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Abstract: A comprehensive description of the literature regarding interspinous process devices (IPD)
mainly focused on comparison with conservative treatment and surgical decompression for the
treatment of degenerative lumbar spinal stenosis. Recent meta-analysis and articles are listed in the
present article in order to establish IPD pros and cons.
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1. Introduction

Degenerative lumbar spinal stenosis (DLSS) is defined as the narrowing of the lumbar spinal
canal, lateral nerve roots, and/or intervertebral neural foramina due to the progressive hypertrophy
of any of the surrounding osteocartilaginous and ligamentous elements, resulting in neural and/or
vascular compression and leading to neurogenic intermittent claudication (NIC) [1,2].

NIC is characterized by lower-extremity pain, relieved by setting and flexion with or without
stiffness, paresthesias/weakness, and/or cramping, and it is associated with enormous economic costs,
societal impairment, and health impact [1].

NIC is initially managed conservatively with medical therapies and physical therapy [2]; epidural
fluoroscopic guided steroid injections are suggested to provide short-term (up to six months) pain
relief in NIC [3].

When nonsurgical treatments fail, with persistent pain and/or function limitation, surgical
treatment may be an option.

Surgical decompression, represented by laminectomy with/without spinal fusion, seems to
improve outcomes in patients with moderate to severe symptoms of lumbar spinal stenosis, in
particular when radicular pain and/or neurogenic claudication are the predominant symptoms [3,4].

DLSS is currently the leading cause of spinal surgery in patients over 65 years, and the mortality
rate has been calculated to be 0.14% [5,6]; however, the postsurgical morbidity rate, represented by
postoperative pain, dural tear, blood loss, infection and immobilization, is not unremarkable [7].

Because of surgery-related risks, patient comorbidities, and good results demonstrated in terms
of outcomes, non-responders to conservative therapy are frequently treated with percutaneous
treatments [8–11].

Interspinous process devices (IPD) are minimally invasive devices that are able to decrease facet
join overload through a “shock-absorber” mechanism shifting forces to the posterior column with a
reduction of discal pressure [11]; segmental enlargement of the spinal canal with the unloading of the
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facet joint and posterior annulus, resulting in the restoration of normal foraminal height, was reported
in cadaveric studies after IPD placement [12,13].

However, complications such as dislocation and remodeling/fracture of the spinous process after
IPD placement have been described in the literature and seem to be more frequent compared to patients
treated with a conservative treatment [14].

There is still a lack of understanding the safety, efficacy, and cost-effectiveness of IPD [14].
Some randomized controlled trials have compared IPD to conservative treatment [15–17] and

standard surgery [18–24], but all of them analyzed IPD that is no longer available in the market in the
prespinoplasty era, with study analysis bias, such as follow-up period, subgroup analysis based on age
and missed comorbidities, and outcome evaluation criteria, in small population samples (Table 1).

The aim of this paper was to provide complete and reliable information regarding the benefits
and limits of IPD compared to conservative therapy and the surgical approach.

Table 1. Description of included studies.

Study Study Design Population Outcomes

Anderson/Hsu/Zucherman,
2005 [15–17]

RCT, multicenter, IPD
(X-Stop) vs. nonsurgical

treatment

-Mean age 70 (IPD), 69.1 (control)
-Clinical or radiographic DLSS

confirmation
-One or two levels affected

-Able to sit 50 min and walk > 50 ft
-Nonoperative treatment > 6 months

-ZCQ [15,17]
-SF-36 [16]

-Patient satisfaction

Azzazzi, 2010 [18]

RCT, single center, IPD
(X-Stop) vs. surgery
(decompression and

arthrodesis)

-Mean age 57 (IPD), 56.3 (control)
-DLSS + grade I listhesis

-One or two affected levels
-Leg pain > back pain

-Nonoperative treatment > 3 months

-VAS back pain
-VAS leg pain

-ODI

Davis, 2013 [19]

RCT, multicenter, IPD
(Coflex) vs. surgery
(decompression and

arthrodesis)

-Mean age 62.1 (IPD), 64.1 (control)
-NIC and radiographic confirmation

of DLSS
-One or two affected levels

-VAS back pain > 50
-ODI > 20/50

-ZCQ
-VAS back pain
-VAS leg pain

-ODI
-SF-12

Stromkvist, 2013 [23]
RCT, multicenter, IPD
(X-Stop) vs. surgery

(decompression)

-Mean age 67 (IPD), 71 (control)
-NIC and DLSS confirmation on MRI

- >six month symptoms
-One or two affected levels

-up to Grade 1 listhesis

-ZCQ
-VAS back pain
-VAS leg pain

-SF-36

Lønne, 2015, [20,21]

RCT, multicenter, IPD
(X-Stop) vs. surgery
(minimally invasive

decompression)

-Mean age 67 (IPD), 67 (control)
-NIC and DLSS

confirmation on MRI
-One or two affected levels

-up to Grade I listhesis

-ZCQ
-Numerical pain

scale
-ODI

-EQ-5D
-QALY

Moojen, 2015 [22]
RCT, multicenter, IPD

(coflex) vs. surgery
(decompression)

-Median age 66 (IPD), 64 (control)
-NIC and DLSS

confirmation on MRI
-One or two affected levels

-ZCQ
-VAS back pain
-VAS leg pain
-McGill pain
questionnaire

-RMQ
-SF-36
-HADS

-Shuttle walking test

IPD = interspinous process device, RCT = randomized controlled trial, ZCQ = Zurich Claudication Questionnaire,
SF-36 = Medical Outcomes Study 36-Item Short-Form Health Survey, DLSS = degenerative lumbar spine stenosis,
VAS = visual analogue scale, ODI = Oswestry Disability Inventory, NIC= Neurogenic intermittent claudication,
MRI = magnetic resonance image, EQ-5D = EuroQol five-dimension scale, SF-12 = Medical Outcomes Study 12-Item
Short-Form Health Survey.



Medicina 2019, 55, 381 3 of 9

2. IPD vs. Conservative Therapy

We searched MEDLINE, EMBASE, Cochrane Library, Scopus, and LILACS for randomized and
quasirandomized trials, without language or period restrictions, comparing a group in active treatment
(medical/interventional) and an untreated control group (natural history); to our best knowledge, there
is no direct comparison between active treatment (medical/interventional) and the untreated control
group (natural history) published in the literature.

The North American Spine Society (NASS) guidelines for the diagnosis and treatment of
degenerative lumbar spinal stenosis stated that there is insufficient evidence for a recommendation
for or against the use of pharmacological treatment, manipulation, and the use of physical therapy or
exercise as stand-alone treatments in the management of spinal stenosis [12].

NASS guidelines suggest interlaminar epidural steroid injections for short-term (two weeks
to six months) pain relief in patients with neurogenic claudication or radiculopathy; however, a
multiple-injection regimen, a radiographically guided transforaminal epidural steroid injection, or
caudal injections are suggested to produce medium-term (3–36 months) symptom relief in patients
with radiculopathy or neurogenic intermittent claudication from lumbar spinal stenosis [12].

In this scenario, IPD placement as standard procedure has been demonstrated to be more effective
than conservative therapy, consisting of spinal injections, anti-inflammatory and analgesic drugs, and
physical therapy (Level 1) [15–17]; however, no evaluation of pain and overall functional status has been
reported, and no cost analysis comparing IPD with conservative treatment has been performed [15–17].

The Zurich Claudication Questionnaire (ZCQ) was administered in two series, concluding that
patients in the IPD group improved significantly more than the conservative-therapy control group
(p < 0.0001) [15,17]; in particular, the baseline ZCQ score was significantly improved at all postoperative
periods. Anderson et al. reported that the IPD baseline ZCQ score of 50.4 dropped to 23.1 at the
two-year follow up, while there was no significant improvement in the control-group ZCQ score at
any follow-up interval [15].

Quality of life, evaluated with SF-36, was significantly improved in the IPD group compared with
the conservative control group, especially in physical activity (p < 0.001) [16].

However, complications were most frequent in the IPD group (11 in 93 patients vs. six in 81 for
controls) and the treatment failure rate, defined by surgical conversion (laminectomy), was higher in
the IPD group (six patients out of 93) compared to the conservative-therapy control group (24 patients
out of 81; RR 0.22 (0.09, 0.51)) [14]; subgroup analysis that evaluates patients with listhesis had similar
results [15].

3. IPD vs. Surgery

NASS guidelines suggest decompressive surgery in patients with moderate to severe symptoms
because of lumbar spinal stenosis; however, interventional treatment may be considered for patients
with moderate symptoms of lumbar spinal stenosis [12].

Decompression alone is suggested for patients with leg predominant symptoms without instability,
while decompression with spinal fusion is considered in patients with spondylolisthesis, even those
over 75 years old [12,25].

Seven trials have compared the outcomes of different forms of IPD with surgical spinal
decompression [18–24]; however, the evaluated devices in those studies are mini-invasive
(not completely percutaneously placed) and no longer available on the market. The comparison
between IPD and surgical procedure was also inhomogeneous (minimally invasive surgery (two trials),
decompression and arthrodesis (two trials), and decompression alone (three trials)) [18–23].

Recent meta-analysis reported no significant difference between the IPD group and surgical group
in term of pain evaluation using VAS score (p = 0.09). Although pooled VAS leg-pain data favor the
IPD group—it is important to underline that the indication of IPD placement is NIC—the difference
was not clinically significant [14].
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Overall functional status presented no significant difference between the two groups [14]; however,
high heterogeneity has been registered because the studies used different evaluation methods, such as
the Oswestry Disability Index (ODI) [18,19], the Modified Roland Disability Questionnaire [22], or
nonspecific functional scales [23].

The two-year ZCQ follow-up showed no significant difference between the IPD group and surgical
group in term of symptom severity, physical function, and patient satisfaction [19–24].

The overall described reoperation rate was higher in the IPD group except in the Azzazzi et al.
series [18] because of dislocation of the device and erosion/fracture of the spinous process after IPD
placement [14,18–23]; data from Meyer et al. underline that the high re-intervention rate in the IPD
group (29% vs. 6% after 12 months, and 26% vs. 8% after 24 months) was mostly due to “lack of
success” instead of complications as described in the surgical group, concluding that a selection of
patients is mandatory for the indication of IPD placement [24].

Recent meta-analysis focused on complications revealed no statistical difference in terms of
complications between the IPD group and the surgical group in those series that reported it [14,19,22–24];
it is important to underline that the use of cement augmentation of the posterior vertebral arch
(spinoplasty) in order to reduce the risk of spinal process fracture and IPD displacement has not been
reported in any of the trials comparing IPD versus surgery for the treatment of DLSS (Figure 1) [25,26].

Figure 1. Anteroposterior fluoroscopic images of progressive opening of Lobster device (Lobster,
TechlaMed, Firenze, Italy) in order to prevent lateral dislocation; preventive spinoplasty performed to
prevent spinal process remodeling/rupture.

In terms of cost effectiveness, the IPD has been claimed to be far below 50% when compared to a
surgical procedure, and the cost of the device was significantly higher than surgical decompression [27].
However, in the cost analysis reported by Lonne et al., the IPD incremental cost compared with
minimally invasive decompression was €2832 (95% confidence interval: 1886–3778), whereas the
incremental health gain was 0.11 quality-adjusted life-years (95% confidence interval: −0.01–0.23) [21].

4. IPD: Pros and Cons

IPD are mini-invasive devices placed using fluoroscopic guidance between the adjacent spinous
process at the DLSS level, sparing anatomical structures of the spinal canal in order to relieve nerve
compression using distractive force applied by the device with subsequent height restoration [27].

IPD can be implanted under local anesthesia plus sedation in a daycare surgery, and it has
been demonstrated to be faster and lead to less blood loss compared to a surgical procedure because
part of the procedure is performed percutaneously [24]; recently, a brand-new IPD with completely
percutaneous placement (Lobster, TechlaMed, Firenze, Italy) has been proposed, but no trials have
been performed using this particular device.
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There are many different IPD designs using different materials, such as allograft, titanium, and
polyetherethrketone (PEEK), but based on the mechanical characteristics, IPD can be divided in two
groups: interspinous distraction devices (IDD) that act to separate adjacent spinous processes, and the
more recent interspinous stabilizers (ISS) that are affixed statically (for example, X-Stop (Medtronic),
Wallis (Zimmer Biomet), and Superion (Vertiflex)) or dynamically (for example, the Coflex (Paradigm
Spine) and DIAM (Medtronic)) adjacent spinous processes [27,28] (Figures 2 and 3).

Figure 2. Anteroposterior and lateral fluoroscopic images of Lobster device (Lobster, TechlaMed,
Firenze, Italy) device correctly placed at the level of L4–L5; the polyetherethrketone (PEEK) part of the
device is radiolucent. Previous discography at the level of the L4–L5 disc.

Figure 3. Axial computed tomography image (CTI) and coronal multiplanar reconstruction
demonstrated the correct placement of Lobster device (Lobster, TechlaMed, Firenze, Italy).

From the first “metal plug” in 1950 to the brand-new Lobster (Lobster, TechlaMed, Firenze, Italy),
the fate of IPD has changed; in the beginning, many procedures were performed with a lack of patient
selection and a procedure learning curve until the recent ban of almost all IPD from the market.

IPD may be regarded as a less invasive alternative to open decompression in patients with DLSS,
avoiding typical surgical complications such leaks and epidural hematomas [24] (Figure 4); however,
a high complication rate has been described in almost all trials comparing surgical approaches with
IPD [19–24].

It is important to clarify that IPD treatment failure can be related to “real” complications such
as device displacement and spine process erosion/rupture, or to “lack of success” with mandatory
surgical revision [24].
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Figure 4. Cont.
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Figure 4. Fifty-five-year-old male with NIC because of DLSS at the L4–L5 level. (a) Axial and sagittal
T2-weighed MR images demonstrated right subarticular L4–L5 disc herniation and spinal canal
stenosis (arrow). (b) Anteroposterior and lateral fluoroscopic images showed correct placement of
10 mm Lobster (TechlaMed, Firenze, Italy) device made with titanium and PEEK at the L4–L5 level;
previous chemodiscolisys was performed at the level of the L4–L5 disc for treatment of disc herniation.
(c) One-week follow-up MR axial and sagittal T2-weighed images demonstrated enlargement of spinal
canal with normal foraminal height and reduction of herniation (arrows).

Device displacement may be related to posterior ligament impairment because of the surgical
time to place the IPD; mistaken patient selection, especially because of anatomical difficulties, could
also be responsible for IPD displacement.

On the other hand, it has been demonstrated that the erosion/rupture of the spinous process
during or after IPD placement can be avoided using prophylactic cement augmentation of the posterior
vertebral arch (spinoplasty) [24,25]; the published data in the literature demonstrated that no restenosis
occurred at the 3–12 month follow-up, and, in the case of a second IPD implant at the same level after
spinoplasty, obtained a resolution of symptoms with no further bone remodeling [25].

In a case of “lack of success”, Meyer et al. suggested that it is almost related to patient selection
and biomechanical reasons [24]; in fact, Moojen et al. suggested that the cross-sectional area of the
spinal canal may be inferior after IPD placement if compared to surgical laminectomy, leading to earlier
symptom relapse in those patients with severe DLSS treated with IPD [22].

IPD cost effectiveness is still debated, mainly because of a different evaluation in terms of
complication rate and subsequent reoperation costs [21,27].

5. Conclusions

IPD are diverse mini-invasive devices placed with fluoroscopic guidance under local anesthesia
between the spinal processes at the DLSS level in order to obtain nerve decompression.

It has been demonstrated to be more effective than a conservative treatment for DLSS; treatment
failure appeared to be significantly lower in the IPD group, while complications seemed to be more
frequent for the implant group compared to the conservative treatment [15–17].



Medicina 2019, 55, 381 8 of 9

Low quality evidence indicated that outcomes regarding pain, functional status and quality of
life are similar comparing IPD with surgical procedures; however, treatment failure was significantly
higher in IPD group compared to decompressive surgery because of complication as dislocation of the
device and erosion/fracture of the spinous process-that could be avoided with spinoplasty-or “lack of
success” almost related to patient selection [28–30].

Cost-effectiveness of IPD is still debate.
A prospective randomized study to evaluate the efficacy of pure percutaneous IPD + preventive

spinoplasy versus spinal laminectomy with long (>24 months) term follow-up is highly desirable.

Author Contributions: C.Z., M.B., S.M. (Salvatore Masala) and S.M. (Stefano Marcia) contributed to the design
and implementation of the present review; C.Z. took the lead in writing the manuscript and M.B. provided the
images. All authors provided critical feedback and helped shape the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Schroeder, G.D.; Kurd, M.F.; Vaccaro, A.R. Lumbar Spinal Stenosis: How Is It Classified? J. Am. Acad.
Orthop. Surg. 2016, 24, 843–852. [CrossRef] [PubMed]

2. Backstrom, K.M.; Whitman, J.M.; Flynn, T.W. Lumbar spinal stenosis-diagnosis and management of the
aging spine. Man. Ther. 2011, 16, 308–317. [CrossRef] [PubMed]

3. Kreiner, D.S.; Shaffer, W.O.; Baisden, J.L.; Kreiner, D.S.; Shaffer, W.O.; Baisden, J.L.; Gilbert, T.J.; Summers, J.T.;
Toton, J.F.; Hwang, S.W.; et al. An evidence-based clinical guideline for the diagnosis and treatment of
degenerative lumbar spinal stenosis (update). Spine J. 2013, 13, 734–743. [CrossRef] [PubMed]

4. Lurie, J.; Tomkins-Lane, C. Management of lumbar spinal stenosis. BMJ 2016, 4, 352:h6234. [CrossRef] [PubMed]
5. Poorman, G.W.; Moon, J.Y.; Wang, C.; Horn, S.R.; Beaubrun, B.M.; Bono, O.J.; Francis, A.M.; Jalai, C.M.;

Passias, P.G. Rates of Mortality in Lumbar Spine Surgery and Factors Associated With Its Occurrence Over a
10-Year Period: A Study of 803,949 Patients in the Nationwide Inpatient Sample. Int. J. Spine Surg. 2018, 15,
617–623. [CrossRef] [PubMed]

6. Deyo, R.A.; Gray, D.T.; Kreuter, W.; Mirza, S.; Martin, B.I. United States trends in lumbar fusion surgery for
degenerative conditions. Spine 2005, 30, 1441–1445. [CrossRef] [PubMed]

7. Haddadi, K.; Ganjeh Qazvini, H.R. Outcome after Surgery of Lumbar Spinal Stenosis: A Randomized
Comparison of Bilateral Laminotomy, Trumpet Laminectomy, and Conventional Laminectomy. Front Surg.
2016, 8, 19. [CrossRef] [PubMed]

8. Arbit, E.; Pannullo, S. Lumbar stenosis: A clinical review. Clin. Orthop. Relat. Res. 2001, 384, 137–143. [CrossRef]
9. Kaye, A.D.; Manchikanti, L.; Abdi, S.; Atluri, S.; Bakshi, S.; Benyamin, R.; Boswell, M.V.; Buenaventura, R.;

Candido, K.D.; Cordner, H.J.; et al. Efficacy of Epidural Injections in Managing Chronic Spinal Pain: A Best
Evidence Synthesis. Pain Physician. 2015, 18, E939–E1004.

10. Kelekis, A.D.; Filippiadis, D.K.; Martin, J.B.; Brountzos, E. Standards of practice: Quality assurance guidelines
for percutaneous treatments of intervertebral discs. Cardiovasc. Intervent. Radiol. 2010, 33, 909–913. [CrossRef]

11. Kelekis, A.D.; Somon, T.; Yilmaz, H.; Bize, P.; Brountzos, E.N.; Lovblad, K.; Ruefenacht, D.; Martin, J.B.
Interventional spine procedures. Eur. J. Radiol. 2005, 55, 362–383. [CrossRef] [PubMed]

12. Hirsch, C.; Breque, C.; Ragot, S.; Pascal-Mousselard, H.; Richer, J.P.; Scepi, M.; Khiami, F. Biomechanical
study of dynamic changes in L4-L5 foramen surface area in flexion and extension after implantation of four
interspinous process devices. Orthop Traumatol Surg Res. 2015, 101, 215–219. [CrossRef] [PubMed]

13. Richards, J.C.; Majumdar, S.; Lindsey, D.P.; Beaupre, G.S.; Yerby, S.A. The treatment mechanism of an
interspinous process implant for lumbar neurogenic intermittent claudication. Spine 2005, 30, 744–749.
[CrossRef] [PubMed]

14. Poetscher, A.W.; Gentil, A.F.; Ferretti, M.; Lenza, M. Interspinous process devices for treatment of degenerative
lumbar spine stenosis: A systematic review and meta-analysis. PLoS ONE 2018, 13, e0199623. [CrossRef]
[PubMed]

http://dx.doi.org/10.5435/JAAOS-D-15-00034
http://www.ncbi.nlm.nih.gov/pubmed/27849674
http://dx.doi.org/10.1016/j.math.2011.01.010
http://www.ncbi.nlm.nih.gov/pubmed/21367646
http://dx.doi.org/10.1016/j.spinee.2012.11.059
http://www.ncbi.nlm.nih.gov/pubmed/23830297
http://dx.doi.org/10.1136/bmj.h6234
http://www.ncbi.nlm.nih.gov/pubmed/26727925
http://dx.doi.org/10.14444/5076
http://www.ncbi.nlm.nih.gov/pubmed/30364742
http://dx.doi.org/10.1097/01.brs.0000166503.37969.8a
http://www.ncbi.nlm.nih.gov/pubmed/15959375
http://dx.doi.org/10.3389/fsurg.2016.00019
http://www.ncbi.nlm.nih.gov/pubmed/27092304
http://dx.doi.org/10.1097/00003086-200103000-00016
http://dx.doi.org/10.1007/s00270-010-9952-5
http://dx.doi.org/10.1016/j.ejrad.2005.03.024
http://www.ncbi.nlm.nih.gov/pubmed/16129245
http://dx.doi.org/10.1016/j.otsr.2014.11.016
http://www.ncbi.nlm.nih.gov/pubmed/25736197
http://dx.doi.org/10.1097/01.brs.0000157483.28505.e3
http://www.ncbi.nlm.nih.gov/pubmed/15803075
http://dx.doi.org/10.1371/journal.pone.0199623
http://www.ncbi.nlm.nih.gov/pubmed/29979691


Medicina 2019, 55, 381 9 of 9

15. Anderson, P.A.; Tribus, C.B.; Kitchel, S.H. Treatment of neurogenic claudication by interspinous
decompression: Application of the X STOP device in patients with lumbar degenerative spondylolisthesis.
J. Neurosurg. Spine 2006, 4, 463–471. [CrossRef] [PubMed]

16. Hsu, K.Y.; Zucherman, J.F.; Hartjen, C.A.; Mehalic, T.F.; Implicito, D.A.; Martin, M.J.; Johnson, D.R., 2nd;
Skidmore, G.A.; Vessa, P.P.; Dwyer, J.W.; et al. Quality of life of lumbar stenosis-treated patients in whom the
X STOP interspinous device was implanted. J. Neurosurg. Spine 2006, 5, 500–507. [CrossRef] [PubMed]

17. Zucherman, J.F.; Hsu, K.Y.; Hartjen, C.A.; Mehalic, T.F.; Implicito, D.A.; Martin, M.J.; Johnson, D.R., 2nd;
Skidmore, G.A.; Vessa, P.P.; Dwyer, J.W.; et al. A multicenter, prospective, randomized trial evaluating the X
STOP interspinous process decompression system for the treatment of neurogenic intermittent claudication:
two-year follow-up results. Spine 2005, 30, 1351–1358. [CrossRef]

18. Azzazi, A.; Elhawary, Y. Dynamic stabilization using X-stop versus transpedicular screw fixation in the treatment
of lumbar canal stenosis: Comparative study of the clinical outcome. Neurosurg Q. 2010, 20, 165–169. [CrossRef]

19. Davis, R.J.; Errico, T.J.; Bae, H.; Auerbach, J.D. Decompression and Coflex interlaminar stabilization
comparedwith decompression and instrumented spinal fusion for spinal stenosis and low-grade degenerative
spondylolisthesis: Two-year results from the prospective, randomized, multicenter, Food and Drug
Administration Investigational Device Exemption trial. Spine 2013, 38, 1529–1539.

20. Lønne, G.; Johnsen, L.G.; Aas, E.; Lydersen, S.; Andresen, H.; Rønning, R.; Nygaard, Ø.P. Comparing
cost-effectiveness of X-Stop with minimally invasive decompression in lumbar spinal stenosis: A randomized
controlled trial. Spine 2015, 15, 514–520.

21. Lønne, G.; Johnsen, L.G.; Rossvoll, I.; Andresen, H.; Storheim, K.; Zwart, J.A.; Nygaard, Ø.P. Minimally
invasive decompression versus x-stop in lumbar spinal stenosis: A randomized controlled multicenter study.
Spine 2015, 40, 77–85.

22. Moojen, W.A.; Arts, M.P.; Jacobs, W.C.; van Zwet, E.W.; van den Akker-van Marle, M.E.; Koes, B.W.;
Vleggeert-Lankamp, C.L.; Peul, W.C. Leiden The Hague Spine Intervention Prognostic Study Group (SIPS). IPD
without bony decompression versus conventional surgical decompression for lumbar spinal stenosis: 2-year
results of a double-blind randomized controlled trial. Eur Spine J. 2015, 24, 2295–2305. [CrossRef] [PubMed]

23. Strömqvist, B.H.; Berg, S.; Gerdhem, P.; Johnsson., R.; Möller, A.; Sahlstrand, T.; Soliman, A.; Tullberg, T. X-stop
versus decompressive surgery for lumbar neurogenic intermittent claudication: Randomized controlled trial
with 2-year follow-up. Spine 2013, 38, 1436–1442.

24. Meyer, B.; Baranto, A.; Schils, F.; Collignon, F.; Zoega, B.; Tan, L.; LeHuec, J.C.; NICE Trial Study
Group. Percutaneous Interspinous Spacer vs Decompression in Patients with Neurogenic Claudication:
An Alternative in Selected Patients? Neurosurgery 2018, 82, 621–629. [CrossRef] [PubMed]

25. Bonaldi, G.; Bertolini, G.; Marrocu, A.; Cianfoni, A. Posterior vertebral arch cement augmentation (spinoplasty)
to prevent fracture of spinous processes after interspinous spacer implant. AJNR Am. J. Neuroradiol. 2012, 33,
522–528. [CrossRef]

26. Manfré, L. Posterior Arch Augmentation (Spinoplasty) before and after Single and Double Interspinous
Spacer Introduction at the Same Level: Preventing and Treating the Failure? Interv Neuroradiol. 2014, 20,
626–631. [CrossRef]

27. Van den Akker-van Marle, M.E.; Moojen, W.A.; Arts, M.P.; Vleggeert-Lankamp, C.L.; Peul, W.C. Leiden The
Hague Spine Intervention Prognostic Study G. Interspinous process devices versus standard conventional
surgical decompression for lumbar spinal stenosis: Cost-utility analysis. Spine J. 2016, 16, 702–710. [CrossRef]

28. Matz, P.G.; Meagher, R.J.; Lamer, T.; Tontz, W.L., Jr.; Annaswamy, T.M.; Cassidy, R.C.; Cho, C.H.; Dougherty, P.;
Easa, J.E.; Enix, D.E.; et al. Guideline summary review: An evidence-based clinical guideline for the diagnosis
and treatment of degenerative lumbar spondylolisthesis. Spine J. 2016, 16, 439–448. [CrossRef]

29. Gala, R.J.; Russo, G.S.; Whang, P.G. Interspinous implants to treat spinal stenosis. Curr. Rev. Musculoskelet. Med.
2017, 10, 182–188. [CrossRef]

30. Pintauro, M.; Duffy, A.; Vahedi, P.; Rymarczuk, G.; Heller, J. Interspinous implants: Are the new implants
better than the last generation? A review. Curr. Rev. Musculoskelet. Med. 2017, 10, 189–198. [CrossRef]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.3171/spi.2006.4.6.463
http://www.ncbi.nlm.nih.gov/pubmed/16776357
http://dx.doi.org/10.3171/spi.2006.5.6.500
http://www.ncbi.nlm.nih.gov/pubmed/17176013
http://dx.doi.org/10.1097/01.brs.0000166618.42749.d1
http://dx.doi.org/10.1097/WNQ.0b013e3181ebb0ea
http://dx.doi.org/10.1007/s00586-014-3748-2
http://www.ncbi.nlm.nih.gov/pubmed/25586759
http://dx.doi.org/10.1093/neuros/nyx326
http://www.ncbi.nlm.nih.gov/pubmed/28973638
http://dx.doi.org/10.3174/ajnr.A2792
http://dx.doi.org/10.15274/INR-2014-10052
http://dx.doi.org/10.1016/j.spinee.2014.10.017
http://dx.doi.org/10.1016/j.spinee.2015.11.055
http://dx.doi.org/10.1007/s12178-017-9413-8
http://dx.doi.org/10.1007/s12178-017-9401-z
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	IPD vs. Conservative Therapy 
	IPD vs. Surgery 
	IPD: Pros and Cons 
	Conclusions 
	References

