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ABSTRACT

Introduction: Lumbar degenerative disease and
the accompanying pain and dysfunction affect
a significant number of patients in the USA and
around the world. As surgery and innovation
are moving towards minimally invasive treat-
ments, this study looks to explore interspinous
fixation as a standalone posterior approach to
treat lumbar degenerative disc disease in the
presence of neurogenic claudication and spinal
stenosis.
Methods: This study was approved by an insti-
tutional review board (IRB) and is actively
enrolling in a single-arm, multicenter,

prospective, open-label fashion. Patients are
followed with reporting at 3 months, and
12 months for primary endpoint analysis of
efficacy and safety based on improved compos-
ite endpoints relative to baseline, with success
defined as greater than 20 mm back pain
reduction in Visual Analog Scale 100 mm (VAS)
while standing or walking, greater than
20 mm leg pain reduction in VAS while stand-
ing or walking, Zurich Claudication Question-
naire (ZCQ) improvement of 0.5 or greater in
two or three domains, Oswestry Disability Index
(ODI) improvement of a least 10 points and no
reoperations or revisions at the index level(s).
Secondary endpoints included a multidimen-
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sional assessment in the Patient-Reported Out-
comes Measurement Information System
(PROMIS) 29 v2.1 and Patient Global Impres-
sion of Change (PGIC).
Results: In this interim 3-month analysis, 82%
of patients reported they were improved from
the procedure, while 65% of patients demon-
strated clinical meaningful improvement in
their pain and function, as defined by the VAS,
ODI, and ZCQ. There was only one adverse
event and no complications were identified at
last clinic research follow-up visit.
Conclusions: This interim analysis of the first
20% of the enrolled patients out to 3 months
was to determine safety of the procedure and
report on adverse events, acknowledging the
heterogeneity of surgical specialty. Further fol-
low-up and greater numbers are needed as the
study is ongoing.
Trial Registration: ClinicalTrials.gov identifier,
NCT05504499.

Keywords: Degenerative disc disease; Spinal
stenosis; Neurogenic claudication; Interspinous
fixation

Key Summary Points

The treatment of lumbar spinal stenosis
has a large unmet treatment need that
bridges the gap between conservative
measures and invasive surgical
procedures.

This study was conducted to determine
the utility of using interspinous fusion
devices as a standalone therapy for the
treatment of lumbar spinal stenosis.

This publication demonstrates that the use
of this novel interspinous fusion device by
the interventional pain community is
both effective and safe at 3 months
follow-up.

INTRODUCTION

The landscape of spine surgery is changing. As
did the acknowledgement of minimally inva-
sive techniques to improve safety and at least
maintain efficacy of treatments for patients in
the cardiac space, the renaissance is also occur-
ring in the spine.

Degenerative disc disease is a common con-
dition of the aging spine, and may contribute to
a variety of painful symptoms, including
radiculopathy, neurogenic claudication, and
back pain. There are a number of mechanical
sequelae that result from these degenerative
processes of the intervertebral disc, which may
manifest in the anterior, middle, and posterior
columns of the spine. Symptoms of degenera-
tive disc disease can be successfully managed on
the spectrum of treatment options, from con-
servative measures such as physical therapy and
regional injection treatments, to more intensive
measures such as invasive surgical decompres-
sion and/or fusion options [1, 2].

The space in between was created to mini-
mize surgical complications and to avoid pro-
tracted recovery periods by looking for
minimally invasive options, including inter-
spinous spacers (ISS) or percutaneous image-
guided lumbar decompression, with debulking
of the ligamentum flavum, with excellent
results represented in multiple multicenter,
prospective, randomized comparative studies,
with follow-up out to 2–5 years [3, 4]. These
minimally invasive options bridge the gap
between conservative measures and more inva-
sive larger open surgical procedures. This can
potentially deliver options to those patients
who are not traditional surgical candidates sec-
ondary to medical comorbidities, or for those
wishing to avoid a more invasive option.

Determining approach is critical and patient
candidacy paramount in selecting the right
patient for the right therapy. Direct comparison
of 2-year results of ISS and decompressive
laminectomies found ISS offers a less invasive
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treatment that reduces the potential for
comorbidities, necessity for future operations,
and is less disruptive to the spinal anatomy
providing greater options for future surgical
interventions with equivalent clinical outcomes
[4]. The landmark multicenter SPORT trial
compared decompressive laminectomy to con-
servative non-operative care in patients with
spinal stenosis with neurogenic claudication
and found that the surgical group had signifi-
cantly greater improvement in pain and func-
tion at 4-year follow-up [5]. Further, a meta-
analysis of lumbar fusions for degenerative dis-
eases looked at patient reported outcomes from
65 studies including disability, pain scores, and
patient satisfaction. Fusion has been shown to
be evidenced for spondylolisthesis, and patients
who were randomly assigned to fusion care
were four times as likely to be satisfied, attained
34% greater pain relief, and saw a 40%
improvement of preoperative disability when
compared to those who received non-operative
care [2]. Evidence for fusion for stenosis without
spondylolisthesis is limited in this meta-analy-
sis; however, this did not distinguish among
fusion approaches.

Fusion did provide greater relief than non-
operative care in patients with chronic low back
pain without clinically significant stenosis or
spondylolisthesis [2]. Five randomized control
trials reported results with fusion between 16%
and 18% improved in terms of back and leg pain
as compared to non-operative care [2]. Anterior
interbody fusion (ABF) and posterolateral fusion
with pedicle screws (PLF) in patients with
discogenic low back pain resulted in a signifi-
cant decrease in Visual Analog Scale 100 mm
(VAS) pain scores, with greatest relief following
ABF, compared to conservative treatment [6].
To evaluate the use of a standalone interspinous
fixation device to offer a minimally invasive
option, but also increase the patients served by
allowing for fixation in patients that had
developed increased spondylolisthesis or micro
instability with facet joint fluid, this device may
offer a solution. Biomechanically, interspinous
fusion has been demonstrated to deliver
immediate flexion–extension balance and pro-
vide effective stabilization for arthrodesis while
preserving motion [7, 8]. Advantages include

small skin incisions, minimally invasive, mini-
mal muscle dissection, shorter operative times,
and favorable efficacy [9]. The use of inter-
spinous fusion (ISF) in solitary as a treatment
was performed by Postacchini et al. who
demonstrated in a prospective study that a
standalone ISF, with minimally invasive
decompression in stenotic patients showing
degenerative spondylolisthesis, provided fusion
and highly significant improvement in all out-
come measures at a 2-year follow-up [10].

This study will evaluate the effectiveness and
safety of the use of Aurora Spine ZIPTM MIS
Interspinous Fusion System and bone graft
material in single or two-level fusion in patients
with chronic low back pain that present with
degenerative disc disease (DDD) with concur-
rent neurogenic claudication. Devices included
in this study are the Aurora Spine ZIPTM

(Carlsbad, CA) MIS Interspinous Fusion System
and bone graft material. The device is a bilateral
locking plate system which attaches to the spi-
nous processes of the posterior noncervical
spine (T1–S1) from an interlaminar approach.
The implants have superior and inferior spinous
process articulations and a central bone graft
chamber. Specific to this interspinous fusion
system are certain biomechanical characteristics
such as prevention of extension by acting as a
rigid block in the interspinous space. Its rigid
structure immobilizes the posterior elements
including the lamina and spinous processes
reducing motion in all three spinal columns for
both flexion and extension. In conjunction
with autologous bone grafting via surgical
decortication and the use of exogenous allograft
the device can lead to bony fusion with rigid
interlaminar fixation, as well as indirect
decompression.

The Aurora Spine ZIPTM is used to treat DDD
(defined as back pain of discogenic origin with
degeneration of the disc confirmed by history
and radiographic studies), spondylolisthesis,
trauma (i.e., fracture or dislocation), and/or
tumor. The studied indication is lumbar
degenerative disease resulting in back pain with
lower extremity symptoms and neurogenic
claudication. The clinical benefits of inter-
spinous devices have been described in previous
studies based on certain biomechanical
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characteristics such as prevention of extension
by acting as a rigid block in the interspinous
space. The Zip device is a true fusion device with
a rigid structure designed to immobilize the
posterior elements including the lamina and
spinous processes in all planes of motion, as
well as to reduce motion in all three spinal
columns in both flexion and extension. In
conjunction with autologous bone grafting via
surgical decortication and the use of exogenous
allograft, we anticipate the device to lead to
bony fusion of the posterior column at similar
rates as pedicle screw fixation. Future data will
evaluate the rate of fusion resulting from rigid
interlaminar fixation with the Zip device.

METHODS

Designs and Sites

This clinical investigation is a prospective,
observational, open-label, non-randomized,
multicenter study. IRB approval was provided
by Western IRB (IRB #20211168). It is designed
to collect clinical follow-up data on patients
undergoing interspinous interlaminar fusion
with bone graft performed on an ambulatory
basis by interventional pain physicians, ortho-
pedic, and neurosurgeons. All patient data col-
lected were de-identified to provide patient data
confidentiality and compliance with the Dec-
laration of Helsinki. The protocol and IRB were
each approved by the local governing entities of
each involved institution. All enrolled subjects
provided voluntary written informed consent to
participate. Subjects were allowed to ask ques-
tions and were given a copy of the informed
consent.

Patient Population

Patients were enrolled in the study if they were
at least 18 years of age, have at least 1–2 symp-
tomatic lumbar degenerative disc disease at
adjacent levels, from T1 to S1, with or without
grade I spondylolisthesis, MRI with at least mild
to moderate spinal stenosis at the index level,
non-operative treatment for at least 3 months,

ZCQ physical function, greater or equal to 2.0 at
baseline as assessment, presence of neurogenic
claudication, baseline VAS of greater than
50 mm on a 100-mm scale. Baseline character-
istics are summarized in Table 2. Key exclusion
criteria included greater than a grade II
spondylolisthesis on flexion and extension
films with 3-mm instability or had previous
lumbar spine surgery. Subjects were recruited
from patients that presented to participating
sites who met all of the inclusion and none of
the exclusion criteria per protocol.

Interventions

After appropriate enrollment, as defined by the
research protocol, the patent underwent the
interspinous fixation (see anteroposterior
radiograph in Fig. 1). It has been previously
defined by Falowski et al. in a retrospective
study demonstrating safety and efficacy [11]. Of
note, prior to the procedure, all patients

Fig. 1 Anteroposterior radiograph of the deployment of
the interspinous fixation device
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received an authorization through their com-
mercial or government payer insurance prior to
completion of surgery.

Follow-up

Patients enrolled had appropriate imaging
reviewed and failure of conservative therapy as
defined in the protocol per principal investiga-
tor. The medical monitor served to approve all
patients enrolled and active. Patients were
identified and enrolled, implanted, and fol-
lowed immediately postoperatively as per stan-
dard of care by site, and scheduled visits
occurred at month 1, 3, 6, and 12. Enrollment
goal was set at 100 patients, with potential fol-
low-up out to 60 months.

Endpoints

Baseline demographic information and proce-
dural detail were captured.

Primary endpoints are to evaluate efficacy
and safety at 3 and 12 months based on
improved composite endpoints relative to
baseline, with success defined as greater than
20 mm pain reduction in Visual Analog Scale
100 mm (VAS) Back while standing or walking,
greater than 20 mm pain reduction in VAS Leg
while standing or walking, Zurich Claudication
Questionnaire (ZCQ) improvement of 0.5 or
greater in two or three domains, ODI improve-
ment of at least 10 points and no reoperations
or revisions at the index level(s).

The Oswestry Disability Index (ODI) [12] is
used to measure a patient’s permanent func-
tional disability and is considered the gold
standard of low back functional outcome tools.
This questionnaire was designed to provide
information as to how a patient’s back or leg
pain affects their ability to manage in everyday
life. For each of the 10 sections the total possible
score is 5. The score is a percentage calculated
by the total scored divided by 50 (total possible
score) 9 100. The interpretation of the scores is
described in Table 1.

The Zurich Claudication Questionnaire
(ZCQ) is a self-administered measure to evaluate
symptom severity, physical function, and

surgery satisfaction in lumbar spinal stenosis
(LSS). The ZCQ quantifies severity of symptoms,
physical function characteristics, and patient’s
satisfaction after treatment. The scale relates to
symptoms over the past month. There are 12
questions related to Symptom severity scale
(questions I–VII, possible range of score is 1 to
5) and Physical function scale (questions
VIII–XII, possible range of score is 1 to 4) and a
further six questions to measure treatment
outcome. The result is expressed as a percentage
of the maximum possible score, which increases
with worsening disability.

Secondary endpoints included a multidi-
mensional pain functional assessment as a
Patient Reported Outcome Measurement Infor-
mation System (PROMIS) 29 v2.1, Pain Impact
Score (calculated from the PROMIS 29), opioid
consumption related to study related pain,

Table 1 ODI assessment

0–20%: minimal

disability

The patient can cope with most living

activities. Usually no treatment is

indicated apart from advice on

lifting, sitting, and exercise

21–40%:

moderate

disability

The patient experiences more pain

and difficulty with sitting, lifting,

and standing. Travel and social life

are more difficult and they may be

disabled from work. Personal care,

sexual activity, and sleeping are not

grossly affected and the patient can

usually be managed by conservative

means

41–60%: severe

disability

Pain remains the main problem in

this group but activities of daily

living are affected. These patients

require a detailed investigation

61–80%: crippled Back pain impinges on all aspects of

the patient’s life. Positive

intervention is required

81–100% These patients are either bed-bound

or exaggerating their symptoms
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health care consumption, and imaging analysis
at 12 months, and global impression of change
relative to baseline at 3 and 12 months (PGIC).

The PROMIS 29 is a validated 29-item profile
instrument that assesses eight universal
domains (not disease-specific): physical func-
tion, anxiety, depression, fatigue, sleep distur-
bance, ability to participate in social roles and
activities, pain interference, and pain intensity
[13–18]. The first seven domains are assessed
with four questions each; pain intensity is
measured with a single 11-point numeric rating
scale (NRS) from 0 (no pain) to 10 (worst
imaginable pain). High scores represent more of
the domain being measured. Thus, on symp-
tom-oriented (negatively worded) domains of
PROMIS 29 (anxiety, depression, fatigue, pain
interference, and sleep disturbance), higher
scores represent worse symptomatology. On the
function-oriented (positively worded) domains
(physical functioning and social role) higher
scores represent better functioning. The Pain
Impact Score (PIS) is a derivative of the
PROMIS 29 that ranges from 8 (low impact) to
50 (high impact). The PIS is calculated by add-
ing the raw scores for pain intensity [0–10] and
pain interference [4–20] along with the inverted
raw score for physical function [4–20].

Statistical Analysis

For patient self-reported assessments including
the VAS, ODI, PROMIS 29, PGIC, and quanti-
tative outcomes, paired t test was performed.
Analysis of variance (ANOVA) regression anal-
ysis was utilized to identify and verify the cor-
relations reported. The data analysis was
performed utilizing IBM SPSS statistics.

RESULTS

Eight centers participated in the study, span-
ning neurosurgery and interventional pain
management specialties, with enrollment that
began on March 21, 2021 and is currently
actively enrolling.

Table 2 Baseline characteristics

Age (mean) in years, mean (SD) 69.68

(11.28)

Female, n (%) 20 (53%)

Visual Analog Scale (VAS)

Back pain, mean (SD) 75

Leg pain, mean (SD) 74

Oswestry Disability Index (ODI), mean (SD) 48 (16)

Zurich claudication questionnaire

ZCQ Back, mean (SD) 7.4 (1.8)

ZCQ Leg, mean (SD) 7.3 (2.4)

ZCQ symptom severity, mean (SD) 3.49

(0.75)

ZCQ physical function, mean (SD) 2.89

(0.42)

Tobacco use

Yes 34%

No 57%

Unknown 9%

Employment status

Retired 50%

Employed 38%

Disabled 3%

Unemployed 9%

PROMIS 29v2.1

PROMIS SF v1.0 Pain Interference 4a,

mean (SD)

67.1 (3.9)

PROMIS SF v1.0 Sleep Disturbance 4a,

mean (SD)

55.8 (8.9)

PROMIS SF v1.0 Fatigue 4a, mean (SD) 58.8 (9.4)

PROMIS SF v1.0 Anxiety 4a, mean (SD) 50.7 (9.5)

PROMIS SF V1.0 Depression 4a, mean

(SD)

51.2

(10.8)

PROMIS SF v2.0 Ability to Participate in

Social Roles and Activities 4a, mean (SD)

36.3 (5.9)
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Patient Population

Baseline characteristics are summarized in
Table 2.

Patient Activity

This data represents an interim analysis of safety
and efficacy at 3 months in an ongoing study.
Future analysis will report on the complete data
set of this multicenter, prospective, single-arm
study. Currently there are 54 active patients, 11
terminated patients and 32 implanted. Nine-
teen represent nearly a fifth of the goal enroll-
ment. See Fig. 2. This represents a single-arm,
prospective, multicenter study with follow-up
anticipated with primary endpoint at 3 months
and 12 months, with follow-up out to 5 years.

Surgical Information

Surgical data was acquired and verified. Please
see Table 3.

Clinical Outcomes

Patient’s pain intensity was measured using a
VAS 100 mm, documented from baseline as a
difference to document change for back and for
leg (Fig. 3), with success defined as greater than
20 mm reduction while standing and walking.
Success according to ZCQ was defined as as an
improvement from baseline of 0.5 or greater in
two or three domains, while the ODI improve-
ment of at least 10 points and no reoperations
or revisions at the index level(s). Figure 4 shows
the ODI improvement results. Table 4 summa-
rizes the outcome measures.

Secondary endpoints included a multimodal
assessment including a PROMIS 29 v2.1 and

Table 2 continued

PROMIS SF v1.0 Physical Function 4a,

mean (SD)

32.5. (2.9)

Enrollments 
N = 72 

Inves�gator Terminated (N=1) 
Lost to follow up (N=1) 
Withdrew consent (N=4) 
Inclusion/Exclusion (N=3) 
Insurance denial (N=1) 
Pending Implant (N=25) 

Ac�ve 
Implants  

N = 37 Inclusion/Exclusion (N=1) 
Pending I month visit (N=6) 

1 Months 
N = 30 Inclusion/Exclusion (N=2) 

In-between 1m & 2m Visit = 11

3 Months 
N = 17 

Fig. 2 Study-related activity

Table 3 Surgical characteristics

Specialty of surgeon

Pain physician 63%

Neurosurgeon 37%

Index level of treatment

L1–2 1

L3–4 16

L4–5 15

L5–S1 1

Single or adjacent treatment

Single level 31

Adjacent level 1

Fluoroscopy time in mins, mean (SD) 1.4 (1.4)

Hospital length of stay in days, mean (SD) 0 (0)

Anesthesia type

MAC (monitored anesthesia care) 44%

General 56%
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PGIC investigating patient satisfaction and
global impression of change (Tables 5, 6).

Safety Analysis

Adverse events were monitored throughout the
study activity, including worsening pain,
infection, hardware malfunction, and bleeding
(Table 7). All AEs were recorded and the likeli-
hood of relation to the treatment procedure or

device. One patient had worsening pain after
surgery, which resolved completely with no
interventions required.

DISCUSSION

This data represents the first prospectively
acquired data set for use of a standalone fixation
device for the treatment of degenerative disc
disease in the presence of neurogenic claudica-
tion and symptomatic spinal stenosis. This
study is active and enrolling, with the goal of
100 patients at 3 months and 12 months, and
planned follow-up to 5 years. The data pre-
sented an interim analysis at 3 months to eval-
uate safety and efficacy.

A. 

B. 
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Fig. 3 Tornado graph of pain intensity change from
baseline at 3 months for back (a) and leg (b)
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493
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363

390

593

3 Month Improvement

Fig. 4 Tornado plot of percentage ODI improvement
from baseline pain at 3 months

Table 4 Pain and functional outcome measures as pri-
mary endpoints

VAS

Back baseline, mean (SD) 75

Average improvement, mean (SD) 33 (31.6)

(p\ 0.001) 0.000544

Improvement[ 20 mm, n (%) 10 (58%)

Leg Baseline, mean (SD) 74

Average improvement, mean (SD) 32 (30.7)

(p\ 0.001) 0.000542

Improvement[ 20 mm, n (%) 10 (58%)

ZCQ

Back change 3.3

Leg change 3.3

Symptom severity change 1.17

Physical function change 0.74

ODI

Baseline, mean (SD) 48 (16)

Average improvement, mean (SD) 17 (15)

(p\ 0.001) 0.000246

Improvement[ 10, n (%) 12 (70%)
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The interspinous fusion therapy as a stan-
dalone therapy has never been studied in a
prospective multicenter fashion. The Coflex is
an interlaminar device approved in the lumbar
spine from L1 to L5 and includes a decompres-
sion before stabilization with the device. It was
studied in a multicenter randomized control
trial in comparison to decompression with
pedicle screws and represented the Coflex as a
viable alternative to pedicle screw fixation to
treat lumbar spinal stenosis when combined
with decompression [19]. The Aurora device
does not require direct decompression.

The PrimaLOK device was studied retrospec-
tively in 53 patients to treat spinal disorders,
including stenosis, herniated disc, degenerative
disc disease, and spondylolisthesis, with a
22-month follow-up on average with pain index
score rating from 7.17 to 4.48, suggesting that
the use of an independent interspinous fusion
system could provide similar results to a pedicle
screw instrumentation or interbody cage [20].
This study did not represent a standalone sys-
tem, unlike the Zip device. These were reviewed
in a MIS technology review [21].

Spinal stenosis in the presence of neurogenic
claudication can be treated with many treat-
ments, including surgical decompression with
laminectomy, with or without fusion, epidural
injection, percutaneous image guided lumbar
decompression, or interspinous spacer, to name
a few. The interspinous spacer (ISS) is different
than the interspinous fusion (ISF), as this is an
indirect decompression strategy that also offers
stabilization by fusion. This was discussed with
the patient during the surgical discussion.

Regarding patient safety, there was one
adverse event reported, with none that were
device or surgery related. Given that this pro-
cedure was performed by both neurosurgeons
and pain physicians, with the majority being
performed by the pain physicians, this data
demonstrates the safety of the procedure at
3 months.

Pain intensity reduction, functional
improvements, and patient satisfaction
demonstrate benefit with the procedure from
baseline. Indeed, 82% of the patients reported
they were improved from the procedure. Nearly
65% patients achieved the benchmark of

Table 5 PROMIS 29 v2.1 table of mean improvement in
scores at 3 months from baseline

PROMIS 29 v2.1 Mean (SD);
p value

PROMIS SF v1.0 Pain Interference 4a 7.9 (9.1);

0.003

PROMIS SF v1.0 Sleep Disturbance 4a 7.9 (9.8);0.004

PROMIS SF v1.0 Fatigue 4a 9.2 (10.9);

0.003

PROMIS SF v1.0 Anxiety 4a 2.9 (8.3);

0.174

PROMIS SF V1.0 Depression 4a 4.7 (8.9);

0.045

PROMIS SF v2.0 Ability to Participate

in Social Roles and Activities 4a

7.4 (7.3);

0.001

PROMIS SF v1.0 Physical Function 4a 4.8 (5.7);

0.003

Table 6 PGIC assessment for patient cohort and interim
analysis at 3 months

PGIC score (description) n,
(%)

Number of patients
n (%)

1. Very much improved 3 (18%)

2. Much improved 6 (35%)

3. Minimally improved 5 (29%)

4. No change 2 (12%)

5. Minimally worse 1 (6%)

Table 7 Adverse events

Adverse events

Total AEs 1

SAEs 0

Mortality 0

Ongoing AEs 0

Completed SAE/AEs 1

Device or procedure related SAE/AEs 0
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treatment success, and although only 3 months
in, which clearly suggests immediate improve-
ment from the procedure. All but three patients
were self-reported improved by the procedure,
while functional improvement was noted for
65% patients with improvement in ZCQ for
symptoms and function. Functional improve-
ment, as measured by ODI improved by 17, on
average.

As stated, the PROMIS 29 v2.1 is a multidi-
mensional tool with domains of pain intensity,
function, sleep, and the psychological effects of
dysfunction. Pope et al. reported on patients
presenting to spine and pain centers across the
USA, benchmarking typical scores across the
PROMIS 29 v2.1, and typical of the population
represented here [22]. Higher scores indicate
more disability for negatively worded instru-
ments, whereas higher scores demonstrate
improvement for positively worded instru-
ments. There was a mean improvement from
baseline for the PROMIS 29, with statistical
significance, for all but anxiety and depression.
Overall, all but three patients self-reported sat-
isfaction with the procedure, measured by the
PGIC.

Limitations

Limitations to the study include being a single-
arm, prospective study investigating the safety
and efficacy of a device for spinous process fix-
ation to treat degenerative disc disease in the
face of neurogenic claudication and spinal
stenosis. It is not a randomized study. Further,
the patient cohort was limited to those
approved for the procedure.

CONCLUSIONS

This interim data analysis of approximately a
fifth of the patient recruitment goal serves as a
planned safety analysis of the procedure. As
most surgical complications occur within the
first 90 days, our analysis reveals that the first
consecutive 17 patients enrolled in this study
show no device-related complications, suggest-
ing safety in the hands of both neurosurgeons
and interventional pain physicians. Further,

pain intensity, function, sleep, anxiety, fatigue,
pain interference, physical function, and social
participation also demonstrated improvement.
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