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Emotional Health Predicts Pain and Function
After Fusion: A Prospective Multicenter Study

Paula M. Trief, PhD,* Robert Ploutz-Snyder, PhD,† and Bruce E. Fredrickson, MD‡

Study Design. Prospective.
Objectives. To assess whether patients with poorer

emotional health before fusion surgery will have worse
pain and function after surgery, and to identify patient
variables that predict fusion outcomes.

Summary of Background Data. A systematic review of
fusion outcomes studies reported an average of 68% “sat-
isfactory” outcomes. The persistence of pain and functional
limitations leads to emotional and financial costs. There-
fore, it is important to identify the factors that affect fusion
outcome. Research has explored psychosocial factors
(e.g., depression, anxiety) as being important outcome
predictors.

Methods. Data from subjects enrolled in a multisite
trial of 2 fusion systems were analyzed. Subjects com-
pleted measures of health-related quality of life (SF-36),
pain (visual analog scale), and function (Oswestry Disabil-
ity Index). A total of 160 subjects completed measures
before fusion, 155 completed measures 12 months after
fusion, and 115 completed measures 24 months after
fusion. Subject variables (i.e., age, gender, smoking,
workers’ compensation, and second surgery status) and
presurgical pain/function were regressed on pain/func-
tion outcomes after surgery. This model was compared to
one that included presurgical Mental Component Scores
(MCSs), which is a SF-36 derived measure of emotional
health, to determine whether MCS data significantly im-
proved the prediction of pain/function.

Results. Higher presurgical MCS (i.e., better emotional
health) predicted less back and leg pain after surgery.
Similarly, higher presurgical MCS predicted better phys-
ical function after surgery. Other important predictors of
pain and function were presurgical pain and function,
workers’ compensation, and smoking status. The associ-
ations were modest (2% to 9% of independent variance
accounted for), but significant.

Conclusions. Presurgical emotional status is one sig-
nificant predictor of pain and function outcomes up to 2
years after fusion. Other significant predictors included
workers’ compensation status, smoking status, and pre-
surgical pain/function. Studies to identify and intervene

with patients with poorer emotional status will clarify
whether presurgical mental health intervention can im-
prove pain and function outcomes after surgery or
whether these patients are not candidates for surgery.
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Back pain has become the leading cause of disability and
lost production in the United States.1 In 1997, direct and
indirect costs associated with industrial-related back
pain in the United States were estimated to exceed $170
billion per year.2 The National Center for Health Statis-
tics estimated that more than 317,000 back surgeries
were performed in 1997 to address this problem, includ-
ing 192,000 spinal fusions.3,4 A systematic review of spi-
nal fusion outcome studies from 1966 to 1991 reported
an average of 68% “satisfactory” outcomes.5 The au-
thors report a range of 16% to 95% success. This result
reflects differences in the operational definitions of “sat-
isfactory outcome” (e.g., “solid fusion”), patient satis-
faction, or return to work. In addition, many of these
studies included research of fusions that have a high
medical failure rate, or pseudarthrosis, if bone graft
alone6,7 or posterior pedicle screw fixation8,9 is used.

Interbody fusion devices, such as threaded cages, have
been developed, and a recent review concludes that these
devices have improved fusion success rates and subjec-
tive clinical effectiveness,10 although overuse and failures
have been noted.11,12 In a 4-year follow-up study of 196
patients who underwent fusion using the Bagby and Kus-
lich lumbar fusion cage, technically successful fusion oc-
curred in 98% of patients, and patient reports of pain
and function showed “significant improvement.”13 Pain
rating scale (1 � none to 6 � disabling pain) scores
decreased from an average of 5.1 (�0.65) to 3.4 (�1.02),
and function scores (7 activities of daily living scales)
also improved, decreasing from 21 to 15, with the higher
number being poorer function, and normal individuals
scoring between 9 and 12.

Although significant, one sees that most patients con-
tinued to have mild-to-moderate residual pain and
poorer than “normal” function. Similarly, Penta and
Fraser14 reviewed 108 patients with fusion 10 years after
surgery and found that 78% rated themselves as having
had “complete relief” or “a good deal” of relief, indicat-
ing that 22% had poor results and that even the successes
had persistent problems. The persistence of pain and
function limitations leads to emotional and financial
costs for patients, families, and society.
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Given the data, it is important to identify the factors
that may impact on fusion outcome and surgical selec-
tion, as well as appropriate measures to assess them. A
body of literature explores psychosocial factors as im-
portant predictors of outcome.15 Most of this research
has used the Minnesota Multiphasic Personality Inven-
tory and its revision to identify “cluster profiles” that
predict poor surgical outcome.16–20 However, critics
have questioned the clinical use of this measure, and the
fact that most of the data are retrospective and correla-
tional.21–23 One prospective study found that “psycho-
logical disturbance,” measured by pain drawings and
inappropriate signs, predicted fusion outcome.24 Our re-
cent prospective study of 102 patients who underwent
lumbar spine surgery (mixed types) found that lower pre-
surgical anxiety,25 depression,26 and hostility27 pre-
dicted better outcome (i.e., return to work, pain de-
crease, functional improvement).28 However, the
surgeries were heterogeneous, the measures used are not
routinely part of orthopedic assessment, and the fol-
low-up assessment point was only 1 year, a relatively
short period of time.

The primary purpose of the current study was to de-
termine whether presurgical emotional health, measured
by a valid and reliable tool, predicts outcomes after sur-
gery in a relatively homogeneous group (i.e., all patients
undergo lumbar fusion), both at short and long-term
follow-up. Secondary aims were to explore whether
other psychosocial factors predict outcomes after fusion.
In the current study, we used the Medical Outcomes
Study-Short Form (SF-36), a measure that is fast becom-
ing the gold standard for assessing physical and emo-
tional health outcomes.29 The institutional review board
of State University of New York Upstate Medical Uni-
versity and the institutional review boards of other par-
ticipating institutions in which data were collected ap-
proved the study.

Materials and Methods

Subjects. Data from participants in a larger clinical trial were
analyzed. This was a Food and Drug Administration approved
multicenter (10 sites) investigational device experiment, in
which patients undergoing lumbar fusions were randomly as-
signed to either BAK or InFix lumbar cage conditions. All pa-
tients underwent fusion performed at the same sites and by the
same physicians; the only difference was the type of cage used.
A study coordinator at each site recruited patients when they
presented at physicians’ offices. The study coordinator screened
for inclusion/exclusion criteria established for the trial. Individ-
uals were included if they had pain, functional deficit, or neu-
rologic deficit for more than 6 months and were diagnosed with
degenerative disc disease. Degenerative disc disease was defined
according to specific criteria, including low back pain of a dis-
cogenic nature, confirmed by patient symptoms and history,
physical examination findings, and associated abnormal find-
ings on magnetic resonance imaging or other radiologic evalu-
ations that led the treating physician to identify the disc as the
source of the pain.

Subjects were between 21 and 70 years of age, had a maxi-
mum of 2 diseased levels to be instrumented, had undergone no
more than 2 previous nonfusion surgeries at the same level, and
had failed continued conservative treatment for a minimum of
6 months. Patients were excluded per the larger trial criteria if
they had �2 of the following psychosocial factors: alcoholic/
drug dependent or treated for alcoholism/drug dependency
within past 5 years, current or past spinal surgery litigation,
and smoking more than 1 pack per day (assessed by self-
report). Subjects were educated about anterior lumbar inter-
body fusion and the requirements of the study. On signing the
approved consent document, a blinded randomization enve-
lope was opened to determine treatment group. Subjects in this
trial completed measures of pain, function, and health-related
quality of life. These questionnaires were completed at a pre-
surgical visit to the clinic no more than 1 month before surgery
(baseline), and at clinic follow-up visits 1 and 2 years after
fusion surgery.

Measures

Medical Outcomes Study-Short Form (SF-36). The SF-36 is one
of the most widely used questionnaires in health research used
to assess health-related quality of life.29 It has excellent reliabil-
ity and validity.30–32 It contains 36 multiple-choice questions,
scored on 8 subscales: physical function, role limitations
caused by physical problems, bodily pain, general health, vital-
ity, social functioning, role limitations caused by emotional
problems, and mental health. Scores on the subscales can be
aggregated to create a Physical Component Score (PCS) and
Mental Component Score (MCS).33 The MCS is calculated
using scores on the social functioning, role limitations caused
by emotional problems, mental health, and vitality subscales.

Visual Analog Scale (VAS). As is the standard, presenting
subjects with a 100-mm horizontal line and asking them to put
an X on the line that represented the level of pain during the
past week is used to obtain VAS scores. The range was 0 � “no
pain at all” to 100 � “worst pain imaginable.”34 The VAS was
used to assess both back and leg pain.

Oswestry Disability Index (modified). The Oswestry is a com-
monly used measure of functional status related to limitations
associated with low back pain. It is comprised of 10 questions that
describe back-related disability as a combination of physical and
social restriction in various aspects of daily life. A sum is calcu-
lated and presented as a percentage (range 0% � no disability to
100% � the worst possible disability).35 It has been reliable and
valid as a measure of functional disability.36,37 Because of con-
cerns about the intrusiveness and potential discomfort elicited by
a question concerning sexuality, researchers in the larger trial
chose to omit it, thus changing the possible range (0—90), but not
changing the percentage of disability.

Statistical Analysis. Blocked multiple regression analyses
were used to evaluate the combined and independent variance
contributions of various predictors of pain and function fol-
lowing surgery. Specifically, presurgical back pain, height,
weight, age, gender, smoker status (yes, no), workers’ compen-
sation status (yes, no), and whether patient underwent a second
surgery (yes, no) were entered into the initial regression pre-
dicting 12-month pain. A total of 22 subjects (13.8%) under-
went a second surgical procedure after the index surgery, but
before the follow-up assessments, generally because of medical
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complications. This was labeled “underwent second surgery.”
Thus, for these subjects, outcomes represent results after 2 sur-
geries, and this variable was also entered into the first block.

We entered participants’ presurgical MCS data into the sec-
ond block to determine whether MCS was a significant predic-
tor of 12-month back pain after factoring in the initial block of
predictors. We conducted similar analyses predicting 12-
month function (SF-36 PCS, Oswestry), and 24-month pain
and function. In each case, we entered baseline pain or function
scores into the model to control for presurgical pain or func-
tion. Participants were eliminated from any regression analysis
if they did not supply valid data for all predictors and outcomes
(i.e., list-wise elimination). Therefore, because each regression
uses only subjects that have valid data for all predictors and the
relevant outcomes (i.e., completers), each regression used a
slightly different sample, and the number of subjects varied
slightly.

In all models, we interpret the multiple R2 and associated P
values as an evaluation of the overall model, and we compared
the reduced (base) model to the full model, including MCS, by
comparing the amount of unexplained variance in either model
using the analysis of variance statistic. We provide the stan-
dardized � coefficients and associated P values to assess statis-
tical significance of individual predictors, and we evaluate the
independent variance contributions of predictors by examina-
tion of their squared semi-partial correlation (sr2), representing
the amount of a reduction in the overall R2 the model would
sustain if a predictor is eliminated from the model.

Also, to begin to explore questions of clinical significance,
we were interested in assessing how much of an improvement
in preoperative MCS is associated with a clinically meaningful
difference in function and back pain. Preliminary work by Lurie
et al38 has suggested that a 5-point increase on the SF-36 PCS,
and a 7-point increase in Oswestry scores, represent a clinically
meaningful improvement in function, however, they only fol-
lowed subjects for 3 months. We used the unstandardized �
coefficients from the regression models to project pain and
function outcomes (12 and 24-month) for the typical subject in
this trial, and computed the average improvement in baseline
MCS that is necessary to see an average increase of 5 points in
PCS, and 7 points in Oswestry scores, and, thus, may be clini-
cally meaningful.

Results

Subject Characteristics
We were provided with a data set of 171 subjects of the
larger trial, which included all subjects who were en-
rolled in the trial at that time and, therefore, had agreed
to be randomized to 1 of the 2 fusion cage systems, had
undergone surgery at least 2 years prior, and thus could
provide 24-month assessments. Although sites were re-
quested to document the number of patients who under-
went fusions and were approached to participate in this
study but refused, the sponsor has not collected that
data, and, thus, we cannot compare enrollees to refusers
on baseline demographic data to ensure comparability.
Of the 171 subjects enrolled in the fusion study, 6 did not
complete baseline demographic data forms, and 5 did
not complete the SF-36, despite agreeing to do so. These
11 individuals were eliminated from our analyses. This

resulted in 160 subjects who completed the baseline as-
sessment and had undergone surgery for our analyses
(Table 1). Because of the small number (n � 11) of sub-
jects eliminated, we could not statistically compare them
to our larger sample.

There were 83 men (51.9%) and 77 women (48.1%),
with an age range of 26–67 years (mean 44.22, standard
deviation 8.59). A total of 60 subjects (37.5%) were
receiving workers’ compensation disability payments,
and 72 (45%) were current smokers. All 160 subjects
provided valid pain or function outcomes data for at
least 1 of our follow-up assessments (12 or 24 months).
However, some outcomes data are missing for a few

Table 2. Pain and Function Change From
Presurgical Baseline

Outcome
Measure

No.
Subjects

Mean
(SD)

Change From
Baseline*

Baseline back pain (VAS) 105 74.77 (21.49)
12-month back pain 105 45.30 (31.53) P � 0.001
24-month back pain 105 44.53 (32.02) P � 0.001
Baseline leg pain (VAS) 103 61.27 (27.85)
12-month leg pain 103 37.07 (32.34) P � 0.001
24-month leg pain 103 38.43 (31.99) P � 0.001
Baseline Oswestry 109 60.62 (16.25)
12-month Oswestry 109 38.19 (26.01) P � 0.001
24-month Oswestry 109 39.75 (26.20) P � 0.001
Baseline SF-36 PCS 109 28.51 (6.14)
12-month SF-36 PCS 109 36.83 (11.42) P � 0.001
24-month SF-36 PCS 109 36.32 (12.13) P � 0.001

*Repeated measures analysis of variance with a priori contrasts comparing
each postoperative measure to baseline. The number of subjects for whom
preoperative, and 12 and 24-month data were available for statistical compar-
ison determines sample sizes (No.) in this table.
SD indicates standard deviation.

Table 1. Demographics and Outcome Measures
for 160 Subjects

No.
Subjects Mean (SD) %

Demographic/predictor variables
Male gender 160 51.9
Workers’ compensation–Yes 160 37.5
Current smoker 160 45
Second surgery needed 160 13.8
Age (ys) 160 44.22 (8.59)
Height (in) 160 67.39 (6.67)
Weight (lbs) 160 190.19 (41.46)
Presurgical MCS 160 41.54 (13.00)
Presurgical back pain 158 72.96 (21.10)
Presurgical leg pain 158 61.26 (27.53)
Presurgical Oswestry function 160 60.19 (17.16)
Presurgical SF-36 PCS 160 28.41 (6.27)

Outcome measures
VAS back pain 12 mos 151 43.85 (30.47)
VAS back pain 24 mos 115 44.84 (31.89)
VAS leg pain 12 mos 148 35.49 (31.56)
VAS leg pain 24 mos 115 38.12 (31.91)
Oswestry �12 mos 153 38.86 (25.48)
Oswestry �24 mos 115 40.00 (26.28)
SF-36 PCS �12 mos 151 36.60 (11.02)
SF-36 PCS �24 mos 114 36.13 (11.97)

SD indicates standard deviation.
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subjects, thus, the sample sizes for our 8 regression mod-
els that predict pain and function vary. Specifically, the
number of subjects who completed the 12 and 24-month
VAS back pain scales was 151 (94%) and 115 (97%),
respectively, and who completed the VAS leg pain scales
was 148 (93%) and 115 (97%), respectively (Table 2).

The number of subjects who completed 12 and 24-
month Oswestry scales was 153 (96%) and 115 (72%),
respectively, and 12 and 24-month PCS scales was 151
(94%) and 114 (71%), respectively (Table 3). The Student
t test compared baseline MCS, and measures of pain and
function of subjects who provided all predictors and out-
comes for regression analysis (i.e., completers) to subjects
who were eliminated from that analysis because they were

missing the relevant 12 or 24-month outcome data (i.e.,
noncompleters). We found no statistically significant differ-
ences between these groups on baseline pain or function (P
values ranged from 0.07 to 0.78), but 12-month completers
had, on average, higher MCSs (P � 0.004).

Overall Surgical Outcome Results
Table 4 presents data on baseline and follow-up pain and
function outcomes. Repeated measures analyses of vari-
ance with a priori contrasts, comparing baseline to each
follow-up, show highly significant improvements in back
pain, leg pain, and reported function at both 12 and
24-month follow-up.

Table 3. Prospective Multiple Regression Analyses Predicting Postsurgical Function (2 measures) From Baseline
Characteristics and Significance of Difference Between Models With and Without Presurgical MCS Data

Model* �† P sr2
Multiple

R2
Model

Significance
Full vs. Reduced

P Change‡

Predicting 12-month function (SF-36 PCS) (n � 151) 0.25 �0.001 �0.01
Age (ys) �0.09 0.24 0.01§
Gender (1 male, 2 females) 0.02 0.85 0.00
Height (in) 0.01 0.88 0.00
Weight (lbs) �0.02 0.78 0.00
Workers’ compensation (0 � no, 1 � yes)� �0.20 0.01 0.03
Current smoker (0 � no, 1 � yes)� �0.17 0.03 0.03
Second surgery needed (0 � no, 1 � yes)� �0.18 0.02 0.03
Presurgical function (PCS)¶ 0.32 �0.01 0.08
Presurgical MCS (MCS)� 0.22 0.01 0.04

Predicting 24-month function (SF-36 PCS) (n � 114) 0.35 �0.001 �0.001
Age �0.08 0.64 0.01
Gender 0.13 0.21 0.01
Height 0.19 0.11 0.03
Weight �0.06 0.57 0.00
Workers’ compensation �0.16 0.07 0.02
Current smoker �0.13 0.14 0.01
Second surgery needed� �0.17 0.04 0.03
Presurgical function (PCS)¶ 0.38 �0.01 0.10
Presurgical MCS¶ 0.35 �0.01 0.09

Predicting 12-month function (Oswestry) (n � 153) 0.31 �0.001 0.05
Age 0.05 0.53 0.00
Gender �0.05 0.52 0.00
Height �0.07 0.34 0.00
Weight �0.04 0.62 0.00
Workers’ compensation� 0.20 0.01 0.04
Current smoker� 0.19 0.01 0.03
Second surgery needed� 0.16 0.03 0.02
Presurgical Oswestry¶ 0.30 �0.01 0.07
Presurgical MCS� �0.15 0.05 0.02

Predicting 24-month function (Oswestry) (n � 115) 0.26 �0.001 0.10
Age 0.11 0.22 0.01
Gender �0.22 0.06 0.03
Height� �0.25 0.05 0.04
Weight �0.02 0.85 0.00
Workers’ compensation� 0.20 0.04 0.03
Current smoker 0.12 0.19 0.01
Second surgery needed 0.11 0.18 0.01
Presurgical Oswestry� 0.23 0.02 0.04
Presurgical MCS �0.16 0.10 0.02

*The � coefficients, P values, sr2 values, and multiple R2 values were calculated on the full model that includes all predictors shown.
†The � coefficients are standardizations of the raw � coefficient. They are informative about relative contributions of predictors because the unit of measurement
has been standardized.
‡The full versus reduced P-change column indicates the significance of comparing this model to a reduced model that included all predictors except presurgical
MCS using hierarchical regression. Thus, P-change statistics indicate the extent to which the additional predictor (MCS) in the full model added predictive variance
to the base model.
§Squared semi-partial correlation coefficients (sr2) are a measure of the independent predictive value of each predictor in the model. It represents the amount of
variance that the overall R2 would decrease if the predictor were eliminated from the model.
�Significant contribution at P � 0.05.
¶Significant contribution at P � 0.01.
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Function
Our predictions of physical function (SF-36 PCS) indi-
cate that higher presurgical MCS predicted better phys-
ical function at 12 (� � 0.22, P � 0.05) and 24 months
(� � 0.35, P � 0.01) (Table 3). Smoking, workers’ com-
pensation, and second surgery were negatively related,
and presurgical PCS was positively related to 12-month
PCS function. Predictions of 24-month PCS revealed that
only second surgery and presurgical PCS were additional
predictors of PCS 2 years after surgery. Similar results
were obtained using the Oswestry Disability Index (i.e.,
presurgical MCS [� � �0.15, P � 0.05], smoking, workers’
compensation status, and presurgical Oswestry scores all
contributed significantly to the prediction of 12-month

Oswestry scores). Similarly, workers’ compensation sta-
tus, height, and presurgical Oswestry significantly pre-
dicted 24-month Oswestry scores, but there was only a
trend for presurgical MCS to do so.

We also ran some exploratory analyses to address
questions of clinical significance. As noted, preliminary
work38 suggests that a 5-point increase in SF-36 PCS
represents a clinically meaningful change. There are lim-
itations in basing our analyses on these data because our
sample is more homogeneous, and our follow-up is
longer. However, without other cutoff scores identified
in the literature, we believed that it was a worthwhile
exercise to ask the question of how much of a change in
MCS would be associated with a clinically significant

Table 4. Prospective Multiple Regression Analyses Predicting Postsurgical Back/Leg Pain From Baseline
Characteristics and Significance of Difference Between Models With and Without Presurgical MCS Data

Model* �† P sr2
Multiple

R2
Model

Significance
Full vs. Reduced

P Change‡

Predicting 12-month back pain (n � 149)* 0.29 �0.001 �0.01
Age (ys) 0.04 0.64 0.00§
Gender (1 male, 2 females) �0.06 0.47 0.00
Height (in) 0.05 0.57 0.00
Weight (lbs) �0.04 0.60 0.00
Workers’ compensation (0 � no, 1 � yes) 0.12 0.11 0.01
Current smoker (0 � no, 1 � yes)� 0.18 0.02 0.03
Second surgery needed (0 � no, 1 � yes)¶ 0.21 �0.01 0.04
Presurgical back pain (PCS)¶ 0.27 �0.01 0.07
Presurgical MCS (MCS)¶ �0.24 �0.01 0.05

Predicting 24-month back pain (n � 113) 0.24 0.001 �0.01
Age 0.09 0.35 0.00
Gender� �0.26 0.03 0.04
Height �0.19 0.14 0.02
Weight 0.08 0.45 0.00
Workers’ compensation� 0.19 0.04 0.03
Current smoker 0.16 0.10 0.02
Second surgery needed 0.14 0.11 0.02
Presurgical back pain 0.12 0.18 0.01
Presurgical MCS¶ �0.26 �0.01 0.06

Predicting 12-month leg pain (n � 146) 0.30 �0.001 0.03
Age 0.17 0.03 0.03
Gender 0.03 0.69 0.00
Height �0.08 0.34 0.00
Weight 0.07 0.42 0.00
Workers’ compensation¶ 0.27 �0.01 0.06
Current smoker¶ 0.24 �0.01 0.05
Second surgery needed¶ 0.10 0.18 0.01
Presurgical leg pain¶ 0.21 0.01 0.04
Presurgical MCS� �0.17 0.03 0.03

Predicting 24-month leg pain (n � 113) 0.31 �0.001 0.03
Age 0.17 0.06 0.02
Gender �0.13 0.24 0.01
Height� �0.30 0.02 0.04
Weight 0.13 0.21 0.01
Workers’ compensation¶ 0.26 �0.01 0.06
Current smoker 0.12 0.18 0.01
Second surgery needed 0.00 0.99 0.00
Presurgical leg pain� 0.20 0.02 0.04
Presurgical MCS� �0.20 0.03 0.03

*The � coefficients, P values, sr2 values, and multiple R2 values were calculated on the full model that includes all predictors shown.
†The � coefficients are standardizations of the raw � coefficient. They are informative about relative contributions of predictors because the unit of measurement
has been standardized.
‡The full versus reduced P-change column indicates the significance of comparing this model to a reduced model that included all predictors except presurgical
MCS using hierarchical regression. Thus, P-change statistics indicate the extent to which the additional predictor (MCS) in the full model added predictive variance
to the base model.
§Squared semi-partial correlation coefficients (sr2) are a measure of the independent predictive value of each predictor in the model. It represents the amount of
variance that the overall R2 would decrease if the predictor were eliminated from the model.
�Significant contribution at P � 0.05.
¶Significant contribution at P � 0.01.
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improvement in function. We projected the effect of
changing presurgical MCS on functional outcomes by
creating a projection model that used the unstandardized
regression coefficients from our models and hypothetical
values for all other predictors in the model that are con-
sistent with our “typical” subject.

Using the unstandardized regression coefficients from
our regressions on 12 and 24-month function, the typical
surgical patient would have a clinically meaningful
change in 24-month PCS function (i.e., at least a 5-point
increase) if the preoperative MCS was 16 points higher.
This result also generated a 3-point PCS improvement at
12 months. To achieve a clinically important change in
24month Oswestry (i.e., 7-point increase), a 23-point
increase in preoperative MCS is statistically necessary;
this MCS increase projects a 6.7-point improvement in
12-month Oswestry. These function change projections
assume that all other predictors in the model remain
constant, and, thus, we believe them to be somewhat
conservative estimates because MCS is correlated with
other predictors in the model, and those predictors also
impact functional improvement.

Pain
Higher presurgical MCS (i.e., better emotional health)
predicted less back pain 12 months after surgery (� �
�0.24, P � 0.01) (Table 4). Smoking, second surgery,
and presurgical back pain were negatively related to VAS
back pain ratings at 12 months. Presurgical MCS (� �
�0.26, P � 0.01), gender, and workers’ compensation
status were also significant predictors of 24-month back
pain. Similar results were found in predictions of leg
pain, in which presurgical MCS was significantly predic-
tive of leg pain at 12 (� � �0.17, P � 0.05) and at 24
months (� � �0.20, P � 0.05). Also, older age, receiving
workers’ compensation, being a smoker, and more pre-
surgical leg pain were significantly related to more leg
pain at 12 months. Significant predictors of 24-month
leg pain include height, workers’ compensation status,
and presurgical leg pain.

The unique variance contribution (sr2) of MCS data
to 12-month back pain was 5%, second only to presur-
gical back pain data (7%). Similarly, the highest unique
variance contribution to 24-month back pain was pre-
surgical MCS (6%).

Again, we tried to explore the issue of clinical signif-
icance. Given that the literature provides no estimates of
how much of a change in pain (as measured by the
100-mm VAS) would represent a clinically meaningful
improvement, we projected 12 and 24-month pain im-
provements associated with a 16-point increase in pre-
operative MCS. We chose a 16-point MCS increase be-
cause this was previously suggested as being related to a
clinically meaningful improvement in SF-36 PCS func-
tion. Our projections of pain showed that a 16-point
increase in preoperative MCS would predict a change of
8.8 (12-month) and 10.1 (24-month) points on the VAS

back pain scale, and 6.6 (12-month) and 7.6 (24-month)
points on the VAS leg pain scale.

Discussion

Anterior lumbar fusion is an increasingly commonly
used surgical procedure to address chronic and persistent
back and lower extremity pain caused by degenerative
disc disease. However, persistent pain and dysfunction
after fusion are frequently reported, and result in signif-
icant emotional and quality of life costs to the patient, as
well as health care and legal monetary costs to society.
Thus, predictors of outcome are needed.

In the current prospective study, we examined a spe-
cific surgery, anterior lumbar fusion with cages, and used
a measure of emotional health that is commonly used in
orthopedic offices, the SF-36, including a 2-year follow-
up. Results indicate that patients who report poorer
emotional status before fusion are significantly more
likely to report poorer function outcomes 1 year after
surgery and poorer pain outcomes a full 2 years after
surgery. There were other variables that were of interest
that were each significant predictors of outcome, at least
at one time. Not surprisingly, those subjects who had
more pain or poorer function before surgery also re-
ported more pain or poorer function after surgery. Pre-
surgical pain and function accounted for 2% to 10% of
the variances, depending on outcomes and time of
follow-up. However, presurgical back pain did not pre-
dict back pain after surgery at 24 months.

It is also not surprising that patients who underwent a
second surgical procedure had poorer outcomes at fol-
low-up, although this variable only accounted for 2% to
3% of variances. Smoking significantly predicted 12-
month (range 2% to 3%), but not 24-month, pain and
function. Workers’ compensation status was a signifi-
cant predictor (range 3% to 4%) in most analyses, yet
emotional status was responsible for a higher percentage
of the variance, and was generally the strongest indepen-
dent predictor of back (range 5% to 6%) and leg pain
(3%). Although presurgical function (range 4% to 10%)
appears to be more important than emotional health
(range 2% to 9%) when predicting function after sur-
gery, this is not much of a difference. These percentages
only represent the amount of independent variance, a
conservative estimate, because it does not include the
effect of emotional status that might be shared with other
variables.

The overall outcomes of fusion surgery were very
positive, at least for the subgroup of patients who
completed the follow-up assessments. The common re-
gression to the mean might have contributed to these
findings. Also, the study is limited to results of fusion
surgery performed with cages, and these results may not
generalize to outcomes of other surgical procedures. We
are also lacking some demographic and medical data
(e.g., race/ethnicity, education, medical comorbidities),
which might have affected the results and limit general-
izability. We were unable to obtain data on patients who
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were recruited for the study but did not enroll and, there-
fore, do not know if this sample is truly representative of
patients with fusion. Our sample may have had better (or
worse) presurgical emotional status, and this difference
could have affected results. We did find that for several of
the analyses (12-month back pain, leg pain, and PCS
function), the individuals who did not complete all as-
sessments (i.e., noncompleters) had poorer presurgical
mental health (MCS) than completers. However, this re-
sult could strengthen our findings because this means
that poorer mental health predicted poorer 12-month
outcomes when individuals with even worse mental
health were omitted from analyses because they dropped
out of the study.

We performed additional preliminary data analyses to
attempt to shed light on the “clinical significance” of the
findings, and to understand how much improvement in
presurgical mental health would be related to a clinically
meaningful improvement in pain and function. To our
knowledge, there are no accepted definitions or cutoff
scores for what is deemed clinically significant with re-
gard to chronic pain or function scores. Therefore, this
aspect of the study was very exploratory and based on
limited data (i.e., unpublished, 3-month follow-up). We
offer them to promote discussion of this issue. Significant
improvement in presurgical MCS would be needed to
achieve a meaningful change in postsurgical pain and
PCS/Oswestry scores, which is not surprising because,
although statistically significant, presurgical MCS only
accounted for 2% to 9% of the independent variance in
outcomes after surgery. The other significant predictors
(e.g., smoking, workers’ compensation status) did not
independently explain a large percentage of the variance
in outcomes. Further research is necessary to define clin-
ically meaningful change, establish an appropriate time
line to measure it, and more fully describe the psychos-
ocial issues involved in achieving clinically meaningful
change.

The finding in this prospective study that presurgical
emotional health predicts function outcomes 1 year after
surgery and pain outcomes a full 2 years after fusion is
consistent with literature cited earlier. These data have
been used to screen out high risk individuals. We believe
that it is now time to develop interventions that help
these individuals, rather than using this information to
withhold surgery. Thus, we see 2 major challenges
ahead. One is to develop evidence-based interventions
that provide care for individuals who are recommended
fusions, who are also having symptoms of poor mental
health before surgery. A second challenge is for research-
ers to perform rigorous trials to determine whether these
interventions result in improved surgical outcomes. We
promote use of the SF-36 because it has high face valid-
ity, is easy to use, has become the gold standard for
health-related quality of life assessment, and, thus, lends
itself to translation into actual clinical practice.

Developing an appropriate and efficacious interven-
tion will entail understanding the meaning of low MCS.

MCS less than 50 correlate with valid and reliable mea-
sures of mild major depression, moderate anxiety, low
social support, and ineffective pain coping strategies.39

Thus, effective interventions may need to improve coping
skills to decrease depressive symptoms, cope with anxi-
ety, and enhance social support.

A specific target may be depression. There is a grow-
ing body of literature that examines the relationship be-
tween pain and depression.40 The term “depression-pain
syndrome”41 has been coined to refer to the comorbidity
noted between pain and depression, with evidence that
having pain (or depression) appears to make depression
(or pain) worse42 and that depression correlates with
poor outcomes.43,44 Depression and pain may share
common dysregulation of neurotransmitters, and, thus,
both might be treated with antidepressants.45,46 Al-
though there is strong evidence that cognitive behavioral
therapy can improve depression,47 the studies on treating
depression and pain have most often focused on antide-
pressant medications, with mixed results reported.40 In 1
study that explored this issue for patients with primary
care arthritis, individuals with comorbid depression and
arthritis were involved in a year-long depression treat-
ment intervention, including medication plus a 6–8 ses-
sion problem-solving psychotherapy program.48 Inter-
vention subjects, as compared to usual care, not only
reported significant improvement in depressive symp-
toms, but also decreased pain, functional impairment,
and arthritis-related daily activity interference, even
though pain and arthritis were not addressed in the in-
tervention. In contrast, another study examined cogni-
tive-behavioral, pharmacologic, and no treatment of de-
pression for individuals with rheumatoid arthritis.49

This study found that only the antidepressant medication
group improved and only in psychologic status; there
was no improvement in pain or disease parameters. We
agree with others who propose that a significant chal-
lenge is to develop cognitive-behavioral interventions
that address the comorbidity issues, using an interven-
tion model that combines assessment and treatment of
both depression and pain.40,50

Conclusions

Because fusion surgery may result in persistent pain and
functional limitations, it is important to identify predic-
tors of poor outcome. Our study supports the hypothesis
that presurgical emotional health predicts long-term
pain and function outcomes of fusion. Future studies
should evaluate whether an intervention to improve
emotional health before surgery can result in improved
pain and function outcomes.

Key Points

● Many patients have persistent pain and func-
tional limitations after fusion surgery.
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● Presurgical emotional health predicts pain and
function outcomes of fusion.
● Future studies should evaluate whether an inter-
vention to improve emotional health before sur-
gery can result in improved pain and function
outcomes.
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