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Abstract Background: Cumulative trauma disorders of the upper extremities (CTD) have be-
come increasingly important in workers’ compensation caseloads over the last two decades.
Relative to occupational back pain, CTD have been much less studied. Methods: We analyzed
post-injury employment patterns and return-to-work probabilities for a sample of Ontario work-
ers with CTD, for up to five years after injury. Results for workers with CTD are compared
to results for workers with back injuries or fractures. Results: Most workers with CTD return
to work at least once, but a first return does not necessarily mark the end of work disability.
Among workers absent at least once, 26% with CTD report a second injury-related absence,
compared to 18% with back pain and 12% with fractures. After five years, focusing on first
returns underestimates work-loss days associated with CTD by 32%. Conclusions: A substantial
proportion of workers with CTD or work-related back pain experience injury-related absences
after their first return to work. Focusing on the first return to work is misleading for both injury
groups, but even more so for CTD, as they appear to be even more susceptible to multiple spells
of work absence.

Keywords Upper extermity disorger . Return to work . Survival analysis . Employment
patterns

Introduction

Cumulative trauma disorders of the upper extremities have become an increasingly important
proportion of workers’ compensation claims over the last two decades. The disorders, involving
muscles, tendons, or nerves, of the shoulder, arm, elbow, wrist, or hand, represent approximately
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four percent of current workers’ compensation caseloads [2–4], but a larger share of workers’
compensation costs. This is because a small fraction of upper extremity claims incurs lengthy
spells of work absence and high indemnity costs; in this way, upper extremity disorders are
similar to the more frequent cases of occupational back pain.

There is a considerable literature on the epidemiology, risk factors, and treatment outcomes
of upper extremity disorders, but work-related outcomes and costs have been much less studied.
The path-breaking studies of work outcomes have tended to focus on first returns to work
and durations of initial spells of work absence, because these data are available on workers’
compensation claims files. Yet we know from the recent literature on back pain that a return to
work does not necessarily mark the end of the spells of work disability associated with a chronic
condition. A recent survey of injured workers with upper extremity disorders indicates that
recurrence of pain and associated work disability is also an important issue for this population [8].

The costs of cumulative trauma upper extremity disorders include the direct health care costs
of treating the illness, and indirect costs including productivity losses, administrative costs,
costs of training replacement workers, and psychosocial costs incurred by injured workers. A
number of excellent cost studies have estimated the direct health care costs of upper extremity
disorders from administrative claims data, and imputed productivity losses from the costs of
indemnity benefits. Other indirect costs are exceedingly difficult to measure, although several
surveys of injured workers suggest these costs are not insignificant. Again the literature on back
pain, where recent studies have imputed productivity losses from estimates of wage losses in the
post-injury period, may help guide the direction of future research on upper extremity disorders.

In this study, we apply methods we have used to study the costs and outcomes of work-related
back pain to work-related upper extremity disorders. There are many similarities between the
two injury groups: Both are occupational illnesses typically caused by cumulative stress rather
than by a discrete accident or injury. Both are chronic conditions in which pain tends to recur
and may be exacerbated by a return to work. The claim distributions for both injury groups are
characterized by a small number of long-duration claims with high indemnity costs, skewing the
cost distributions to the right. A logical next step in the research, therefore, is to apply methods,
such as multiple spell models of work absence and survival curve analysis, that have been used
to study the course of occupational back pain to upper extremity disorders. To place the work
in context, we begin by summarizing the current literature on the costs and outcomes of upper
extremity disorders.

Background

We conducted a literature search of articles referenced in the PubMed, MedLine, and EconLit
databases, with publication dates after 1995, using the search phrases: upper extremity
disorders/conditions—costs, work absence, work outcomes. The search retrieved approximately
75 articles. We exclude from our review articles that focus exclusively on the epidemiology or
etiology of upper extremity disorders, articles that analyze costs or outcomes within a particular
occupational subgroup, and articles that analyze the outcomes of different treatment protocols.
The principal findings of the remaining studies are summarized below.

Duration of work absence

The majority of claims for work-related upper extremity disorders are resolved quickly and the
worker returns to work before the waiting period for indemnity benefits expires. Most studies
of post-injury work absence for upper extremity disorders report median days absent from work
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equals zero [3, 4] (Cheadle et al., 1994). Typical workers’ compensation caseloads involve
80 percent or more ‘medical only’ (no indemnity benefits paid) claims, so upper extremity
disorders are no exception.

On the other hand, a small but significant proportion of workers with upper extremity disorders
experience unusually lengthy spells of work absence. A BLS study of lost-time illnesses and
injuries in 1997, for example, shows that, relative to other injury groups, upper extremity
disorders are associated with the highest proportion of cases with durations of work absence in
excess of 31 days (BLS 1999). Yassi, et al. [13], studying upper limb repetitive strain injuries in
Manitoba, report that mean time lost is significantly greater for these claims (71.4 days) than for
non-repetitive strain injuries (33.6 days). In a study of 1994 claims from a single large workers’
compensation insurer, Hashemi et al. [4] report that more than 50 percent of cases involve no
lost time, but mean duration of work absence overall exceeds 12 weeks. Feuerstein et al. [3]
observe similar trends in a study of workers’ compensation claims for upper extremity disorders
in the federal workforce. Among lost time claims with carpal tunnel syndrome, mean duration
of work absence is 17 weeks, with 60 percent of claimants absent 10 weeks or more. Among
lost time claims with entheosopathy of the elbow, mean duration is 16 weeks, with 49 percent
absent 10 weeks or more.

As is typical in workers’ compensation claim distributions, the hazard function (conditional
probability of remaining on disability) for upper extremity claims declines at a decreasing rate
as work absences lengthen, so that a small fraction of injured workers with the longest spells
of work absence have extremely low probabilities of returning to work. In a study of workers’
compensation cases filed in Washington state from 1987–89, Cheadle et al. (1994) report that
18 percent of carpal tunnel cases are absent at least six months, 12 percent absent at least
12 months, and 7 percent absent two years or more. Hashemi et al. [4], analyzing data for more
than 21,000 workers with upper extremity claims (including claims for neck pain) report that
23 percent are absent at least one month, 11 percent absent at least six months, and 7 percent
absent one year or more. Evidence from these two studies suggests that approximately five
percent of workers with upper extremity claims are unlikely ever to return to work. Indeed, Yassi
et al. [13] report that 3 percent of workers in their sample of Manitoba claims were unable to
return to work at all.

The lengthy spells of work absence associated with some cases of upper extremity disorders
imply large productivity losses for employers, but productivity losses are not limited to time
absent from work. A growing body of literature has begun to focus on the impact of disabling
health conditions on workers’ productivity on the job, and two recent studies suggests that the
on-the-job productivity losses associated with upper extremity disorders may be considerable.
In 1996, Morse and Warren (1998) conducted a telephone survey of 374 persons with chronic
upper extremity pain; 292 persons reported their pain was work-related. Among the cases of
work-related upper extremity disorders, 35 percent reported having to cut down on their work
pace, although only 4 percent reported having to go on disability. Keogh et al. [6] conducted
a telephone survey of 575 Maryland workers who filed compensation claims for cumulative
trauma upper extremity disorders. At the time of interview, one to four years post-onset, over
50 percent of workers reported that their symptoms continued to interfere with work.

Productivity losses associated with upper extremity disorders may also be incurred during
spells of work absence subsequent to the first return to work, because of the recurrent nature
of the conditions. Yassi et al. [13] report that 19 percent of Manitoba workers in their sample
experienced a recurrence of injury after return to work. Pransky et al. [8] report evidence on
recurrence from a survey of injured workers. The authors distributed self-reported questionnaires
to workers who filed claims for work-related upper extremity conditions with the New Hampshire
State Department of Labor between August and September 1994. Approximately one-fourth
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Table 1 Summary of cost estimates for work-related upper extremity disorders

Study Data Mean costs

Webster and Snook (1994) 1989 claims from a US WC insurer $8070
Brogmus et al. (1996) 1992 claims from Liberty Mutual $6760
Yassi et al. [13] 1991 claims from Manitoba $5569
Hashemi et al. [4] 1994 claims from a US WC insurer (includes neck pain) $6092
Feuerstein et al. [3] 1993–94 claims from US federal workforce $7889 (CTS)

$6248 (entheosopathy)
Silverstein et al. (1998) 1987–95 claims from Washington state $6977 (hand/wrist)

$6233 (elbow)
$10,776 (shoulder)

Silverstein et al. [11] 1990–98 claims from Washington state $5,837

of respondents reported experiencing a recurrence of the upper extremity condition, where
recurrence is defined as re-injury or worsening of the same injury. One-third of those who
experienced a recurrence also lost time from work. The Pransky et al. results are only suggestive
for cumulative trauma upper extremity disorders overall, because the sampling strategy includes
acute conditions, such as fractures, burns and lacerations, and over-samples indemnity claims.
Nevertheless, the results of both studies imply that it is useful to look beyond the first return to
work when analyzing the outcomes of upper extremity disorders.

Costs and job loss

Empirical studies of the costs of upper extremity disorders rely heavily on administrative workers’
compensation claims data, and consistently show that mean claim costs are between $5000 and
$8000 (Table 1). The highly skewed nature of the duration distribution for upper extremity claims,
however, indicates that the mean is a poor measure of the costs of a typical claim. Webster and
Snook (1994), for example, analyzing the costs of cumulative trauma upper extremity claims
filed with a large national workers’ compensation insurer in 1989, report mean total medical and
indemnity payments of $8,070, while median costs are only $824. The most costly 25 percent of
claims account for 89 percent of costs. Feuerstein et al. [3] report that, among lost-time claims,
18 percent of carpal tunnel cases account for 53 percent of indemnity costs, while 23 percent of
entheosopathy cases account for 67 percent of costs.

The total cost burden of work-related upper extremity disorders is large because of the
relatively high incidence of the conditions. Data from the Washington state fund shows an annual
incidence rate of 2.6 per 100 workers for upper extremity disorders overall, with one-third of
cases and one-half of lost workdays attributed to cumulative trauma disorders (NRC 2001). The
most recent data from the BLS reports incidence rates of 11.6 per 100,000 workers for lost-time
claims involving cumulative trauma upper extremity disorders (nature of injury is sprain, carpal
tunnel syndrome, tendonitis, or pain) (BLS 2003). Silverstein et al. [11] estimate total direct
costs of cumulative trauma upper extremity disorders to be $6.5 billion annually, assuming an
incidence rate of 116 per 10,000 workers for all work-related upper extremity claims, average
claim costs of $5837 (based on data from the Washington state fund) and 96 million full-time
workers in the U.S.

Estimates of the costs of work-related upper extremity disorders derived from administrative
data are certain to underestimate the true costs on society, however, because many cases go
unreported, and because indemnity benefits may not cover periods of prolonged or recurrent
spells of work absence. Among the cases of self-reported work-related musculoskeletal disorders
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interviewed by Morse and Warren (1998), only 11 percent had filed a workers’ compensation
claim. In a more recent study, applying capture-recapture analysis to seven years of Connecticut
data, Morse et al. (2005) estimate that only six to eight percent of work-related upper extremity
musculoskeletal disorders are reported.

Research suggests that approximately one-third of workers with upper extremity disorders
are at risk of prolonged employment instability following their injury. In the Keogh study [6],
38 percent of workers report that they were voluntarily or involuntarily separated from their
time of injury job, and 28 percent were out of work at the time of interview (one to four years
post-onset). Workers with higher incomes, less severe injuries, and members of a labor union at
the time of injury were more likely to be employed. Roquelaure et al. [9] conducted a study of
514 workers who filed compensation claims for upper extremity musculoskeletal disorders in
Pays de la Loire, France. Two years after filing their claims, 65 percent of workers had returned
to their time of injury employer, but 18 percent had been dismissed. Older workers, and workers
with multiple diagnoses for upper extremity disorders, were at higher risk of dismissal.

Persons with upper extremity disorders often report severe financial hardship on their families,
suggesting that lengthy or recurring spells of work absence are under-compensated. Keogh et al.
[6] report that, following a work-related upper extremity injury, 16 percent of families could not
afford to maintain their car, 32 percent borrowed money from friends or family, and 36 percent
had been contacted by a collection agency. Compared to a control group without upper extremity
pain, persons with upper extremity disorders are significantly more likely to report that they have
moved for financial reasons, lost a home or car, or lost health insurance (Morse and Warren,
1998).

In sum, most upper extremity injuries involve little or no time off work, and medical costs
less than $1000. A small, but costly, minority of cases, however, exhibits lengthy spells of work
absence associated with a huge cost burden on the workers’ compensation system and the families
of injured workers. Some evidence suggests that recurring spells of work absence may increase
the disability burden further, but this hypothesis is not well documented. To begin to quantify
the long-term work disability associated with upper extremity disorders we analyze patterns
of post-injury work experience for a sample of Ontario workers with cumulative trauma upper
extremity disorders and conduct survival curve analyses comparing upper extremity disorders
to back pain and fractures.

Methods

First return to work

We use a logistic model to estimate the determinants of whether or not a worker with an upper
extremity disorder returns to work. The binary dependent variable equals one if a worker is
employed at any time between the date of onset and the date of interview, and zero otherwise.
The likelihood function is

� =
∏

i∈Ē

�(−α′ Zi )
∏

i∈E

(1 − �(−α′ Zi )) (1)

where i ∈ E if the ith worker returns to work (or never experiences a work absence), and i ∈ Ē
if he does not. The vector Z includes variables that influence the decision to return to work, α is
a corresponding vector of coefficients, and � represents the cumulative distribution function of
a logistic random variable.
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We assume a worker returns to work if the wage offered by an employer is equal or greater
than the worker’s value of leisure time (reservation wage). Variables in the vector Z represent
factors that influence post-onset offer wages and reservation wages, including demographic and
human capital characteristics, institutional factors that affect the demand for labor, and workers’
compensation benefits. The model also includes relevant characteristics of the pre-injury job,
because an injured worker’s best opportunity to return to work is likely with his pre-injury
employer.

Our previous work has demonstrated, however, that a return to work does not necessarily
mark the end of the work disability associated with chronic and recurrent conditions, such as
back pain. Many types of upper extremity disorders can be classified as chronic and recurrent,
and are also likely to be characterized by repeated episodes of work disability. To analyze the
experiences of workers with upper extremity disorders after the first return to work, we consider
the subset of workers who return to work at least once, and identify the determinants of four
distinct patterns of post-onset employment.

Patterns of post-injury employment

We define four mutually exclusive patterns of post-injury employment, according to the number
of returns to work attempted between the date of onset and date of interview, and employment
status at the date of interview. The assumption of four distinct patterns is based on a review of
the descriptive data with the objective of defining the minimum number of patterns that define
the distinguishing characteristics of different post-onset employment experiences. The patterns
are:

1. The worker returns to work after an initial spell of work absence, and is employed at interview
(Single return, employed).

2. The worker returns to work, leaves her first post-onset job for reasons associated with the
upper extremity disorder, and is not subsequently employed (Single return, not employed).

3. The worker experiences multiple spells of work absence and returns to work related to the
upper extremity disorder, but she is employed at interview (Multiple returns, employed).

4. The worker experiences multiple work absences and returns, and is unemployed at interview,
for reasons related to the upper extremity disorder (Multiple returns, not employed).

To analyze the determinants of post-onset employment for workers with upper extremity
disorders, we estimate a multinomial logit model of the probability that a worker experiences
single or multiple returns to work, and is employed at interview. The categorical dependent
variable identifies one of the four employment patterns described above. Independent variables
represent characteristics that affect the post-onset offer wage and reservation wage functions.
The multinomial logit model is specified as follows.

Let the utility function of an injured worker be given by

Ui j = U
(
W O

i j , L j
) = Xiβ j + εi j (2)

where W O
i j represents the offer wage, and L j represents hours of leisure in j = 1 . . . 4 possible

employment patterns. The vector X, which includes variables that determine the post-onset
offer wage and value of leisure time, is assumed constant across employment patterns but the
corresponding vector of coefficients, β j , and the random error term, εi j , are allowed to vary.
Workers who never return to work after onset are excluded because we assume the utility derived
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from at least one of the employment patterns is greater than the utility derived from not working
at all.

Consider a worker who returns to work after an initial absence and remains employed
thereafter (j = 1). The worker follows this pattern because she is capable of working and derives
more utility from staying at work than from any of the three alternatives. Thus, the probability
of observing a worker in the first pattern is

Pil = Pr[(Ui1 > Ui2) ∪ (Ui1 > Ui3) ∪ (Ui1 > Ui4)]
= Pr[(Xi ′ β1 − Xi ′ β2 > εi2 − εi1)∪

(Xi ′ β1 − Xi ′ β3 > εi3 − εi1)∪
(Xi ′ β1 − Xi ′ β4 > εi4 − εi1)].

(3)

Similar expressions hold for the other three employment patterns.
Assuming the underlying distributions of εi j are type I extreme-value distributed, the proba-

bility of observing the ith worker in the jth employment pattern is

Pi j = exp(Xi ′ β j )

1 + ∑3
j=1 exp(Xi ′ β j )

(4a)

for j = 1, 2, 3 and

Pi j = 1

1 + ∑3
j=1 exp(Xi ′ β j )

(4b)

for the reference pattern, j = 4. If we define a set of four dummy variables Yi j , j = 1 . . . 4, such
that Yij = 1 if the ith worker exhibits the jth employment pattern, Yij = 0 otherwise, then the log
likelihood function for the model is

log L =
n∑

i=1

4∑

j=1

Yi j log Pi j . (5)

Maximizing equation (5) yields estimates of the parameters β j for three employment pat-
terns relative to an omitted pattern, in this case Pattern 4 (Multiple returns, not employed). The
estimated coefficients of the multinomial logit function do not, however, represent the marginal
effects of individual characteristics on observed patterns of employment. We convert the coeffi-
cients to measures of marginal effects and, for ease of comparison among variables, express the
results as semi-elasticities as follows:

∂ Pj / Pj

∂ Xm
= βmj −

3∑

k=1

βmk Pk for j = 1, 2, 3, (6a)

∂ Pj / Pj

∂ Xm
= −

3∑

k=1

βmk Pk for j = 4. (6b)

In equations (6a) and (6b), k and j are indices across the four employment patterns, while m
is an index across the explanatory variables in Xi.
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Lost work time

While the patterns model provides a more complete profile of post-injury work experiences than
traditional models that use the first return to work as an endpoint, the model is incomplete in that
it does not account for durations of spells of work absence. Workers who experience identical
patterns of post-injury employment may accrue very different productivity losses if durations
of work absence differ. To begin to quantify the cumulative productivity losses associated with
upper extremity disorders, across multiple spells of work absence, we conduct a survival curve
analysis. A survival curve plots the conditional probability that spells of work absence continue,
on the vertical axis, against time absent from work, on the horizontal axis. The area under the
curve is an estimate of the productivity losses (cumulative days absent from work) for a sample
of injured workers. We compare survival curves for upper extremity disorders to: (1) back pain,
another cumulative trauma injury, and (2) fractures, a more traditional injury typically associated
with a discrete workplace event. In what follows, the survival curve method is described in greater
detail.

Consider a work-related injury with onset at time t = 0, that results in a spell of work absence.
If the cumulative distribution function for time to return to work is F(t), then the fraction of
workers remaining out of work because of injury is S(t) = 1 − F(t). S(t) is called the survival
function and the survival curve is a graphical representation of S(t), with the proportion of the
sample absent from work shown on the vertical axis and time t on the horizontal axis.

A hypothetical survival function for workers with upper extremity disorders (and other work-
related injuries) is expected to exhibit the following characteristics: At t = 0, S(t) = 100 percent,
because survival curve analyses typically exclude medical only claims, so initially 100 percent of
the sample is absent from work. As claim duration time passes, S(t) decreases at a decreasing rate.
In other words, most workers with upper extremity disorders return to work within a relatively
short period of time, but the probability of return to work decreases as time elapses from date
of onset. Thus, the survival curve is a convex, downward-sloping function from an intersection
point on the vertical axis. The area under the curve represents cumulative days of work absence,
or productivity losses, accrued by a sample of injured workers from date of onset through t days
of work disability.

Now consider comparisons of different types of work-related injuries. If the survival curve
for injury group A lies everywhere above the curve for injury group B, productivity losses are
greater for injury A and the difference between the areas under the two curves (that is, the area
between the curves) is a measure of the difference in productivity losses, as measured by days of
work absence. Survival curves may cross – indicating that workers with injury A, for example,
have higher probabilities of return to work shortly after onset, but lower probabilities of return
as claim duration progresses. Again, the injury with greater productivity losses can be identified
by comparisons of the area under each survival curve.

We estimate and plot survival curves for our sample of workers with upper extremity disorders,
compared to workers with back injuries or fractures. Survival curves are plotted for the first,
second, third and fourth spells of work absence following onset, in an attempt to depict the
cumulative productivity losses associated with upper extremity disorders. Beyond four spells,
sample sizes become too small to plot survival curves.

An issue is how to control for censored cases (not yet returned to work) in the survival
analyses. The survival curves are Kaplan-Meier estimates of the survival function, using full
information maximum likelihood techniques that account for censored data. A limitation of the
data is that, after the first spell of work absence, the censoring variable is missing for over half
the observations. In these cases we assume the spell is censored because all the information we
have is that the absence spell lasted at least as long as indicated in the data.
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All estimation is conducted in SAS, with the LIFETEST procedure used to obtain the Kaplan-
Meier estimates.

Data and variables

Data and exclusion criteria

The data come from the Survey of Ontario Workers with Permanent Impairments, the largest
survey of injured workers ever conducted. The survey population includes all workers examined
for permanent disability assessment by physicians of the Ontario Workers’ Compensation Board
(now renamed the Workplace Safety and Insurance Board) between June 1989 and June 1990.
The survey combines detailed information on post-injury employment and earnings obtained
from interviews with injured workers, with workers’ compensation claims data obtained from
administrative records. Workers in the survey were injured between 1967 and 1990 but more than
two-thirds have injury dates after 1984. All the workers in the sample have permanent partial
impairments resulting form a workplace illness or injury, so the data represent a relatively severe
subset of the typical workers’ compensation caseload. The Ontario survey is 15 years old, but to
our knowledge it is the only workers’ compensation database with extensive pre-and post-injury
job information.

We restrict the sample to workers with diagnoses of upper extremity disorders, based
on ICD-9 diagnostic codes and definitions reported in workers’ administrative claims files
(Appendix Table A1). The relevant ICD-9 codes identify workers with upper extremity sprains
and strains, injuries to nerves, synovitis, tendonitis, and white finger disease, as well as carpal
tunnel syndrome and epicondylitis [3]. In cases where ICD-9 codes are missing, we identify
upper extremity disorders based on nature of injury and part of body codes, including upper
extremity sprains and strains, and upper extremity inflammation of joints. Excluding cases with
missing data, there are 1,317 workers with upper extremity disorders in the sample.

The survival curves and employment patterns models are based on subsets of this sample,
with additional restrictions. To estimate survival curves, we restrict the sample to workers who
provide complete data on spells of work and work absence for five years post-injury (or until the
observation is censored at the date of interview). The samples for the survival analysis include
879 upper extremity cases, compared to 3,723 back cases and 849 fractures. To analyze post-
injury patterns of employment, we restrict the sample to workers who return to work at least
once, to workers who have a date of interview no less than three years after date of onset, and we
exclude censored cases. This assures a minimum three-year post-onset work history in which
to observe employment patterns. With these additional restrictions, the sample for the patterns
model includes 303 workers.

Variable definitions

Independent variables in the return to work and patterns models represent factors that influence
post-onset offer wages and reservation wages, including human capital characteristics, labor
demand, workers’ compensation benefits, and characteristics of the pre-injury job. An injured
worker’s human capital is measured by: education (=1 for high school or college graduate);
job experience (=1 for workers who have at least five years experience with the pre-injury
employer); and age, a proxy for potential experience in other jobs. Characteristics of the pre-
injury job include union membership (=1 for union) and employment in a physically demanding
industry (=1 for workers in the agriculture, construction, or mining industries). All else equal, we
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Table 2 Means and coefficient estimates of the return to work model

Variable Mean Coefficient

Return to work 0.80 (.40) —
Age 41.00 (10.93) − 0.032∗∗∗ (.001)
High school or college graduate 0.31 (.46) 0.015 (.93)
Worked 5 + years 0.48 (.50) 0.256∗ (.08)
Union member 0.66 (.47) 0.361∗∗ (.02)
Replacement rate 0.71 (.12) − 3.978∗∗∗ (.001)
Physically demanding industry 0.26 (.44) − 0.334∗∗ (.04)
Male 0.49 (.50) − 0.010 (.18)
Northeast region 0.068 (.25) − 0.379 (.18)

Note. N = 1317. − 2 log-likelihood = 1234.70. p-values in parentheses. Significance levels are indicated as follows:
∗∗∗ = significant at one percent, ∗∗ = significant at five percent, ∗ = significant at ten percent based on two-tailed
tests.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

expect physically demanding employment to have a negative impact on post-onset employment
outcomes, because it is more difficult for workers with chronic disorders to return to physical
jobs. This is a cautious prediction, however, as some sedentary jobs (eg. clerical work) may
be equally aggravating for workers with upper extremity disorders. The predicted effect of
union membership on post-onset employment is ambiguous because, on the one hand, unions
may protect the job rights of injured workers, but, on the other hand, union work rules may
make it more difficult to provide accommodations that facilitate returns to work. The workers’
compensation benefit replacement rate, the ratio of expected temporary disability benefits to pre-
injury wages, is included in the models to capture the disincentive effects of disability benefits
on returns to work. Finally, labor demand is represented by gender (=1 for female) and region
(=1 for northeast). The northeast region of Ontario had persistently high unemployment rates
throughout the period in which the injuries occurred.1

Results

First return to work

Table 2 reports means and coefficient estimates of the first return to work model for the full
sample of 1,317 workers with upper extremity disorders. Despite the fact that all the workers
had permanent impairments resulting from their injury, 80 percent had returned to work at least
once by the time of interview. The mean age of the sample was 41, with 49 percent males, and
26 percent employed in physically demanding industries.

The largest estimated effect in the return to work model was the negative coefficient for the
workers’ compensation benefit replacement rate. The magnitude of the estimated coefficient
indicated a much greater elasticity of employment with respect to disability benefits than we had

1 We use the pre-injury wage and year of injury to determine the expected temporary disability benefit, taking
account of benefit maxima and minima at the time the worker was injured, and then calculate an expected
replacement rate. Permanent disability benefits are not included in the models because they are not conditioned
on prior wage losses or current work status, so they are not expected to have the strong work disincentives
associated with temporary disability benefits. In addition, although such benefits may have an income effect on
work decisions, as a practical matter they are not available in our data.

Springer



J Occup Rehabil (2006) 16:303–323 313

Table 3 Distribution among employment patterns: Workers who return to work

Frequency distribution
Pattern # Description Upper extremity disorders (%) Back pain (%)

1 First return, employed 33 34
2 First return, not employed 29 34
3 Multiple returns, employed 25 19
4 Multiple returns, not employed 12 13

Note. N = 303 upper extremity cases. Results for back cases from Johnson et al. [5], Table 1.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

found in similar models estimated for samples of work-related back cases [5]. The sensitivity
of workers with upper extremity disorders to the work disincentives could reflect a greater fear
of re-injury if they return to the same job, lower job satisfaction leading to a reluctance to
return to work, greater difficulty in providing job accommodations for upper extremity cases,
or a number of other factors. In results not shown, we found some evidence supporting the
accommodations hypothesis: upper extremity cases were less likely to receive any of the types
of job accommodations reported in the data (reduced hours, light work, flexible schedule,
modified equipment, special training) than were back cases or fractures. The most common
accommodation for all three groups was light work. Only 35 percent of upper extremity cases
reported a light work accommodation on their first return to work, compared to 40 percent of
back cases and fractures.2,3

Other variables that were significant determinants of return to work include age, industry,
work experience, and union membership. Older workers, and workers employed in a physically
demanding industry, were less likely to return after an upper extremity injury than other workers.
The importance of age and industry effects in the return to work model were consistent with
the findings of Roquelare et al. (2005). Union members, and workers with five or more years
experience with their time-of-injury employer were more likely to return to work than other
workers. The union effects were consistent with results reported by Keogh et al. [6], where
union members were significantly more likely to return to their time of injury employers, and to
be employed one-four years after an upper extremity injury, than non-union members.

Employment patterns

In previous research with the Ontario data [5], we have shown that a first return to work does not
necessarily mark the end of the spells of work disability associated with a cumulative trauma
disorder, such as back pain or carpal tunnel syndrome. To analyze the employment experiences
of workers with upper extremity disorders after the first return to work, we restricted our sample
to workers who returned to work at least once following injury, and classified the remaining
303 cases into one of the four employment patterns described above. The distribution across
employment patterns is reported in Table 3, and compared to our previous results for back pain.

2 The estimated coefficient of the replacement rate variable is nearly 50 percent greater, in absolute value, than the
estimated effect in a similar model for back cases.
3 One possible explanation is that upper extremity disorders tend to occur in occupations/industries where it is
more difficult to return to work after an injury than in the occupations/industries where back injuries and fractures
are more likely to occur. We do not have occupation data on the Ontario data, but we re-estimated our models with
a complete set of industry controls. Other industry variables were not significant and did not change the results for
the replacement rate.
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Table 4 Means of independent variables by employment patterns

Employment Patterns
First return,
employed (N = 101)

First return, not
employed (N = 89)

Multiple returns,
employed (N = 77)

Multiple returns, not
employed (N = 36)

Age 41.3 (10.1) 41.8 (10.0) 37.4 (8.0) 40.4 (10.2)
High school or college

graduate
0.34 (.47) 0.20 (.40) 0.30 (.46) 0.17 (.38)

Worked 5 + years 0.62 (.49) 0.40 (.49) 0.56 (.50) 0.58 (.50)
Union member 0.76 (.43) 0.63 (.49) 0.71 (.45) 0.72 (.45)
Replacement rate 0.66 (.14) 0.70 (.12) 0.63 (.14) 0.66 (.14)
Physically demanding

industry
0.23 (.42) 0.22 (.42) 0.22 (.42) 0.25 (.44)

Male 0.68 (.47) 0.37 (.49) 0.65 (.48) 0.36 (.49)
Northeast 0.14 (.35) 0.06 (.23) 0.12 (.32) 0.00 (.00)

Note. N = 303. Standard deviations in parentheses.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

Again, we found considerable movement in and out of employment after the first return to
work. Two-thirds of workers who returned to work following an upper extremity injury reported
subsequent spells of work absence associated with the original injury (Patterns 2-4). Nearly
30 percent left their first post-injury job for injury-related reasons and never returned to work
(Pattern 2), while 37 percent experienced multiple spells of work and work absence (Patterns
3-4). The results were remarkably consistent with our previous work on back pain (e g. 33% of
upper extremity cases, 34% of back cases, in Pattern 1), providing further support for the similar
nature of the conditions. One difference is that upper extremity cases were more likely than back
cases to make repeated attempts to return to work (37% vs. 32% in Patterns 3-4).

To analyze the determinants of post-injury employment patterns, we estimated a multinomial
logit model in which the dependent variable identified one of the four mutually exclusive
patterns described above, and the independent variables were identical to those in the first return
to work model. Table 4 reports means of the independent variables by employment pattern. Five
variables, namely, age, gender, education, work experience and union membership, exhibited
considerable differences in means across patterns, and appeared to be potentially important
determinants of employment experiences after the first return to work. Older workers were less
likely to experience multiple returns ending in employment (Pattern 3), while workers with
five or more years experience with their time of injury employers were less likely to be not
employed after a single return (Pattern 2). Being male and having a high school education or
better were associated with being employed at the date of interview (Patterns 1,3). Finally, union
membership was associated with a successful first return to work (Pattern 1) and, to a lesser
degree, with multiple spell patterns (Patterns 3, 4).

To determine which of these relationships are significant when other variables are held
constant, we estimated the determinants of episodes of employment that occurred after a first
return to work using the multinomial logit model. Estimated coefficients were converted to semi-
elasticities so they could be interpreted as marginal effects, with the results presented in Table 5.
The χ2 statistics that appear in the last column indicate the joint significance of a variable across
all employment patterns.

Three associations were shown to be significant in the multinomial model: (1) Older workers
were less likely to make multiple attempts to return to work (Patterns 3, 4). The probability of
being employed after multiple returns decreased by 3.4 percent with each year of age, while
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Table 5 Semi-Elasticity estimates of the determinants of employment patterns

Employment pattern
Multiple Multiple

First return, First return, not returns, returns, not
employed employed employed employed
(N = 101) (N = 89) (N = 77) (N = 36) X2 statistic

Age 0.012 (.19) 0.017 (.18) −0.034 (.39) −0.005 (.63) 10.22∗∗

High school or college graduate 0.417 (.66) −0.239 (.60) −0.001 (.66) −0.575 (.32) 5.39
Worked 5 + years 0.356 (.36) −0.570 (.36) 0.109 (.41) 0.175 (1.16) 9.48∗∗

Union member 0.185 (1.69) −0.088 (1.65) −0.219 (.69) 0.166 (.37) 1.49
Replacement rate 0.618 (.39) 1.219 (.38) −1.441 (.42) −1.664 (.56) 5.49
Physically demanding industry −0.039 (.50) 0.040 (.51) −0.110 (.56) 0.244 (.18) 0.55
Male 0.609 (.19) −0.581 (.18) 0.330 (.25) −0.977 (.58) 19.58∗∗∗

Note. Semi-elasticities are calculated from the parameter estimates of the multinomial logit model reported in
Appendix Table A2. Standard errors (in parentheses) are large sample approximations based on the estimated
standard errors in the Appendix table, calculated using the delta method. Significance levels are indicated as
follows: ∗∗∗ = significant at one percent, ∗∗ = significant at five percent, ∗ = significant at ten percent based on
two-tailed tests.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

the probability of not being employed after multiple returns decreased by 0.5 percent. (2) Males
were more likely to follow patterns that end in employment at the interview date (Patterns 1, 3).
The probability of staying employed after the first absence was 61 percent greater for men than
for women, while the probability of staying employed after multiple absences was 33 percent
greater. (3) Finally, workers with five or more years experience with their time of injury employer
were significantly more likely to be employed in their first post-injury job at the date of interview
than non-union members. The probability of experiencing Pattern 1 (single absence, employed)
was 35 percent greater for more experienced workers, while the probability of Pattern 2 (single
absence, not employed) was 57 percent smaller.

We hypothesized that the chronic, recurrent nature of upper extremity disorders, and the risk of
re-injury after return to work, contributed to the unstable post-injury work patterns experienced
by many workers. To our knowledge, Pransky et al. [8] was the only previous study to identify
risk factors associated with recurrence; these included shorter job tenure, employment in manual
jobs, and job dissatisfaction. We did not have measures of job satisfaction or manual labor on
the Ontario data, but we did find a significant association between tenure (work experience) and
employment patterns, consistent with the Pransky et al. study.

Survival analyses

The repeated spells of work absence experienced by many workers with upper extremity disorders
suggested that mean productivity losses associated with the disorders might be comparable to
the losses associated with back pain. To quantify the losses, we computed survival curves for
samples of workers with upper extremity disorders, back pain, and fractures, for first, second,
third and fourth spells of work absence, and compared cumulative work absence days in the
first five years after onset. The results indicated that cumulative days lost for upper extremity
disorders were 83 percent of the days lost for back pain cases, but the losses attributed to
upper extremity disorders were under-estimated if one focused only on the first spell of work
absence.

Springer



316 J Occup Rehabil (2006) 16:303–323

Table 6 Fraction of repeated spells by injury type given an initial spell of the same type

First spell Second spell Third spell Fourth spell Fifth spell

Back strain 1.00 (3723) .175 (651) .047 (176) .014 (52) .005 (20)
Fractures 1.00 (849) .115 (98) .028 (24) .018 (15) .005 (4)
Upper extremity 1.00 (879) .258 (227) .051 (45) .017 (15) .003 (3)

Note. Sample sizes for each spell are reported in parentheses.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

Table 6 shows the fraction of injured workers experiencing subsequent spells of work absence
attributed to a work-related injury, conditional on an initial absence from work. Workers with
upper extremity disorders were much more likely to experience multiple spells than workers
with either back pain or fractures. More than 25 percent of workers with upper extremity
disorders experienced a second spell of work absence, compared to 18 percent of workers with
back pain and 12 percent of workers with fractures. This explains why analyses limited to
the first spell of work absence tended to underestimate lost workdays associated with upper
extremity disorders relative to other injury groups. Beyond the second absence, the proportions
of workers experiencing subsequent spells were similar for upper extremity disorders and back
pain.

Cumulative lost workdays are determined by numbers of spells of work absence and their
duration, so we added a duration component to the analysis by comparing survival curves for
the three injury groups. Figures 1–4 show survival curves for the first, second, third and fourth
spells of work absence. Mean durations of first work absence were quite long for these workers
with permanent impairments: 456 days for upper extremity disorders, compared to 584 days
for back pain and 541 for fractures. The survival curve for upper extremity cases exhibited the
typical convex shape (Fig. 1), with 50 percent of workers returned at six months, 65 percent at
one year, and 76 percent at two years. The survival curve was everywhere below the curves for
back pain and fractures, indicating there were fewer days lost, on average, in the first spell of
work absence for upper extremity disorders. In fact, as shown in the left side of Table 7 (lost
days based on first spell only), among upper extremity cases, mean days lost in the first absence
spell were 78 percent of mean days lost among back cases.

Results for the second absence spell show that the survival curves for back cases and upper
extremity disorders begin to converge (Fig. 2). Mean durations of work absence were 1,209
days for fractures, 912 days for back pain, but only 717 days for upper extremity disorders.
This is primarily because the samples of fractures and back cases included a greater number
of lengthy, censored cases. A test for significant differences between the survival curves for
backs and upper extremities could not reject homogeneity at the five percent level. Results for
subsequent absence spells (Figs. 3 and 4) were similar, with the survival curves for backs and
upper extremities showing greater losses than the curve for fractures.

In sum, among this sample of workers with relatively severe injuries, mean durations of
first spells of work absence were longer for back cases and fractures than for upper extremity
cases. On the other hand, upper extremity cases were more likely to experience subsequent
spells of work absence attributed to their injury. Across the five-year period, focusing on the first
spell of work absence underestimated cumulative work loss days for upper extremity cases by
approximately 33 percent, compared to approximately 25 percent for back cases and 20 percent
for fractures (Table 7). After five years, the cumulative losses attributed to upper extremity
disorders were 83 percent of the losses attributed to back pain, compared to 78 percent when we
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Table 7 Comparisons of lost workdays by injury type: First spell vs. all spells

Lost days based on first spell Difference between lost days in
only Lost days based on all spells first spell vs. all spells (%)

Lost days Back Upper Back Upper Back Upper
calculated at: strain Fracture extremity strain Fracture extremity strain Fracture extremity

6 months 130 144 116 169 169 168 23 15 31
1 year 221 229 193 292 272 290 24 16 33
2 years 348 341 298 471 414 465 26 18 36
3 years 441 419 370 604 519 584 27 19 37
4 years 517 483 418 712 609 632 27 21 34
5 years 584 541 456 791 695 670 26 22 32

Note. N = 3723 back cases, N = 849 fractures, N = 879 upper extremity cases.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.

counted only first spells of work absence. Thus, the losses for back cases and upper extremity
disorders began to converge after the first spell of work absence.

Discussion

The results of this study suggest that post-injury employment outcomes for workers with cu-
mulative trauma disorders of the upper extremities are similar to outcomes for workers with
occupational back pain. Most workers, even with more severe injuries, return to work at least
once after injury, but the first return to work does not necessarily mark the end of the period
of work disability associated with an upper extremity disorder. Two-thirds of workers experi-
ence subsequent injury-related work absences attributed to the original injury. Focusing on the
first return to work is misleading for both injury groups, but even more so for upper extremity
cases, as they appear to be even more susceptible to multiple spells of work absence than back
cases.

An important limitation of the study is that the data are 15 years old. Cole et al. [1], however,
show that interventions to reduce repetitive strain injuries require significant amounts of time
to show demonstrable outcomes, and the interventions are often hampered by institutional and
organizational constraints. There have not been significant advances in treating upper extremity
disorders, or in identifying effective job accommodations to facilitate returns to work, over
this time period, nor have ergonomic interventions been widely adopted. Further, our literature
review shows that mean workers’ compensation costs for upper extremity disorders are relatively
stable over the 1990’s. Ideally, we would like to have a more recent data set with the depth and
detail of the Ontario survey, but it appears that not much has changed over the last 15 years, and
our results are broadly relevant to work-related upper extremity disorders today.

Another limitation is that the data are restricted to workers with permanent partial impair-
ments, which typically represent less than 10 percent of workers’ compensation caseloads, and
one-third of lost-time claims [10]. This limits the generalizability of the results, and the results
should be interpreted for the relevant population only. One advantage of the restriction to per-
manent partial cases is that it creates a relatively homogeneous sample of more severe injuries,
and we have no other direct measure of severity on the data.

The results suggest that the correlates of first returns to work are not precisely the same as the
correlates of ultimate work success, at least for our sample of severe upper extremity injuries.
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In the return to work logistic, for example, union membership and employment in a physically
demanding industry are important explanatory variables, while gender is not. In the multinomial
patterns model, the opposite is true. Return to work logistic models, therefore, probably pro-
vide biased estimates of the correlates of productivity losses associated with cumulative work
absences.

The results show that the patterns model of post-injury employment, developed for work-
related back pain, is broadly applicable to a wide range of cumulative trauma disorders. Applying
the model to different types of disorders can help identify exactly where productivity losses are
likely to occur, and help target interventions at appropriate points in the recovery cycle. For
example, our results suggest that workers with upper extremity disorders who are returning to
work are a prime target for job accommodations, to reduce the risk of recurrence of injury and
multiple spells of work absence. Yet, studies show that only about 13 percent of workers with
repetitive strain upper extremity disorders receive modified work accommodations when they
return to work [7.

Compared to work-related back pain, cumulative trauma upper extremity disorders are rela-
tively under-studied. We do not have good estimates of the comprehensive costs of the disorders,
nor do we have extensive analyses of return to work and duration of work absence across different
worker populations. Upper extremity disorders are not as common nor as costly as back pain,
but significant under-reporting to workers’ compensation suggests that the productivity losses
and costs to injured workers are several orders of magnitude greater than current estimates
suggest.

Appendix

Table A1 Definitions of upper extremity disorders

ICD-9 Code Body part/nature of injury Definition

84001–84284 NA Sprains and strains of shoulder, arm, elbow,
wrist, hand, fingers

95501–95530 NA Injury to nerves of shoulder, arm, elbow, wrist,
hand, fingers (except carpal tunnel syndrome)

95551–95554
95571–95574
95920–95950
95540 NA Carpal tunnel syndrome
95560
72750
72720 NA Epicondylitis
72700 Upper extremity Synovitis, tenosynovitis, tendinitis, bursitis,

ganglion,
72710 white finger disease
72730
72740
72760
72790
Missing Upper extremity/sprains and strains

Upper extremity/inflammation of joints

Note: ICD-9 CM codes using code definitions from the Ontario Workers’ Compensation Board.

NA indicate body part/nature of injury not used in the definition.
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Table A2 Coefficient estimates of the multinomial logit model

Employment patterns
First return, First return, not Multiple returns,
employed (N = 101) employed (N = 89) employed (N = 77) Chi-square

Age 0.017 (.02) 0.022 (.02) −0.029 (.02) 10.22∗∗

High school or college graduate 0.992 (.52) 0.337 (.54) 0.574 (.53) 5.39
Worked 5+ years 0.181 (.41) −0.745 (.41) −0.066 (.42) 9.48∗∗

Union member 0.019 (.48) −0.254 (.47) −0.385 (.49) 1.49
Replacement rate 2.282 (1.69) 2.882 (1.79) 0.222 (1.71) 5.49
Physically demanding industry −0.283 (.48) −0.204 (.48) −0.354 (.49) 0.55
Male 1.586 (.46) 0.396 (.47) 1.307 (.48) 19.58∗∗∗

Note. N = 879. − 2 log-likelihood = 465.32. The omitted pattern is #4: multiple returns, not employed. The
chi-square variable in the right hand column is for the test of the joint significance of the variable across all
employment patterns. Significance levels are indicated as follows: ∗∗∗ = significant at one percent, ∗∗ = significant
at five percent, ∗ = significant at ten percent based on two-tailed tests.

Source: 1990 Survey of Ontario Workers with Permanent Impairments.
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