84, 95%Cl 0.96-3.52) (Figure 2F).

3.4.7 | Computer/keyboard use and CTS

Low exposure was defined as never or almost never using a computer
and high exposure was defined as using a computer all or almost all
day. The meta-analysis showed, based on one study with two
cohorts,®> that there was moderate-quality evidence that high
exposure of computer use is significantly associated with a decreased
rate of the onset of CTS (HR 0.28, 95%Cl 0.12-0.64) (Figure 2G).

3.4.8 | The Strain Index (SI) and CTS

The Sl is an index that assesses the physical exposure of the distal
upper extremities based on frequency, duration, intensity and hand/
wrist posture.*® Kappellusch et al.®! defined the high exposure as
SI>10 and Garg et al.?” defined the high exposure as Sl > 6.1 This
meta-analysis showed that there was high-quality evidence that high
exposure of Sl is significantly associated with an increased rate of the
onset of CTS (HR 1.58, 95% Cl 1.09-2.30) (Figure 2H).
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TABLE 1 Assessment of the risk of bias using the Quality in Prognostic Studies (QUIPS) tool

Study Study Study Prognostic Outcome Study Statistical
participation attrition factor measurement confounding analysis
measurement and
reporting

Bonfiglioli**

Burtzs -—m

" D_]—-

Garg? _

Harris-
Adamson®®
Harris-
Adamson?®

Hulkkonen®

Kapellusch®*

Kapellusch®

Leclerc®®

e _

Mediouni35 _

Nathan*®

Pourmemari®’

Roquelaureg -_

Violante®®

Violante*

Green indicates a low risk
indicates a moderate risk
Red indicates a high risk
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Hazard Ratio

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Violante 2007 0.4055 0.2606 18.3% 1.50[0.90, 2.50] 2007 T
Garg 2012 03633 04904 52% 1.44 [0.55,3.76] 2012 —
Kapellusch 2014 0.5451 01894 346% 1.72[1.19,2.50] 2014 ——
Violante 2016 06595 01722 41.9% 1.93[1.38,2.71] 2016 ——
Total (95% CI) 100.0% 1.75[1.40,2.17] <
Heterogeneity: Tau®= 0.00; Chi*= 0.85, df= 3 (P = 0.84); F= 0% 0105 0=2 é 210
Test for overall effect: Z=5.01 (P < 0.00001) ' ' <AL AL +<TLV
(B)
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Harris-Adamson 2015 0.0336 02065 343% 1.03[0.69,1.55] 2015
pourmemarie 2018 -0.1054 02993 315% 0.90[0.50,1.62] 2018
hulkkonen 2020 11997 02121 342% 3.32(219,5.03] 2020 ——
Total (95% CI) 100.0% 1.47[0.63,3.42]
Heterogeneity: Tau®= 0.50; Chi*= 19.98, df= 2 (P < 0.0001); F= 90% 0505 052 1 é 240
Testfor overall effect: Z=0.90 (P = 0.37) ’ low vibration high vibration
(C) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI Year IV, Random, 95% CI
Harris-Adamson 2015 0.4307 02096 34.0% 1.54(1.02,2.32) 2015 -
Violante 2016 0.7254 01271 66.0% 2.07[1.61,2.65 2016 E 3
Total (95% CI) 100.0%  1.87 [1.42, 2.46] L 2
Heterogeneity: Tau*= 0.01; Chi*=1.45,df=1 (P=0.23), F=31% 0105 032 ; 220
Testfor overall effect: Z= 4.48 (P < 0.00001) ’ low repetition high repetition
(D) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI_Year IV, R 95% CI
Leclerc 2001 1.4086 05362 136% 4.09(1.43,11.70) 2001
Harris-Adamson 2015 0.4682 01949 571% 1.60[1.09,2.34] 2015 —_—
Violante 2016 05166 0.3346 29.3% 1.68(0.87,3.23] 2016 T
Total (95% CI) 100.0% 1.84[1.22,2.79] -
Heterogeneity: Tau®= 0.04; Chi*= 2.74, df= 2 (P=0.25), F= 27% 0105 012 5 210
Testfor overall effect Z= 2.89 (P = 0.004) low force intensity  high force intensity
(E) Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE_Weight IV, Rand 95% Cl _Year IV, Ran 95% CI
Burt 2013 1.0405 0.4464 32.0% 2.83(1.18,6.79] 2013 —
Harris-Adamson 2015 0.3773 02028 68.0% 1.46(0.98,2.17] 2015 ——
Total (95% Cl) 100.0%  1.80([0.98,3.31) .
Heterogeneity: Tau®= 0.10; Chi*=1.83,df=1 (P=0.18); F= 45% 0505 052 ; 2:0
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FIGURE 2 (See caption on next page)
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3.4.9 | Wrist bending posture and CTS

Roquelaure et al. measured the wrist bending posture as time spent
in wrist bending. They differentiated three levels of exposure: low
(0 h a day), moderate (2-4 h a day) and high (more than 4 h a day).’
The moderate exposure had an HR of 1.61 with 95% Cl of 0.79-3.29
and the high exposure had an HR of 1.63 with 95% Cl of 0.70-3.78
(Table 1). Harris-Adamson et al.?® measured the wrist bending
posture as percentage of time spent in 230°wrist flexion or
extension. The high exposure of flexion (>1%) had an HR of 0.87
with 95% Cl of 0.59-1.29 and the high exposure of extension (>5%)
had an HR of 0.83 with 95% Cl of 0.60-1.15 (Appendix 2).

4 | DISCUSSION

4.1 | Main findings

This systematic review with meta-analyses showed high certainty for a
significantly increased rate of CTS due to force duration (71%), force
intensity (47%) and repetition (64%). Workers that perform tasks
requiring both force and repetition even have an 80% higher rate of
developing CTS, as seen in the meta-analysis for the ACGIH Threshold
Limit Values, again with high certainty. We found a significantly increased
rate of CTS due to the Strain Index (45%). No associations for hand-arm
vibration and pinch-gripping with CTS were found, with low-quality
certainty. No associations were also found for wrist bending due to
contradictory outcomes of the two included studies. Computer use was
found to reduce the risk of work-related CTS with 72% with moderate-
quality certainty. However, in the current study low exposure was
defined as never or almost never using a computer and high exposure as
using a computer all or almost all day. Therefore, the reference group
might be a high-risk CTS group performing work characterized by high
exposure to force and repetition. Future studies on CTS and computer
use are needed that compare high versus low exposure to computer use
in terms of posture, repetition, and force, for instance comparing all-day
data entry jobs with other types of office work having more variability
and thereby less exposure to computer use.

Although Barcenilla et al.,?

reporting about a meta-analysis on
CTS and occupation, did find a significant association for vibration,
our meta-analysis did not show sufficient evidence for this associa-
tion. A possible explanation is that we included studies with a lower
risk of bias in our meta-analysis. In general, our conclusion is in line
with the study of Kozak et al.,2° which is an overview of systematic

reviews. In their meta-analysis they also concluded that in current

Open Access

high-quality primary studies vibration is not an independent risk
factor of CTS. In line with our results, Barcenilla et al.»? also found a
significant association between force and repetition and the
incidence of CTS. For both risk factors, they reported higher risks
estimates than we found: for force OR=4.23 (95% Cl 1.53-11.68)
versus our HR = 1.84 (95% Cl 1.22-2.79) and for repetition OR = 2.26
(95% CI 1.73-2.94) versus our HR=1.87 (95% ClI 1.42-2.46). This
could also be due to the fact that we only used prospective cohort

.12 also included cross-sectional studies.

studies, while Barcenilla et a
Furthermore, our meta-analysis showed a significant association
between the ACGIH Threshold Limit Values and CTS. This finding
confirmed and strengthened the evidence as reported in the study of
Kozak et al.?° The RR they reported was 1.54 (95% CI 1.02-2.31),
which is lower than our HR of 1.75 (95% CI 1.40-2.17).

4445 reviewed the association between

Two previous studies
computer use and CTS. While those two studies did not find an
association between computer use and CTS, our meta-analysis
showed a reduced risk of CTS and computer use at work, possibly
due to the fact that low-level hand-activity is a protective factor.

Lastly, our systematic review assessed whether pinch gripping
and the Strain Index are risk factors for CTS. We did find a significant
association between the Strain Index and an increased rate of CTS,

and did not for pinch gripping.

4.2 | Methodological considerations

The strength of this review is that we only included prospective
cohort studies, as these designs are the preferred evidence for
inferring causality. In addition, we performed a meta-analysis and
used GRADE for the assessment of the certainty of evidence. Our
systematic review solely included prospective cohort studies and
used GRADE to determine the certainty of evidence and therefore
has high accuracy and precision.

Another strength is that CTS had to be clinically assessed. All the
studies used the same set of symptoms (tingling, weakness and
numbness in the thumb, index finger, middle finger, and on the radial
side of the ring finger) to diagnose CTS. Some studies did also require
NCS in the diagnosis of CTS. We did not find a difference in risk
estimates for studies using NCS versus those that did not. A proper
clinical assessment is important to secure an accurate risk estimation
because self-assessment of CTS could lead to an overestimation of
the hazard ratios and the risk factors involved.

A limitation of our review is that five studies did not perform a

(blinded) observation to assess exposure. Instead, they conducted an

FIGURE 2 Forest plots of the eight work-related physical risk factors for developing carpal tunnel syndrome. (A) Forest plot of comparison
<Action Limit versus 2Action limit +< Threshold Limit Value. (B) Forest plot of comparison low vibration versus high vibration. (C) Forest plot of
comparison low repetition versus high repetition. (D) Forest plot of comparison low force intensity versus high force intensity. (E) Forest plot of
comparison low force duration versus high force duration. (F) Forest plot of comparison low pinch gripping versus high pinch gripping. (G) Forest
plot of comparison high computer use versus low computer use. (H) Forest plot of comparison low Strain Index versus high Strain Index.

Cl, confidence interval; SE, standard error.
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interview or collected information on exposure using a questionnaire.
This is an important source of recall bias and possibly overestimation

of exposure.

4.3 | Awareness and prevention

Despite the available evidence of high certainty about work-related
physical risk factors for CTS, there still might be a lack of awareness
in clinical care for prevention. The study of Yagev et al.*® on the
recognition of occupational risk factors by clinicians showed that in
60% of the cases the clinician did not ask about the patient's job, and
even when the job was mentioned, no further assessment was made
regarding the specific tasks and activities in the job. In addition, fewer
than 10% of the patients were referred to an occupational physician
for further evaluation. The awareness of all clinicians is required for
optimal patient care and to help the patient to promote preventative
measures at work. Also in teaching, attention should be given to
the importance of work as a possible etiological risk factor for the
development of CTS and enhance communication among various
medical disciplines and active referral of patients who are at risk at

work.*®

5 | CONCLUSION

This systematic review of prospective cohort studies found high
certainty for an increased rate of CTS due to a high Strain Index,
exposures exceeding the Activity Level of the ACGIH, and high force
intensity and high repetition. Workers performing tasks requiring
both high force and high repetition even have a higher rate of
developing CTS. Therefore, we recommend to develop and imple-
ment preventive measures, especially for these two risk factors and
to evaluate which measures best reduce the incidence of CTS.
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APPENDIX 1

See Table A1l.

TABLE A1 Search strategy in Pubmed and Embase

Pubmed ((“occupational disease*‘[MeSH Terms]) OR (“occupational disease*“[Title/Abstract]) OR (“risk factor*‘[MeSH Terms]) OR (“risk
factor*“[Title/Abstract]) OR (“work-related”[Title/Abstract]) OR (“worker*“[Title/Abstract]) OR (“physical load”[Title/Abstract]) OR
(“occupational exposure*“[Title/Abstract]) OR (“occupational exposure*“[MeSH Terms])) AND ((“carpal tunnel syndrome”[Title/
Abstract]) OR (“Median neuropathy”[MeSH Terms]) OR (“carpal tunnel syndrome”[MeSH Terms]) OR (“Median neuropathy”[Title/
Abstract]))

Embase ((occupational disease* or risk factor* or work-related or physical load or occupational risk factor* or occupational exposure*). af) AND
((carpal tunnel syndrome or median neuropathy). af.)
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