
CLINICAL ARTICLE

A comparison of unilateral laminectomy with bilateral
decompression and fusion surgery in the treatment of grade I
lumbar degenerative spondylolisthesis

Jin Hoon Park & Seung-Jae Hyun & Sung Woo Roh &

Seung Chul Rhim

Received: 8 January 2012 /Accepted: 14 May 2012 /Published online: 1 June 2012
# Springer-Verlag 2012

Abstract
Background Although unilateral laminectomy and bilateral
decompression (ULBD) is effective in the treatment of
degenerative spondylolisthesis (DSPL), few reports have
compared the outcomes of ULBD and instrumented fusion
for the treatment of DSPL. We describe here the clinical and
radiological outcomes of ULBD and instrumented fusion
surgery for the treatment of DSPL after a minimum 3-year
follow-up.
Methods We retrospectively analyzed the outcomes of 47
DSPL patients with radicular pain who underwent ULBD or
instrumented fusion between January 2005 and December
2007. Clinical outcomes were assessed using the numeric
rating scale (NRS) for back and leg pain, the Oswestry
Disability Index (ODI), and Short Form-36 Health Survey
(SF-36). Radiological outcomes of ULBD were analyzed by
determining changes in slippage, disc height translation, and
angular difference on simple and dynamic X-rays.
Results The mean NRS of back pain showed a significantly
greater decrease in the fusion than the ULBD group, where-
as the mean NRS of leg pain, mean ODI, and mean physical

component summary and mental component summary of
the SF-36 decreased similarly in the ULBD and fusion
groups. Radiologically, the ULBD group showed a 2.1±
3.10% change in mean slippage, a 0.15±1.58 mm change
in mean translation, a -0.91±4.48° change in mean angular
difference, and a -1.83±1.69 mm change in mean disc
height. In the ULBD group, three patients had residual pain
and three had recurrent pain. In comparison, no patient in
the fusion group reported residual pain, whereas five
patients experienced recurrent radicular pain caused by ad-
jacent segmental disease.
Conclusions Our findings suggest that ULBD is the recom-
mendable procedure for the treatment of patients with grade
I DSPL who have mainly radicular pain. Although the two
groups showed similar clinical outcomes overall, radiolog-
ical degeneration was not as serious after ULBD treatment.
In our analysis, foraminal stenosis is a contraindication for
ULBD in the treatment of grade I DSPL.
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Introduction

Unilateral laminotomy for bilateral decompression (ULBD)
has been shown effective in the treatment of degenerative
lumbar stenosis [3, 5, 21, 26, 28, 30, 33]. However, it
remains unclear whether grade I degenerative spondylolis-
thesis (DSPL) is better managed with laminectomy alone or
laminectomy with fusion [6, 8–10, 13, 17, 18, 20, 24].
Although ULBD has been shown effective in the treatment
of DSPL, there have been few reports comparing the out-
comes of such patients following ULBD or instrumented
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fusion [27, 31, 34]. Here we describe the clinical and radio-
logical outcomes in patients who underwent ULBD or
instrumented fusion surgery for the treatment of DSPL and
were followed-up for a minimum of 3 years. We also ana-
lyzed the possible causes of clinical failures based on pre-
operative clinical and radiological data.

Methods and materials

We retrospectively analyzed the outcomes of 45 patients with
grade I, single level DSPL (8 men, 37 women) with radicular
pain who underwent ULBD (n020) or instrumented fusion
(n025) between January 2005 and December 2007. Median
patient age was 64.0 years (range, 45-84 years), and median
follow-up duration was 62.9 months (range, 41-76 months).
All patients had radiculopathy and were unresponsive to con-
servative treatment for more than 3 months. Patients with
DSPL greater than grade I were excluded. We included all
patients who had stable grade I DSPL (translation ≤ 5 mm;
angular difference ≤ 10°) in this study. All ULBDs were
performed by one senior surgeon, and all fusion surgeries
were performed by another senior surgeon (Table 1).

ULBD surgery was performed in a standardized manner.
We usually chose a left side approach unless there was
significantly dominant pain on the right side. A midline skin
incision was made, followed by muscle dissection. The facet
capsule was preserved and half of the ipsilateral spinous
process was removed with a burr drill to better visualize the
contralateral side. After ipsilateral partial hemilaminectomy,
contralateral bony undercutting and ligament flavectomy
were performed. After identifying the remaining thecal sac
and root decompression, the incision was closed. Patients
were permitted to ambulate on the next day without a brace.

Fusion surgery consisted of decompression, interbody fu-
sion with a polyester-ether-ketone (PEEK) cage, and local

bone and pedicle screw fixation. Subtotal laminectomy and
removal of the inferior articular process resulted in decom-
pression of the thecal sac and bilateral roots. After discectomy
via bilateral direction and endplate preparation, laminectom-
ized bone was inserted into the empty disc space, followed by
bilateral insertion of two PEEK cages (11 mm height and 4°
angle in six patients, 10mm and 4° in eight patients, and 9mm
and 4° in 11 patients) filled with laminectomized bone into the
disc space under fluoroscopic guidance. Bilateral pedicle
screws were inserted and compressed to tighten the disc space
and secure a better lordotic angle. Patients were permitted to
ambulate on the second day after surgery, and the external
lumbosacral orthosis was maintained for 3 months.

The mean ages of the ULBD and fusion groups were
67.65 and 61.92 years, respectively (P00.008). However,
sex distribution, length of follow-up, mean body mass index
(BMI), mean pre-operative disc height, slippage, translation,
and angular differences did not differ significantly (Fig. 1
and Table 1).

Clinical outcomes of all patients were assessed using a
numeric rating scale (NRS) of back and leg pain, the Oswes-
try Disability Index (ODI), and the physical component
summary (PCS) and mental component summary (MCS)
of the Short Form-36 Health Survey (SF-36). Residual pain
was defined as no improvement in preoperative pain, where-
as recurrent pain was defined as an improvement after
surgery, followed later by the same or similar pain. Causes
of residual and recurrent pain in each group were analyzed
by pre- and postoperative magnetic resonance imaging
(MRI) or X-rays. In addition, we analyzed several factors
that might affect recurrent radicular pain, including age, sex,
surgical level, mean BMI, disc height, facet inclination,
slippage, translation, and angular difference.

Radiological outcomes of patients who underwent ULBD
were analyzed by determining changes in slippage, disc
height translation, and angular difference by simple and

Table 1 Basic characteristics of
the two groups

FU follow-up, BMI body mass
index, AD angular difference

ULBD (n020) Fusion (n025) P value

Mean age (range), years 67.65 (55–84) 61.92 (45–77) 0.008

Sex (M/F) 5:15 3:22 >0.05

Surgical level >0.05

L3-4 3 6

L4-5 17 19

Mean FU (range), months 54.9 (41–69) 69.4 (55–76) >0.05

Mean BMI, kg/m2 25.8±3.41 25.8±5.62 >0.05

Mean pre-op. disc height (mm) 9.7±1.88 10.2±0.74 >0.05

>0.05

Mean facet inclination (°) 55.5±9.93 59.6±7.39 >0.05

Mean pre-op. slip (%) 14.1±4.56 14.7±4.59 >0.05

Mean pre-op. translation (mm) 2.3±1.54 2.3±1.43 >0.05

Mean pre-op. AD (°) 7.1±3.20 7.8±2.89 >0.05
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dynamic X-rays. Radiologic outcomes in patients who un-
derwent fusion were analyzed by determining the changes in
upper and lower segmental disc height at the fusion level by
simple X-rays. The adjacent segmental degeneration (ASD)
grading system was used to assess the status of the segments
adjacent to the fused segment on last follow-up simple X-ray
[15, 22].

Statistical comparisons were performed using the Fisher’s
exact test, and Mann-Whitney U test to compare the pre-
operative parameters of each group. Paired t-tests were used
to compare the differences between pre- and post-operative
values. Univariate logistic regression analysis was used to
find affecting factor of pain recurrence in the ULBD group.
A P value < 0.05 was considered statistically significant. All
statistical analyses were performed using SPSS software,
release 10.1.4 (SPSS, Chicago, IL).

Results

Clinical outcomes

The mean NRS of back pain decreased in both groups from
2.8±3.10 to 1.2±2.20 in the ULBD group and from 6.6±
2.47 to 2.4±1.88 in the fusion group (P00.001). The mean

NRS of leg pain also decreased in both groups, from 7.8±
0.91 to 2.4±2.53 in the ULBD group and from 8.0±0.87 to
2.5±1.80 in the fusion group (P00.99). Mean ODI de-
creased from 29.8±4.40 to 15.45±7.06 in the ULBD group
and from 24.6±5.38 to 11.0±7.09 in the fusion group (P0
0.96). The mean PCS of the SF-36 groups increased from
29.2±3.67 to 47.2±9.42 in the ULBD group and from
26.1±5.33 to 46.3±7.41 in the fusion group (P00.26), and
the mean MCS of the SF-36 increased from 28.0±3.37 to
46.7±8.54 in the ULBD group and from 29.3±3.84 to 44.5±
6.63 in the fusion group (P00.25). According to the Odom’s
criteria, 13 patients in the ULBD and 14 in the fusion group
showed excellent or good outcomes (P00.50, Table 2).

Radiological outcomes

We also measured radiological changes in the ULBD
group from baseline to last follow-up. We found that
mean slippage change was 2.1±3.10%, mean translation
change was 0.15±1.58 mm, mean change in angular dif-
ference was -0.91±4.48°, and mean change in disc height
was -1.83±1.69 mm (Table 3). None of the patients in the
fusion group experienced pseudoarthrosis. In this group,
the mean reductions in upper and lower level disc heights
from baseline to last follow-up were 1.38±1.10 mm, and

Fig. 1 a A simple lateral image
in a patient. Slippage was
calculated as A/B × 100%.
Flexion (b) and extension (c)
images of a patient. Translation
was calculated as D - C and
angular difference as C - A. d A
simple lateral image. H indi-
cates disc height. e Computed
tomography axial image. F
indicates facet inclination
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1.19±0.80 mm, respectively. In the upper disc level, there
were 11 grade I, 10 grade II, and 4 grade III ASDs. In the
lower disc level, there were 21 grade I and 4 grade II
ASDs (Table 3).

Residual and recurrent pain, and its causes

In the ULBD group, three patients had residual pain and
another three patients had recurrent pain. The pre-operative
MRI of one patient who had residual pain showed left L4-5
foraminal stenosis and narrowing of the disc space. An MRI
taken 8 months postoperatively also showed persistent left
L4-5 foraminal stenosis and a more reduced disc height.
This patient’s pain resolved after fusion surgery (Fig. 2).
The other two patients who had residual pain also showed
foraminal narrowing on preoperative MRI.

Three patients whose radicular pain recurred in the
ULBD group complained of recurrent pain after 1, 1.5,

and 2 years. We found that all of these patients had more
unilaterally collapsed discs, which were on the painful side,
on preoperative anterior-posterior (AP) X-ray. In addition,
follow-up AP X-ray showed more unilateral collapse, espe-
cially on the decompression side. Follow-up MRI also
showed unilateral foraminal root compression caused by
unilateral disc height reduction, which was on the decom-
pressed side (Fig. 3). However, no patients had segmentally
collapsed discs on AP X-ray in the successful ULBD group.
We compared several factors between patients with recur-
rent pain and those without and found no factors that sig-
nificantly affected pain recurrence (Tables 4 and 5).

Among patients in the fusion group, none had residual
pain, whereas five patients had recurrent pain and intermit-
tent radiculopathy. Three patients in this group showed
adjacent segment stenosis and degeneration on recent MRI
(Fig. 4). Another patient also showed upper adjacent seg-
ment instability on dynamic X-rays. An X-ray of the other

Table 2 Changes in clinical
outcomes in the two groups

NRS numeric rating scale, PCS
physical component summary,
MCS mental component
summary

ULBD (n020) Fusion (n025) P value

Preoperation Last FU Preoperation Last FU

Mean NRS (back) 2.8±3.10 1.2±2.20 6.6±2.47 2.4±1.88 0.001

Mean NRS (leg) 7.8±0.91 2.4±2.53 8.0±0.87 2.5±1.80 0.99

ODI 29.8±4.40 15.45±7.06 24.6±5.38 11.0±7.09 0.96

Mean SF-36 (PCS) 29.2±3.67 47.2±9.42 26.1±5.33 46.3±7.41 0.26

Mean SF-36 (MCS) 28.0±3.37 46.7±8.54 29.3±3.84 44.5±6.63 0.25

Odom’s Criteria 0.50

Excellent 3 4
Good 10 10

Fair 2 5

Poor 5 6

Table 3 Changes in radiological
outcomes in the two groups

ASD adjacent segment
degeneration

Last FU value - preoperation value

ULBD group Mean slippage change 2.1±3.10%

Mean translation change 0.15±1.58 mm

Mean angular difference change -0.91±4.48°

Mean disc height change -1.83±1.69 mm

Fusion group Mean upper level disc height reduction 1.38±1.10 mm

Mean lower level disc height reduction 1.19±0.80 mm

ASD (upper disc level) 25

Grade I 11

Grade II 10

Grade III 4

ASD (lower disc level) 25

Grade I 21

Grade II 4
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patient showed an upper vertebral body (L3) compression
fracture.

Surgery-related complications

Operation-related complications included one patient with
incidental durotomy in the ULBD group and one with
wound infection in the fusion group.

Discussion

It is unclear whether fusion is the best treatment for DSPL,
with some studies suggesting that good results can be
obtained by decompression alone, whereas others regard
fusion as providing better outcomes [2, 6, 8–10, 13, 14,
17, 18, 20, 24]. Although ASD can progress after fusion
surgery for DSPL, instability progression after decompres-
sive laminectomy may result in worse outcome. ULBD

Fig. 2 Preoperative (a-c) and
postoperative (d, e) T2
weighted MR images of a 69-
year-old female patient with
persistent pain after decom-
pression in the ULBD group. a
Midline sagittal MR image,
showing degenerative grade I
spondylolisthesis. b Left lateral
sagittal MR image, showing
L4-5 foraminal narrowing and
root compression. c Axial MR
image at the L4-5 level, show-
ing induction of left side fo-
raminal stenosis induced with
same level disc bulging. d Left
lateral sagittal MR image,
showing sustained foraminal
narrowing and high signal in-
tensity in the facet joint. e Axial
MR image at the L4-5 level,
showing sustained foraminal
stenosis

Fig. 3 Preoperative (a, b) and postoperative (c, d) AP X-ray and T2
weighted sagittal MR images of a 66-year-old female patient with
recurrent pain after decompression in the ULBD group. a Preoperative
AP X-ray image shows right side slight collapse and dark density of
disc space in L4-5 level (red arrow). b Preoperative T2 weighted
sagittal MR image shows foraminal stenosis is not severe and right

L5 root is not compressed (red arrow). c AP X-ray image at 2 years
post-operation shows right side complete collapse and nearly fused
state at the L4-5 level (red arrow). d T2 weighted sagittal MR image at
2 years post-operation shows foraminal stenosis is severe, and severe
right L5 root compression is noted (red arrow)

Acta Neurochir (2012) 154:1205–1212 1209



surgery was designed to delay the progression of instability
after decompressive laminectomy for DSPL. We therefore
compared the efficacy of minimally invasive ULBD and
fusion surgery in selected patients with stable grade I DSPL.

The overall leg pain reduction and functional improve-
ments in the two groups were similar. However, there was a
degree of selection bias, in that patients with higher mean
preoperative back pain score and younger age tended to be
included in the fusion group.

Absence of hypermotility is an important prognostic factor
in the success of decompression surgery for DSPL [2, 13, 14,
18]. The patients who were included in our study showed
similar preoperative characteristics of segmental motion, such
as translation and angular differences, between the groups
(Table 1).

At last follow-up, the clinical outcomes were similar in
the ULBD and fusion surgery groups. Considering the
shorter recovery time and economic advantage of ULBD,
we believe that ULBD is better option in specific groups of
patients.

It remains unclear why some patients with DSPL experi-
ence good outcomes after treatment with decompression
alone, whereas others do not. Factors influencing outcomes
may include patient age, indications for surgery, degree of
DSPL, orientation of facet joints, degenerative status of the
disc, decompressive technique, eventual progression of
postoperative spondylolisthesis, and comorbidities [1, 2, 4,
11, 12, 16, 17, 19, 23, 25]. All three patients who had
foraminal stenosis preoperatively complained of residual

pain. This result indicates that preoperative foraminal steno-
sis cannot be solved with decompression surgery. The char-
acteristics of foraminal stenosis and its treatment are well
known [7, 29, 32]. Complete removal of the offending
lesion and preserving stability only with decompression
surgery are very difficult and time-consuming procedures,
especially with ULBD. All three patients who experienced
residual pain after ULBD had foraminal stenosis on preop-
erative MRI. Thus, the presence of foraminal stenosis
should be considered when selecting candidates for fusion
operation rather than for ULBD surgery. In addition, we also
attempted to identify the factors affecting pain recurrence
after decompression. We found that segmental coronal col-
lapse, even slight collapse, should be considered an impor-
tant factor to achieve successful outcome in ULBD surgery.
Our three patients who had pain recurrence showed progres-
sion of preoperative minimal coronal collapse after ipsilateral
decompression with resulting foraminal root compression. For
these DSPL patients, we believe that disc height restoration
and correction of segmental coronal collapse with fusion
surgery may be a better choice for better outcome. Decom-
pression, even through unilateral laminectomy, in such a case
may make vertebrae more unstable.

Decreased disc height has been reported to be associated
with poor clinical outcomes [2, 10]. Although it was not
statistically significant, the mean preoperative disc height of
patients with recurrent pain was slightly less than that of
patients successfully treated in the ULBD group. In addi-
tion, the amount of disc height reduction was also slightly

Table 4 Preoperative mean values and logistic regression analysis between successful and pain recurrent patients in ULBD group

Patients who did not complain recurrent
pain in ULBD group (n014)

Patients who complained recurrent
pain in ULBD group (n03)

Odds ratio P value

Mean age (range), years 65.79 (55–81) 68.33 (64–75) 1.08 0.49

Mean BMI, kg/m2 25.6±3.26 28.4±1.56 1.50 0.20

Mean pre-op. disc height (mm) 10.1±1.68 9.3±1.73 0.74 0.44

Mean facet inclination (°) 54.9±9.38 45.3±6.81 0.90 0.14

Mean pre-op. slip (%) 13.3±4.75 16.0±5.58 1.16 0.29

Mean pre-op. translation (mm) 2.2±1.51 1.7±1.82 0.77 0.56

Mean pre-op. AD (°) 7.7±3.11 5.7±3.79 0.83 0.33

Table 5 Mean change of radiological parameters and logistic regression analysis between successful and pain recurrent patients in ULBD group

Last FU value - preoperation value Patients who did not complain recurrent
pain in ULBD group(n014)

Patients who complained recurrent
pain in ULBD group (n03)

Odd ratio P value

Mean slippage change 1.45±2.27 6.43±5.81 1.51 0.07

Mean translation change 0.36±1.58 1.06±0.66 1.44 0.44

Mean angular difference change 0.02±2.74 4.67±4.04 1.82 0.06

Mean disc height change -2.01±1.68 -2.20±2.87 0.94 0.87
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bigger in patients with recurrent pain at last follow-up
(Tables 4 and 5). We believe that unilateral collapse pro-
gression of the decompressed side, which was related to
pain recurrence in the ULBD group, might be related to
the decrease in disc height measured on lateral X-ray. How-
ever, this hypothesis must be tested with a prospective
analysis of more cases.

Overall, patients who underwent ULBD showed slight
increases in slippage and translation, and decreases in disc
height. These changes, however, are comparable to the high
occurrence of ASD in the fusion group. Although ASD was
related to recurrence of pain in that group, longer follow-up
times are required to verify the progression of radiological
degeneration and pain recurrence after ULDB surgery.

Our study had several limitations, including patient selec-
tion bias stemming from the use of two different surgeons with
different surgical policies, the small number of patients, the
relatively short term follow-up, and the retrospective design of
the study. Also, the statistical analysis to analyze prognostic
factors remains a big issue since the small number of patients
cannot provide robust statistical data and allow sound con-
clusions. In addition, we cannot exclude the possibility of
measurement error of several radiological parameters. Specif-
ically, the lack of interobserver reliability in the measurements
can alter the reliability of the results. Prospective randomized
comparisons of more patients with longer follow-up are need-
ed to determine which of these methods is optimal.

Conclusion

Our findings suggest that ULBD is superior to fusion sur-
gery for specifically selected patients with grade I DSPL
who have mainly radicular pain. The two groups had similar
clinical outcomes overall, although radiological degenera-
tion was not as severe after ULBD treatment. In our analy-
sis, foraminal stenosis is a contraindication for ULBD in the
treatment of grade I DSPL. Because preoperative unilater-
ally collapsed disc on an AP X-ray has the potential to
progress and cause pain recurrence, decompression surgery
in such patients should be avoided.

Conflicts of interest None.
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