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Abstract: Minimally invasive interspinous process devices (IPD), including interspinous distraction devices
(IDD) and interspinous stabilizers (ISS), are increasingly utilized for treating symptomatic lumbar canal
stenosis (LCS). There is ongoing debate around their efficacy and safety over traditional decompression
techniques with and without interbody fusion (IF). This study presents a comprehensive review of IPD and
investigates if: (I) minimally invasive IDD can effectively substitute direct neural decompression and (II)
ISS are appropriate substitutes for fusion after decompression. Articles published up to 22 January 2020
were obtained from PubMed search. Relevant articles published in the English language were selected
and critically reviewed. Observational studies across different IPD brands consistently show significant
improvements in clinical outcomes and patient satisfaction at short-term follow-up. Compared to non-
operative treatment, mini-open IDD was had significantly greater quality of life and clinical outcome
improvements at 2-year follow-up. Compared to open decompression, mini-open IDD had similar clinical
outcomes, but associated with higher complications, reoperation risks and costs. Compared to open
decompression with concurrent IF, ISS had comparable clinical outcomes with reduced operative time,
blood loss, length of stay and adjacent segment mobility. Mini-open IDD had better outcomes over non-
operative treatment in mild-moderate LCS at 2-year follow-up, but had similar outcomes with higher risk
of re-operations than open decompression. ISS with open decompression may be a suitable alternative to
decompression and IF for stable grade 1 spondylolisthesis and central stenosis. To further characterize this
procedure, future studies should focus on examining enhanced new generation IPD devices, longer-term
follow-up and careful patient selection.
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Introduction

Lumbar canal stenosis (LCS) is a degenerative condition that
leads to spinal canal narrowing (1). LCS can be debilitating
and is often associated with intermittent neurogenic
claudication (NC). Degenerative spondylolisthesis can
present with or without instability (1-3).

With an aging population, LCS has become increasingly
common. While most patients can be managed conservatively,
symptomatic patients who are unable to tolerate the pain
may require appropriate surgical intervention after failed
trial of non-operative management. Open decompression
seems to be most beneficial when NC is the predominant
symptom (2) and may include excision of the spinous process,
lamina and ligamentum flavum, while spinal arthrodesis may
be necessary either prior to decompression or as a result of
decompression for concomitant segment instability.

Interspinous process devices (IPD) are minimally invasive
interspinous process implants that can provide symptom
relief in LCS (4). Despite increasing use, the efficacy and
safety of ISS over open decompression techniques are still
debated. Furthermore, the wide variety of manufacturers
promoting devices may increase difficulty for surgeons and
interventionalists to choose the most appropriate implant.
IPD includes two groups, namely interspinous distraction
devices (IDD) and interspinous stabilizers (ISS). IDD
are implanted to separate adjacent spinous processes to
provide indirect decompression of neurological structures
during spinal extension, preventing progressive collapse
of foraminal height. Due to insertion technique and lack
of fixation, IDD do not confer stabilization qualities and
hence may loosen and generate pain. In addition to spinous
process distraction, ISS involve fixing adjacent spinous
processes with a bracing component, which provides an
additional degree of dynamic stability to adjacent levels.
Examples of IPD are shown in Table 1.
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The aim of this study is to provide a comprehensive
review of IPD and to investigate if 1. minimally invasive
IDD can be an effective substitute for direct neural
decompression and 2. ISS are appropriate substitutes for
fusion after open decompression.

We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/jss-21-57).

Methods

Articles published up to 22nd January 2020 were obtained
from PubMed search using the following keywords and
Boolean operators: (Interspinous process devices OR
interspinous distraction devices OR interspinous stabilizers).
Relevant articles published in the English language were
selected and critically reviewed. Both comparative and non-
comparative studies with retrospective and prospective
study designs were included.

Principles of treatment

The principle behind surgically treating LCS is
decompression of central canal and foramen by preventing
lordosis, and providing distraction of posterior elements (4).
NC secondary to LCS is shown to be posture-dependent,
where symptoms such as lower limb paraesthesia, pain and
hypoesthesia are exacerbated in extension and relieved in
flexion, known as the “shopping cart sign” (12). An MRI
study demonstrated that extension or rotation of the lumbar
spine reduces sagittal diameters and cross-sectional areas of
the spinal canal and increased the thickness of ligamentum
flavum (13). This was consistent with a cadaveric study that
reported a 15% reduction in cross sectional area of the
spinal canal when in extension (14). On the contrary, flexion

had the opposite effects (13,14).

Table 1 Examples of Interspinous Distraction Devices (IDD) and Interspinous Stabilizers (ISS)

Interspinous Distraction Device (IDD)

Interspinous Stabilizers (ISS)

Brand name Manufacturer Brand name Manufacturer

Aperius (5) Medtronic, Switzerland Coflex (6) Paradigm Spine, USA
In-Space (7) Synthes, Germany DIAM (8) Medtronic Sofamor Danek, USA
Superion (9) Vertiflex, USA Wallis (10) Zimmer, USA

X-Stop (11) St Francis Medical technologies, USA

DIAM, device for intervertebral assisted motion.

© Journal of Spine Surgery. All rights reserved.
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Figure 1 Preoperative (top row) and postoperative (bottom row) CT sagittal images of a 64-year-old male, demonstrating increased

interspinous space, and greater foraminal space after insertion of two interspinous distraction devices (Lobster, Techlamed, I'TA). The

patient’s symptoms of neurogenic Intermittent claudication due to lumbar canal stenosis was complet ely reso lved after intervention.

Treating NC with IDD achieves indirect decompression
without jeopardizing spinal stability at the instrumented
level. IDD not only restricts extension, but also preserves
some degree of flexion at the instrumented level. By
doing so, ligamentum flavum is stretched and its thickness
reduced. Eventually, diameter of spinal canal is enlarged
whilst allowing flexion to relieve the compression of
nerve roots (4,15). It is noted that motion preservation
at instrumented levels alleviate the stress concentrated
at adjacent levels, thus reducing risk of adjacent level
spondylosis (4,15,16) (Figure I).

ISS not only maintain decompression of neural structures
following open decompression, but also achieve some form
of dynamic stabilization. Posterior element stabilization
would be indicated if observed grade 1 spondylolisthesis is
observed on pre-operative XR or if the spine was found to

© Journal of Spine Surgery. All rights reserved.

be unstable intraoperatively (17).

Indications

Current IPD indications vary slightly with implant type and
are based on manufacturer recommendations. Common
indications include treating skeletally mature patients
suffering from symptomatic LCS at one or two levels as
defined by history, physical examination and diagnostic
radiological evidence of moderate disease using either
magnetic resonance imaging (MRI) and/or computed
tomography (CT) (5-11). Findings on CT or MRI include
thickened ligamentum flavum, narrowed lateral recess,
central canal or foraminal narrowing (5-11).

Other indications include (5-11):

*  Soft disc protrusions with discogenic low back pain;
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* Degenerative grade 1 spondylolisthesis with
hyperlordotic curve;

*  Degenerative disc disease with retrolisthesis;

¢ Interspinous pain arising from Baastrup syndrome;

*  Degenerative scoliosis (Cobb angle <25°);

e Massive herniated disc or recurrent herniated disc;

¢ Failed 3 to 6 months of conservative management.

These indications were also supported by a survey-based
study of orthopaedic surgeons performed by Siewe (18)
in Germany to review the perspectives and limitations of
IPD. A total 329 responses were received, with 164 (49.8%)
stating that IPD is a treatment option for LCS, with
135/329 (41.0%) of respondents using them. It is reported
that poor clinical experience (60%) and lack of evidence
were main reasons for not using IPD. Interestingly, 87/329
(26.4%) of respondents prefer using IPD in combination
with open decompression, while only 13/329 (4.0%) would
use it as a stand-alone procedure (18).

Contraindications

Absolute contraindications to IPD use include:

* Cauda equina syndrome;

e Spinal fracture (vertebral body, spinous process, pars
interarticularis, laminae);

Other relative contraindications include (5-11):

®  More than two levels of moderate stenosis;

® Severe stenosis at any given level;

e Spondylolisthesis more severe than grade 1;

* Advanced deformity at the proposed level of
implantation;

*  Advanced osteoporosis;

* History of previous open decompression at targeted
levels;

*  Active systemic or localized infection localized at the
proposed implantation site;

*  Scoliosis (Cobb angle >25°);

*  Morbid obesity (BMI >40 kg/m’);

¢ Known allergy to specific metal alloys;

*  Back or leg pain of unclear etiology;

* Pregnancy;

* Bone immaturity.

Operative technique

Implantation technique varies across available manufacturers.
It is recommended to follow manufacturer specific
recommendations. In general, IPD can be inserted under

© Journal of Spine Surgery. All rights reserved.
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local, regional or general anaesthesia, depending on number
of implant, patient co-morbidities and preferences. Patients
are generally positioned in a prone or lateral decubitus
position (5-11).

Minimally invasive approaches without direct
decompression, including both complete percutaneous
and less invasive techniques, typically require some mild
intravenous analgesia along with sedation. Complete
percutaneous techniques using implants preserve the
ligamentum flavam completely, while mini open techniques
involve selective removal of hypertrophic ligamentum
flavum. A low dose pre-procedural fluoroscopic image is
taken to confirm the correct targeted level. Local anaesthetic
is injected into the subcutaneous layer, deep paraspinal
muscles and periarticular regions at the targeted level. A
small paraspinal stab skin incision is made before introducing
a 6-mm K-wire into the interspinous space of the targeted
level. Appropriate positioning is confirmed by further low
dose CT scans. Incremental 2 mm soft tissue dilation is
performed, with the largest size of 12 mm kept iz situ. Using
fluoroscopic guidance, various sized probes are advanced
through the dilator to release interspinous ligament
and measure the ideal size of IDD. After appropriate
measurements are taken, the sized IDD is mounted and
deployed into the interspinous space. The wire, dilator
and holder are then removed. Haemostasis is achieved and
layered closure of skin follows. Another post procedure CT
scan is performed to confirm optimal positioning of IDD
and assess for immediate complications (19) (Figure 2).

Implantation of ISS, such as Coflex, generally involves
general anaesthesia and a midline incision of approximately
4 centimetres over the level of spinal stenosis. Periosteal
dissection of paraspinal muscles is performed to access
and remove interspinous ligaments and their bony
attachments. Adequate decompression is achieved via
bilateral partial laminotomies or laminectomies, as well as
removing ligamentum flavum. Foraminotomies can also
be concomitantly performed to ensure nerve roots are
freely mobile. Then, the optimal size of ISS is measured in
slight flexion using the trial inserter. The implant is then
inserted between spinous processes and tightened wings
with clamps (20,21).

Patient selection
Risk factors for complications

Gazeri (22) conducted a retrospective study on 1,108
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Figure 2 (Clockwise from top left): Insertion of ISS Lobster (Techlamed, ITA) at L3/4 level. (A) Introducer inserted through percutaneous

approach, (B) the probe is inserted through outer sheath and between L3/4 spinous processes, (C) ISS device deployed, (D) ISS device

expanded to achieve distraction of spinous processes. The patient was a 77-year-old female with neurogenic intermittent claudication due to

lumbar canal stenosis, which was completely resolved after intervention.

patients receiving eight different IPD for degenerative
disease and suggest that over-distraction of spinous
processes and poor bone density were risk factors for
complications, including spinous process fractures, dura
mater tears, implant dislocation, recurrence of symptoms
and revision surgery. Kim (23) performed a prospective
study of 39 IPD patients with LCS and compared patients
with and without spinous process fractures. Kim (23)
reported that degenerative spondylolisthesis (100% vs. 33%,
P<0.001) was a risk factor for periprosthetic fractures, while
reduced bone mineral density and osteoporosis showed
no significant associations. There is a current paucity of
literature on the extent to which these suggested risk factors
cause complications.

Patient selection is thus imperative in identifying

© Journal of Spine Surgery. All rights reserved.

patients who would most benefit from IPD and those with
increased risks of adverse outcomes. In 2009, Barbagallo (24)
introduced an anatomic scoring system that helped stratify
the risk of spinous process fractures in IPD patients (1able 2).

Patient selection to benefit

Another important consideration during patient selection
is LCS severity. In order to gain maximal benefit, IPD are
indicated for mild to moderate symptomatic LCS and not
severe disease. Schizas (25) proposed a grading classification
that defines stenosis based on morphology rather than
surface measurements (7zble 3). This method had a
moderate to substantial inter- and intra-observer agreement,
which is a notable improvement from less reliable dural sac
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Table 2 Barbagallo scoring system to stratify risk of spinous process fracture following IPD implantation

Score Inferior SP morphology Accessible SP length Interspinous area shape
1 Concave Entire length Parallel

2 Straight Posterior 2/3 Posterior V shape

3 Convex/dysmorphic Posterior 1/3 -

Interpretation: Scores of 3-4 indicates suitable conditions, Scores of 5-6 indicates risky conditions, Scores of 7-8 indicates relative

contraindication to the implantation of IPD. SP, spinous process.

Table 3 Schizas grading system to stratify benefit of operative management according to lumbar canal stenosis severity

Grading Description

A No or minor stenosis; clear sign of cerebrospinal fluid (CSF) visible inside dural space with heterogeneous distribution of
rootlets

B Moderate stenosis; dural sac is completely occupied by rootlets, but can still be individualized

C Severe stenosis; rootlets are unrecognizable, with dural demonstrating homogeneous gray signal with no CSF visible

D Extreme stenosis; in additional to no rootlets being recognizable, there is no epidural fat posteriorly

Interpretation: Grade A and B may be managed optimally with non-operative measurements; Grade C and D more likely to require

decompression for symptomatic relief.

cross-sectional areas (DSCSA) measurements.

Biomechanical analysis

The simplest way to demonstrate biomechanical advantage
of IPD is directly measuring the DSCSA. An increase
in DSCSA would indicate decompression of impinged
nerves and hence relief of clinical symptoms. Akazawa (26)
performed a study on 17 patients receiving X-Stop IDD.
MRI images were performed preoperatively, at 1 week,
3 months and 2 years post operatively to determine the
effect of IPD on DSCSA. Akazawa (26) found a statistically
significant 37% (P=0.045) increase in DSCSA at 1 week
post operation, although this was not maintained at 3
months (P=0.586) and 2 years (P=0.884). While no IPD
had deviated from the interspinous process, Akazawa (26)
postulated that non-significant results at 3 months were
likely due to spinous process resorption and subsequent
implant subsidence. Nandakumar (27) also studied the
X-Stop IDD and concluded a significant DSCSA increase
from 109 to 177 mm’ (P<0.001) at 2 years in the standing
position. Other clinical studies have shown improvements
in DSCSA for up to 1 year in patients receiving Aperius
IDD (28,29) (Figure 3).

A recently published study by Hjaltadottir (30)

replicated a more realistic approach to measuring DSCSA

© Journal of Spine Surgery. All rights reserved.

by adopting axial loading MRI imaging in 19 Aperius
IDD patients and 13 traditional decompression patients.
Hjaltadottir (30) concluded that Aperius IDD had no
significant increase in DSCSA at the operated level (mean
increase: 3 mm’, P=0.42), but demonstrated significant
decrease in adjacent levels (mean decrease: 10 mm®,
P=0.04). This was compared to open decompression,
which revealed significant improvements of DSCSA at
the operated level (mean: 74 mm’, P<0.001), with a non-
significant increase at the adjacent level (mean 13 mm?,
P=0.47). The results highly suggest that DSCSA
improvements were greater in open decompression and
hence more likely to provide symptomatic relief.
However, an increased DSCSA may not always be an
accurate measure of IPD efficacy to treat LCS. This is
because some LCS patients with radiological evidence
may be asymptomatic and remain so, without requiring
further treatment. The presence of nerve impingement
and hence neurophysiological changes may be a more
important determinant of IPD efficacy. A prospective
study by Schizas (31) studied the neurophysiological
effect of interspinous distraction by X-Stop IDD.
Schizas (31) found that in single-level disease, an 8-mm
distraction yielded similar improvement in motor evoked
potentials in all severities of LCS when compared to open
decompression. However, distraction >8 mm was less
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Figure 3 Pre- and post-operative CT images of insertion of ISS at the L4/5 level: top row demonstrating an increase in cross sectional area

of the spinal canal from 3.4 to 4.2 cm’ after instrumentation, and an increase in the cross sectional area of the intervertebral foramen from 1.0

to 2.0 ecm” after instrumentation.

effective when compared to open decompression (P<0.05).
Schizas (31) postulated that distraction >8 mm at the
instrumented level may cause hyperextension of adjacent
segments even in a non-weightbearing situation, thus
causing a decrease in DSCSA and subsequently deleterious
neurophysiological effects. In multilevel disease, open
decompression was significantly more effective than any
degree of distraction (P<0.001).

Another way to determine the biomechanical effect of
IPD is via the efficacy of preserving and restricting motions
that alleviates and exacerbates LCS symptoms (flexion and
extension/rotation) respectively. Byun (32) conducted a
finite element analysis of Coflex ISS by applying mechanical
loads dependent on postural changes. Byun (32) found that
Coflex ISS significantly restrained L4/L5 displacement in
extension (24.5%) and lateral bending (44.5%), while also

© Journal of Spine Surgery. All rights reserved.

reducing average intradiscal pressures by 63 % with various
movements, when compared to a control group. Flexion was
reduced marginally by 1.3%. However, the study observed
intensive stresses (120 MPa) exerted by IPD on the base of
spinous process during extension, which reasonably explains
the common site of spinous process fracture during follow-
up. A more recent study by Chen (33) showed supporting
evidence for Coflex ISS restraining extension and lateral
bending range of motion (ROM), and a 49.7% reduction
of flexion ROM at the instrumented level when compared
to control models. Coflex ISS were used in both studies,
but implanted at different levels (Byun: L4/L5, Chen: L3/
L4) (32,33). This suggests that the instrumented level may
influence the biomechanical effects of IPD.

However, Chen (33) further assessed the ROM of non-

instrumented adjacent segments and found consistent
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increase in flexion (16-20%), extension (33-35%) and
lateral bending (4%) ROM. This increased ROM was
attributed to a compensatory mechanism adopted in
adjacent segments as a result of increased stiffness at the
instrumented level. However, Wan (34) disputed this result
by concluding that X-Stop IDD did not alter kinematics
of adjacent levels. At the cranial adjacent segment, there
was no significant difference before and after X-Stop IDD
implantation in terms of extension (1.5% vs. 1.5°, P=0.994),
flexion (1.1° vs. 1.3°, P=0.748), left-right lateral flexion
(2.5° vs. 2.2°, P=0.951) and left-right twisting (1.8° vs. 1.8°,
P=0.998). Similarly, no significant difference was found
at the caudal adjacent segment before and after X-Stop
IDD implantation in terms of extension (2.4° vs. 2.3°,
P=0.994), flexion (2.3° vs. 2.5°, P=0.963), left-right lateral
flexion (1.9° vs. 2.3°, P=0.619) and left-right twisting (2.8°
vs. 3.7°, P=0.996). More studies are required to determine
the presence of compensatory mechanisms of the lumbar
spine to maintain ROM and the risk factors associated with
development of adjacent segment spondylosis as a result of
increased adjacent segment ROM during follow-up.

Interspinous process devices and its clinical
outcomes

Reported clinical outcomes include the Oswestry Disability
Index (ODI) (35), Rowland Disability Questionnaire
(RDQ) (36), Visual Analogue Scale (VAS) for back and leg
pain (37) and Zurich Claudication Questionnaire (ZCQ) (38).
The ODI, RDQ and ZCQ are validated objective patient
reported clinical outcome (PROM) measurement tools, while
the VAS is a subjective indication of back and leg pain.
Common complications include treatment failure
resulting in persistent or new onset pain, implant loosening
with or without dislocation, and spinous process fracture.
Reoperations are mainly indicated for these complications.
The insertion of IPD converts spinous processes from
naturally tension-bearing structures into compression-
loading structures, which can induce fractures (39). The
risk of fractures is further increased with factors, including
osteoporosis, over-distraction, inappropriate device size
and poor surgical technique (23). In fact, Kim (40) reported
stronger association between IPD and early postoperative
spinous process fracture than previously reportedly. These
fractures, which are often minimally or undisplaced, present
with mild or no localized pain and are easily obscuring by
radio-opaque metallic wings of IPD on plain radiographs.
Treatment failure and implant dislocation are due to

© Journal of Spine Surgery. All rights reserved.
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factors such as inappropriate device size causing insufficient
distraction or height restoration, suboptimal device
positioning or spinous process anatomical variations.

A comprehensive summary of clinical outcomes and
complications of observational studies for different IPD
brands can be found in Tables 4,5 respectively.

Interspinous distraction devices

Aperius

Introduced in 2007, Aperius is a first-generation minimally
invasive titanium IDD implanted between spinous
process of affected spinal level under local anaesthetic. Its
mechanism of decompression is via interspinous process
distraction, without the need to remove interspinous
ligament (11).

Five prospective and two retrospective studies (28,29,41-45)
reporting on Aperius were identified. Mean age ranged from
61 to 70.4 years, and follow-up ranging from 0.5 to 3 years.
Six of seven studies (28,29,42-45) showed significant clinical
outcomes improvements between final follow-up and pre-
operation. Only Beyer (41) reported non-significant changes
to ODI, VAS (back and leg) and SF-36 scores. Meyer (44)
reported highest re-operation rate of 20.6%.

In-Space
In-Space is a minimally invasive second-generation
H-shaped IDD that has a central spacer with superior and
inferior metal wings, designed to prevent ventral and lateral
migration. Its implantation can be done via a posterior or
lateral approach with no requirement of stripping paraspinal
muscles (14).

One retrospective study (46) was identified involving
87 patients with mean age of 71.8 years and follow-up of
1 year.

Superion

Superion is a second-generation minimally invasive titanium
IDD consisting of a single component with deployable
superior and inferior projections that engage the spinous
processes to secure its position. It is implanted via a cannula
inserted between spinous processes (15).

Three prospective studies (47-49) reporting on Superion
were identified. Mean age ranged from 57.9 to 67 years, while
follow-up ranged from 0.5 to 5 years. There were unanimous
significant improvements in clinical outcomes between
final follow-up and pre-operation (47-49). Nunley (48)
reported highest infection rates at 5.7% after the longest
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Table 4 Summary of patient outcomes of patients
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Articlo Voar Study design N<? of Mean age/ Follow-up/ oDl VAS (Back) VAS (Leg) ZCQ (symptom severity) ZCQ (physical function)  ZCQ (patient satisfaction SF-36 MCS SF-36 PCS
patients years years  pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU Pvalue Pre-op Final FU P value
Aperius
Beyer 2015 Prospective 12 64.3 2 45.7 50.2  >0.05 6 6.2 >0.05 6 7.4 >0.05 - - - - - - - - - 37.4 424 >0.05 31.2 39.3 >0.05
Marcia 2015 Prospective 80 70.4 3 23.3 12.5 <0.01 8.1 5.2 <0.01 - - - - - - - - - - - - - - - - - -
Masala 2016  Retrospective 24 61 1 26.1 16.1  0.0075 8.3 5.1 0.0075 - - - - - - - - - - - - - - - - - -
Menchetti 2011 Retrospective 70 63.5 0.5 - - - 8.2 3.6 - - - - - - - - - - - - - - - - - - -
Van Meirhaeghe 2012 Prospective 156 64.8 1 - - - 6.2 N.S  <0.001 5.9 N.S <0.01 3 2.2 <0.001 25 1.9  <0.001 - - - - - - - - -
Meyer 2018 Prospective 68 65 1 - - - 4 2.2 0.045 7.9 2.2 0.01 3.3 1.9  <0.001 2.6 1.5  <0.001 - - - - - - - - -
Surace 2012 Prospective 37 64.3 1.5 N.S N.S  <0.001 7 2 <0.001 - - - N.S N.S  <0.001 N.S N.S  <0.001 N.S N.S  <0.001 - - - - - -
Coflex
Errico 2009 Prospective 127 54.8 6.3 - - - 6.4 1.8 0.002 6.5 0 <0.001 - - - - - - - - - - - - - - -
Kong 2007  Retrospective 18 61.7 1 N.S N.S <0.05 N.S N.S <0.05 N.S N.S <0.05 - - - - - - - - - - - - - - -
Moojen 2013 Prospective 80 66 1 - - - 6 2.3 - 5.2 2.3 - 3.1 - - 2.6 - - - - - - - - - - -
Park 2009  Retrospective 61 66.2 3.33 23 11.3  <0.001 4.7 24  <0.001 6.9 2.3  <0.001 - - - - - - - - - - - - - - -
In-Space
Kantelhardt 2010 Retrospective 87 71.8 1 - - - - - - - - - - - - - - - - - - - - - - - -
Superion
Bini 2011 Prospective 121 57.9 1 60 21 <0.001 6.9 3.4  <0.001 6.6 2.8  <0.001 - - - - - - - - - N.S N.S  <0.001 N.S N.S <0.001
Miller 2012 Prospective 80 67 0.5 38 - - 55 2.2 <0.001 6.1 1.8 <0.001 N.S N.S  <0.001 N.S N.S  <0.001 N.S N.S <0.001 - - - - - -
Nunley 2017 Prospective 88 - 5 N.S N.S  <0.001 N.S N.S  <0.001 - - - N.S N.S  <0.001 N.S N.S  <0.001 N.S N.S  <0.001 - - - - - -
Wallis
Daentzer 2016 Prospective 10 64.4 2 40 17.3  0.017 6 2.7 0.042 4.7 21 0.06 - - - - - - - - - - - - - - -
X-Stop
Brussee 2008 Prospective 65 64.4 1 N.S N.S  <0.001 N.S N.S <0.001
Hartjen 2016 Prospective 42 69.8 2 - - - - - - - - - N.S N.S  <0.001 N.S N.S  <0.001 - - - 49.1 52.6  0.072 28.1 37.6  <0.001
Hsu 2006 Prospective 100 70 2 - - - - - - - - - - - - - - - - - - 51.5 54.3  0.309 27.8 38.4  <0.001
Kuchta 2009  Retrospective 175 69.4 2 32.6 20.3  <0.001 - - - 61 39 <0.001 - - - - - - - - - - - - - - -
Miller 2012 Prospective 86 67 0.5 40 - - 5.4 3.2 <0.001 6.4 2.2 <0.001 N.S N.S  <0.001 N.S N.S  <0.001 N.S N.S  <0.001 - - - - - -
Siddiqui 2007 Prospective 40 71.5* 1 48 37 - - - - - - - 3.37 2.83 - 2.45 2.19 - - 212 - - - - - - -
Staats 2018 Prospective 99 75.6 2 53 30.3 <0.001 7.7 41 <0.001 - - - 3.5 2,5  <0.001 2.9 2.1 <0.001 - - - - - - - - -
Zucherman 2005 Prospective 100 70 2 - - - - - - - - - - - - - - - - - - - - - - - -

ODI, Oswestry disability scale; VAS, visual analogue scale; ZCQ, Zurich claudication questionnaire; SF-36, 36-Item short form survey; Pre-op, preoperation, Final FU, final follow-up; N.S., not specified.

© Journal of Spine Surgery. All rights reserved.
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follow-up period of 5 years.

X-Stop

The X-Stop is a first-generation titanium alloy IDD consisting
of a spacer and a wing assembly. The spacer is comprised of a
tissue expander and oval spacer, while the wing is comprised of
an adjustable wing and locking screw (17).

Seven prospective (49-55) and one retrospective study (56)
were identified reporting on X-Stop. Mean age ranged from
64.4 to 75.6 years, while follow-up ranged between 0.5 and
2 years. There were unanimous significant improvements in
clinical outcomes between final follow-up and pre-operation.

Interspinous stabilizers (ISS)

Coflex

Coflex ISS is a second-generation interlaminar functionally
dynamic implant designed to stabilize instrumented levels.
It consists of a single titanium alloy U-shaped component
that is positioned horizontally with its apex oriented
anteriorly. A set of wings extend vertically from superior
and inferior arms of the ‘U’, designed to stabilize the
implant to adjacent spinous processes. Spacing of superior
and inferior wings are staggered to allow consecutive
spinal level implantation. Bone-facing surfaces are ridged
to reduce migration risks (12).

Two prospective (57,58) and two retrospective studies
(20,21) were identified reporting on Coflex. Mean age
ranged from 54.8 to 66.2 years, while follow-up ranged
from 1 to 6.3 years. There were unanimous significant
improvements in clinical outcomes between final follow-up
and pre-operation. Moojen (58) reported highest fracture
rates at 3.75%.

DIAM

DIAM is a first-generation minimally invasive H-shaped
silicone device with woven polyester cables and titanium
crimps for additional fixation. DIAM boasts to be a motion
preserving device (7).

No study investigating DIAM in the treatment of LCS
was found. Patient cohorts were either heterogeneous or
omitted LCS as an indication. No further comments could
be made.

Wallis

The Wallis is a second-generation device consisting of a
polyetheretherketone (PEEK) block that is held in place
by a flat Dacron cord or ribbon wrapped about adjacent

© Journal of Spine Surgery. All rights reserved.
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spinous processes, with side notches to fit the physiological
shape of the spine. PEEK has more elasticity to preserve
some degree of motion when compared to more rigid
titanium first-generation devices (10).

One retrospective study (59) was identified; involving
10 patients with mean age 64.4 years and follow-up of
2 years. Daentzer (59) reported significant improvements
in ODI, VAS (back), SF-36 (pain, physical function, social
function, emotional health and mental health components)
when comparing final follow-up and pre-operation. VAS
(leg) did not show significant improvement (P=0.06).

Comparing IPD and other management

Quantitative analysis was performed to consolidate
comparative results between IPD and open decompression
as well as ISS and interbody fusion (IF), in the form
of forest plots. Odds ratio (OR) and 95% confidence
interval (CI) were used as primary summary statistics for
dichotomous variables, while mean difference (MD) and
95% CI were used for continuous variables. Analysis was
performed with inverse variance statistical method and
random-effects model to account for variation across
studies. I statistic estimates degree of variation owing to
heterogeneity rather than chance, with I’>50% regarded
as substantial heterogeneity. P-value of <0.05 represent
statistical significance. Due to the heterogeneity of clinical
outcome parameters across studies, quantitative analyses
could not be performed.

IPD vs. non-operative management

IPD were noted to be significantly more effective than
non-operative therapy in improving quality of life and
clinical outcomes for patients suffering from LCS.
However, limited studies have reported such comparisons,
probably due to an earlier systematic review highlighting
the futility of continuing conservative management in
symptomatic LCS after failed trial of 3 to 6 months (60).
Hence, performing randomized trials to compare IPD and
conservative management may infringe on ethical values
such as prolonged suffering for patients who have failed
conservative management.

Two multi-centered randomized controlled trials (RCT)
(52,55) with 2-year follow-up were performed to compare
X-Stop IDD and non-operative treatment in symptomatic
LCS patients. Both studies reported that patient receiving
X-Stop IDD had an overall statistically significant improved
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IDD Decompression Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Lonne 2015 13 40 7 41 50.7% 2.34 (0.82, 6.67] i
Postacchini 2011 6 36 1 35 11.8% 6.80 [0.77, 59.75] >
Sobottke 2010 3 11 0 25 5.9% 21.00 [0.98, 449.30] +
Stromqvist 2013 13 50 3 50 31.6% 5.50 [1.46, 20.76] I —
Total (95% CI) 137 151 100.0% 3.96 [1.88, 8.35] . =
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Favours IDD Favours Decompression

Figure 4 Meta-analysis of reoperation rate between IDD and Decompression groups, with results favouring decompression.

IDD Decompression Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Beyer 2015 2 12 6 33 10.2% 0.90 [0.16, 5.22]
Lonne 2015 14 40 9 41 32.6% 1.91([0.72,5.12] =
Postacchini 2011 6 36 4 35 17.1% 1.55 [0.40, 6.05]
Sobottke 2010 3 11 5 25 11.6% 1.50 [0.29, 7.81]
Stromqvist 2013 14 50 6 50 28.5% 2.85 [1.00, 8.17] L
Total (95% CI) 149 184 100.0%  1.86 [1.06, 3.27] el
Total events 39 30
Heterogeneity: Tau? = 0.00; Chi* = 1.43, df = 4 (P = 0.84); I’ = 0% 052 O:S 1 t S=

Test for overall effect: Z = 2.17 (P = 0.03)

: 2
Favours IDD Favours Decompression

Figure 5 Meta-analysis of all complications between IDD and Decompression groups, with results favouring decompression.

SF-36 score from pre-operative values and against non-
operative patient. Zucherman (55) reported that X-Stop
resulted in significant improvements of ZCQ score, with
more patients indicating satisfaction from symptom relief.

Mini open IDD vs. open decompression

Comparing mini open IDD and open decompression
revealed that IDD had similar or worse outcomes than open
decompression, and was associated with higher complications
and reoperations risk. Hence, benefits and risks of mini open
IDD have to be weighed out for individual patients, making
it unlikely to be a universally effective substitute for neural
decompression in symptomatic LCS.

Beyer (41) prospectively compared 13 Aperius IDD and
33 bilateral open microsurgical decompression and revealed
no statistically significant improvements in VAS back and
leg scores, ODI and Short-form 36 scores for Aperius IDD,
unlike the decompression group.

Postacchini (61) prospectively compared 36 Aperius
IDD and 35 open decompression patients and reported
lower rates of good results in Aperius IDD than open
decompression (47% vs. 80%), and was consistent within
the moderate (60% vs. 69%) or severe stenosis (31% vs.

© Journal of Spine Surgery. All rights reserved.

80%) subgroups. Aperius IDD had higher rates of poor
results (53% vs. 20%).

Sobottke (62) prospectively compared 11 Aperius IDD
and 25 open decompression patients and reported no
significant difference in ODI, SF-36 and walking tolerance
up to 1-year follow-up between both groups, with Aperius
IDD having an eventual worsening of VAS leg pain score.

Lenne (63) compared 40 X-Stop IDD and 41 minimally
invasive decompression patients in an RCT. No statistically
significant difference in ZCQ, ODI, EuroQol 5-dimensional
questionnaire and NRS11 scores were reported up to 2-years
follow-up.

Stromgqpyist (64) similarly compared 50 X-Stop IDD and
50 open decompression patients in an RCT and found no
statistically significant difference between both groups in
terms of ZCQ, SF-36 and VAS scores.

Quantitative analysis showed a higher reoperation rate (OR
=3.96, 95% CI: 1.88-8.35, P<0.001) and all complications
(OR =1.86, 95% CI: 1.06-3.27, P=0.03) associated with IDD
than decompression (Figures 4,5 respectively).

ISS versus open decompression

Zhong (65) retrospectively compared 46 Coflex ISS and 37
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ISS Interbody fusion Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis 2013 109.7 120 215 348.6 281.8 107 52.1% -238.90 [-294.65, -183.15] .
Park 2009 200 170 30 820 430 31 47.9% -620.00 [-783.14, -456.86] — @ —
Total (95% CI) 245 138 100.0% -421.42 [-794.56, -48.28] ——e i ——
i - - . Chi? = - R - + + + 1
Heterogeneity: Tau’ = 68750.11; Chi* = 18.77, df = 1 (P < 0.0001); I = 95% 7500 -250 0 250 500

Test for overall effect: Z = 2.21 (P = 0.03)

Favours ISS Favours Interbody fusion

Figure 6 Meta-analysis of mean blood loss (millimetres, mL) between ISS and Interbody fusion groups, with results favouring ISS.

ISS Interbody fusion Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis 2013 98 41.1 215 153.2 55.5 107 51.4% -55.20 [-67.06, -43.34) -
Park 2009 150 51.9 31 282.7 61.8 31 48.6% -132.70[-161.11, -104.29] ——
Total (95% CI) 246 138 100.0% -92.83 [-168.75, -16.91] ————
Heterogeneity: Tau® = 2879.76; Chi® = 24.34, df = 1 (P < 0.00001); I’ = 96% _1500 t t

Test for overall effect: Z = 2.40 (P = 0.02)

-5 0 50 1
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Figure 7 Meta-analysis of mean operative time (minutes, mins) between ISS and Interbody fusion groups, with results favouring ISS.

open decompression cases indicated for LCS with grade 1
spondylolisthesis and found higher 90-day complications,
mean estimated blood loss, longer operative time and length
of stay in Coflex ISS. However, at 1.7-year follow-up,
overall revision and neurologic complications were similar.

ISS vs. interbody fusion surgery

For up-to-date clinical relevance, evidence comparing
between ISS and IF presented were mainly done with
Coflex. There were comparable clinical outcomes between
both modalities, suggesting safety and efficacy as reasonable
alternatives. Furthermore, ISS boast advantages including
reduced operative time, blood loss, length of stay and
adjacent segment mobility (66).

Kong (20) prospectively compared 18 Coflex ISS and
24 IF patients. No significant difference in ODI, VAS back
and leg pain scores were reported between both groups.
There was a statistically significant increase in upper
adjacent segment ROM (P<0.05) in IF than Coflex ISS. No
complications were reported in both groups up to 1-year
follow-up.

Park (21) retrospectively compared 30 Coflex ISS and
31 IF patients at 2-year follow-up and found equivocal
improvements in ODI, VAS back and leg pain scores and
complications in both groups.

Davis (67) compared 215 Coflex ISS and 107 IF
symptomatic LCS patients in an RCT and found significantly
shorter length of stay, greater improvements in SF-12
physical health outcomes and ZCQ scores with Coflex.

© Journal of Spine Surgery. All rights reserved.

There were equivocal improvements in ODI, VAS back and
leg pain scores, mental health outcomes and complications.
IF was found to increase angulation at superior adjacent
levels, accelerating degenerative changes at affected levels.

Quantitative analysis showed a lower mean blood loss (MD
=421 mL, 95% CI: 48-795 mL, P=0.03) and shorter mean
operative time (MD =93 min, 95% CI: 17-169 min, P=0.02)
associated with ISS than IF (Figures 6,7 respectively). Forest
plot comparing reoperation rate showed no statistically
significant difference (OR=1.32, 95% CI: 0.60-2.93,
P=0.49) (Figure §).

The future

There are still complications associated with current IPD
designs despite minimally invasive techniques and shorter
operation time. Future developments of ISS involve the
exploration of new composite materials to enhance its
performance to achieve dynamic decompression, where ISS
is rigid enough to provide sufficient distraction and disc
height restoration, while still flexible enough to preserve
some ROM. The use of higher durability materials may also
reduce radiological changes over time, allowing for longer
implant longevity.

Another area of development involves posterior spinal
element reinforcement using cement augmentation
(spinoplasty) (Figures 9,10). Bonaldi investigated the utility
of spinoplasty by comparing 19 spinoplasty and 16 non-
spinoplasty high risk fragility-fracture patients. He reported
significantly reduced symptomatic delayed spinous process
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ISS Interbody fusion Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Davis 2013 23 215 8 107 89.5%  1.48 [0.64, 3.43]
Park 2009 1 30 2 31 10.5%  0.50[0.04, 5.82] ¢
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Figure 8 Meta-analysis of reoperations between ISS and Interbody fusion groups, with results showing no significant difference.

Figure 9 Gauge needle positioning for spinoplasty.

fracture with spinoplasty (0% vs. 25%, P=0.035) (68).

Manfré (69) explored spinoplasty as prophylaxis against
bone remodelling or spinous process fracture related
failures. Out of 174 patients, no restenosis was reported
at 1-year follow-up, while 15 patients received two ISS at
the same level with spinoplasty and experienced symptom
resolution and remained so at 1-year follow-up (69).
Manfre (19) also conducted a 9-year retrospective study
involving 688 patients. Manfre (19) found lower symptom
recurrence from complications with spinoplasty (<1% vs.
11.3%), suggesting utility in reducing reoperation rates
eventually (19).

Another area of development is the approval for use
of the minimally invasive, interspinous-interlaminar
fusion device (Minuteman, Spinal Simplicity, USA) (70).
This supplemental fixation device provides fixation and
stabilisation of spinal segments with the aim of bony
fusion. The Minuteman is designed to attach to the
spinous processes of non-cervical spine with its bilateral

© Journal of Spine Surgery. All rights reserved.

locking plates and bone graft material placed within the
device. Its minimally invasive approach reduces significant
soft tissue dissection and eliminates the need for neural
monitoring. Whilst clinical results of this device have not
been published in the literature, this is a device that may
become an alternative to traditional pedicle screw fixation
constructs.

Limitations

There are limitations to this study. There were heterogeneous
indications and patient populations in studies comparing
between ISS and IE, despite ISS mainly indicated for LCS
with stable spondylolisthesis. Hence, mismatch of implant
type and patient population may potentially confound and
dilutes the real outcomes. Stricter inclusion criteria with
appropriate implant options are needed in future studies.
Open decompression techniques also varied widely
amongst studies. The paucity of literature in comparing
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i

Figure 10 L4/5 PMMA cement augmentation of the spinous processes via 13gauge needle followed by L4/5 insertion of ISS. The cement

augmentation was performed to strengthen the spinous processes, and decrease the risk of fracture upon insertion of the ISS. The patient

was a 74 years old female, with a T-score less than -1.5.

different techniques meant that clinical outcomes may be
influenced by the quality of decompression in different
technique, thus introducing bias.

Most studies included mainly investigated short- and
medium-term outcomes. Possible explanations include
the relatively novel nature of IPD and the high early
reoperation rate associated with IDD, resulting in IDD to
quickly lose favour. Though ISS did not have similar issues,
the paucity of long-term data is inadequate to properly
characterize outcome and compare with other interventions.
Thus, it is imperative to obtain long-term data on IPD
efficacy.

Our result when comparing between IDD and open
decompression is limited to mini open implantation
techniques and not complete percutaneous approaches.
Complete percutaneous studies have shown encouraging
outcomes in NC patients primarily caused by LSS, but
this was not the case in other indications. The paucity of

© Journal of Spine Surgery. All rights reserved.

data comparing complete percutaneous IDD and open
decompression with or without SF meant that further high
quality RCTs are needed in this topic.

Lastly, while most studies discussed have a RCT study
design, there are other studies that were comparative non-
randomized studies. This meant that selection and recall
bias cannot be completely excluded.

Conclusions

IPD provides a minimally invasive approach to treat
symptomatic LCS. Mini open IDD had improved outcomes
over non-operative treatment in mild-moderate LCS
at 2-year follow-up, but had similar patient reported
outcomes with a higher risk of re-operations than open
decompression. ISS with open decompression may be a
suitable alternative to decompression and IF for patients
with stable grade 1 spondylolisthesis and central stenosis.
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To further characterize this procedure, future studies should
focus on examining enhanced new generation IPD devices,
complete percutaneous approaches, longer-term follow-up
and careful patient selection.
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