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Does the Number of Levels Affect Lumbar
Fusion Outcome?

John J. Lettice, MD,* Thomas A. Kula, MD,* Richard Derby, MD,†‡
Byung-Jo Kim, MD, PhD,†§ Sang-Heon Lee, MD, PhD,† and Kwan Sik Seo, MD†

Study Design. Retrospective outcome measurement
after circumferential reconstructive surgery with lumbar
fusion in patients with chronic discogenic low back pain.

Objective. To examine the effect of the number of
fusion levels on surgical outcomes in patients with
chronic discogenic low back pain using provocative pres-
sure-controlled diskography as a primary diagnostic tool.

Summary of Background Data. Although there is gen-
eral agreement that construct length adversely affects ar-
throdesis success rates, the effect of the number of levels
on lumbar fusion surgery outcome has not been reported.
Previous fusion outcome studies have generally relied on
magnetic resonance imaging or conventional diskogra-
phy for diagnosis.

Methods. From 1994 through 2000, prospectively col-
lected medical records of patients who underwent recon-
structive lumbar spine surgery with confirmation of the
pain generator by pressure-controlled diskography were
retrospectively analyzed. Data were subdivided into 2
groups of patients. The first group, designated the short
segment group, contained patients who underwent fu-
sion at 1 or 2 levels. The second group, designated the
long segment group, contained patients who underwent
fusion at 3�5 levels. Surgical methods included circum-
ferential reconstruction of the lumbar spine by either pos-
terior or combined anterior and posterior approach. Sur-
geries included posterior decompression necessary to
relieve documented regions of neural compression, com-
bined with interbody arthrodesis at selective levels, aug-
mented by posterior segmental spinal instrumentation
and posterolateral arthrodesis. All patients completed a
preoperative aquatic-conditioning program. Whenever
possible, coexisting medical conditions were corrected or
stabilized before surgery. A preoperative Short Form
RAND 36-Item Health Survey (SF-36) was completed, and
repeated at 1 and 2 years after surgery. The short and
long segment groups contained 142 and 82 patients, re-
spectively, who completed the preoperative SF-36 ques-
tionnaire completely.

Results. One hundred patients in the short segment
group (vide infra) were available for 1-year follow-up, and

68 were available for 2-year follow-up. In the long seg-
ment group, 81 patients were available for 1-year follow-
up, and 49 were available for 2-year follow-up. Mean ages
were 41.0 and 47.6 years in the short and the long seg-
ment groups, respectively. The 2 groups did not differ
significantly in gender, smoking habits, workers’ compen-
sation, or litigation (P � 0.05). In the short segment group,
postoperative 1-year mean Physical Component Sum-
mary (PCS) and Mental Component Summary scores sig-
nificantly improved (P � 0.001 and P � 0.002, respec-
tively). Domains other than general health perceptions
showed significantly improved 1-year follow-up scores
(P � 0.001). Two-year follow-up scores showed signifi-
cant improvement (P � 0.001 for physical function [PF],
role function as limited by physical problems [RP], bodily
pain [BP], social function [SF], and PCS). The vitality (VT)
and role function as limited by emotional problems (RE)
also improved (P � 0.005 and P � 0.05, respectively). In
the long segment group, postoperative 1-year mean PCS
scores improved significantly (P � 0.001), with some im-
provement in Mental Component Summary score (P �
0.05). The long segment group also showed significantly
improved PF, RP, BP, and SF scores (P � 0.001). The VT
and RE scores gave P � 0.002 and P � 0.05, respectively.
Comparing preoperative and 2-year follow-up scores,
PCS, PF, RP, BP, and SF showed significant improvement
(P � 0.001), and the VT score gave P � 0.01. Mean differ-
ence in postoperative and preoperative scores for both
groups did not show significant differences (P � 0.05),
although the PF score showed differences in 1 and 2-year
follow-up scores (P � 0.048 and P � 0.068, respectively).

Conclusions. When using strict patient selection crite-
ria that include independent determination of pain gen-
erators via pressure-controlled diskography and comple-
tion of a preoperative conditioning program for
improving general health status, the number of levels in
reconstructive lumbar surgery may not significantly im-
pact overall clinical outcome.
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chronic discogenic low back pain, number of levels, out-
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Spine reconstructive surgery has improved symptoms in
carefully selected patients with incapacitating discogenic
pain.1 The goal of lumbar spine reconstruction is 3-fold:
(1) to decompress neural compression; (2) to remove and
reconstruct the affected intervertebral disc; and (3) re-
store instability and alignment of a pathologic motion
segment. By removing the painful intervertebral disc and
eliminating motion of anterior, middle, and posterior
spinal structures, discogenic pain can be either reduced
or eliminated from the pathologic segment.

The surgical treatment for patients with unremitting
discogenic low back pain (LBP) has traditionally been
spinal fusion, which is the most important part of recon-
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structive surgery. The results of spinal fusion for chronic
discogenic LBP are variable and have been controversial
in terms of efficacy and type of fusion.2 Reported out-
comes for lumbar fusion in patients with chronic disco-
genic LBP have varied substantially.3–7 In addition, there
are significant morbidity and potential complications as-
sociated with these invasive procedures. Although some
outcome studies have shown good clinical success rates
(80% to 86%, assessed via patient satisfaction survey),
others have reported less promising results.8 Some inves-
tigators have even recommended only conservative ap-
proaches for treating discogenic LBP.9

Precise identification of pain generator(s), while diffi-
cult to quantify, is a key factor impacting clinical out-
come. Other factors that putatively affect fusion out-
come include smoking, age, psychological issues, and
osteoporosis.10–13 In addition, multilevel fusions have
been thought to influence negatively success rates. Al-
though there is general agreement that construct length
adversely affects rates of arthrodesis,14 this supposition
has largely been based on anecdotal evidence. To our
knowledge, only 2 reports in the literature analyze the
effect of the number of levels on lumbar fusion surgery
outcome.15,16 One of these reports addresses fusion rate
rather than symptom-oriented clinical outcome.16 Most
studies related to lumbar fusion outcome examine fusion
at 1�2 levels only.17–19 In addition, published studies
have generally relied on magnetic resonance imaging or
conventional diskography for diagnosis15,16,18,19 rather
than the more vanguard techniques, such as pressure-
controlled diskography, which offer greater precision.20

The purpose of this study is to determine if there is a
difference of clinical outcome using Short Form RAND
36-Item Health Survey (SF-36) between short and long
segment fusions.

Materials and Methods

Subjects. All data were obtained retrospectively from a pro-
spectively collected database. Patients with chronic discogenic
LBP, consecutively referred from primary care physicians and
other clinicians during a period from January 1994 through
August 2000 were eligible to participate in the study. The sur-
geon provided all patients with oral and written information
about the treatment. Preoperative data were reviewed by a
second surgeon who also participated in the study. For a pa-
tient to be included in the study, both surgeons had to concur
regarding surgery indications.

Surgical methods included circumferential reconstruction of
the lumbar spine by either posterior approach or combined
anterior and posterior approach. Surgeries included posterior
decompression necessary to relieve documented regions of neu-
ral compression, combined with interbody arthrodesis at selec-
tive levels, augmented by posterior segmental spinal instrumen-
tation and posterolateral arthrodesis. Reconstruction of an
interbody space was performed using a titanium cage (biome-
chanical) with hydroxyapatite (biologic) inserts combined with
autologous growth factor (biochemical). It has been previously
reported that this material may play a role in initial bone heal-
ing and stronger bone fusion, although controversy still exists
as to its overall efficacy.21,22

Interbody arthrodesis was accomplished via either posterior
or anterior approach. Interbody levels were selected for arth-
rodesis based on the results of provocative pressure-controlled
diskography. The 2 senior surgical authors (JJL, TAK) per-
formed all surgeries. Levels included in the fusion were deter-
mined in all patients by preoperative independent correlative
testing for back pain symptoms using provocative pressure-
controlled diskography. Symptoms referable to lower extrem-
ity pain were evaluated by selective foraminal epidural injec-
tion. A comprehensive conservative care program, including
medical treatment, physical therapy, and spinal injection pro-
cedures, had failed for all patients. Patients were divided into 2
groups: a short segment group, involving interbody fusion at 1
or 2 levels and a long segment group, containing patients un-
dergoing interbody fusion at 3–5 levels. Operated levels in-
cluded those from L1�L2 through L5�S1.

All patients were expected to complete a preoperative,
aquatic conditioning program to improve general health status.
This program educated patients regarding postoperative reha-
bilitation and affirmed the commitment of the patient to be an
active participant in their recovery. Whenever possible, coex-
isting medical conditions were corrected or stabilized before
surgery. The situation of all patients involved in workers’ com-
pensation litigation resolved before the 2-year follow-up.

Data sources included medical records, radiographic re-
view, and preoperative and postoperative questionnaires with
SF-36 scores. A person blinded from patient information per-
formed data entry via a network database.

Inclusion Criteria
Inclusion criteria were:

● Patients of both sexes, age 18–65 years
● Pain of at least 6 months duration failing conservative
treatment
● Back pain more pronounced than leg pain
● Positive pressure-controlled diskography using concor-
dant pain provocation criteria (pain score more than 6/10,
pressure less than 50 psi above opening pressure).

Exclusion criteria were:

● History of major psychopathology
● Spinal fracture, infection, or neoplasm
● Inability to comply with the preoperative aquatic condi-
tioning program

Outcome Measures

Initial Visit Questionnaire. Data were collected via initial visit
questionnaire. Patients answered questions concerning spine
symptoms, demographics, work, and the standardized SF-36
form. The majority of patients reported that they completed the
entire questionnaire in less than 20 minutes. The treating phy-
sician completed questions about spine symptoms, diagnostic
testing, specific spinal diagnosis, comorbidity, and treatment
plans.

SF-36 Health Status Questionnaire. The functional status of
patients was measured by SF-36 at preoperative baseline, and 1
and 2 years after surgery. Physical functional status captures
how patients perceive their level of physical morbidity and its
effects on their everyday lives. The 8 scales of the SF-36 are
general health perceptions (GH), physical function (PF), gen-
eral mental health (MH), role function as limited by physical
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problems (RP), role function as limited by emotional problems
(RE), bodily pain (BP), vitality (VT), and social function (SF).
These data were then used to compute Physical Component
Summary (PCS) and Mental Component Summary (MCS)
scores using the equation provided by the Medical Outcomes
Trust.23

Statistical Analysis
All demographic data for the short and long segment groups
were compared using the �2 test, except age data, which was
analyzed via independent sample t-test. To compare the preop-
erative SF-36 scores for each group, an independent sample
t-test was used. Preoperative and postoperative SF-36 scores in
each group were compared using a paired t-test. Analyses of
group differences in SF-36 score improvement were performed
using an independent sample t-test. We compared the 1-year
improvement in patients completing the 2-year follow-up with
that of those completing only a 1-year follow-up by indepen-
dent t-test. All data analysis was performed using SPSS soft-
ware (Version 10, SPSS, Inc., Chicago, IL) by a researcher in-
dependent from the surgeons.

Results

Sample Characteristics
A total of 267 patients underwent circumferential recon-
structive surgery. Of the 267 patients, 43 were elimi-
nated due to incomplete SF- 36 questionnaires. Of the
224 patients who completed the SF-36 questionnaire
without missing items (142 patients in the short segment
group and 82 in the long segment group), 100 patients
with short segment fusion (1.53 levels for mean; 47 at a
single level and 53 at 2 levels), and 68 with long segment
fusion (3.46 levels for mean; 44 at 3 levels, 17 at 4 levels,
and 7 at 5 levels) completed the 1-year follow-up. Two-
year follow-up was available for 81 patients in the short
segment group (1.25 levels for mean; 37 at a single level
and 44 at 2 levels), and 49 in the long segment group
(3.39 levels for mean; 33 at 3 levels, 13 at 4 levels, and 3
at 5 levels). In the short segment group, interbody arth-
rodesis was undertaken with an approach through a sin-
gle posterior incision. In the long segment group, 4-level
and 5-level surgeries were performed with a combined

anterior and posterior approach. Three-level surgeries
used a single posterior approach.

Demographics
Men comprised 58.2% of the short segment group and
57.6% of the long segment group. Mean age was 41.0
years in the short segment group and 47.6 years in the
long segment group. Smokers comprised 25.96% of pa-
tients in the short segment group and 26.6% of the long
segment group. The percentage of patients in workers’
compensation and litigation was 54.6% and 72.4% for
the short segment group, and 53.0% and 72.1% for the
long segment group, respectively. There were no signifi-
cant differences between the 2 groups in gender, smoking
habits, workers’ compensation, or litigation (P � 0.05).
No significant perioperative complications occurred in
either group. There were no deaths in connection with
surgery. In the short segment group, there was a 4.2% (6
of 142) complication rate, which included 1 dural lacer-
ation and 2 postoperative wound infections. In the long
segment group, there was a 10.9% (9 of 82) complica-
tion rate, which included 5 dural lacerations, 1 tempo-
rary neural deficit, and 1 postoperative wound infection.
All complications resolved with no obvious long-term
sequelae. Pseudarthrosis occurred in 4 patients in the
short segment group (2.8% for mean; 0 at a single level
and 4 at 2 levels), and 19 in the long segment group
(23.2% for mean; 13 at 3 levels, 3 at 4 levels, and 3 at 5
levels). Reoperation was performed for 2 patients in the
short segment group (1.4% for mean; 0 at a single level
and 2 at 2 levels), and 12 in the long segment group
(14.6% for mean; 8 at 3 levels, 2 at 4 levels, and 2 at 5
levels).

Comparison of Outcome Between the 2 Groups
Mean preoperative PCS and MCS scores for the short
and long segment groups did not differ significantly.
Mean preoperative BP was lower in the long segment
group (P � 0.046). Other scales were similar (Table 1).

For the short segment group, the postoperative 1-year
mean PCS and MCS scores showed significant improve-

Table 1. Clinical Outcomes of Short and Long Segment Groups

SF-36
Variable

Short Segment Group Long Segment Group

Preop Postop 1-Yr Postop 2-Yr Preop Postop 1-Yr Postop 2-Yr

PF 25.65 (19.84) 51.41* (25.45) 57.28* (27.01) 26.13 (18.45) 42.98* (25.23) 45.11* (26.53)
RP 3.25 (13.13) 29.50* (40.73) 40.63* (43.46) 2.08 (8.35) 29.17* (40.69) 36.93* (42.62)
BP 21.20 (14.18) 48.02* (24.75) 48.45* (28.00) 17.93 (16.31) 43.20* (27.24) 41.67* (24.63)
GH 65.45 (17.54) 65.61 (21.17) 64.30 (22.87) 67.72 (17.82) 68.70 (22.73) 67.93 (21.07)
VT 36.30 (21.68) 49.85* (24.38) 50.00† (24.19) 41.29 (20.90) 53.23* (25.94) 51.85† (24.86)
SF 31.88 (20.67) 56.92* (28.63) 61.94* (32.11) 32.67 (25.93) 52.26* (33.36) 58.22* (32.17)
RE 46.34 (43.65) 63.33* (43.04) 67.91‡ (41.59) 43.88 (45.72) 57.22‡ (46.38) 52.24 (44.57)
MH 60.28 (23.35) 67.28* (22.72) 68.64 (21.72) 64.77 (22.22) 69.42 (25.17) 67.22 (22.34)
PCS 26.49 (7.31) 35.88* (10.28) 37.64* (11.13) 25.92 (6.05) 34.23* (10.09) 35.68* (10.38)
MCS 43.53 (12.96) 47.53* (12.97) 48.15 (12.46) 45.08 (12.42) 48.24‡ (13.36) 46.89 (12.98)

Data presented by mean (SD).
* P � 0.005; † P � 0.01; ‡ P � 0.05. All P values computed via paired t test.
PF � physical functioning; RP � role physical; BP � bodily pain; GH � general health; VT � vitality; SF � social functioning; RE � role emotional; MH � mental
health.
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ment, increasing to 35.88 (P � 0.001) and 47.53 (P �
0.002, respectively). Scales other than GH showed sig-
nificantly improved 1-year follow-up scores (P � 0.001).
The 2-year follow-up scores showed significant improve-
ment (P � 0.001 for PF, RP, BP, SF, and PCS). The VT
and RE scores also improved, showing P � 0.005 and
P � 0.05, respectively.

For the long segment group, the postoperative 1-year
mean PCS score improved, increasing from 25.92 to
34.23 (P � 0.001). The MCS score also improved, in-
creasing from 45.08 to 48.24 (P � 0.05). In addition, PF,
RP, BP, and SF significantly improved (P � 0.001). The
VT and RE scores also showed improvement (P � 0.002
and P � 0.05, respectively). Two-year follow-up PCS,
PF, RP, BP, and SF scores also improved (P � 0.001).
The VT score improved as well (P � 0.01) (Table 1).

Differences between preoperative and postoperative
PCS and MCS scores suggest that the improvement in the
long segment and short segment groups was comparable.
Whole variances did not show significant differences
(P � 0.05), except in the PF score, which was signifi-
cantly smaller for the long segment group (16.85 �
27.45 and 20.54 � 27.81 at 1 and 2 years, respectively;
P � 0.048) than for the short segment group (25.76 �
27.81 and 30.37 � 29.59 at 1 and 2 years, respectively;
P � 0.068) (Figure 1).

Effect of Incomplete 2-Year Follow-up Data
To support the validity of results, we compared the
1-year follow-up data of patients completing both 1 and
2-year follow-up, with the 1-year follow-up data of pa-
tients completing the 1-year follow-up only. No signifi-
cant differences were found (P � 0.1) (Table 2).

Discussion

Lumbar reconstructive surgery with fusion is commonly
performed to treat segmental instability and pain caused
by various spinal disorders. The most common indica-
tion for reconstructive surgery in patients with painful
disc disruption is disabling discogenic LBP.1 Reported
pain is typically mechanical and intolerant to axial activ-
ities such as, standing and sitting. The pain often worsens
with activity. Numerous studies have reported surgical
results for patients with internal disc disruption, disco-
genic pain, or painful degenerative disc disease.3–7 Suc-
cessful clinical outcomes in these studies range from
45% to 90%.

Consideration of fusion procedures for patients with
discogenic pain remains controversial. Careful patient
selection is critical. In addition, successful fusion with
current techniques may be problematic with longer fu-
sion segments. Narayan et al16 investigated the correla-
tion of the number of fusion levels with successful arth-
rodesis rates in 457 patients who underwent

Figure 1. Changes in each mean SF-36 scale scores from preop-
erative to 1-year, and from preoperative to 2-year follow-up scores
in the short segment and long segment groups (*P � 0.05, **P �
0.1). 1 yr, 1-year follow-up; 2 yr, 2-year follow-up; PF, physical
functioning; RP, role physical; BP, bodily pain; GH, general health;
VT, vitality; SF, social functioning; RE, role emotional; MH, mental
health.

Table 2. Comparison of 1-year improvement in patients completing 2-year follow-up and patients completing only 1-
year follow-up

SF-36
Items

Short Segment Group Long Segment Group

2-Year Follow-Up No 2-Year Follow-Up t df
Sig.*

(2-tailed) 2-Year Follow-Up No 2-Year Follow-Up t df
Sig.*

(2-tailed)

PF 16.67 (26.45) 17.25 (30.15) �0.08 60 0.938 26.22 (29.36) 24.85 (24.91) 0.23 98 0.817
RP 32.50 (42.44) 16.25 (39.13) 1.43 58 0.157 29.17 (41.97) 20.59 (40.58) 0.98 98 0.330
BP 25.39 (31.57) 25.00 (30.25) 0.05 59 0.964 29.42 (28.59) 21.76 (26.53) 1.30 98 0.197
GH 1.23 (24.76) 0.47 (28.57) 0.11 60 0.915 �0.64 (30.12) 1.72 (23.54) �0.40 98 0.692
VT 12.5 (25.03) 15.59 (25.07) �0.58 98 0.560 13.69 (29.05) 8.25 (29.57) 0.68 37 0.500
SF 17.30 (38.74) 24.40 (39.98) �0.67 60 0.507 26.36 (34.72) 22.49 (28.79) 0.56 98 0.577
RE 12.50 (36.75) 15.02 (59.69) �0.20 58 0.841 14.14 (45.70) 22.54 (55.53) �0.76 57 0.451
MH 5.43 (18.57) 3.00 (24.10) 0.44 60 0.664 5.27 (24.60) 10.35 (20.16) �1.04 98 0.302
PCS 8.92 (11.97) 7.10 (13.60) 0.53 58 0.599 10.39 (13.56) 7.45 (11.87) 1.07 98 0.287
MCS 3.11 (10.17) 3.28 (14.97) �0.05 58 0.960 2.94 (12.23) 6.05 (12.95) �1.18 98 0.242

Data presented by mean (SD). The 1-year follow-up score was subtracted from the preoperative score.
* Statistical analysis performed by independent t-test.
PF � physical functioning; RP � role physical; BP � bodily pain; GH � general health; VT � vitality; SF � social functioning; RE � role emotional; MH � mental
health; df � degree of freedom; sig � significance.
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posterolateral intertransverse lumbar fusion with pedicle
screw instrumentation. Using a criterion for successful
fusion based on the radiographic demonstration of a bi-
lateral contiguous osseous bridge over the transverse
processes and absence of movement on dynamic radio-
graph films, the success rate in patients with single-level
degenerative disc disease was 91%. Fusion rates declined
steeply as a function of each additional motion segment
in the translational instability group. These data sug-
gested that arthrodesis success rates appear to be related
to the number of segments included in the fusion. How-
ever, this study did not address the outcome of clinical
symptoms and quality of life. Glassman et al15 reported
more deterioration in the general health of a 3-level fu-
sion group in an outcome study of 30 patients who un-
derwent decompression and instrumented fusion using a
pedicle screw/rod construct and autologous iliac crest
bone graft. Greater improvement in SF and MH was seen
in 1-level fusions, but these results did not reach statisti-
cal significance due to the predominance of 2-level fu-
sions in the SF-36 data. It is noteworthy that these studies
did not use precise pressure-controlled diskography as a
diagnostic tool.

In our study, pseudarthrosis and reoperation rates
were significantly higher in the long segment group. Suc-
cessful arthrodesis is the fundamental surgical goal in
lumbar reconstructive surgery. However, successful fu-
sion does not ensure clinical success.1 When clinical out-
come related to quality-of-life was compared, the short
and long segment groups afforded similar results. Mean
PF score increment was significantly less for the long
segment group (16.9 and 19.0 at 1 and 2-year follow-
ups, respectively) than for the short segment group (25.8
and 31.6 at 1 and 2-year follow-ups, respectively). Other
SF-36 variances did not show significant differences be-
tween the 2 groups. The PCS score, which summarizes
the individual scales with an emphasis on physical be-
havior, showed similar improvements. The PCS score
increments for the short segment group were 9.4 (from
26.5 to 35.9) and 11.1 (from 26.5 to 37.6) at 1 and
2-year follow-up, respectively. The PCS score increments
for the long segment group were 8.3 (from 25.9 to 34.2),
and 9.8 (from 25.9 to 35.7) at 1 and 2-year follow-up,
respectively. This result is comparable to that of other
lumbar fusion outcome studies. In an efficacy study com-
paring the use of recombinant human bone morphog-
enous protein-2 (rhBMP-2) with the use of autogenous
iliac crest bone graft after lumbar interbody fusion at a
single level, mean PCS scores increased approximately
15 (from 30 to 45) and 10, respectively.18

A critical factor for successful clinical outcome in lum-
bar fusion surgery is patient selection. We used strict
diagnostic criteria for identification of pain generators.
Although the diagnostic power of diskography remains
controversial,24 the skilled use of pressure-controlled
diskography with strict criteria for positive findings can
increase diagnosis specificity. Previous studies have sup-
ported the importance of accurate diagnosis in clinical

outcome.20 We selected fusion levels via pressure-
controlled diskography using concordant pain provoca-
tion criteria of pressure less than 50 psi above opening
pressure with Grade 3 anular tears.20 We also confirmed
negative discs above and below fused levels. Although
this study was not specifically designed to evaluate the
predictive power of pressure-controlled diskography, a
thorough preoperative assessment of discogenic pain
helped ensure that all potential painful segments were
included. This approach may have been valuable for the
treatment of patients in the long segment group, in which
the precise analysis of a higher number of levels is re-
quired.

The type of surgery performed may have also affected
the outcome of longer segment fusions. The use of a
combined procedure including both posterior and anterior
reconstruction with posterior segmental spinal instrumen-
tation and posterolateral arthrodesis may increase fusion
success rates, affording improvement in subjective out-
come. Furthermore, a well-designed preoperative condi-
tioning program, including aquatic therapy, and stabiliza-
tion of medical comorbidity for improving general health
may have been a factor for the clinical outcome related to
quality-of-life in each group.

One of limitations of this study is incomplete 2-year
follow-up data. Although patients enrolled in the study
were tracked, some were unavailable after 2 years to
complete the final follow-up. However, these missing
data correspond to a random loss of data points and do
not systematically impact study outcome. Comparison
of 1-year follow-up data of patients completing both 1
and 2-year follow-up, with 1-year follow-up data of pa-
tients completing only the 1-year follow-up, showed no
significant differences (Table 2). Because the 2-year out-
comes show an improvement trend similar to that of
1-year outcomes, we can conclude that the effect of an
incomplete 2-year outcome data set is negligible. An-
other potential shortcoming is the extended interval dur-
ing which the study data gathered (i.e., 1994 to 2000).
Although the authors attempted to ensure that all pa-
tients underwent identical study protocols, slight varia-
tions in technique or procedure may have occurred due
to the long study interval. In addition, this study did not
exclude the influence of postoperative pain treatment on
the clinical outcome during the 2-year follow-up. Due to
the retrospective nature of this study, patients were not
limited in the manner in which they sought to control
LBP during follow-up.

The SF-36 questionnaire has been used extensively to
assess general self-reported quality of life in a variety of
populations. Typically, general measurements such as
the SF-36 are combined with condition-specific instru-
ments, such as the Oswestry Disability Index. However,
the use of both types increases respondent burden, re-
dundancy, data collection, and analysis burden.25 The
use of PCS for spine research has been recommended as a
dependent measure instead of the 8 SF-36 subscales be-
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cause the number of statistical analyses may be reduced
without missing clinical differences.23,26

In contrast to previous spine surgery outcome studies
based on SF-36 data, our results clearly show significant
clinical improvement. The relatively few papers report-
ing the clinical outcome of lumbar fusion are based on
the analysis of PF, BP, and PCS variances, and often do
not include a detailed analysis of the complete set of
SF-36 variances.15,18,27 In our study, MH and MCS did
not show significant change, while the GH after the pro-
cedure was adversely affected. It is possible that these
results may be related to various factors impacting pa-
tient emotional status (e.g., workers’ compensation, liti-
gation, and psychological susceptibility). Further study is
needed to clarify the correlation between the emotional-
behavior-focused SF-36 variances, psychological scales,
and secondary gain.

In an SF-36-based outcome study of total joint arthro-
plasty, a well-accepted and successful treatment modal-
ity for end-stage arthritis,28 PCS score increments of 10
and 12 were reported.28 Similar PCS score improvements
obtained in this study (11.35 and 10.06 for the short and
long segment groups during 2-year follow-up, respec-
tively) support the use of lumbar fusion in carefully se-
lected patients as an effective, reliable treatment modal-
ity for discogenic pain.

These data have shown results for the long segment
group in general. However, for 5-level fusions, mean
PCS and MCS score improvements at 1-year follow-up
(n � 7) were not significant (24.57 to 29.73 and 41.46 to
38.86, respectively). Two-year follow-up results could
not be compared due to the small sample size. Pseudar-
throsis and reoperation rates were significantly higher in
the long segment group than the short segment group.
For cases in which pseudarthrosis occurred in the long
segment group, mean PCS score improvement at 1-year
follow-up was not significant (27.1 to 32.43). Although
there have been study results that showed no significant
correlation between successful fusion and overall clinical
results for the patient, or improvement in symptoms,1,12

the occurrence of higher pseudarthrosis rates may re-
main controversial for long segment fusion in patients
with chronic discogenic LBP.

Conclusion

The effect of the number of levels on combined lumbar
reconstructive surgery clinical outcome has been investi-
gated using provocative pressure-controlled diskogra-
phy as the primary diagnostic tool for precisely deter-
mining surgical levels. Mean PF score increment was
significantly less for the long segment (3–5 level) than the
short segment (1–2 level) group. There were no statistical
differences in the other variances of the SF-36 scales,
including PCS score. Although some surgical results
(e.g., nonunion and reoperation rates) were significantly
higher in the long segment group, the number of levels in
lumbar fusion surgery may not significantly impact clin-
ical outcome measured by SF-36 when strict patient se-

lection criteria, precise identification of pain generators,
and a preoperative conditioning program for improving
general patient health status are used. The clinical im-
provement for lumbar reconstruction measured by SF-36
was comparable to treatment outcomes of other chronic
diseases and well-established surgical treatments.

Key Points:

● The number of intervertebral disc levels fused
during lumbar fusion surgery may not significantly
impact the clinical outcome measured by SF-36.
● Spinal reconstructive surgery, combined with a
well-designed and thorough preoperative program
including appropriate patient selection, may offer
significant improvements during the postoperative
quality of life.
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