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Role of Biomechanical Factors in Resolution of Carpal Tunnel
Syndrome Among a Population of Workers
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Objectives: Identify if Carpal tunnel syndrome (CTS) symptoms vary by
measured biomechanical exposures. Methods: A nested prospective cohort
within a large, multicenter, 8-year cohort study. The CTS case definition was
tingling/numbness in 2+ median nerve-served digits plus a nerve conduction
study consistent with CTS. Workers were assigned to: (1) low (strain index
[SI] less than or equal to 6.1), and (2) high (SI more than 6.1) job groups.
Results: Among 1201 workers, 106 had CTS. Those in the high SI group
became and remained symptom-free for at least 3 months, faster than the low
SI group, adjusted hazard ratio (HR)=2.07 (95% confidence interval
[CI]=1.21 to 3.56, P=0.008). Only surgical release trended towards
resolving CTS. Light duty had no impact, and job change was associated
with delayed symptoms resolution. Conclusions: High biomechanical expo-
sures paradoxically predicted faster improvement in CTS and light duty did
not result in symptom resolution.

Keywords: biomechanics, Carpal tunnel syndrome, epidemiology, light
duty, modified duty, prognosis, treatment

C arpal tunnel syndrome (CTS) is the most common peripheral
nerve entrapment.’ The reported CTS prevalence estimates
range from 2.7% to 13.0%.%~'* The incidence rate between 2.3 and
7.5 cases per 100 person-years.'s’16

Reported, non-occupational risk factors for CTS include age,
female sex, body mass index (BMI), biopsychosocial factors,
diabetes, smoking, Framingham heart risk scores, wrist depth/width
ratio, and genetics.lL26 There are also reported associations with
work involving combinations of high force and repetition,?” ~>° and
there is some evidence for increased risk with high amplitude
vibrating hand tools. 242330 1n contrast, no consistent associations
have been found for work activities that involve awkward postures,
keyboards, cold environments, and increasing length of employ-
ment.*?%3° Despite being one of the most prevalent musculoskel-
etal disorders among workers, the natural progression of CTS has
not been well described,®' especially in working populations.
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The few available reports on the natural history of CTS have
somewhat discrepant outcomes, either ignoring or weakly address-
ing whether job physical factors modify the clinical course of
CTS.**7** Zyluk et al,** suggested that the clinical progression
of CTS is unpredictable and characterized by electrophysiological
disturbances. Early attempts to describe the natural progression of
CTS suggest that severity of its associated symptoms and prognosis
are related to the duration of the condition.**?> An Italian CTS
Study Group followed 196 CTS prevalent individuals from the
general population for 15 months and concluded that untreated
idiopathic CTS spontaneously improves clinically and electrophys-
iologically with time when severe, but tends to worsen when the
initial presentation is mild." This group also found that neurophysi-
ologic measurements followed a similar but non-statistically signif-
icant pattern.>® Other studies have found poor correlations between
clinical course changes and electrodiagnostic findings.*’** A study
by Nathan et al*® followed 289 workers for 11 years and found that
nerve conduction findings tended to worsen over time without
necessarily leading to worsening CTS symptoms or increases in
prevalence. Silverstein et al, 15 found that workers with either current
symptoms of CTS or positive electrodiagnostic findings at baseline
were more likely to meet the case definition for CTS and persist as a
CTS case at 1 year.

Thus, it is unclear what role biomechanical exposures might
play in the progression of CTS. It is also unknown whether job
restrictions to reduce exposures are effective. The objective of this
study was to determine whether the clinical symptoms among
individuals with CTS vary depending on biomechanical exposures
as measured by the strain index (SI).

METHODS

This report is a nested cohort study within a large, multistate,
multicenter, prospective cohort study (the WISTAH Study). Brief
methods follow, as the study methods have been previously pub-
lished.*® All participants were consented and Institutional Review
Board approval was obtained.

Workers were recruited from 17 companies with multiple
facilities for a broad variety of tasks in Wisconsin, Utah, and Illinois.
Workers underwent separate health and job physical exposure
assessments at baseline and during follow up by two teams of
researchers that were blinded.

Baseline health assessments were performed by a health
outcomes assessment team and consisted of a computerized ques-
tionnaire, structured interview, measured biometrics (eg, BMI,
blood pressure), two standardized physical examinations and nerve
conduction studies (NCS).

Questionnaires included demographics, medical history, psy-
chosocial factors, social factors, and off-work activities. The struc-
tured interview and the first of two standardized physical
examinations were performed by an occupational medicine resident,
occupational, or physical therapist. The structured interview
included symptoms of: (i) current tingling and/or numbness in each
digit, (ii) tingling and/or numbness in each digit in the prior month,
(iii) duration of symptoms represented as the percentage of time
during the past month, and (iv) any history of other upper extremity
musculoskeletal symptoms or neuropathic disorders.
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The first of the two standardized physical examinations was
naturally unblinded to symptoms and immediately followed the
structured interview. The second examination was performed by a
board-certified occupational medicine physician who was unblinded
to the prior results and assessed the symptoms and pertinent exami-
nation negatives. Examinations consisted of observation and inspec-
tion of the distal upper extremities, palpation, range of motion, and
specific examination maneuvers (eg, Phalen and Hoffmann-Tinel).

NCS was administered to all workers at baseline regardless
of symptoms using conventional NCS equipment and contempora-
neous standards.® All NCS were conducted by one of two board-
certified physiatrists who were blinded to job exposures and
symptoms. NCSs were performed according to standard electro-
diagnostic testing protocols. NCS data collected included peak
median sensory nerve latency, onset median motor nerve latency,
and the difference between the median and ulnar nerve sensory
latencies across the wrist (transcarpal delta). Sensory latency values
were measured at a distance of 14 cm. Median sensory measures
were antidromic and performed at 6 cm. Transcarpal deltas were
performed at 8 cm. Skin temperature was measured prior to testing,
and hands were warmed to a minimum skin temperature of 32 °C.

Those few workers with evidence of both median and ulnar
neuropathy were excluded as having presumptive evidence
of polyneuropathy.

Workers subsequently underwent monthly follow-ups with
structured interviews and standardized physical examinations over a
period of up to 9 years. Monthly structured interviews included queries
for treatments, including medications, therapy, exercise, injections, and
surgery. Monthly structured interviews also included restricted, or
“light duty.” Workers leaving employment were not replaced.

Job exposure assessments were conducted by a separate job
exposure assessment team of trained ergonomists. Job assessment
data included an interview regarding job factors, job physical factors
measurements, observation, and video recording of all tasks. Video-
tapes were subsequently analyzed and variables measured (the per-
centage of time a given hand was meaningfully engaged in work
activities).”® Composite job exposure measures were calculated,
including the SI score.*' SI is semi-quantitative and includes six
variables: force, repetition, duration of exertion, hand/wrist posture,
speed of work, and shift length. The SI score is weighted with an
assigned multiplier for each of the six variables, which are then
multiplied together to produce the composite SI score. Force is the
most heavily weighted variable in the SI. The SI scores were classified
into low risk (SI less than 6) and high risk (SI more than or equal to
6).*? Jobs were also reassessed quarterly by the job exposure assess-
ment team. If the job changed, it was remeasured and reanalyzed.

The case definition of CTS was*’: (1) presence of tingling
and/or numbness in two or more median-served digits; (2) symp-
toms present on at least 25% of the days during the prior month; (3)
symptoms occurring for at least two or more consecutive follow up
periods; and (4) abnormal NCS consistent with median mononeur-
opathy. Additionally, a worker was automatically designated as a
case if the worker had undergone surgical CTS release.

For the purpose of this nested cohort study, all workers who
met the requirements for the case definition of CTS at baseline were
included. Workers with possible polyneuropathy (ie, abnormal
median and ulnar nerve conduction) on NCS were excluded.

Statistical Analyses

Participants were assigned to two groups: (1) low risk (SIless
than or equal to 6.1), and (2) high risk (SI more than 6.1). Time-to-
event analyses were performed. The main outcome was time to
achieve symptom-free status, with a secondary outcome of time to
achieve symptom-free status for at least 3 consecutive months. All
analyses were performed using Stata 13.1 (Stata Statistical Soft-
ware: Release 13, College Station, TX).

Descriptive statistics were performed. Multivariate models
were constructed including SI as the main independent variable.
Other covariates (BMI, Framingham cardiovascular risk score,
history of thyroid disease) were introduced into the model to control
for potential confounding. Cox proportional hazards regression was
used to model time-to-outcome event.

Source of Funding

This work was supported in part by grants from the National
Institute for Occupational Safety and Health (1IROIOH010474-01
and 3TC420H008414). No funding agency contributed to nor was
consulted in the research or writing of this manuscript.

RESULTS

Table 1 provides the demographic characteristics of the study
sample at baseline. A total of 1201 workers were initially enrolled.
A small number, 15 (1.2%), were excluded because of presumptive
polyneuropathy findings at baseline. The mean age of the workers
was 42.17 years (CI 41.53 to 42.18). Most, 796 (66.2%), were
women. This is a working population and thus it is unsurprising that
only 62 (5.1%) had diabetes. A total of 83 (6.9%) had thyroid
disease. Many workers, 264 (21.9%), had tingling and/or numbness
in two or more median served digits, whereas 225 (18.7%) presented
NCS findings consistent with median mononeuropathy. A total of
109 (9.1%) workers met the case definition of both paresthesia and
abnormal NCS findings at baseline, however, three were excluded
due to being lost before the first follow-up structured interview. A
total of 106 workers were included in the final statistical analyses,
with 48 (45.3%) having mild CTS while 58 (54.7%) having
moderate/severe CTS based on NCS findings.

The 106 workers were assigned to two groups based on their
SI scores. A modest majority of 59 (55.6%) were in the low; there
were 47 (44.3%) in the high SI group. Survival analyses demon-
strated that out of the 106 followed workers, all but one eventually
became symptom free during follow up.

The median time to symptoms-free status was 235.5 days,
with a minimum of 35 days, and a maximum of 1811 days. The 50th
percentile for time-to-event was 167 days (Tables 2 and 3).

When analyzing the demographic characteristics of workers
with CTS at baseline, we found that there were no differences between
groups with respect to sex, (x> =0.08, P =0.76), BMI (P = 0.76), and
tobacco use (x* =3.61, P = 0.16). Predictably, the high SI group was
6.1 years younger than the low SI group (P =0.001), as younger
workers tend to perform more demanding jobs.

Hazard ratios for time to symptom-free status were calculated
by Cox proportional hazard analyses (see Fig. 1). When controlling
for BMI, Framingham score, and thyroid disease, workers in the
high SI score group became symptom-free faster, HR =1.75 (95%
CI=1.14 to 2.68, P=0.01).

Figures 2 illustrates time to at least 3 months of symptom-
free status. Similarly, after controlling for BMI, Framingham score,
and thyroid disease, workers with high SI scores became and
remained symptom-free for at least 3 months faster than the low
SI score group, HR=1.82 (95% CI=1.10 to 2.99, P =0.01).

When treatment for CTS (non-steroidal antiinflammatory
drug [NSAID], wrist brace, physical therapy and/or occupational
therapy, steroid injections, surgery, and “‘other’’) and job modifica-
tion (“light duty” and job change) were included in the model,
again, individuals with high SI score became symptom-free faster
and remained symptom-free for at least 3 months, HR =2.07 (95%
CI=1.21 to 3.56, P=0.008).

When analyzing reported treatments among the 106 workers
with CTS, 36 (33.9%) denied any treatment. Thirty-one (29.2%)
reported NSAID intake, 33 (31.1%) wore a wrist brace, 11 (10.3%)
participated in physical or occupational therapy, only 3 (2.8%)
acknowledged a steroid injection, and 6 (5.6%) underwent surgical
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TABLE 1. Demographic Variables for the Total Cohort and the Workers With CTS

Total n (%)

No CTS at Baseline n (%) CTS at Baseline n (%)

n=1201 (100%)

Age mean (CI)* 42.17 (41.53-42.81)

Sex
Female 796 (66.28%)
Male 405 (33.72%)
Strain index score
Low risk <6 647 (53.87%)
High risk >6 554 (46.13%)
Paresthesia®
No 937 (78.02%)
Yes 264 (21.98%)
Nerve conduction study
Normal 976 (81.27%)
Abnormal 225 (18.73%)

Body mass index mean, kg/m2 (CI) 29.47 (29.08-28.85)

Medical history
Diabetes mellitus
Thyroid disease

Framingham score mean (CI)

62 (5.16%)
83 (6.91%)
6.37 (6.08-6.64)

n=106" (9%)
46.87 (45.00-48.74)

n=1092 (91%)
41.70 (41.02-42.38)

712 (65.20%)
380 (34.80%)

82 (77.36%)
24 (22.64%)

586 (53.66%)
506 (46.34%)

59 (55.66%)
47 (44.34%)

937 (85.81%) 0
116 (10.62%) 106 (100%)
976 (89.38%) 0
116 (10.62) 106 (100%)

29.07 (28.69-29.46) 33.43 (31.87-34.98)
49 (4.49%)
71 (6.5%)

6.11 (5.82-6.41%)

13 (11.93%)
12 (11.01%)
8.93 (7.8-9.93)

CTS, Carpal tunnel syndrome.

“Confidence interval.

fOne hundred six after three workers excluded for incomplete data.
ITingling and/or numbness in >2 median nerve-served digits.

release; and 24 (22.6%) reported other treatments. Among the 106
workers with CTS, 32 received only one type of treatment, 22
workers received two different treatments, seven received three
types of treatment, and one had four types of treatment (see Table 4).
When treatment count and surgical release were included in
the final model (Table 5), again, individuals with high SI score were
more likely to become and remain symptom-free for at least
3 months compared with the low SI score group, HR=1.83
(95% CI=1.10 to 3.04, P=0.01). For the final regression model,
seven workers were eliminated because of missing covariate data.
Treatments including NSAID intake, wrist brace, physical and/or
occupational therapy, steroid injections, and “other” appeared to
not influence symptom resolution. The only treatment that appeared
to potentially play a role in the resolution of CTS was surgical
release, HR 2.91 (95% CI1 1.08 to 7.87, P = 0.03), however, this was
only true when controlling for the other non-surgical treatments.
With regards to job modification, light duty had no significant
impact on CTS improvement, HR =1.05 (95% CI=0.38 to 2.92,
P =0.91), whereas job change was associated with delayed symp-
tom resolution, HR =0.56 (95% CI=0.37 to 0.87, P =0.009).

DISCUSSION

This is the first study to describe the impacts of measured job
physical factors on the natural course of CTS in a cohort of workers.

These findings suggest that despite increasing risk of CTS associ-
ated with increasing biomechanical exposures in prior publica-
tions,”*?? rather the exposure to high SI scores was associated
with faster resolution of CTS symptoms. Regardless of exposure,
nearly all workers became symptom free and 66.7% became
symptom-free for at least a 3-month duration. While some have
advocated modified duty for workers with CTS, this study also
failed to find potential benefits in modified or light duty work.

Some of these findings could be compared with those of the
Italian CTS Study group,* which concluded that untreated idiopathic
CTS spontaneously improves with time when severe; however, that
study did not include biomechanical factors and most of the workers
did not have severe CTS. It could be said, however, that regardless of
biomechanical exposure, CTS symptoms tend to spontaneously
resolve in both working and general populations. Yet, in the Italian
study roughly 25% of the subjects spontaneously improved, 25%
worsened, and 50% remained unchanged. In terms of neurophysio-
logic results, the Italian study found that for every unit increment in
electrodiagnostic score, the odds of symptoms improving were
roughly one-and-half times greater (OR 1.7, CI 1.1 to 2.6). Our study
did not evaluate the course of neuroelectrical activity.

The findings of our study appear to contradict those of,"
which found that more than half (55.6%) of workers with CTS had
not recovered after 1 year. While not studying the impact of job

TABLE 2. Cox Regression Analyses for Time to 1-Month
Symptom-Free Status”

TABLE 3. Time to Symptoms Free Status of at Least 3-
Months Duration™

HR P 95% CI HR P 95% CI
Strain index score 1.75 0.01 1.14-2.68 Strain index score 1.82 0.01 1.10-2.99
Framingham score 1.04 0.02 1.00-1.08 Framingham score 1.03 0.1 0.98-1.08
Thyroid disease 1.32 0.3 0.71-2.47 Thyroid disease 1.11 0.7 0.56-2.19
Body mass index 1.00 0.8 0.98-1.02 Body mass index 1.00 0.4 0.98-1.03
CI, confidence interval; HR, hazard ratio. CI, confidence interval; HR, hazard ratio.
*Framingham score includes age, sex, and diabetes mellitus. “Framingham score includes age, sex, and diabetes mellitus.
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FIGURE 1. Time to 1-month symptom-free duration stratified by high (more than or equal to 6.0) compared with low (less than
6.0) strain index.
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FIGURE 2. Time to 3-month symptoms-free duration stratified by SI exposure.
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TABLE 4. Effects of CTS Treatments on Attainment of 3-Month Symptoms-Free Status

n = Total Symptom-Free for 3 Months No Symptom-Free for 3 Months
n=105" One Worker Missing n=170 n =35 (One Missing)

Sex

Female 81" 57 24*

Male 24 13 11

Missing data 1 1
Strain index

Low risk <6 58" 37 21

High risk >6 47 33 14

Missing data 2 2
NSAID’s

No 68 55 13

Yes 31 13 18

Missing data 7 2 5
Wrist brace

No 66 50 16

Yes 33 18 15

Missing data 7 2 5
Physical/occupational therapy

No 88 63 25

Yes 11 5 6

Missing data 7 2 5
Steroid injection

No 96 67 29

Yes 3 1 2

Missing data 7 2 5
Other treatment

No 74 50 24

Yes 24 18 6

Missing data 8 2 6
Surgical release

No 93 63 30

Yes 6 5 1

Missing data 7 2
Number of treatments received

None 36 32 4

One 32 20 12

Two 22 13 9

Three 7 3 4

Four 1 1

Missing data 8 2 6

*** are for the missing data.

modifications, the authors of that study nevertheless speculated that
job modification(s) appear necessary to help such workers improve
their symptoms; yet our study suggests that job modification does
not influence the clinical course of CTS. Our study did not analyze
for subsequent events and thus, we do not know how many and how

TABLE 5. Time to 3-Month Symptom-Free Status Control-
ling for Female Sex, BMI, Framingham Cardiovascular Risk
Score, Number of Types of Treatment(s) and Surgical
Release”

fast such individuals may have had symptom recurrences. Our study
supports the idea that the natural history of CTS is highly variable,
also suggesting that only a minority of affected individuals progress
to becoming a surgical case.

Our study also found that among the reported treatments only
surgical release trended towards providing relief, while other treat-
ments in aggregate appeared to delay resolution of CTS symptoms.
NSAIDs use was significantly related to slower resolution of
symptoms. That finding is expected as peer-reviewed American
College of Occupational and Environmental Medicine’s (ACOEM)
evidence-based guidelines have concluded that NSAIDs are inef-
fective for treatment compared with placebo.**

HR P 5% 1 We are unable to assess the impacts of the use of steroid

Strain index 1.834 0.0189 1.105-3.045 injections, which per the ACOEM Guidelines have strong evidence

Female sex 1.096 0.774 0585-2.052 of efficacy in randomized controlled trials for treating CTS. The

Framingham score 1.059 0.0252 1.007-1.114 apparent lack of efficacy of steroid injections in our study is likely

BMI 1.032 0.0281 1.003-1.062 due to underpowering, as only three workers had steroid injections.

Treatment count 0.470 <0.0001 0.338-0.654 This study’s strengths include a large sample size (1201) drawn

Surgical release 2.916 0.0346 1.081-7.870 from 17 different employers in three diverse states with monthly

) i i i follow-ups and the objective measurement of individual job exposures

?FML body mass index; CI, confidence interval; HR, hazard ratio. provides unique statistical power. This study’s demographics (eg, age,
ramingham score includes age, sex, and diabetes mellitus. 3 i N ) d

BMI, smoking status, thyroid disease) suggest generalizability to
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other employed populations. Long-term follow up and relatively low
dropouts also improved precision. Computerization of the question-
naires and structured interviews provided nearly complete data.
Standardization and blinding of the NCS decreased the risk of
operator-dependent results and evaluator biases. This study’s analyses
again support that cardiovascular disease risk factors as modeled by
the Framingham risk score have a meaningful role in the development
of CTS,?* although they do not appear to play a demonstrable role in
the achievement symptom-free status.

Limitations include potential underpowering for more severe
cases, and underpowering of select treatments. The lack of random-
ization could have resulted in an unrecognized residual confounder
being present, although many risk factors were controlled in these
analyses including components of the Framingham risk scores.
Additionally, this study did not analyze for subsequent events, so
it is unclear whether CTS recurrences may subsequently differ by
biomechanical exposures. Multiple covariates including sex, smok-
ing, and BMI were not different among comparison groups, which
leads us to conclude that they did not influence or confound the
results. Ultrasound or other imaging was not included due to fiscal
constraints, although it is unclear whether that would have influ-
enced these results.

CONCLUSION

This study’s results are unexpected, as we anticipated that
low biomechanical exposures would result in faster resolution of
CTS symptoms, especially as there is considerable evidence that the
combination of high force and high repetition (including as mea-
sured by the SI score) results in higher risk for CTS. On the contrary,
the results suggest that high biomechanical occupational exposures
are potentially even protective and predict faster improvement in
working populations. Among reported treatments, only surgical
release trended towards providing relief of CTS symptoms.

The results of this study suggest that modification of job
duties, either light duty or job change, may be unsuccessful for
treatment of CTS, although a randomized trial would be required to
definitively answer this question.
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