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Abstract BACKGROUND CONTEXT: Patient-based quality of life scales have become a critical element
of post-op assessment for lumbar fusion surgery. The most extensive outcomes data have been gen-
erated through FDA-regulated IDE trials for new technologies, which produce excellent data but are
constrained by strict enrollment criteria and limited indications. This raises a question as to whether
the excellent results seen in these IDE trials can be reproduced in standard clinical practice.
PURPOSE: The purpose of this study was to analyze surgical results based upon standardized
outcome tools, across a spectrum of interventions, for one- and two-level lumbar spine fusion
procedures.

DESIGN/SETTING: This study is a retrospective review of prospectively collected patient based
outcomes data.

PATIENT SAMPLE: Four hundred ninety-seven patients, who underwent 1- or 2-level lumbar
spine fusion at five participating spine centers, utilizing a variety of surgical techniques. Enrollment
criteria included available demographic, surgical and clinical outcome data. At a minimum, patients
had pre-op and one year post-op SF-36 data. In many cases two-year post-op SF-36 data and con-
comitant Oswestry Disability Index (ODI) data was available.

OUTCOME MEASURES: SF36 and ODI.

METHODS: The patient population included 270 females and 227 males, with a mean age of 47
years. Sixty-five percent (N=324) had one level fusions and 35% (N=173) had two level fusions.
Demographic data collected included age, gender, BMI, surgical history, smoking history and work
status. Data was analyzed with repeated measures analysis of variance (ANOVA).

RESULTS: SF-36 Physical Composite Score (PCS) improved a mean 9.9 points at one year post-
op and 9.5 points at two years post-op. ODI improved a mean 22.2 points at one year post-op and
22.1 points at two years post-op. SF-36 PCS data for surgical approach subgroups revealed greater
improvement (p=.03) in the ALIF group as compared to the PSF, PLIF/TLIF, or 360° fusion groups
(12.6 points vs. 8.8, 9.3, 8.4 points) at 1 year post-op. At 2 years post-op, there was greater improve-
ment (p=.02) in the ALIF and PSF groups as compared to the PLIF/TLIF and 360° fusion groups
(13.8 and 11.2 points vs. 7.7 and 6.3 points). SF-36 PCS data demonstrated similar baseline scores
for patients with and without prior decompression, but a significantly greater rate of improvement
(11.3 vs. 7.2 points, p=.002) for patients without prior lumbar decompression surgery. The ODI
data indicated a significantly greater disability at baseline in the prior decompression group, with
greater improvement (21.7 vs. 17.5 points) in patients without prior surgery.
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CONCLUSIONS: This study documents improved outcomes, based on SF-36 and ODI scores, in
patients undergoing lumbar fusion for one and two level degenerative disc disease. The findings
also demonstrate efficacy for all of the surgical techniques studied, suggesting that surgeons can
appropriately select the surgical strategy with which they are most adept. © 2006 Elsevier Inc.

All rights reserved.
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Introduction

Historically, the success of a lumbar spinal fusion
surgery has been judged primarily upon whether or not
the patient achieves a solid radiographic fusion. More re-
cently, other measures of success, particularly patient-based
health status and quality of life scales, have become a criti-
cal element of postoperative assessment. The commonly
used measures, MOS Short Form 36 (SF-36), Oswestry
Disability Index (ODI), and Visual Analog Scale (VAS)
are advantageous in that they are standardized, validated,
and therefore applicable across similar and dissimilar inter-
ventions [1,2].

With regard to lumbar fusion surgery, the most extensive
body of patient-based outcomes data has been generated
through Food and Drug Administration (FDA) regulated
investigational device exemption (IDE) trials for new tech-
nologies, including fusion cages, recombinant human bone
morphogenetic protein-2 (rh-BMP-2), and artificial disc re-
placement [3—6]. Although these studies produce excellent
data, the patient population is constrained by strict enroll-
ment criteria and limited indications. As an example, en-
rollment in the th-BMP-2/LT cage trial was restricted to
single-level degenerative disc disease with no greater than
Grade 1 spondylolisthesis, no autoimmune disease, and
no osteoporosis [7]. This raises a question as to whether
the excellent results seen in these IDE trials can be repro-
duced in standard clinical practice.

In an effort to address these issues, we undertook a mul-
ticenter study of standardized outcome measures after lum-
bar fusion surgery. The participating centers used a variety
of surgical techniques, but had in common the collection of
prospective patient-based outcome data. The purpose of the
study was to analyze surgical results using these standard-
ized outcome tools, across a spectrum of interventions, for
one- and two-level lumbar spine fusion procedures.

Materials and methods

This study is a retrospective review of prospectively col-
lected patient-based outcomes data in 497 patients who un-
derwent a primary one- or two-level lumbar spine fusion at
five participating spine centers. Enrollment criteria includ-
ed available demographic, surgical, and clinical outcome
data. At a minimum, patients had preoperative and 1-year

postoperative SF-36 data. In many cases 2-year postopera-
tive SF-36 data and concomitant ODI data were available.

The patient population included 270 females and 227
males with an age range of 17 to 86 (mean 47) years. Six-
ty-five percent (n=324) had one-level fusions, and 35%
(n=173) had two-level fusions. One hundred thirty-one pa-
tients (26%) had a prior decompressive surgical procedure.

Demographic data collected included age, gender, body
mass index (BMI), surgical history, smoking history, and
work status. BMI was categorized as underweight, normal
weight, overweight, or obese. Surgical data consisted of sur-
gical approach, levels fused, operative time, and estimated
blood loss (EBL).

Statistical analysis was performed to assess the overall
group in terms of both 1- and 2-year outcome measures.
Subgroups based on surgical approach, levels fused, and
prior surgery were also evaluated. Data were analyzed with
repeated-measures analysis of variance. Between-group
comparisons, as well as serial time measurements were
made. When appropriate, age, gender, number of surgical
levels fused, and BMI were used as covariates, and subse-
quent statistical comparisons were made on the resulting
marginal means. When significant main effects were
observed, post hoc analysis was completed with the Least
Significant Difference test. P value <.05 was considered
significant.

Results
Overall lumbar fusion group

Of the 497 patients treated by lumbar fusion 54% were
female and 25% were cigarette smokers. Based on BMI,
25% were normal weight, 37% were overweight, and 30%
were obese.

SF-36 and ODI measures showed significant improve-
ment, compared with preoperative outcomes, at both 1 and
2 years postoperatively in all lumbar fusion groups
(p=.001). SF-36 Physical Composite Score (PCS) im-
proved a mean 9.9 points (n=497) at 1 year postoperatively
and 9.5 points (n=225) at 2 years postoperatively. ODI
improved a mean 22.2 points (n=418) at 1 year postopera-
tively and 22.1 points (n=141) at 2 years postoperatively.
There was no statistically significant incremental improve-
ment or deterioration between 1 and 2 years postoperatively
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in either measure. There was no differential improvement in
SF-36 PCS or ODI based on age, BMI, or smoking status.
Slightly better SF-36 PCS scores were observed in women
at 1 year postoperatively, but the difference was no longer
observed at 2 years postoperatively. Better overall health sta-
tus, both preoperatively and postoperatively, was noted in
younger patients, normal weight patients, and nonsmokers.

Surgical approach subgroups

The surgical procedure performed was an anterior lum-
bar interbody fusion (ALIF) in 125 patients (25%), posteri-
or or transforaminal lumbar interbody fusion (PLIF/TLIF)
in 152 patients (31%), posterolateral spinal fusion (PSF)
in 119 patients (24%), and combined anterior and posterior
fusion (360° fusion) in 95 patients (19%). Information on
surgical procedure was not available on six patients.

Subgroup evaluation by surgical approach was also per-
formed (Table 1). The ALIF group was 48% female, with
a mean age of 42 years, and consisted of 80% single-level
fusions. The PLIF/TLIF group was 63% female, had a mean
age of 55 years, and included 64% single-level fusions. The
PSF group was 55% female, with a mean age of 52 years
and 70% single-level fusions. The 360° fusion group was
43% female, mean age 44 years, and had 42% single-level
fusions. The ALIF and 360° fusion groups were significant-
ly younger (p<<.001) and included fewer females (p<<.01)
than the PSF or PLIF/TLIF groups. There was a higher in-
cidence of single-level fusions in the ALIF group and two-
level fusions in the 360° fusion group (p<<.001). There were
no significant differences between subgroups in terms of
BMI, smoking status, or work status. Because there were
significant differences in age, gender, and surgical levels
between the surgical subgroups, these factors were con-
trolled for in the analysis of outcome measure comparisons
between surgical subgroups.

Analysis of the SF-36 PCS data (Figs. 1A, 1B) demon-
strates that overall the ALIF patients had better general
health status (p=.002) and that the 360° fusion patients
had poorer general health status both preoperatively and
postoperatively (p=.007). At 1 year postoperatively, SF-36
PCS datarevealed greater improvement (p=.03) in the ALIF
group compared with the PSF, PLIF/TLIF, or 360° fusion
groups (12.6 points vs. 8.8, 9.3, 8.4 points). At 2 years post-
operatively, data were available on fewer patients, with 46

Table 1

Demographic characteristics of surgical approach subgroups

Surgical approach Mean age Female Single-level
subgroup n (years) (%) fusion (%)
ALIF 125 42 48 80
PLIF/TLIF 152 55 63 64

PSF 119 52 55 70

360° Fusion 95 44 43 42

ALIF=anterior lumbar interbody fusion; PLIF/TLIF=posterior or
transforaminal lumbar interbody fusion; PSF=posterolateral spinal fusion.
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Fig. 1. Bar graphs showing mean SF-36 PCS in each surgical subgroup
preoperatively and at one year postoperatively (A); and at two years post-
operatively (B). PCS=Physical Composite Score; ALIF=anterior lumbar
interbody fusion; PLIF/TLIF=posterior or transforaminal lumbar inter-
body fusion.

ALIF, 55 PSF, 83 PLIF/TLIF, and 37 360° fusion cases
available for analysis. SF-36 PCS showed greater improve-
ment (p=.02) in the ALIF and PSF groups as compared with
the PLIF/TLIF and 360° fusion groups (13.8 and 11.2 points
vs. 7.7 and 6.3 points).

Preoperative ODI scores revealed that PSF patients
(mean 55.9) had greater disability than ALIF patients (mean
47.8, p=.000), PLIF/TLIF patients (mean 46.1, p=.000), or
360° fusion patients (mean 51.4, p=.023). At 1 year postop-
eratively, ODI scores were available in 418 patients (126
ALIF, 119 PSF, 68 PLIF/TLIF, 100 360° fusion). Mean im-
provement in ODI score was 21.6 points in ALIF patients,
23.1 points in PSF patients, 16 points in PLIF/TLIF patients
and 17.9 points in the 360° fusion group. Improvement in
ODI varied by surgical approach (p=.04) with paired group
comparison being statistically significant for the PSF vs.
360° fusion and ALIF vs. PLIF/TLIF groups (Fig. 2).

ODI data were available for only 141 patients at 2 years
postoperatively (38 ALIF, 57 PSF, 14 PLIF/TLIF, 31 360°
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Fig. 2. Bar graphs showing mean ODI scores in each surgical subgroup
preoperatively and at two years postoperatively. ODI=Oswestry Disability
Index; ALIF=anterior lumbar interbody fusion; PLIF/TLIF=posterior or
transforaminal lumbar interbody fusion.

fusion). At 2 years postoperatively, mean ODI improvement
was 27 points in the ALIF group, 25.1 points in the PSF
group, and 18.9 points in the 360° fusion group. Only 14
PLIF/TLIF scores were available, with mean 4.0 point im-
provement. The differences between surgical approach
groups seen at 1 year postoperatively remained statistically
significant (p=.005) at 2 year postoperatively.

Surgical levels subgroups

The 324 single-level fusions included 56% females with
a mean age of 48.5 years. The 173 two-level fusions were
50% female and a mean age of 49.9 years. There were no
statistically significant differences between the groups in
terms of smoking history, BMI, or work status. There was
no difference in preoperative health status based on either
SF-36 PCS or ODI score between one- and two-level fusion
patients.

Comparison of preoperative and postoperative outcome
measures revealed significant improvement for both groups
in SF-36 PCS and ODI at 1- and 2-year intervals (Table 2).
There was a trend towards greater improvement for the
single-level fusion group on SF-36 PCS at 1 year (1.6 vs.
8.7 points) and 2 years (9.8 vs. 8.9 points) postoperatively.
A similar nonsignificant difference between the one- and
two-level fusion groups was seen in ODI score at 1 year
(21.4 vs. 18.1 points) and 2 years (22.9 vs. 21.0 points)
postoperatively.

Table 2

Mean improvement in SF-36 PCS and ODI scores

Surgical 1 yr Postop 2 yr Postop 1 yr Postop 2 yr Postop
levels SF-36 PCS SF-36 PCS ODI ODI
One-level 10.6 9.8 214 229
Two-level 8.7 8.9 18.1 21.0

ODI=Oswestry Disability Index; PCS=Physical Composite Score;
SF-36=36-Item Short Form Health Survey.

Prior decompression subgroup

One hundred thirty-one patients had undergone a prior
lumbar decompression procedure. The prior decompression
group included fewer females (45% vs. 55%). There was no
significant difference in patient age (48.5 years vs. 49.2
years), the proportion of smokers (27% vs. 25%), or distri-
bution of BMI. Evaluation of preoperative health status
measures revealed no statistically significant difference
based on SF-36 PCS (26.1 vs. 27.2, p=.061). In contrast,
patients with a prior decompression had significantly poor-
er baseline ODI scores as compared with patients with no
prior surgery (mean 54.4 vs. 49.8, p=.006).

Assessment of postoperative outcome measures demon-
strated a significantly greater improvement in patients with
no prior surgery. At 1 year postoperatively, the mean PCS
improvement was 11.3 points in the group without prior
surgery compared with 7.2 points in the patients with a prior
decompression (p=.000). A similar difference was ob-
served at 2 years postoperatively (11.6 vs. 6.7 points,
p=.013). Analysis of ODI data showed that the greater dis-
ability seen preoperatively in patients with prior surgery
was reproduced at both 1 and 2 years postoperatively. As
with the SF-36 PCS data, improvement in ODI at 1 year
postoperatively was less in patients with a history of prior
surgery (17.5 vs. 21.7 points, p=.05). At 2 years postoper-
atively, the mean improvement was 24.4 points for patients
without prior decompression and 16.6 points for patients
with prior surgery, but the difference was not statistically
significant (p=.064) (Fig. 3).

Discussion

Incrementally, prospective patient-based outcome meas-
ures have supplanted the physician’s assessment or radio-
graphic parameters as the ultimate gauge of success for
lumbar fusion surgery [8,9]. The impetus is multifactorial,
but includes the difficulty in effectively determining fusion
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Fig. 3. Bar graphs showing mean ODI scores of patients with prior de-
compression and those without prior decompression preoperatively and
at two years postoperatively. ODI=Oswestry Disability Index.
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status [10-13] and the variable correlation between radio-
graphic fusion and clinical outcome [14—16]. Most impor-
tantly, standardized measures allow comparison across
surgical techniques, treatment paradigms, and even unrelat-
ed interventions. As medical and surgical treatments com-
pete for diminishing health-care dollars, it is critical that
the value of any intervention be measured from the patient’s
standpoint in terms of quality of life improvement [17].

A critical element linking societal and individual benefit
is the concept of minimal clinically important difference
[18,19]. This measure seeks to differentiate a magnitude
of change which is not only statistically valid but also of
real clinical value. Ware et al. reported that an increase of
5.42 points in SF-36 PCS is clinically important [20]. An
older study using ODI indicated that a 4-point decrease
might be clinically relevant [21], but a more recent study
identified a 10-point decrease as the threshold which
patients identify as a significant improvement [22]. FDA
standards for a good or excellent outcome include a
15-point improvement in ODI and either maintenance of,
or any improvement in, SF-36 PCS score [7]. Ultimately,
a compendium of outcome instruments may prove more
valuable than any single outcome measure. Although media
reports have broadly criticized the effectiveness of lumbar
fusion surgery, the largest body of available prospective
randomized data appears to contradict those assertions.
Outcome data from a series of FDA-regulated IDE trials
suggest clinically significant improvement at 2 years post-
operatively with an array of lumbar fusion techniques for
single-level lumbar degenerative disease. Burkus et al. re-
ported on 254 patients treated with ALIF using LT cages,
and documented a mean 29.3-point improvement in ODI
and a 13.5-point improvement in SF-36 PCS [3]. In a study
of posterolateral instrumented fusion, Dimar et al. reported
on 59 patients with a mean improvement of 23.6 points in
ODI and 1.9 points in SF-36 PCS [23]. Sasso et al. studied
ALIF with cylindrical cages, and these patients had a mean
improvement of 21.6 points in ODI and 11.5 points in
SF-36 PCS [5]. The control population in that study, femo-
ral ring allograft, had an improvement of 21.2 points in ODI
and 8.8 points in SF-36 PCS. The question remains whether
the clinical benefit achieved in these well-controlled trials
can be sustained in standard clinical practice.

An additional perspective comes from the Swedish Lum-
bar Spine Study which has generated a series of reports based
on a randomized trial of three fusion techniques for L4-L5
and L5-S1 degenerative conditions. At 2 years postopera-
tively, Fritzell et al. documented ODI improvement of 1.8
points for noninstrumented fusion, 14.8 points for instru-
mented fusion, and 8.8 points in a combined ALIF/PLIF
group [16]. In a comparison to nonsurgical treatment, they
reported better results but higher costs with lumbar fusion
surgery [8,17]. Important caveats include the use of older
surgical technology than the current study, and a potential
difference in patient selection, as the authors emphasize the
limited use of lumbar fusion in their patient population.

The present study suggests that, to a significant extent, it
is possible to generate excellent patient-based health status
outcomes in standard clinical practice. Mean improvement
of 22.1 points in ODI and 9.5 points in SF-36 PCS com-
pares favorably with prior studies. Although overall im-
provement in SF-36 PCS and ODI scores was not quite
as good as those seen in some of the IDE trials for single-
level fusion, the differences were small. Substantial clinical
improvement was demonstrated regardless of surgical ap-
proach or the number of levels fused. Although only about
50% of the patients had reached 2-year follow-up, clinical
benefit was sustained from 1 to 2 years in these patients.

Subgroup analysis within the study was somewhat limit-
ed by smaller patient counts and variability in the demo-
graphic characteristics of the subgroups. Particularly for
the surgical approach subgroups, significant differences in
age, gender distribution, and number of levels fused were
observed, although statistical correction for these variables
was used. Additionally, the surgical indication for lumbar
fusion may have differed between the surgical approach
subgroups. Given these limitations, outcome measures at
1 year postoperatively were better in the ALIF group as
compared with the other three surgical techniques. At 2
years postoperatively, the ALIF and posterolateral fusion
groups were equivalent, consistent with prior IDE data on
single-level fusions [23]. Both ALIF and PSF subgroups
had a greater rate of improvement than the PLIF/TLIF or
360° fusion groups. While differences between surgical
technique subgroups were demonstrated, all the surgical
techniques generated significant improvement between
preoperative and postoperative measures.

Comparison between single-level and two-level fusion
procedures was also performed. This revealed a trend
towards better outcomes in the single-level subgroup, but
no statistically significant differences. The findings were
consistent for both SF-36 PCS and ODI scores, at both 1-
and 2-year intervals. As opposed to the consistent finding
for surgical approach subgroups and the comparisons based
on levels fused, the SF-36 and ODI data for patients with
a history of prior lumbar decompression yielded potentially
conflicting observations.

SF-36 PCS data demonstrated similar baseline scores for
patients with and without prior decompression, but a signif-
icantly greater rate of improvement for patients without pri-
or lumbar decompression surgery. In contrast, the ODI data
indicated a significantly greater disability at baseline in the
prior decompression group, with a greater magnitude of
improvement in the group without prior surgery. In a
cross-sectional study of over 18,000 patients from the Na-
tional Spine Network, Hee et al. noted that patients with
prior lumbar surgery had poorer general health status than
unoperated patients [24]. In the present study, the mean
baseline SF-36 PCS scores in patients with and without pri-
or surgery (26.1 points and 27.2 points) were similar to the
mean 27.4 point PCS score reported for patients with prior
surgery in Hee’s study. This difference may be explained
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by the fact that our entire study population was a surgical
cohort.

The strengths and weaknesses of this study both stem
from the multicenter design. This approach affords a large
volume of cases and therefore statistical power in the analy-
sis. The multicenter approach also generates a realistic view
of how a given surgical technique might perform among
a range of surgeons. The downsides include small variations
in data collection, and a failure to more specifically delineate
surgical indications. It seems intuitively clear that different
surgical strategies would be best suited to specific patholo-
gies. Degenerative disc disease is obviously too broad a diag-
nostic entity to support a focused analysis. An important
future goal is to undertake a prospective multicenter study
in which the surgical pathology is defined more narrowly
and consistently across participating centers.

It should be emphasized that this study provides no com-
parison between surgical and nonsurgical treatment. De-
spite the obvious importance of such a comparison, study
design remains a major challenge. Therefore, the ability
to investigate outcomes of surgical versus nonsurgical treat-
ment, for an accurately defined pathology, is another impor-
tant long-term goal.

Despite these considerations, this study strongly supports
the conclusion that lumbar spine fusion is an effective inter-
vention for one- and two-level degenerative disc disease. The
observations are substantiated by prospectively collected
patient-based outcome measures in a large study population.
The findings also demonstrate efficacy for all of the surgical
techniques studied, suggesting that surgeons can appropri-
ately select the surgical strategy with which they are most ad-
ept. Further investigation is necessary in an effort to optimize
surgical strategy for a specific surgical pathology.
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