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Abstract \\\
Background: The goal of this study was to review relevant randomized controlled trials in order to determine the efficacy of |

decompression and lumbar interbody fusion in the treatment of lumbar spinal stenosis.

Method: Using appropriate keywords, we identified relevant studies in PubMed, the Cochrane library, and Embase. Key pertinent
sources in the literature were also reviewed, and all articles published through July 2019 were considered for inclusion. For each
study, we assessed odds ratios, mean difference, and 95% confidence interval to assess and synthesize outcomes.

Result: Twenty-one randomized controlled trials were eligible for this meta-analysis with a total of 3636 patients. Compared with
decompression, decompression and fusion significantly increased length of hospital stay, operative time and estimated blood loss.
Compared with fusion, decompression significantly decreased operative time, estimated blood loss and overall visual analogue scale
(VAS) scores. Compared with endoscopic decompression, microscopic decompression significantly increased length of hospital
stay, and operative time. Compared with traditional surgery, endoscopic discectomy significantly decreased length of hospital stay,
operative time, estimated blood loss, and overall VAS scores and increased Japanese Orthopeadic Association score. Compared
with TLIF, MIS-TLIF significantly decreased length of hospital stay, and increased operative time and SF-36 physical component
summary score. Compared with multi-level decompression and single level fusion, multi-level decompression and multi-level fusion
significantly increased operative time, estimated blood loss and SF-36 mental component summary score and decreased Oswestry
disability index score. Compared with decompression, decompression with interlaminar stabilization significantly decreased
operative time and the score of Zurich claudication questionnaire symptom severity, and increased VAS score.

Conclusion: Considering the limited number of included studies, we still need larger-sample, high-quality, long-term studies to
explore the optimal therapy for lumbar spinal stenosis.

Abbreviations: JOA = Japanese Orthopaedic Association, LSS = lumbar spinal stenosis, MD = mean difference, ODI = Oswestry
disability index, SF-36 = the Short Form (36) Health Survey, VAS = visual analogue scale, ZCQ = Zurich claudication questionnaire.
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1. Introduction

Lumbar spinal stenosis (LSS) is a group of syndromes due to the
stenosis of the central, lateral recess and intervertebral foramen of
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the lumbar spinal canal, which causes nerve compression and
blood circulation disorder. LSS patients present with lower limb
pain, neurogenic intermittent claudication or back pain symp-
toms. LSS is a common and frequently occurring orthopedic
disease. With an ever aging population, and increasingly tense
social life and work, the incidence rate of LSS gradually increases,
which not only seriously affects the life and work of patients,
but also causes great economic losses to the society. In terms
of etiology, the causes of LSS can be roughly divided into3
categories: congenital, degenerative, and other causes.['™!
Among them, degenerative LSS is a common degenerative
disease among middle-aged and elderly persons. Degenerative
changes in the lumbar spine, including intervertebral disc
degeneration, facet joint degeneration, facet joint hyperplasia,
lamina thickening, and posterior labial osteophyte hyperplasia of
the vertebral body, are all factors leading to degenerative spinal
canal stenosis. Because a series of LSS symptoms including
intermittent claudication, sciatica, and horsetail often cause great
trouble in the lives of patients, and severely compromise patient’s
quality of life, treatment of degenerative LSS to improve the
quality of life of elderly patients have great significance.[*~*!
Currently, LSS treatment includes non-surgical and surgical
treatment. Non-operative treatment is suitable for patients with
mild and moderate symptoms. Commonly used conservative
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treatments include manipulation, treatments, pharmacotherapy,
closure therapy, lumbar back exercise, waist protection, and
other treatments such as hyperthermia, cryotherapy, ultrasound,
and massage, electrical stimulation, and traction. Surgical
treatment is effective in cases of compromised patient’s quality
of life, intolerable pain, ineffective conservative treatment,
recurrent symptoms, and obvious root symptoms. At present,
strong fixation and solid bone graft fusion after full decompres-
sion are generally adopted in clinical practice, which is considered
as the gold standard for LSS treatment.l”™"!

The aim of this study was to perform a meta-analysis of all
available literature to obtain updated evidence about the efficacy
of decompression and lumbar interbody fusion in the treatment
of LSS.

2. Methods
2.1. Search strategy

To identify studies pertaining to the efficacy of decompression and
lumbar interbody fusion in the treatment of LSS, we reviewed the
Cochrane library, PubMed, and Embase databases for relevant
articles published through July 2019. We also reviewed the references
of all identified articles to identify additional studies. Search terms
were as follows: lumbar spinal stenosis, lumbar stenosis, LSS,
decompression, micro decompression, endoscopy decompression,
fusion, transforaminal lumbar interbody fusion, TLIF, and MIS-
TLIF. These terms were used in combination with “AND” or “OR”.
This literature review was performed independently by 2 inves-
tigators, with a third resolving any disputes as needed.

Following the PICOS (Participants, Interventions, Compar-
isons, Outcomes, and Study design) principle, the key search
terms included (P) patients with LSS; (I) decompression and/or
fusion; (C/O) comparison of the clinical efficacy of different
methods of decompression, or different methods of fusion, or
decompression with fusion; the outcomes included clinical
efficacy measures; (S) randomized controlled trial.

2.2. Study selection criteria
The inclusion criteria were:

(1) randomized controlled trials;

(2) the interventions of the treatment group and control group
included different methods of decompression or/and fusion;

(3) patients with LSS;

(4) publications in English or Chinese.

The exclusion criteria were:

(1) duplicate articles or results;

(2) obvious data errors;

(3) case reports, case-control studies, theoretical research,
conference reports, systematic reviews, meta-analyses, and
other forms of research or comment not designed in a
randomized controlled manner;

(4) lack of clinical outcomes of interest;

(5) lack of a control group.

Two investigators independently determined whether studies met
the inclusion criteria, with a third resolving any disputes as needed.
2.3. Data extraction and quality assessment

For each included study, 2 categories of information were
extracted: basic information and primary study outcomes. Basic
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information relevant to this meta-analysis included: author
names, year of publication, sample size, mean age, gender,
surgery strategy, and Jadad score. Primary clinical outcomes
relevant to this analysis included: length of hospital stay,
operative time, blood loss, complications, Oswestry disability
index (ODI) score, visual analogue scale (VAS) score of overall,
leg pain and back pain, Japanese Orthopeadic Association (JOA)
score, the Short Form (36) Health Survey (SF-36) score of
physical component summary and mental component summary,
and Zurich claudication questionnaire (ZCQ) score of symptom
severity and physical function.

Study quality was determined on the basis of Jadad scores, which
were determined based on how well each study satisfied the
following criteria: studies included a specific statement regarding
randomization; the method used to randomize patients was
appropriate; the study was conducted in a double-blinded manner;
the approach to double-blinding was described appropriately;
information on any patients who withdrew from or dropped out
of the study was provided. A Jadad score < 3 indicated a study of
low-quality, and thus was associated with a substantial risk of bias.
This data extraction was performed independently by 2 inves-
tigators, with a third resolving any disputes as needed.

2.4. Statistical analysis

STATA v10.0 (TX) was used for all analyses. Heterogeneity in
study results was assessed using Chi-squared and I* tests and
appropriate analysis models (fixed-effects or random-effects)
were determined. A Chi-squared P <.05 and an ’>50%
indicated high heterogeneity and the random-effects model was
used in this case. A Chi-squared P>.05 and an ’<50% indicated
acceptable heterogeneity and the fixed-effects model was used
instead. Continuous variables were given as mean + standard
deviation and compared on the basis of mean difference (MD),
while categorical data was given as percentages and compared
based on relative risk/odds ratios. MD and 95% CI were used to
analyze all the indexes except complication.

3. Results

3.1. Overview of the included studies

We reviewed a total of 1159 articles identified by our initial
keyword search, of which 1075 were excluded following title/
abstract review. The remaining 84 articles were subject to a
complete full-text assessment, and 63 articles that did not meet
the study inclusion criteria were excluded. Reasons for exclusion
of these studies included: theoretical research (n=6), no clinical
outcomes (n=19), duplicate articles (n=2), and case report or
lack of a control group (n=36). We ultimately identified a total of
21 randomized controlled trials™ %> that met the inclusion
criteria for this meta-analysis, including 3636 patients. Study
selection is outlined in Figure 1.

Table 1 summarizes the basic information for each study,
including author names, year of publication, sample size, mean
age, gender, surgery strategy and Jadad score. A mean Jadad
score for these selected studies was 3.52, indicating that all
included studies were of high quality.

3.2. Length of hospital

Ten studies including 1160 patients reported on the result of
length of hospital stay. The length of hospital stay was
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1159 articles searched from
databases using the index words

1075 articles excluded after

84 articles need full text
evaluation

screening titles or abstracts

21 articles included in the
meta-analysis

63 articles excluded with
following reasons:
1. theoretical research(6)
2. has no clinical outcomes(19)
3. repeat articles(2)
4. Case report or has no
control group (36)

Figure 1. Literature search and selection strategy.

significantly lengthened in the decompression and fusion group vs
the decompression group (weighted mean difference [WMD]:
2.19, 95%CI: 0.60-3.77), and the microscopic decompression
group vs the endoscopy decompression group (WMD: 2.30, 95%
CIL: 2.00-2.60). The length of hospital stay was significantly
shortened in the endoscopic discectomy group vs the traditional
surgery group (WMD: —4.19, 95%CI: -5.76 to 2.63), and the
MIS-TLIF group vs the TLIF group (WMD: -1.60, 95%CI: -2.42

to 0.78). There was no significant difference in the length of
hospital stay in patients receiving decompression with interlami-
nar stabilization vs patients receiving decompression, patients
receiving lumbar spinous process splitting decompression vs
patients receiving decompression, patients receiving minimally
invasive lateral interbody fusion vs patients receiving MIS-TLIF,
patients receiving multi-level decompression and multi-level
fusion vs patients receiving multi-level decompression and single

The basic characteristics description of included studies.

Sample Age Gender Surgery strategy
Jadad
Study vT C T C T C T H score
Taewook Kang 2019 30 32 67.2 651 14M 18M Microscopic decompression Endoscopy decompression 4
Dexin Hu 2019 60 60 65.01 669 25M @ 29M Discectomy Traditional surgery 4
Majid Reza Farrokhi 2018 44 44 5835 5776 12M  10M Posterior lumbar interbody fusion Posterolateral fusion 4
Ho-Joong Kim 2018 37 M 65.4 66 19M  22M X-stop Rocker 5
Sven Schmidt 2018 110 115 68 68 47TM  57M Microscopic decompression Endoscopy decompression 3
Chang Hong Park 2017 48 49 498 494 26M  27M decompression X-stop stabilization 3
Zoher Ghogawala 2016 31 35 66.7 665 5M 8M X-stop Spacer 5
Peter Forsth 2016 a 67 68 68 67 16M  12M Decompression with fusion Decompression 5
Peter Forsth 2016 b 46 52 66 66 27TM  23M Decompression with fusion Decompression 5
Jonathan N. Sembrano 2016 29 26 63 64 13 11 minimally invasive lateral interbody fusion MIS-TLIF 4
Luo Zhiping 2015 42 54 644 665 23M  32M MIS-TLIF TLIF 2
UIf S Nerland 2015 a 471 414 66.6 701 249M 209M Microdecompression Laminectomy 5
UIf S Nerland 2015 b 246 246 68 69.1 143M 130M Microdecompression Laminectomy 5
Martin Komp 2015 64 7 Microscopic decompression Endoscopy Decompression 2
Wouter A. Moojen 2015 80 79 66 64 49M  37M Decompression with interlaminar stabilization Decompression 3
Liu Peisheng 2014 45 42 632 625 25M 24M TLIF with PEEK TLIF with autologous bone 2
S. Rajasekaran 2013 28 23 5725 5448 16M  14M  Lumbar spinous process splitting decompression Decompression 3
Bjorn H. Stromaqvist 2013 50 50 67 71 30M 26M Decompression with interlaminar stabilization Decompression 3
Yossi Smorgick 2013 77 130 665 667 26M  49M  Multi-level decompression and multi-level fusion  Multi-level decompression and 3
single -level fusion
Zhen-Zhou Feng 2011 200 20 5375 532 12M  10M Fixation and decompression one-side Fixation and decompression 3
bilateral-side
Xiao-Feng Lian 2010 55 50 597 608 33M  30M Decompression and fusion Fusion 3
Lu Xiaosheng 2009 115 110 45 47 56M  57M Discectomy Traditional surgery 2
J. Rodriguez-Vela 2009 15 15 3414 4206 9M 11M MIS-TLIF TLIF 3

TLIF =transforaminal lumbar interbody fusion, MIS-TLIF =minimally invasive transforaminal lumbar interbody fusion.
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Study %
ID WMD (95% CI) Weight
decompression and fusion VS decompression :
Zoher Ghogawala 2016 | —— 1.60 (1.16, 2.04) 9.31
Peter Forsth 2016 b | -+ 3.30(1.40, 5.20) 8.17
Subtotal (I-squared = 65.9%, p = 0.087) Pl e — 2.19(0.60,3.77) 1748
: [
Decompression with interlaminar stabilization VS decompression !
Wouter A. Moojen 2015 —0:— -0.60 (-1.22,0.02) 9.24
Subtotal (I-squared = .%, p=.) <> -0.60 (-1.22,0.02) 9.24
. I
endoscopic discectomy VS traditional surgery :
Dexin Hu 2019 —_—— \ -3.40 (-3.96,-2.84) 9.26
Lu Xiaosheng 2009 —_—— | -5.00 (-5.62,-4.38) 9.24
Subtotal (I-squared = 93.0%, p = 0.000) === : -4.19(-5.76,-2.63) 18.50
. I
Lumbar spinous process splitting decompression VS decompression I
S. Rajasekaran 2013 JI-O— 0.10 (-0.46, 0.66)  9.26
Subtotal (I-squared =%, p=.) <> 0.10 (-0.46, 0.66)  9.26
. [
microscopic decompression VS endoscopy decompression :
Taewook Kang 2019 ) - 2.30 (2.00, 2.60) 935
Subtotal (I-squared =%, p=") I < 2.30(2.00,2.60) 935

[
minimally invasive lateral interbody fusion VS MIS-TLIF :
Jonathan N. Sembrano 2016 ——— 0.00 (-0.63, 0.63) 9.23
Subtotal (I-squared =.%, p=.) <|> 0.00 (-0.63, 0.63) 9.23
: [
MIS-TLIF VS TLIF [
J. Rodr1’ guez-Vela 2009 4 -1.60 (-2.42,-0.78) 9.13
Subtotal (I-squared= %, p=.) g : -1.60 (-2.42,-0.78) 9.13
: [
multi level decompression and multi level fusion VS multi level decompression gnd single level fusion
Yossi Smorgick 2013 : 0.60(-0.33, 1.53)  9.06
Subtotal (I-squared =.%, p=.) 0.60 (-0.33, 1.53) 9.06
. I
TLIF with PEEK VS TLIF with autologous bone :
Liu Peisheng 2014 — -0.10(-1.43,1.23) 875
Subtotal (I-squared =%, p=.) _ -0.10(-1.43,1.23) 875

1
Overall (I-squared = 98.6%, p = 0.000) <> -0.29 (-1.80, 1.22)  100.00
NOTE: Weights are from random effects analysis :

| |

-5.76

0 5.76

Figure 2. Forest plot for length of hospital stay.

level fusion, and patients receiving TLIF with PEEK vs patients
receiving TLIF with autologous bone. The result is shown in
Figure 2.

3.3. Operative time

Seventeen studies including 1906 patients reported operative
time. The operative time was significantly lengthened in patients
receiving decompression and fusion vs patients receiving
decompression (WMD: 95.12, 95%CI: 41.53-148.89), patients
receiving microscopic decompression vs patients receiving
endoscopic decompression (WMD: 20.38, 95%CI: 16.53—
24.23), patients receiving MIS-TLIF vs patients receiving TLIF
(WMD: 17.24, 95%CI: 6.99-27.48), and patients receiving
multi-level decompression and multi-level fusion vs patients
receiving multi-level decompression and single level fusion
(WMD: 63.50, 95%CI: 39.31-87.69). The operative time was

significantly shortened in patients receiving decompression
and fusion vs patients receiving fusion (WMD: -28.10, 95%
CIL: -39.44 to 10.07), patients receiving endoscopic discectomy vs
patients receiving traditional surgery (WMD: -50.30, 95%CI: —
56.40 to 44.40), and patients receiving decompression with
interlaminar stabilization vs patients receiving decompression
(WMD: -20.38, 95%CI: -30.70 to 10.07). There was no
significant difference in operative time among other subgroups.
The result is shown in Figure 3.

3.4. Estimated blood loss

Twelve studies including 15435 patients reported estimated blood
loss. The estimated blood loss was significantly higher in patients
receiving decompression and fusion than patients receiving
decompression (WMD: 395.04, 95%CI: 317.53-472.55), and
patients receiving multi-level decompression and multi-level



Yang et al. Medicine (2020) 99:27

www.md-journal.com

Study %

1D WMD (95% CI) Weight

decompression and fusion VS decompression :

Zoher Ghogawala 2016 | —— 165.20 (139.26, 191.14) 4.87

Peter Forsth 2016 a | —— 54,00 (39.81, 68.19) 5.66

Peter Forsth 2016 b | —— 70.00 (54.43, 85.57) 5.58

Subtotal (I-squared = 96.4%, p = 0.000) | —— 95.21 (41.53, 148.89) 16.12
I

decompression and fusion VS fusion :

Xiao-Feng Lian 2010 —— | -28.10 (-39.44, -16.76) 5.81

Subtotal (I-squared =%, p=.) < i -28.10 (-39.44, -16.76) 5.81

§ I

Decompression with interlaminar stabilization VS decompression :

Sven Schmidt 2018 —— ; -10.00 (-22.67, 2.67) i

Wouter A. Moojen 2015 * | -19.00 (-19.49, -18.51) 6.09

Bjorn H. Strémqvist 2013 —— | -36.00 (-51.63, -20.37) 5.58

Subtotal (I-squared = 69.1%, p = 0.039) < | -20.38 (-30.70, -10.07) 17.42

i I

endoscopic discectomy VS traditional surgery :

Dexin Hu 2019 -+ | -50.30 (-56.40, -44.20) 6.01

Subtotal (I-squared = .%, p=.) L] | -50.30 (-56.40, -44.20) 6.01

g I

endoscopy decompression VS transforaminal epiduroscopic laser annu]op?st}

Chang Hong Park 2017 * : 0.00 (-4.06, 4.06) 6.05

Subtotal (I-squared =%, p=.) O | 0.00 (-4.06, 4.06) 6.05

. [

Lumbar spinous process splitting decompression VS decompression |

S. Rajasekaran 2013 - 5.20 (-5.64, 16.04) 5.83

Subtotal (I-squared =%, p=.) 12 5.20 (-5.64, 16.04) 5.83

: |

microscopic decompression VS endoscopy decompression |

Taewook Kang 2019 L 18.00 (13.01, 22.99) 6.03

Martin Komp 2015 £ 22.00 (18.37, 25.63) 6.06

Subtotal (I-squared = 38.0%, p=0.204) o 20.38 (16.53, 24.23) 12.09
|

minimally invasive lateral interbody fusion VS MIS-TLIF :

Jonathan N. Sembrano 2016 <+ T -15.00 (-53.92, 23.92) 3.89

Subtotal (I-squared =%, p=.) s — -15.00 (-53.92, 23.92) 3.89

p I

MIS-TLIF VS TLIF :

Ho=Joong Kim 2018 I—.— 30.30 (7.61, 52.99) .11

Luo Zhiping 2015 —— 13.00 (-0.03, 26.03) 573

J. Rodri’guez-Vela 2009 —_—— 17.00 (-7.34, 41.34) 4.99

Subtotal (I-squared = 0.0%, p = 0.432) o 17.24 (6.99, 27.48) 15.82
1

multi level decompression and multi level fusion VS multi level decompre| :siqn and single level fusion

Yossi Smorgick 2013 . —— 63.50 (39.31, 87.69) 5.00

Subtotal (I-squared =.%, p=.) | 63.50 (39.31, 87.69) 5.00

5 I

TLIF with PEEK VS TLIF with autologous bone |

Liu Peisheng 2014 -~ : -2.00 (-9.78, 5.78) 5.96

Subtotal (I-squared =%, p=.) <, -2.00 (-9.78, 5.78) 5.96

g 1

Overall (I-squared = 98.8%, p = 0.000) <> 14.95 (2.18,27.72) 100.00
[

NOTE: Weights are from random effects analysis N

| |
-191 0 191

Figure 3. Forest plot for operative time.

fusion than patients receiving multi-level decompression and
single level fusion (WMD: 161.20, 95%CI: 10.15-312.25). The
estimated blood loss significantly decreased in patients receiving
decompression and fusion vs patients receiving fusion (WMD: —
109.50, 95%CI: —-149.67 to 69.33), and patients receiving
endoscopic discectomy vs patients receiving traditional surgery
(WMD: -124.19, 95%CI: -236.10 to 12.27). There was no

significant difference in estimated blood loss among other
subgroups. The result is shown in Figure 4.

3.5. ODI

Eight studies including 926 patients reported on the result of
ODI. The ODI score significantly decreased in the multi-level
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Study %
D WMD (95% CI) Weight
decompression and fusion VS decompression
Zoher Ghogawala 2016 —_—— 430.30 (310.72, 549.88) 6.27
Peter Forsth 2016 a —_—— 375.00 (247.06, 502.94) 5.96
Peter Forsth 2016 b —— 360.00 (191.99, 528.01) 4.66
Subtotal (I-squared = 0.0%, p =0.743) o 395.04 (317.53, 472.55) 16.89
decompression and fusion VS fusion
Xiao-Feng Lian 2010 —— -109.50 (-149.67, -69.33)  9.13
Subtotal (I-squared=.%,p=.) Lo -109.50 (-149.67, -69.33)  9.13
Decompression with interlaminar stabilization VS decompression
Sven Schmidt 2018 —r -25.20 (-64.04, 13.64) 9.16
Bjorn H. Stromqvist 2013 — -208.00 (-293.76, -122.24) 7.56
Subtotal (I-squared = 93.1%, p = 0.000) —_— -112.44 (-291.39,66.52)  16.72
endoscopic discectomy VS traditional surgery
Dexin Hu 2019 * -181.30 (-185.39,-177.21) 9.68
Lu Xiaosheng 2009 * -67.10 (-69.48, -64.72) 9.69
Subtotal (I-squared = 100.0%, p = 0.000) -_ -124.19 (23610, -12.27)  19.37
Lumbar spinous process splitting decompression VS decompression
S. Rajasekaran 2013 nad 24.40 (-1.76, 50.56) 9.44
Subtotal (I-squared= %, p=.) > 24.40 (-1.76, 50.56) 9.44
MIS-TLIF VS TLIF
Luo Zhiping 2015 —— -121.00 (-154.42, -87.58) 9.29
J. Rodri"guez-Vela 2009 —— -439.00 (-607.79, -270.21) 4.64
Subtotal (I-squared = 92.4%, p = 0.000) =————TT — -268.80 (-579.66, 42.06)  13.93
multi level decompression and multi level fusion VS multi level decompression gnd single level fusion
Yossi Smorgick 2013 |— 161.20 (10.15, 312.25) 5.18
Subtotal (I-squared =%, p =) _— 161.20 (10.15,312.25)  5.18
TLIF with PEEK VS TLIF with autologous bone
Liu Peisheng 2014 . 9.00 (-21.99, 39.99) 9.34
Subtotal (I-squared =.%,p=.) 9.00 (-21.99, 39.99) 9.34
Overall (I-squared = 99.5%, p = 0.000) -6.10 (-56.47, 44.27) 100.00
NOTE: Weights are from random effects analysis
T | |
-608 0 608

Figure 4. Forest plot for estimated blood loss.

decompression and multi-level fusion group vs the multi-level
decompression and single level fusion group (WMD: -0.90, 95%
CI: -1.54 to 0.26). There was no significant difference in ODI
score in other subgroups. The result is shown in Figure 5.

3.6. Other results

No significant difference was observed in the incidence of
complications in all the subgroup analysis. The overall VAS
score was significantly lower in patients receiving decompres-
sion and fusion than patients receiving fusion (WMD: -5.90,
95%CI: -10.38 to 1.42), as well as in patients receiving
endoscopic discectomy than patients receiving traditional
surgery (WMD: -1.30, 95%CI: -1.57 to 1.03). The VAS score
of leg pain significantly increased in patients receiving
decompression with interlaminar stabilization group vs patients
receiving decompression (WMD: 10.00, 95%CI: 9.08-10.92).
The JOA score was significantly higher in patients receiving

endoscopic discectomy than patients receiving traditional
surgery (WMD: 2.30, 955CI: 1.67-2.93). The score of SF-36
physical component summary significantly increased in the MIS-
TLIF group vs the TLIF group (WMD: 5.40, 95%CI: 0.86—
9.94). The score of SF-36 mental component summary was
significantly higher in the multi-level decompression and multi-
level fusion group than the multi-level decompression and
single level fusion group (WMD: 0.80, 95%CI: 0.49-1.11). The
score of ZCQ symptom severity was significantly lower in
the decompression with interlaminar stabilization group than
the decompression group (WMD: -0.40, 95%CI: -0.73 to
0.07). The results are shown in Table 2.

4. Discussion

The purpose of LSS surgery is not to cure, but to relieve the
clinical symptoms such as intermittent claudication, lumbago
pain and neurological dysfunction, and improve the patients’
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Study Yo
D WMD (95% CI)  Weight
decompression and fusion VS decompression :
Peter Forsth 2016 a ‘ + 4.00 (-1.60,9.60)  0.93
Peter Forsth 2016 b T 0.00 (-6.76, 6.76)  0.64
Subtotal (I-squared = 0.0%, p=0.372) ' e 2.37(-1.94,6.69) 1.57
i
endoscopy decompression VS transforaminal epiduroscopic Ia#er annuloplasty
Chang Hong Park 2017 * 1.10 (-6.68, 8.88)  0.48
Subtotal (I-squared = .%, p=.) — ———— |10 (-6.68, 8.88)  0.48
1
fixation and decompression 1-side VS fixation and decompres;irn bilateral-side
Zhen-Zhou Feng 2011 —* 0.20(-6.32,6.72)  0.68
Subtotal (I-squared=.%,p=.) — 1 E—— 0.20(-6.32,6.72)  0.68
]
]
MIS-TLIF VS TLIF 1
Ho=Joong Kim 2018 4 : -1.00 (-7.31,5.31) 0.73
Luo Zhiping 2015 i -1.70 (-6.82,3.42) 1.11
Subtotal (I-squared = 0.0%, p = 0.866) —_— -1.42(-5.40,2.56) 1.84
]
multi level decompression and multi level fusion VS multi lew':l decompression and single level fusion
Yossi Smorgick 2013 —— -0.90 (-1.54, -0.26) 71.49
Subtotal (I-squared =.%, p =) < -0.90 (-1.54,-0.26) 71.49
1
]
posterior lumbar interbody fusion VS posterolateral fusion :
Majid Reza Farrokhi 2018 T <+ 1.90 (-2.63,6.43) 1.42
Subtotal (I-squared =.%,p=.) : —— 1.90 (-2.63,6.43) 1.42
1
TLIF with PEEK VS TLIF with autologous bone :
Liu Peisheng 2014 —— 0.40 (-0.74, 1.54)  22.51
Subtotal (I-squared =.%, p=".) 0.40 (-0.74, 1.54) 2251
]
Heterogeneity between groups: p = 0.311 :
Overall (I-squared = 0.0%, p = 0.440) -0.51 (-1.05, 0.03)  100.00
1
| | 1
-9.6 0 9.6

Figure 5. Forest plot for Oswestry disability index scores.

quality of life. Most investigators believe that the indications of
surgical treatment of LSS mainly include:

(1) moderate and severe nerve root radiation pain or nerve root
function damage, with or without back pain;

(2) intermittent claudication, walking distance less than 100 to
200 m or progressive aggravation;

(3) progressive scoliosis and slippage accompanied by increasing
clinical signs and symptoms, affecting life activities;

(4) symptoms of cauda equina nerve injury;

(5) after conservative treatment for 3 to 6 months without
significant relief, in general, patients can tolerate the
operation. In recent years, LSS has become a common
indication in spinal surgery. LSS surgery can be divided into
lumbar laminectomy and decompression, pedicle screw
internal fixation and bone graft fusion.

LSS is often treated by decompression, bone grafting, and
fusion internal fixation. In other words, on the basis of sufficient

decompression, rigid fixation and solid bone grafting and fusion
are performed. According to long-term follow-up data, this
technique is safe and effective, and has become the gold standard
for the treatment of spinal degenerative diseases such as LSS.
After decompression for LSS in recent years, especially with the
new development of the concept of spine surgery, fusion surgery
gradually becomes the hot topic in the study of spinal surgery,
many experts and scholars try to use varied elastic fixation
approaches that fit more closely the biomechanical environment
of the spine. However, after decompression, rigid fixation and
bone graft fusion were not performed at the same time, and
postoperative lumbar spondylolisthesis was reported. Therefore,
lumbar decompression, especially after extensive decompression,
with rigid fixation and bone graft fusion, remains indispensable.
In addition, many patients received effective fusion in clinical
treatment, but the effect was not satisfactory. From the
perspective of biomechanics, the strong fixation system bears
most of the load, while the load shared by the relatively fixed
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The results of meta-analysis.

P value
N (case/
Index control) Intervention WMD (95%Cl) P ? 4 Begg Egger
Length of hospital (d)
144/154 Decompression and fusion vs decompression 2.19(0.60,3.77) .087 65.9% .007 317 -
80/79 Decompression with interlaminar stabilization vs —0.60 (—1.22,0.02) - - 0.059 - -
decompression
175/170 Endoscopic discectomy vs traditional surgery —4.19 (—5.76,—2.63) .000 93.0% .000 317 -
28/23 Lumbar spinous process splitting decompression 0.10 (—0.46,0.66) - - 726 - -
vs decompression
30/32 Microscopic decompression vs endoscopy 2.30 (2.00,2.61) - - .000 - -
decompression
29/26 Minimally invasive lateral interbody fusion vs 0.00 (—0.63,0.63) - - 1.000 - -
MIS-TLIF
15/15 MIS-TLIF vs TLIF —1.60 (—2.42,—0.78) - - .000 - -
77/130 Multi-level decompression and multi-level fusion 0.60 (—0.33,1.53) - - .205 - -
vs multi-level decompression and single -level
fusion
45/42 TLIF with PEEK vs TLIF with autologous bone —0.10 (—1.43,1.23) - - .882 - -
Operation time (min)

144/155 Decompression and fusion vs decompression 95.21 (41.53,148.90) .000 96.4% .001 17 .025
55/50 Decompression and fusion vs fusion —28.10 (—39.44,—16.76) - - .000 - -
240/244 Decompression with interlaminar stabilization vs —20.38 (—30.70,—10.07) .039 69.1% .000 .602 .866

decompression
60/60 Endoscopic discectomy vs traditional surgery —50.30 (—56.40,—44.20) - - .000 - -
48/49 Endoscopy decompression vs transforaminal 0.00 (—4.06,4.06) - - 1.000 - -
epiduroscopic laser annuloplasty
28/23 Lumbar spinous process splitting decompression 5.20 (—5.64,16.04) - - .347 - -
vs decompression
94/103 microscopic decompression vs endoscopy 20.38 (16.53,24.23) 204 38.0% .000 317 -
decompression
29/26 Minimally invasive lateral interbody fusion vs —15.00 (—53.92,23.92) - - 450 - -
MIS-TLIF
94/110 MIS-TLIF vs TLIF 17.24 (6.99,27.48) 432 .0% .001 602 A77
771130 Multi-level decompression and multi-level fusion 63.50 (39.31,87.69) - - .000 - -
vs multi-level decompression and single -level
fusion
45/42 TLIF with PEEK vs TLIF with autologous bone —2.00 (—9.78,5.78) - - .615 - -
Blood loss (mL)
144/155 Decompression and fusion vs decompression 395.04 (317.53,472.55) 743 .0% .000 117 465
55/50 Decompression and fusion vs fusion —109.50 (—149.67,—69.33) - - .000 - -
160/165 Decompression with interlaminar stabilization vs —112.44 (—291.39,66.52) .000 93.1% 218 317 -
decompression
1751170 Endoscopic discectomy vs traditional surgery —124.19 (—236.10,—12.27) .000 100.0% .030 317 -
28/23 Lumbar spinous process splitting decompression 24.40 (—1.76,50.56) - - .068 - -
vs decompression
57/69 MIS-TLIF vs TLIF —268.80 (—579.66,42.06) .000 92.4% .090 317 -
77/130 Multi-level decompression and multi-level fusion 161.20 (10.15,312.25) - - .036 - -
vs multi-level decompression and single -level
fusion
45/42 TLIF with PEEK vs TLIF with autologous bone 9.00 (—21.99,39.99) - - .569 - -
Compliaction®
31/35 Decompression and fusion vs decompression 0.57 (0.05,5.93) - - .634 - -
55/50 Decompression and fusion vs fusion 0.81 (0.34,1.93) - - .632 - -
180/190 Decompression with interlaminar stabilization vs 1.00 (0.84,1.19) 555 0% .989 317 -
decompression
717/660 Micro-decompression vs laminectomy 0.68 (0.51,0.90) 736 .0% .007 317 -
45/42 TLIF with PEEK vs TLIF with autologous bone 1.12 (0.37,3.40) - - 841 - -
VAS
55/50 Decompression and fusion vs fusion —5.90 (—10.38,—1.42) - - .010 - -
60/60 Endoscopic discectomy vs traditional surgery —1.30 (—1.57,—1.03) - - .000 - -
20/20 Fixation and decompression 1-side vs fixation 0.60 (—0.86,2.06) - - 420 - -
and decompression bilateral-side
(continued)
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(continued).
P value
N (case/
Index control) Intervention WMD (95%Cl) P 1? P*  Begy Egger
42/54 MIS-TLIF vs TLIF —0.30 (—0.86,0.26) - - 295 - -
44/44 Posterior lumbar interbody fusion vs poster- 0.20 (—0.33,0.73) - - 456 - -
olateral fusion
45/42 TLIF with PEEK vs TLIF with autologous bone —0.20 (—0.71,0.31) - - 437 - -
VAS (leg pain)
113/120 Decompression and fusion vs decompression 1.06 (—5.92,8.03) 332 0% .766 317 -
80/79 Decompression with interlaminar stabilization vs 10.00 (9.08,10.92) - - .000 - -
decompression
37/41 MIS-TLIF vs TLIF —0.70 (—1.92,0.52) - - 261 - -
VAS (back pain)
113/120 Decompression and fusion vs decompression —0.85 (—8.10,6.40) 789 .0% .818 317 -
130/129 Decompression with interlaminar stabilization vs 6.36 (—2.90,15.62) .083 66.8% 178 317 -
decompression
37/41 MIS-TLIF vs TLIF 0.10 (—1.04,1.24) - - .863 - -
ODI (Oswestry
disability index)
113/120 Decompression and fusion vs decompression 2.37 (—1.94,6.69) 372 .0% 281 317 -
48/49 Endoscopy decompression vs transforaminal 1.10 (—6.68,8.88) - - 782 - -
epiduroscopic laser annuloplasty
20/20 Fixation and decompression 1-side vs fixation 0.20 (—6.32,6.72) - - 952 - -
and decompression bilateral-side
79/95 MIS-TLIF vs TLIF —1.42 (-5.40,2.56) .866 0% 484 317 -
77/130 Multi-level decompression and multi-level fusion —0.90 (—1.54,—-0.26) - - .006 - -
vs multi-level decompression and single -level
fusion
44/44 Posterior lumbar interbody fusion vs poster- 1.90 (—2.63,6.43) - - A11 - -
olateral fusion
45/42 TLIF with PEEK vs TLIF with Autologous bone 0.40 (—0.74,1.54) - - 491 - -
JOA
60/60 Endoscopic discectomy vs traditional surgery 2.30 (1.67,2.93) - - .000 - -
20/20 Fixation and decompression 1-side vs fixation —2.00 (—6.49,2.49) - - .382 - -
and decompression Bilateral-side
SF-36 Physical
component summary
37/41 MIS-TLIF vs TLIF 5.40 (0.86,9.94) - - .020 - -
77/130 Multi-level decompression and multi-level fusion 0.30 (—0.03,0.63) - - 074 - -
vs multi-level decompression and single -level
fusion
SF-36 mental
component summary
37/41 MIS-TLIF vs TLIF —0.70 (—6.40,5.00) - - 810 - -
77/130 Multi-level decompression and multi-level fusion 0.80 (0.49,1.11) - - .000 - -
vs multi-level decompression and single -level
fusion
ZCQ symptom severity
113/120 Decompression and fusion vs decompression 0.20 (0.00,0.40) 1.000 0% .050 317 -
50/50 Decompression with interlaminar stabilization vs —0.40 (—0.73,—0.07) - - .019 - -
decompression
ZCQ physical function
113/120 Decompression and fusion vs decompression —0.03 (—0.21,0.15) 626 0% 750 317 -
50/50 Decompression with interlaminar stabilization vs 0.00 (—0.24,0.24) - - 1.000 - -
decompression

“ P value of heterogeneity Chi-squared.
#P value of pooled statistic.
A Relative risk (95%Cl).

segments is greatly reduced, which produces stress shielding effect
and reduces physiological pressure. At the same time, with the
strength of rigidly fixed small joints of the adjacent segments and
increased activity range of the intervertebral disc, bearing stress

changes, and higher pressure on the intervertebral disc, trigger a
series of issues such as fixed segment osteoporosis and bone
atrophy, lower quality of bone fusion, stress concentration
caused by broken nails, broken rod, adjacent segment disc, and
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small joint degeneration,. Therefore, the ideal approach is to
increase stress conduction and load sharing, reduce stress
shielding and stress concentration, while ensuring that the spine
is firm and stable.

Strengths of this meta-analysis include the following: the
systematic nature of this analysis makes the results more
convincing than those of individual studies, given that these
results rely upon a large pooled sample size. Strict inclusion and
exclusion criteria were used to select qualified studies. All the data
were analyzed by standard statistical analyses to ensure accuracy.
Furthermore, all the included studies were high-quality RCTs,
making the conclusion more clinically significant.

However, there are certain limitations to the present analysis,
which are as follows:

(1) only RCTs were included;

(2) the technique levels of operations were varied among the
studies;

(3) the number of included studies was limited;

(4) pooled data were analyzed, as individual patient data was not
available, precluding more in-depth analyses.

Our results indicate that compared with decompression,
decompression, and fusion significantly increase the length of
hospital stay, operative time and estimated blood loss. Compared
with fusion, decompression significantly decreased operative
time, estimated blood loss and overall VAS scores. Compared
with endoscopic decompression, microscopic decompression
significantly increased length of hospital stay and operative time.
Compared with traditional surgery, endoscopic discectomy
significantly decreased length of hospital stay, operative time,
estimated blood loss, and overall VAS score; increased JOA
score. Compared with TLIF, MIS-TLIF significantly decreased
length of hospital stay, and increased operative time, and the
score of SF-36 physical component summary. Compared with
multi-level decompression and single level fusion, multi-level
decompression and multi-level fusion significantly increased
operative time, estimated blood loss and the score of SF-36
mental component summary, and decreased ODI score.
Compared with decompression, decompression with interlami-
nar stabilization significantly decreased operative time and the
score of ZCQ symptom severity, and increased VAS score.
Considering the limitations of this study, larger-sample, high-
quality, long-term studies are needed to explore the optimal
therapy.
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