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Abstract

Introduction The debate on efficacy of fusion added to
decompression for lumbar spinal stenosis (LSS) is ongo-
ing. No meta-analysis has compared the effectiveness of
decompression versus decompression plus fusion in treat-
ing patients with LSS.

Methods A literature search was performed in the Web of
Science, PubMed, Embase, and Springer databases from
1970 to 2016. Relevant references were selected and the
included studies were manually reviewed. We included tri-
als evaluating decompression surgery compared to decom-
pression plus fusion surgery in treating patients with LSS.
The primary outcomes analyzed were back pain, leg pain,
Oswestry Disability Index scores (ODI), the quality-of-life
EuroQol-5 Dimensions (EQ-5D), duration of operation,
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intraoperative blood loss, length of hospital stay, major
complications, walking ability, number of reoperation, and
finally clinically excellent and good rates. Data analysis
was conducted using the Review Manager 5.2 software.
Results  Fifteen studies involving 17,785 patients with
LSS were included. The overall effect mean difference
(MD) (95% CI) in the differences between pre- and post-
operative back pain, leg pain, operative time, intraoperative
blood loss, and length of stay were 0.04 (—0.36, 0.44), 0.69
(—0.38, 1.76), —2.04 (—3.12, —0.96), —3.96 (—6.64, —1.27)
and —4.21 (-10.03, 1.62) (z=0.18, 1.26, 3.71, 2.89 and
1.41, respectively; P=0.86, 0.55, 0.0002, 0.004 and 0.16,
respectively) in random effects models. The overall effect
MD (95% CI) in ODI, EQ-5D, and walking ability were
0.43 (—1.15, 2.00), 0.01 (-0.01, 0.03) and 0.04 (—0.49,
0.57) (z=0.52, 1.16 and 0.15, respectively; P=0.59, 0.24
and 0.88, respectively) in fixed effects models. The over-
all effect odds ratio (OR) (95% CI) of major complications,
number of reoperations, and clinically excellent and good
rates between the two groups were 0.70 (0.60, 0.81), 1.04
(0.90, 1.19) and 0.31 (0.06, 1.59) (z=4.63, 0.53 and 1.40,
respectively; P <0.00001, 0.60 and 0.16, respectively). Our
study reveals no difference in the effectiveness between the
two surgical techniques.

Conclusions The additional fusion in the management of
LSS yielded no clinical improvements over decompression
alone within a 2-year follow-up period. But fusion resulted
in a longer duration of operation, more blood loss, and a
higher risk of complications. Therefore, the appropriate
surgical protocol for LSS should be discussed further.

Keywords Lumbar spinal stenosis - Degenerative
spondylolisthesis - Decompression - Fusion - Meta-analysis
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Abbreviations

JOA score Japanese Orthopaedic Association scoring
system

LSS Lumbar spinal stenosis

DS Degenerative spondylolisthesis

MD Mean difference

OR Odd ratio

LDD Lumbar degenerative diseases

ODI Oswestry Disability Index scores

EQ-5D The quality-of-life EuroQol-5 Dimensions

RCT Randomized, controlled trial

VAS Visual analogue score

NOS The classic Newcastle—Ottawa Scale

ULBD Unilateral laminotomy with bilateral
decompression

LBP Low back pain

DDD Degenerative disc disease

Introduction

Lumbar spinal stenosis (LSS) is characterized by nar-
rowing of the central vertebral canal, lateral recesses, and
vertebral foramina. LSS causes patients significant long-
term symptoms (e.g., intermittent neurogenic claudica-
tion, radicular back and leg pain), and patients often do
not respond well to conservative treatments such as physi-
otherapy, analgesics, and steroids [1-4]. Decompression
surgery can achieve neural compromise and improve the
associated pain by relieving lumbar canal stricture and
removing redundant tissue. Laminectomy, as one tech-
nique of decompression surgery, is a recommended surgical
approach for LSS [5]. Unilateral laminotomy with bilateral
decompression (ULBD), a less invasive surgical technique
proposed by Chang et al. was demonstrated to immediately
and substantially improve the physical score and bodily
pain score in patients with LSS [6]. However, many post-
operative complications and other lumbar degenerative dis-
eases, especially spondylolisthesis, were associated with
decompression. Mardjetko et al. reported a high incidence
(31%) of slip progression in laminectomy alone for LSS
with degenerative spondylolisthesis (DS) [7].

Fusion can more appropriately treat the defect of pro-
gressive lumbar instability after decompression. In the last
few decades, decompression plus fusion had become very
popular and was regarded as a gold standard for LSS. How-
ever, the debate over its use was never settled, due to spinal
fusion being a more traumatic procedure, requiring a longer
operative time, causing more blood loss, and exhibiting an
increased complication rate in extremely elderly patients
[8—11]. Many authors reported similar treatment outcomes
between decompression alone and decompression plus
fusion among the majority of patients with LSS and DS,
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and they sought to uphold the view of there being no abso-
lute need for additional fusion [12-16].

Because there is a paucity of evidence—particularly in
primary evidence—supporting either argument, we con-
ducted a meta-analysis aiming to compare the efficacy of
decompression alone versus decompression plus fusion for
LSS. We also discussed the optimal indications for per-
forming additional surgical fusions to treat this condition.

Methods
Literature search and evaluation

An online search was performed in the Web of Science,
PubMed, Embase, and Springer databases, from January
1970 to May 2016. Relevant references were selected and
the included studies were manually reviewed. The search
strategy is detailed in Fig. 1. To facilitate future updates of
this systematic review and meta-analysis, we present the
search strategy as follows: (laminotomy OR laminectomy
OR fenestration OR hemilaminectomy OR decompression)
AND (lumbar spondylolisthesis OR lumbar spinal stenosis

Potential relevant records(n=4442)
Web of Science=1063
Pubmed=1643

Springer=1004

Embase=732

Excluded after screening titles
> and abstracts (n=516)

A 4

Potential relevant studies

identified for duplication and

full text evaluation (n=65) Studies excluded

Not comparison=30

Not appropriate data=12
Not LSS with or without
DS=8

A 4

Final included articles

(n=15, 5 controlled trials)

Fig. 1 Flow diagram of studies included in the systematic review
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OR lumbar canal stenosis OR degenerative lumbar spon-
dylolisthesis) AND (fusion OR arthrodesis).

Eligibility criteria

Included studies fulfilled the following criteria: (1) they
were randomized controlled trials (RCTs) or clinical cohort
studies written in English; (2) the studies assessed the com-
parison between decompression alone versus fusion plus
decompression surgery for LSS; (3) the LSS was with or
without grade I DS; and (4) the studies reported the means
and standard deviations of intra- and post-operative assess-
ments with sample size between decompression alone
group and decompression plus fusion group, as well as
the reported number and total number of major complica-
tions, reoperations, and clinically excellent and good rates
between the two groups [or alternately the studies provided
sufficient data to construct those contingency tables (the
difference between pre- and post-operative back and leg
pain, EQ-5D, and ODI in Forsth et al. [40] and Ghogawala
et al. [17])] were constructed by Graphpad instat 3.0, which
was developed by GraphPad software company in America.

Exclusion criteria

Studies were excluded if they were: (1) non-English-lan-
guage articles, case reports, duplicate papers, or conference
reports; (2) original articles without a controlled group or
with a small sample size (<16 patients); (3) studies investi-
gating mixed lumbar degenerative diseases (LDD), tumors,
fractures, osteoporosis, or other non-degenerative diseases;
(4) studies not specifically concerning decompression
alone and fusion plus decompression surgery; (5) studies
mainly evaluating a surgical approach, or new/non-stand-
ardized surgical techniques or instruments; or, finally, (6)
studies with incomplete or unacceptable information for a
comparison.

Data collection and methodological quality

Two authors independently sorted and reviewed all
abstracts or full texts of the retrieved articles based on
eligibility and exclusion criteria. Disagreements were
resolved by consensus between two senior orthopedics.
Data were extracted and summarized as follows: (1) the
basic characteristics of each study: author, publication
year, country, age, sex ratio, research period, comorbidi-
ties, surgery type, and follow-ups (within a 2-year period)
were reported; (2) the primary outcomes of back pain and
leg pain (when comparison was shown between back and
leg pain, BP>LP were selected), walking ability, major
quality-of-life EuroQol-5 Dimensions (EQ-5D), Oswestry
Disability Index (ODI) scores, and Japanese Orthopaedic

Association (JOA) scores (as many articles did not offer
total scores in these questionnaires, partial sub-items that
met our measures were abstracted instead) were reported;
(3) secondary outcomes that included intraoperative surgi-
cal data (blood loss and duration of operation) and patient-
reported outcomes (length of stay, complications, reopera-
tions, and clinical satisfaction) were reported. All studies
were assessed for quality evaluation according to the clas-
sic Newcastle-Ottawa Scale (NOS). Scale scores range
from zero to nine points, with higher scores indicating bet-
ter quality.

Data analysis

Statistical analyses were performed using the Cochrane
Collaboration’s Review Manager 5.2 software. Pooled
weighted mean differences (WMDs) with 95% confidence
intervals (CIs) for continuous variables and pooled odds
ratios (ORs) with 95% ClIs for enumeration data were cal-
culated. A Z test was performed to determine the overall
effects. If the heterogeneity between studies was statisti-
cally significant (I*>50%), a random effects model was
used for further sensitivity analysis. Otherwise, a fixed
effects model was selected (I><50%). Influential analysis
was examined by removing one individual study at one
time to check heterogeneity that biased the overall estimate.
Two-sided P <0.05 was considered statistically significant.

Results

A total of 4442 studies in the Web of Science (1063), Pub-
Med (1643), Embase (732), and Springer (1004) databases
were reviewed. After perusing the titles and abstracts, 53
relevant studies were identified, and, with further meticu-
lous examination, 15 studies were finally selected that met
our eligibility criteria and were transferred to data abstrac-
tion for statistical analysis (Fig. 1). A description of the
main characteristics of all studies is listed in Table 1.

Results of meta-analysis
Basic characteristics

A total of 17,785 cases in 15 articles were finally enrolled
in our study, including those from five controlled trials.
Overall, 12,417 patients with LSS received decompres-
sion surgery alone, compared to 5368 patients who under-
went decompression plus fusion surgery. The number of
females and males was available in 12 studies containing
6549 females and 3187 males, with a sex ratio (F/M) of
2.05. Overall, the average age of patients with LSS could
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not be calculated, because most studies could be separately
described according to sex or surgical strategy. While the
likely dominant age was approximately 65 years, females
were higher in numbers and average onset age than males.

Primary measures
Back pain

Eight studies reported changes in back pain between the
two subgroups, including two based on JOA and six based
on VAS. With regard to the overall results of heterogene-
ity testing, there was a statistically significant difference
between the two groups (P=0.003, 12=67%), and a ran-
dom effects model was applied for meta-analysis (Fig. 2).
No statistically significant difference was found in the
changes between pre- and post-operative back pain evalu-
ated according to JOA and VAS between the two groups
[JOA subgroup, MD=0.01, 95% CI (-0.41, 0.42), z=0.03,
P=0.98; VAS subgroup, MD=0.01, 95% CI (-0.52, 0.54),
z=0.04, P=0.97].

Leg pain

Seven studies reported changes in leg pain between the two
subgroups, including six based on VAS and one according
to JOA. A heterogeneity test indicated a statistically sig-
nificant difference between the two groups (P <0.00001,
P=96%), and a random effects model was applied for
meta-analysis (Fig. 3). In the VAS subgroup, MD =0.79,
95% CI (-0.47, 2.05), z=1.23, and P=0.22; in the JOA
subgroup, MD=0.10, 95% CI (-0.23, 0.43), z=0.59, and
P=0.55. These results demonstrated that the differences in

D DF
1.1.1 JOA
Ko Matsudaira1,2005 14 0.7 18 1.4 0.6 19
Takato Aihara,2012 3.86 3.94 33 371 3.57 17
Subtotal (95% ClI) 51 36
Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.89); I>= 0%
Test for overall effect: Z = 0.03 (P = 0.98)
1.1.2 VAS
Everard Munting,2015 4 3 230 3 26 108
F. S. Kleinstueck,2012 1.7 3.4 56 2.9 29 157
Freyr G. Sigmundsson,2014 4 3.1 1000 3.83 296 184
Freyr G. Sigmundsson,2015 3.03 282 73 285 282 130
P. Férsth,2013 3.5 3.493 655 3.2 3.475 651
Peter Forsth,2016 26 25 66 3.6 29 67
Subtotal (95% Cl) 2080 1297
Heterogeneity: Tau? = 0.31; Chi? = 20.64, df =5 (P = 0.0009); I* = 76%
Test for overall effect: Z = 0.04 (P = 0.97)
Total (95% Cl) 2131 1333

Heterogeneity: Tau? = 0.20; Chi? = 21.22, df =7 (P = 0.003); I> = 67%
Test for overall effect: Z=0.18 (P = 0.86)
Test for subgroup differences: Chi? = 0.00, df =1 (P = 0.99), I? = 0%

pre- and post-operative leg pain were not significantly dif-
ferent between the two groups.

ODI

Five studies reported ODI in the two groups. The hetero-
geneity test showed no statistically significant difference
between the two groups (P=0.25, 12=25%), and a fixed
effects model was applied for meta-analysis (Fig. 4). There
was no significant difference in ODI between the decom-
pression group and the decompression plus fusion group
(MD=0.43, 95% CI (-1.15, 2.00), z=0.53, P=0.59).

EQ-5D

Two studies reported EQ-5D in the two groups. There was
no statistically significant heterogeneity between the two
groups (P=0.34, 12=0%), and a fixed effects model was
applied for meta-analysis (Fig. 5). No statistically signifi-
cant difference was identified between the two groups.

Duration of operation

Three studies reported the duration of operation in the two
groups. There was statistically significant heterogeneity
between the two groups (P <0.00001, »=96%). A random
effects model was applied for meta-analysis (Fig. 6), which
indicated that the decompression plus fusion group under-
went more operative time than the decompression alone

group.

Mean Difference
IV. Random % Cl

Mean Difference
i IV. Random % Cl

17.4% 0.00 [-0.42, 0.42]
3.0% 0.15 [-2.01, 2.31]
20.4%  0.01[-0.41,0.42]
14.1% 1.00 [0.37, 1.63] r
9.2%  -1.20[-2.20, -0.20] 1
16.6% 0.17 [-0.30, 0.64]
11.5% 0.18 [-0.63, 0.99]
18.1% 0.30 [-0.08, 0.68]
10.1%  -1.00 [-1.92, -0.08]
79.6%  0.01[-0.52, 0.54]
100.0%  0.04 [-0.36, 0.44]
,

L L L
-100 -50 0 50 100

favours(experimental) favours(control)

Fig. 2 Forest plot of mean difference for back pain of patients with LSS within 2 years follow-up
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D DF Mean Difference Mean Difference

r I Mean D Total Mean D Total Weight IV. Random. 95% CI IV. Random. 95% ClI
1.1.1 VAS
Everard Munting,2015 3.9 35 230 2.1 24 108 14.5% 1.80[1.16, 2.44] "
F. S. Kleinstueck,2012 3.1 3 56 3.9 34 157 13.7% -0.80 [-1.75, 0.15]
Freyr G. Sigmundsson,2014 3.83 3.13 984 342 3.07 184 14.9% 0.41[-0.07, 0.89]
Freyr G. Sigmundsson,2015 3.48 3.62 68 3.08 341 129 13.4% 0.40 [-0.64, 1.44]
P. Forsth,2013 35 3.821 655 32 4.075 651 15.0% 3.00 [2.57, 3.43] "
Peter Forsth,2016 2.9 3.1 66 3.2 3 67 13.4% -0.30 [-1.34, 0.74]
Subtotal (95% Cl) 2059 1296 84.9% 0.79 [-0.47, 2.05]
Heterogeneity: Tau? = 2.31; Chi? = 105.52, df = 5 (P < 0.00001); I* = 95%
Test for overall effect: Z = 1.23 (P = 0.22)
1.1.2JOA
Ko Matsudaira1,2005 1.1 0.6 18 1 0.4 19 15.1% 0.10 [-0.23, 0.43]
Subtotal (95% ClI) 18 19 15.1% 0.10 [-0.23, 0.43]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.59 (P = 0.55)
Total (95% CI) 2077 1315 100.0% 0.69 [-0.38, 1.76] ) ) )

Heterogeneity: Tau? = 1.95; Chi? = 144.57, df = 6 (P < 0.00001); I*> = 96%
Test for overall effect: Z=1.26 (P = 0.21)
Test for subgroup differences: Chiz = 1.08, df = 1 (P = 0.30), I? = 7.5%

-100 -50 0 50 100
Favours [experimental] Favours [control]

Fig. 3 Forest plot of mean difference for leg pain in patients with LSS within 2 years follow-up

D DF Mean Difference Mean Difference

r r Mean SD Total Mean SD Total Weight 1V, Fixed. 95% CI IV, Fixed. 95% CI
Freyr G. Sigmundsson,2014 336 199 974 331 18.8 181 27.4% 0.50 [-2.51, 3.51]
Freyr G. Sigmundsson,2015 25 179 70 234 17.8 125 9.1% 1.60 [-3.63, 6.83]
P. Forsth,2013 27 20.47 655 27 20.41 651  50.5% 0.00 [-2.22, 2.22]
Peter Forsth,2016 21 18 66 25 19 67 6.3% -4.00[-10.29, 2.29]
Zoher Ghogawala,2016 184 11.95 35 12,5 13.084 31 6.7% 5.90[-0.17,11.97]
Total (95% ClI) 1800 1055 100.0% 0.43 [-1.15, 2.00]

|

Heterogeneity: Chi? = 5.36, df =4 (P = 0.25); I? = 25%
Test for overall effect: Z = 0.53 (P = 0.59)

100 -50 0 50 100
Favours [experimental] Favours [control]

Fig. 4 Forest plot of mean difference for ODI in patients with LSS within 2 years follow-up
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Heterogeneity: Chi=0.91, df = 1 (P = 0.34); I?= 0%
Test for overall effect: Z=1.16 (P = 0.24)
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Fig. 5 Forest plot of mean difference for EQ-5D in patients with LSS within 2 years follow-up

D DF
Study or Subgroup Mean SD Total Mean SD Total Weight
Peter Forsth,2016 95 40 66 149 44 67 358%
Takato Aihara,2012 876 254 33 149 458 17 324%
Zoher Ghogawala,2016 1244 342 35 289.6 663 31 31.8%
Total (95% CI) 134 115 100.0%

Heterogeneity: Tau? = 0.81; Chi? = 19.97, df = 2 (P < 0.0001); I = 90%
Test for overall effect: Z = 3.71 (P = 0.0002)

Std. Mean Difference

Std. Mean Difference
IV, Random, 95% ClI IV, Random, 95% ClI
-1.28 [1.65, -0.90]
-1.80[-2.49, -1.11]

-3.15[-3.89, -2.42]

-2.04[-3.12, 0.96] f

-100  -50 0 50 100
Favours [experimental] - Favours [control]

Fig. 6 Forest plot of standard mean difference for duration of operation in patients with LSS within 2 years follow-up
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Intraoperative blood loss

Three studies reported intraoperative blood loss in the two
groups. Statistically significant heterogeneity was found
between the two groups (P <0.00001, >=97%). A random
effects model was applied for meta-analysis (Fig. 7), which
demonstrated that the blood loss in the decompression
alone group was significantly less than in the decompres-
sion plus fusion group.

Length of hospital stay
Two studies reported the length of hospital stay in the

two groups. There was statistically significant heteroge-
neity between the two groups (P=0.006, I>’=87%), and

a random effects model was applied for meta-analysis
(Fig. 8). The length of hospital stay was not found to be sta-
tistically different between the decompression alone group
and decompression plus fusion group.

Major complications

Five studies reported major complications in the two
groups with a heterogeneity test showing relatively lower
statistically significant heterogeneity between groups
(P=0.30, ’=18%). A fixed effects model was applied for
meta-analysis (Fig. 9), which indicated that the decompres-
sion plus fusion group has approximately 1.4 times higher
risk of sustaining major complications than the decompres-
sion alone group.

Std. Mean Difference
1IV. Random, 95% ClI

Std. Mean Difference
IV, Random, 95% Cl

D DF
Study or Subgroup Mean SD Total Mean SD Total Weight
Peter Forsth,2016 311 314 66 886 424 67
Takato Aihara,2012 926 772 33 568 308 17
Zoher Ghogawala,2016 834 635 35 5137 334 31
Total (95% CI) 134 115 100.0%

Heterogeneity: Tau? = 5.36; Chi? = 71.09, df = 2 (P < 0.00001); I>=97%
Test for overall effect: Z = 2.89 (P = 0.004)
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Fig. 7 Forest plot of standard mean difference for intraoperative blood loss in patients with LSS with in 2 years follow-up
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Zoher Ghogawala,2016 26 09 35 42 09 31 566% -1.60[-2.04,-1.16]
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Fig. 8 Forest plot of mean difference for length of hospital stay in patients with LSS within 2 years follow-up

D DF Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
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Richard,1997 34 748 49 B39 126% 0.57 [0.37, 0.90] -
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Fig. 9 Forest plot of odds ratio for risk of major complications in patients with LSS within 2 years follow-up
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Walking ability

Two studies reported walking ability evaluated according to
JOA in the two groups. No statistically significant heteroge-
neity was found between the two groups (P=0.58, I’=0%),
and a random effects model was applied for meta-analysis
(Fig. 10). The walking ability recovery among patients
receiving decompression plus fusion surgery was not better
than those in the decompression alone group.

Number of reoperation

Three studies reported reoperation numbers in the two
groups. Extremely low heterogeneity was identified
between the two groups (P=0.48, ’=0%), and a fixed
effects model was applied for meta-analysis (Fig. 11).
There was no statistically significant difference between
the two groups [OR = 1.04, 95% CI (0.90, 1.19), z=0.52,
P=0.60].

Clinically excellent and good rates
Four studies reported the clinically excellent and good rates

in the two groups. A significantly different heterogeneity
was found between the two groups (P=0.010, 12=74%),

and a random effects model was applied for meta-analysis
(Fig. 12). The clinical satisfaction in the decompression
plus fusion group was not better than in the decompres-
sion alone group [OR = 0.31, 95% CI (0.06, 1.59), z=1.40,
P=0.16].

Sensitivity analysis

When the random effects models were applied, the overall
effect MD (95% CI) of the difference in pre- and post-oper-
ative back pain and leg pain, operative time, intraoperative
blood loss, and length of hospital stay were 0.04 (—0.36,
0.44), 0.69 (-0.38, 1.76), —2.04 (-3.12, —0.96), —3.96
(—6.64, —1.27) and —4.21 (—10.03, 1.62) (z=0.18, 1.26,
3.71, 2.92 and 1.41, respectively; P=0.86, 0.55, 0.0002,
0.004 and 0.16, respectively). When the fixed effects mod-
els were applied, the overall effect MD (95% CI) of ODI,
EQ-5D and walking ability were 0.43 (—1.15, 2.00), 0.01
(=0.01, 0.03) and 0.04 (-0.49, 0.57) (z=0.52, 1.16 and
0.15, respectively; P=0.59, 0.24 and 0.88, respectively).
The overall effect OR (95% CI) of major complications,
number of reoperations, and clinically excellent and good
rates between the two groups were 0.70 (0.60, 0.81), 1.04
(0.90, 1.19) and 0.31 (0.06, 1.59) (z=4.63, 0.53 and 1.40,
respectively; P<0.00001, 0.60 and 0.16, respectively).

D DF Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed. 95% Cl
Ko Matsudaira1,2005 08 08 18 0809 19 927% 0.00[-0.55,0.55]
Takato Aihara,2012 481 361 33 424 32 17 73% 0.57[-1.39,253]

Total (95% CI) 51 36 100.0% 0.04[-0.49, 0.57]

Heterogeneity: Chi? = 0.30, df = 1 (P = 0.58); 2= 0%
Test for overall effect: Z=0.15 (P = 0.88)
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Fig. 10 Forest plot of mean difference for walking ability in patients with LSS within 2 years follow-up
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Test for overall effect: Z =0.52 (P = 0.60)
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Fig. 11 Forest plot of odds ratio for number of reoperations in patients with LSS within 2 years follow-up
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Fig. 12 Forest plot of odds ratio for clinically excellent and good rates in patients with LSS within 2 years follow-up

Except for blood loss, the residual results were consistent
between the random and fixed effects models, suggesting
that our findings were reliable.

Publication bias

Considering the small sample size (<10) in our meta-anal-
ysis, funnel plot analysis was not applicable for publication
bias.

Discussion

The limited number of included publications, the relatively
low quality, and the inconsistent descriptions of some
measures in the 15 selected studies greatly affected the
quality of our meta-analysis. Also, the converted param-
eters possibly impaired the stability of our final outcomes.
In our meta-analysis, there was no difference in the effec-
tiveness between decompression alone versus decompres-
sion plus fusion; however, patients in the decompression
plus fusion group lost more blood, experienced prolonged
operation time, and suffered more major complications.
Recently, two published RCTs concentrated on whether
decompression plus fusion surgery yielded better clinical
results than decompression alone for LSS. In the study by
Zoher Ghogawala et al., a slight improvement in overall
physical health-related quality-of-life was observed with
spinal fusion and laminectomy for LSS, with or without
grade I DS [17]. Forsth et al. then concluded that patients
with LSS who underwent fusion plus decompression sur-
gery received no better clinical outcomes than patients who
received single decompression surgery at long-term follow-
ups [18]. Carreon et al. [8], Glassman et al. [9] and Cass-
inelli et al. [10] demonstrated that posterior spinal fusion
following decompression led to longer operative time, more
blood loss, and a higher complication rate in extremely
elderly patients. To our knowledge, no meta-analysis

has compared the effectiveness of decompression versus
decompression plus fusion in patients with LSS.

The debate on efficacy of additional fusion for LSS is
ongoing. Decompression without arthrodesis was recom-
mended for typical LSS with no history of previous lumbar
spine operation, no spinal instability, and DLS <20 [19].
Decompression alone has been demonstrated to be signifi-
cantly less invasive than decompression combined with spi-
nal fusion [20]. Although decompression seems to be the
logical procedure that has the potential to give the patient
immediate relief, instability of the spine is a potential con-
sequence that needs to be considered [21, 22]. Yone et al.
reported that decompression alone for LSS obtained good
results only if patients did not present with concomitant
spinal instability; otherwise, isolated decompression sur-
gery cannot guarantee satisfactory clinical outcomes [23].
Herkowitz et al. reported that one-third of patients receiv-
ing isolated decompression were not satisfied with the out-
comes, especially in cases presenting with concomitant
lumbar instability, which might lead to a higher reoperation
rate [24].

Spinal fusion was initially used by Harms and Rolinger
[25]. Suk et al. reported that spinal fusion after a complete
decompression can alleviate future back and leg pain [26].
Kleinstueck et al. and Martin et al. both found better results
when fusion was added to decompression in patients with
LSS and DS [27, 28]. However, as an invasive procedure,
fusion has many uncertainties that can greatly influence the
final outcomes of LSS. The altered biomechanical function
of the spine, such as loss of motion at the fused levels, was
compensated for by increased motion at the unfused seg-
ments. This process caused certain mechanical stresses,
which then accelerated adjacent lumbar level fusion prob-
lems and produced back pain and leg pain [26, 29]. Ekman
et al. also confirmed this pathological change in a long-
term RCT [30]. However, the dilemma of fusion was also
inherent in the surgical indication for LSS. Patients with
long-standing preoperative symptoms and concomitant
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diseases often had poor results and less satisfaction in
clinical outcomes [15]. Mixed lumbar degenerative dis-
eases and other degenerative changes, such as osteophyte
formation, decreased disc height, and calcified ligaments,
strengthened the lumbar stability and thereby reduced the
demand of fusion. The most important disadvantage of
fusion was the co-existence of other complications, higher
reoperation rates, and heavier financial costs. Hallett et al.
revealed a cost difference of approximately USD $6290
per patient for an additional fusion implant [31]. Dailey
et al. [32] suggested that neither technique (lumbar fusion
or instrumentation and nonfusion) was associated with an
increased reoperation rate at the surgical level or adjacent
lumbar levels. He noted that the only specific risk factor
for reoperation between lumbar fusion and nonfusion was a
duration of pretreatment symptoms of more than 12 months
(i.e., the natural history of spinal degenerative disease). He
also reported a 13% reoperation rate, similar to the 8.0% in
our meta-analysis. Brodke et al. summarized that the com-
mon reason for reoperation in patients treated with lami-
nectomy and fusion was due to symptomatic adjacent seg-
ment pathology; he also found that additional fusion had
no superior survival curve, improved clinical outcomes, or
improved patient satisfaction rates over laminectomy alone
[33].

Therefore, surgeons should exercise great caution while
performing spinal fusion in patients with LSS. A stratifi-
cation of carefully screened patients on the basis of age,
gender, comorbidities, with or without preoperative spon-
dylolisthesis, intraoperative evaluation of slippage possi-
bility, and other considerations should be completed, and
the ultimate goal of treating LSS need always focus on the
balance between decompression of the compressed nerve
and adequate bone retention for spinal mechanical stability
[16]. McCaullen proposed that women and patients with pre-
operative spondylolisthesis may require changes in decom-
pression without fusion modality to improve outcomes or
alterations in long-term expectations for LSS [34]. Brown
et al. affirmed intraoperative spinal stiffness measurements
did not predict clinical results after lumbar spine surgery
[35].

The proper indications for fusion remained unclear, but
after searching the literature, some authors’ personal expe-
riences may offer us some guidelines. Matsudaira reported
better clinical results in patients with grade IDS by pre-
serving the posterior elements of the spinal canal roof
[36]. Radcliff recommended decompression and spino-
plasty to preserve posterior ligament complex integrity
for multilevel lumbar canal stenosis [37]. Yone suggested
Posner’s method to define instability for fusion treatment,
and fusion with instrumentation should be performed
on elderly patients with instability after decompression
[23]. Lawhorne preferred artificial ligamentous bands to
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decrease the flexion instability [29]. Tuli et al. concluded
that the best alternative was an adequate decompressive
laminectomy with a nonfusion technique of preserving the
posterior ligament complex integrity [38].

The limitations of our study were: (1) the relatively low
quality of the 15 included trials, which used multimodal
decompression types as well as fusion treatments and made
the results less effective; (2) insufficient data in EQ-5D,
walking ability, and length of stay; (3) the various compli-
cations and nonconformity of assessment criteria in clinical
satisfaction, which shared some inner inconsistencies that
may have contributed to risk bias; (4) useful objective indi-
cators such as cost-utility, post-operative walking distance,
and SF-36, for example, were lacking; (5) our study follow-
up period was less than 2 years. A longer-term analysis,
including more comparative trials with moderate and high
grade evidence, would be expected to improve the validity
and reliability of our outcome.

Conclusions

Decompression plus fusion yielded no better clinical results
than decompression alone in treating LSS, while resulting
in a longer duration of operation, more blood loss, and a
higher risk of complications. We believe decompression
alone to be a sound choice for LSS, and we expect more
controlled trials, prospective studies, and multi-center stud-
ies to further testify the long-term outcomes of additional
fusion. More research is required to delineate the precise
surgical protocol for LSS.
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