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Abstract
Study Design: Retrospective cohort study.

Objective: The purpose of this study is to compare the radiographic and clinical outcomes of expandable interbody spacers to
static interbody spacers.

Methods: This is a retrospective, institutional review board—exempt chart review of 62 consecutive patients diagnosed with
degenerative disc disease who underwent minimally invasive spine surgery lateral lumbar interbody fusion (MIS LLIF) using static
or expandable spacers. There were 27 patients treated with static spacers, and 35 with expandable spacers. Radiographic and
clinical functional outcomes were collected. Statistical results were significant if P < .05.

Results: Mean improvement in visual analogue scale back and leg pain scores was significantly greater in the expandable group
compared to the static group at 6 and 24 months by 42.3% and 63.8%, respectively (P < .05). Average improvement in Oswestry
Disability Index scores was significantly greater in the expandable group than the static group at 3, 6, 12, and 24 months by 28%,
44%, 59%, 53%, and 89%, respectively (P < .05). For disc height, the mean improvement from baseline to 24 months was greater in
the static group compared to the expandable group (P < .05). Implant subsidence was significantly greater in the static group
(16.1%, 5/31 levels) compared with the expandable group (6.7%, 3/45 levels; P < .05).

Conclusions: This study showed positive clinical and radiographic outcomes for patients who underwent MIS LLIF with
expandable spacers compared to those with static spacers. Sagittal correction and pain relief was achieved and maintained
through 24-month follow-up. The expandable group had a lower subsidence rate than the static group.
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Introduction

The lateral lumbar interbody fusion (LLIF) approach was
introduced by Ozgur et al' in 2006, and has since been estab-
lished as an effective method for lumbar interbody fusion.>*
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The minimally invasive (MIS) LLIF technique is associated
with decreased operative times, minimized tissue dissection,
reduced postoperative pain, and decreased rates of complica-
tions compared to open anterior and posterior approaches.””
The MIS LLIF approach provides adequate surgical exposure
to the disc space enabling placement of an interbody
spacer with a large footprint, which affords biomechanical
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Figure 1. Continuously expandable interbody spacer in (A) mini-
mized and (B) expanded forms (RISE-L Globus Medical, Inc, Audubon,
PA).

stability. This results in indirect decompression of the neural
elements.'%!!

Traditionally, static spacers have been utilized with this
technique. However, static interbody spacers require excessive
trialing, aggressive endplate preparation, and forceful impac-
tion, which may lead to endplate damage and consequently,
spacer subsidence.!' Expandable technology was designed to
expand vertically within the disc space, refuting the need for
forceful impaction and minimizing iatrogenic overdistraction
during insertion.'! Additionally, there may be better disc
height restoration and sagittal alignment correction compared
with static spacers; however, studies comparing static spacers
with expandable spacers are lacking.'>"'” The importance of
restoring radiographic parameters for improved functional
outcomes has been well established.'®2° The goal of this study
is to compare the surgical outcomes of patients treated with
expandable spacers after an MIS LLIF to those who were
treated with static spacers.

Materials and Methods

Patient Population

This was a multisite, multisurgeon, retrospective clinical
study from a prospectively collected database with institu-
tional review board approval. It included 62 consecutive
patients and 76 operative levels with a diagnosis of degenera-
tive disc disease (DDD) at 1 or 2 contiguous levels from L1 to
L5 with or without grade 1 spondylolisthesis. All patients
underwent MIS LLIF surgery using either an expandable
interbody spacer (RISE-L, Globus Medical, Inc, Audubon,
PA) or a static interbody spacer (TransContinental, Globus
Medical, Inc), with posterior pedicle screw and rod fixation
(Figures 1 and 2). Patient self-assessment forms and radio-
graphic records were used to assess clinical and radiologic
outcomes.

Figure 2. Static interbody spacer (TransContinental, Globus Medical,
Inc, Audubon, PA).

Surgical Technique

Under general anesthesia, patients were placed in the lateral
decubitus position and secured to the operating table with adhe-
sive tape. Under fluoroscopic guidance, an oblique incision
was made at the symptomatic disc segment. Blunt dissection
was performed under direct visualization through subcutaneous
tissue, external and internal oblique muscles, and transversus
abdominis. Retroperitoneal fat was mobilized anteriorly,
exposing the underlying psoas muscle. The psoas muscle was
palpated, and fluoroscopic images confirmed the level and
location of the spinal marker. Blunt dissection was performed
anteriorly to or at the very anterior part of the psoas muscle
down to the operative intervertebral disc level. Neuromonitor-
ing stimulation did not show any nerve conduction abnormal-
ities (lumbar plexus). After fluoroscopic confirmation of the
appropriate level, a minimally invasive retractor was docked,
sequentially dilated at the segment, and secured to the table-
mounted arm. An annulotomy was then performed, followed
by a discectomy and decortication of endplates. Sequential
trials were used to allow for gradual distraction of the disc
space. An appropriately sized static lateral cage was then
selected, packed with autograft, and placed in the disc space.
For expandable spacers, there was less trialing and the spacer
was filled with autograft and placed in a collapsed state, and
then expanded in situ to the desired height and backfilled with
autograft. After verification of the spacer positioning, the
retractor was removed.

Posterior decompression was performed in cases of severe
spinal stenosis with neurological deficit or in cases where LLIF
procedure did not increase preoperative disc height by more
than double. Pedicle screws and rods were used for supplemen-
tal fixation. Locking caps were set once the rods were in their
proper position. Intraoperative fluoroscopy images were taken
of the final construct (Figure 3). Surgical incisions were
cleaned and closed in the standard fashion.

Interbody Spacers

The expandable interbody spacer used in this study is manu-
factured from titanium alloy. The device is inserted at a con-
tracted height and expanded in situ once correctly positioned
within the intervertebral space, offering continuous expansion
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Figure 3. Preoperative (A) anteroposterior (AP) and (B) lateral
radiographs and (C) postoperative AP and (D) lateral radiographs
of a 2-level MIS LLIF (minimally invasive spine surgery lateral lumbar
interbody fusion) at L3/4 and L4/5.

for optimal endplate-to-endplate contact. The static interbody
spacer is manufactured from radiolucent polymer with titanium
alloy or tantalum markers and includes a self-distracting lead-
ing edge for implant insertion.

Outcome Measures

Demographic and perioperative data were recorded. Patient
self-assessment questionnaires such as the visual analogue
scale (VAS) for back and leg pain and Oswestry Disability
Index (ODI) were evaluated preoperatively and at 6 weeks, 3,
6, 12, and 24 months postoperatively. Radiographic para-
meters, including disc height, neuroforaminal height, segmen-
tal lordosis, and implant subsidence were assessed. The
radiographic measurements were conducted by different
observers but verified by an orthopedic surgeon.

Subsidence was defined as a measured reduction in disc
height greater than 2 mm at 24 months compared with
6-week disc height.?! Disc heights were measured from the

Table I. Classification of Interbody Fusion Success: Brantigan,
Steffee, Fraser (BSF).2

BSF-1: Radiographical pseudoarthrosis is indicated by collapse of the
construct, loss of disc height, vertebral slip, broken screws,
displacement of the carbon cage, significant resorption of the bone
graft, or lucency visible around the periphery of the graft or cage.

BSF-2: Radiographical lock pseudoarthrosis is indicated by lucency visible
in the middle of the cages with solid bone growing into the cage
from each vertebral endplate.

BSF-3: Radiographical fusion: Bone bridges at least half of the fusion area
with at least the density originally achieved at surgery.
Radiographical fusion through one cage (half of the fusion area) is
considered to be mechanically solid fusion even if there is lucency
on the opposite side.

middle portion of the endplates immediately above and below
the referenced index levels on the lateral plane. Neuroforam-
inal height was measured as the distance from the inferior
pedicle wall of the level above to the superior pedicle wall of
the level below. Segmental lordosis was measured from infer-
ior endplate of the caudal vertebral body to the superior end-
plate of the cephalad vertebral body. Fusion was evaluated on
radiographic images using the Brantigan, Steffee, and Fraser
(BSF) radiographic classification® (Table 1). According to this
classification, BSF-1 is radiographic pseudoarthrosis, BSF-2 is
radiographical locked pseudoarthrosis, and BSF-3 is radiogra-
phical fusion.

Statistical Methods

Statistical analysis was performed with SPSS v20.0.0 software
for Windows (IBM Corp., Armonk, NY). Descriptive statistics
were recorded as mean and standard deviation, or frequency
and percentage, where applicable. Fisher’s exact test and paired
and independent-samples ¢ tests were used to calculate differ-
ences in ordinal and interval variables from preoperative to
each postoperative follow-up time. Any significant differences
between demographic or baseline values were reported. Statis-
tical significance was set at P < .05.

Results

Patient Demographic and Operative Data

Sixty-two patients were enrolled in this study, with an average
age of 63.0 + 11.0 years; 61.3% (38/62) were female. Twenty-
seven consecutive patients underwent MIS LLIF with static
spacers from May 2014 to February 2016. The patients were
74.1% (20/27) female and 25.9% male (7/27) with an average
age of 65.5 £+ 9.3 years (range: 45-81 years). Thirty-five con-
secutive patients underwent MIS LLIF with expandable
spacers from August 2016 to January 2017. The patients were
51.4% (18/35) female and 48.6% (17/35) male with an average
age of 61.1 + 12.0 years (range: 34-79 years).

There were no significant differences in age or gender
between groups (P = .13 and .11, respectively). No significant
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Table 2. Baseline Characteristics.

Parameter Expandable Static
Number of Patients 35 27
Gender, n (%)
Female 18 (51.4) 20 (74.1)
Male 17 (48.6) 7 (25.9)
Age, years, mean + SD  61.1 + 12.0 (34-79) 655 + 9.3 (45-81)
(range)
Baseline VAS back 7.5 6.9
and leg pain
Baseline ODI 62.4° 46.9

Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index.
P < .05 compared with static.

difference in baseline VAS scores were observed between
groups (P = .357). However, there were significant differences
in ODI, disc height, neuroforaminal height, and segmental lor-
dosis between baseline static and expandable groups (P < .05;
(Table 2). Specifically, baseline ODI was significantly higher
in the expandable group while baseline disc height, neurofor-
aminal height, and segmental lordosis was statistically higher
in the static group.

Among the 76 spinal fusion levels, 36.8% (28/76) at L3-4
and 44.7% (34/76) at L4-5. Of the 62 patients, 77.4% (48/62)
were single-level (1 L) procedures and 22.6% (14/62) were 2-
level fusion (2L). All patients had 24-month follow-up data and
percentages of patients at each time point is presented in
Table 3. Mean operative time was similar between groups, with
the expandable group averaging 62.8 + 24.3 minutes for 1L
fusions and 94.2 + 36.2 minutes for 2L fusions, and the static
group averaging 66.9 + 42.9 minutes for 1L and 74.5 + 17.6
minutes for 2L. Length of hospital stay for the expandable
group was 3.5 + 1.7 days for 1L fusions and 3.5 + 1.4 days
for 2L fusions, with the static group averaging 2.1 + 1.3 days
for 1L and 2.0 + 1.4 for 2L. Mean estimated blood loss for the
expandable spacers was 23.5 + 13.3 em® for 1L fusions and
42.0 + 41.5 cm® for 2L. Static interbody spacers mean esti-
mated blood loss was 40.2 + 39.3 cm® for 1L fusions and 37.5
+ 25.0 cm® for 2L (Table 3).

Clinical Outcomes

Patients reported improvements in pain and disability, and
comparisons were made between the static and expandable
groups by comparing their mean baseline to 24-month differ-
ences. Raw values for each time point are presented in Table 4
and the mean improvements from preoperative are presented in
Table 5. Mean improvement in VAS back and leg pain scores
was significantly greater in the expandable spacer group com-
pared to the static spacer group at 6 and 24 months by 42.3%
and 63.8%, respectively (P < .05; Figure 4). In the expandable
spacer group, average VAS back and leg pain scores signi-
ficantly improved from baseline by 58% (4.3 + 2.4), 69%
(52 + 2.1), 714% (5.5 + 2.4), 74% (5.7 + 2.5), and 86%
(6.5 + 2.5) at 6 weeks, 3, 6, 12, and 24 months, respectively

Table 3. Minimally Invasive Spine Surgery Lateral Lumbar Interbody
Fusion (MIS LLIF) Procedure Characteristics.

Parameter Expandable Static
Type of surgery, n (%)

One-level 25 (71.4) 23 (85.2)

Two-level 10 (28.6) 4 (14.8)
Levels treated, n (%)

L2-L3 10 (22.2) 4 (12.9)

L3-L4 20 (44.5) 8 (25.8)

L4-L5 15 (33.3) 19 (61.3)
Mean estimated blood loss, cm3,

mean + SD

One-level 235 + 133 40.2 + 393

Two-level 420 + 415 375 + 250
Mean operative time, minutes,

mean + SD

One-level 62.8 + 243 669 + 429

Two-level 942 + 362 745 + 17.6
Mean length of hospital stay, days,

mean + SD

One-level 35+ 1.7 21 £ 1.3

Two-level 35+ 14 20+ 14

(P <.001). In the static spacer group, average VAS back and
leg pain scores significantly improved from baseline by 65.2%
(4.5 + 2.7), 68.8% (4.7 + 2.8), 53.3% (3.6 + 3.6), 65.9%
(4.5 £ 2.9), and 50.4% (3.3 + 3.3) at 6 weeks, 3, 6, 12, and
24 months, respectively (P < .001).

The mean improvement in ODI scores was significantly
greater in the expandable spacer group compared with the static
spacer group at 3, 6, 12, and 24 months by 28%, 44%, 59%,
53%, and 89%, respectively (P < .05; Figure 5). In the expand-
able spacer group, the mean ODI scores significantly improved
from baseline by 47% (29.4 + 17.7), 61% (38.6 + 16.9), 71%
(44.1 + 20.3), 75% (46.7 + 25.5), 82% (51.4 + 25.1) at
6 weeks, 3, 6, 12, and 24 months, respectively (P < .001). In the
static spacer group, average ODI scores significantly improved
from baseline by 43% (22.1 + 26.6), 53% (24.7 + 25.0), 51%
(24.1 + 24.1), 57% (27.1 £ 23.9), and 42% (19.8 + 21.5) at
6 weeks, 3, 6, 12, and 24 months, respectively (P <.001).

Radiographic Outcomes

Mean outcomes for each time point are presented in Table 4,
and the average improvements from preoperative are presented
in Table 5. In the expandable spacer group, disc height signif-
icantly increased from baseline by an average of 80% (5.6 +
3.2mm), 75% (5.3 + 3.5 mm), 64% (4.5 + 3.6 mm), 65% (4.5
+ 3.7 mm), and 61% (4.3 + 3.6 mm) at 6 weeks, 3, 6, 12, and
24 months, respectively (P < .001). In the static spacer group,
mean disc height increased significantly from baseline by 62%
(5.3 &+ 2.6 mm), 62% (5.3 &+ 2.7 mm), 60% (5.1 + 2.8 mm),
57% (4.9 + 3.1 mm), and 73% (6.4 +2.9 mm) at 6 weeks, 3, 6,
12, and 24 months, respectively (P < .05). Significant differ-
ences in intervertebral disc height were observed between
groups at 24 months (P < .05).
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Table 4. Mean Values of Patient-Reported Outcomes and Radiographic Parameters.?
Parameter Device Baseline 6 Weeks 3 Months 6 Months 12 Months 24 Months
VAS back and leg pain Expandable 7.5 + 2.0 3.0 +20° 24 + 1.5° 20 + 1.6° 19 + 1.9° 1.0 + 1.1°
Static 6.9 + 2.3 24 +22° 22 + 2.1° 32 + 3.0° 24 + 24° 34 +27°
ODI Expandable 625 + 220 33.1 + 163° 244 + 139° 184 + 137° 157 + 134> Il.l + 94°
Static 469 + 195 266 + 205° 222 + 174° 228 + 202° 203 + 19.0° 27.01 + 195°
MDH (mm) Expandable 7.0 +32 125 + 28> 122+ 28" [15+27° 115+ 25 113 +22°
Static 86 + 3.1 13.9 +23° 139 +£27° 137 +£27° 134 +30° 148 +22°
NFH (mm) Expandable 154 + 43 200 + 38>  19.1 +39° 189 +37° 182 + 47° 187 + 43°
Static 203 + 44 236+ 3.7° 230 +35° 224+ 37° 231 +35° 220 +33°
Segmental lordosis (deg)  Expandable 8.1 + 67  11.0 + 6.1° 104 + 65° 105 + 62° 106 + 7.1° 9.9 + 6.0°
Static 148 + 9.2 16.2 + 8.1 162 + 87 159 + 84 154 + 9.0 173 4+ 9.6°
Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index; MDH, mean disc height; NFH, neuroforaminal height.
*Values are given as mean =+ standard deviation.
PP < .05 compared with baseline.
Table 5. Mean Differences From Baseline of Patient-Reported Outcomes and Radiographic Parameters.?
Parameter Device 6 Weeks 3 Months 6 Months 12 Months 24 Months
VAS back and leg pain Expandable 43 + 24 52 4+ 2.1 55 + 2.4° 57 + 25 6.5 + 2.5°
Static 45 + 2.7 47 + 2.8 36 + 3.6 45 + 29 33 + 3.3
oDl Expandable 294 + 17.7 386 + 169° 44.1 + 20.8° 46.7 + 25.5° 514 + 25.1°
Static 22.1 + 26.6 247 + 25.0 24.1 + 24.1 27.1 + 239 19.8 + 21.5
MDH (mm) Expandable 5.6 + 3.2 53 + 35 45 + 3.6 45 + 3.7 43 + 3.6°
Static 53 4+ 26 53 4+ 27 51 + 28 49 + 3.1 64 + 29
NFH (mm) Expandable 46 + 44 3.5 + 38 34 + 34 28 + 5.0 33 + 4.1
Static 34 + 33 28 + 4.0 22 4+ 32 30 + 44 1.8 + 4.3
Segmental Lordosis (deg) Expandable 29 + 34 22 + 33 23 + 27 25 + 34 1.8 + 34
Static 1.3 + 5.1 14 + 52 1.0 + 5.8 05 + 44 25+ 52
Abbreviations: VAS, visual analogue scale; ODI, Oswestry Disability Index; MDH, mean disc height; NFH, neuroforaminal height.
*Values are given as mean =+ standard deviation.
PP < .05 compared with static.
VAS Back and Leg Pain Oswestry Disability Index
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Figure 4. Average visual analogue scale (VAS) back and leg pain
scores are shown. Significant decreases from baseline were achieved
and maintained at 6 weeks, 3, 6, 12, and 24 months. However, an
upward trend was observed in the static group, and a downward trend
in the expandable group.

Patients treated with expandable spacers showed a signifi-
cant increase in neuroforaminal height from baseline by a mean
of 30% (4.6 + 4.4 mm), 24% (3.5 + 3.8 mm), 23% (3.4 + 3.4
mm), 18% (2.8 + 5.0 mm), and 21% (3.3 + 4.1 mm) at

Figure 5. Average Oswestry Disability Index (ODI) scores are
shown. Significant decreases from baseline were achieved and
maintained at 6 weeks, 3, 6, 12, and 24 months. An upward trend

is observed in the static group, while a downward trend is observed
in the expandable group.

6 weeks, 3, 6, 12, and 24 months, respectively (P < .001).
Additionally, neuroforaminal height significantly increased
from baseline in the static spacer group by an average of 17%
(3.4 + 3.3 mm), 14% (2.8 + 4.0 mm), 11% (2.2 + 3.2 mm),
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14% (3.0 + 4.4 mm), 8.5% (1.8 4+ 4.3) at 6 weeks, 3, 6, 12, and
24 months, respectively (P < .05). There was no significant
difference in mean improvements from baseline between the
expandable spacer and static spacer groups.

In the expandable spacer group, segmental lordosis signif-
icantly increased from baseline at 6 weeks, 3, 6, 12, and
24 months by an average of 36% (2.9° + 3.4°), 27%
(2.2° £ 3.3°), 30% (2.3° £+ 2.7°), 31% (2.5° + 3.4°), and
23% (1.8° 4 3.4°), respectively. In the static spacer group,
segmental lordosis increased significantly from baseline at 24
months only by an average of 17.2% (2.5° + 5.2°; P <.05).
However, there was not a significant difference in mean
improvements from baseline between expandable and static
spacer groups.

All operative levels were considered radiographically
fused (BSF-3)*? in both the expandable and the static groups
at 24 months.

Implant-Related Observations

Implant subsidence was greater in the static group at 16.1%
(5/31 levels) compared with the expandable group at 6.7%
(3/45 levels). All cases of subsidence were asymptomatic with
no revision surgery necessary.

Discussion

There are few clinical studies comparing expandable interbody
spacers to static interbody spacers, making comparisons to
existing literature challenging. Long-term clinical outcomes
and radiographic analysis are necessary to determine the safety
and effectiveness of expandable spacers compared with static
spacers. Results from this study found a significant improve-
ment in VAS back and leg pain scores in the expandable group
compared with the static group (86% vs 50%) at 24 months.
Similarly, there was a significant improvement in ODI scores
in the expandable group compared with the static group by 82%
and 42%, respectively. This study reported a 61% improvement
in disc height in the expandable spacer group and a 73%
improvement in disc height in the static spacer group. Disc
height in the static spacer group showed a significantly larger
improvement from baseline at 24 months. There was a greater
increase from baseline for neuroforaminal height and segmen-
tal lordosis between expandable spacers and static spacers
(21% vs 9% and 23% vs 17%, respectively). The current cohort
also found a 6.7% (3/45 levels) rate of subsidence when using
expandable spacers, a 16.1% (5/31 levels) rate of subsidence
when using static spacers, and a 0% reoperation rate for all
cases of subsidence.

The results from this study showed a large improvement in
VAS and ODI scores for both groups, exceeding the minimally
clinically important difference.>® There was also a signifi-
cantly larger improvement in ODI scores observed in the
expandable group compared with the static group. A potential
reason may be that static spacers are typically large spacers
impacted into the disc space. There may be increased disc

height but a greater chance of subsidence, which could result
in pain. Even though there was a significant difference in base-
line radiographic parameters, results were presented as mean
change from baseline for each group individually and then
statistic comparisons were performed on mean changes to asses
any differences between groups.

A 2015 study by Alimi et al*’ examined expandable PEEK
(polyetheretherketone) spacers used in transforaminal lumbar
interbody fusion (TLIF). This study reported significant improve-
ments in VAS back pain scores and ODI scores by 52% and 45%,
respectively, at 19-month follow-up. Additionally, the authors
found a significant 26% improvement in disc height and a signif-
icant 19% increase in neuroforaminal height. Results from this
study found a higher change in VAS back and leg pain scores and
ODI scores, a larger improvement in disc height from baseline,
and a comparable improvement in neuroforaminal height.

In a multicenter cohort by Frisch et al*® comparing static
with expandable spacers, VAS back pain scores significantly
improved by 43% and 45%, respectively, at 24-month follow-
up. From baseline, ODI scores significantly improved by 44%
and 39% in the static spacer group and the expandable spacer
group, respectively. In the static group, disc height, neurofor-
aminal height, and segmental lordosis increased by 85% and
16%, respectively. Disc height and neuroforaminal height
increased by 41% and 13%, respectively, in the expandable
group. These changes from baseline in the expandable group
are much lower than what was found in the current evaluation.

The impaction force and overdistraction required when
inserting static spacers may have contributed to the higher
rate of subsidence in the static spacer group.”® Subsidence
in interbody fusion is of great concern, as it can lead to loss
of lordosis and adjacent segment disease, subsequently requir-
ing revision surgery.?%** There was a 16.1% subsidence rate
in the static group and a 0% subsidence rate in the expandable
spacer in the aforementioned analysis by Frisch et al.*® This
coincides with the results from this study, a higher rate of
subsidence in the static group than the expandable group. In
the previously mentioned study by Alimi et al,*’ there was a
7.4% subsidence rate; however, the small footprint of the
spacer and the TLIF approach may have affected endplate
strength. A larger interbody footprint has been associated with
greater biomechanical stability and decreased risk of subsi-
dence.’'3% A systematic 2019 review of 21 publications by
Macki et al>®> found subsidence in 141 of 1362 patients
(10.3%) and a reoperation rate of 2.7%, which is higher than
what was found in the current study.

According to the results of this study, spine surgeons may
want to consider the advantages of expandable spacers when
performing LLIF. Using static spacers may result in a larger
disc height and greater segmental lordosis; however, patients
report less pain after being treated with an expandable spacer
during an LLIF procedure. Another consideration when choos-
ing a spacer is the decreased risk of subsidence observed in the
expandable spacer group.

There are limitations to this study. The cases compared were
from 2 separate institutions with different sample sizes by 2
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spine surgeons with different specialties (neurosurgery vs
orthopedic). However, both surgeons used similar techniques.
The radiographic measurements were conducted by different
observers but verified by an orthopaedic surgeon. An unex-
pected result was that the static group had a higher improve-
ment in segmental lordosis at 24 months than the expandable
group. This may be due to the fact that the static group had a
larger percentage of the operative levels at the L4-L5 disc,
where lordosis occurs naturally. A larger sample size with a
more even group distribution of the L4-L5 operative level is
needed to further evaluate the differences in segmental lordosis
between expandable and static spacers. Additionally, preopera-
tive radiographic measurements were significantly different
between groups, yet comparing mean differences helped miti-
gate this heterogeneity. Future studies should focus on larger
patient cohorts to further examine the differences between sta-
tic and expandable spacers.

Conclusion

Results from this study revealed that, both static and expand-
able spacers in MIS LLIF increase disc height, neuroforaminal
height, and segmental lordosis through 24 months. Static
spacers resulted in a significantly larger increase in disc height
at 24 months compared with expandable spacers. The use of an
expandable spacer in a MIS LLIF lead to a greater improve-
ment in clinical outcomes when compared to the use of static
spacers. There was also an increase in subsidence when using
static spacers, demonstrating the benefits of expandable tech-
nology in avoiding endplate damage during spacer insertion.
Expandable spacers are safe, efficient, and durable when used
in conjunction with the LLIF procedure in the patient popula-
tion studied.
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