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Abstract
Background—We sought to identify early risk factors for work disability compensation prior to
and after carpal tunnel syndrome (CTS) surgery, and to determine whether pre-surgery disability
compensation is associated with long-term disability.

Methods—Washington State workers’ compensation administrative data and data from
interviews with workers 18 days (median) after submitting new workers’ compensation claims for
CTS were examined. Baseline risk factors for pre-surgery disability compensation and for long-
term disability (≥365 days of work disability compensation prior to two years after claim filing)
were evaluated for workers who underwent CTS surgery and had at least one day of disability
compensation (N=670).

Results—After adjustment for baseline long-term disability risk factors, workers with pre-
surgery disability compensation had over five times the odds of long-term disability. Baseline
factors in multiple domains, including job, psychosocial, clinical, and worker pain and function,
were associated with both pre-surgery disability compensation and long-term disability.

Conclusions—Risk factors for work disability prior to and after CTS surgery are similar, and
early work disability is a risk factor for long-term CTS-related disability. An integrated approach
to CTS-related disability prevention could include identifying and addressing combined risk
factors soon after claim filing, more efficient use of conservative treatments and appropriate work
modifications to minimize early work loss, and, when indicated, timely surgical intervention.
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INTRODUCTION
Carpal tunnel syndrome (CTS) in workers’ compensation settings is associated with
substantial work productivity loss and costs [Silverstein and Adams, 2007; Foley et al.,
2007; Silverstein et al., 2010; Cheadle et al., 1994]. Previous studies have sought to identify
risk factors for CTS-related work disability, with the aim of reducing disability by targeting
interventions toward workers at highest risk. These studies have identified risk factors in
multiple domains, including job physical demands, other workplace factors, worker
psychosocial characteristics, and worker clinical characteristics [Turner et al., 2007]. Similar
results have been reported in community-based CTS studies [Katz et al., 1997; Katz et al.,
1998; Katz et al., 2005].

Carpal tunnel release surgery may be indicated for individuals with clinical and electro-
diagnostic evidence of CTS whose symptoms have not improved with conservative
treatment [Maggard et al., 2010; WA DLI IIMAC, 2009]. There is increasing evidence that
surgery in these patients may be more effective than continued conservative management in
alleviating symptoms and improving work disability outcomes [Gerritsen et al., 2002; Shin
et al., 2000; Jarvik et al., 2009; Hui et al., 2005]. The timing of CTS surgery may be
important; delay in surgery may lead to an increased duration of lost-work compensation
[Daniell et al., 2009].

Missed work after CTS surgery as part of the immediate recovery phase may be expected
[WA DLI IIMAC, 2009], but the significance of missed work before CTS surgery is unclear.
Early missed work has been identified as a risk factor for self-reported absence from work at
six and 18 months in community-based CTS studies, which included CTS surgery patients
[Katz et al., 1997; Katz et al., 1998]. Katz et al. found that commonly reported reasons for
early missed work included symptom interference with work and no employer offer of job
accommodations [Katz et al., 1998]. However, little is known about why some workers who
undergo CTS surgery have work disability prior to surgery while others do not. Furthermore,
little is known about the extent to which disability compensation for missed work prior to
CTS surgery is associated with long-term work disability.

To help fill these gaps in knowledge, we used data from a population-based, longitudinal
cohort study of workers with new workers’ compensation claims for CTS [Turner et al.,
2004]. We examined the subset of workers who underwent CTS surgery within one year
after claim filing and received work disability compensation in the first two years after claim
filing. Our objectives were to: (1) identify factors early in the claim that are associated with
pre-surgery disability compensation; (2) identify factors early in the claim that are
associated with long-term disability; and (3) determine whether pre-surgery disability
compensation is associated with long-term disability. We expected that early risk factors for
pre-surgery disability compensation would be similar to those for long-term disability, and
we hypothesized that pre-surgery disability compensation would be associated with long-
term disability, even after adjusting for other important risk factors for long-term disability.

MATERIALS AND METHODS
Study Participants and Procedures

The sample for this study was a subset of participants in the Washington State Workers’
Compensation Disability Risk Identification Study Cohort (D-RISC), a prospective,
population-based study designed to identify risk factors for long-term work disability due to
musculoskeletal disorders [Turner et al., 2004]. In D-RISC, the Washington State
Department of Labor and Industries (DLI) State Fund workers’ compensation claims
database was reviewed weekly from July 2002 through May 2004 to identify workers aged
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18 years and older who had submitted a new CTS claim. The State Fund insures about two
thirds of non-federal Washington State workers. The other one third of workers, who are
covered by larger self-insured companies, was excluded from the study due to insufficient
administrative data. Trained interviewers telephoned potentially eligible workers; confirmed
eligibility (age 18 years or older, recent submission of workers’ compensation claim for
hand/wrist symptoms, ability to complete telephone interview in English or Spanish);
obtained informed consent from eligible workers; and conducted computer-assisted
telephone interviews in English or Spanish. Study participants’ medical records were
reviewed by a study nurse, who verified that the participant had CTS. The study was
approved by the University of Washington institutional review board, and all participants
provided informed consent. Workers were paid $10 for completing the interview.

For the current study, we applied further exclusion criteria in order to obtain the analysis
sample. We excluded D-RISC CTS participants who had a workers’ compensation claim
that was ultimately not accepted, who had CTS surgery before the baseline interview, who
did not have CTS surgery within the first year after claim filing, who had no disability
compensation days up to two years after claim filing, and who had missing data on variables
analyzed for this study. Figure 1 shows the number of participants excluded for each reason.

As reported previously [Turner et al., 2007], comparisons of D-RISC CTS participants
(those who were enrolled, whose claims were accepted for CTS, and who had at least one
day of work disability compensation) and nonparticipants (those who could not be contacted
or declined to participate but whose claims were accepted for CTS and who had at least one
day of work disability compensation) indicated that participants were slightly older on
average and had a larger proportion of females. However, participants did not differ from
non-participants in the proportion with 180 or more days of work disability compensation in
the year after claim filing, an outcome examined in secondary analyses in the present study.

Measures
Potential risk factors for pre-surgery and long-term CTS-related work disability
compensation were assessed through the baseline worker interviews and by examination of
data obtained from DLI databases. The interview was translated into Spanish by an
accredited translator, and this version was used with Spanish-speaking participants. In the
absence of any prior reports of risk factors for pre-surgery disability compensation,
previously reported risk factors for long-term CTS-related disability [Adams et al., 1994;
Daniell et al., 2009; Katz et al., 1997; Katz et al., 1998; Katz et al., 2005] were selected for
evaluation as potential risk factors for both pre-surgery and long-term disability
compensation. In addition, factors that we previously found to be associated with ≥180 CTS-
related work disability days in the year after claim filing in the study sample from which the
subsample for the current study was drawn [Turner et al., 2007] were examined. Baseline
factors were grouped into five domains, as indicated in the following sections.

Baseline socio-demographic characteristics—During the baseline interview,
workers provided information about socio-demographic characteristics. For the present
study, age, gender, race, ethnicity, and education level were examined.

Baseline job factors—We examined worker-reported information on various job-related
characteristics. This information included whether their employer had offered them some
type of job accommodation (e.g., light duty, part-time work, special equipment) to allow
them to work. Job physical demands questions were adapted from a checklist developed to
assess ergonomic risk factors for upper extremity disorders [Keyserling et al., 1993;
Silverstein et al., 1997] and included a question asking the worker to characterize his/her job
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as sedentary (sitting most of the time, occasionally moving up to a 10-pound load); light
(walking or standing more than one-third of the time, often moving up to 10 pounds);
medium (often moving up to 25 pounds, sometimes up to 50 pounds); heavy (often moving
up to 50 pounds, sometimes up to 100 pounds); or very heavy (often moving over 50
pounds, sometimes over 100 pounds). Job psychosocial condition questions were adapted
from the Psychosocial Job Demands and Supervisor Social Support scales of the Job
Content Questionnaire [Karasek et al., 1998]. Workers were read several statements (that
their job is very hectic, requires working very fast, they are asked to do an excessive amount
of work, they can take a break when they want to, they have enough time to get the job
done, and their supervisor is willing to listen to their work-related problems) and asked
whether they disagreed strongly, disagreed, agreed, or agreed strongly with each. Workers
were also asked how satisfied they were overall with their job (not at all, not too satisfied,
somewhat, or very satisfied). Information on industry (Standard Industry Classification
system) and occupation (Standard Occupational Classification system) was obtained from a
Washington State DLI administrative database.

Baseline worker psychosocial characteristics—Worker mental health was assessed
using the Mental Health scale of the Short Form-36 version 2 (SF-36v2) [Ware et al., 2000],
a valid and reliable quality of life measure that is scored based on general US population
norms (lower scores indicate psychological distress). For Spanish-speaking participants, the
U.S. Spanish SF-36v2 Mental Health scale was used [Ware et al., 2000]. Catastrophizing
was assessed using three questions, scored on 0-4 scales, from the Pain Catastrophizing
Scale [Sullivan et al., 1995]. Ratings from questions about thoughts that pain can no longer
be tolerated, that it is awful and overwhelming, and the desire to make pain stop were
averaged (higher scores indicate greater catastrophizing). Questions from the Vermont
Disability Prediction Questionnaire [Hazard et al., 1996] were used to assess workers’
recovery expectations [certainty that they would be working in 6 months (0–10 scale from
‘not at all certain’ to ‘extremely certain’)] and relations with co-workers (0–10 scale from
‘don’t get along well at all’ to ‘get along extremely well’). Work fear-avoidance was
assessed using two items from the Fear Avoidance Beliefs Questionnaire (FABQ) work
scale [Waddell et al., 1993]. Workers rated on a scale from 0 to 6 their agreement with
statements that their work might be harmful to their condition and that their work makes or
might make their pain worse. The two ratings were averaged (higher scores indicate higher
work fear-avoidance).

Baseline pain and function—At the baseline interview, workers rated their average pain
intensity in the past week on a scale of 0 to 10, where 0 is “no pain” and 10 is “pain as bad
as could be.” In separate questions, workers rated the extent to which pain interfered with
their ability to work on a scale of 0 (“no interference”) to 10 (“unable to carry on any
activities”) and reported the number of work days missed for wrist symptoms in the year
prior to submitting the workers’ compensation claim. Workers completed the Carpal Tunnel
Syndrome Assessment Questionnaire (CTSAQ) Functional Status (FS) scale, which has
been shown to be valid, reliable, and responsive to clinical change [Levine et al., 1993].
CTSAQ FS scores were categorized into quartiles based on the distribution in the analysis
sample, with higher quartiles indicating worse symptoms and function. Workers also
completed the CTSAQ Symptom Severity scale [Levine et al., 1993], which was not
analyzed in this study due to its known high correlation with the CTSAQ FS scale [Turner et
al., 2007].

Baseline clinical and healthcare characteristics—During the baseline interview,
workers provided information about the date of current CTS symptom onset, whether
symptoms were unilateral or bilateral, prior episodes involving similar (CTS-like)
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symptoms, long-term medical conditions, and height and weight. Body mass index (BMI)
was calculated by dividing workers’ self-reported weight in kilograms by the square of their
self-reported height in meters. BMI was categorized as underweight/normal/overweight
(BMI < 30) and obese (BMI ≥ 30). Workers completed the Alcohol Use Disorders
Identification Test-C (AUDIT-C), a validated screening instrument for alcohol problems
[Bush et al., 1998]. Scores on the AUDIT-C range from 0 to 12 and were categorized as less
than four (moderate alcohol use or less) or four and higher (heavy alcohol use). Workers
were also asked about current use of tobacco products (cigarettes, cigars, pipes, or chewing
tobacco) and responses were categorized as never or occasionally/frequently/daily.
Information on the medical specialty of the first provider seen for the current CTS claim was
obtained from a Washington State DLI administrative database.

CTS surgery—CTS surgery was defined using current procedural terminology (CPT)
codes for carpal tunnel release surgery (29848, 64721) obtained from administrative records
of medical bills.

Outcomes: pre-surgery disability compensation and long-term disability—
Information about disability compensation payments was obtained from DLI databases. In
Washington State, workers receive temporary total disability compensation after missing at
least four days of work due to the work-related injury or condition. Disability compensation
payments are stopped when the worker returns to work or is judged to be medically stable.
For this study, we defined pre-surgery disability compensation (a dichotomous variable) as
any disability compensation payments beginning prior to 7 days before the date of the first
CTS surgery. We defined long-term disability as 365 or more disability compensation days
prior to two years after claim filing.

Statistical analysis
Descriptive statistics were used to summarize job and worker characteristics. Logistic
regression models were used to examine bivariate associations between baseline variables
and pre-surgery disability compensation. Next, separate multivariable logistic regression
models were constructed for each domain of variables (socio-demographic, job, worker
psychosocial, pain and function, and clinical and healthcare) in order to identify the baseline
risk factors within each domain that independently predicted pre-surgery disability
compensation. Variables that had a P-value ≤ 0.20 in these models were entered together
into a single multi-domain logistic regression model. P-values < 0.05 in the multi-domain
logistic regression model were considered statistically significant. This procedure was
repeated for the long-term disability outcome. In addition, pre-surgery disability
compensation was added to the final multi-domain model of long-term disability to
determine whether pre-surgery disability compensation is an independent risk factor for
long-term disability.

Several planned sensitivity analyses were performed. First, regression analyses were
repeated with the inclusion of more specific variables describing job physical demands and
job psychosocial conditions, which were available from the baseline interview. Overall job
physical demands and job satisfaction were examined in primary analyses, and more specific
job physical demands (pinching fingers, wrist bending, and forearm twisting) and
psychosocial conditions (hectic job, fast work, excessive work, supervisor who listens, able
to take breaks) were examined in sensitivity analyses. Second, analyses were repeated with
pre-surgery disability compensation defined as first disability compensation occurring up to
one day and up to three days, rather than up to one week, before the date of the first CTS
surgery. Third, pre-surgery and long-term disability analyses were repeated with the addition
of a variable reflecting time from claim filing to surgery. Fourth, long-term disability
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analyses were repeated using 180 or more disability compensation days instead of 365 or
more days up to two years after claim filing. Finally, long-term disability analyses were
repeated using only disability compensation days between surgery and two years after claim
filing (i.e., excluding disability compensation days before surgery). All analyses were
performed using STATA 10 (StataCorp. College Station, TX).

RESULTS
Sample Characteristics

Among the 670 study participants in the analysis sample, the mean age was 44.9 years
[standard deviation (SD) 9.6 years], 38% were male, 47% had some education beyond high
school, and 81% described their race/ethnicity as white non-Hispanic. Seventeen interviews
were conducted in Spanish. The largest proportion of participants (29%) worked in the
Services industry, followed by 18% in Retail Trade, 12% in Construction, and 12% in
Manufacturing. Common occupations included Office and Administrative Support (16%),
Production (12%), and Construction and Extraction (10%). Eighty-three percent of study
participants reported bilateral CTS symptoms, and 73% reported having no other major
medical conditions. The median symptom duration prior to claim filing for those with
complete data on the month and year of symptom onset (n=560) was 5.2 [interquartile range
(IQR), 2.0-14.3] months. The median number of days between claim filing and the baseline
interview was 18 (IQR, 15-24).

Thirty percent of the study sample (n=204) had pre-surgery disability compensation. There
was no significant difference in the number of months between workers’ compensation
claim filing and surgery for workers with pre-surgery disability compensation (median 4.1;
IQR, 2.6-6.0) versus those without pre-surgery disability compensation (median 3.8; IQR,
2.6-5.9). Among those with pre-surgery disability compensation, the median number of
disability compensation days prior to surgery was 78 (IQR, 35-134), and only 11 of these
workers had fewer than seven days of disability compensation prior to surgery. The great
majority (n = 420, 90%) of the 466 workers without pre-surgery disability compensation
began their disability compensation on the day of surgery.

The median number of disability compensation days up to two years was 242 (IQR,
138-413) for workers with pre-surgery disability compensation but only 48 (IQR, 26-87) for
workers without pre-surgery disability compensation. A significantly larger proportion of
workers with pre-surgery compensation, as compared to workers without pre-surgery
disability compensation, was receiving disability compensation at two years after claim
filing (19.1% versus 5.6%; χ2 = 29.69, P < 0.001). Similarly, a larger proportion of workers
with pre-surgery disability compensation met our definition of long-term disability at two
years (29.9% versus 5.2%; χ2 78.47, P < 0.001).

Risk factors for pre-surgery disability compensation
Table I shows baseline sample characteristics and their unadjusted associations with pre-
surgery disability compensation. In domain-specific multivariable models, several variables
were independently associated with pre-surgery disability compensation (P ≤ 0.20 level).
Workers who reported having less education, a shorter job duration prior to symptom onset,
greater job physical demands, low or uncertain recovery expectations, a higher number of
work days missed for wrist symptoms in the past year, current tobacco use, a higher BMI,
higher fear-avoidance and pain interference scores, and lower SF-36 Mental Health and
AUDIT-C scores had higher odds of pre-surgery disability compensation. Older workers,
workers initially seen by occupational medicine specialists and orthopedic or hand surgeons,
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and workers with longer symptom durations prior to claim filing had lower odds of pre-
surgery disability compensation.

In order to identify characteristics independently associated with pre-surgery disability
compensation across all domains, variables found to have a P-value ≤ 0.20 in the domain-
specific models were entered into a single multi-domain logistic regression model. Seven
baseline variables were statistically significant in the multi-domain model (Table II).
Workers with a shorter job duration prior to claim filing, greater work fear-avoidance,
greater pain interference with work, a greater number of work days missed because of wrist
symptoms in the past year, and current tobacco use had higher odds of pre-surgery
disability. Older workers and those with longer symptom duration prior to claim filing had
lower odds of pre-surgery disability.

Sensitivity analyses, in which models were adjusted for more specific job physical demands
(pinching fingers, wrist bending, and forearm twisting) and other job psychosocial
conditions (hectic job, fast work, excessive work, supervisor who listens, able to take
breaks), yielded similar results. Variables significantly associated with pre-surgery disability
compensation in the main analysis were also significantly associated with pre-surgery
disability compensation in sensitivity analyses using one and three instead of seven days
prior to surgery as the upper-bound cut-off time for pre-surgery disability compensation.
About 25 workers initiated disability compensation in the week preceding surgery, of which
17 initiated compensation in the three days and 14 initiated compensation in the day prior to
surgery. Timing of surgery relative to claim filing was not significantly associated with pre-
surgery disability compensation when included in the final multi-domain model.

In a post hoc analysis, we explored the impact of removing conceptually and statistically
related variables on the final multi-domain regression model. The most highly correlated
independent variables in our analyses were pain intensity and catastrophizing (Spearman’s ρ
= 0.49, P<0.01), and pain interference with work and CTSAQ FS (Spearman’s ρ = 0.48,
P<0.01). Removal of the catastrophizing variable from the analyses did not have a
significant impact on the final multi-domain model. However, removal of the pain
interference with work variable resulted in a significant and positive association between
CTSAQ FS scores and pre-surgery disability compensation in the final multi-domain model.

Risk factors for long-term disability
Crude associations of baseline sample characteristics and long-term disability are shown in
Table I. Several variables were associated with long-term disability (P ≤ 0.20 level) in
domain-specific multivariable models of long-term disability. Workers who reported a
shorter job duration prior to symptom onset, lack of or uncertain job satisfaction, low or
uncertain recovery expectations, worse relations with co-workers, a higher number of work
days missed for wrist symptoms in the past year, current tobacco use, and co-morbid
medical conditions, and workers who had higher catastrophizing, fear-avoidance, pain
intensity, pain interference with work, and CTSAQ FS scores and lower SF-36 Mental
Health scores had higher odds of long-term disability. Older workers, workers without
bilateral symptoms, and workers with an offer of job accommodation from their employer
by the time of the baseline interview had lower odds of long-term disability.

Five baseline variables were statistically significant in the final multi-domain model of long-
term disability (Table III). Workers who reported worse relations with co-workers, had low
or uncertain recovery expectations, had higher CTSAQ FS scores, and who currently used
tobacco had higher odds of long-term disability. Workers with an offer of job
accommodation had lower odds of long-term disability. Addition of disability compensation
category (before versus only after surgery) to the final multi-domain model did not result in
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substantial differences in associations of baseline risk factors with long-term disability
(Table III).

Sensitivity analyses in which models were adjusted for more specific job physical demands
and additional job psychosocial conditions yielded similar results. Although the timing of
surgery relative to claim filing was significantly associated with long-term disability (longer
time to surgery associated with an increased odds of long-term disability), risk factors for
long-term disability were otherwise not substantially changed with the addition of timing of
surgery to the final multi-domain model. Removal of the catastrophizing variable and the
pain interference with work variable from the analyses did not substantially alter
associations of other covariates with long-term disability in the final multi-domain model.
When long-term disability analyses were repeated using ≥ 180 instead of ≥ 365 disability
compensation days within the first two years, lack of employer offer of job accommodation,
worse relations with co-workers, low or uncertain recovery expectations, and tobacco use
remained significantly associated with long-term disability in the final multi-domain model.
In addition, higher pain intensity, shorter symptom duration, and greater number of work
days missed for wrist symptoms in the past year were significantly associated with long-
term disability.

In sensitivity analyses excluding disability days before surgery from the definition of long-
term disability, four baseline variables were statistically significant in the final multi-domain
model of long-term disability (Table IV). Workers who reported worse relations with co-
workers, had low or uncertain recovery expectations, and who rated their pain intensity as
greater had higher odds of long-term disability. Workers with an offer of job
accommodation from their employer by the time of the baseline interview had lower odds of
long-term disability. Compared to analyses in which disability days prior to surgery were
included in the definition of long-term disability, tobacco use and CTSAQ FS scores were
no longer significantly associated with long-term disability, but greater pain intensity was.
Addition of disability compensation category (before versus only after surgery) did not
result in substantial differences in associations of baseline risk factors with long-term
disability.

Risk factors for both pre-surgery disability compensation and long-term disability
Baseline characteristics associated with higher odds of both pre-surgery disability
compensation and long-term disability (P-value ≤ 0.20) in domain-specific multivariable
models included younger age, shorter job duration prior to symptom onset, low or uncertain
recovery expectations, higher fear-avoidance scores, lower (worse) SF-36 Mental Health
scores, and tobacco use. Although the specific risk factors differed, baseline factors in job,
psychosocial, clinical, and worker pain and function domains were significantly (P-value ≤
0.05) associated with both pre-surgery disability compensation and long-term disability in
multi-domain models (Tables II & III). Tobacco use was significantly associated with both
pre-surgery disability compensation and long-term disability in multi-domain models, after
adjustment for other baseline risk factors.

Pre-surgery disability compensation as a risk factor for long-term disability
Workers with pre-surgery disability compensation had over five times the odds of long-term
disability (odds ratio 5.38; 95% confidence interval 2.89-10.01), after adjustment for
baseline risk factors for long-term disability. In sensitivity analyses excluding disability
compensation days before surgery from the definition of long-term disability, pre-surgery
disability compensation remained significantly associated with long-term disability,
although the association was attenuated (odds ratio 2.94, 95% confidence interval
1.57-5.52).
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DISCUSSION
In this population-based sample of Washington State workers who underwent surgery for
CTS and received workers’ compensation benefits for work loss due to CTS, baseline
factors in multiple domains, including job, psychosocial, clinical, and pain and function,
were associated with both pre-surgery disability compensation and long-term work
disability. These results suggest that a range of factors may influence work status both
before surgery and over the long-term among workers undergoing CTS surgery and support
a multidimensional model of assessment of workers with CTS. After adjustment for baseline
long-term disability risk factors, workers with pre-surgery disability compensation had over
five times the odds of long-term disability compared to workers with no pre-surgery
disability compensation. To our knowledge, this is the first study that has examined risk
factors for pre-surgery disability compensation and evaluated pre-surgery disability
compensation as a risk factor for long-term disability.

We found several unexpected risk factors for pre-surgery disability compensation. Younger
age, shorter job duration prior to symptom onset, and shorter symptom duration prior to
claim filing were all associated with pre-surgery disability compensation, even after
adjustment for job physical demands, pain and function, and other factors. There have been
conflicting reports of the relationship between age and risk of long-term disability in
workers with CTS [Turner et al., 2007; Adams et al., 1994; Katz et al., 1997; Katz et al.,
1998; Katz et al., 1996], and there is a paucity of information concerning the association of
job and symptom duration with risk of long-term disability. It is possible that our findings
are due to confounding by factors not captured in our study. For example, workers with
newer jobs may have less flexibility in job tasks and a greater likelihood of receiving a
prescription for time off work, or they may be less attached to their jobs and more receptive
to missing work. Further research is needed to confirm and better understand the
relationships between these factors and pre-surgery work disability related to CTS.

Contrary to our expectations, lack of employer offer of job accommodations was not
significantly associated with pre-surgery disability compensation in either unadjusted or
multivariable models, although the odds of pre-surgery disability compensation were lower
among those offered job accommodations. It is possible that this association might have
been statistically significant with a larger sample size. Nonetheless, other factors (e.g.,
worker psychosocial characteristics, symptom severity, and functional disability) may be
more important than early employer offer of job accommodation in determining whether a
worker receives compensation for work disability because of CTS early in the course of a
claim.

Although the study sample comprised workers who had symptoms severe enough to warrant
CTS surgery, 70% did not receive disability compensation prior to surgery. The question
may be raised as to how these workers were able to remain at work before surgery,
especially given that only 35% reported in the baseline interview that they had been offered
job accommodations by their employer. There are several possible reasons. First, our sample
included workers with a variety of job tasks, and many may have had tasks that they could
continue to perform prior to surgery. Second, workers may have been offered job
accommodations at some point after the baseline interview but before surgery. One possible
scenario is that some workers’ symptoms may have worsened after the baseline interview,
leading both to an offer of job accommodations and the decision to operate.

Our results add to the growing literature suggesting that avoidance of early work disability
by offering job accommodations and facilitating participation in modified work may be a
critical component of interventions to prevent long-term disability [Williams et al., 2007;
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Whitfill et al., 2010]. Lack of employer offer of job accommodations by the time of the
baseline interview was significantly associated with greater odds of long-term disability
(when defined as both ≥ 365 and ≥ 180 days of work disability compensation up to two
years after claim filing) in unadjusted and multivariable models. This observation is
consistent with findings in the larger D-RISC sample [Turner et al., 2007]. Although the
evidence is consistent across multiple studies that early offers of job accommodations are
associated with lower risks of long-term disability due to work-related back pain [Franche et
al. 2005], more research is needed to establish the generalizability of this finding to other
disabling work-related conditions such as CTS.

We found that worker psychosocial characteristics, assessed soon after claim submission,
predicted long-term disability. Although it is not always apparent early in the course of
treatment which workers with CTS will undergo surgery, early screening for psychosocial
risk factors for pre-surgery work disability and post-surgery work disability may be
important in preventing long-term disability. Certain worker psychosocial factors may
predict long-term disability among workers with CTS regardless of whether they undergo
CTS surgery [Turner et al., 2007]. Although guidelines generally recommend early
screening for psychosocial risk factors in workers with back pain [Chou et al., 2007],
recommendations addressing screening for psychosocial risk factors among workers with
CTS are sparse. Several studies of interventions addressing fear-avoidance beliefs and
recovery expectations in workers with work-related back pain have demonstrated promising
effects [Godges et al., 2008; Slater et al., 2009], but the effect of interventions addressing
psychosocial risk factors in workers with CTS is currently unknown.

Tobacco use was associated with an increased risk of both pre-surgery disability
compensation and long-term disability in unadjusted and multi-domain models. Smoking
has been reported to be a risk factor for CTS [Nathan et al., 2002; Nathan et al., 1996;
Maghsoudipour et al., 2008; Gelfman et al., 2010] and is also associated with poor wound
healing [Sorensen et al., 2009], which could impact successful recovery after CTS surgery.
In addition, smoking is associated with psychiatric co-morbidities [Jané-Llopis et al., 2006],
which may also be associated with poor outcomes. The association of smoking with pre-
surgery disability compensation and long-term disability may therefore reflect confounding
by these psychiatric co-morbidities. Regardless of the mechanism of this association, it is
recommended that all patients be evaluated for smoking cessation counseling [USPSTF,
2010].

Our finding that pre-surgery disability compensation is a risk factor for long-term disability
is consistent with previously published reports. In a prospective, community-based cohort of
CTS surgery patients, self-reported pre-operative work absence was associated with self-
reported work absence six months following surgery [Katz et al., 1997]. Studies of patients
with work-related low back pain indicate that early return-to-work efforts are a key
component of interventions aimed at reducing disability [Williams et al., 2007], perhaps
because avoidance of early missed work increases worker attachment to the job/employer,
reduces worker fear that work will be harmful, and confers mental health benefits. Further
research is needed to determine whether avoiding pre-surgery work loss in patients with
work-related CTS reduces long-term disability.

In addition to any independent effect work disability prior to CTS surgery may have on
long-term disability, pre-surgery disability compensation may be an indicator of the
presence of other risk factors for long-term disability. For example, in our study, pre-surgery
disability compensation was associated with certain baseline worker psychosocial factors
and markers of worse functional status, and factors in these domains predicted long-term
disability compensation. Although pre-surgery disability compensation remained
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significantly associated with long-term disability after controlling for multiple other risk
factors, such compensation may be a marker for other risk factors not assessed in this study.
These risk factors may not be limited to patient characteristics; they may also include
provider and environmental variables. Daniell et al reported that workers undergoing CTS
surgery may be more likely to end disability compensation if the diagnosing provider and
operating surgeon have relatively high experience with CTS claims [Daniell et al., 2009]. It
is conceivable that pre-surgery disability compensation is associated with this or other
provider characteristics; this should be examined in future studies. It is also plausible that
workers who are not required to perform job tasks that aggravate CTS symptoms and/or
have a strong attachment to the current job are less likely to miss work both before and after
surgery.

The association between pre-surgery disability compensation and long-term disability
appears to be independent of the timing of CTS surgery. Previous studies have suggested
that a delay in surgery is associated with an increased duration of lost-work in certain CTS
patients [Daniell et al., 2009], and we observed increased odds of long-term disability
among patients with a longer time to surgery. However, pre-surgery disability compensation
remained significantly associated with long-term disability even after adjustment for the
timing of CTS surgery relative to claim filing. These findings suggest that efforts to keep
workers with CTS at work, in combination with aggressively pursuing a trial of conservative
therapy for CTS so that a decision about whether or not to pursue CTS surgery can be made
in a timely fashion, may be important in preventing long-term CTS-related disability.

Previous research has suggested that CTS patients with moderately prolonged median nerve
distal motor latencies may benefit more from carpal tunnel release surgery than those with
mildly prolonged distal motor latencies [Dennerlein et al., 2002]. However, other factors,
including better general physical health prior to surgery, may be stronger predictors of
favorable post-surgical outcomes [Dennerlein et al., 2002]. Addressing the pre-surgery and
long-term disability risk factors, including those in worker psychosocial and function
domains, identified in this study as well as optimizing general health early (before surgery)
may help optimize post-surgical outcomes in workers for whom surgery is indicated.

Our study has several important limitations. First, we did not include objective measures of
clinical severity. However, such measures can be inaccurate and may have poor inter-rater
reliability [Dale et al., 2010; Smith et al., 2010], and a lack of correlation between electro-
diagnostic findings and symptoms and function has been reported [Chan et al., 2007].
Further, the relationship between electro-diagnostic findings and surgical outcomes is not
straight-forward [Kouyoumdjian et al., 2003; Dennerlein et al., 2002]. Second, we did not
include type of surgery (endoscopic versus open) in our analyses. Workers who undergo
endoscopic CTS surgery may recover more quickly [Scholten et al., 2007]. However, type of
surgery is unlikely to meaningfully impact disability outcomes [Wasiak and Pransky, 2007].

Other limitations include the possibility that important predictors of pre-surgery disability
compensation and of long-term disability were not captured in our study. We did not analyze
information on nonsurgical therapies or providers’ practices. It is possible that providers
who remove workers from work before surgery are more likely to extend work removal for
long durations when resuming care post-operatively. Finally, the extent to which our
findings may generalize to patients with CTS who do not have workers’ compensation
claims or those in other states or countries is unknown. Similar studies in other settings are
needed. Strengths of our study include a large, population-based sample, worker self-
reported measures covering multiple domains, and objective administrative measures of
work disability compensation.
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Conclusions
Among Washington State workers’ compensation claimants with disability compensation
and surgery for CTS, pre-surgery disability compensation was a significant independent risk
factor for long-term disability. Baseline factors in job, psychosocial, clinical, and worker
pain and function domains were associated with both pre-surgery disability compensation
and long-term disability. The results suggest directions for improving early identification of
workers at risk for pre-surgery and long-term disability, and for further research
investigating effective strategies for prevention of early and long-term CTS-related work
disability.
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Figure 1.
Study Profile
* 97% of participants who had surgery after claim filing had surgery within the first year.
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Table II

Baseline risk factors in multi-domain model of pre-surgery disability compensation (N=670)

Characteristic OR (95% CI) P-value

Socio-demographic

Age (ref. ≤44) 0.01

 45-54 0.54 (0.35, 0.84)

 ≥55 0.53 (0.29, 0.98)

Education (ref. >HS) 0.99

 <HS 1.00 (0.67,1.51)

Job factors

Job duration (ref. > 6 months) <0.001

 ≤ 6 months 2.80 (1.59, 4.92)

Job physical demands (ref. sedentary/unsure) 0.09

 Light 1.16 (0.62,2.17)

 Medium 1.35 (0.74,2.47)

 Heavy 1.70 (0.86,3.36)

 Very heavy 2.71 (1.26,5.86)

Worker psychosocial

Work fear-avoidance (ref. Very low-moderate) 0.03

 High-very high 1.66 (1.05, 2.64)

Recovery expectations (ref. Very high-high) 0.06

 Low-unsure 1.55 (0.98, 2.45)

SF-36v2 (1 week) mental health (ref. >50) 0.09

 41-50 1.22 (0.74,2.01)

 31-40 1.75 (1.01,3.02)

 ≤30 2.04 (1.04, 4.00)

Pain and function

Pain interference with work (past week) (ref 0-4) 0.002

 5-10 2.19 (1.33, 3.60)

Work days missed for wrist, past year (ref. 0) 0.001

 1-29 1.97 (1.16, 3.37)

 ≥ 30 2.99 (1.48, 6.07)

Clinical and healthcare

Symptom duration prior to claim filing (ref. <6 months) 0.002

 6-11 months 0.56 (0.32,0.99)

 ≥12 months 0.40 (0.25,0.64)

 Missing 0.65 (0.24,1.79)

Specialty (first provider seen) (ref. primary care) 0.21

 Orthopedic or hand surgery 0.60 (0.36, 1.00)

 Occupational medicine 0.57 (0.24, 1.33)

 Emergency room 1.63 (0.47, 5.62)

 Other 0.86 (0.51, 1.47)
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Characteristic OR (95% CI) P-value

Tobacco use (ref. Never) 0.01

 Occasionally/frequently/daily 1.73 (1.13, 2.66)

AUDIT-C (ref. Moderate or less) 0.08

 Heavy or more 0.63 (0.38, 1.06)

BMI (ref. ≤ 30) 0.12

 >30 0.62 (0.36,1.06)

 Missing 0.96 (0.57,1.61)

AUDIT-C, Alcohol Use Disorders Identification Test-C; BMI, Body Mass Index; CI, confidence interval; HS, high school; OR, odds ratio;
SF-36v2, Short Form-36 version 2.

Because data were missing for > 3% of participants for BMI (n=26 with missing data) and for date of symptom onset (n=34 with missing data),
BMI and symptom duration categories include a “missing” category.

Statistically significant effect estimates (p<0.05) are bolded.
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Table III

Baseline risk factors for long-term disability, with and without adjustment for disability compensation
category, multi-domain model (N=670)

Characteristic Multivariable model without
adjustment for disability

compensation category (pre-surgery
versus only after surgery)

Multivariable model with adjustment
for disability compensation category

(pre-surgery versus only after
surgery)

OR (95% CI) P-value OR (95% CI) P-value

Disability compensation (ref. after surgery only)

 Pre-surgery disability compensation ---- ---- 5.38 (2.89, 10.01) <0.001

Socio-demographic

Age (ref. ≤44) 0.14 0.54

 45-54 0.61 (0.33, 1.13) 0.78 (0.41, 1.48)

 ≥55 0.48 (0.20, 1.16) 0.62 (0.25, 1.58)

Job factors

Job duration (ref. > 6 months) 0.36 0.74

 ≤ 6 months 1.39 (0.69, 2.83) 0.88 (0.42, 1.86)

Employer offered job accommodations (ref. No/unsure) 0.002 0.003

 Yes 0.35 (0.17, 0.68) 0.34 (0.17, 0.69)

Overall satisfaction with job (ref. Very/somewhat
satisfied)

0.05 0.04

 Unsatisfied/unsure 1.93 (0.99, 3.77) 2.08 (1.03, 4.22)

Worker psychosocial

Relations with co-workers (ref. Excellent) 0.03 0.02

 Poor-medium/unsure 1.90 (1.05, 3.44) 2.09 (1.12, 3.89)

Catastrophizing (ref. <1) 0.52 0.67

 1-1.9 0.74 (0.28, 1.99) 0.74 (0.26, 2.09)

 2-2.9 0.50 (0.19, 1.35) 0.63 (0.23, 1.76)

 ≥3 0.71 (0.25, 1.99) 0.93 (0.31, 2.74)

Work fear-avoidance (ref. Very low-moderate) 0.17 0.41

 High-very high 1.62 (0.82, 3.21) 1.35 (0.66, 2.74)

Recovery expectations (ref. Very high-high) <0.001 0.002

 Low-unsure 2.68 (1.52, 4.72) 2.51 (1.39, 4.54)

SF-36v2 (1 week) mental health (ref. >50) 0.36 0.16

 41-50 0.56 (0.26, 1.21) 0.48 (0.21, 1.09)

 31-40 0.99 (0.48, 2.04) 0.83 (0.39, 1.77)

 ≤30 0.66 (0.27, 1.60) 0.42 (0.16, 1.10)

Pain and function

Pain intensity (ref. 0-4) 0.06 0.08

 5-7 0.99 (0.34, 2.83) 0.87 (0.29, 2.61)

 8-10 2.09 (0.67, 6.52) 1.87 (0.57, 6.09)

Pain interference with work (past week) (ref 0-4) 0.29 0.66

 5-10 1.61 (0.67,3.87) 1.23 (0.50,3.05)

Work days missed for wrist, past year (ref. 0) 0.16 0.36
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Characteristic Multivariable model without
adjustment for disability

compensation category (pre-surgery
versus only after surgery)

Multivariable model with adjustment
for disability compensation category

(pre-surgery versus only after
surgery)

OR (95% CI) P-value OR (95% CI) P-value

 1-29 1.19 (0.56, 2.53) 0.88 (0.40, 1.95)

 ≥ 30 2.16 (0.99, 4.72) 1.69 (0.76, 3.80)

CTSAQ FS (ref. ≤25th percentile) 0.03 0.04

 25-50th percentile (2.3-3.0) 2.54 (0.86, 7.56) 2.23 (0.73, 6.78)

 50-75th percentile (3.0-3.4) 3.45 (1.09, 10.88) 2.89 (0.89, 9.33)

 >75th percentile (3.4-5.0) 5.28 (1.70, 16.40) 4.87 (1.53, 15.47)

Clinical and healthcare

Bilateral symptoms (ref. Yes) 0.46 0.30

 No 0.74 (0.34, 1.63) 0.65 (0.29, 1.47)

Number of comorbid medical conditions (ref. 0) 0.06 0.15

 ≥ 1 1.81 (0.97, 3.36) 1.61 (0.84, 3.07)

Tobacco use (ref. Never) 0.03 0.09

 Occasionally/frequently/daily 1.87 (1.08, 3.26) 1.64 (0.92, 2.94)

CI, confidence interval; CTSAQ, Carpal Tunnel Syndrome Assessment Questionnaire; FS, functional status scale; OR, odds ratio; SF-36v2, Short
Form-36 version 2.

Statistically significant effect estimates (p<0.05) are bolded.
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Table IV

Baseline risk factors for long-term post-surgery disability (365 days or greater, excluding disability days
before surgery), with and without adjustment for disability compensation category(N=670)

Characteristic Multivariable model without
adjustment for disability

compensation category (pre-surgery
versus only after surgery)

Multivariable model with adjustment
for disability compensation category

(pre-surgery versus only after
surgery)

OR (95% CI) P-value OR (95% CI) P-value

Disability compensation (ref. after surgery only)

 Pre-surgery disability compensation ---- ---- 2.94 (1.57, 5.52) <0.001

Socio-demographic

Age (ref. ≤44) 0.47 0.81

 45-54 0.68 (0.35, 1.30) 0.80 (0.41, 1.57)

 ≥55 0.74 (0.31, 1.77) 0.92 (0.38, 2.24)

Job factors

Employer offered job accommodations (ref. No/unsure) 0.01 0.01

 Yes 0.38 (0.18, 0.79) 0.38 (0.18, 0.80)

Overall satisfaction with job (ref. Very/somewhat
satisfied)

0.12 0.12

 Unsatisfied/unsure 1.78 (0.86, 3.71) 1.80 (0.85, 3.82)

Worker psychosocial

Relations with co-workers (ref. Excellent) 0.03 0.01

 Poor-medium/unsure 2.02 (1.07, 3.83) 2.26 (1.17, 4.35)

Catastrophizing (ref. <1) 0.66 0.78

 1-1.9 0.74 (0.25, 2.14) 0.75 (0.25, 2.26)

 2-2.9 0.52 (0.18, 1.51) 0.61 (0.21, 1.80)

 ≥3 0.69 (0.23, 2.07) 0.81 (0.26, 2.49)

Work fear-avoidance (ref. Very low-moderate) 0.19 0.37

 High-very high 1.65 (0.79, 3.45) 1.41 (0.66, 3.00)

Recovery expectations (ref. Very high-high) 0.005 0.02

 Low-unsure 2.41 (1.31, 4.42) 2.15 (1.15, 3.99)

SF-36v2 (1 week) mental health (ref. >50) 0.10 0.06

 41-50 0.44 (0.18, 1.05) 0.41 (0.17, 1.01)

 31-40 1.13 (0.53, 2.41) 0.98 (0.45, 2.13)

 ≤30 0.52 (0.19, 1.42) 0.38 (0.14, 1.08)

Pain and function

Pain intensity (ref. 0-4) 0.04 0.04

 5-7 1.45 (0.45, 4.64) 1.28 (0.39, 4.21)

 8-10 3.28 (0.94, 11.44) 3.02 (0.85, 10.73)

Work days missed for wrist, past year (ref. 0) 0.15 0.26

 1-29 1.25 (0.57, 2.77) 1.05 (0.46, 2.39)

 ≥ 30 2.27 (0.99, 5.17) 1.97 (0.86, 4.50)

CTSAQ FS (ref. ≤25th percentile) 0.07 0.10

 25-50th percentile (2.3-3.0) 2.35 (0.72, 7.67) 2.12 (0.64, 6.95)
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Characteristic Multivariable model without
adjustment for disability

compensation category (pre-surgery
versus only after surgery)

Multivariable model with adjustment
for disability compensation category

(pre-surgery versus only after
surgery)

OR (95% CI) P-value OR (95% CI) P-value

 50-75th percentile (3.0-3.4) 3.31 (0.96, 11.44) 2.82 (0.81, 9.82)

 >75th percentile (3.4-5.0) 4.79 (1.41, 16.33) 4.31 (1.26, 14.72)

Clinical and healthcare

Tobacco use (ref. Never) 0.05 0.11

 Occasionally/frequently/daily 1.83 (1.00, 3.35) 1.66 (0.89, 3.08)

AUDIT-C (ref. Moderate or less) 0.14 0.17

 Heavy or more 0.54 (0.24, 1.23) 0.55 (0.24, 1.28)

AUDIT-C, Alcohol Use Disorders Identification Test-C; CI, confidence interval; CTSAQ, Carpal Tunnel Syndrome Assessment Questionnaire;
FS, functional status scale; OR, odds ratio; SF-36v2, Short Form-36 version 2.

Statistically significant effect estimates (p<0.05) are bolded.
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