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Abstract: The present study investigated whether spinal fusion with decompression has a better effect than decom-
pression alone in the treatment of patients with lumbar spinal stenosis (LSS). The surgical methods of degenerative
LSS include spinal decompression with or without spinal fusion. The treatment of spinal stenosis by surgery has
increased rapidly in the past two decades; however, its efficacy is yet controversial. PubMed, Embase, and Cochrane
library databases were searched for randomized controlled trials and cohort studies published up to October 31,
2016. The meta-analysis was performed using random or fixed effects model. A total of 29 studies were identified
with data assimilated from 27380 patients. The pooled results showed that decompression plus fusion was similar
to the decompression on dural tear rate [risk ratios (RR) = 1.05, 95% confidence interval (Cl): 0.70-1.55], clinical
outcome (RR =0.93, 95% Cl: 0.85-1.01), reoperation rate (RR = 0.94, 95% Cl: 0.87-1.02), wound infection rate (RR
= 0.56, 95% Cl: 0.29-1.07), Oswestry disability index [weighted mean differences (WMD) = -2.22, 95% Cl: -2.84-
1.59], and European quality of life-5 dimensions score (WMD = -0.00, 95% Cl: -0.02-0.02); the former was inferior
to the latter in terms of surgery duration (WMD = -95.63, 95% Cl: -128.75-62.51), blood loss (WMD = -413.02, 95%
Cl: -562.80-263.23), and hospital stay (WMD = -2.22, 95% Cl: -2.84-1.59). Thus, decompression with fusion was

found to have fewer benefits than decompression alone for the treatment of LSS.
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Introduction

Lumbar spinal stenosis (LSS) is the narrowing
of the spinal canal by surrounding soft tissues
and bone, which compromises of neural struc-
tures [1]. Radiographic findings of spinal steno-
sis revealed typically long-term symptoms of
intermittent neurogenic claudication (radicular
pain during walking and/or standing that re-
solves with lumbar flexion) in a majority of the
patients [2]. Consequently, patients are com-
monly referred for surgery if their condition is
refractory to conservative treatment. As a re-
sult, the number of surgical procedures con-
ducted for LSS has increased steadily over the
years, costing approximately 2 billion annually
[3, 4]. However, the surgical techniques se-
lected by surgeons are yet indeterminate,
although no clear superiority of one technique
over the others has been recommended yet.

The current evidence suggests that surgery for
LSS is more effective than common conserva-
tive treatment when the latter has failed for
up to 3 months [5, 6]. For example, the Spine
Patient Outcomes Research Trial (SPORT) pa-
tients treated surgically exhibited lower pain
levels than those assigned to a nonsurgical
treatment [7]. The standard surgical approach
for LSS is bony decompression via laminecto-
my [8, 9]. However, as spinal instability is a
frequent consequence following bony decom-
pression, and surgical fusion has been recom-
mended in addition to decompression of the
spinal canal for the treatment of some patients
with spinal stenosis [10]. Several studies have
demonstrated that the addition of fusion is
advisable for patients, as this procedure yields
acceptable surgical results [11, 12]. The meth-
od of spinal fusion is now gaining prevalence; a
previous study reported that the rate of fusion
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3060 Studies identified in search
1289 From PubMed; 1672 From EMBASE;
99 From Cochrane library..

2081 Screened for eligibility using titles and abstracts

| 979 Excluded (duplicates)

All analyses were based on
previously published studies,
and thus, no ethical approvals
and patient consents were
required.

Study selection

| 2033 Excluded (Obvious Studies were included in this

imelevant topic) meta-analysis if they fulfilled

the following criteria: (1) Study

‘ 48 Assessed for eligibility using full-text ‘ design: RCT or cohort study;
| 19 Excluded (2) Participants: adult patients

29 Articles included in Meta-analysis

Figure 1. Schematic representation of the study selection process.

surgery increased by 220% from 1990 to 2001
for the treatment of LSS [4].

Although both surgical techniques are effec-
tive in treating LSS, lack of evidence support-
ing this rapid evolution of surgical techniques
usually render the clinicians to rely on their
personal experiences. A previous meta-analy-
sis estimated the effect of fusion-added de-
compression for LSS and found a superior clini-
cal outcome but a higher reoperation rate for
spinal fusion than decompression alone [13].
However, the analysis evaluated only two out-
comes (clinical outcome and reoperation rate).
Therefore, we conducted a meta-analysis to
compare the surgical and prognostic outcomes
of LSS quantitatively between decompression
and decompression plus fusion.

Materials and methods
Search strategy

Relevant randomized controlled trials (RCTs)
and cohort studies were identified. Briefly, we
searched the PubMed, Embase, and Cochrane
library for studies published up to October 31,
2016 using the following search terms: “(LSS
OR [spinal stenosis]) AND Fusion AND (Lamine-
ctomy OR decompression)” without restrictions
(further details of the search strategy are
available in Supplementary 1). All abstracts,
studies, and citations were reviewed irrespec-
tive of the language. Also, we included unpub-
lished studies in the gray literature (theses
and technical reports).
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| 10 not about D vs. DF;
5 single-arm trial;
4 reviews or meta-analysis.

(> 18-year-old) with primary
LSS; (3) Treatment: decom-
pression for the trial group
(D group) and decompressi-
on plus fusion for the control
group (D+F group); (4) Out-
comes: surgical outcomes, in-
cluding operating time, loss
of blood, hospital stay, and dural tear rate and
prognostic outcomes, including clinical out-
come, reoperation rate, wound infection rate,
Oswestry disability index (ODI), and European
quality of life-5 dimensions (EQ-5D) score. The
exclusion criteria were as follows : (1) Partici-
pants with a history of spinal surgery due to
LSS; (2) Follow-up time of <1 year; (3) Without
available data for analysis.

Data extraction and quality assessment

The following data were extracted indepen-
dently by two authors (ZFX and YY) from each
study: first author’'s name, year of publication,
study design, study location, intervention, sam-
ple size, age, sex, follow-up period, and out-
comes. Any disagreements were resolved by a
consensus. We evaluated the quality of the
RCTs using the Cochrane Collaboration tool
for assessing the risk of bias. In addition, a
9-star system using the Newcastle-Ottawa
scale (NOS) was employed for assessing the
quality of the cohort studies [14].

Statistical analysis

Risk ratios (RRs) or weighted mean differences
(WMDs) with 95% confidence intervals (Cls)
were calculated as effect sizes. Dichotomous
variables were estimated for the RRs and con-
tinuous variables for the WMD. The operation
duration, loss of blood, length of hospital stay,
dural tear rate, clinical outcome, reoperation
rate, wound infection rate, ODI, and EQ-5D
score between the D and D+F groups were eval-
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Table 1. Characteristics of each included study
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Study Country Design Intervention Follow-up n M/F* Age (years) Outcomes

Athiviraham, A 2007 Canada PCS D 2 years 49 32/17 63 d,efg
D+F 39 14/25 70

Austevoll, IM 2016 Norway PCS D 1 year 260 72/188 66.7 (10.0) d, e h
D+F 260 65/195 66.3 (9.6)

Bridwell, KH 1993 USA RCT D 3 years 9 2/7 66.2 e
D+F 34 8/26 66.2

Brodke, DS 2013 USA RCS D 63 months 24 16/8 69 (9.2) e f, g
D+F 45 16/29 70(9.3)

Chen, YM 2010 China RCS D 67 months 31 20/11 61.5 (34-75) a, b,cefg
D+F 39 14/25 59.9 (32-79)

Cornefjord, M 2000 Sweden RCS D 7.1 years 37 NR 64.4 (29-87) e
D+F 59 NR 64.4 (29-87)

Fokter, SK 2006 USA RCS D 27 months 38 17/21 64.6 (8.9) a, b,cb,e
D+F 20 4/16 69.1 (6.1)

Forsth, P 2013 Sweden RCS D 2years 4259 2020/2239 70 (50-91) f, h,i
D+F 1131 315/818 67 (50-90)

Forsth, P 2016 Sweden RCT D 2 years 120 35/95 66.6 (7.4) a,b,c,d, e f,gh,i
D+F 113 43/70 67.2 (7.9)

Fox, MW 1996 USA RCS D 5.8years 92 NR 67.5 (34-83) e
D+F 32 NR 67.5 (34-83)

Ghogawala, Z 2004 USA PCS D 1 year 20 NR 68.8 (8.0) f,g
D+F 14 NR 68.8 (8.0)

Ghogawala, Z 2016 USA RCT D 4 years 35 8/27 66.5 (8.0) a, b,ch
D+F 31 5/26 66.7 (7.2)

Grob, D 1995 Sweden RCT D 28 months 15 6/9 66 (48-72) a,b,def
D+F 30 15/15 71 (56-87)

Hallett, A 2007 Scotland RCT D 5 years 14 9/5 57 (10) a, b, f
D+F 30 15/15 56.3(9.2)

Herkowitz, HN 1991 USA PCS D 3 years 25 9/16 65 (53-83) e
D+F 25 5/20 63.5 (52-84)

Katz, JN 1997 USA PCS D 2 years 194 91/103 70(8.1) e, f
D+F 78 20/58 65 (8.9)

Lad, SP 2014 USA RCS D >2 years 9400 NR NR c f
D+F 3257 NR NR

Lee, CH 2013 South Korea  RCS D 39years 25 15/10 79.2 (75-90) f
D+F 25 15/10 79.7 (75-93)

Li, 22015 China RCS D 1 year 15 NR 72 (5.2) a, b, deg
D+F 24 NR 72 (5.2)

Matsudaira, K 2005 Japan RCS D 2 years 18 8/10 68 (7) e
D+F 19 7/11 67 (7)

Modhia, U 2013 USA RCS D 2years 4164 2166/1998 NR f
D+F 629 289/340 NR

Munting, E 2015 Belgium PCS D lyear 1068 516/552 67.6 (29.9) d, g
D+F 108 35/73 66.3 (41-98)

Rampersaud, YR 2014 Canada RCS D 2 years 46 19/27 67.80 (8.66) e
D+F 133 35/98  62.47 (10.83)

Rompe, JD 1999 German RCS D 8 years 90 44/46 60.7 (7.2) e, f
D+F 27 24/23 64 (8.8)

Sigmundsson, FG 2015  Sweden PCS D 2 years 245 69/176 73.5(9.9) h,i
D+F 594  122/472 69.0 (8.9)
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Son, S 2013 South Korea  RCS D
D+F
Wu, YJ 2008 China RCS D
D+F
Yone, K 1996 Japan RCS D
D+F
Yone, K 1999 Japan RCS D
D+F

5.5 years 31 16/15 72.8 (6.8) a,b,cegi
29 11/18 69.4 (3.8)

51 months 96 NR 58.3 (29-87) e
85 NR 58.3 (29-87)

3years 7 3/4 69 (61-79) e

10 4/6 68 (60-89)

40 months 14 10/4 63 (45-79) e
19 12/7 61 (55-79)

M, male; F*, female; a, operating time; b, loss of blood; c, hospital stay; d, dural tear rate; e, clinical outcome; f, reoperation rate; g, wound infec-
tion rate; h, ODI (Oswestry disability index); i, EQ-5D (European quality of life-5 dimensions); n, sample size; D, decompression; F, fusion; NR, not
reported; PCS, prospective cohort study; RCS, retrospective cohort study; RCT, randomized controlled trial.
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Figure 2. Risk of bias summary: a review of the au-
thors’ judgments about the risk of bias item for each
included study.

uated. The potential heterogeneity across the
studies was examined using the Cochran’s
Q-statistic [15] and I? statistics [16]. If the
P-value for heterogeneity was <0.05 or |2 was
>50%, the random-effects model was used for
the analysis; otherwise, the summary effect
was computed using the fixed-effect model.
Publication bias was evaluated using the
Egger's test [17], where P<0.05 indicated a
statistically significant publication bias. In
order to explore the potential association am-
ong the different study designs, a subgroup
analysis was conducted to assess the estimat-
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ed effect based on the study designs, such as
RCT or cohort. All the analyses were conducted
using the Review Manager Software (version
5.2, Nordic Cochrane Center, Copenhagen,
Denmark).

Results
Literature search and study selection

The study selection process was illustrated
in Figure 1. A total of 3060 relevant articles
were retrieved (PubMed: 1289, Embase: 1672,
and Cochrane library: 99), of which, 979 were
excluded owing to duplication. Subsequently,
2081 articles were identified and screening
based on the title and/or abstract. Of these,
2033 articles were not related to the topic,
and hence, excluded. After assessing the eligi-
bility of the full-text articles, 19 were excluded.
Finally, 29 articles that fulfilled all the inclusion
criteria were included in the meta-analysis [12,
18-45].

Study characteristics

Selected details of the individual studies are
listed in Table 1. These studies, including 5
RCTs [20, 26, 29-31], 17 retrospective cohort
studies [12, 21-25, 27, 34-38, 40, 41, 43-45],
and 7 prospective cohort studies [18, 19, 28,
32, 33, 39, 42], were published before Octo-
ber 2016. Of these, 12 studies were conducted
in the USA [18, 20, 21, 24, 27-29, 32-34, 38,
40], 9 in Europe [19, 23, 25, 26, 30, 31, 39, 41,
42], and 8 in Asia [12, 22, 35-37, 43-45]. The
length of the follow-up period ranged from 1-7
years. The number of patients involved in the
studies ranged from 37-5390. All the included
studies presented moderate and high qualities
with acceptable and moderate risks of bias
(Figure 2, Table 2).
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Table 2. Methodological quality of cohort studies included in the meta-analysis*

Representativeness  Selection of Outcome of Control for Follow-up duration Adequacy of

) Ascertainment Outcome
First author of the exposed  the unexposed

. . . Total qualit

interest not present important factor or sufficient for follow-up of a y
of exposure

cohort cohort

assessment scores

at start of study additional factor outcomes to occur? cohorts

Athiviraham, A 2007
Austevoll, IM 2016
Brodke, DS 2013
Chen, YM 2010
Cornefjord, M 2000
Fokter, SK 2006
Forsth, P 2013

Fox, MW 1996
Ghogawala, Z 2004
Herkowitz, HN 1991
Katz, JN 1997

Lad, SP 2014

Lee, CH 2013

Li, 22015

Matsudaira, K 2005
Modhia, U 2013
Munting, E 2015
Rampersaud, YR 2014
Rompe, JD 1999
Sigmundsson, FG 2015
Son, S 2013

Wu, YJ 2008

Yone, K 1996 -

Yone, K 1999 - IARAS

¥ Yo -
¥ B B

- ¥ ¥
1A 1A
1A

% %
% X e b b % b b % %k b N %
o s
%

X
X
X X X X X X

X X % X X % Xk e Xk X 0 X X 0 X X X X X X X 2 X X%
% % X % X X X

XX e X 0 e X 3 X 0 X X 3 X e X X e X e X X X X
X X e X X P X 3 X 0 X X e X e X X X X e X X X X
% e 2 X 5k 0 e X 5k e X X R e e X R e X X R e X
N OO NN~NOO~NDOO~NOONN~NOOOOO NN NN

RS . T i N

A study could be awarded a maximum of one star for each item except for the item control for important factor or additional factor. 2Follow-up time > 5 years.
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D DF Mean Difference Mean Difference 1] OF Mean Difference Mean Difference
dy or § 5 g V. Random, 95% Ci andom, 95% CI Study of Subgroup S g ¢ S g g V. R 95% Random, 95% C1
111 RCT 1.2.4 RET
Forsth, P 2016 885 359 117 1494 45 111 133%  -60.90(-71.50,-50.30] - Forsth, P 2016 301 B15 117 671 450 111 143%  -370.00 [472.71,-267.29] -
Ghogawals, 22016 1244 342 34 2896 663 30 124% -165.20[10156,-13884) —— m; 5z 2016 a:; 613 5: :11; 51736; :n;; ;; :;g :2,3 {::,95: 3;::;: -
Grob, D 1995 104 225 15 147 224 30 131%  -43.00(-56.92,-20.08] - : ¥ ! 55, -308. —
Hallett, A 2007 120 30 14 288 60 14 117% -168.00(-203.14,-13286] —— Hallett, A 2007 M0 M8 14 1575 1032 14 48% -1235.00(-1805.49, 664.51)
Subtotal (95% C1) 180 185  504% -107.04 [157.80, -56.28) - Subtotal (95% CI) 180 186 46.3%  -459.85 [-598.05, 321.65] ->
Heterogenaity: Tau? = 2542.51; Chi* = 97.24, df = 3 (P < 0.00001); I = 97% Heterogencity: Tau” = 11646.92; Chi* = 9,06, df = 3 (P = 0.03), ' = 67%
Test for overal effect: Z = 4.13 (P < 0.0001) Test for overall effect: Z = 6.52 (P < 0.00001)
1.1.2 Cohort 1.2.2 Cohort
Chen - Chen, YM 2010 146 82 31 364 209 39 149%  -218.00(-289.66, -146.34] -
Pl 5 2006 @ B W 27 4 m 12e% -s000fionss. o010 - o, 5K 2008 T S5 3 1506 613 W 90% TE00[I0BAED. 4140 ———
2 20ns 155 217 15 1416 166 24 Toz% 48100308522 - uzae T wmaes s W Mook suopmdalm
ik R R ey - Subtotal (95% C1) 8 12 S3T% 3376985128, 42415) -
Hatorogeneity: Tau? = 2000,02; Chit = 7551, df = 3 (P < 0.00001); I = 96% WTMZ“&?‘:%G:;;&%. df=3 (P <0.00001); F = 96%
Test for overall effect: Z = 3.07 (P = 0.002) ost for overall efect: 2 = 3, /
Total c 208 298 100, 413.02 [-562.80, -263.23 ->
Total (95% CI) 295 297 100.0%  -95.63 [-128.75, -62.51) - M:«;’rwu?marw- 10746, ol =7 (P < 000001k B :‘;3“ t !
Heterogeneity: Tau® = 2125.47; Chi* = 181.45, df = 7 (P < 0.00001); I* = 96% T S 3 'w"“”w"“wd 2 540 (P < 0.0000) : : 1000 500 IDIOF 5°|gr|1m
Test for overall effect: Z = 5.66 (P < 0.00001) St A0 < — avours [D) Favours
Tadt b b R 03T AP OET R O Favours [D] Favours [DF] Tost for subgroup diffarences Ch = 0.89. df = 1(P = 0.35) P = 0%
o DF Mean Difference Mean Difference D DF Risk Ratio Risk Ratio
_Studyor Subgroup _ Mean SD_Total Mean SD Total Weight IV, 95%Cl IV, 95% C
1.3.1RCT 1.4.1 New Subgroup
Forsth, P 2016 41 61 119 74 84 113 86%  -3.30[-5.20,-1.40) E=n Forsth, P 2016 13 120 12 113 268%  1.02[0.49,2.14) —
la, Z 2016 26 09 33 4209 30 364%  -1.60[-2.04.-1.16) . Grob, D 1995 1 15 1 30 14%  200(0.13, 29.81) —
Subtotal (95% CI) 152 143 44.7%  -2.19 [-3.78, -0.60] > Subtotal (95% Cl) 135 143 28.2% 1.07 [0.53, 2.18) ’
Heterogeneity: Tau® = 0.95; Chi* = 2.92, df = 1 (P = 0.09); I* = 66% Total events 4 3
Test for overall effect: Z = 2.71 (P = 0.007) Heterogeneity: Chit = 0.22, df = 1 (P = 0.64); I = 0%
ih5 Bkt Test for overall effect: Z = 0.19 (P = 0.85)
Chen, YM 2010 23 23 ¥ 20 5 39 06% 300[-52511.25) — LT
Fokter, SK 2006 81 44 38 131 82 20 38%  -5.00[-8.06,-1.94] e
Lad, SP 2014 2 2 3266 4 2 3258 438% 200 :_,‘,0_ _,_90: ™ Athiviraham, A 2007 4 49 2 39 48%  1.59(031,824) =
Son, $ 2013 71 1 3 114 58 20 TA%  -4.30[-6.44,-2.16) —— Austevoll, IM 2016 10 260 16 260 34.7% 0.63 [0.29, 1.35) i
Subtotal (35% CI) 3356 3344 553%  -3.07 [5.11,-1.02) -> Fokter, SK 2006 1 38 0 20 1.4% 1,62 (0.07, 37.94)
Heterogeneity: Tau® = 2.51; Chi* = .53, df = 3 (P = 0.02); I* = 69% Li, Z 2015 2 15 2 24 33% 1.60(0.25 10.18]
Test for overall effect: Z = 2.94 (P = 0.003) Munting, E 2015 94 1068 7 108 27.5% 1.36 [0.65, 2.85) —I=
Subtotal (95% CI) 1430 451 T1.8%  1.04[0.64,1.67) <>
Total (95% CI) 3508 3487 100.0%  -2.22 [-2.84, -1.59) + Total events 1 27
Heterogeneity: Tau® = 0.23; Chi® = 14.43, df = 5 (P = 0.01); I" = 65% .10 5 0 5 10 Heterogeneity: Chi* = 2.71, df = 4 (P = 0.61); I* = 0%
Test for overall effect: Z = 6.99 (P < 0.00001) Test for overall effect: Z = 0.15 (P = 0.88
Test for subgroup differences: Chi* = 0.44. df = 1 (P = 0.51). F = 0% Fawcurs 0] Favours [DF] ¢ }
Total (95% CI) 1565 594 100.0% 1.05[0.70, 1.55]
Total events 125 40 ) X

005 02 1 5 20
Favours [D] Favours [DF]

Heterogeneity: Chi* = 2.94, df = 6 (P = 0.82); 17 = 0%
Test for overall effect: Z = 0.22 (P = 0.83)
Test for subgroup differences: Chi* = 0.01. df = 1(P = 0.94). F = 0%

Figure 3. A. Forest plot of the operation time. Each study is shown by the point estimate of the WMD and 95% CI (extending lines). B. Forest plot of the blood loss.
Each study is shown by the point estimate of the WMD and 95% ClI (extending lines). C. Forest plot of the hospital stay. Each study is shown by the point estimate of
the MD and 95% ClI (extending lines). D. Forest plot of the dural tear. Each study is shown by the point estimate of the RR and 95% Cl for the RR (extending lines).
WMD, weighted mean difference; Cl, confidence interval; RR, risk ratio; Cl, confidence interval.
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Main analysis

Operating time: Eight studies reported the
mean operating time and standard deviation
and revealed that the operating time of the D+F
group was longer than that of the D group
(Figure 3A); the WMD was statistically signifi-
cant (WMD =-95.63, 95% CI: -128.75 - -62.51,
P<0.00001). To explore the potential associa-
tion among the study designs, a stratified anal-
ysis was conducted to assess the effect esti-
mated in the subgroups defined by the study
design. The results of the stratified analysis
were similar to that of the total result.

Blood loss: Eight studies reported the mean
blood loss and the standard deviation and
revealed that the blood loss of the D+F group
was greater than that of the D group (Figure
3B); the WMD was statistically significant
(WMD = -413.02, 95% Cl: -562.80 - -263.23,
P<0.00001). In addition, a stratified analysis
was performed to assess the effect estimated
in the subgroups defined by the study design,
and the results were similar to that of the total
result.

Hospital stay: Six studies reported the mean
hospital stay and the standard deviation and
revealed that the length of the hospital stay of
the D+F group was longer than that of the D
group (Figure 3C); the WMD was statistically
significant (WMD = -2.22, 95% CI: -2.84 - -1.59,
P<0.00001). The stratified analysis defined
by the study design also suggested that the
length of the hospital stay of the D+F group was
longer than that of the D group.

Dural tear rate: Seven studies provided the rate
of dural tear after various surgical procedures.
The overall estimations revealed that the D+F
group did not show a statistically significant
altered dural tear rate as compared to the D
group (RR =1.05,95% Cl: 0.70- 1.55, P =0.83)
(Figure 3D). A stratified analysis defined by the
study design showed results similar to the total
result.

Clinical outcome: Twenty-three studies provid-
ed the rate of clinical outcome after different
surgical procedures. The overall estimates did
not show a statistically significant altered clini-
cal outcome in the D+F group as compared to
the D group (RR = 0.93, 95% CI: 0.85-1.01, P
=0.07) (Figure 4A). A stratified analysis defined
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by the study designh showed results similar to
the total result.

Reoperation rate: Thirteen studies provided
the reoperation rate after various surgical pro-
cedures. The overall estimates revealed that
the reoperation rate did not alter significantly
in the D+F as compared to the D group (RR =
0.94,95% Cl: 0.87 - 1.02, P = 0.15) (Figure 4B).
A stratified analysis defined by the study design
showed results similar to the total result.

Wound infection rate: Thirteen studies provid-
ed the wound infection rate after different
surgical procedures. The overall estimates
revealed that the D+F group did not demon-
strate any statistically significant change in the
rate of wound infection as compared to the D
group (RR =0.56, 95% CI: 0.29 - 1.07, P = 0.08)
(Figure 4C). A stratified analysis defined by the
study design also showed results similar to the
total result.

ODI: The ODI data were available in 6 studies,
and the total results did not reveal any differ-
ence between the two groups (WMD = -2.22,
95% Cl: -2.84 - -1.59, P = 0.35) (Figure 4D).
Moreover, the stratified analysis defined by the
study design displayed results similar to the
total result.

EQ-5D: Data regarding the EQ-5D were avail-
able in 3 studies. The total results revealed
that no significant difference was observed
between the two groups (WMD = -0.00, 95% ClI:
-0.02 - -0.02, P = 0.99) (Figure 4E). The strati-
fied analysis defined by the study design also
showed results similar to the total result.

Publication bias

Publication bias was evaluated by comparing
the clinical outcomes using the Egger’s test; no
publication bias was evident (P = 0.289).

Discussion

The current meta-analysis encompassing 29
studies included 27380 participants and sh-
owed that decompression plus fusion was simi-
lar to decompression with respect to satisfac-
tion degree, complications, reoperation rate,
and quality of life; the former was inferior to the
latter regarding the surgery duration, blood
loss, and length of hospital stay. The stratified
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Figure 4. A. Forest plot of the clinical outcome. Each study is shown by the point estimate of the RR and 95% ClI (extending lines). B. Forest plot of the reoperation
rate. Each study is shown by the point estimate of the RR and 95% CI (extending lines). C. Forest plot of the wound infection rate. Each study is shown by the point
estimate of the RR and 95% CI (extending lines). D. Forest plot of the ODI. Each study is shown by the point estimate of the WMD and 95% CI (extending lines). E.
Forest plot of the EQ-5D. Each study is shown by the point estimate of the MD and 95% CI (extending lines). RR = risk ratio; Cl = confidence interval; ODI = Oswestry
disability index; WMD = weighted mean difference; EQ-5D = European quality of life-5 dimensions.
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analysis defined by the study design displayed
results similar to the total results.

These results were predominantly consistent
with those from previous studies, wherein the
addition of fusion to conventional decompres-
sion for the management of LSS was not bene-
ficial in terms of both clinical outcome and
prognosis [27, 34, 37]. Clinically, the coupling
of fusion with traditional decompression was
superior to decompression for the surgical
management of LSS as supported by a sys-
tematic review by Martin et al. Historically,
superior outcomes of fusion plus decompres-
sion vs. decompression alone are reported in
terms of postoperative increase in listhesis
(instability), patient-reported outcomes, and
reoperation rates [46]. Herein, we performed a
study design-specific evaluation to conduct a
stratified analysis for an accurate conclusion.
In contrast to the study by Liang et al. [13], the
current study neither suggested any difference
in the reoperation rate nor the clinical outcome
between the D+F and Ds group. However, some
differences were noted between the present
analysis and other meta-analyses. First, the
included studies were updated, and additional
studies with high quality were included in
the current meta-analysis. Second, publica-
tion bias and quality of the included articles
were assessed. Third, comparison between the
operating time, loss of blood, hospital stay,
dural tear rate, wound infection rate, ODI, and
EQ-5D score was performed for the first time,
which were not conducted in previous meta-
analyses due to less related studies.

Degenerative LSS results from changes in the
spine that appear with aging, including loss of
intervertebral disc height, facet joint hypertro-
phy, osteophyte formation, disc bulging, and
hypertrophy of the ligamentum flavum [2]. The
characteristics of LSS consist of lower limb
pain, neurogenic claudication, and neurologi-
cal symptoms exacerbated by walking [4]. The
symptoms are commonly intermittent and pos-
ture-dependent that appear with standing and
lumbar extension, exacerbated by walking and
relieved by rest in a flexed or seated position.
Surgery can increase the amount of space in
the spinal canal via removal of portions of
the posterior spinal elements. This phenome-
non is referred to as “decompression”. The
removal of these pathological compressive
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structures may exacerbate the existing in-
stabilities or create de novo instabilities fo-
llowing decompression. Thus, occasionally,
spinal fusion is added to the decompression
procedure for modification of this instability.
Alternatively, spinal instrumentation in the
form of posterior spacers may be installed to
alter the spinal alignment without fusion in
order to achieve a position of empirical pain
relief. In most of the patients, this position is
characterized by a relative flexion and pos-
terior decompression of the stenotic segment,
which is achieved without disruption of the
normal anatomical structures [1]. Thus, the
goal of surgery is to create a relative flexion
that opens the foramina without altering the
anatomy at the stenotic level. Several studies
have compared the difference between decom-
pression with fusion and conventional decom-
pression alone in various clinical and prognos-
tic measurements [30, 34, 37]; albeit, the re-
sults are inconclusive and inconsistent. Owing
to the small sample sizes and different out-
comes, the results of the studies cannot be
replicated. A combination of all the available
published data led to the hypothesis that the
current meta-analysis with an increased statis-
tical power might identify an effective and reli-
able method.

Nevertheless, a few limitations of this meta-
analysis should be noted. First, a number of
confounding factors may be correlated to in-
creased risks of LSS, such as age, sex, and liv-
ing status. However, we could not obtain this
information to conduct an appropriate stratifi-
ed analysis owing to the limited data avail-
able in the included articles. In addition, the
number of subjects included in the studies was
relatively small. Second, the difference in the
sample size, patient age, duration of follow-up,
evaluation of end-points, methods of decom-
pression, numbers of fused levels, and other
factors among the studies may be responsible
for the heterogeneity, which might not provide
sufficient statistical power for reliable results.
Third, several included articles reported that
the cases of LSS occurred as acquired degen-
erative stenosis, resulting from aging of the
spine or surgery or infection; however, other
studies did not demonstrate the specific etiol-
ogy. Thus, the comparison between these two
surgical methods necessitates confirmation by
additional studies.
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In summary, the pooled results showed that
decompression plus fusion was similar to de-
compression with respect to satisfaction de-
gree, complications, reoperation rate, and qual-
ity of life; the former was inferior to the latter
regarding the surgery duration, blood loss, and
length of hospital stay. Taken together, this
meta-analysis suggested that decompression
plus fusion has fewer benefits than decompres-
sion alone for the treatment of LSS. However,
an additional number of studies with superior
original study designs should be enrolled.

Acknowledgements

This work was sponsored by the Natural Scie-
nce Foundation of Shanghai (16ZR1431600),
Pudong New District Science and Technology
Development Foundation (PKJ2016-Y40), the
Seed Fund Program of Shanghai University
of Medicine & Health Sciences (HMSF-17-21-
029), the construction of key discipline group
of Sanitary System of Shanghai Pudong New
District (PWZxq2017-12), the Constuction Sp-
ecial Fund for Scientific and Technological
Development of Pudong Health and Family
Plianning Commission (PW2016A-21) and the
Constuction of “the most important” discipine
of Zhoupu Hospital of Shanghai Pudong New
District (ZP-xk-2015A-2).

Disclosure of conflict of interest
None.

Address correspondence to: Xiaoxiao Zhou, De-
partment of Orthopedics, Zhoupu Hospital, Affili-
ated of Shanghai University of Medicine and He-
alth Sciences, Zhouyuan Road 1500, Pudong
New District, Shanghai 201318, China. Tel: +86-
21-68135590; Fax: +86-21-68135715; E-mail:
nataliabone@126.com

References

[1] Siebert E, Pruss H, Klingebiel R, Failli V, Ein-
haupl KM and Schwab JM. Lumbar spinal ste-
nosis: syndrome, diagnostics and treatment.
Nat Rev Neurol 2009; 5: 392-403.

[2] Ikuta K, Masuda K, Tominaga F, Sakuragi T, Kai
K, Kitamura T, Senba H and Shidahara S. Clini-
cal and radiological study focused on relief of
low back pain after decompression surgery in
selected patients with lumbar spinal stenosis
associated with grade | degenerative spondy-
lolisthesis. Spine (Phila Pa 1976) 2016; 41:
E1434-E1443.

10689

(3]

(4]

(5]

(6]

(11]

[12]

[13]

(15]

Deyo RA, Gray DT, Kreuter W, Mirza S and Mar-
tin Bl. United States trends in lumbar fusion
surgery for degenerative conditions. Spine
(Phila Pa 1976) 2005; 30: 1441-1445; discus-
sion 1446-1447.

Deyo RA, Mirza SK, Martin BI, Kreuter W, Good-
man DC and Jarvik JG. Trends, major medical
complications, and charges associated with
surgery for lumbar spinal stenosis in older
adults. JAMA 2010; 303: 1259-1265.

Kovacs FM, Urrutia G and Alarcon JD. Surgery
versus conservative treatment for symptomat-
ic lumbar spinal stenosis: a systematic review
of randomized controlled trials. Spine (Phila Pa
1976) 2011; 36: E1335-1351.

May S and Comer C. Is surgery more effective
than non-surgical treatment for spinal steno-
sis, and which non-surgical treatment is more
effective? A systematic review. Physiotherapy
2013; 99: 12-20.

Weinstein JN, Tosteson TD, Lurie JD, Tosteson
AN, Blood E, Hanscom B, Herkowitz H, Cammi-
sa F, Albert T, Boden SD, Hilibrand A, Goldberg
H, Berven S, An H and Investigators S. Surgical
versus nonsurgical therapy for lumbar spinal
stenosis. N Engl J Med 2008; 358: 794-810.
Gibson JN, Grant IC and Waddell G. The Co-
chrane review of surgery for lumbar disc pro-
lapse and degenerative lumbar spondylosis.
Spine (Phila Pa 1976) 1999; 24: 1820-1832.
Gibson JN and Waddell G. Surgery for de-
generative lumbar spondylosis: updated Co-
chrane Review. Spine (Phila Pa 1976) 2005;
30: 2312-2320.

Johnsson KE, Redlund-Johnell I, Uden A and
Willner S. Preoperative and postoperative in-
stability in lumbar spinal stenosis. Spine (Phila
Pa 1976) 1989; 14: 591-593.

Nasca RJ. Rationale for spinal fusion in lumbar
spinal stenosis. Spine (Phila Pa 1976) 1989;
14: 451-454.

Son S, Kim WK, Lee SG, Park CW and Lee K. A
comparison of the clinical outcomes of decom-
pression alone and fusion in elderly patients
with two-level or more lumbar spinal stenosis.
J Korean Neurosurg Soc 2013; 53: 19-25.
Liang L, Jiang WM, Li XF and Wang H. Effect of
fusion following decompression for lumbar spi-
nal stenosis: a meta-analysis and systematic
review. Int J Clin Exp Med 2015; 8: 14615-
14624.

Wells GA, Shea BJ, O’Connell D, Peterson J,
Welch V, Losos M and Tugwell P. The Newcas-
tle-Ottawa scale (NOS) for assessing the quali-
ty of non-randomized studies in meta-analysis.
2000.

Lau J, loannidis JP and Schmid CH. Quantita-
tive synthesis in systematic reviews. Ann Intern
Med 1997; 127: 820-826.

Int J Clin Exp Med 2018;11(10):10679-10691


mailto:nataliabone@126.com

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Effect of decompression with fusion in lumbar spinal stenosis

Higgins JP, Thompson SG, Deeks JJ and Altman
DG. Measuring inconsistency in meta-analy-
ses. BMJ 2003; 327: 557-60.

Egger M, Davey Smith G, Schneider M and
Minder C. Bias in meta-analysis detected by a
simple, graphical test. BMJ 1997; 315: 629-
634.

Athiviraham A and Yen D. Is spinal stenosis
better treated surgically or nonsurgically? Clin
Orthop Relat Res 2007; 458: 90-93.

Austevoll IM, Gjestad R, Brox JI, Solberg TK,
Storheim K, Rekeland F, Hermansen E, Indrek-
vam K and Hellum C. The effectiveness of de-
compression alone compared with additional
fusion for lumbar spinal stenosis with degen-
erative spondylolisthesis: a pragmatic compar-
ative non-inferiority observational study from
the Norwegian registry for spine surgery. Eur
Spine J 2017; 26: 404-413.

Bridwell KH, Sedgewick TA, O'Brien MF, Lenke
LG and Baldus C. The role of fusion and instru-
mentation in the treatment of degenerative
spondylolisthesis with spinal stenosis. J Spinal
Disord 1993; 6: 461-472.

Brodke DS, Annis P, Lawrence BD, Woodbury
AM and Daubs MD. Reoperation and revision
rates of 3 surgical treatment methods for lum-
bar stenosis associated with degenerative sco-
liosis and spondylolisthesis. Spine (Phila Pa
1976) 2013; 38: 2287-2294.

Chen YM, Jin AM, Zhang H, Zhu LX, Min SX and
Zhang L. Indication of fusion for degenera-
tive lumbar spinal stenosis treated by “win-
dows technique” laminoforaminotomy. Zhong-
hua Wai Ke Za Zhi 2010; 48: 31-34.
Cornefjord M, Byrod G, Brisby H and Rydevik B.
A long-term (4- to 12-year) follow-up study of
surgical treatment of lumbar spinal stenosis.
Eur Spine J 2000; 9: 563-570.

Fokter SK and Yerby SA. Patient-based out-
comes for the operative treatment of dege-
nerative lumbar spinal stenosis. Eur Spine J
2006; 15: 1661-1669.

Forsth P, Michaelsson K and Sanden B. Does
fusion improve the outcome after decompres-
sive surgery for lumbar spinal stenosis?: a two-
year follow-up study involving 5390 patients.
Bone Joint J 2013; 95-b: 960-965.

Forsth P, Olafsson G, Carlsson T, Frost A, Borg-
strom F, Fritzell P, Ohagen P, Michaelsson K
and Sanden B. A randomized, controlled trial
of fusion surgery for lumbar spinal stenosis. N
Engl J Med 2016; 374: 1413-1423.

Fox MW, Onofrio BM, Onofrio BM and Hanssen
AD. Clinical outcomes and radiological insta-
bility following decompressive lumbar laminec-
tomy for degenerative spinal stenosis: a com-
parison of patients undergoing concomitant
arthrodesis versus decompression alone. J
Neurosurg 1996; 85: 793-802.

10690

(28]

[29]

[30]

(31]

(32]

(33]

[34]

(35]

(36]

(37]

Ghogawala Z, Benzel EC, Amin-Hanjani S,
Barker FG 2nd, Harrington JF, Magge SN, Stru-
gar J, Coumans JV and Borges LF. Prospective
outcomes evaluation after decompression
with or without instrumented fusion for lumbar
stenosis and degenerative grade | spondylolis-
thesis. J Neurosurg Spine 2004; 1: 267-272.
Ghogawala Z, Dziura J, Butler WE, Dai F, Terrin
N, Magge SN, Coumans JV, Harrington JF,
Amin-Hanjani S, Schwartz JS, Sonntag VK,
Barker FG 2nd and Benzel EC. Laminectomy
plus fusion versus laminectomy alone for
lumbar spondylolisthesis. N Engl J Med 2016;
374: 1424-1434.

Grob D, Humke T and Dvorak J. Degenerative
lumbar spinal stenosis. Decompression with
and without arthrodesis. J Bone Joint Surg Am
1995; 77: 1036-1041.

Hallett A, Huntley JS and Gibson JN. Foraminal
stenosis and single-level degenerative disc dis-
ease: a randomized controlled trial comparing
decompression with decompression and in-
strumented fusion. Spine (Phila Pa 1976)
2007; 32: 1375-1380.

Herkowitz HN and Kurz LT. Degenerative lum-
bar spondylolisthesis with spinal stenosis. A
prospective study comparing decompression
with decompression and intertransverse pro-
cess arthrodesis. J Bone Joint Surg Am 1991,
73: 802-808.

Katz JN, Lipson SJ, Lew RA, Grobler LJ, Wein-
stein JN, Brick GW, Fossel AH and Liang MH.
Lumbar laminectomy alone or with instru-
mented or noninstrumented arthrodesis in de-
generative lumbar spinal stenosis. Patient se-
lection, costs, and surgical outcomes. Spine
(Phila Pa 1976) 1997; 22: 1123-1131.

Lad SP, Babu R, Ugiliweneza B, Patil CG and
Boakye M. Surgery for spinal stenosis: long-
term reoperation rates, health care cost, and
impact of instrumentation. Spine (Phila Pa
1976) 2014; 39: 978-987.

Lee CH, Hyun SJ, Kim KJ, Jahng TA and Kim HJ.
Decompression only versus fusion surgery for
lumbar stenosis in elderly patients over 75
years old: which is reasonable? Neurol Med
Chir (Tokyo) 2013; 53: 870-874.

Li Z, Zhang Z, Chen S, Li J, Xiang S and Zhao Q.
[Comparison of the clinical efficacy between
simple vertebral canal decompression and de-
compression plus laminoplasty]. Zhong Nan
Da Xue Xue Bao Yi Xue Ban 2015; 40: 533-
538.

Matsudaira K, Yamazaki T, Seichi A, Takeshita
K, Hoshi K, Kishimoto J and Nakamura K. Spi-
nal stenosis in grade | degenerative lumbar
spondylolisthesis: a comparative study of out-
comes following laminoplasty and laminecto-
my with instrumented spinal fusion. J Orthop
Sci 2005; 10: 270-276.

Int J Clin Exp Med 2018;11(10):10679-10691



(38]

[39]

[40]

[41]

[42]

Effect of decompression with fusion in lumbar spinal stenosis

Modhia U, Takemoto S, Braid-Forbes MJ, We-
ber M and Berven SH. Readmission rates after
decompression surgery in patients with lum-
bar spinal stenosis among Medicare beneficia-
ries. Spine (Phila Pa 1976) 2013; 38: 591-
596.

Munting E, Roder C, Sobottke R, Dietrich D and
Aghayev E. Patient outcomes after laminoto-
my, hemilaminectomy, laminectomy and lami-
nectomy with instrumented fusion for spinal
canal stenosis: a propensity score-based study
from the spine tango registry. Eur Spine J
2015; 24: 358-368.

Rampersaud YR, Tso P, Walker KR, Lewis SJ,
Davey JR, Mahomed NN and Coyte PC. Com-
parative outcomes and cost-utility following
surgical treatment of focal lumbar spinal ste-
nosis compared with osteoarthritis of the hip
or knee: part 2—-estimated lifetime incremental
cost-utility ratios. Spine J 2014; 14: 244-254.
Rompe JD, Eysel P, Zollner J, Nafe B and Heine
J. Degenerative lumbar spinal stenosis. Long-
term results after undercutting decompression
compared with decompressive laminectomy
alone or with instrumented fusion. Neurosurg
Rev 1999; 22: 102-106.

Sigmundsson FG, Jonsson B and Stromqvist B.
Outcome of decompression with and without
fusion in spinal stenosis with degenerative
spondylolisthesis in relation to preoperative
pain pattern: a register study of 1,624 pa-
tients. Spine J 2015; 15: 638-646.

10691

[43]

[44]

[45]

[46]

Wu YJ, Jia LS, Shen KP, Fu ZY and Jin WJ. Surgj-
cal decompression and fusion for the treat-
ment of lumbar spinal stenosis complicated
by lumbar instability: retrospective analysis of
181 cases. Journal of Clinical Rehabilitative
Tissue Engineering Research 2008; 12: 4291-
4294,

Yone K and Sakou T. Usefulness of Posner’s
definition of spinal instability for selection of
surgical treatment for lumbar spinal stenosis. J
Spinal Disord 1999; 12: 40-44.

Yone K, Sakou T, Kawauchi Y, Yamaguchi M
and Yanase M. Indication of fusion for lumbar
spinal stenosis in elderly patients and its sig-
nificance. Spine (Phila Pa 1976) 1996; 21:
242-248.

Martin CR, Gruszczynski AT, Braunsfurth HA,
Fallatah SM, O’Neil J and Wai EK. The surgical
management of degenerative lumbar spondy-
lolisthesis: a systematic review. Spine (Phila Pa
1976) 2007; 32: 1791-1798.

Int J Clin Exp Med 2018;11(10):10679-10691



Effect of decompression with fusion in lumbar spinal stenosis

Supplementary 1. Detailed search strategy of databases

1. Search strategy using PubMed

Search Query

#1 Search “spinal stenosis” [MeSH Terms] OR (“spinal” [All Fields] AND “stenosis” [All Fields]) OR
“spinal stenosis” [All Fields]

#2 Search LSS [All Fields]

#3 Search #1 OR #2

#4 Search “fusion” [All Fields]

#5 Search (“laminectomy” [MeSH Terms] OR “laminectomy” [All Fields]) OR

#6 Search (“decompression” [MeSH Terms] OR “decompression” [All Fields])

#7 Search #5 OR #6

#8 Search #3 AND #4 AND #7

2. Search strategy using Embase

Search Query

#1 Search spinal stenosis

#2 Search LSS

#3 Search #1 OR #2

#4 Search fusion

#5 Search laminectomy

#6 Search decompression

#7 Search #5 OR #6

#8 Search #3 AND #4 AND #7

3. Search strategy using Cochrane library

Search Query

#1 Search spinal stenosis: ti, ab, kw (Word variations have been searched)

#2 Search LSS: ti, ab, kw (Word variations have been searched)

#3 Search #1 OR #2

#4 Search fusion: ti, ab, kw (Word variations have been searched)

#5 Search laminectomy: ti, ab, kw (Word variations have been searched)

#6 Search decompression: ti, ab, kw (Word variations have been searched)

#7 Search #5 OR #6

#8 Search #3 AND #4 AND #7




