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Abstract. – OBJECTIVE: There are general-
ly two categories of interspinous stabilization 
devices widely used in clinics: (1) Static spac-
ing systems, such as X-STOP, Wallis. (2) Dy-
namic stabilization systems, such as Coflex, 
DIAM, stenofix. However, with the advancement 
of minimally invasive techniques, interspinous 
stabilization devices paced through percuta-
neous minimally invasive approach have been 
invented and applied in daily clinic. Its advan-
tages, such as simple operation, small trau-
ma and short hospitalization time are gradual-
ly recognized by doctors and patients. Percu-
taneous minimally invasive approach will be-
come the future direction in the field of in-
terspinous stabilization devices. This paper 
therefore reviewed the current clinical research 
progress of interspinous stabilization devices 
performed under percutaneous minimally inva-
sive approach.

MATERIALS AND METHODS: We searched 
studies related to percutaneously placed lumbar 
interspinous stabilization devices from PubMed, 
since January 1, 2007.

RESULTS: The main types and characteristics 
of currently used and percutaneously placed in-
terspinous stabilization devices were summa-
rized. Meanwhile, clinical studies relevant to 
currently used and percutaneously placed in-
terspinous stabilization devices were also sum-
marized.

CONCLUSIONS: The future of interspinous 
stabilization devices is bright, we would like to 
see more advanced and newly invented percu-
taneously placed interspinous stabilization de-
vices, meanwhile, it is fundamentally crucial to 
enroll more clinical studies with long-term fol-
low-up to determine the best indications for 
each device therefore to achieve more satisfac-
tory clinical outcomes.

Key Words:
Interspinous spacer, Interspinous device, Minimal-

ly invasive surgery, Static spacing, Dynamic fixation.

Introduction

Interspinous devices are minimally invasive 
devices that are able to decrease facet joints 
overload through a “shock-absorber” mecha-
nism shifting forces to the posterior column 
which further reduces discal pressure1. It has 
been gradually abandoned due to the advent 
of fusion techniques, especially intervertebral 
fusion2. However, the various fusion techniques 
commonly used in clinical practice today still 
have their own limitations that are difficult to 
overcome3. Therefore, interspinous stabilization 
devices are still suitable for diseases that can 
be relieved or cured by indirect decompression, 
such as mild to moderate lumbar spinal stenosis, 
lumbar disc herniation combined with no seg-
mental instability, nerve root canal stenosis due 
to intervertebral space collapse, and even under 
some circumstances, degenerative spondylolis-
thesis within II Grade, specifically to the old 
patients4-6. Currently, interspinous stabilization 
devices have been introduced to obtain dynamic 
or static decompression. With the advantages 
of minor damage, less degeneration of con-
tiguous vertebral segments, shorter procedural 
time, and fewer procedural complications7, it is 
worthwhile therefore to mention that interspi-
nous stabilization device has a wider application 
prospect8-10. We therefore performed a literature 
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review about clinical research progress of inter-
spinous devices inserted through percutaneous 
approach.

Materials and Methods

Articles were searched using the National 
Library of Medicine PubMed database. We in-
cluded English publications since January 1, 
2007, using the search terms “interspinous” 
and “percutaneous”; “interspinous devices” and 
“percutaneous” or “interspinous spacer” and 
“percutaneous”. We also included a few land-
mark articles published before 2007 for their 
historic contributions to this topic.

Results

Categories
The main percutaneously placed interspinous 

stabilization devices currently used are Aperius 
PercLID, BacJac, Falena, HeliFix, In-Space, Su-
perion, etc. Products images were summarized in 
our figure (Figure 1).

Main Types and Characteristics
The main types and characteristics of currently 

used and percutaneously placed interspinous sta-
bilization devices were summarized in our table 
(Table I).

Aperius PercLID (Figure 1A)
The Aperius PercLID stand-alone spacing 

system was invented by Palmer et al11 in 2007 
and is the first transdermally placed interspi-
nous spacing device in the world. It has been 
certified as safe and effective by 12 institutions 
in Germany, Belgium and the UK since its de-
but12. The device is inserted through trans-pari-
etal median access, usually a 1 cm skin incision 
is made 5-7 cm from the midline, later the 

lumbodorsal fascia and interspinous ligament 
are crossed under C-arm X-ray. This system 
is generally indicated for the L5/S1 segment13. 
Nardi et al12 retrospectively analyzed the data of 
152 patients, the results showed that the aperi-
usperclid system is a simple, safe and effective 
treatment for degenerative lumbar spinal steno-
sis and could be used as an alternative treatment 
to conventional surgery in the future. Galarza 
et al14 conducted a multicenter prospective case 
study, which showed a 1-year follow-up pain 
score from visual analog scale (VAS): 8.1±2.19 
to 3.44±2.89, mobility, and self-care functions 
were significantly improved. Menchetti et al15 

retrospectively analyzed the data of 70 patients 
and found that the patients’ postoperative pain 
scores decreased significantly, from VAS 8.2 to 
3.6 with an overall satisfaction rate of 76% and 
no complications within 6 months. Fabrizi et 
al13 retrospectively analyzed the clinical data of 
1575 patients, in which 260 patients underwent 
Aperius. The results showed that 1,505 of these 
patients had satisfactory clinical outcomes, and 
that DIAM and Aperius are both safe and ef-
fective minimally invasive treatment modalities 
when the indications for the procedure are well 
grasped. Surace et al16 prospectively analyzed 
the data of 37 patients and showed that the 
mean postoperative VAS of patients decreased 
from 7 to 2 (p<0.001). Zurich claudication 
questionnaire (ZCQ) scores decreased signifi-
cantly, reaching a mean of 21.89% (p<0.001), 
and Oswestry disability index (ODI) scores also 
decreased significantly, amounting to a mean of 
26.09% (p<0.001).

BacJac (Figure 1B)
The device is made of polyetheretherketone 

(PEEK) material, with a percutaneous unilateral 
approach, which is less invasive and has a faster 
recovery time, it achieves decompression main-
ly by limiting spinal hyperextension, and can 
adequately prevent prosthesis loosening due to 

Figure 1. A, Aperius PercLID; B, BacJac; C, Falena; D, HeliFix; E, In-Space; F, Superion
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its large contact area with the spinous process. 
It is mainly used for lumbar disc herniation 
and lumbar spinal stenosis due to lumbar de-
generative pathology17. Irace et al18 conducted a 
prospective study that included 50 patients with 
a 2-year follow-up, and the results showed that 
83% of patients had symptom relief, a significant 
decrease in pain scores, no major complications 
were detected except those 5 patients who devel-
oped a spinous process fracture. Spallone et al19 

retrospectively analyzed the data of 41 patients 
and confirmed that the patients’ postoperative 
ODI scores improved significantly, however on-
ly 41% of the patients had clinically significant 
results and postoperative weight gain was a pre-
disposing detrimental factor.

Falena (Figure 1C)
The Falena system consists of a columnar tita-

nium core, a pointed cap-like structure, two lat-
eral spacers made of PEEK, and columnar. The 
diameter of the columnar titanium core varies 
from 8-15 mm to facilitate matching different 
spinous process gap distances. The procedure is 
done under fluoroscopy and the interspinous gap 
is placed by percutaneous puncture20. Masala et 
al20 carried out a retrospective case analysis and 
the results showed that the patients’ postopera-
tive pain score VAS decreased from 7.6 to 3.9 
at 1 month postoperatively and 3.6 at 3 months 
postoperatively. MRI showed an increase in the 
spinal canal and bilateral foraminal area in all 
patients. Masala et al21 conducted another retro-
spective study, which demonstrated significant 
improvement in VAS and ODI scores in both 

Aperius™ PercLID™ system and Falena® inter-
spinous spacers groups at 6 months and 1 year 
postoperatively, and an increase in spinal canal 
area in both groups.

HeliFix (Figure 1D)
The device is made of PEEK and titanium 

alloy and is placed posteriorly under fluoroscopy 
through the skin. The main feature of this device 
is that the posterior half of the intervertebral 
disc is opened by propping up the interspinous 
distance, thus indirectly enlarging the area of 
the spinal canal. Alexandre et al31 prospectively 
analyzed the clinical data of 100 patients and 
found that the early symptoms and mobile func-
tion of the patients improved significantly within 
1 year, and 2% of patients underwent surgical 
procedures to remove the endograft due to poor 
outcome.

In-Space (Figure 1E)
The In-Space device consists of a cylindrical 

body made of PEEK and a curved arm made 
of titanium. The procedure is performed under 
local anesthesia with a lateral approach, and 
the procedure is completed by using a sight 
and a guide wire to enter the interspinous 
space22. Kantelhardt et al22 did a prospective 
case analysis showing that 72% of the patients 
received a satisfactory result while 2% of pa-
tients received a second surgery. Hrabálek et 
al23 conducted a prospective clinical study and 
the results showed that there was a significant 
improvement in the mean ODI scores in 63% of 
patients postoperatively (52% improvement at 1 

Table I. The main types and characteristics of currently used and percutaneously placed interspinous stabilization devices.

      Whether it Whether it 
      conserves the conserves the 
    Methods Way superaspinous interspinous 
    of of ligament ligament
 Name Producer Material fixation placing or not or not Category

Aperious Medtronic Titanium Wings Percutaneous Yes Partially Static
PercLID      conserves spreading
BacJac Pioneer PEEK Clips Percutaneous Yes Partially Static
      conserves spreading
Falena Mikai Titanium and Wings Percutaneous Yes Partially Dynamic
  PEEK    conserves fixation
HeliFix Alphatec PEEK Helical tip Percutaneous Yes Partially Static
 Spine     conserves spreading
In-Space Synthes PEEK and Wings Percutaneous Yes Partially Dynamic
  titanium    conserves fixation
Superion VertiFlex Titanium Wings Percutaneous Yes Partially Dynamic
      conserves fixation
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year postoperatively), the mean VAS decreased 
from 6.64 to 2.96 six months postoperatively 
(2.8 one year postoperatively), with a poor clin-
ical outcome in two patients who underwent 
a second-stage decompression fusion surgery. 
Yingsakmongkol et al24 prospectively analyzed 
the clinical data of 56 patients and the results 
showed that In-Space is a good minimally 
invasive treatment for lumbar spinal stenosis. 
Its postoperative symptoms of low back pain 
and leg pain were significantly relieved with a 
2-year follow-up, and longer-term results were 
still acceptable.

Superion (Figure 1F)
The device is constructed with a single lon-

gitudinal axis and a single channel. The main 
body is connected to a longitudinal axis con-
sisting of the upper and lower arms. Each arm 
has an extended “U” shaped saddle structure 
allowing the responsible spinous process to 
snap into place and to move with lumbar mo-
tion. This device is positioned under C-arm 
fluoroscopy or direct vision, and the procedure 
is completed with a 12-15 mm incision in the 
mid-dorsal region25. Bini et al26 conducted a 
prospective study including 121 patients and the 
results showed that 92% of patients achieved a 
satisfactory outcome, 76% still maintained a 
satisfactory outcome one year after surgery, 
and 5% of patients complained of complica-
tions. Patel et al27 conducted a multicenter ran-
domized controlled trial, and the results of the 
3-year follow-up showed that the success rate of 
the procedure was above 80% in both groups, 
with the Superion group (81%-91%). Nunley 
et al28 continued a RCT study and the results 
showed that at 4-year follow-up, 84.3% of pa-
tients achieved a relatively satisfactory clinical 
outcome. Welton et al29 conducted a retrospec-
tive study and the results showed that compared 
to conventional laminectomy and laminoplasty, 
the incidence of complications was comparable 
between the two groups, with 44.4% of patients 
in the Superion group suffering of prosthe-
sis-related complications.

Others
There are other percutaneously placed interspi-

nous stabilization devices, such as Bullet, Flexus, 
for which however, no clinical study has been 
reported30.

Clinical studies relevant to current use and 
percutaneously placed interspinous stabiliza-
tion devices are summarized in our table (Table 
II).

Discussion

Benefiting from minimal surgical trauma of 
percutaneously placed interspinous stabiliza-
tion devices, this technique appears to have a 
strong anatomical, scientific, pathophysiologi-
cal basis and is expected to play an important 
role in the future minimally invasive treatment 
of degenerative lumbar spine diseases, espe-
cially in the elderly population32. We therefore 
hope to see the emergence of novel percutane-
ously placed interspinous stabilization devices, 
and more biomechanical trials, as well as more 
randomized controlled trials to verify their 
effectiveness, in order to better guide clinical 
practice. The most important direction of de-
veloping new devices will be the use of more 
advanced materials and the improvement of 
the design of lumbar interspinous stabilization 
devices, such as 3D printing for individual-
ized treatment of different cases, the use of 
auxiliary techniques and equipment, such as 
augmented reality (AR) technique, robotic as-
sisted surgery33, navigation system and mixed 
reality (MR) eyeglass34 would be further en-
compassed.

Limitations
From a statistical point of view, our study is 

not a systematic review, and it only reviewed the 
results from PubMed, therefore, few studies with 
percutaneously placed lumbar interspinous stabi-
lization devices might be leaked.

Conclusions

The future of interspinous stabilization devices 
is bright, we would like to see more advanced 
and newly invented percutaneously placed in-
terspinous stabilization devices, meanwhile, it is 
fundamentally important to enroll more clinical 
studies and improve the long-term follow-up to 
determine the best indications for each device 
therefore to achieve more satisfactory clinical 
outcomes.
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Continued

Table II. Clinical studies relevant to currently used and percutaneously placed interspinous stabilization devices.

     Research Evaluation 
 Authors Category Year Cases  case type items Conclusions

Nardi et al12 Aperius 2010  152 Retrospective Clinical The Aperius system is a simple, 
    case study outcomes safe and effective treatment for 
      degenerative lumbar spinal
      stenosis and could be used as an 
      alternative to traditional surgery
      in the future.

Galarza Aperius 2010   40 Multicenter Clinical It is an effective treatment for
et al14    prospective outcomes lumbar spinal stenosis with 
    case study  intermittent claudication at age
      > 65 years, with significant 
      clinical results within 1 year.

Menchetti Aperius 2011   70 Retrospective Clinical The patients’ postoperative pain
et al15    case study outcomes scores decreased significantly,
      with an overall satisfaction rate 
      of 76% and no complications 
      within 6 months.

Fabrizi DIAM and  2011 1575 Retrospective Clinical With a good grasp of the
et al13 Aperius   case study outcomes indications for surgery, DIAM
      and Aperius are both safe and
      effective minimally invasive 
      treatment modalities.

Surace Aperius 2012   37 Prospective   Clinical In the case of traditional
et al16    case study outcomes decompression surgery, Aperius
     and  may also be an alternative
     imaging  treatment modality.
     changes 

Irace et al18 BacJac 2014   50 Prospective  Clinical and It can reduce back pain and
    case study radiographic radicular symptoms to some
     outcomes extent and improve intermittent
      claudication, especially in 
      patients with central spinal canal
      and intervertebral foraminal
       stenosis.

Spallone BacJac 2019   41 Retrospective   Clinical Patients’ ODI scores improved
et al19    case study outcomes significantly after surgery,
      however only 41% of patients
      had significant clinical outcomes, 
      with postoperative weight gain
      being a detrimental factor.

Masala Falena 2012   26 Retrospective Clinical and The same clinical results as
et al20    case study radiographic  demonstrated in other literature.
     outcomes 

Masala Aperius  2016   24 Retrospective Clinical and Both techniques are effective
et al21 and    case study radiographic in the medium term and both
 Falena     outcomes are good treatments.

Alexandre   HeliFix 2014  100 Prospective Clinical and The majority of patients 
et al31    case study radiographic  achieved a good clinical
     outcomes outcome within 1 year.

Kantelhardt In-Space 2010   87 Prospective   Clinical The recurrence rate within 1 year
et al22    case study outcomes  is high, and its recent indications
      for surgery need to be further 
      investigated.



Percutaneously placed lumbar interspinous stabilization devices

4249

Conflict of Interest
The authors declare that the article content was composed 
in the absence of any commercial or financial relationships 
that could be construed as a potential conflict of interest. 
All device images are authorized and permitted by their 
companies for public use.

Funding
This project was supported by the National Natural Science 
Foundation of China, Grant No. 31971275.

Authors’ Contribution
H. Wang contributed to study conception and design. Y.X. 
Hu, Y.F. Wang and J. Han collected, analyzed clinical data 
and wrote the manuscript. Y.X. Hu, and S.M. Liu were in-
volved in submitting and revising the paper. The final ver-
sion of manuscript was read and approved by all authors.

References

 1) Zini C, Bellini M, Masala S, Marcia S. Percutane-
ous Interspinous Spacer in Spinal-Canal-Steno-
sis Treatment: Pros and Cons. Medicina (Kaunas) 
2019; 55: 381. 

 2) Tapp SJ, Martin BI, Tosteson TD, Lurie JD, Wein-
stein MC, Deyo RA, Mirza SK, Tosteson ANA. 
Understanding the value of minimally invasive 
procedures for the treatment of lumbar spinal ste-
nosis: the case of interspinous spacer devices. 
Spine J 2018; 18: 584-592.

 3) Yolcu YU, Helal A, Alexander AY, Bhatti AU, Al-
vi MA, Abode-Iyamah K, Bydon M. Minimally In-
vasive Versus Open Surgery for Degenerative 
Spine Disorders for Elderly Patients: Experiences 
from a Single Institution. World Neurosurg 2021; 
146: e1262-e1269.

 4) 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 devices ver-
sus standard conventional surgical decompres-
sion for lumbar spinal stenosis: cost-utility analy-
sis. Spine J 2016; 16: 702-710.

 5) 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 spinal 
stenosis: a systematic review and meta-analysis. 
PLoS One 2014; 9: e97142.

 6) Schenck CD, Terpstra SES, Moojen WA, van 
Zwet E, Peul W, Arts MP, Vleggeert-Lankamp 

Table II (Continued). Clinical studies relevant to currently used and percutaneously placed interspinous stabilization devices.

     Research Evaluation 
 Authors Category Year Cases  case type items Conclusions

Hrabálek In-Space 2012  25 Prospective  Clinical and In-Space is an excellent
et al23    case study radiographic minimally invasive treatment
     outcomes with few postoperative
      complications.

Yingsakmongkol  In-Space 2014  56 Prospective Clinical and VAS scores for postoperative
et al24    case study radiographic low back pain decreased 
     outcomes significantly.

Bini et al26 Superion 2011 121 Prospective  Clinical Superion is an excellent option
    case  study outcomes for patients with mild to moderate
      lumbar spinal stenosis who have
      failed to conservative treatment.

Patel et al27 Superion 2015 391 Multicenter RCT Clinical  Superion is highly effective in the
     outcomes treatment of  moderate lumbar
      spinal stenosis.

Nunley et al28 Superion 2017  89 Multicenter RCT Clinical Superion has a satisfactory 
     outcomes  long-term clinical outcome for
      patients with mild to moderate
      lumbar spinal stenosis.

Welton et al29 Superion 2021 189 Retrospective   Clinical Complications were comparable
    case study outcomes between the two groups at 
      1 month postoperatively, with 
      a relatively increased probability
      of reoperation at 2 years 
      postoperatively in the 
      Superion group.



Y.-X. Hu, Y.-F. Wang, J. Han, S.-M. Liu, H. Wang

4250

CLA. Interspinous process device versus con-
ventional decompression for lumbar spinal steno-
sis: 5-year results of a randomized controlled tri-
al. J Neurosurg Spine 2021: 1-9.

 7) Pipola V, Gasbarrini A, Girolami M, Griffoni C, 
Zaccaro R, Barbanti Bròdano G. Isthmic spon-
dylolisthesis and interspinous process device. 
Hype, hope, or contraindication? Eur Rev Med 
Pharmacol Sci 2019; 23: 2340-2344.

 8) Kabir SM, Gupta SR, Casey AT. Lumbar interspi-
nous spacers: a systematic review of clinical and 
biomechanical evidence. Spine (Phila Pa 1976) 
2010; 35: E1499-1506.

 9) Song C, Li XF, Liu ZD, Zhong GB. Biomechanical 
assessment of a novel L4/5 level interspinous im-
plant using three dimensional finite element anal-
ysis. Eur Rev Med Pharmacol Sci 2014; 18: 86-
94.

10) Yue ZJ, Liu RY, Lu Y, Dong LL, Li YQ, Lu EB. Mid-
dle-period curative effect of posterior lumbar in-
tervertebral fusion (PLIF) and interspinous dy-
namic fixation (Wallis) for treatment of L45 degen-
erative disease and its influence on adjacent seg-
ment degeneration. Eur Rev Med Pharmacol Sci 
2015; 19: 4481-4487.

11) Palmer S, Mahar A, Oka R. Biomechanical and 
radiographic analysis of a novel, minimally in-
vasive, extension-limiting device for the lumbar 
spine. Neurosurg Focus 2007; 22: E4.

12) Nardi P, Cabezas D, Rea G, Pettorini BL. Aperi-
us perclid stand alone interspinous system for the 
treatment of degenerative lumbar stenosis: expe-
rience on 152 cases. J Spinal Disord Tech 2010; 
23: 203-207.

13) Fabrizi AP, Maina R, Schiabello L. Interspinous 
spacers in the treatment of degenerative lumbar 
spinal disease: our experience with DIAM and 
Aperius devices. Eur Spine J 2011; 20: S20-S26.

14) Galarza M, Fabrizi AP, Maina R, Gazzeri R, 
Martínez-Lage JF. Degenerative lumbar spinal ste-
nosis with neurogenic intermittent claudication and 
treatment with the Aperius perclid System: a pre-
liminary report. Neurosurg Focus 2010; 28: E3.

15) Menchetti PP, Postacchini F, Bini W, Canero G. 
Percutaneous surgical treatment in lumbar spinal 
stenosis with Aperius-perclid: indications, surgi-
cal technique and results. Acta Neurochir Suppl 
2011; 108: 183-186. 

16) Surace MF, Fagetti A, Fozzato S, Cherubino P. 
Lumbar spinal stenosis treatment with Aperius 
perclid interspinous system. Eur Spine J 2012; 21: 
S69-S74.

17) Casagrande J, Agosti E, Veiceschi P. How I do 
it: step-by-step bacjac™ posterior interspinous 
spacer placement. Acta Neurochir (Wien) 2020; 
162: 937-941. 

18) Irace C, Giannachi L, Amato V, Corona C. The 
BACJACTM Interspinous Device in the Treatment 
of Lumbar Spine Degenerative Disorders: A Pro-
spective Study and 2-Year Follow-Up Results. J 
Spine 2014; 03: 1000163.

19) Spallone A, Lavorato L, Belvisi D. Long-term Re-
sults for the bacjac Interspinous Device in Lum-
bar Spine Degenerative Disease. J Neurol Surg A 
Cent Eur Neurosurg 2019; 80: 3-7.

20) Masala S, Fiori R, Bartolucci DA, Volpi T, Cal-
abria E, Novegno F, Simonetti G. Percutaneous 
decompression of lumbar spinal stenosis with a 
new interspinous device. Cardiovasc Intervent 
Radiol 2012; 35: 368-374.

21) Masala S, Marcia S, Taglieri A, Chiaravalloti A, 
Calabria E, Raguso M, Piras E, Simonetti G. De-
generative lumbar spinal stenosis treatment with 
Aperius™ perclid™ system and Falena® inter-
spinous spacers: 1-year follow-up of clinical out-
come and quality of life. Interv Neuroradiol 2016; 
22: 217-226.

22) Kantelhardt SR, Török E, Gempt J, Stoffel M, Rin-
gel F, Stüer C, Meyer B. Safety and efficacy of 
a new percutaneously implantable interspinous 
process device. Acta Neurochir (Wien) 2010; 152: 
1961-1967.

23) Hrabálek L, Wanek T, Machač J, Vaverka M, Lang-
ová K, Kalita O, Krahulík D, Novák V, Houdek M. 
Perkutánní interspinózní dynamická stabilizace 
(In-Space) u nemocných s degenerativním on-
emocněním lumbosakrální páteře - prospektivní 
studie [Percutaneous interspinous dynamic sta-
bilization (in-space) in patients with degenerative 
disease of the lumbosacral spine - a prospective 
study]. Rozhl Chir 2012; 91: 311-316. 

24) Yingsakmongkol W, Chaichankul C, Limthongkul 
W. Percutaneous interspinous distraction device 
for the treatment of lumbar spinal canal steno-
sis: clinical and radiographic results at 2-year fol-
low-up. Int J Spine Surg 2014; 8: 32.

25) Loguidice V, Bini W, Shabat S, Miller LE, Block 
JE. Rationale, design and clinical performance of 
the Superion® Interspinous Spacer: a minimal-
ly invasive implant for treatment of lumbar spinal 
stenosis. Expert Rev Med Devices 2011; 8: 419-
426.

26) Bini W, Miller LE, Block JE. Minimally invasive 
treatment of moderate lumbar spinal stenosis 
with the superion interspinous spacer. Open Or-
thop J 2011; 5: 361-367. 

27) Patel VV, Nunley PD, Whang PG, Haley TR, 
Bradley WD, Davis RP, Block JE, Geisler FH. Su-
perion(®) interspinous Spacer for treatment of 
moderate degenerative lumbar spinal stenosis: 
durable three-year results of a randomized con-
trolled trial. J Pain Res 2015; 8: 657-662.

28) Nunley PD, Patel VV, Orndorff DG, Lavelle WF, 
Block JE, Geisler FH. Superion Interspinous 
Spacer Treatment of Moderate Spinal Stenosis: 
4-Year Results. World Neurosurg 2017; 104: 279-
283.

29) Welton L, Krieg B, Trivedi D, Netsanet R, Wessell 
N, Noshchenko A, Patel V. Comparison of Ad-
verse Outcomes Following Placement of Superi-
on Interspinous Spacer Device Versus Laminec-
tomy and Laminotomy. Int J Spine Surg 2021; 15: 
153-160.



Percutaneously placed lumbar interspinous stabilization devices

4251

30) Bonaldi G, Brembilla C, Cianfoni A. Minimally-in-
vasive posterior lumbar stabilization for degener-
ative low back pain and sciatica. A review. Eur J 
Radiol 2015; 84: 789-798.

31) Alexandre A, Alexandre AM, De Pretto M, Corò L, 
Saggini R. One-year follow-up of a series of 100 
patients treated for lumbar spinal canal stenosis by 
means of helifix interspinous process decompres-
sion device. Biomed Res Int 2014; 2014: 176936.

32) Kaye AD, Edinoff AN, Temple SN, Kaye AJ, Cha-
mi AA, Shah RJ, Dixon BM, Alvarado MA, Cor-
nett EM, Viswanath O, Urits I, Calodney AK. A 
Comprehensive Review of Novel Intervention-
al Techniques for Chronic Pain: Spinal Stenosis 

and Degenerative Disc Disease-MILD Percutane-
ous Image Guided Lumbar Decompression, Ver-
tiflex Interspinous Spacer, minuteman G3 Inter-
spinous-Interlaminar Fusion. Adv Ther 2021; 38: 
4628-4645.

33) mckenzie DM, Westrup AM, O’Neal CM, Lee BJ, 
Shi HH, Dunn IF, Snyder LA, Smith ZA. Robotics 
in spine surgery: A systematic review. J Clin Neu-
rosci 2021; 89: 1-7.

34) Sumdani H, Aguilar-Salinas P, Avila MJ, Barber 
SR, Dumont T. Utility of Augmented Reality and 
Virtual Reality in Spine Surgery: A Systematic 
Review of the Literature. World Neurosurg 2021: 
S1878-8750(21)01169-4.


