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Abstract BACKGROUND CONTEXT: Elective lumbar fusion surgery is a prevalent and costly procedure
that requires a lengthy rehabilitation. It is important to identify presurgical biopsychosocial predictors
of medical and compensation costs in such patients.

PURPOSE: To determine if presurgical biopsychosocial variables are predictive of compensation
and medical costs in a cohort of Utah lumbar fusion patients receiving workers’ compensation.
STUDY DESIGN/SETTING: A retrospective-cohort study consisting of a review of presurgical
medical records and accrued medical and compensations costs.

PATIENT SAMPLE: A consecutive sample of 203 compensated workers from Utah who underwent
lumbar fusion from 1990 to 1995. Patients were at least 2 years postsurgery.

OUTCOME MEASURES: Total accrued medical and compensations costs.

METHODS: A retrospective review of presurgical biopsychosocial variables and total accrued
medical and compensation costs was conducted.

RESULTS: Presurgical variables from each of the biopsychosocial domains were statistically
significantly correlated with medical and compensation costs. Social and biological variables were
the best predictors of total compensation costs, whereas psychological variables were better predictors
of total medical costs.

CONCLUSIONS: Compensation and medical costs associated with posterolateral lumbar fusion
can be predicted by preintervention biopsychosocial variables. Cost reduction programs might benefit
from identifying biopsychosocial factors related to increased costs. © 2003 Elsevier Inc. All
rights reserved.
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Introduction lumbar fusion is the belief that instability of vertebral bodies
is a primary cause of low back and extremity pain and
associated neurological impairment [2]. It is believed that
surgical fusion can resolve this instability and consequently
reduce pain and disability. Lumbar fusion patients require
a lengthy rehabilitation period, often up to 6 months, for a

solid fusion to form and longer for maximum functional

The rates of lumbar spine fusion surgery are increasing
each year in the United States [1]. The central rationale for

This article should not be construed as an endorsement of lumbar
fusion for injured workers by the authors, Utah State University, the Labor

Commission of Utah or the University of Utah Medical School.

FDA device/drug status: not applicable.

This project was supported from grants provided by the Labor Commis-
sion of Utah. No funds were received from a commercial entity related to
this research.

* Corresponding author. Department of Psychology, Utah State Univer-
sity, 2810 Old Main Hill, Logan, UT 84322-2810. Tel.: (435) 797-1462;
fax: (435) 797-1448.

E-mail address: sdeberard@coe.usu.edu (M.S. DeBerard)

1529-9430/03/$ — see front matter © 2003 Elsevier Inc. All rights reserved.

doi:10.1016/S1529-9430(03)00116-5

recovery [3].

Lumbar fusion surgery has been criticized for producing
inconsistent results [3—-6]. Turner et al. [6] reviewed 47
published spinal fusion studies (1966 to 1991) and reported
the percentage of patients with satisfactory outcomes
varied from 16% to 95% with an average of 68%. Work-
ers’ compensation patients who have lumbar fusion appear
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to be at increased risk for poor outcomes [3-5,7,8]. In a
recent study of lumbar fusion outcomes among compensated
workers in Utah, a significant number of fusion patients
reported that back pain was worse (36.1%) and overall qual-
ity of life was no better or worse (35.4%) than before surgery
when measured at least 2 years after surgery [4]. Twenty-three
percent of lumbar fusion patients in Utah never return to
work [4], and disability rates for compensated lumbar fusion
patients in other states are even higher [5].

Given the long rehabilitation and frequently problematic
clinical and disability outcomes associated with this proce-
dure, compensation cases involving it are often extremely
costly [3,8,9]. It is advantageous to develop statistical tools
that will allow prediction of medical and compensation
costs. This will allow for identification of patients who
have characteristics that predict higher costs and may lead
to development of appropriate procedures (e.g., presurgical
psychosocial interventions, proactive case management, in-
tensive rehabilitation) to potentially improve outcomes and
contain costs. Indeed, there is some preliminary evidence
that a comprehensive postoperative rehabilitation program
can improve surgery outcomes (discectomy and fusion) of
workers’ compensation patients [10].

The “biopsychosocial model” has been successfully used
for identifying presurgical risk factors for clinical lumbar
fusion outcomes [4] and for predicting response to treatment
of disabled workers with low back pain [11]. This model
posits that an interrelated array of biological, psychologi-
cal and social factors are implicated in any given state of
health or illness [12,13] and stands in contrast to the biomedi-
cal approach that suggests that illness is solely a function
of pathophysiology, thus rendering psychological and social
factors as independent of disease processes [12]. Perhaps
the most important evidence that justifies viewing low back
pain from a biopsychosocial perspective is the finding that
significant lumbar spine pathophysiology is often present in
asymptomatic persons [14]. Further, presurgical diagnosis
[4-6] and the severity of lumbar spinal pathology [4] are
not predictive of lumbar fusion outcomes. Finally, many
lumbar fusion patients do not experience functional recov-
ery despite successful surgical repair of the physiological
defect [3-7].

Other types of presurgical patient variables, including
demographic, disability and psychosocial antecedents, have
been used in predicting lumbar surgery outcomes [4—7] and
nonfusion back surgical outcomes [15-18]. A consistent
preliminary finding among these studies is that disability,
demographic, work and psychosocial antecedents appear to
be more predictive of outcomes than presurgical or pretreat-
ment biologic factors. For example, Waddell et al. [19] con-
cluded that a major factor contributing to the difficulty
in predicting outcome with low back surgery cases was that
physical impairment accounted for less than one-half of the
total disability. Waddell et al. [19] indicated that psychoso-
cial and psychophysiological factors could play a major role
in determining success of back surgery patients. Frymoyer

[20] concluded that psychosocial factors were just as im-
portant as physical factors in predicting low back pain dis-
ability. Franklin et al. [5] found that certain psychosocial
antecedents (e.g., time on work disability before fusion,
longer time from injury to fusion) were highly predictive of
patient disability status after lumbar fusion surgery. Older
age, history of smoking, duration of chronic pain, number of
prior back operations, presence of litigation and presence
of depression have all been shown to be predictive of lumbar
fusion outcomes [4-6]. In Utah, for example, poor lumbar
fusion outcomes can be consistently predicted by the follow-
ing presurgical variables: increased number of prior low back
operations, lower income at time of injury, older age, pres-
ence of litigation, alcohol use and presence of depression
[4]. Although identification of presurgical biopsychosocial
risk factors has been conducted relative to lumbar fusion
outcomes, no studies have examined how such factors might
be predictive of medical and compensation costs.

The purpose of this study was to determine if a set of
presurgical biopsychosocial variables are related to medical
and compensation costs among a population of Utah lumbar
fusion patients receiving workers’ compensation. The selec-
tion of variables for this study was based on prior studies
of lumbar fusion patients showing relationships between
such biopsychosocial variables and clinical outcomes [4-6].
Our central prediction was that variables from all three model
domains (biological, social and psychological) would be
predictive of both medical and compensation costs.

Methods
Study design

This was a retrospective-cohort study consisting of a
coding of presurgical information documented in patient
medical records and assessment of medical and compensa-
tion costs accrued during the course of the compensation
claim. All data were gathered by means of hard copy medical
files or computer systems at the Workers’ Compensation
Fund of Utah (WCFU). The institutional review boards from
the University of Utah Medical School and Utah State Uni-
versity approved this study, and the WCFU provided permis-
sion to access patient medical records and compensation
data.

Patient sample

All patients who had undergone posterolateral lumbar
fusion surgery from 1990 to 1995, did not have a presurgical
diagnosis of vertebral fracture and were at least 2 years
postsurgery at the time of follow-up were eligible for inclu-
sion (N=203). Patients were identified by means of current
procedural technology codes in WCFU databases. For each
patient, lumbar fusion surgery resulted from a verified work-
place low-back injury. Workers covered by federal workers’
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compensation systems and self-insured employers were ex-
cluded because of inability to access data. The WCFU in-
sures approximately 53% of Utah workers.

Medical record information

Presurgical medical record data were gathered by means
of independent and standardized review of medical chart
information and review of WCFU computer databases. The
data abstractor was a trained doctoral student who was not
involved in treatment of study patients, used an objective
coding instrument and routinely met with authors to review
and resolve coding problems. The biological variables coded
for this study included number of vertebral levels fused, age
at the time of injury, number of prior low back operations and
gender. A measure of presurgical diagnostic severity based on
independent review of presurgical radiology reports by two
orthopedic surgeons and one occupational medicine physi-
cian was also included as a biological variable. This measure
allowed for coding of six major types of common lumbar
spinal diagnoses (degenerative changes, disc bulge, listhesis,
lysis, foraminal stenosis and central stenosis) and provided
a graduated scale for each diagnosis from none (0) to severe
(3). It was applied to four vertebral levels (L2-L.3, L3-14,
L4-L5, L5-S1), and a total score was achieved by adding
the single scores for each of the assessed lumbar levels. A
high degree of correspondence was achieved by the three
raters (92% agreement). Discrepancies (8%) were resolved
by conference. This measure was previously published [4].
Smoking was not included as a predictor in the present study
because of insufficient documentation in the medical charts.

The psychological variables included depressive disorder
(Diagnostic and Statistical Manual of Mental Disorder,
Fourth Edition, major depressive disorder, dysthymia or ad-
justment disorder with depressed mood) documented in pre-
operative medical records, degree of pain report before
surgery and completion of a presurgical psychological evalu-
ation. The social variables included education level at time
of injury, weekly income at time of injury, litigation as
defined by patient private lawyer involvement in the com-
pensation case at the time of surgery and number of prior
industrial claims.

Cost information

Compensation costs included all wage replacement and
the final impairment settlement. Medical costs included all
direct and ancillary medical care, including rehabilitation
services. The time interval for calculating costs was from
initial injury date to point of maximum medical improvement
(MMI). MMI is defined in Utah as the point in time at which
an injured worker has realized the maximum amount of
improvement from an injury given the current standard
of medical care. The operating surgeon is responsible for
monitoring the patient’s status and declaring the date of
MMIL. At the point of MMI, the patient’s functional capabili-
ties and degree of impairment are assessed and the surgeon

can recommend return to previous work, return to modified
or lighter work, job retraining or no return to work. Occasion-
ally, an independent medical evaluation was conducted to
verify a surgeon’s opinion of MMI or resolve disputed MMI
dates. The specific date for MMI used in this study was the
official date coded in WCFU computer records. Financial
information was obtained by means of WCFU computer
databases. It should be noted that the WCFU covers lifetime
medical costs for work-related injuries, and thus it is possi-
ble for lumbar fusion patients to achieve additional medical
costs beyond MMI. Because medical payout can occur any-
time during a patient’s lifetime, we needed to draw a logical
line for calculating total medical costs. MMI appeared to
be the point at which the majority of total medical costs are
achieved for most patients.

Results
Presurgical patient and follow-up data

A total of 203 consecutive patients were included in
the study cohort. Patients received their surgeries between
August 23, 1990, and April 21, 1995. There were 167 men
(82.3%) and 36 women (17.7%) whose medical charts were
reviewed. Ninety-five percent of the sample were white, 3%
were Hispanic, 0.5% were Native American and 0.5% were
Asian. Preoperative diagnoses for the 203 patients were as
follows: disc herniation (70.4%), degenerative disc disease
(46.3%), segmental instability (28.6%), spondylolisthesis
(17.7%), spinal stenosis (17.7%) and pseudarthrosis (2.5%).
Subjects could receive multiple presurgical diagnoses. All
received posterolateral lumbar fusions, and instrumentation
was used in 83.7% of cases. Pedicle screw fixation was used
in 91% of instrumented cases. A total of 28 surgeons were
involved in the 203 operations. The cohort had a total of 91
prior lumbar spine operations (some patients had multiple
operations) consisting of the following percentage break-
down: discectomy (17.2%), laminectomy (12.8%), laminec-
tomy/discectomy (7.4%) and lumbar fusion (5.4%).

Descriptive statistics for the patient cohort

The descriptive statistics for each of the presurgical vari-
ables are presented in Table 1. The prototypic patient in this
study was male, had moderate presurgical imaging severity,
a single-level fusion, was approximately 38 years old at the
time of injury, had no prior low back surgeries, did not
have a history of depression, reported severe pain before
surgery, did not complete a presurgical psychological evalua-
tion, possessed a high school degree or general equivalency
diploma, was making $408.38 a week at the time of injury, did
not have a lawyer involved with the compensation case
and did have prior industrial claims. The average time to
MMI was 364 days (SD=227), and the average medical
costs for the patient cohort were $30,103 (SD=$16,399). The
average compensation costs were $27,219 (SD=$15, 139).
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Table 1
Descriptive statistics for presurgical biopsychosocial variables

Descriptive statistics

Presurgical variable Mean or proportion SD Minimum Maximum
Imaging severity total score 7.14 4.26 0 21
Number of vertebral levels fused 1=1 level 50.2%

2=2 level 46.3%

3=3 or more 3.4%
Age at time of injury 37.50 9.17 20 63
Number of prior low back operations O=none 55.2%

1=one 33.0%

2=two 8.9%

3=3 or > 3.0%
Gender I=male 82.3%

2=female 17.7%
Depression diagnosis (presurgical) I=no 89.2%

2=yes 10.8%
Degree of pain before surgery 1=mild 4.4%

2=moderate 30.0%

3=severe 65.5%
Presurgical psychological evaluation 1=psych eval 79.8%

2=no psych 20.2%
Educational level at time of injury 1=some HS 26.1%

2=HS/GED 35.5%

3=technical 22.7%

4=some col. 11.3%

5=col. grad 3.9%

6=grd. study 0.5%
Weekly income level at time of injury $408.4 $189.5 $36.0 $1,096
Lawyer involvement at time of surgery 1=no lawyer 59.6%

2=lawyer 40.4%
History of prior industrical claims 1=no 46.3%

2=yes 53.7%

Correlational results

Table 2 presents the intercorrelations among the presurgi-
cal biopsychosocial variables. Because these variables were
used in subsequent regressions, it was prudent to examine
the extent of multicollinearity among predictors. Correla-
tions ranged from 0.0 to —0.38 (income level with gender),
and there were only two correlations greater than 0.20 within

the entire matrix. Consequently, the correlations among pre-
dictors were overall extremely low, which helped to max-
imize predictive power and interpretation of regression
weights.

Table 3 presents the correlations (Pearson or point-bise-
rial) between the presurgical biopsychosocial variables and
costs variables. Interestingly, the pattern of correlations is
quite different for compensation versus medical costs. In

Table 2
Intercorrelations among presurgical biopsychosocial variables
Measures 1 2 3 5 6 7 8 9 10 11 12
1. Imaging severity total score 1.00
2. Number of vertebral levels fused 13 1.00
3. Age at time of injury 26" 00 1.00
4. Number of prior low back operations .06 12 16" 1.00
5. Gender —.04 .04 .13 —.01 1.00
6. Depression diagnosis (presurgical) —.04 —-.02 -.03 22" .00 1.00
7. Degree of pain before surgery .10 .05 .09 .00 .14 .07 1.00
8. Presurgical psychological evaluation —.02 .09 —.04 —.01 .02 18" .04 1.00
9. Educational level at time of injury —.10 —.08 .04 —.06 .07 —.02 -06 —.13 1.00
10. Income level at time of injury .08 .10 14" .10 -.39" .02 .01 —.05 .05 1.00
11. Lawyer involvement at time of surgery .05 .01 .00 .03 .09 13 .09 A4 -8 —15"  1.00
12. History of prior industrial claims .10 .02 A1 14 =19 14 —.03 10 —.11 16" .04 1.00

“p<.05.
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Table 3

Correlations between presurgical biopsychosocial variables and cost variables

Outcome variables

Total compensation costs

Total medical costs Male-only compensation costs

Biological variables

Imaging severity total score .022 .059 .026
Number of vertebral levels fused 125 163 .148
Age at time of injury 1747 021 263"
Number of prior low back operations 186" 234" 2117
gender -.375" —.034
Psychological variables
Depression 173" 305 229"
Degree of pain before surgery 101 167" 162"
Referral for psychological evaluation 150 259" 212"
Social variables
Education level -.236" —.105 —.245°
Income level 3147 -012" 180"
Lawyer involvement 148" 213 197"
Prior industrial claims 258" .000 209"
“p<.05.

terms of biological variables, gender was the most significant
predictor of total compensation costs (female gender was
associated with lower compensation costs), followed by
number of prior low back operations and age at time of
injury. Only number of prior low back operations and number
of vertebral levels fused were biological predictors of total
medical expenses. In terms of psychological variables, de-
pression and completion of a presurgical psychological eval-
uation were modest predictors of total compensation costs.
Depression and completion of a presurgical psychological
evaluation were stronger predictors of total medical ex-
penses. The degree of pain before surgery was also a modest
psychological predictor of total medical expenses. All of the
social variables (education, income, lawyer, prior industrial
claims) proved to be statistically significant predictors of
total compensation costs, whereas only lawyer involvement

Table 4

was predictive of total medical expenses. In general, these
patterns of correlations support the biopsychosocial model
for predicting compensation and medical costs accrued
during the treatment of lumbar fusion patients.

Regression results

The next statistical analyses involved using the 12 presur-
gical biopsychosocial variables in two independent simulta-
neous-entry multiple regression equations predicting total
compensation and medical costs. Table 4 contains the results
of the simultaneous-entry multiple regression predicting
total compensation costs. As may be seen, the multiple R
for this equation was .61 (F=9.275; p=.00). Two biological
variables (age, gender) and three social variables (education,
income level, lawyer) had statistically significant regres-
sion weights. None of the regression weights for the three

Simultaneous entry multiple regression: predicting total compensation costs with presurgical variables as predictors*

Unstandardized coefficients

Standardized coefficients

Variable B SE B p Value
Imaging severity total score —401.1 216.8 —.11 .07
Number of vertebral levels fused 2,633.6 1,593.8 .10 .10
Age at time of injury 338.2 103.6 21 .00
Number of prior low back operations 1,632.6 1,189.1 .08 17
Gender (1=male/2=female) —13,652.1 2,605.7 —-.35 .00
Depression diagnosis (presurgical) 4,7554 2,974.6 .10 11
Degree of pain before surgery 2,761.6 1,560.3 11 .08
Presurgical psychological evaluation 3,387.6 2,249.6 .09 13
Educational level at time of injury —2,308.0 805.9 —.17 .01
Income level at time of injury 12.7 52 .16 .02
Lawyer involvement at time of surgery 4,184.8 1,849.8 14 .02
History of prior industrial claims 3,077.0 1,834.2 .10 .09
(constant) 1,498.6 8,102.8 .85

"R?=.37, p=.000.
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psychological variables were statistically significant. Thus,
when the 12 variables are considered simultaneously in a
linear multiple regression predicting compensation costs,
biological and social variables are revealed as statistically
significant predictors accounting for 37% of the total
variance.

Because being male was the greatest predictor of higher
compensation costs at both the simple correlation level and
in the simultaneous entry regression, and because men con-
stituted over 80% of this industrial worker sample, we were
interested in determining the pattern of correlations and
the regression findings for total compensation costs when men
only were considered. A separate equation for women was
not calculated because of their relatively small numbers in
the study. However, similar analyses with larger samples of
women are encouraged. Table 3 reveals that the pattern
of simple correlations for men only is quite similar to that for
the total sample. However, the rank order of the correlations
changed somewhat. Additionally, degree of pain before sur-
gery obtained a significant correlation for men only, whereas
none was found for the total sample. Number of vertebral
levels fused approached significance among the men (r=.15,
p=.057). The multiple R for the men only regression equa-
tion was .53 (F=5.57; p=.00). One biological variable (age)
and two social variables (education, income level) had sta-
tistically significant regression weights. The equation ac-
counted for 28% of the total variance in compensation costs.

Table 5 contains the results of the simultaneous-entry
multiple regression predicting total medical costs. As may be
seen, the multiple R for this equation was .49, (F=4.979;
p=.00). Two biological variables (vertebral levels fused,
number prior low back operations), three psychological vari-
ables (depression, degree of pain prior to surgery, presurgical
psychological evaluation) and one social variable (lawyer)
had statistically significant regression weights. Thus, when
the 12 variables are considered simultaneously in a linear

Table 5

multiple regression predicting medical costs, biological, psy-
chological and social variables are revealed as statistically
significant predictors accounting for 24% of the total
variance.

Finally, we examined if the biopsychosocial model could
predict high-combined cost versus nonhigh combined cost
cases. Total combined costs were calculated by adding total
compensation and medical costs. We then computed a di-
chotomous outcome variable based on splitting the sample
into those cases that accrued costs above the 75th percen-
tile (approximately $68, 808), which we labeled as high-
combined cost cases, and all other cases were grouped
as nonhigh cost cases. We consulted with the Workers’
Compensation Fund of Utah to determine a meaningful cut
point for high total costs. Next, we conducted a multivariate
logistic regression analysis predicting high combined cost
cases versus nonhigh combined cost cases. The omnibus chi-
squared test for this model was 54.525 (df=12) and was
statistically significant (p=.00). Results of this analysis are
presented in Table 6. As may be seen, greater number of
vertebral levels fused, older age, male gender, completed
presurgical psychological evaluation and lower levels of
education were associated with greater risk of being classi-
fied in the high combined cost group. The presence of a
lawyer and a higher degree of pain before surgery came
very close to achieving statistical significance (p=0.09 for
both variables). The overall correct classification hit rate
for this model was 83%, which represents a substantive
improvement in prediction over the base rate percentage.
Interestingly, the statistically significant predictors of total
combined high-cost versus nonhigh combined cost cases
included an amalgamation of variables that were predictive
of compensation and medical costs within their separate
regressions. In addition, the statistically significant variables

Simultaneous entry multiple regression: predicting total medical costs with presurgical variables as predictors*

Unstandardized coefficients

Standardized coefficients

Variable B SE B p Value
Imaging severity total score 106.2 258.6 .03 .68
Number of vertebral levels fused 3,692.7 1,901.0 13 .05
Age at time of injury 333 123.6 .02 79
Number of prior low back operations 3,678.9 1,418.3 17 .01
Gender (1=male/2=female) —4,706.2 3,108.0 —.11 13
Depression diagnosis (presurgical) 1,1601.4 3,548.0 22 .00
Degree of pain before surgery 3,760.0 1,861.1 13 .04
Presurgical psychological evaluation 7,864.9 2,683.2 .19 .00
Educational level at time of injury —281.0 961.2 —.02 77
Income level at time of injury —4.024 6.2 —.05 .52
Lawyer involvement at time of surgery 4,739.7 2,206.3 14 .03
History of prior industrial claims —2,978.6 2,187.8 —.09 17
(constant) —6,118.0 9,664.6 53

*R2= 24, p=.000.
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Table 6

Multiple logistic regression predicting high combined cost cases versus nonhigh combined cost cases

Variable B p Value Exp (B) 95% Confidence intervals
Imaging severity total score —0.08 11 0.92 (0.84-1.02)
Number of vertebral levels fused 0.78 .02 2.16 (1.12-4.15)
Age at time of injury 0.06 .01 1.06 (1.01-1.11)
Number of prior low back operations 0.32 .19 1.38 (0.85-2.24)
Gender (1=male/2=female) —1.86 .01 0.16 (0.04-0.65)
Depression diagnosis (presurgical) 0.63 27 1.88 (0.60-5.87)
Degree of pain before surgery 0.64 .09 1.90 (0.91-3.97)
Presurgical psychological evaluation 1.39 .00 4.00 (1.67-9.62)
Educational level at time of injury —0.48 .02 0.62 (0.41-0.93)
Income level at time of injury 0.00 24 1.00 (1.00-1.00)
Lawyer involvement at time of surgery 0.69 .09 1.99 (0.90-4.39)
History of prior industrial claims —0.30 46 0.74 (0.33-1.66)
Constant —6.22 .001 0.00

in this logistic regression model represented all three biopsy-
chosocial domains. Thus, the biopsychosocial model demon-
strated preliminary utility for predicting high-combined cost
versus nonhigh combined cost lumbar fusion cases.

Discussion

This study examined 12 presurgical biopsychosocial vari-
ables and accrued compensation and cost information in a
consecutive cohort of 203 compensated lumbar fusion
patients from Utah. The purpose of the study was to deter-
mine the extent to which the biopsychosocial variables were
predictive of compensation and medical costs. The aver-
age time to MMI was 364 days (SD=227), and the average
medical and compensation costs for the patient cohort
were $30,103 and $27,218, respectively. A series of multiple
linear regressions revealed different biological predictors for
increased compensation costs (older age, male gender)
versus increased medical costs (increased number of verte-
bral levels fused and prior low back operations). Psychologi-
cal variables were statistically significant predictors of total
medical costs (depression, more presurgical pain, completion
of presurgical psychological evaluation) and were not statis-
tically significant predictors for total compensation costs.
Social variables were predictive of compensation costs (edu-
cation level, income level, lawyer involvement) and were,
with the exception of lawyer involvement, not predictive of
medical costs. In general, the regressions indicated that psy-
chological variables were more predictive of medical costs,
social variables were predictive of compensation costs and
differing biological variables were predictive of both med-
ical and compensation costs. Finally, a logistic regression
predicting combined high-cost versus nonhigh combined
cost cases demonstrated the predictive utility of the biopsy-
chosocial model when considering both types of costs
additively.

This study adds to a rapidly expanding database regarding
the biopsychosocial model [4,7,11-13,16] and suggests that

itis not only applicable in terms of treatment decisions but is
also useful for predicting costs, in this specific case for both
workers’ compensation payments and medical expenses.
These findings are particularly noteworthy because, after
years of stabilization or record low rates of growth, annual
health-care costs are increasing steeply [21]. Making wise
use of limited resources is important, and this study demon-
strates the usefulness of considering variables from the bio-
logical, psychological and social realms when estimating
costs associated with low back pain and surgery. Previously,
we demonstrated that in an uncontrolled, naturalistic setting,
individuals referred for psychological evaluation have gener-
ally worse functional outcomes (although equivalent physio-
logical outcomes) and higher costs after low back surgery than
those not referred for these evaluations [3]. This study
questioned the effectiveness of presurgical psychological
evaluations and pointedly noted that the sampled reports
submitted to surgeons and treatment teams often offered
imprecise or vague recommendations for presurgery inter-
vention. However, significant research in related medical
areas [22-24] indicates that psychological interventions,
when rigorously, thoughtfully (i.e., theoretically driven) and
specifically conducted, improve treatment outcomes and
reduce costs. These latter findings imply two key points.
First, consideration and intervention in the areas of biologi-
cal, psychological and social functioning may improve out-
comes and reduce costs. Second, the quality of the
psychosocial interventions is of utmost importance for
these benefits to be realized. Clearly, further research on
how to optimize low back surgery outcomes by means of
implementation of psychological intervention is necessary.

A most interesting, and somewhat surprising, finding
from this study was that the pattern of predictors for the
compensation and medical costs showed variation. That is,
although biological variables provided some predictability
for both sets of costs, the psychological variables predicted
medical expenses better than they did compensation costs,
whereas the opposite was true for the social variables. How
can these differences be explained?



M.S. DeBerard et al. / The Spine Journal 3 (2003) 420-429 427

First, physicians estimate that approximately 66% of their
time is allocated to patients who have either medically insig-
nificant symptoms or symptoms resulting from psychologi-
cal dysfunction [25]. These data provide an impetus and
growing trend to use the assessment and intervention exper-
tise of psychologists specifically trained for working in pri-
mary care settings [26]. The concerns treated by these
psychologists include everything from medical treatment
compliance to emotional distress. In particular, depression
and anxiety are prominent among medical populations, al-
though they often first manifest as somatic symptoms. This
is not to deny the reality of the physical symptoms or
to suggest any degree of malingering. It is, however, to
acknowledge the importance of a holistic view of individuals
as suggested by the biopsychosocial model. This model
may also apply in the field of spinal surgery [13]. It has
been known for many years that behavioral and psychologi-
cal factors are significant in determining the experience of
pain and the extent to which it interferes with daily function-
ing and emotional well-being. An orthopedic surgeon we
have worked with often commented that for many of his
cases, back pain was the socially legitimate “ticket” to access-
ing medical care, when, in fact, less “acceptable” emotional
factors were of equal or greater clinical importance. Again,
he was not denying the reality of the pain or even the biologi-
cal basis for it, but was simply acknowledging that more
needs were being presented in the office than a straightfor-
ward examination and treatment of the spinal column could
meet. In this light, from the present study it is interesting
that depression was the most potent predictor of medical
costs both when considered singly in the simple bivariate
correlations and as part of the regression equation. An obvi-
ous conclusion is that emotional factors, notably depression,
are involved in elevating medical costs associated with back
surgery. Clearly, this suggests consideration of a spine pa-
tient’s depression before and after surgery and the develop-
ment of interventions to address this issue among such
patients [27].

Although psychological variables had some modest pre-
dictability for the compensation costs, it was the social vari-
ables (education and income levels, lawyer involvement and
prior industrial claims) that, as a group, were more promi-
nent. To analyze this difference, we need to understand the
different nature of the two costs. Medical costs consist of
expenses paid to physicians and hospitals for office visits
and procedures as well as reimbursement to patients for
travel. These accrue as a result of actual treatment of the
patient that carries with it significant interpersonal interac-
tion with the health-care provider and system. The nature
of this interaction is one of doctor-patient and implies a
degree of collaboration in working toward a common goal
(i.e., improved health) and includes a significant psychologi-
cal component. Compensation costs, on the other hand,
cover wage replacement and, if applicable, a final permanent
disability settlement related to the injury. The nature of
the relationship between payer (compensation system) and

payee (patient) is tenuous and often adversarial. It is one in
which competing interests are obvious. Given this, it is
informative, although not surprising, that the cluster of
variables we have termed “social” predict compensation
costs. In short, those workers who make more money, have
had prior industrial claims (and therefore learned how the
compensation system works), have lower education and ob-
tained the services of a lawyer before their surgery are more
likely to have higher compensation costs.

The income variable is worth particular mention. Because
amount of income at the time of injury is the most important
factor in determining weekly wage replacement during the
course of the treatment and rehabilitation, and is ultimately
related to the dollars received as a result of a disability settle-
ment, its relationship with total compensation costs is to
some extent artifactual, that is, integral for the calculations
of the system. It should be noted, however, the total compen-
sation cost variable, as assessed in this study, is also a func-
tion of the length of time on disability and, if applicable,
the total disability settlement that is dependent on the perma-
nent total or permanent partial body impairment rating deter-
mined at MMI. For example, a person with a larger salary
who is on wage replacement a short amount of time may have
lower costs than a patient with a smaller salary who is on
it for an extended period. Given these issues, we decided
to investigate what would happen to the social variables
with the influence of income covaried out of the equation.
Therefore, we calculated a hierarchical regression analysis
predicting compensation costs with the effects of income
controlled (held constant). We controlled for income by
means of forcing this variable into the regression on the first
step and then entering the other 11 additional variables as
a block on the second step. The final regression weights for
the social variables did not change, and interpretations re-
mained the same as with the full model. These data suggest
the identified predictors of compensation costs are valid
and not simply a spurious function of their colinearity with
income. Thus, the importance of the social variables is
maintained when income was held constant within the
regression analysis.

Because men constituted over 80% of the sample and
because being male predicted higher total compensation
costs, we examined the findings for men only. The men
only regression closely mirrored that for the overall sample.
When the simple correlations were examined, however, a
few differences emerged. In particular, age at time of injury,
depression and referral for a psychological evaluation dem-
onstrated notable increases in their relationship with
compensation costs compared with the values obtained for
the overall sample, and their rank order in terms of magnitude
of the correlation changed as well. That is, age for men only
had the highest correlation; for the total group, it ranked
fifth. Depression ranked third for males only; for the total
group, it was sixth. Referral for a psychological evaluation
ranked fourth for males only; for the total group, it was
seventh. On the other hand, income slipped from having the
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highest correlation for the overall group to a position of
eighth for males only and, surprisingly, lawyer involvement
also slipped from a position of second to sixth. Clearly,
not too much should be made of these changes because
their absolute magnitude is only notable, not extreme. It is,
however, interesting that such variables as age and de-
pression seem to be important correlates of total compensa-
tion costs for men. It has often been noted that men tend to
express depression with anger. Those who have worked in
the compensation system may be familiar with this dynamic
as it applies in this particular setting. The age variable
may also be implicated. As men age, the work required
of many manual labor positions may become increasingly
difficult to perform and, consequently, more aversive. This
may create significant incentive to avoid the work, and re-
ceiving compensation for an injury (and resultant surgery)
may provide one viable method of doing this. Add to this
depression and the likelihood of compensation costs in-
creasing. For men, these variables are more predictive of
higher compensation costs than income or even involving
a lawyer in the case. Again, this suggests that interventions
aimed at treating depression may be useful in reducing com-
pensation costs.

Overall, this study lends credence to the importance of
the biopsychosocial model as a predictor of costs among
low back surgery patients. The resulting implications are
not only that social and psychological variables should
be considered along with biological factors but, perhaps
more importantly, that interventions be developed to mitigate
the negative impact of psychosocial variables on treatment
and cost outcomes. One astute reviewer of this paper sug-
gested that many of the statistically significant predictors of
costs identified in this paper are not amenable to presurgical
intervention. Because this is an exploratory study, we be-
lieved it was important to identify predictors of costs even
if they initially appear as immutable. We simply do not
know, for example, what aspects of male gender or age
account for their relationship to costs. It might well be certain
psychosocial features of these variables (e.g., type A behav-
ior in men, age-related declines in social support), rather
than biological features, that might explain their relationship
to costs. These types of psychosocial issues are likely amena-
ble to presurgical intervention.

It is also important to note that the present biopsychoso-
cial model was unable to account for 63% and 76% of the
total variance in compensation and medical costs, respec-
tively. This demonstrates the need for researchers to further
investigate and refine the specific predictive constructs pre-
sented here and to investigate other types of potential
predictors.
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Twenty-five
Years Ago
in Spine . . .

Before 1978, arachnoiditis of the lumbar
spine had long been a topic of observation and speculation,
confused by poor definition and multiple etiologies. That
year, the term was clarified and understanding of the

spectrum of the disorder was enhanced by publication of
material presented at a symposium at the International
Society of the Lumbar Spine in Utrecht during the previous
year. A series of articles provided nomenclature, detailed
observations of pathology and discussed various etiologies
[1]. The relationship between iophendylate myelography
and arachnoiditis was made particularly clear.
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