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Aims: To develop a model of prognosis for time receiving workers’ compensation wage replacement
benefits in the first year.

Methods: A prospective cohort of 907 injured workers off work because of soft tissue injuries was fol-
lowed for one year through structured telephone interviews and administrative data sources. Workers
were recruited at workers’ compensation claim registration. Only those still off work at four weeks post-
registration were included in the analysis. Data from several domains (demographics, clinical factors,
workplace factors, recovery expectations) were collected at approximately two weeks and a subset
again at four weeks. Outcome was duration on total temporary wage replacement benefits. Variable
selection was carried out in two steps using content experts and backward elimination with the Cox
model.

Results: Body region specific functional status, change in pain, workplace offers of arrangements for
return fo work, and recovery expectations were independently predictive of time on benefits. Change
in pain and workplace offers interacted, so the largest mutual association occurred for those whose
pain was getting worse—that is, reduction in median duration from 112.5 to 32.5 days. Across
observed values, widely different recovery profiles of groups of workers resulted; for example, at four
months, only one third of the highest risk group had gone off benefits while over 95% of the lowest risk
group had done so.

Conclusions: Focus on a relatively small set of prognostic factors should enable occupational health
practitioners to triage injured workers within the first month and concentrate on those requiring addi-

tional assistance to return to work.

ability in industrialised countries. In North America, low

back sprain and strain is typically the largest single cat-
egory of lost-time claims to Workers” Compensation Boards,'
and a recent study suggested that the numbers of claims and
costs of work related musculoskeletal disorders (WMSD) of
the upper limb are approaching those of low back pain.’ The
majority of costs associated with these disorders are typically
incurred by a small minority of claimants who remain off
work (or on benefits) for long periods of time’ *; for instance,
7.4% of cases absent from work for six months in an
inception cohort of occupational back pain claimants
accounted for about 70% of lost days, medical costs, and wage
replacement costs.’ Because of the economic burden incurred
by these longer term cases, return to work and compensation
costs are important outcomes for employers and compensa-
tion boards. Health care practitioners are interested in return
to work (RTW) as a clinical outcome and injured workers are
interested in reintegration into work. Occupational physi-
cians must often work with multiple stakeholders to arrange
RTW.

Early prognostic factors of return to work could be used to
identify workers likely to recover quickly, therefore requiring
minimal care or intervention, and to identify workers less
likely to recover, therefore requiring more intensive medical
and/or vocational interventions. The literature on prognostic
factors is more extensive for low back pain than for other soft
tissue injuries. There are several published studies from a
variety of settings employing appropriate methodology’ to
identity prognostic models for acute low back pain with work
related outcomes."* The published studies tend to be either of
small to moderate sample size with a large number of clinical

Soft tissue injuries are a major cause of work related dis-
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measures,”* *” or of large sample size with a small list of

mostly administrative measures.”** However, two recently
published studies involved fairly large samples of compen-
sated workers accrued from either a clinical setting"' or a com-
pensation setting,' and the analysis incorporated a range of
measures from physical examinations and/or questionnaires.
On the other hand, for WMSD of the upper limb, there have
been very few published studies of high methodological cali-
bre to date.”

The study presented here makes a unique contribution in
several ways. First, it covers a breadth of soft tissue conditions
of the back, upper extremity, and lower extremity. Second, it
is based on a large sample of workers. Third, the sample pro-
vides representativeness in that it was drawn from a workers’
compensation setting which covers 70% of the working
population in the province. Fourth, it includes a broad range
of clinical, workplace, and administrative factors measured
on two occasions in the first four weeks of injury. Finally, it
uses as the inception point four weeks post-injury, the end of
the “acute” phase, which is considered a critical time for
decision making around interventions for soft tissue
injuries.” * The objective was to build a model of prognosis
predicting length of time receiving workers” compensation
benefits using factors measured during the initial four
weeks.

Abbreviations: OWSIB, Ontario Workplace Safety & Insurance Board;
RTW, return to work; WMSD, work related musculoskeletal disorders
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Figure 1 Sample selection to
n=907 included in analysis.

3381 no contact, eligibility unknown

refusals, eligibility unknown

2198 5501 determined ineligible over phone, mostly early RTW, but
may have been language issue or ineligible injury type

1825 373 determined ineligible later from OWSIB data, claim
withdrawn or denied, or baseline interview too late

1722 103 reopened claims (separate sample for another research
obijective)

1008 714 RTW by 4 weeks (in study, but not used for this analysis)

907 101 with incomplete data on potential prognostic factors

METHODS

Study design

The Ontario-wide cohort of injured workers with lost-time
claims for soft tissue disorders was part of a larger programme
evaluation,” conducted in conjunction with the Ontario
Workers” Compensation Board (now Ontario Workplace Safety
& Insurance Board or OWSIB). Since the OWSIB has the
statutory authority to ask claimants about relevant issues in
order to inform programme and policy development, the study
protocol did not undergo external ethical review. However, all
respondents were free to decline participation and were
assured that participation status would not affect their access
to OWSIB services. Further, confidentiality of their individual
responses was guaranteed, with only aggregate data from
analyses provided to the OWSIB. The sampling strategy, eligi-
bility criteria, and participation rates are described in detail
elsewhere.”

The cohort includes workers accrued from throughout the
province of Ontario with new allowed lost-time claims for soft
tissue injuries of the back, upper limb, or lower limb. Soft tis-
sue injuries were clearly defined by inclusion and exclusion
criteria,” and included sprains and strains, inflammation of
joints, tendons, or muscles, contusions, repetitive strain
injuries, bursitis, synovitis, tenosynovitis, and tendinitis
among the diagnoses applied. Accrual took place between May
and November 1993, and only subjects first interviewed
within 21 days of the onset of wage replacement benefits were
eligible. Figure 1 shows the flow of potential participants from
initial identification to final inclusion in the analysis
presented here. Of the 3381 claimants who could not be con-
tacted and the 1102 claimants who declined participation,
1218 were lost-time claimants with a soft tissue injury, with
date of accident in the study accrual period, claim registration
within two weeks of the accident date, and still on benefits
four weeks post-accident, and therefore would have been eli-
gible for this study. A comparison of the 907 in the study group

with these 1218 claimants shows very similar characteristics
in terms of the distribution of age (mean (SD) of study
participants 38.6 (10.9) versus non-participants 38.8 (11.0)),
sex (participants 49% male, non-participants 54% male), part
of body injured (participants 59% back injuries, 27% upper
limb injuries, and 15% lower limb injuries; non-participants
51% back injuries, 26% upper limb injuries, 12% lower limb
injuries, and 12% unknown), and time on benefits (25th cen-
tile, median, and 75th centile of the duration distribution are
47 days, 75 days, and 152 days for participants; and 47 days, 76
days, and 157 days for non-participants).

For the analysis presented here, only workers still on wage
replacement benefits at four weeks post-onset were included.
The male to female ratio of claimants to the OWSIB is
approximately 2:1; the sampling strategy in this study,
however, was designed to include approximately equal
numbers of male and female workers. Telephone interviews
took place at baseline (the first contact), and subsequently at
approximately 4 weeks, 10 weeks, 16 weeks, and 52 weeks post
injury. The other main source was data routinely collected by
the OWSIB for all lost-time claimants.

Measures

Information was gathered in a wide range of domains as listed
in table 1: demographic, clinical, nature of workplace,
workplace psychosocial, and recovery expectations. The broad
domains and specific factors were chosen based on previously
cited publications, critical reviews, and suggestions for
prognostic research made in the literature. Wherever possible,
standardised instruments with demonstrated measurement
properties were selected. For instance, in the clinical domain,
standardised instruments were used to measure generic
health related quality of life (SF-36 Acute”), body region spe-
cific functional status (Roland Morris) for back injuries" ”,
the modified ASES (American Shoulder and Elbow Surgeons)
for upper extremity injuries,” * and the WOMAC (WO from
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Table 1

domain

Factors collected in early claimant cohort either at the baseline or four
week interview, or from the Workplace Safety and Insurance Board (WSIB) by major

Domain Factor

Interview

Four
Baseline week WSIB

Demographics Age
Sex
Marital status
Dependents
Education
Occupation
Household income (yearly)

Benefit rate (weekly)
Sole wage earner
Facility with English
Immigrant status
Clinical factors
Health status

Roland Morris (back)

WOMACT (lower limb)

Pain/symptoms Pain grade

Past history
Length of episode

Chronic pain grade
Comorbidity

Previous other injury

Industry

Size of workplace
Union membership
Supervisor at work

Workplace factors

Individual earnings (weekly)

Health Related Quality of Life
SF-36 Acute (eight dimensions)
Body region specific functional status

Modified ASES* (upper limb)

Frequency of pain (constant v intermittent)

Radiating pain (backs and upper limbs only)

Nature of pain (tingling, numbness)

Nature of onset (sudden v gradual—upper limbs only)

Recurrence of previous problem

Length of lifetime history of problem
Previous WSIB claim for problem

Other serious conditions (e.g. arthritis, heart trouble)
Previous hospitalisation for other condition
Previous surgery for other condition

Contact with workplace since injury

> > X X > X X X X X
>
> >

X X X X

XXX X XX XXX XXXXX XXX

> >

Arrangement from workplace for return to work

Workplace psychosocial
factors

Supervisor’s reaction to injury

Coworker's reaction to injury

Whether filing a claim will affect job

Do anything about unfair treatment by employer?
Do anything about unfair treatment by WSIB?
Knowledge of the WSIB Act

X X X X X X X

Job satisfaction

Doing regular job when injured?
Risk of reinjury on return to regular job

Expectations/perceptions How currently doing compared to expectations
Recover enough to return to regular job?
When recover? (soon, slowly, get worse, recur)
Expected number of days to recovery
Whether believed by physician
Whether directed to correct treatment

>

XXX XXX XXX XXXXXX XXXX
X X X X

*ASES, American Shoulder and Elbow Surgeons.

tWOMAC is derived from University of Western Ontario (WO) and McMaster University (MAC).

the University of Western Ontario and MAC from McMaster
University) for lower extremity injuries”’ and pain (pain
intensity subscale of the Chronic Pain Grade”). A more
detailed description of these instruments and their properties
is given elsewhere.” The body region specific functional status
measures and the pain grade were all rescaled to range from 0
to 100, with 0 representing poorest health and 100 represent-
ing best health. The rescaling was done so that the scale of
these measures would have the same range and orientation as
the SF-36. In the work domain, response of the workplace to
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the disabling injury and to compensation status was of
particular interest, based on the literature and qualitative
studies of injured workers.”” Finally, recovery expectation
factors build on similar scales used in clinical research. Factors
measured at baseline and/or four weeks were eligible for
inclusion in the prognostic model.

The outcome was the length of the first episode receiving
wage replacement benefits from the OWSIB. Follow up started
at four weeks post-injury and continued until one year
post-injury; that is, the inception point for this study was four
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Table 2 Baseline characteristics of the study sample (n=907) using factors
recommended by the working groups

Age 38.6 (10.9)* Frequency of pain

Sex Constant 536 (59%)
Male 444 (49%) Comes/goes 371 (41%)
Female 463  (51%) Recurrence

Marital Status Yes 221 (24%)
Single 192 (21%) No 686 (76%)
Married 593 (65%) Length of time in pain since onset
Widowed/divorced 122 (13%) >3 weeks 336 (37%)

Household income <3 weeks 571 (63%)
<$20K Cdn 97 (11%) Comorbidity: other serious conditions
$20K-$40K 312 (34%) Yes 104 (11%)
$40K-$60K 196 (22%) No 803 (89%)
>$60K 127 (14%) Comorbidity: surgery, other conditions
Missing 175 (19%) Yes 515 (57%)

Facility with spoken English No 392 (43%)
Very good 653 (72%) Comorbidity: hospitalised, other condition
Good 196 (22%) Vs 556 (61%)
Fair 45 (5%) No 351 (39%)
Poor 11 (1%) Supervisor’s reaction
Very poor 2 (0.2%) Positive 673 (74%)

Part of body Negative 234 (26%)
Back 532 (59%) Filing claim affect job{
Upper limb 243 (27%) Yes 85 (9%)
Lower limb 132 (15%) Don’t know 150 (17%)

Pain radiates below knee} No 672 (74%)
Yes 131 (25%) Workplace offers**
No 401 (75%) Yes 254 (28%)

Travelling pain§ No 653 (72%)
Yes 469 (61%)
No 306 (39%)

*Mean (SD).

tMissing was maintained as a separate category for household income only, because of the large number of

missing responses.

1“Pain radiates below knee” was measured only for workers with back disorders.

§"Travelling pain” was measured only for workers with back or upper extremity disorders.

fRespondents were asked if they thought filing a workers’ compensation claim would affect their job.

**Respondents were asked whether their workplace had made any offers of special arrangements to help

them return to work.

weeks post-onset. The outcomes of subjects still receiving
wage replacement benefits at one year post-injury were
considered censored. It is recognised that “time receiving
wage replacement benefits” is a proxy for, but not necessarily
equivalent to, “return to work” and/or “recovery” since these
terms are often used synonymously in the literature. Given the
administrative source of these data and known discordance
between time to RTW and time on benefits, however, we have
chosen to use time on wage replacement benefits throughout
this paper. “Termination of benefits” refers to temporary wage
replacement benefits, although workers could go on to receive
a more permanent type of benefit later.

Analytical approach

A multidisciplinary research team was assembled to devise a
strategy for investigating prognostic factors and developing
prognostic models using the study data. A two step approach
to variable selection was used. In the first step, variables were
clustered into their respective domains as shown in table 1,
and small multidisciplinary working groups of researchers
with expertise in a particular area met to review preliminary
descriptive analysis and recommend variables from their
domain to be used in an integrated model of prognosis. This
reduction process was used because of the large number of
factors measured and because of the probable correlation
among some of the factors within groups. Although a more
data driven method for data reduction has been used by other
investigators,”"' ¥ " '* a great deal of content expertise had
been developed within the working groups which we wanted
to bring to bear on variable selection decisions. Detailed
explanations of each group’s approach are summarised
elsewhere.””

In the second step, a random sample of approximately half
of the cohort was drawn for a learning sample, and model
building was carried out using this sample following the pro-
cedure outlined in Harrell and colleagues.* Later, the learning
sample and the remainder of the data were pooled to serve as
a testing sample. Using the learning sample and starting with
all recommended variables as main effects in a Cox
proportional hazards model, backward elimination was
applied with a p value of 0.05 or greater for removal of factors.
For modelling purposes only, each body region specific
functional status measure was set to zero for subjects not
injured in that particular body region; for instance, the Roland
Morris" " variable used for modelling was set equal to the
measure obtained from the worker if the worker had a back
injury; otherwise, it was set to zero. In these modelling steps,
the dummy variables representing categorical factors were
treated as individual variables and could have been dropped or
included regardless of the presence of other levels of the same
factor. But for the final model, the following rules were
applied. (1) Either all three functional status measures were
included in the model or none were, and if included, then the
major part of body would also be included (because of scaling
differences between the three instruments). (2) For categori-
cal variables, if only one or some dummy variables were
selected by the stepwise procedure, a new model was fit using
all levels. If the likelihood ratio statistic for that entire variable
was significant at the 5% level, or if including all levels altered
the coefficients of the chosen levels substantially, the multiple
levels were maintained. Otherwise, only the chosen levels
were maintained.

Interactions suggested by the working groups were tested
after all main effects had been selected. The proportional haz-
ards assumption was checked for all variables in all models
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Table 3 Baseline and four week characteristics of the study sample (n=907) for
factors recommended by the working groups

Change between  Significance level
baseline and four  of change*
Baseline Four week week (p value)
Health related quality of life
SF-36 Acute
General health 74.6 (17.8)t 723 (18.6) -2.5(17.5) <0.0001
Mental health 60.3 (21.1) 63.3 (22.2) 3.0(19.5) <0.0001
Vitality 38.2(212) 46.3(21.5 8.0 (20.8) <0.0001
Ro[Blamotional 757 (35.9)  74.3(37.0) ~-1.2(41.4) 0.4
Social functioning 39.0 (26.3) 47.5 (27 .7) 8.5 (26.4) <0.0001
Body region specific functional statust
Roland Morris (back) 18.9(15.8)  27.1(237) 8.3(187) <0.0001
Modified ASESS (upper limb] ~ 41.4 (24.5) 487 (25.0) 7.5 (19.0) <0.0001
WOMACY (lower limb) 372(19.7)  52.1(23.9] 15.0(19.8) <0.0001
Pain gradet 257 (12.8)  38.1(23.9] 12.3(21.2) <0.0001
Recovery expectations
Soon 146 (16%) 208 (23%)
Slowly 504 (56%) 521 (57%)
Never 34 (4%) 28 (3%)
Get worse 7 (1%) 8 (1%)
Will recur 37 (4%) 2 (0.2%)
Other 179 (20%) 140 (15%)
Extent of recovery compared to expectations
Much betrer 51 (6% 121 (13%)
Somewhat better 254 (28%) 300 (33%)
As expected 87 (10%) 85 (9%)
Somewhat worse 332 (37%) 267 (29%)
Much worse 165 (18%) 119 (13%)
Other 18 (2% 15 (2%)
*Significance level of change over time from a paired t test.
tFor continuous measures, mean (SD) is shown.
1Body region specific functional status measures and the pain grade were rescaled to a range of 0-100,
with O representing worst possible outcome on scale and 100 representing best possible outcome on scale.
§ASES, American Shoulder and Elbow Surgeons.
IWOMAC is derived from WO for University of Western Ontario and MAC for McMaster University.

using time varying coefficients in a piecewise proportional
hazards approach as suggested by Gore and colleagues.” If the
proportional hazards assumption was violated, then the
piecewise terms were maintained in the model. The pro-
portion of variance explained by the model R* and the
marginal and partial variance explained for each factor in the
model was calculated using the bootstrap approach of
Schemper.”” * Then, the factors in the model were ordered
according to the partial R* values and, following the procedure
used by Harrell and colleagues,” a series of models were fit to
the learning sample data, starting with the one most
important variable (largest partial R’), then the two most
important variables, and so on. A concordance statistic
described by Harrell and colleagues* was calculated for both
the learning sample and the testing sample. The value of the
concordance measure should continue to rise so long as addi-
tional variables improve the discrimination of the model. A
variable selected due to noise in the learning sample might not
improve discrimination or could make discrimination worse in
the testing sample. This would be reflected by a stable or
decreasing concordance measure. In this application, a factor
which did not increase the concordance measure in the testing
sample led to that particular factor and all subsequent factors
being dropped from the model.

RESULTS

Altogether there were 1008 workers with new lost-time claims
for soft tissue injuries, who were still on benefits at four weeks
post-onset, and 907 of those workers had provided complete
information on the factors recommended by the working
groups. These factors are displayed in tables 2 and 3. Table 2
shows baseline characteristics of the sample. Among the 907
workers, 532 (59%) had soft tissue injuries to the back, 243
(27%) to the upper limb, and 132 (15%) to the lower limb. Four
hundred and forty four (49%) were male and 463 (51%) were
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female. Twenty five per cent of the workers with back claims
reported pain radiating below the knee, and 24% of all the
workers reported that the injury under study was a recurrence
of a previous injury. Just 28% of the workers reported being
offered arrangements for return to work by their workplace.

Table 3 shows descriptive statistics for those factors which
were measured at both the baseline and four week interviews.
Most of the health status and pain measures show significant
improvement between baseline and four weeks—although the
magnitude of change varies. However, in all cases, the stand-
ard deviation of the change scores exceeds the mean, showing
that change in the first few weeks is highly variable. The gen-
eral health dimension of the SF-36 worsened, although the
average decline is only 2.5 points on the 0-100 scale. The role
emotional dimension of the SF-36 did not show statistically
significant change over the two assessments.

The learning sample consisted of 453 observations. The
results of variable selection using the learning sample are
shown in table 4, listed in order from largest to smallest par-
tial R® contribution in the learning sample. The three body
region specific functional status measures from the four week
interview along with indicator variables for part of body con-
tribute the most to the model of time on benefits. Change in
pain, workplace offers of arrangements for return to work, and
the interaction of these two factors contribute the next high-
est amount, and these three factors are considered together
because of the interaction. Workplace offers of arrangements
most often included flexible working hours or modified or
altered duties, but rarely changes to the physical work
environment. Next recovery expectations are dichotomised
into two levels reflecting workers who, either at baseline or at
four weeks, report that they will recover soon versus workers
who do not think they will recover soon. Also included were
household income dichotomised at $60 000 (Cdn) and marital
status dichotomised into widowed or divorced versus single or
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Table 4 Factors maintained in the Cox model backward elimination ordered by
partial R? values; the concordance index is shown for both the learning (n=453) and
testing samples (n=907)

Partial R? from  cindex, learning c index, testing

Factor learning sample sample (n=503) sample (n=1008)
Functional status (4 week) 9.2 0.6489 0.6427
Part of body 1.5 0.6533 0.6456
Change in pain grade 2.0 0.6703 0.6616
Workplace offers* 3.4 0.6830 0.6738
Change in pain grade x workplace offers* 2.3 0.6870 0.6764
Poor recovery expectations 2.6 0.6955 0.6829
Household income =$60K Cdn 1.04 0.6963 0.6816
Divorced/widowed 1.04 0.7006 0.6815
Filing a claim affect job/negative supervisor reaction  0.97 0.7036 0.6826

them return to work.

The blank row indicates the point where the concordance index stopped increasing in the testing sample.
Factors above this were maintained in the final model while factors below this were dropped.
*Respondents were asked whether their workplace had made any offers of special arrangements to help

married. The last factor on the list is a dichotomous workplace
psychosocial variable representing whether workers reported
anegative reaction from their supervisor regarding their claim
or that filing a claim might affect their job versus reporting
neither of these.

The concordance measure steadily increases with the addi-
tion of each variable in the learning sample (table 4). In the
testing sample, however, the index stops increasing after the
addition of recovery expectations. The results from the valida-
tion sample are indicating some over fitting in the model
which includes the final three variables. Therefore, the final
model, presented in table 5, does not include these final three
factors of income, marital status, and the workplace psychoso-
cial factor.

Table 5 shows the final model including the f coefficients,
their standard errors, the associated p value for each
coefficient, a hazard rate ratio, and a 95% confidence interval
for the rate ratio. Overall, this model explains 39% of the vari-
ance in the outcome in the learning sample. As indicated in
the right hand column of the table, two of the functional sta-
tus measures (for back and upper extremity injuries), the
change in pain grade and the interaction between change in
pain and workplace offers, were modelled using piecewise

proportional hazards terms. For each of these, the relation
between the factor and the outcome was found to be strong-
est over the first eight weeks under study (that is, from four
weeks post-accident date to 12 weeks post-accident date) and
negligible for the remainder of the follow up period. In other
words, these factors have a relation with the rate of ending
benefits for the eight weeks after the measurement was taken,
but after that, they do not contribute to the prediction model.
Generally, the model indicates that the higher the functional
status measure, the more quickly benefits ended. When no
offers of arrangements for RTW were made by a workplace,
then change in pain between the baseline and four week
interviews is predictive of time on benefits with workers
whose pain was improving showing more rapid termination of
benefits than those whose pain was stable or worsening. Like
functional status, this measure’s relation with the outcome is
strongest in the first eight weeks of follow up.

However, the interaction term indicates that when work-
place offers of arrangements for RTW were made, the relation
between change in pain and time on benefits is much weaker.
Table 6 shows the interaction between these two factors.
Median days on benefits are shown for those workers receiv-
ing or not receiving workplace offers of arrangements over

Table 5 Final Cox model including B coefficient, standard error (SE), p value,
hazard rate ratio (HRR), and a 95% Cl for the HRR

Time

Factor B SE p value HRR  95% CI varyingt
Functional status (4 wk)

Roland Morris 0.023 0.003 <0.0001 2.02* (1.68to02.45) Yes

Mod ASES 0.022 0.004 <0.0001 2.28* (1.751t02.97) Yes

WOMAC 0.032 0.006 <0.0001 2.52* (1.78103.56) No
Part of body

(Back) 00 - - 10 -

Upper limb -0.466 0.180 0.0096 0.63 (0.44100.89) No

Lower limb -0.956 0.345 0.0056 0.39 (0.20t00.76) No
Change in pain grade 0.012 0.003 0.0005 1.27* (1.11101.44) Yes
Workplace offerst 0.645 0.124 <0.0001 1.91 (1.491t02.43) No
Change in pain grade x workplace offerst -0.018 0.005 0.0004 0.70* (0.58 t0 0.85) Yes
Poor recovery expectations -0.432 0.112 <0.0001 0.65 (0.521t00.81) No

of the time scale.

them return to work.

Variable selection was based on backward elimination, addition of suggested interactions, and validation in
the testing sample. The results in the table were fit using the learning sample.

*For continuous measures, the HRR is shown for a difference equal to the interquartile range of that particular
measure: for the Roland Morris, a difference of 30; for the modified ASES, a difference of 37; for the
WOMAC, a difference of 29; and for change in pain, a difference of 20.

tFor time varying effects, a piecewise proportional hazards model was used. In all cases in the model
above, the coefficient is non-zero as given in the table up to 56 days post-origin and zero for the remainder

$Respondents were asked whether their workplace had made any offers of special arrangements to help

www.occenvmed.com


http://oem.bmj.com

250

Hogg-Johnson, Cole

Table 6 Median days on benefits (and 95%Cl) in the test sample for given
combinations of key variable from the predictive model

Workplace offers for RTW

% reporting

Change in Functional ~ Recovery workplace
pain grade*  statust expectations Yes No offers
Improving High Soon 14 (7 to 25) 14 (1310 19) 37.5%
n=57 n=95
Not soon 26 (15 1o 35) 29 (23 to 42) 34.5%
n=49 n=93
Low Soon 30 (21 to 49) 49 (27 to 67) 28.2%
n=11 n=28
Not soon 50 (31 to 76) 93.5 (78 to 131) 29.3%
n=39 n=94
Stablef High/low Soon/not soon 47.5 (36 to 68) 84 (70 to 102) 25.4%
n=88 n=259
Worseningt ~ High/low Soon/not soon 32.5(16t0113) 112.5 (8610 150) 19.1%
n=18 n=76

baseline.

expectations due to small cell sizes.

*Change in pain grade is divided into three groups here: “improving” indicates at least a 10 point
improvement on the 0~100 scale between baseline and 4 weeks, “stable” indicates the magnitude of change

was less than 10 points, and “worsening” indicates at least 10 points worse at 4 weeks compared to

tFunctional status is divided info two groups at the median of each part of body specific measure.
1For stable and worsening pain, the data were pooled over the two levels of functional status and recovery

different groupings based on reported change in pain,
functional status, and recovery expectations. Also shown is the
percentage in each group who received workplace offers. This
percentage clearly declines as severity of injury increases. For
those workers whose pain was improving and functional sta-
tus and recovery expectations were high, there was little or no
difference in median days on benefits for those with and
without workplace offers. There are large differences, however,
for those reporting stable or worsening pain as well as for
those reporting improving pain but low functional status and
recovery expectations. Finally, workers who did not think they
would recover soon at both the baseline interview and the four
week interview, remained on benefits longer than those work-
ers who thought they would recover soon.

Of note, in reviewing the reduced list of variables, is the
overlap between those that remain in the final model and
those that were dropped. For instance, the Roland Morris dis-
ability scores (which are included in the final model) were
significantly worse in the sample for those back injury claim-
ants with radiating pain, those with constant pain (rather
than intermittent pain), those with a past history of back pain,
those who have had prior surgery to their back, those whose
supervisor reacted to the injury in a negative way, those who
thought filing a claim would affect their job, those who are
older, those with poor facility with the English language, and
those with lower household incomes. All of the latter variables
were not retained in the final model.

The empirical survivor function for the sample of 907 work-
ers is shown as the unadjusted curve in fig 2. Although 50% of
claimants received wage replacement benefits for 75 days or
less, approximately 10% received wage replacement benefits
continuously for the entire year post-injury, and 16% went on
to receive longer term future economic loss awards due to per-
manent impairment. Note that the shape of the curve here
may be somewhat different from other published soft tissue
recovery curves,'’*"* not only because of differences in
jurisdiction and setting, but also because of the sampling
scheme used in this study; only workers who were still on
benefits at four weeks post-onset were included. Also in fig 2,
the workers in the testing sample have been grouped accord-
ing to the value of X, the risk score, from the fitted model
shown in table 5, where (3 is the vector of coefficients from the
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model and X represents the vector of selected variables (func-
tional status, change in pain, etc). For the time varying coeffi-
cients of functional status and change in pain, the coefficient
value for the first eight weeks is used. Based on these values of
the risk score, the subjects were divided into six groups: the
10% with the lowest value of XB (lowest rate of RTW),
followed by the next 15%, the next 25%, the next 25%, the next
15%, and then the final 10% (highest rate of RTW). The unad-
justed duration curve presented is included in the figure for
comparison. A marked distinction in duration experience is
apparent for these six groups, with considerable variation
around the unadjusted curve—for example, at four months,
only one third of the highest risk group had gone off benefits,
while over 95% of the lowest risk group had done so.

DISCUSSION

This study of workers’” compensation claimants with soft
tissue injuries has identified a relatively small number of fac-
tors, gathered in the acute phase of disability, which predict
prolonged disability in the first year. In terms of rigour, it met
generally accepted criteria for quality of evidence from
prognostic studies.””* A prospective cohort was recruited
close to the onset of disability (inception) and it was of suffi-
cient size to detect prognostic factors of importance. Clear
inclusion and exclusion criteria were applied. Building on ear-
lier critical reviews,” a very broad range of prognostic factors
from distinct domains were measured at baseline, using both
primary data collection and administrative data sources. Using
an administrative database for outcome assessment guaran-
teed both blinding and complete follow up. Missing data were
kept to a minimum, preserving sample size for modelling pur-
poses. The statistical methods employed have taken into
account the time dependent nature of potential prognostic
factors, their joint effects, and the need for learning and test
phases of model development. Hence, we can have greater
confidence in the results than has been possible for many
prognostic studies in this area of research.”

Significant prognostic factors in this study cover three
domains that were felt to be important in other studies of
prognosis for soft tissue injuries: clinical, work, and recovery
expectations. In the clinical domain, three body region specific


http://oem.bmj.com

Prognostic factors for compensable soft tissue injury duration

100

80 [

% on benefits

40

20

251

Unadjusted curve

——— Very high risk (lowest 10% of Xp)
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Figure 2 Duration curves for time on benefits for different risk groups as defined by the prognostic model, with the unadjusted curve for
comparison. XB, the risk score; B, the vector of coefficients from the Cox model in table 5; X, the vector of selected variables (functional status,

change in pain, efc).

measures of functional status, which were all summary rating
scores from multi-item questionnaires, greatly contributed to
the predictive model. The attenuation in their ability to predict
time on benefits past the eight week period after they were
measured probably reflects their changing values during
recovery, suggesting the possibility that they may need to be
periodically readministered. This attenuation could also be
related to natural healing times, since clinically, 12 weeks
post-onset is considered to be the approximate time of
biological healing for soft tissue injuries. A number of studies
in the low back pain literature have also identified the predic-
tive ability of functional status measures, although no others
have reported the attenuation seen here. Of the six studies
identified earlier which included such a measure,’* " the
functional status or disability score remained in the final
model in five cases. For the one exception,” the investigators
point out a high correlation between the disability score and
another variable in the model, the number of days off work
prescribed by a physician. This observation parallels some
observations we made with this data set; that is, the relation
between functional status and some other, previously identi-
fied prognostic factors for soft tissue injuries. The functional
status measures are established multi-item measures with
shown measurement properties,” " *”' unlike some of the
other measures under consideration. Therefore, there may be
less measurement error associated with these multi-item
measures than with the others. This too could explain the
selection of the functional status measures over a number of
other potential prognostic factors. Or perhaps functional
status measures are able to sum up or capture the overall state
of the individuals with respect to their injuries in much the
same way that an observant health care practitioner is able to
give an overall assessment of the state of an individual.

Also within the clinical domain was “change in pain”
between baseline (on average two weeks post-injury) and
approximately four weeks post-injury. Pain has been included
in the predictive model of some of the studies reviewed
earlier,’ ' " but often as an initial measurement rather than a
change score across the acute stage.

The contribution of “change in pain” to prediction was sub-
stantial, not only alone as a clinical factor, but also in interac-
tion with a factor from the workplace domain, workplace
offers of arrangements for return to work. Availability of
alternative duties was considered, but not included in the final
model, in just one of the reviewed studies.” However, in that
study, a variable based on the worker’s company of employ-
ment was included, perhaps capturing the availability of
alternative duties which depend on company specific policies
and programmes. Workplace programmes for rehabilitation or
early RTW have been studied by other investigators and found
to be effective in reducing the amount of time lost from work
in a variety of jurisdictions including Québec and
Manitoba.” *° Caution is called for, however, when interpret-
ing the influence of such offers in jurisdictions such as Ontario
and Québec, where workers are obliged to cooperate when
their workplace tries to accommodate an RTW. If the worker
does not return to work, she/he may face a reduction in the
amount of wage replacement received in workers” compensa-
tion benefits. We also cannot tell whether those going back to
work after offers of accommodation incurred any harm,
perhaps by increasing workers’ pain or increasing the risk of
reinjury. Although such possibilities require further investiga-
tion, we believe that our finding that offers of accommodation
can particularly reduce work disability duration among those
with little change or even worsening of pain and poor expec-
tations of recovery should bolster workplace accommodation
efforts for such high risk cases.

The variable in our model on recovery expectations is
different from that encountered in the soft tissue literature to
date. The Vermont Rehabilitation Engineering Center predic-
tive model for low back pain is based on a questionnaire which
includes two questions on expectations: one on trouble sitting
or standing in six weeks, and one on working in six
months.® "’ In our current study, whether the injured worker
thought she/he would recover soon or not was the only
variable to contribute significantly to prediction. Recovery
expectations may reflect some of the psychological response to
pain found predictive by Klenerman and colleagues.” They
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may also be an injured worker’s way of reflecting on his/her
overall state and comparing it with past experience, knowl-
edge of the course for co-workers with similar injuries, and an
estimate of job demands. Given the important role recovery
expectations play in prediction, response to treatment and
negotiation of return to work, they warrant further systematic
investigation in the compensable soft tissue injury area.

Absent among our predictive factors were domains of
importance in some other prognostic studies: demographic
factors and workplace descriptors. Income and marital status
were among those demographic factors that initially ac-
counted for some variance, but neither age nor gender were
significant predictors. Similarly, company size, industrial
sector, and job factors were not significant. Their exclusion,
along with a range of clinical variables cited in the literature,
may be because some of the variance due to other features of
the injury, the individual, the workplace or the clinical presen-
tation was captured by factors already in the model. As exam-
ples, one might think of the poorer health of women and older
people as measured by functional status measures,” the vari-
ation in availability of modified work programmes by
company size and industrial sector,” and the correlation of
past history of back pain and radiating pain with poorer scores
on the Roland Morris disability score. In these instances, the
measures in the model may be markers for factors that other
researchers have identified as prognostic. Alternatively, the
study population and the context of work related disability
from soft tissue injuries in Ontario may be different. Such
interjurisdictional concerns can only be allayed through repli-
cations of primary and secondary data collection on a range of
potential predictors under other workers’ compensation
systems.

By basing our prognostic model on such measures, it may be
of limited utility to compensation administrators or clinicians
without access to the factors measured on the injured workers
with whom they deal. Administrators may prefer workplace
descriptors to facilitate targeting of secondary prevention pro-
grammes. Clinicians may prefer signs on physical examination
which must be documented anyway. On the other hand, each
of our predictors could be routinely collected without much
additional effort via simple questionnaires, either during
claims processing or office visits. Nevertheless, alternative
models for such constituencies could be developed based on
the data from this study, but using only factors readily
available in those constituencies while excluding global
disability measures, the same way that clinical researchers
have focused on rapid measures which can predict chronicity
in the office setting.® "

Our results have shown that after four weeks of lost time,
we are able to identify claimants likely to end benefit receipt
very quickly and others likely to remain on benefits for longer
periods of time. It is less clear what these factors say about the
longer term process of recovery. This process may best be
studied by including repeated measures over time to focus on
later predictors of the evolution of chronic problems, and we
plan to continue the work presented here by undertaking such
an analysis. At a minimum, we suggest that whenever primary
data are being collected, researchers include formal assess-
ment of pain and functional status, so that the clinically sen-
sible determination of changes in such variables can be incor-
porated into prognostic modelling. We would also urge both
researchers and clinicians to consider asking simple questions
about workplace efforts to make accommodations as well as
patient expectations of recovery. For clinicians in particular,
this may lead to fruitful avenues of discussion with the injured
worker and the other workplace parties. Open communication
between the worker, the health care provider, and the
workplace is of demonstrated importance in the return to
work process.” Finally, these results may lead to interventions
which will facilitate more rapid return to work, to the benefit
of injured workers, employers, compensation insurers, and
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Main messages

* Wide variations in time on compensation benefits can be
predicted by a set of simple questions repeated during the
first month off work among those with soft tissue injuries.

e Early assessment of pain and functional status during the
course of recovery from a workplace musculoskeletal injury
can be used to predict the likely future course.

e Offers of workplace accommodations for return to work
provided the greatest reduction in time on benefits among
workers with litfle change in pain and poor recovery
expectations.

Policy implications

® Injured workers with soft tissue injuries could be triaged
within the first month using a small set of prognostic factors.
Such triage would enable focused efforts to promote return
to work among those at highest risk of remaining off work.

society at large in the reduction of prolonged disability due to
soft tissue injuries.
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