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Abstract: Purpose: This study aimed to compare the efficacy and safety of stand-alone placement of interspinous
spacers (IPS) with decompressive surgery (DS) for the treatment of lumbar spinal stenosis. Methods: Medline,
Embase, and the Cochrane Central Register of Controlled Trials databases were searched until February 2016 to
identify relevant randomized controlled trials (RCTs) and comparative cohort studies. The relative risk (RR) and
95% confidence intervals (Cls) were calculated for dichotomous variables. The weighted mean difference (WMD)
and 95% Cls were calculated for continuous variables. A random effect model was used for heterogeneous data;
otherwise, a fixed effect model was used. Results: Four RCTs and four comparative cohort studies with 834 patients
in total met the eligibility criteria for this meta-analysis. Overall, there were no significant differences regarding leg
pain score and ODI score between the IPS and DS groups. Pooled estimates showed that patients in the IPS group
achieved worse low back pain score and higher rate of reoperation. However, IPS group had a significantly lower rate
of complications, shorter hospital stay, and shorter operative time. Conclusions: Based on the current literature,
we concluded that there were no significant differences regarding leg pain and ODI scores between the IPS and DS
groups. Although having a lower rate of complications and shorter hospital stay and operative time, the IPS group
resulted in inferiority of low back pain and a higher rate of reoperation. Careful preoperative consideration on indica-
tions, benefits and risks of employing this interspinous implant should be made.

Keywords: Stand-alone, interspinous spacers, decompressive surgery, lumbar spinal stenosis, systematic review,
meta-analysis

Introduction drugs, physiotherapy and epidural injection [7,
8]. However, surgical decompression should be

Lumbar spinal stenosis (LSS) is a degenerative considered if patient symptoms worsen [9].

and disabling condition in which changes in
intervertebral disc, ligamentum flavum, and
facet joints with aging cause narrowing of the
spinal canal and neural foramens [1]. It has
been reported to be the most common reason
for spinal surgery in people over 65 years [2, 3].
Patients with LSS typically complain with clau-
dication with dermatomal leg pain and impaired
walking capacity. Low back pain can also occur
as partly a result of this degenerative process.
These symptoms of LSS are usually relieved on
flexion and worsened on extension [4-6].

Various therapeutic modalities exist as to the
treatment of LSS. LSS can be treated by con-
servative therapy, including anti-inflammatory

Many studies have reported that surgical
decompression is superior to conservative
treatment in relieving symptoms of LSS [10-14].
However, open decompression may not offer
satisfactory outcome because of the destruc-
tive nature of bony decompression [15, 16].

As an alternative to surgical decompression
with or without fusion, interspinous spacers
(IPS) have been designed to increase the inter-
spinous distance with indirect decompression
of the dural sac and nerve root [17-28]. Previous
biomechanical studies have reported that the
implantation of IPS could enhance segmental
stability and decrease intradiscal pressure dur-
ing extension [29-32]. However, few evidences
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existed as to whether stand-alone IPS implan-
tation had superior outcomes compared to
decompressive surgery.

The aim of this study was to review the current
literature to get a better understanding of com-
parative effectiveness of stand-alone place-
ment of IPS and bony decompression for the
treatment of lumbar spinal stenosis.

Methods

Search strategy

The study was conducted following the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-analysis (PRISMA) guidelines [33].
Medline, Embase, the Cochrane Central Re-
gister of Controlled Trials databases were
searched through February 2016 by using the
following key terms: ‘interspinous’, ‘X-Stop’,
‘Aperius’, ‘Coflex’, ‘DIAM’, ‘Wallis’, ‘Superion’, ‘lu-
mbar spinal stenosis’, ‘lumbar stenosis’, ‘neuro-
genic claudication’, and ‘neurogenic inter-
mittent claudication’. No linguistic restriction
was imposed on the search as recommended
by the Cochrane Back Review Group editorial
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Full-text articles excluded,

with reasons
(n=8)

Baseline imbalance: n= 1

board. The references lists
of selected studies and rel-
evant reviews were also
reviewed to identify studies
no identified in the original
search. Two investigators
independently reviewed all
subjects, abstracts, and the
full text of studies that were
potentially eligible based on
abstract review. The eligible
studies were then selected
based on the eligibility crite-
ria. Inconsistencies betwe-
en investigators’ data were
resolved through discus-
sion until a consensus was

No desirable outcomes: n= 4

Duplicated publications: n= 3

reached.

Eligibility criteria

Figure 1. Flow chart show-
ing search strategy.

Randomized controlled tri-
als (RCTs) and/or compara-
tive cohort studies were
considered eligible for inclu-
sion if they met all of the fol-
lowing: (1) the study popula-
tion consists of patients diagnosed with lumbar
spinal stenosis; (2) the different interventions
were stand-alone interspinous spacer (IPS) ver-
sus decompressive surgery (DS); (3) at least
one desirable outcome should be reported.
Studies were excluded if the patients had any
of the following conditions: (1) spinal stenosis
at more than 2 levels (2) previous surgery at
affected levels (3) duration of follow-up less
than 18 months.

Methodological quality assessment

The checklist by Furlan [34] was used to evalu-
ate the methodological quality of RCTs. A Furlan
score of > 6 out of a possible 12 was consid-
ered to reflect high quality. Evaluation of the
comparative cohort studies was carried out
using the Newcastle-Ottawa quality assess-
ment scale (NOS) [35]. This scale assigns a
maximum of nine points to each study: four
points for selection, two points for comparabil-
ity, and three points for the assessment of
exposure and non-response rate. Scores of
0-3, 4-6, and 7-9 were considered as low, mod-
erate, and high quality, respectively.
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Table 1. Characteristics of all included studies
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No. of Patients

Follow-up )\ comes

Studies Year Study design Device (IPS, DS) Mean age (years, IPS/DS) (months)

Beyer et al. 2013 P Aperius 12,33 64.25+9.6/71.12+9.2 24 Low back and leg pain, ODI, Complications

Kondrashov et al. 2007 R X-Stop 18, 12 68.2+12.5/69.2+7.9 51 ODI, Hospital stay, Operative time

Lgnne et al. 2015 RCT X-Stop 40,41 67+8.8/67+8.7 24 Low back and leg pain, ODI, Complications, Reoperation, Hospital stay

Lanne et al. 2015 RCT X-Stop 40, 41 67+8.8/67+8.7 24 Operative time

Moojen et al. 2015 RCT Coflex 80, 79 66/64 24 Low back and leg pain, Complications, Reoperation, Hospital stay, Operative time
Patil et al. 2014 R NA 174, 174 73+10/73+10 18 Complications, Reoperation, Hospital stay

Postacchini et al. 2011 P Aperius 36, 35 68/65 24 Reoperation

Strémaqvist et al. 2013 RCT X-Stop 50, 50 67/71 24 Low back and leg pain, Complications, Reoperation

P: prospective cohort studies, R: retrospective cohort studies, RCT: randomized controlled trial, IPS: interspinous spacer, DS: decompression surgery.

Table 3. Methodological quality assessment of the comparative cohort studies on the Newcastle-Ottawa scale

Studies Bayer et al. Kondrahshov etal. Patil etal. Postacchini et al.
Selection Representativeness of the Exposed Cohort 0 0 0 0
Selection of the Non-Exposed Cohort 1 1 1
Ascertainment of Exposure 1 1 1 1
Demonstration That Outcome of Interest Was Not Present at Start of Study 1 1 1 1
Comparability  Study controls for age or gender 1 1 1 0
Study controls for any additional factor 0 0 1 0
Outcome Ascertainment of outcome 1 1 1 1
Was Follow-Up Long Enough for Outcomes to Occur 1 1 1 1
Adequacy of Follow Up of Cohorts 1 1 1 1
Total score 7 7 7 6
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Table 2. Methodological quality assessment of the randomized controlled trials using Furlan’s check-
list

Studies Moojen et al. Lanne et al. Lgnne etal. 2  Stromqvist et al.
Adequate randomization Yes Yes Yes Yes
Allocation concealment Yes Unclear Unclear Yes
Blinding of patient Yes Unclear Unclear Unclear
Blinding of care provider Unclear Unclear Unclear Unclear
Blinding of outcome assessor Unclear Unclear Unclear Unclear
Drop-out rate was described Yes Yes Yes Yes
Intention-to-treat analysis No No No No
Free of selective outcome reporting Yes Yes Yes Yes
Baseline comparability Yes Yes Yes Yes
Co-interventions were avoided or similar Yes Yes Yes Yes
Acceptable compliance in all groups Yes Yes Yes Yes
Similar timing of outcome assessment Yes Yes Yes Yes
Total score 9 7 7 8

IPS DS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Beyer 2013 6.2 3.7 6 3.8 26 26 3.3% 2.40([-0.72, 5.52)
Lenne 2015 2.86 2.73 40 3.12 2.73 41  22.5% -0.26 [-1.45, 0.93] I
Moojen 2015 3.6 23 70 2.8 25 75 52.1%  0.80[0.02, 1.58] —
Stromgvist 2013 3.4 3.2 50 2.3 29 50 22.2% 1.10[-0.10, 2.30] =
Total (95% CI) 166 192 100.0% 0.68 [0.12, 1.24] <
Heterogeneity: Chi’ = 4.13, df = 3 (P = 0.25); I’ = 27% Y jz ) 2 A

Test for overall effect: Z = 2.37 (P = 0.02) Favours [IPS] Favours [DS]

Figure 2. Forest plot for low back pain score.

reviewers were discussed
and resolved by consensus.
General characteristics data
extracted included the na-
me of first author, publica-
tion year, study design,
device type, sample size,
mean age and duration of
follow-up. Outcomes for po-
oled analysis included low
back pain score, leg pain
score, ODI score, complica-
tions, reoperation, hospital
stay, and operative time.

Begg's funnel plot with pseudo 95% confidence limits

1

s.e. of: WMD Data analysis

For dichotomous variables,
the relative risk (RR) and

Figure 3. Begg’'s funnel plot for low back pain score.

Data extraction

The data were independently extracted by two
reviewers and any discrepancies between the
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95% Cls were calculated.
For continuous variables, the weighted mean
difference (WMD) and 95% Cls were calculated.
The level of significance was set as P < 0.05.
Standard errors, confidence intervals, P values
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IPS DS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.2.1 Leg pain score
Beyer 2013 7.4 3.4 6 3 28 26 13.5% 4.40 [1.47, 7.33] -
Lenne 2015 2.63 2.67 40 2.9 2.67 41  26.0% -0.27 [-1.43, 0.89] L
Moojen 2015 2.1 2.44 70 2.6 2.44 75 28.7% -0.50[-1.29, 0.29] L
Strémaqvist 2013 2.5 3.2 50 1.9 2.5 50 26.3% 0.60 [-0.53, 1.73] o
Subtotal (95% CI) 166 192 94.6% 0.46 [-0.77, 1.69] [ )

Heterogeneity: Tau® = 1.06; Chi* = 11.51, df = 3 (P = 0.009); I* = 74%
Test for overall effect: Z = 0.73 (P = 0.46)

2.2.2 ODI score

Beyer 2013 50.2 19.9 6 30.8 21.2 26 0.6% 19.40[1.51, 37.29]
Kondrashov 2007 15.3 12.4 18 23.9 16.6 12 1.6% -8.60[-19.60, 2.40] S
Lenne 2015 14.3 17.1 40 18.4 17.1 41 3.2% -4.10[-11.55, 3.35] 1
Subtotal (95% CI) 64 79 5.4% 0.00[-12.47, 12.48]

Heterogeneity: Tau? = 84.51; Chi* = 7.10, df = 2 (P = 0.03); I* = 72%
Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI) 230 271 100.0% 0.39 [-1.03, 1.80]
Heterogeneity: Tau® = 1.66; Chi* = 19.53, df = 6 (P = 0.003); I* = 69%

Test for overall effect: Z = 0.54 (P = 0.59)

Test for subgroup differences: Chi’ = 0.01, df = 1 (P = 0.94), I’ = 0%

20 -10 0 10 20
Favours [IPS] Favours [DS]

Figure 4. Forest plot for leg pain and ODI scores.

Begg's funnel plot with pseudo 95% confidence limits for difference in means, and
interquartile ranges were tr-
ansformed into standard devi-
ation (SD), where necessary,
according to the Cochrane
Handbook for Systematic Re-
views of Interventions. Sta-
tistical heterogeneity was eval-
uated using the chi-square
test and Higgin's I? test. A P
value of chi-square test < 0.10
or I? > 50% indicated statisti-
cal heterogeneity, promoting
a random effects modeling
estimate. Otherwise, a fixed
8.6 of: WMD effects model was used. Sub-
group analysis of only RCTs
was also performed. For the
assessment of publication
Begg's funnel plot with pseudo 95% confidence limits bias, Begg's tests were used
and funnel plots were inspect-
ed [36]. These statistical anal-
yseswereconductedwiththeRe-
view Manager 5.3 software
(RevMan 5.3, The Cochrane
Collaboration, Oxford, UK) and
Stata/SE 12.0 (StataCorp LP,
College Station, Texas, USA).

Figure 5. Begg's funnel plot for leg pain score.

Results
Literature search

The details of the literature
search and selection are sum-
marized in Figure 1. A total of
Figure 6. Begg's funnel plot for ODI score. 688 articles were identified

S —T

5
s.e. of: WMD
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IPS DS Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Beyer 2013 2 12 6 26 12.0% 0.72 [0.17, 3.07] —
Lenne 2015 3 40 3 41 9.4% 1.02 [0.22, 4.78] [ —
Moojen 2015 4 70 6 75 18.4% 0.71[0.21, 2.43] —
Patil 2014 6 174 16 174 50.7% 0.38 [0.15, 0.94] ——
Stromaqvist 2013 1 50 3 50 9.5% 0.33 [0.04, 3.10]
Total (95% Cl) 346 366 100.0%  0.54 [0.30, 0.95] L
Total events 16 34

B . i T4 ¥ 4 } }
Heterogeneity: Chi‘ = 1.82, df = 4 (P = 0.77); I = 0% D.b2 011 1-0 5’0

Test for overall effect: Z = 2.14 (P = 0.03)

Figure 7. Forest plot for rate of complications.

Begg's funnel plot with pseudo 95% confidence limits

2 |

s.e. of: logor

Figure 8. Begg's funnel plot for rate of complications.

through three electronic database searches. 2
additional studies were added by reviewing the
references lists of relevant published reviews.
After removal of duplicate and irrelevant arti-
cles by title and abstract review, 16 potential
articles were retrieved for further full-text eval-
uation [20, 37-51]. Among them, 8 articles were
excluded for not meeting the eligibility criteria
[20, 37-43]. Finally, 8 studies involving 834
patients were included in this meta-analysis
[44-51]. The basic characteristics of the includ-
ed studies are shown in Table 1.

Methodological quality assessment

The methodological quality assessment of the
RCTs and comparative cohort studies was
shown in Tables 2 and 3. The Furlan scores for
all RCTs [46-48, 51] were above 6 out of a pos-
sible 12, indicating ‘high methodological quali-
ty’. For comparative cohort studies, three stud-
ies [44, 45, 49] received NOS scores of 7 out of

13364

Favours [IPS] Favours [DS]

9, representing ‘high method-
ological quality’ while another
one study [50] received NOS
score of 6, representing ‘mod-
erate methodological quality’.

Meta-analysis outcomes

Clinical outcomes: Four stud-
ies [44, 46, 48, 51] reported
the data of low back pain
score at last follow-up. Pooled
analysis showed that patients
in the IPS group had a signifi-
cantly higher low back pain
score compared to that in the
DS group (WMD = 0.68; 95%
Cl: 0.12, 1.24; P = 0.02; I? =
27%, P = 0.25; Figure 2).
Substantial asymmetry was
not identified in the funnel plot (Begg’s test, P =
0.308; Figure 3). Four studies [44, 46, 48, 51]
reported the data of leg pain score at last fol-
low-up. Pooled estimate showed no significant
difference between the two groups (WMD =
0.46; 95% Cl: -0.77, 1.69; P = 0.46; I> = 74%, P
= 0.009; Figure 4). Substantial asymmetry was
not identified in the funnel plot (Begg’s test, P =
0.308; Figure 5). Data of ODI score at last fol-
low-up was available in three studies [44-46].
Pooled analysis showed no significant differ-
ence between the two groups (WMD = 0.00;
95% Cl: -12.47, 12.48; P = 1.00; I> = 72%, P =
0.03; Figure 4). Substantial asymmetry was not
identified in the funnel plot (Begg’'s test, P =
1.00; Figure 6).

Complications and reoperation
Five studies [44, 46, 48, 49, 51] reported the

data of complications. Pooled analysis showed
that the rate of complications in the IPS group

Int J Clin Exp Med 2016;9(7):13359-13371
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IPS DS Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% ClI
Lenne 2015 13 40 7 41 20.8% 1.90 [0.85, 4.27] T
Moojen 2015 23 70 6 75 17.4% 4.11 [1.78, 9.49] .
Patil 2014 26 174 17 174 51.2% 1.53 [0.86, 2.72) il
Postacchini 2011 6 36 0 35 1.5% 12.65 [0.74, 216.41]
Stromgqvist 2013 13 50 3 50 9.0% 4.33[1.31, 14.28] A
Total (95% CI) 370 375 100.0% 2.48 [1.71, 3.61] L 2
Total events 81 33
Heterogeneity: Chi’ = 6.63, df = 4 (P = 0.16); I’ = 40% 0 605 Dj‘l 1 170 260

Test for overall effect: Z = 4.75 (P < 0.00001)

Figure 9. Forest plot for rate of reoperation.

Begg's funnel plot with pseudo 95% confidence limits

s.e. of: logor

Figure 10. Begg’s funnel plot for rate of reoperation.

was significantly lower than that in the DS group
(RR = 0.54; 95% CI: 0.30, 0.95; P = 0.03; I? =
0%, P =0.77; Figure 7). Substantial asymmetry
was not identified in the funnel plot (Begg's
test, P = 0.806; Figure 8). The data of reopera-
tion was available in five studies [46, 48-51].
Pooled analysis showed that patients in the IPS
group had a significantly higher rate of reopera-
tion compared to that in the DS group (RR =
2.48; 95% CI; 1.71, 3.61; P < 0.00001; I? =
40%, P = 0.16; Figure 9). Substantial asymme-
try ws not identified in the funnel plot (Begg’s
test, P = 0.221; Figure 10). Subgroup analysis
of the removal of the study with moderate
methodological quality [50] showed the similar
outcome (RR = 2.32; 95% Cl: 1.59, 3.39; P <
0.0001; I? = 41%, P = 0.16).

Hospital stay and operative time

Four studies [45, 46, 48, 49] reported the data
of hospital stay. Pooled analysis showed that

13365
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patients in the IPS group
had a shorter hospital stay
compared to that in the DS
group (WMD = -1.49; 95%
Cl: -2.94, -0.04; P = 0.04; I?
= 96%, P < 0.00001; Figure
11). Substantial asymmetry
was not identified in the fun-
nel plot (Begg's test, P =
0.308; Figure 12). Three
studies [45, 47, 48] reported
the data of operative time.
Pooled analysis showed that
operative time was signifi-
cantly shorter in the IPS
group compared to that in
the DS group (WMD =
-39.96; 95% Cl: -71.51,
-8.41;P=0.01;1?=92%, P <
0.00001; Figure 11). Substantial asymmetry
was not identified in the funnel plot (Begg’'s
test, P = 1.00; Figure 13).

Subgroup analysis

Subgroup analysis of only RCTs was also per-
formed. The results were shown in Table 4.

Discussion

To our knowledge, this is the first meta-analysis
comparing stand-alone placement of the inter-
spinous spacers versus bony decompressive
surgery for the treatment of lumbar spinal ste-
nosis. This study concluded that there were no
significant differences regarding leg pain and
ODI scores at last follow-up between the IPS
and DS groups. Although having a lower rate of
complications and shorter hospital stay and
operative time, the IPS group resulted in inferi-
ority of low back pain and a higher rate of
reoperation.

Int J Clin Exp Med 2016;9(7):13359-13371
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IPS DS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
5.1.1 Hospital stay
Kondrashov 2007 04 0.1 18 43 14 12 23.4% -3.90 [-4.69, -3.11]) u
Lenne 2015 2.2 1.7 40 34 31 41  22.7% -1.20 [-2.29, -0.11] -
Moojen 2015 1.83 0.9 70 1.89 1.2 75 24.0% -0.06 [-0.40, 0.28]
Patil 2014 1.58 1.41 174 249 2.77 174 23.9% -0.91[-1.37, -0.45] L]
Subtotal (95% CI) 302 302 93.9% -1.49 [-2.94, -0.04] [

Heterogeneity: Tau® = 2.06; Chi* = 77.12, df = 3 (P < 0.00001); I’ = 96%
Test for overall effect: Z = 2.02 (P = 0.04)

5.1.2 Operative time

Kondrashov 2007 72 23 18 107 34 12 0.9% -35.00[-56.98, -13.02) e
Lenne 2015 46.9 20.8 40 112.9 41 41 2.0% -66.00[-80.11, -51.89] —

Moojen 2015 24 34 70 43 34 75 3.2% -19.00[-30.07, -7.93] —
Subtotal (95% CI) 128 128 6.1% -39.96 [-71.51, -8.41] —al——

Heterogeneity: Tau? = 709.67; Chi® = 26.40, df = 2 (P < 0.00001); I* = 92%
Test for overall effect: Z = 2.48 (P = 0.01)

Total (95% CI) 430 430 100.0% -3.67 [-5.78, -1.56] [

o z _ . 2 = - = ¢ 4 t }
Heterogeneity: Tau® = 4.79; Chi 178.89, df = 6 (P < 0.00001); | 97% “10o i b 50 160
Test for overall effect: Z = 3.41 (P = 0.0006) Favours [IPS] Favours [DS)

Test for subgroup differences: Chi* = 5.70, df = 1 (P = 0.02), I’ = 82.4%

Figure 11. Forest plot for hospital stay and operative time.

Begg's funnel plot with pseudo 95% confidence limits Figure 13. Begg's funnel plot
for operative time.

The symptoms of LSS are
typically relieved on flex-
ion and worsened on
extension [4-6]. This has
been attributed to the
widening of the spinal
canal and foramen on
flexion, resulting in dire-
ct neural decompression
[4-6]. Interspinous space-
rs, as an alternative to de-
compressive surgery with
or without fusion has be-
en designed to limit exten-
sion and to be used to
treat lumbar spinal steno-
sis [18-23]. The effects of
Begg's funnel plot with pseudo 95% confidence limits the IPS were thought to
be an overall increase in
areas of spinal canal and
neural foramens [24-28,
52] and mechanical re-
duction of lumbar exten-
sion [29-31]. Siddiqui et al
showed that IPS increased
the cross-sectional area
of the dural sac and exit
foramens without causing
changes in posture [28].
Richards et al conducted
a MRI measurement on
spinal canal and neural
5 foramina dimensions of
s.e. of: WMD cadaver lumbar spines

s.e. of: WMD

Figure 12. Begg’s funnel plot for hospital stay.

T
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Table 4. Subgroup analysis in RCTs

Outcomes No. Studies No. Patients Statistical method Effect estimate P X2 12 (%)
Low back pain score 3 326 Mean Difference (IV, Fixed, 95% Cl) 0.62 (0.05, 1.20) 0.03 293 32%
Leg pain score 3 326 Mean Difference (IV, Fixed, 95% Cl) -0.17 (-0.73, 0.40) 0.57 249 20%
ODI score 1 81 Mean Difference (IV, Fixed, 95% Cl) -4.10 (-11.55, 3.35) 0.28 NS NS
Complications 3 326 Risk Ratio (M-H, Fixed, 95% CI) 0.70 (0.29, 1.65) 0.41 0.66 0%
Reoperation 3 326 Risk Ratio (M-H, Fixed, 95% CI) 3.18 (1.89, 5.35) <0.0001 2.16 8%
Hospitay stay 2 226 Mean Difference (IV, Random, 95% Cl)  -0.51 (-1.60, 0.58) 0.36 3.85 4%
Operative time 2 226 Mean Difference (IV, Random, 95% Cl) -42.29 (-88.35, 3.77) 0.07 26.38 96%

during flexion and extension and also found
that IPS could prevent narrowing of spinal canal
and foramina in extension [27]. Several clinical
studies have demonstrated the favorable out-
comes of placement of IPS in the treatment of
LSS in short-term [20, 22, 52, 53] and long-
term follow-up [54,55].

This meta-analysis found that there were no dif-
ferences regarding leg pain score and ODI
score at last follow-up between the two groups.
These findings were consistent with the results
of studies by Hong et al and Wu et al [56, 57].
However, their results might be biased because
they included other studies that compared IPS
versus conservative therapy, IPS versus decom-
pression and fusion/fixation or IPS with decom-
pression versus decompression, rather than
IPS versus decompressive surgery only.
Moreover, this meta-analysis found that the
placement of IPS achieved worse back pain
score at last follow-up compared to that in the
decompression group. Subgroup analysis of
only RCTs also found the similar outcome. To
our knowledge, the mechanism of low back
pain relief remains unclear. The inferiority of
low back pain relief might be partly due to the
repetitive contact between the spacer and the
bone potentially leading to bone resorption and
spacer loosening and due to the effect of
reduced anterior disc space at the implanted
level [26]. Moreover, this finding was somehow
not in agreement with previous biomechanical
studies which reported IPS might relieve the
discogenic low back pain by reducing the intra-
discal pressure in extension [30, 32] and
relieve the pain induced from pressure originat-
ing in the facets [58]. Nevertheless, these func-
tional pooled outcomes should be interpreted
cautiously because of the limited sample size
included. Further RCTs with larger sample size
are warranted to validate these outcomes.
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This meta-analysis found that patients receiv-
ing stand-alone IPS had a fewer rate of compli-
cations than those undergoing decompressive
surgery, but had a higher rate of reoperation.
These findings were in agreement with the
study by Deyo et al [38] in which they identified
99084 geriatric patients diagnosed with spinal
stenosis undergoing surgery through Medicare
inpatient claims data. However, their results
would be underpowered by the nature of retro-
spective study and apparent imbalance of
baseline characteristics between the IPS and
decompression groups. Moreover, their out-
comes were also limited by inability to identify
patients with outpatient surgery and device-
specific complications. Because of entering the
spinal canal, decompressive surgery confers
the risk of dura injury. Employing an interspi-
nous spacer, on the other hand, is associated
with spinous process fracture, implant disloca-
tion [59, 60], and heterotropic ossification [61]
although not involving accessing the spinal
canal. Barbagallo et al suggested that there
were anatomic features of the spinous process
that could potentially be the underlying causes
of complications [60].

This meta-analysis found that hospital stay and
operative time were all shorter in IPS group
compared to the DS group. In addition, blood
loss was also found to be less in IPS group [46].
The interspinous spacers could be injected
under local anesthesia with a shorter hospital-
ization but the implant is expensive [39-41,
47]. Constructing a cost-effectiveness model,
Burnett et al. found that lumbar laminectomy
appeared to be more cost-effective than IPS
[62]. Lanne et al concluded that the significant-
ly higher cost of X-stop was mainly due to
implant cost and the significantly higher reop-
eration rate [47]. It should be acknowledged
that the interspinous spacers does not replace
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bony decompression in patients with severe
stenosis and continuous claudication, but
offers a less invasive alternative in selected
patients with spinal stenosis [21, 23, 54].

Several limitations should be acknowledged in
this meta-analysis. First, only eight studies with
834 patients in total were included in this
meta-analysis. Moreover, not all included stud-
ies were RCTs, which might bring some biases.
Second, the duration of follow-up was only 2
years in the majority of these studies. Further
RCTs with larger sample size and long-term fol-
low-up are required to validate these outcomes.
Third, the high heterogeneity of the device type
in these studies might confer an additional bias
[19]. Despite these limitations, we still believe
that the stand-alone placement of interspinous
spacer achieved shorter hospital stay and oper-
ative time and lower rate of complications com-
pared to decompressive surgery while it has
higher rate of reoperation. Moreover, interspi-
nous spacers seem to have inferiority on reliev-
ing low back pain compared to decompressive
surgery. Therefore, careful preoperative consid-
eration on indications, benefits and risks of
employing this interspinous implant should be
made.

Acknowledgements

The authors acknowledge the work is support-
ed by China Scholarship Council fund: No.
201306370115 (YH).

Disclosure of conflict of interest
None.

Address correspondence to: Yan Hu, Department of
Thoracic Surgery, Second Xiangya Hospital of
Central South University, Changsha, Hunan, P. R.
China. E-mail: samuel_yan_hu@126.com

References

[1]  Lurie J, Tomkins-Lane C. Management of lum-
bar spinal stenosis. BMJ 2016; 352: h6234.

[2] Deyo RA, Gray DT, Kreuter W, Mirza S, Martin
Bl. United States trends in lumbar fusion sur-
gery for degenerative conditions. Spine (Phila
Pa 1976) 2005; 30: 1441-5; discussion 1446-
7.

[3] Gibson JN, Waddell G. Surgery for degenera-
tive lumbar spondylosis: updated Cochrane

13368

(4]

(5]

(7]

(8]

)

(10]

(11]

[12]

Review. Spine (Phila Pa 1976) 2005; 30:
2312-20.

Chung SS, Lee CS, Kim SH, Chung MW, Ahn
JM. Effect of low back posture on the morphol-
ogy of the spinal canal. Skeletal Radiol 2000;
29: 217-23.

Fujiwara A, An HS, Lim TH, Haughton VM. Mor-
phologic changes in the lumbar intervertebral
foramen due to flexion-extension, lateral bend-
ing, and axial rotation: an in vitro anatomic and
biomechanical study. Spine (Phila Pa 1976)
2001; 26: 876-82.

Wildermuth S, Zanetti M, Duewell S, Schmid
MR, Romanowski B, Benini A, et al. Lumbar
spine: quantitative and qualitative assessment
of positional (upright flexion and extension)
MR imaging and myelography. Radiology
1998; 207: 391-8.

Ammendolia C, Stuber K, de Bruin LK, Furlan
AD, Kennedy CA, Rampersaud YR, et al. Non-
operative treatment of lumbar spinal stenosis
with neurogenic claudication: a systematic re-
view. Spine (Phila Pa 1976) 2012; 37: E609-
16.

Gunzburg R, Szpalski M. The conservative sur-
gical treatment of lumbar spinal stenosis in
the elderly. Eur Spine J 2003; 12 Suppl 2:
S176-80.

Weinstein JN, Tosteson TD, Lurie JD, Tosteson
A, Blood E, Herkowitz H, et al. Surgical versus
nonoperative treatment for lumbar spinal ste-
nosis four-year results of the Spine Patient
Outcomes Research Trial. Spine (Phila Pa
1976) 2010; 35: 1329-38.

Amundsen T, Weber H, Nordal HJ, Magnaes B,
Abdelnoor M, Lilleds F. Lumbar spinal stenosis:
conservative or surgical management?: A pro-
spective 10-year study. Spine (Phila Pa 1976)
2000; 25: 1424-35; discussion 1435-6.

Atlas SJ, Keller RB, Wu YA, Deyo RA, Singer DE.
Long-term outcomes of surgical and nonsurgi-
cal management of lumbar spinal stenosis: 8
to 10 year results from the maine lumbar spine
study. Spine (Phila Pa 1976) 2005; 30: 936-
43.

Anjarwalla NK, Brown LC, McGregor AH. The
outcome of spinal decompression surgery 5
years on. Eur Spine J 2007; 16: 1842-7.
Athiviraham A, Yen D. Is spinal stenosis better
treated surgically or nonsurgically? Clin Orthop
Relat Res 2007; 458: 90-3.

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; SPORT Investigators. Surgi-
cal versus nonsurgical therapy for lumbar spi-
nal stenosis. N Engl J Med 2008; 358: 794-
810.

Int J Clin Exp Med 2016;9(7):13359-13371



[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Meta-analysis: IPS versus decompressive surgery in LSS

Airaksinen O, Herno A, Kaukanen E, Saari T,
Sihvonen T, Suomalainen O. Density of lumbar
muscles 4 years after decompressive spinal
surgery. Eur Spine J 1996; 5: 193-7.

Thomé C, Zevgaridis D, Leheta O, Bazner H,
Pockler-Schoniger C, Wohrle J, Schmiedek P.
Outcome after less-invasive decompression of
lumbar spinal stenosis: a randomized compar-
ison of unilateral laminotomy, bilateral lami-
notomy, and laminectomy. J Neurosurg Spine
2005; 3: 129-41.

Sénégas J. Mechanical supplementation by
non-rigid fixation in degenerative interverte-
bral lumbar segments: the Wallis system. Eur
Spine J 2002; 11 Suppl 2: S164-9.

Chiu JC. Interspinous process decompression
(IPD) system (X-STOP) for the treatment of lum-
bar spinal stenosis. Surg Technol Int 2006; 15:
265-75.

Sobottke R, Schluter-Brust K, Kaulhausen T,
Rollinghoff M, Joswig B, Stutzer H, et al. Inter-
spinous implants (X Stop, Wallis, Diam) for the
treatment of LSS: is there a correlation be-
tween radiological parameters and clinical out-
come? Eur Spine J 2009; 18: 1494-503.
Moojen WA, Arts MP, Jacobs WC, van Zwet EW,
van den Akker-van Marle ME, Koes BW, et al.
Interspinous process device versus standard
conventional surgical decompression for lum-
bar spinal stenosis: randomized controlled tri-
al. BMJ 2013; 347: f6415.

Lauryssen C. Appropriate selection of patients
with lumbar spinal stenosis for interspinous
process decompression with the X STOP de-
vice. Neurosurg Focus 2007; 22: E5.

Galarza M, Fabrizi AP, Maina R, Gazzeri R, Mar-
tinez-Lage JF. Degenerative lumbar spinal ste-
nosis with neurogenic intermittent claudica-
tion and treatment with the Aperius PercLID
System: a preliminary report. Neurosurg Focus
2010; 28: E3.

Fabrizi AP, Maina R, Schiabello L. Interspinous
spacers in the treatment of degenerative lum-
bar spinal disease: our experience with DIAM
and Aperius devices. Eur Spine J 2011; 20
Suppl 1: S20-6.

Siddiqui M, Karadimas E, Nicol M, Smith FW,
Wardlaw D. Influence of X Stop on neural fo-
ramina and spinal canal area in spinal steno-
sis. Spine (Phila Pa 1976) 2006; 31: 2958-62.
Nandakumar A, Clark NA, Peehal JP, Bilolikar
N, Wardlaw D, Smith FW. The increase in dural
sac area is maintained at 2 years after X-stop
implantation for the treatment of spinal steno-
sis with no significant alteration in lumbar
spine range of movement. Spine J 2010; 10:
762-8.

Wan Z, Wang S, Kozanek M, Xia Q, Mansfield
FL, LU0 G, Wood KB, Li G. The effect of the X-

13369

[27]

(28]

[29]

(30]

(31]

(32]

[33]

(34]

(35]

(36]

(37]

Stop implantation on intervertebral foramen,
segmental spinal canal length and disc space
in elderly patients with lumbar spinal stenosis.
Eur Spine J 2012; 21: 400-10.

Richards JC, Majumdar S, Lindsey DP, Beaupre
GS, Yerby SA. The treatment mechanism of an
interspinous process implant for lumbar neu-
rogenic intermittent claudication. Spine (Phila
Pa 1976) 2005; 30: 744-9.

Siddiqui M, Nicol M, Karadimas E, Smith F,
Wardlaw D. The positional magnetic resonance
imaging changes in the lumbar spine following
insertion of a novel interspinous process dis-
traction device. Spine (Phila Pa 1976) 2005;
30: 2677-82.

Tsai KJ, Murakami H, Lowery GL, Hutton WC. A
biomechanical evaluation of an interspinous
device (Coflex) used to stabilize the lumbar
spine. J Surg Orthop Adv 2006; 15: 167-72.
Wilke HJ, Drumm J, Haussler K, Mack C, Steu-
del WI, Kettler A. Biomechanical effect of dif-
ferent lumbar interspinous implants on flexibil-
ity and intradiscal pressure. Eur Spine J 2008;
17: 1049-56.

Kettler A, Drumm J, Heuer F, Haeussler K,
Mack C, Claes L, Wilke HJ. Can a modified in-
terspinous spacer prevent instability in axial
rotation and lateral bending? A biomechanical
in vitro study resulting in a new idea. Clin Bio-
mech (Bristol, Avon) 2008; 23: 242-7.
Swanson KE, Lindsey DP, Hsu KY, Zucherman
JF, Yerby SA. The effects of an interspinous im-
plant on intervertebral disc pressures. Spine
(Phila Pa 1976) 2003; 28: 26-32.

Liberati A, Altman DG, Tetzlaff J, Mulrow C,
Gatzsche PC, loannidis JP, Clarke M, Devereaux
PJ, Kleijnen J, Moher D. The PRISMA statement
for reporting systematic reviews and meta-
analyses of studies that evaluate health care
interventions: explanation and elaboration.
PLoS Med 2009; 6: e1000100.

Furlan AD, Pennick V, Bombardier C, van Tulder
M; Editorial Board, Cochrane Back Review
Group. 2009 updated method guidelines for
systematic reviews in the Cochrane Back Re-
view Group. Spine (Phila Pa 1976) 2009; 34:
1929-41.

Wells GA, Shea B, O’Connell D, Peterson J,
Welch V, Losos M, et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of non-
randomized studies in meta-analyses. 2014;
Available: www.ohri.ca/programs/clinical_epi-
demiology/oxford.asp.

Begg CB, Mazumdar M. Operating characteris-
tics of a rank correlation test for publication
bias. Biometrics 1994; 50: 1088-101.

Moojen WA, Arts MP, Brand R, Koes BW, Peul
WC. The Felix-trial. Double-blind randomization
of interspinous implant or bony decompres-

Int J Clin Exp Med 2016;9(7):13359-13371



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Meta-analysis: IPS versus decompressive surgery in LSS

sion for treatment of spinal stenosis related
intermittent neurogenic claudication. BMC
Musculoskelet Disord 2010; 11: 100.

Deyo RA, Martin BI, Ching A, Tosteson AN, Jar-
vik JG, Kreuter W, Mirza SK. Interspinous spac-
ers compared with decompression or fusion
for lumbar stenosis: complications and repeat
operations in the Medicare population. Spine
(Phila Pa 1976) 2013; 38: 865-72.

Parker SL, Anderson LH, Nelson T, Patel VV.
Cost-effectiveness of three treatment strate-
gies for lumbar spinal stenosis: Conservative
care, laminectomy, and the Superion interspi-
nous spacer. Int J Spine Surg 2015; 9: 28.

van den Akker-van Marle ME, Moojen WA, Arts
MP, Vleggeert-Lankamp CL, Peul WC; Leiden-
The Hague Spine Intervention Prognostic
Study Group (SIPS). Interspinous Process De-
vices versus Standard Conventional Surgical
Decompression for Lumbar Spinal Stenosis:
Cost Utility Analysis. Spine J 2014; [Epub
ahead of print].

Skidmore G, Ackerman SJ, Bergin C, Ross D,
Butler J, Suthar M, Rittenberg J. Cost-effective-
ness of the X-STOP® interspinous spacer for
lumbar spinal stenosis. Spine (Phila Pa 1976)
2011; 36: E345-56.

Menchetti P, Postachini F. Aperius® interspi-
nous spacer vs open surgery in degenerative
lumbar spinal stenosis. Int J Minim Invasive
Spinal Technol 2009; 3.

Sobottke R, Réllinghoff M, Siewe J, Schlegel U,
Yagdiran A, Spangenberg M, Lesch R, Eysel P,
Koy T. Clinical outcomes and quality of life 1
year after open microsurgical decompression
or implantation of an interspinous stand-alone
spacer. Minim Invasive Neurosurg 2010; 53:
179-83.

Beyer F, Yagdiran A, Neu P, Kaulhausen T, Eysel
P, Sobottke R. Percutaneous interspinous
spacer versus open decompression: a 2-year
follow-up of clinical outcome and quality of life.
Eur Spine J 2013; 22: 2015-21.

Kondrashov DG, Hannibal M, Hsu KY, Zucher-
man J. X STOP versus decompression for neu-
rogenic claudication: economic and clinical
analysis. Int J Minim Invasive Surg Technol
2007; 1: 22-30.

Lgnne G1, Johnsen LG, Rossvoll I, Andresen H,
Storheim K, Zwart JA, Nygaard @P. Minimally
invasive decompression versus x-stop in lum-
bar spinal stenosis: a randomized controlled
multicenter study. Spine (Phila Pa 1976) 2015;
40: 77-85.

Lgnne G, Johnsen LG, Aas E, Lydersen S, An-
dresen H, Rgnning R, Nygaard @P. Comparing
cost-effectiveness of X-Stop with minimally in-
vasive decompression in lumbar spinal steno-

13370

(48]

[49]

(50]

(51]

(52]

(53]

(54]

[55]

(56]

(57]

sis: a randomized controlled trial. Spine (Phila
Pa 1976) 2015; 40: 514-20.

Moojen WA, Arts MP, Jacobs WC, van Zwet EW,
van den Akker-van Marle ME, Koes BW, Vleg-
geert-Lankamp CL, Peul WC; Leiden The Hague
Spine Intervention Prognostic Study Group
(SIPS). IPD without bony decompression ver-
sus conventional surgical decompression for
lumbar spinal stenosis: 2-year results of a dou-
ble-blind randomized controlled trial. Eur Spine
J2015; 24: 2295-305.

Patil CG, Sarmiento JM, Ugiliweneza B,
Mukherjee D, Nuno M, Liu JC, Walia S, Lad SP,
Boakye M. Interspinous device versus laminec-
tomy for lumbar spinal stenosis: a comparative
effectiveness study. Spine J 2014; 14: 1484-
92.

Postacchini R, Ferrari E, Cinotti G, Menchetti
PP, Postacchini F. Aperius interspinous implant
versus open surgical decompression in lumbar
spinal stenosis. Spine J 2011; 11: 933-9.
Stromqvist BH, Berg S, Gerdhem P, Johnsson
R, Mdller A, Sahlstrand T, Soliman A, Tullberg T.
X-stop versus decompressive surgery for lum-
bar neurogenic intermittent claudication: ran-
domized controlled trial with 2-year follow-up.
Spine (Phila Pa 1976) 2013; 38: 1436-42.
Marcia S, Hirsch JA, Chandra RV, Marras M, Pi-
ras E, Anselmetti GC, Muto M, Saba L. Midterm
Clinical and Radiologic Outcomes after Percu-
taneous Interspinous Spacer Treatment for
Neurogenic Intermittent Claudication. J Vasc
Interv Radiol 2015; 26: 1687-1693, e2.
Heyrani N, Picinic Norheim E, Elaine Ku Y, Nick
Shamie A. Interspinous process implantation
for the treatment of neurogenic intermittent
claudication. Anesth Pain Med 2012; 2: 36-41.
Puzzilli F, Gazzeri R, Galarza M, Neroni M, Pan-
agiotopoulos K, Bolognini A, Callovini G, Agrillo
U, Alfieri A. Interspinous spacer decompres-
sion (X-STOP) for lumbar spinal stenosis and
degenerative disk disease: a multicenter study
with @ minimum 3-year follow-up. Clin Neurol
Neurosurg 2014; 124: 166-74.

Kondrashov DG, Hannibal M, Hsu KY, Zucher-
man JF. Interspinous process decompression
with the X-STOP device for lumbar spinal steno-
sis: a 4-year follow-up study. J Spinal Disord
Tech 2006; 19: 323-7.

Hong P, Liu Y, Li H. Comparison of the efficacy
and safety between interspinous process dis-
traction device and open decompression sur-
gery in treating lumbar spinal stenosis: a meta-
analysis. J Invest Surg 2015; 28: 40-9.

Wu AM, Zhou Y, Li QL, Wu XL, Jin YL, Luo P, Chi
YL, Wang XY. Interspinous spacer versus tradi-
tional decompressive surgery for lumbar spi-
nal stenosis: a systematic review and meta-
analysis. PLoS One 2014; 9: €97142.

Int J Clin Exp Med 2016;9(7):13359-13371



(58]

[59]

[60]

Meta-analysis: IPS versus decompressive surgery in LSS

Wiseman CM, Lindsey DP, Fredrick AD, Yerby
SA. The effect of an interspinous process im-
plant on facet loading during extension. Spine
(Phila Pa 1976) 2005; 30: 903-7.

Gazzeri R, Galarza M, Neroni M, Fiore C, Faiola
A, Puzzilli F, Callovini G, Alfieri A. Failure rates
and complications of interspinous process de-
compression devices: a European multicenter
study. Neurosurg Focus 2015; 39: E14.
Barbagallo GM, Olindo G, Corbino L, Albanese
V. Analysis of complications in patients treated
with the X-Stop Interspinous Process Decom-
pression System: proposal for a novel anatom-
ic scoring system for patient selection and re-
view of the literature. Neurosurgery 2009; 65:
111-19; discussion 119-20.

13371

(61]

[62]

Tian NF, Wu AM, Wu LJ, Wu XL, Wu YS, Zhang
XL, Xu HZ, Chi YL. Incidence of heterotopic os-
sification after implantation of interspinous
process devices. Neurosurg Focus 2013; 35:
E3.

Burnett MG, Stein SC, Bartels RH. Cost-effec-
tiveness of current treatment strategies for
lumbar spinal stenosis: nonsurgical care, lami-
nectomy, and X-STOP. J Neurosurg Spine 2010;
13: 39-46.

Int J Clin Exp Med 2016;9(7):13359-13371



