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ABSTRACT

The Value of Pain Relief

This paper measures the value of functional capacity improvement from electronic pain
treatment among a sample of Dutch workers with peripheral nerve injuries. Randomized
clinical trial data and individual medical records from injured workers are compared with
administrative data of healthy workers to calibrate the treatment’s net present value of
capacity improvement. The value of basic improvement averages 109,000 Dutch 1995
guilders or 25 percent of the total earnings loss without treatment. The value of advanced
improvement, when on-the-job learning capacity is recovered, amounts to 150,000 Dutch
guilders or 32 percent for workers with university education.
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1. Introduction

Two general theories have been most successful in the academic approach to pain. The
Cartesian specificity theory is a mechanica model of pain that travels from the injured tissue through
the spinal cord to a recipiant area in the brain. The gate control theory, introduced by Mezack and Wall
in 1965, intercepts the direct relation between the intensity and the perception of pain by means of an
active central control mechanism that can trigger cognitive processing to induce the experience of pain.
In 1979, the International Association for the Study of Pain defined pain as an unpleasant sensory and
emotional experience associated with actual and potential tissue damage, or described in such damage.
Since the 1979 IASP definition pain is acknowledged to be a perception rather than a mechanical
response to tissue damage. Pain is sdlf-attributed and results from the interaction of biopsychosocia
variables. Even though many resources are alocated worldwide to fight pain and its economic
consequences, and while pain is acknowledged to be among the most costly illnesses for people in pain
as well as for society, pain is surprisingly hard to analyze objectively. One reason is that self-reported
fedings of pain are the only available variables to measure pain experience and those values are
believed to suffer from potential unobserved behaviora response bias. But it is clear that the study of
pain and pain relief isin the realm of economics science and undertaken in this paper.

In this paper the net present value of ncreased functional capacity that results from pain
treatment is estimated. The medica literature that studies of cost-effectiveness of health producing
treatments compares the net costs of a medical intervention with its net effectiveness (Weingtein et al.,
1998), or performs codt-utility analyses to estimate additional costs per quality adjusted life year
(Drummond et al., 1998). Those studies often rely on small and selective samples of individual field
data, and tend not to account for the socio-economic consequences of health producing treatments. In
health economics costs-of-illness studies develop methods to estimate the economic costs of disease
and injury with estimates being abundantly based on administrative data (Sakever and Sorkin, 2000).
Some authors have argued that productivity losses during illness do not contribute merely to the societal

costs of illness, but have a lifetime costly impact for the workers and for their employer as well that aso



should accounted for (Brouwer, et al., 1997). Few studies, however, have produced direct
measurements of workers' lifetime values of capacity improvements from health producing treatments
(Bound and Burkhauser, 1999)).

To fill that gap our study focuses on the demand side of the market for health poducing
treatments only, and more specificaly we concentrate on earnings losses among workers in pain and
potentid gains from pain relief treatments. The labor market consequences of periphera nerve injuries,
like earnings losses and job loss, are often dramatic (Krueger et al. 1995). In our empirica anadyss, we
use individual medical records and data from randomized clinical trials from workers who became
disabled after a peripherad nerve injury and combine those with administrative data of a representative
sample of hedthy workers in order to estimate the vaue of functiona capacity improvement from a
recently developed spinal cord stimulation treatment. The injured workers were heathy before the onset
of pain and became fully disabled after an injury developed into a specific painful disease.

The paper is organized as follows. The next section discusses measurements of pain and
presents the different data sources used. In section three estimates are presented of the net present value
of expected earnings losses when no treatment would have been available. Section four calibrates

values of relief from treatment. Section five concludes.

2. Data

To evauate the treatment effects on experienced pain relief, we combine the use clinical data
from randomized trids with administrative data® Non-random participation and sdectivity into
treatment programs require difference corrections for the treated individua when compared to the
representative worker. We use individual hedlth records obtained from Maastricht University Academic

Hospital in the Netherlands, and collected primary demographic and socio-economic data from the

! The idea to use information from different data sources to eval uate the effects of social experiments is not new. One of the
early examplesin economicsis by Durbin (1953).



patients that were healthy and active labor market participants before the onset of the disabling pain. In
addition, we obtained the workers confidential records from the Dutch authorities concerned with the
assessment and execution of the disability allowances. These data contain information on each worker’s
hours worked and earnings before the injury, the disability percentage, social security alowance, and
their current employment status. Administrative data collected by Statistics Netherlands are used to
form a control group of representative healthy workers. The 1995 wave of the socio-economic panel

research (SEP: Statistics Netherlands, 1995) is a representative data set of Dutch households.

Field data from RSD workers

Chronic reflex sympathetic dystrophy (RSD, adso known as the complex regiona pain
syndrome) is a painful, disabling disorder for which there is no proven treatment. In observationa
studies, spind cord stimulation has reduced the pain associated with the disorder. Kemler et al. (2000)
performed a randomized clinical tria involving patients who had had reflex sympathetic dystrophy for
a least six months. Two-thirds of the patients were assigned to receive treatment with spina cord
simulation plus physica therapy, and, for the comparison between the two groups, one-third was
assigned to receive physical therapy done. The spind cord stimulator was implanted only if test
stimulation was successful. The intensity of pain was measured using the visual-analogue scale from O
cm [no pain] to 10 cm [very severe pain]) and the globa perceived effect (on a scale from 1 [worst
ever] to 7 [best ever]) (Jensen and McFarland, 1993). The group assigned to receive spind cord
gimulation plus physica therapy had a significant reduction of the intensity of pain within one year, as
compared with a small and insignificant increase of the group that only received physica therapy. In
addition, the proportion of patients with a score of 6 ("much improved") for the globa perceived effect
was six times higher in the spina cord stimulation group than in the control group.

Kemler and Furnée (1999) measured the quality adjusted life years using EQ-5D scores as a
measure of health status in the treatment of RSD patients. The EQ-5D score is a generic measure that

can be used as a profile or an index. It defines health-related quality of life in terms of a profile of 5



dimensons — mohility, sdf-care, usua activity, pain/discomfort and anxiety/depression (see aso
Drummond et al. 1998). The hedth-rdlated quality of life improved only in the group of patients who
actually underwent implantation of a spinal cord stimulator.

The am of this study is to measure the value of functiona capacity improvement from spina
cord stimulation treatment in workers with chronic RSD. Measuring treatment effects is challenging, as
individuds enrolling into programs are often non-randomly selected (Ashenfelter (1978)), and facing
incentives that may blur self-reported trestment effects (Bound, 1991; Bound and Waidmann, 1992;
Parsons, 1991). In this study we have chosen to use this very specific sample of injured workers whose
response behavior with respect to self-reported pain is most likely not affected by outside labor market
or socia policy options. The choice of data is an important aspect of the analysis as one seeks to
minimize the distortionary effects of behaviord response bias. The severity of the disability of dl
workers in our sample is such that none of them is expected to return to the labor market again ever,
notwithstanding the treatment.

To ensure the diagnosis of chronic RSD in our sample, each subject had to meet the following
criteria; RSD according to diagnostic criteria of the IASP (Merskey and Bogduk, 1994); RSD clinicaly
restricted to one extremity, but at least affecting the whole hand or the whole foot; duration of RSD of
at least six months during which period there was o lasting success of standard therapies including six
months physica therapy, sympathetic blocks, transcutaneous electrica nerve stimulation and
medication; and a mean pain intensity of at least 5, measured on a visua analogue scale (VAS) ranging
from O- no pain - to 10 - very severe pain. Patients with neurological abnormalities not related to RSD
were excluded. The study was supported by a grant from the Dutch Health Insurance Council, complied
with the Declaration of Helsinki regarding investigations in humans, and was approved by the medical
ethics committee of Maastricht University Academic Hospital.

In addition to generd demographic and socio-economic characteristics we collected
information for all RSD workers from the authorities concerned with the assessment and execution of

the disability benefit. This information includes the starting date for the disability benefit; the disability



percentage; the position held in last job and working hours; the last monthly salary before the injury;

and the first monthly disability allowance. All patients gave prior written informed consent.

Administrative data to form the control group

For the composition of a control group, we used administrative data collected by Statistics
Netherlands. The 1995 Socio Economic Panel Research (SEP) is the seventeenth wave of a
representative longitudinal  data collection on socio-economic conditions of households in the
Netherlands. The SEP data set contains al the respondents relevant demographic and personal
information including economic activities, education, labor market experience and earnings data. The
data are collected annually by computer aided personal interviewing (CAPI), representatively weighted
on the basis of Statistics Netherlands population statistics, and are anonymous. We included in our
control group al workers between the ages 18 and 65, holding a tenured position as an employee,
working more than 8 hours per week, who reported to be hedthy, and did not receive disability

allowances.

Descriptive statistics

Table 1 displays summary statistics for four schooling levels of age, labor market experience,
gross hourly wages, working hours per week, and the ratio of men and women in the control group
(Table 18) and the sample of RSD workers (Table 1b). For RSD workers the hourly wage refers to the
wage at the time of the injury are measured in congtant 1995 Dutch guilders or US dollars. Notable
differences between the two samples are: (1) the relatively high percentage of RSD workers with higher
level vocationa schooling or a University degree; (2) the lower hourly wages for RSD workers in all
education categories; (3) labor supply of lower educated RSD workers is on average higher than of the
representative lower educated Dutch worker, (4) both mean age and years of work experience are

considerably lower for RSD workers in al education categories, and (5) a higher percentage of femae



RSD workers. Similar results were found for a study on labor market consequences of spinal cord

injuriesin the US (Krueger et al.,1995).

3. The Net Present Value of Expected Earnings L osses

The hourly earnings function reflects the evolution of productive human capital over a worker’s
life-cycle and can be derived from a rationa decision making process. Life-time earnings profiles are a
suitable modd for estimating how work career interruptions affect the returns to accumulated general
and job-specific productivity (Mincer and Ofek, 1982). Three fundamental factors are important. These
are (i) aworker’s human capita, usually measured in the form of the achieved educationa levd, (ii) a
worker’s labor market experience, usualy measured as the age minus the number of years it takes to
complete the level of education achieved, and (iii) whether the worker is awoman or aman. A worker’s
hourly earnings first rise with experience, since learning on the job increases productivity, peak after a
certain number of years worked, and then decline at the end of a worker’s active labor market career
(see Figure 1). The earnings profile differs with the attained educational level, since a worker's
schooling signals the capacity to learn on-the-job.

The fundamental lifetime earnings function can be written as follows

Y, (E)=by, +b,Gender, +b, E +b, E’ +e;, (4.1)

where Y/(E) is the hourly wage of worker i with education level j and E years of labor market
experience; by , k=0,..,3 are constant parameters that vary for all educationa levelsj=1,...4, and e;; isan
educational level specific individud residud with E{e;}=0. We do not use the widdy used log
transformation of the earnings profile as to avoid retransformation problems (see also Manning, 1998).
Given that the experience curve is inverted U-shaped, we expect b,>0 and b3<O0. The variable

‘Gender’ is a dummy variable, which in our application equas O for femae workers and 1 for mae



workers. In generd, it is found that the earnings profile of female workers lies below that of their mae
counterparts, so that by;>0. The constant term can be interpreted as the average of the starting salary of
a worker with education j and zero years experience. More years of initial schooling induce a higher
expected productivity at the beginning of the working career, so that by>by>0 for dl i>]. The SEP
1995 data are used to estimate the Mincerian earnings profile for the representative worker. Results are
given in Table 2. The point a which the maximum hourly wage is reached differs indeed for different
educationa levels as shown in Table 3. The maximum hourly wage increases with the educationa level

achieved.

Lifetime earnings losses of RSD workers

In this section we estimate the net present value of expected lifetime earnings losses incurred
upon RSD workers, and sart with the following observations. First, socid security disability
dlowances grow at the same rate and beneficiaries receive the same inflation compensation as wage
earner (the so-caled “net-net coupling” of socid security alowances in the Netherlands). This implies
that the real value of the disability allowance remains constant over time. Second, given the limited
time frame of our data sample, the earnings profiles vary with experience, gender, and education, but
not with calendar time. This implies that income profiles of the RSD workers before they were injured
are comparable to the estimated experience profiles regardless of the starting date of the disease. Third,
we assume that the observed preference labour supply before the injury is constant through time and
does not change as a result of the injury. This implies that if a worker could fully recover from her or
his disability, the hours worked would be identicad to those before the injury occurred. Without
treatment the post-injury earnings profile of an RSD worker will fall below that associated with having
remained a healthy worker and will be flat onwards (see Figure 1).

Consider worker i with education j works H; hours per week, and earns an hourly wage Y;;.

After E’ yearsof labor market experience the worker gets injured and develops RSD. The net present



value of the total earnings losses from active labor input over the period E;” until the expected leave of
the labor market E;" can be computed as follows. The first step is to compute worker i’s hourly earnings
profile if the injury had not occurred. The nationwide hourly earnings profile for a representative

worker r with education j is

A

Y (E

((E))=b,, +b, Gender, + b, E, +b,EZ. 4.2)

The b ’'s are estimated using the 1995 wave of the socio-economic surveys (SEP) in the Netherlands.
Parameter estimates are given in Table 2.

The risk of an injury, the incidence of pain, and the development of RSD may not be randomly
digtributed among &l workers. In order to control for possible selectivity bias, we compute the
difference between the injured worker’s observed hourly wage and the wage forecasted from the
representative earnings profile holding gender and the years labor market experience constant. At the

time of the injury, the hourly wage difference between worker i and the representative worker yields

A

dY; =Y, - Y,(E). 43

1]

The term d\?ij is a person specific permanent earnings component used to correct for each worker's

location on the nationwide earnings distribution at the time of the injury (see Heckman (1979)). We
assumed that in our sample the earnings profiles vary with experience, gender, and education, but not
with calender time. The earnings profile in the case that the injury would not have affected the earnings

capability of worker i can then be written as

Y, (E) = by, +dY; +b,,Gender, +b, E+b; E*, for  E3 E . (4.4)



The second step is to determine the worker’s post RSD real hourly wage profile ;. Theinjury
reduces i’'s earnings capacity by a fraction a;. The worker will receive an inability replacement

alowance that isafunction f of Y;;. The new hourly income then becomes
Y, =(1- a,)Y; +a,f(Y,) iffa;>0, (4.5)

whereY;” nolonger dependson E; > E/" . If a; =1, then aworker isfully dissbled after the injury.
The third step is to compute the net present value of the real income difference per hour

worked, dNY;;, as follows (the shaded areain Figure 1). We write

T

dNY, = e (Y () - Yy et for Y, (0)2 Y, 49)

where E J-T is the expected maximum number of years of labor market experience until retirement age T

of worker i given the schooling duration of educetion level j, or the point where Y (t) :Yi; ,andr is
the annual nationwide redl interest rate assumed constant through time. To compute dNY;; we substitute

(4.4) into (4.6). This gives

*

dNY, = & (B, +dY, +b, Gender, - Y +B,t+b,t*)ct. 47)

The analytical solution for this expression is given in Appendix 1.
The fourth step is to compute the net present value of total income loss, NTL;;, incurred upon

worker i. This can be written as



NTL, = dNY, * H, *W , 4.9)

where W is the number of working weeks in one year, and H; is the number of weekly hours worked

before the injury.

Estimating lifetime earnings losses for RSD workers

In the Netherlands, a worker who gets disabled as aresult from illness or injury first enrolsinto
the socia security act for illnesses (Ziekte Wet) that replaces 90 percent of the worker’ s earnings before
the illness or injury. After one year this program ends, and, when not cured, one will enter the socia
security act insuring workers against risk of unfitness for work on account of sickness or accident (Wet
Arbeids Ongeschiktheid) that recovers 70 percent of aworker’s pre-illnessor pre-injury earnings. In our
treatment sample, we observe each worker’s earnings before the entering of the first program. Table 4

shows per education category the sample averages of the observed hourly earnings of all workersin the
RSD sample, the average forecasted benchmark wage \?j from the SEP regresson for al injured

workers in the sample, the difference between the benchmark and observed hourly wage, the minimum
and maximum differences, the expected net present value of totd earnings loss and its minimum and

maximum, and the number of observations per educational category.
After computing d\?”. for al RSD workers, we find that roughly 90 percent of the RSD workers

earn less than their comparable healthy representative counterpart (see Table 4). This difference is
unlikely to be a result of the Ashenfelter (1978) pre-enrolment earnings dip. There is no reason why
workers in our treatment sample would have experienced a decline in their hourly earnings prior to the
treatment. Treatment dligibility is the result of a unique event--the injury, and the data that we use
isolate perfectly the before and after periods. The downward bias in the pre-injury hourly earnings
suggests that the RSD workers in our sample are low wage earners--keeping gender, education, and

labor market experience constant. This result is aso not likely to be explained by existing hedonic wage
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theories where premiums are paid for riskier work. The bias is prevalent and consistent across all
educationd levels. The risk premium is usudly found for low skilled work only (Viscus, 1979).

But the downward bias does coincide with predictions from the hedonic psychologica gate
control theory of pain and pain perception. This biopsychologica mode focusses on pain as a sef-
attributed state that results from a complex interaction of behavioral variables (Melzach and Wall,
1965). Gate control theory showed that pain is a subjective experience rather than a mechanical
reaction, and it allows us to think about the relationship between effort and job satisfaction and the
distraction of pain experience. Two examples of anecdotal evidence thereof are that, unlike hurt
civilians, the mgority of soldiers being severely injured in battle do not voice the feding of pain even
days after getting wounded (Beecher, 1959); and “even severe injuries sustained in the heat of intense
ahletic activity may not be perceived as painful as long as the participant’ s concentration remains fixed
on the game” (op cit. Eich et al. 1999, p159). If workers with higher hourly earnings, ceteris paribus,
aso have a higher productivity or effort level a work and a higher level of job satisfaction, they are
more likely to be distracted from pain more often. Unfortunately, we cannot prove this assumption with
our current data, but it directs to an important area for future research on the relationship between

productivity and workers well-being.
We observe H;, a; anin; from the confidentia records. Accounting for d\?ij , We can compute

NTL;;. From Table 4, we can conclude that the average per worker expected lifetime earnings losses
yidlds roughly 430,000 Dutch 1995 guilders and varies with the educationa level from 260,000 Dutch

guilders for basic schooling to 468,000 Dutch guilders for university education.

4. Calibrating the Functional Capacity | mprovement Value from the SCS Treatment
Directly measuring the functiona capacity improvement vaue from the SCS treatment is
impossible. Socia security policies directed a disability illness replacement earnings subsidies

procrastinate observing how medical treatments effectively restore the ability to return to work. In the
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Netherlands the generous 1967 socia security act insuring workers against risk of unfitness for work on
account of sickness or accident (WAO) has had a widedly acknowledged negative impact on
employment. (Hassink, et al. 1997). The 1987 and 1993 socia security reform acts to restrict claims on
disablement benefit have reduced the inflow of beneficiaries, but have not had a very big impact on the
outflow.

To cdibrate the value of capacity improvement from the SCS treatment we will have to rely on
a different approach. We will use the self-recorded improvements from the treatment as estimates of
improved functionality. As nentioned before, our data are not likely to be subject to self-reporting
behaviora bias, since none of the treated workers are expected to return to work. Our example is thus a
very gtrong illustration of the difficulty to insure utility. We consider two possible outcomes of the
treatment. One relates the improved functional capacity to the capacity to work, but without the

recovery of the on-the-job learning ability (Figure 2). The treatment would then effectively decrease a

only, while the post-treatment earnings profile remains flat. In economic terms this means that a treated
worker has lost the on-the-job productivity accumulated during the years of experience before the
injury, and will perform — part-time — disability adjusted low skilled work.

The second outcome assumes that the treatment not only improves the capacity to work, but

aso - a least in part - recovers the on-the-job learning ability of the RSD worker. The treatment would
then not just decreasea , , but aso recover the working experience related human capital. This resultsin

an inverted U-shape post-treatment earnings profile that lies below or, in case of full recovery, is equa
to the worker’s earnings profile before the injury (Figure 3). In economic terms this could be interpreted
as the case in which a treated worker could — part time - return to her or his previous employer/job and
continue profiting from the (job-) specific productivity that was gained in the time before the injury.
The worker will aso continue to learn on-the-job after the trestment during the remaining time until Ex.
To measure the recovery rates resulting from the SCS treatment, we rely on the measured

effects the SCS treatment had on reduced pain intensity and quality-adjusted life-years gained. Self-



reported EQ-5D scores as a measure of health status in the treatment of RSD workers were collected
(Kemler and Furnée, 1999). The mean health-related quality of life score for RSD workers that received
SCS treatment went yp significantly with 22 percentage points from 0.21 to 0.43 within one year. In
addition, we use visua analogue pain scores (VAS) to measure the reduction of pain intensity as a
result from the SCS treatment (Kemler et al., 2000). The pain reduction for the group of RSD workers
who received spinal cord stimulation was measured to be 28 percentage points from 7.1 to 4.3 cm VAS
within one year. We combine these results to calibrate earnings gains, provided that the capacity-to-
work recovery rate from SCS equals 25 percentage points of the disability condition before the start of
the treatment, being the within-group average of the two measurements of pain relief.

We computed the functional capacity improvement value as the net present value of expected
lifetime earnings gains for disabled workers from the SCS treatment that effectively reduces the
inability to work. Table 5 shows the calibration results. The average net present value of expected
lifetimes earnings gains for disabled RSD workers recelving SCS treatment yields 109,000 Dutch
guilders when on-the-job learning ability is not recovered. For workers with a lower educationa
background SCS produces a 35 percent gain from the increased capacity to work. Lower educated
workers do not show improved earnings gains from on-the-job learning recovery. For workers with a
higher education or university background SCS produces average gains of 21.3 percent, while on-the-
job learning recovery would add an additiona 4.9 percent value gain. The highest vaue is found for
injured workers with university education when their on-the-job learning capability is recovered by the

SCS treatment and yields 150,000 Dutch guilders or 32 percent.

5. Conclusions

This paper proposes a methodology to determine the functional capacity improvement value of
a recently developed spind cord stimulation (SCS) treatment for disabled workers with a periphera
nerve injury who developed reflex sympathetic dystrophy (RSD). Vauating capacity improvement

from hedlth producing treatments is relevant for utility based insurance policies and for governmenta
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hedlth policy in generd. In this study we combined medical records and hedth data from carefully
selected individuas with administrative data from a representative sample of hedlthy workers in the
Netherlands to estimate the net present value of expected lifetime earnings losses and treatment gains.

We find a downward hourly earnings bias in our sample of injured workers. The bias is most
likely associated with job satisfaction, effort and productivity and is consistent with modern gate
control theory of pain perception (Melzack and Wall, 1965). Roughly 90 percent of the workers are low
wage earners—holding gender, education and labor market experience constant. Accounting for this
selectivity, we computed the expected lifetime earnings loss for al the workers would no treatment to
recover the capacity to work have been available. The average earnings loss yields roughly 430,000
Dutch guilders and varies with educationa achievement from 260,000 Dutch guilders for basic
schooling to 468,000 Dutch guilders for workers with university education.

For dl RSD workers in our sample, we used individual measurements of pain reduction from a
randomized clinical trial designed to determine the dficacy of the SCS treatment. We estimated the
functional capacity improvement value as the calibrated net present value of expected lifetime earnings
gains from the treatment. The average value per worker yields 109,000 Dutch guilders when on-the-job
learning ability is not recovered. For a worker with alower educationa background SCS produces a 35
percent gain with a value of 91,000 Dutch guilders from the increased capacity to work. When SCS aso
produces on-the-job learning recovery, the highest vaue is found for injured workers with university
education when their on-the-job learning capability is recovered by the SCS treatment and yields
150,000 Dutch guilders per worker.

Applications of the method proposed in this paper to combine data collected from randomized
clinica trials, medicd records, and adminigtrative data can be extended beyond the evauation of the
efficacy of pain treatment for RSD workers. Accounting for selection bias and circumventing possible
behaviora response bias, a wide range of pain treatments can be evaluated accordingly, including
treatments for pain due to workplace injuries such as repetitive strain injury and cumulative trauma

disorder.

14



6. Refer ences

Ashenfelter, O. (1978), “Estimating the effect of training programs on earnings’. Review of Economics
and Satistics; Vol. 60, pages 47-57.

Beecher, H.K.(1959), Measurement of subjective responses. Oxford University Press.

Brouwer, W.B. F., M.A. Koopmanschap, and F.F.H. Rutten (1997), “Productivity costs in cost-
effectiveness analysis -- numerator or denominator: A further discussion”. Health Economics; Val.6,
pages 511-14.

Bound, J. (1991), “The hedth and earnings of regjected disability insurance applicants: reply”. American
Economic Review; Val. 81, pages 1427-34.

Bound, J, and T. Waidmann (1992), “Disability transfers, self-reported heath, and the labor force
attachment of older men: evidence from the historical record”. Quarterly Journal of Economics; Vol.
107, pages 1393-1419.

Bound, J.,, and R.V.Burkhauser (1999), “Economic analysis of transfer programs for people with
disabilities’. In O.C.Ashenfelter and D.Card (Eds.), Handbook of Labor Economics; Vol 3C, pages
3417-3528.

Durbin, J. (1953), “A note on regresson when there is extraneous information about one of the
coefficients’. Journal of the American Satistical Association; Vol. 48, pages 799-808.

Drummond, M.F., B. O'Brien, G.L. Stoddart, G.W. Torrance (1998), ‘Methods for the Economic

Evaluation of Health Care Programs”. Oxford: Oxford University Press.
Eich E., I.A. Brodkin, JL. Reeves, and A.F. Chawla (1999), “Questions concerning pan”. In D.
Kahneman, E. Diener, and N. Schwartz (Eds.): Well-Being. The Foundations of Hedonic Psychol ogy.

New York: Russdll Sage Foundation, pages 155-168.

Hassink, W.H.J., J.C. van Ours, and G. Ridder, “Dismissa through disability”. De Economist; Vol.145,
pages 29-46.

15



Heckman, J.J. (1979), “Sample selection bias as a specification error’. Econometrica; Vol. 47, pages
153-61.

Jensen, M.P., and C.A. McFarland (1993), “Increasing the reliability and vaidity of pain intensty
measurement in chronic pain patients’. Pain; Vol. 55, pages 195-203.

Kemler, M.A. (2000), “ Spinal cord stimulation for chronic reflex sympathetic dystrophy”. Ph.D .-thess
Maeastricht University: DataWyse Press.

Kemler, M.A., G.A.M. Barendse, M. van Kleef, H.C.W. de Vet, C.P.M. Rijks, C.A. Furnée, F.A.JM.
van den Wildenberg (2000), “Spind cord gimulation in patients with chronic reflex sympathetic

dystrophy”. New England Journal of Medicine; Vol. 343, pages 618-24.

Kemler, M.A., and C.A. Furnée (1999), “Economic evaluation of spina cord stimulation for chronic
reflex sympathetic dystrophy”. Manuscript, Maastricht University.

Krueger, A., S. Drastal, and D. Kruse (1995), “Labor market effects of spinal cord injuriesin the dawn
of the computer age’. NBER Working paper No. 5302.

Manning, W.G. (1998), “The logged dependent variable, heteroscedasticity, and the retransformation
problem”. Journal of Health Economics; Vol.17, pages 283-95.

Mezack R. And P.D.Wall (1965), “Pain mechanisms. A new theory”. Science; Vol. 50, pages 971-79.

Merskey, H., and N. Bogduk (1994), “Classfication of chronic pain: descriptions of chronic pain
syndromes and definitions of pain terms’. Sesattle: |ASP Press, pages 40-2.

Mincer, J., and H. Ofek (1982), “Interrupted work careers. depreciation and restauration of human
capital”. Journal of Human Resources; Vol. 17, pages 3-24.

Parsons, D.O. (1991), “The hedth and earnings of rgected disability insurance applicants. comment”.
American Economic Review; Vol. 81, pages 1419-1426.

16



Salkever, D.S., and A. Sorkin (2000), “The Economics of Disability”. Stamford: JAI Press.

Statistics Netherlands (1995), “ Soci aal-economisch panel onder zoek: variabelendocumentatie 1995’.

Voorburg.

Viscus, W. Kip (1979), “Employment Hazards: An Investigation of Market Performance.” Harvard

University Press.

Weingtein, M.C., JE. Segd, M.R. Gold, M.S. Kamlet, and L.B. Russell (1996), “Recommendations of
the panel on cost-effectiveness in health and medicine”. Journal of the American Medical Association;
Vol. 276, pages 1253-8.

17



Appendix 1: Analytical Solution of dNY;.

The andyticd solution of the integra
Qe (A+BL+Ct)t, (A1)

isfound by the method of subdtitution, and yields

é JIRN

& LeBarr o+ 2+ 2% or (A2)

é r g r r r mo

rl((A+rE+§)- e E(A+ B(E+ri) +C(E? +2r—E+iz))) . (A3)
r r

To find the andytica solution of theintegra of equation (4.7), we subgtitute

A° b, +dY, +b, Gender, - Y, , (A4)
B° b, (A5)
ceb,, ad (A6)
E=E;-E iff Y, (Ej)2Y;, or

E-=- %El +%m - E otherwise A7)

where EUT isequd to the maximum number of years of labor market experience until
retirement age T given the schooling duration of educationd leve j, E, = B/C, and

E, = AC.
Q.ED.
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Table la: Descriptive Statistics of Healthy Workers

The 1995 Socio-Economic Panel Research in The Netherland<?

EDUC1?® EDUC2®  EDUC3? EDUC4®

Duration formal schooling (in years) 17 18 21 24
(DSchool)

Age (in years) 37.9 37.3 38.6 40.1
(AGE) (106) @ (9.6) (8.7) (8.4)
Work experience (in years) 20.9 19.0 17.7 16.1
(E) (11.2 (10.6) (9.6) 9.2
Gross hourly wage (in DFL). 22.6 26.4 32.7 39.6
) (8.7) (10.5) (12.6) (15.6)
Working hours per week 35.2 36.2 37.8 40.5
(H) 11.7) (10.3) (10.5) (10.8)
Number of employeesin sample 951 1,769 756 231
Femae 406 707 321 62
Mae 545 1,062 436 169
N (in %: row) 25.6 47.7 20.5 6.2
Femde (in %: column) 42.7 40.0 42.4 26.8
Mae (in %: column) 57.3 60.0 57.6 73.2

) Source: 1995 Socio-Economic Panel, Statistics Netherlands

@ EDUC1 iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middle level vocational training or higher secondary school; EDUC4 with higher level
vocational training or aUniversity degree.

® standard deviations are given in parentheses.
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Table 1b:

Age (in years)
(AGE)

Work experience (in years)

(E)

Gross hourly wage (in DFL).
(Y)

Working hours per week
(H)

Number of employeesin sample
Femde
Male

N (in %: row)
Femde (in %: column)
Mae (in %: column)

34.3
(11.9) @
17.3

(11.9)

16.6
33)

37.7
(18.4)

NN D

10.5
50.0
50.0

EDUC1?

Descriptive Statistics of RSD Workers

EDUC2Y

316
(9.5)

13.6
(9.5)

18.8
(7.8)

40.1
(19.3)

36.8
57.2
42.8

EDUC3Y

32.7
(9.3)

11.7
(9.3)

18.9
(3.7)

375
(12.7)

39.5
57.2
42.8

EDUC4®

35.0
(9.0)

11.0
(9.0)

21.7
(8.7)

32.4
(89)

= O

13.2
80
20

@ EDUC1 iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middle level vocational training or higher secondary school; EDUC4 with higher level

vocational training or a University degree.

() Standard deviations are given in parentheses.
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Table 2: The Hourly Wage Profile of Healthy Workers®

The 1995 Socio-Economic Panel Research in The Netherlands

EDUC1?® EDUC2? EDUC3? EDUC4?

60 10.98(3) 13.56 15.42 18.10
(Const) (.89) (.75) (1.36) (3.03)
b, 3.46 4.35 6.66 3.99
Mde) (52) (.46) (.81) (2.16)
b, .83 87 1.13 1.92
(E=Experience) (.09) (.08) (.15) (.39)
53 -1.38 -1.35 -1.61 -3.59
(E1100) (.22) (.19) (.37) (1.06)
B2 185 195 264 224
N 951 1769 756 231
) See Equation 4

@ EpUC1 iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middie level vocational training or higher secondary school; EDUCA4 with higher level
vocational training or a University degree.

@ standard errors of the means are given in parentheses
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Table 3:

The 1995 Socio-Economic Panel Research in The Netherlands

Maximum of the Hourly Wage Profile of Healthy Workers

EDUC1Y EDUC2Y EDUC3Y EDUC4Y
Number of years of work experience
when hourly wage reaches maximum:
EMax — 62 /263 30.2 324 35.0 26.7
Corresponding age (EV*+ DSchool) 47.2 50.4 56.0 50.7
Maximum hourly earnings at E"* Dfl Luro| Dfl Luro| Df  Euro| Dl Euro
- for female workers:
YEMR S 4B EY 4 (EM)? /100 234 106|277 126|351 159|437 19.8
- for male workers:
yVMa = +b +b,EY®+ b (EY™)? /100 |27.0 12.3| 32.0 145 41.8 19.0| 47.7 21.6

@ EDUCL iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middle level vocational training or higher secondary school; EDUC4 with higher level

vocational training or aUniversity degree.




Table 4:

Net Present Value of Earnings Losses for RSD Workers

EDUC1Y EDUC2Y EDUC3Y EDUC4Y
Y 16.6 18.8 18.9 21.7
(3.3 (7.8) (3.7 (8.7
Y 215 24.0 29.0 36.0
4.7 (5.4) (7.6) (11.5)
ay -4.9 -5.2 -9.9 -14.3
(2.2) (75) (7.4) (11.4)
Max (dY) -7.8 -16.4 -21.9 -33.1
Min (dY) -2.6 8.6 -2.5 -2.3
DAl Luro| Dfl Luro| DAl Luro| DAl Luro
Average total earningsloss (x 1,000) | 260 118|326 148|565 256| 468 212
Dfl Luro| Dfl Luro| Dfl Luro| Dfl Luro
Maximum total earningsloss (x 1,000) |371 168|652 296|943 428| 856 388
Dfl Luro| Dfl Luro| Dfl Luro| Dfl Luro
Minimum total earnings loss (x 1,000) 93 42| 22 10| 154 70( 202 92
N 4 14 14 5

@) EDUC1 iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middle level vocational training or higher secondary school; EDUC4 iswith highest level

vocational training or a University degree.
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Tableb5:

Functional Capacity Improvement Value from SCS Treatment

EDUC1Y EDUC2Y EDUC3Y EDUC4Y

Treatment without Learning Recovery | Dfl Luro| Dfl Luro| Dfl Luro| Dfl Luro
Average Gain (x 1,000) 91 41| 108 491111 50( 122 55

(35 (16) | (59) (27) | (39) (18)| (89) (40)
Percentage Gain 35.0 33.1 19.6 26.1
Treatment with Learning Recovery Dfl Euro| Dfl Euro| Dfl Euro| Dfl Euro
Average Gain (x 1,000) 92 42 | 115 52 | 137 62| 150 68

(34) (15 | (33) (15 | (34) (16)| (42) (19)
Percentage Gain 35.4 35.3 24.2 32.0
N 4 14 14 5

@ EpUC1 iswith primary schooling only; EDUC2 iswith lower level vocational training or middle secondary
school; EDUC3 iswith middie level vocational training or higher secondary school; EDUC4 iswith highest level

vocational training or a University degree.

(?) Standard deviations are given in parentheses.
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Figure 1: Hourly Earnings Profiles of Healthy Workers and RSD Workers

Hourly Wage
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Y(E) : Wage profile of healthy worker ET : Point of labor market exit
Y : Wage profile of disabled worker E : Point of injury



Figure2a: Functional Capacity |mprovement without L ear ning Recovery
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Figure3a:  Functional Capacity | mprovement with Learning Recovery
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