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Abstract

Background: Lumbar degenerative disc disease is one of the most common conditions associated with chronic
low back pain. IntraSPINE® is a novel inter-laminar device that allows more physiological rocking-type movements
in flexion and extension.

Aim: To evaluate the results of patients with symptomatic Lumbar degenerative disc disease treated with an
IntraSPINE® device and followed up over a 3-year period.

Materials and Methods: A Prospective longitudinal research study involving patients with imaging-confirmed
Lumbar degenerative disc disease in whom conservative treatment was unsuccessful. Outcome measures were
changes over baseline score on the Oswestry Disability Index (ODI), and low back and radicular pain assessed at
6, 12, 24 and 36 months postoperatively. Overall success, a composite outcome that included key safety and clinical
considerations, was assessed. Secondary outcomes included satisfaction with symptoms, employment status and
post-surgery medical interventions. To compare differences in longitudinal clinical score patterns over 36 months,
a mixed-effect model ANCOVA with repeated measurements was performed, with adjustment for low back and
radicular pain score and ODI score at baseline.

Results: 231 patients were recruited and 180 completed the study. A significant improvement in ODI score
(p=0.0597), as well as in VAS (Visual Analogue Scale) scores for back (p= 0.0228) and leg pain (p<0.0001) was
observed during the follow-up. For ODI score, the mean percentage decrease from inclusion to month 36 was
64.5%. These scores were respectively 66.2% for radicular pain and 46.4% for low back pain. In 73% of cases,
surgery was considered successful. 89% of working patients returned to work and 68% of patients were very
satisfied at month 12. Only four patients presented intraoperative complications.

Conclusion: Patients treated with IntraSPINE® showed significant and clinically meaningful improvements in
disability and pain for up to 36 months. The results of this study also demonstrated very satisfactory safety data.

Keywords: spine surgery, IntraSPINE®, interlaminar device, degenerative lumbar disc disease, low back pain
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Introduction

A variety of diseases can cause low back pain (LBP), one of which is
degenerative lumbar disc disease (DDD)[1]. When conservative
treatment fails, surgery may be considered. Although the rationale for
surgery is often unclear, and despite the lack of convincing evidence
regarding the effectiveness of surgery in the treatment of symptomatic
DDD, the number of surgical procedures performed is continually
increasing [2,3]. Yet the presence of LBP and DDD can support the
placement of an interspinous device (ISD) [4-8].

The reported indications for ISDs are diverse and include degenerative
spinal stenosis, discogenic LBP, facet syndrome, disc herniation and
instability [9,10].

IntraSPINE® is a novel device that, unlike interspinous positioned
implants, is unique in being placed more anteriorly in an interlaminar
position, closer to the normal center of rotation of the motion segment
[11,12]. Mechanical advantages are thus conferred over more posteriorly
positioned devices through the possibility of more physiological ‘rocking’
type movements in flexion and extension [13,14]. This enables
IntraSPINE® to off-load the facet joints in extension without blocking
movement. Having a more anteriorly placed fulcrum also helps control
excessive flexion movements by virtue of an improved lever arm in
conjunction with an intact posterior tension band [15].

The aim of this three-year prospective study is to report the results of
patients with symptomatic DDD who were treated using an IntraSPINE®
device. After a follow-up period of 36 months, we evaluated the clinical
and safety results of the IntraSPINE® device in the treatment of DDD
patients.

Materials and Method

Copy rights@ Doan Co-Minh et.al.

A prospective study was performed throughout the period from
November 21, 2012 to December 20, 2017. It was conducted at 4 French
clinics specializing in spinal surgery and involved one surgeon at each
clinic. Patients were recruited from November 21, 2012 to December 1,
2014.

Patients with symptomatic LBP and / or radicular pain, with imaging
confirmed DDD at one or two levels in whom conservative treatment was
unsuccessful, and who had undergone surgery using IntraSPINE® were
included. Inclusion diagnoses were: lumbar disc herniation (LDH),
foraminal stenosis and facet joint syndrome. Non-inclusion criteria were:
aged < 18 years, allergy to one of the components of the implant,
pregnancy, infected site and patients with known isthmic
spondylolisthesis or spinal dysraphism.

Eligible patients with a diagnosis of DDD were informed about the study
and, after providing written consent, each patient was enrolled. Patients
were evaluated at 6, 12, 24 and 36 months postoperatively and all
underwent a postoperative MRI.

Investigational Device: The IntraSPINE® is a dynamic interlaminar
device made of medical dimethyl siloxane and covered with pure
polyethylene terephthalate. The front surface is coated with a silicone film
to prevent the formation of adhesions in the region of the yellow ligament
or dura mater [16,17] (Figure 1). The device is available in five sizes (8,
10, 12, 14 and 16 mm) for optimal accommodation of the interlaminar
space. IntraSPINE® is CE marked (March 2007) and made of materials
allowing it a permanent duration of use or contact with the body.

The implant is compressed within the interlaminar space resulting in an
immediate stable interference-type fit. Soft tissue in- and on-growth
further secures the implant over time.

Anti-adhesion sheeting

Strong anterior distraction

Soft posterior shock absorber

Anti-migration system

Figure 1: Image of the IntraSPINE® device (Source: Cousin Biotech).

Surgical Technique: All the participating clinics performed
comparable routine spine surgical procedures as described on the
manufacturer’s guidelines. All operations were performed under general
anesthesia in the prone position with appropriate positioning precautions
and hips and knees flexed.

Implanting IntraSPINE® is performed according to the following
technique: incision of the interspinous ligament, trying to preserve the
supraspinatus ligament. The distractor provided is used to improve access
to the interlaminar space. Metal trials that are also available in 5 sizes are
used to accurately size the interlaminar space.

The selected implant is briefly immersed in saline and then compressed
with a simple holder which narrows the cranio-caudal dimension of the
implant to facilitate simple lateral insertion.
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Data collection

All data were collected using Quanta view eCRF and the Evamed
database. Baseline evaluations, including basic demographic data and
employment status, were conducted before surgery. Disc degeneration
was assessed using the Pfirrmann grading system.

Furthermore, surgical data were collected. Variables of interest including
discharge disposition, length of stay and post-surgical complication were
also obtained from patient’s charts and physician’s notes.

Clinical Outcome Measures

Assessments of disability status and pain
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Disability functional assessment was measured using the Oswestry
disability index (ODI)[18], both preoperatively and at 6, 12, 24 and 36
months of postoperative follow-up.

Low back and radicular pain were also assessed on a visual analogue scale
(VAS)[19] at each visit on a horizontal 100-mm scale ranging from 0 mm,
“no pain”, to 100 mm, “the worst pain imaginable”. Patients were not
shown the records of their earlier assessments.

Success was achieved if postoperative improvement at month 36 in terms
of ODI score was at least 30%, and in the absence of complications,
including revision surgery (reoperation) at the treated level, removal of
the implant, infection or re-herniation or any other adverse event related
to surgery or the device.

Post-surgery and satisfaction data

Secondary measures included patient work status and return-to-work data.
Other medical interventions, including medication use and physical
therapy were collected. The Likert scale was used to assess the grade of
satisfaction with current symptoms and with care (1: Not satisfied at all,
4: Very satisfied).

Complications

A systematic assessment of complications including infection, hematoma,
deep venous thrombosis, vascular injury, was carried out. Moreover,
surgeons were asked to record intraoperative complications such as
cerebrospinal fluid leakage. Throughout the entire course of the study,
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information was also collected on Adverse Events (AEs) and Serious
Adverse Events (SAEs) occurring at any time point. Recurrent lumbar
disc herniation (at the operated level) was also taken into account.
Recurrent herniation was confirmed using MRI and classified as either
symptomatic re-herniation (painful and requiring surgery) or non-
symptomatic re-herniation (confirmed by MRI but not requiring
reintervention).

Statistical analysis

Data analyses were performed using SAS Version 9.4 (SAS Institute,
Cary, NC USA software). Data are presented as median and interquartile
ranges (25th-75th percentiles) for continuous variables and number
(percentage) for categorical variables.

To compare differences in longitudinal clinical score patterns over 36
months, a mixed-effect model ANCOVA with repeated measurements
was performed, with adjustment for low back and radicular pain score and
ODiI score at baseline.

Safety data were described over the study period (number, seriousness,
outcomes, and causal relationship with IntraSPINE® implant). Two-sided
tests with type I error a = 0.05 were applied to all analyses.

Results

A total of 231 patients were included in the study. Of these, 180 (78%)
completed the study with an average follow-up of 2.7 years (Figure 2:
study flow chart).

Patients who received surgical
intervention using IntraSPINE® device

N=231
Drop out
‘ Visit not done N=2 N=2
Visit month 6
N=227
Drop out
‘ Visit not done N=4 N=10
Visit month 12
N=215
Drop out
N=24
Visit month 24
N=195
Drop out
—
N=15

‘ Visit month 36

N=180

Figure 2: Patient flow chart
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Baseline characteristics of the 231 included patients are shown in Table
1. Median age was 49 years (Q1; Q3: 40; 61). The majority of patient
being male (58.9%) and employed (62 %). A median work stoppage of
30 days (Q1; Q3: 30; 90) was prescribed for 71/139 (51 %) employed
patients. Disc herniation was the most common reported diagnosis (63%).

Copy rights@ Doan Co-Minh et.al.

About 83% of the patients had degenerative disc disease at a single level,
with L4/5 being most commonly affected (59%).

Among patients, 59 (31%) were classified as Pfirrmann Grade Il. Drug
therapy before surgery was prescribed for 99 % of patients and 76 % had
physical therapy.

Characteristics Missing
data
Age (years), Median [Q1; Q3] 49 [40 ;61]
Age at onset of symptoms (years), Median [Q1; Q3] 48 [38; 59]
Symptom duration (years), Median [Q1; Q3] 1[0.9; 2]
Sex N (%)
Male 136 (59)
Female 95 (41)
BMI (Kg/m?), Mean (SD) 25[16 ;42]
Employment status, N (%) 8
Retired 61 (27)
Without employment 23 (10)
Hard physical work 84 (38)
Sedentary work 55 (25)
Diagnosis, N (%)
Disc herniation 146 (63)
Foraminal stenosis 36 (16)
Facet syndrome 6 (3)
Mixed pathology 33 (14)
Other 10 (4)
Number of Level affected, N (%)
One 191 (83)
Two 40 (17)
Level of degenerative disc disease, N (%)
Level 1
L1-L2 0(0)
L2-L3 6(3)
L3-L4 37 (16)
L4-L5 136 (59)
L5-S1 52 (22)
Level 2 (N=40)
L3-L4 3(8)
L4-L5 18 (45)
L5-S1 19 (47)
Pfirrmann Grade, N (%) 39
Grade | 36 (19)
Grade Il 59 (31)
Grade 111 46 (24)
Grade IV 28 (14)
Grade V 23 (12)
Surgical history at spinal level, N (%) 17 (7) 4
Surgical history on the affected level 5/17 (29)
Clinical symptomatology®, N (%)
Low back pain or radicular pain 217 (94)
Nerve Root pain 225 (97)
Intermittent neurogenic claudication 25 (11)
Deficit signs 36 (16)
Conservative treatment applied @, N (%) 3
Drug therapy 226 (99)
Physical therapy 174 (76)
Rigid or semi-rigid lumbar belt 80 (35)
Infiltration 158 (69)

(@) The total percentage may exceed 100% because some patients can have more than one category.

Table 1: Baseline characteristics of study participants (N=231)
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Surgical data are presented in Table 2. 87% of patients had single-level
surgery and implantation, and the remaining 13% had two-level surgery
with two devices being implanted.

The median operating time was 40 minutes (Q1, Q3: 35, 60). Median
blood loss was 50 ml (Q1, Q3: 20,100).

Hospitalization was required in 97% of patients, with a median hospital
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stay of 4 days (Q1, Q3: 3, 5). Day case surgery was achieved in 6 patients
(3%).

Most patients (220, 96%) were discharged home with routine
postoperative care. Routine drug therapy, comprising analgesics,
psychotropics or non-steroidal anti-inflammatory drugs, was prescribed
for 174 (79 %) of these patients during the immediate postoperative
period.

Characteristics Missing data
Instrumentation level, N (%)
One 201 (87)
Two 30 (13)
Operation time, minutes, Median [Q1; Q3] 40 [35; 60]
Length of stay (days), Median [Q1; Q3] 4[3;5]
Estimated Blood Loss (ml), Median [Q1; Q3] | 50 [20,100]
Type of caring after surgery, N (%)
Hospitalization 224 (97) 1
Ambulatory 6 (3)
Implant size, N (%)
8 mm 161 (70)
10 mm 41 (18)
12 mm 20 (9)
14 mm 73)
16 mm 1(0)
Immediate postoperative care, N (%)
Not required 10 (4) 1
Required @ 220 (96)
Drug therapy 174 (79)
Rigid or semi-rigid lumbar belt 100 (45)
Physical therapy 20 (9)

(a) The total percentage may exceed 100% because some patients can have more than one category.

Table 2: Surgical data

Success was observed in 73 %, C195% [66 %; 79 %] of the patients
completing 36 months of follow-up. The observed mean scores over
time for the individual efficacy variables, including ODI, low back pain
and radicular pain, are shown in Figure 3. A significant improvement
over baseline was observed for all of these variables. A decrease in
scores between 6 and 24 months postoperatively was followed by an
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increase from 24 to 36 months. Radicular pain showed a greater
improvement over time compared to low back pain (mean percentage
decrease from inclusion to month 36 was respectively 66 % and 46 %).
Regarding the ODI score, the mean percentage decrease from inclusion
to month 36 was 64 %.
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Mixed effects models with repeated measures were constructed to compare differences in longitudinal clinical score patterns over 36 months, with
adjustment for Oswestry Disability Index score and low back/radicular pain scores at baseline

Figure 3: Evolution of A) Oswestry Disability Index score, and B) low back pain score and radicular pain score from pre-operative time to month 36
post surgery.

Of the 139 working patients, 89% returned to work after surgery. Median
time to return to work was 3 months (Q1; Q3: 2; 5). There was no
difference regarding time to return to work between sedentary and hard
physical workers (respectively 3 months and 3.6 months, p-value=0.2).

At 6 months, 41 (19%) patients required concomitant treatment, while
respectively 34 (18%), 22 (14%) and 20 (20%) required concomitant
therapy at 12, 24 and 36 months.

As for global satisfaction, 51 (29%) and 118 (68%) patients were
respectively satisfied and very satisfied with their current symptoms and
with care at month 12. Levels of satisfaction were very similar at 36
months (31% and 64%).

Table 3: summarizes the safety data. Four patients had an intraoperative
complication comprising cerebrospinal fluid leakage. 138 (60%) patients
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presented at least one AE. Of a total of 226 reported AEs, 7 were related
to the surgical procedure and 5 to the IntraSPINE® device itself,
consisting of adjacent segment degeneration.

In 47 patients (20%), at least one SAE was reported. Of a total of 58
reported SAEs, causal relationship with the IntraSPINE® device or the
surgical procedure was reported for only 3 SAEs: one case required
arthrodesis following removal of the implant, one case involved suspected
deep infection, and one case comprised neuropathic pain. In the latter two
cases, the implant was removed. Only one proven case of infection was
reported. A single reoperation occurred in 26 (11%) patients, with one
patient requiring 2 operations. Of the 146 patients with disc herniation, 24
(16%) presented re-herniation or persistent herniation at the level of the
device. 16 / 146 patients (11%) required further surgery.
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Characteristics

AE

Total AEs, N 226

Classification, N
Reoperation 26
Recurrence” 24
Pain related to the instrumented level 72
Neurological signs related to the instrumented level 4
Surgery on a different level 3
Discopathy on a different level 6
Pain related to a different level 4
Surgery on another spine level 4
Discopathy on another spine level 1
Pain related to another spine level 19
Surgery on another organ than spine 6
Pathology related to another organ than spine 17
Pain related to another organ than spine 19
Other

SAEs 22

Total SAEs, N 58

Patients with > 1 SAE, N (%) 47 (20)

Number of SAEs , Moy (SD) 1(1)

Min, max

Safety outcomes 1, 3

Reoperation, n/N (%) 26/321 (11)

Reherniation, n/N (%) 24/1462 (16)

Symptomatic reherniation 16/24 (67)
Non symptomatic reherniation 8/24 (33)

AE: Adverse Event, SAE: Serious adverse Event, a: 146 patients with disc herniation
*1 patient whose recurrence and reintervention were reported as a single AE

Table 3: Safety endpoints

Discussion

We report a national multicenter observational prospective study on the
effects of a novel interlaminar device, “IntraSPINE®”, in a cohort of
patients presenting DDD.

Our study found that complications related to surgery or to the device
were very few, with only four patients presenting intraoperative
complications (spinal fluid leak) which were unrelated to specific use
of IntraSPINE®. This is consistent with the results of Leeet al who
reported no complications such as myocardial infarction, pulmonary
embolism, cerebrovascular accident, acute renal failure, mortality, deep
venous thrombosis, ileus or urinary tract infection[20].

It is widely accepted that lumbar degenerative disc disease (DDD), as
characterized by disc dehydration and loss of disc height, is one of the
most common conditions associated with and predisposing to chronic low
back pain [21,22].

Among options in treating symptomatic DDD, the inter-spinous devices
ISD may be used to try and restrict painful motion.Inter-spinous space
distraction may contribute to indirect decompression of the neural
foramen and spinal canal but at the expense of lordosis. Theoretically, this
enlarges the neural foramen in patients with spinal stenosis and
neurogenic claudication [23]. However, inducing segmental kyphosis
with any form of instrumentation would generally be considered a
disadvantage and to be avoided. Also, a posteriorly placed interspinous
implant is at a mechanical disadvantage in controlling abnormal flexion
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movement and is therefore less likely to be effective in ‘protecting’ the
disc and reducing discogenic back pain.

The limitations of ISDs led to the development of the interlaminar device
IntraSPINE® with its unique anterior positioning in the inter-laminar
space [24] . IntraSPINE® provides both a fulcrum and support through the
middle column of the spine, thereby contributing to the spine’s passive
subsystem of stability. This unique positioning closer to the instant axis
of rotation and nearer the sagittal axis of the facet joints allows the implant
to more effectively off-load the facet joints in extension[13,20-26].

Also, an intact posterior tension band enables control of abnormal or
excessive flexion movement, thereby ‘protecting’ the degenerate disc. In
this way, IntraSPINE® has the potential to mitigate both facet and
discogenic pain [24,27].

In this study, IntraSPINE® showed very good results, with an
improvement in ODI score and in VAS back and leg pain scores during
follow-up. The reduction in pain appeared to persist for two years,
although scores increase slightly from 24 to 36 months, but nevertheless
remained lower than baseline values. These results were also observed in
the systematic review by Parker et al. in which the short-term and long-
term incidence of recurrent back pain after primary single-level lumbar
discectomy ranged from 3% to 34% and 5% to 36%, respectively[28] .

These results appear consistent with those in studies about ISD. Buric et
al. showed that the outcomes after surgery using DIAM device were best
between 6 and 24 months postoperatively followed by an increase in VAS
scores from 24 to 48 months [29] . Despite this increase, VAS scores
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remained significantly lower than the baseline values. Considering these
results, ILD could very well be proposed as an alternative to ISD.

The efficacy of this interlaminar device, in addition to standard
microdiscectomy, in preventing recurrence of LBP has already been
published[15]. The rationale for using this interlaminar device in
conjunction with discectomy to reduce the incidence of post-discectomy
back pain is the ability of the prosthesis to slow down disk-space collapse
and control abnormal patterns of movement or micro-instability [30].

Our results show that 89% of active patients returned to work after surgery
within an average of 3 months. Moreover, day case surgery was achieved
in almost 3% of cases. Healthcare costs for LBP are increasing
rapidly[31]. Direct and indirect costs of LBP associated with loss of
earnings or changes in productivity are very high [32,33]. Hence, it is
essential to develop treatments that are both clinically effective and, no
less importantly, cost effective.

In this study, 16/146 (11%) of patients with disc herniation experienced
symptomatic postoperative disc re-herniation. This result is consistent
with the literature, which reports re-herniation rates of between 5 and 18%
[34-36]. Regarding this aspect, since the IntraSPINE® maintains close to
normal movement of the affected segment, it behaves just like a “normal”
segment and thus with the same probability of recurrences. Although in
theory IntraSPINE® has the potential to reduce disc re-herniation by
abolishing excessive flexion movement and protecting the disc [37], a
study in a significantly larger patient population is needed to achieve the
requisite statistical power to provide proof. In addition, some experts are
of the opinion that re-herniation occurred due to the relatively small size
of the implants (8 mm), but this hypothesis remains to be confirmed too.

Regarding the further surgery, IntraSPINE® did not manage to rule out
this factor. According to the experience of the surgeons who took part in
the study, in the rare event that removal of the IntraSPINE® is necessary
to gain access to the spinal canal, the device is easily removed without
damaging the surrounding soft tissues, bone or dura mater. This is because
IntraSPINE® is coated with a film of non-adherent silicone on the surface
in contact with the dura mater or yellow ligament, effectively preventing
the formation of adhesions to these layers.

The material composition of IntraSPINE®, comprising a silicone core and
an outer shell reinforced by continuous wound PET fiber, is similar to ISP
devices such as DIAM[29] or synthetic intervertebral disc prostheses
[38]. According to the authors of the latter report, the combination of these
materials represents a composite that mimics the architecture of the
intervertebral disc and presents similar viscoelastic properties, making the
device able to support/replace the function of the disc itself [38].

One limitation of our study was possible bias related to the fact that this
was an observational study. The absence of a control group receiving
standard care (surgery) without device insertion prevented us from
confirming that the improvement in patient outcome post-operatively is
related to the IntraSPINE® device alone. However, our results are
consistent with the comparative study of Corriero et al. showing the
absence of low back pain during the follow-up period in 74% of patients
who received the IntraSPINE® implant, compared with only 41% of
patients treated by simple stand-alone microdiscectomy who remained
pain-free [15]. Moreover, numerous randomized studies assessing the
efficacy of ISD found a significantly greater improvement in ODI score,
as well as VAS back and leg pain scores, among patients with an ISD
compared with those treated with stand-alone surgery[39,40]. These
results suggest that the use of an implant may confer additional benefits
over un-instrumented surgery in terms of patient outcome. Although some
studies reports that Interspinous process decompression is still considered
investigational and poor clinical results in the medical literature will
continue to limit the appeal of these devices to many surgeons in the
future [41]
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Another limitation was that some patients would be inevitable lost to
follow-up since this was a study with multiple follow-up appointments
over three years, it. This potentially introduces a bias in the final analysis
that could lead to under- or over-estimation of the outcomes following
surgery. However, despite a long follow-up period, 78% of patients
completed the study, which is relatively acceptable and reduces this
potential bias [42].

Another limitation consists in the absence of radiological data. It would
have been interesting to measure post-operative lordosis using standing
X-rays to assess sagittal balance and segmental alignment following
IntraSPINE® insertion. Previous radiological studies of IntraSPINE®
devices suggest that the implant does not affect sagittal balance [24,43]
and that it also maintains the biomechanics of the spine in an effective
manner with slowing down or partial reversal of the natural progression
of the degenerative cascade[26]. Radiological enlargement of the neural
foramen has also been reported previously [23,24].

Supporting this, in vitro studies have shown that ISDs distract the
posterior part of the functional spinal unit, reposition and unload the facet
joints, and reduce intervertebral pressure, particularly on the posterior part
of the disc [44].

In summary, the findings of this study are promising and demonstrate that
successful patient outcomes can be achieved using the IntraSPINE®
device for a range of degenerative diseases, with improvements in both
back/leg pain and disability, sustained at 3 years. Implantation of the
IntraSPINE® device was straightforward and there were no device-
specific complications. Use of the IntraSPINE® in the treatment of
degenerative disease of the lumbar spine has been evaluated and discussed
in published papers.

The findings of this study coupled with other published research results
suggest that IntraSPINE® may confer additional benefits in terms of back
pain reduction and disability outcomes when used in conjunction with
decompression or microdiscectomy in comparison to stand-alone
decompressive procedures. A helpful future trial would single-blindly
randomize the implantation of IntraSPINE® to patients undergoing a
decompressive procedure so as to produce a matched control group. In
addition, economic evaluation will be conducted in future trials to assess
the cost effectiveness of using IntraSPINE®. The results of such follow-
up trials are expected to establish a robust clinical basis for the effects of
IntraSPINE® in this patient population.
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