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Abstract

Objective: In minimally invasive techniques for transforaminal lumbar interbody fusion (MIS TLIF) access to the
disc and by consequence, the extension of the discectomy can be reduced. Insufficient disc removal and endplate
violation can lead to non-unions, subsidence and pseudoarthroses. In this study, we compare the quality of disc
preparation, volume of bone graft and clinical results in a group of patients who underwent MIS TLIF with discectomy
and endplate preparation aided by an automated discectomy device, the enSpire™ Flex MIS Surgical Discectomy
System (study group) to a control group with classical, manual instrumentation for disc preparation.

Materials and methods: Twenty-seven consecutive patients were enrolled in the study group and 33 patients
in the control group. All patients received similar mixture of autologous bone and cadaver allograft. Disc volume and
the quantity of graft placed in the disc space was measured on the discharge CT scan and compared in a blinded,
independent radiology review. Clinical outcomes assessed using the Visual Analog Scale (VAS) for leg and low back
pain and the Oswestry Disability Index (ODI) were compared at 12 months postoperative.

Results: The mean volume of bone graft placed and the ratio bone graft/nucleus was higher in the study group
(6.21 cm? vs. 4.39 cm?; p<0001 and 76.8% vs. 57.8%; p<0.0001). The mean Patient Satisfaction Index (PSI) of the
EnSpire group was statistically higher than the control group (4.6 + 0.6 vs. 3.9 £ 0.7).

Conclusion: In the challenging MIS TLIF approach, we demonstrate that by using the enSpire™ Flex MIS Surgical
Discectomy System, we can optimize the extension and quality of the discectomy, increase the volume of bone graft,

and achieve better clinical outcomes.
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Introduction

A variety of techniques exist for interbody fusion of the lumbar
spine. Transforaminal Lumbar Interbody Fusion (TLIF) demonstrates
advantages over the anterior and bilateral posterior procedures because
it requires only unilateral access to the disc via a far-lateral approach;
thereby minimizing the risk of vascular and neurologic complications
[1-9]. Minimally invasive techniques for TLIF (MIS TLIF) have been
introduced with the aim of smaller wounds, less tissue trauma, and
faster recovery [10,11]. However, during MIS TLIFE, access to the disc
and by consequence, the extension of the discectomy, can be reduced
[12]. Conventional tools, including pituitaries, rongeurs, curettes,
and shavers may not remove sufficient disc material, especially in the
concave opposing endplates and the contralateral disc space during
TLIFE. Authors have highlighted the importance of the disc preparation
and the volume of bone graft in achieving fusion [13-17]. Tools designed
to provide improved access to the disc space will enable more complete
removal of nucleus and, therefore increased cross sectional area of bone
graft, and reduced problems in cage placement, in-growth of fibrous
tissue, and incidence of pseudoarthroses [18]. The automated enSpire™
Flex Surgical Discectomy System has been designed with those specific
aims.

The purposes of our study were to compare the quality and safety
of the disc preparation in a retrospective control group of patients
who underwent a “conventional” MIS TLIF procedure to those of a
prospective study group of patients who underwent the same procedure
using the automated enSpire™ Flex Surgical Discectomy System. We
hypothesized that the enSpire™ system will perform a more complete
discectomy and endplate preparation, thereby enabling larger volumes
of bone graft to packed into the disc space [10,11].

Materials and Methods
Patients

Patients included underwent a MIS TLIF procedure on one or
two-level degenerative lumbar disc disease associated with mechanical
axial lumbar pain with or without radiculopathy resistant to extensive
physical therapy and pain management. Sixty patients were included.
Twenty-seven patients (mean age was 50.7 years (range, 27 to 67))
(consisting in the study group) were prospectively followed after
underwent the MIS TLIF procedure aided by automated discectomy
with the enSpire™ Flex Surgical Discectomy System. They were compared
to a retrospective control group of 33 patients (mean age was 46 years
(range, 32 to 75)) who had underwent a MIS TLIF Procedure where
the discectomy was done with traditional manual instrumentation,
including pituitary rongeurs, curettes, and shavers. All surgeries
were done by the same surgeon (first author) at a single institution.
All patients were preoperatively evaluatedusing a full neurological
examination and assessed by means of Visual Analog Scale (VAS) for
leg and back pain [19] and functionally assessed using the Oswestry
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Flex Surgical Discectomy System (Figures 1-3), a powered instrument
for discectomy and endplate preparation for interbody fusion. The
device utilizes an expandable wire with cutter (resembling a tethered,
miniature ring curette) which rotates at 10,000 RPM to cut and grind
target tissue. The wire is flexible and therefore extends or compresses to
conform to the disc space, including the concave vertebral endplates.
Morecellated tissues are transported via an internal auger from the tip of
the device, through the shaft, and into a proximal collection chamber.

Enspire Group Control group Pvalue
Patients (n) 27 33 NS
1 level 21 25
2 levels 6 8
Total number of levels fused 32 41 NS
Mean (range) 50.7 yg;z)rs (27- 4?3):?;5 NS
Men/women 11/16 9/24 NS
Tabacco (%) 14 (52%) 15 (45%) NS
Surgical indication (n) NS
Spondylosis 9 19
Spondylosis + LDH 10 3
Spondylosis +Facet arthrosis 3 1
SPL 2 8
SPL +LS 3 2
Previous spine surgery 13 16 NS
Levels NS
L5S1 14 23
L4L5 15 14
L3L4 4 2
L2L3 - 1
Clinical symptoms NS
Low back pain 27 33
Radiculopathy 26 30
Left 9 12
Right 14 10
Bilateral 3 9
Mean Lumbar VAS (SD) 7.7 (1.4) 7.4 (2.3) NS
Mean radicular VAS (SD) 7.2(2.5) 6.4 (2.4) NS
Mean Oswestry (SD) 31.9 (8.0) 30.7 (6.8) NS
SPL: Spondylolisthesis;  LS: Lumbar stenosis; SD: Standard Deviation; NS:
no statistical difference (P>0.05)

Table 1: Demographics of the two study groups: enSpire group vs. Control group.

Disability Index (ODI) [20]. Detailed preoperative parameters for the
patients are shown in Table 1.

MIS TLIF surgical technique

The MIS TLIF procedure was done in the prone position on a
standard radiolucent table with chest rolls to help maintain the lumbar
lordosis using the fixed tube variant approach previously described by
Karikari and Isaacs [12]. As a modification to the reported technique,
we first inserted the k-wire into the pedicle plane as a guidewire for all
consecutively placed polyaxial percutaneous pedicle screws (Expedium
LIS; DePuy Spine, Inc, Raynham, MA). The MIS TLIF procedure was
realized through a 3-cm paramedian incision overlying the affected level
on the symptomatic side that was continued down through the posterior
lumbar fascia and followed by the introduction of sequential dilators
until a 26-mm-wide retractor was placed. A complete facetectomy was
performed using an osteotome and Kerrison Rongeurs. The ligamentum
flavum was resected to allow visualization of the ipsilateral exiting and
traversing nerve roots, and then the discectomy was conducted using
two different methods depending on the study group. The bone excised
during facetectomy and any other bony decompression was collected
in the specimen trap and saved for use as interbody graft material. This
autologous bone was mixed with 5 cc of cadaver bone allograft and 5 cc
of needle aspirated iliac crest bone marrow. The same interbody graft
material was used for both study groups. No other substitute or BMP or
other biologic was used.

Discectomy procedure for the enSpire™ study group

Discectomy in the study group was performed using the enSpire™

Figure 1: Component of the enSpire™ Flex Surgical Discectomy-Device
and Tip. 1) On/Off Power Enable Switch (2) Trigger to expand the cutter
and activate the device (3) Tissue Collection Chamber (4) Control Knob
to articulate device tip between 0 and 30 degrees in order to reach to the
contralateral side on TLIF.

(1)

Figure 2: Component of the enSpire™ Flex Surgical Discectomy-Device and
Tip. (1) Impeller (Internal Auger) (2) Expandable Wire (3) Cutter .

Figure 3: enSpire™ Flex Surgical Discectomy Technique. 1) Keep the
device parallels to the endplates and move the device tip in small axial
circles. The side-cutting wire/cutter complex rotates at 10,000 RPMs to
emulsify the disc tissue while the circular motion sweeps the tissue into the
impeller (internal auger) and up to the collection chamber. Notice a “clacking”
sound once disc tissue is evacuated and the endplate is being prepared.
Decorticate the endplate for 2-3 seconds (2) and then articulate the device
tip to 10 degrees to expand the axial circle. (3) Once this area is prepared,
articulate the device tip to 20 degrees to reach the contralateral side. (4)
Finally, articulate the device tip to 30 degrees and once the contralateral
discectomy and endplate preparation is completed, apply light pressure to
“sweep” the entire inner annulus. Use fluoroscopy and depth markers as
needed to determine location of device.
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The cutter is “selective” in that it is designed to preferentially cut nucleus
and endplate cartilage, but avoids cutting annulus and cortical bone.
The motor has been designed to not over-torque the cutter assembly.
Slowing or stopping of the motor is an indication that there is excessive
resistance or “load” being placed on the device; this load may be due to
positioning in annulus or against endplate, and serves as a safety feature
of the device.

Three depth markers provided with system (yellow 15 mm, green
30 mm, and green 45 mm) assist in understanding the depth of device
within disc space. The anterior and lateral position of the extremity of
the enSpire™ tool in the disc is control by fluoroscopy before starting the
discectomy to exclude involuntary effraction of the annulus.

Discectomy is accomplished by moving the device in small,
expanding circular motions. The sound of the device changes from
a muffled sound to a chatter-like sound as the disc tissue in the tip’s
current working space is gradually evacuated and the metal cutter
strikes the bony endplate without cartilage. The surgeon moves to a
new axial location once this sound is consistently chatter like, as the
discectomy and endplate preparation in this area has been completed.
This will gradually increase the size of discectomy cavity. A vibrating
tactile feedback is also appreciated on the handle of the device once the
endplate bone is encountered. An Articulation Control Knob enables
the tip of the device to articulate between 0 and 30 degrees in order to
reach the contralateral disc space on TLIE. Finally, a probe, curette or
other preferred instrument could be used to confirm the discectomy is
accomplished.

Intra and postoperative parameters

Throughout all procedures, complications and surgical parameters
such as the operative time, discectomy and endplate preparation time,
number of instrumentation passes, and patient radiation exposure were
recorded and compared. At D3 postoperative, all patients underwent
a lumbar bone CT scan to verify optimal screw and cage positioning.
Based on this CT scan (using 3D reconstruction tools from the OSIRIX
program), we measured the disc volume (DV), discectomy volume

enSpire Control

Group group Pvalue
Patients (n=) 27 33 NS
Surgical parameters
Number of levels fused 32 41 NS
Number of screws placed + SD 4.7 1 45+1.0 NS
Mean surgery time + SD (min) 131.5+36.5 | 153.8 £49.9 NS
Mean Blood Loss + SD (ml) 178 £199.8 1 160.9 + 120.9 NS
Mean disc prepa'ration time + SD 75429 14.6 +5.1 .
(min)
Number of disc tools using 9.1+3.2 18.2+6.8 **
XR exposure time + SD (min) 1.8+0.6 22+13 NS
Intraoperative complication No Duzilztze)ars
Measures onCT postoperative
Mean disc volume + SD (cm3) 13.7+4.2 13.4+4.6 NS
Mean graft + cage + SD (cm3) 6.1+1.7 45+14 bl
Mean Rate Graft/Disc (%) 46.1+£10.2  34.7+10.1 *
Mean effraction rate (0-3)
Effraction superior endplate + SD 0.3+0.8 09+1 **
Effraction inferior endplate + SD 0.2+0.6 06+1 *

SD: standard deviation; * Level of significance for the difference between both
groups (p<0.05); ** Level of significance for the difference between both groups
(p<0.005)

Table 2: Intraoperative parameters and postoperative CT measurements for the
two study groups: Enspire group vs. Control group.

and quantity of graft placed in the disc space created (BGV), ratio
between DBV and DV and monitored the intraoperative superior
and inferior endplate effractions. To the best of our knowledge, no
specific classification exist to quantify the bone effraction or subsidence
on postoperative Lumbar CT scanner, therefore we proposed a new
classification based on four steps: 0 = no effraction; 1 = loss of cortical
bone and less than 1mm of bone effraction; 2 = loss of cortical bone
and less than 2 mm of bone effraction, 3 = more than 4 mm of bone
effraction. All these parameters were measured by an independent
radiologist blinded with regard to the clinical history. The same
analysis was done prospectively for the prospective enSpire group and
retrospectively for the control group.

Clinical follow-up evaluation

Routine clinical follow-up to monitor complications and recovery
was conducted at 6 weeks, and 3, 6, 12 months. Pain was assessed using
VAS for both back and leg pain at each time interval. At 12 months
postoperative, ODI and satisfaction rate were assessed using the
North American spine society outcome questionnaire with the Patient
Satisfaction Index (PSI) [21] (patients are asked, “Would you like to
have the same treatment for the same ailment?”). Responses were
graded from 1 to 5 as follows: 1, definitely not; 2, probably not; 3, not
sure; 4, probably yes; and 5, definitely yes. A score of 4 or 5 was regarded
as reflecting a satisfactory outcome.

Statistical analysis

For all outcome measures, variables were tallied, and the median
values and standard deviations (SD) were calculated. Statistical
analysis was performed using paired Student t-tests. A probability
value p<0.05 was considered as statistically significant. For pain scores,
pre- and postoperative differences, both within and between groups,
were assessed for statistical significance using the Mann-Whitney test.
The distributions of categorical variables, such as sex, age, surgical
indication, segmental level treated, were assessed for significance using
a x2 test.

Results

Demographic characteristics

Patient demographic data are listed in Table 1. No significant
difference was noted between the two study groups.

Intraoperative comparative results (Table 2)

No significant difference was noted between both groups for the
number of levels fused, the mean surgical time, mean blood loss and
the radiation exposure time. Nevertheless, all those parameters tend to
be lower in the enSpire group of patients. Despite a similar total surgical
time, the time used for the disc preparation was significantly different
(p<0.005). The number of instrumentation passes necessary to obtain
the optimal disc preparation was reducing of 50%. Two intraoperative
complications (incidental durotomy treated by immediate suturing)
were noted in the control.

Postoperative comparative CT measurements (Table 2)

The mean disc volume of both study groups was similar. After
discectomy, the mean volume of bone graft placed and the ratio bone
graft/nucleus was higher in the study group (6.1 cm? vs. 4.5 cm® p<0.001
and 76.8% vs. 57.8%; p<0.0001). A significantly higher rate of endplate
violations was observed in the control group (respectively p=0.009 for
superior endplate and p=0.01 for inferior endplate).
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Preoperative | 12 mo follow-up ;é?;fg;;:’r:)

VAS backt Control group 77+1.9 3.6+26 P<0.001**
Enspire group 77+14 20+22 P<0.001**

P (Control/Enspire) NS P=0.026*
VAS legt | Controlgroup 6.3+25 19+27 P<0.001**
Enspire group 72+25 0.8+1.6 P<0.001**

P (Control/Enspire) NS P=0,124
ODIf Control group  31.0+6.6 126+7.2 P<0.001**
Enspire group  31.9+8.0 75+3.8 P<0.001**

P (Control/Enspire) NS P=0.005**

Abbreviation: VAS = Visual Analogue Scale; ODI = Oswestry Disability Index.

Table 3: Comparative postoperative changes in VAS Back Pain, VAS Leg Pain and
ODI Scores between control and enSpire groups.

Clinical outcomes (Table 3)

The two cases of incidental dural tears (control group) were
associated to any delay of schedule. At 18 months follow-up, the mean
postoperative back and leg VAS and ODI were significantly improved
for both groups if compared to preoperative. Those improvements were
significantly higher for the enSpire group. The mean PSI of the enSpire
group was 4.6 = 0.6 vs 3.9 = 0.7 for the control group.

Discussion

Since its introduction in 1982 by Harms and Rolinger [2], the
TLIF procedure has shown advantages over other interbody fusion
techniques with regards to safety and postoperative recovery [22-24].
With the purpose of minimizing paraspinous muscle injury and other
tissue trauma and related morbidities, Foley et al. [25] described in
2003, the first minimally invasive TLIF (MIS TLIF) through a reduced
tubular access. The benefits of this procedure, including decreased
intraoperative estimated blood loss, postoperative pain, and length of
hospital stay and recovery time have been widely reported. The major
criticism of the unilateral MIS TLIF procedure, however, is the decrease
probability of fusion due to lower quality of preparation of the surface
area between graft and host. While most agree that it is necessary to
graft at least 50% of the total disc area, computation on CT scans reveals
that less than 50% of the disc area is actually grafted in many cases [26].
One in vitro study revealed that 80% of the vertebral bodies with graft
covering 25% of the total endplate area or less failed at loads less than 600
N, while 88% of the vertebral bodies with 30% or greater endplate area
covered were able to carry a load greater than 600 N [16]. The volume
of remnants of the disc from where derived fibrous tissue can invade
the graft, could also affect the quality of fusion [27]. Using the dedicated
enSpire™ tool, we packed more bone graft into the disc space (6.21 cm?
vs. 4.39 cm3) and surpassed the critical area of 50% with an average
graft-to-nucleus ratio of 76.8%. This difference could be attributed to
articulation capability of the device that enables significantly more disc
material to be removed from the contralateral side on TLIF [17]. Also,
the flexible wire of the device expands and compresses to conform
to the concavity of the disc space thereby reaching areas which rigid
instrumentation could miss.

Meticulous endplate preparation is a critical to avoiding non-union
and subsidence. The endplate is a very thin shell of bone (usually < 0.5-
mm thick) that distributes the load more evenly over the underlying
strut-like trabecular bone to provide additional strength. An in vitro
study demonstrated that the compressive strength and stiffness of the
vertebral body are both reduced by 54% when the endplate is removed,
increasing the risk of implant subsidence. The mean score of endplate
effractions was lower in the enSpire group when compared to the
retrospective control group. The audible and tactile feedback from the

device signal when the endplate has been prepared and it is appropriate
to move to another area of the disc space thereby avoiding damage to
the cortical bone.

After 12 months of follow-up, both groups showed a significant
improvement of their clinical scores (VAS and ODI). This clinical benefit
was similar to the results of the literature [28,29]. This improvement
was more marked in the enSpire Group (p<0.05).

A longer follow-up is needed to compare the fusion rates between
the study groups since most of the papers reporting fusion rate after
MIS TLIF wait more than 20 months to assess the rate [28-32]. Three
papers report their fusion rate early after 6 months, but each of these
studies used the fusion enhancer rh-BMP-2 [33-35].

Conclusion

Our study highlighted the importance of the disc preparation
and confirmed the safety and efficacy of the automated enSpire™ Flex
Surgical Discectomy System in improving this quality.
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