INTERNATIONAL

JOURNAL

SPINE

SURGERY

Biplanar Expandable Cagesfor Transforaminal L umbar
Inter body Fusion Are Safe and Achieve Good 1-Year Clinical
and Radiological Outcomesin an Asian Population

David Shaoen Sim, Ayyadarshan Kasivishvanaath, Lel Jiang, Reuben Chee Cheong Soh and
Zhixing Marcus Ling

Int J Spine Surg published online 19 April 2023
https://www.ijssurgery.com/content/early/2023/04/18/8472

Thisinformation is current as of May 4, 2025.

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://ijssurgery.com/alerts

The International Journal of Spine Surgery
2397 Waterbury Circle, Suite 1,
Aurora, IL 60504, Phone: +1-630-375-1432

© 2023 ISASS. All Ri m%#@q-httpsﬂwww.ijmrgery.cow by guest on May 4, 2025

S ST INTERNATIONAL

SOCIETY ADVANCEMENT of

SPINE SURGERY


https://www.ijssurgery.com/content/early/2023/04/18/8472
http://jpm.iijournals.com/alerts
https://www.ijssurgery.com/
https://www.ijssurgery.com/

International Journal of Spine Surgery Publish Ahead of Print, published on April 19, 2023 as doi:10.14444/8472

International Journal of Spine Surgery, Vol. 00, No. 0, 2023, pp. 1-6
https://doi.org/10.14444/8472
© International Society for the Advancement of Spine Surgery

Biplanar Expandable Cages for Transforaminal
Lumbar Interbody Fusion Are Safe and Achieve Good
1-Year Clinical and Radiological Outcomes in an
Asian Population

DAVID SHAOEN SIM, MeCuB'; AYYADARSHAN KASIVISHVANAATH': LEI JIANG, FRCS';
REUBEN CHEE CHEONG SOH, FRCS'; AND ZHIXING MARCUS LING, FRCS'

]Department of Orthopaedic Surgery, Singapore General Hospital, Singapore, Singapore

ABSTRACT

Background: This study investigated 1-year clinical and radiological outcomes of biplanar expandable (BE) cages
following transforaminal lumbar interbody fusion (TLIF) in an Asian population.

Methods: A retrospective review was conducted of all consecutive patients who underwent TLIF with BE cages performed
by 2 fellowship-trained spine surgeons from 2020 to 2021. Inclusion criteria included open or minimally invasive (MIS) TLIF,
of up to 3 spinal segments, performed for treatment of degenerative disc disease, spondylolisthesis, or spinal stenosis. Patient-
reported outcomes, including visual analog score (VAS) for back and lower limb pain, Oswestry Disability Index (ODI) and
North American Spine Society neurogenic symptom score (NSS), and various radiographic parameters, were evaluated.

Results: A total of 23 patients underwent TLIF with BE cages with a follow-up duration of 1.25 years. Of those patients,
7 (30%) underwent 1-level TLIF, 12 (52%) underwent 2-level TLIF, and 4 (18%) underwent 3-level TLIF, with a total of 43
spinal segments fused. Four patients (17%) underwent MIS TLIF while 19 patients (83%) underwent open TLIF. VAS for back
pain scores improved by 4.8 + 3.4 (P < 0.001) from 6.5 £ 2.6 to 1.7 + 2.2; VAS for lower limb pain scores improved by 5.2 +
3.8 (P <0.001) from 5.7 £ 3.4 to 0.5 = 1.6; ODI scores improved by 29.0 = 18.1 (P < 0.001) from 49.4 + 15.1 to 20.4 + 14.2;
and NSS scores improved by 36.8 +22.1 (P <0.001) from 53.3 +21.1 to 16.5 + 19.8. Significant improvements in radiological
parameters included increase in anterior disc height, posterior disc height, foraminal height, segmental lordosis, and lumbar
lordosis. There were no implant-related complications, cage subsidence, cage migration, or revision surgery at 1 year.

Conclusions: TLIF performed with BE cages led to significantly improved patient-reported outcomes and radiographic
parameters at 1 year and is safe for use in Asians.

Clinical Relevance: The results of this study support the effectiveness and safety of TLIF with biplanar expandable
cages.

Level of Evidence: 4.

Lumbar Spine

Keywords: biplanar expandable cages, transforaminal lumbar interbody fusion, lumber degenerative disc disease, spinal stenosis

INTRODUCTION

Biplanar expandable (BE) cages have been recently
designed for use in transforaminal lumbar interbody
fusion (TLIF) for treatment of spinal stenosis and spon-
dylolisthesis as they offer advantages over conventional

which risks endplate violation and cage subsidence due
to increased stress over a small endplate surface area in
contact with the uniplanar expandable cage.” BE cages
can expand in width and height, allowing for improved
restoration of disc height and segmental lordosis with

static cages and uniplanar expandable cages. The size
of the static intervertebral cage that one can insert into
the disc space is limited by the confines of Kambin’s
triangle, which is a narrow surgical corridor. Hence,
expandable implants were developed to bridge the gap
between the small size required during insertion and the
maximum size desired for optimum anterior column
support." However, early uniplanar expandable cages
only allowed cage expansion in a cranial-caudal axis,

decreased theoretical risk of subsidence due to greater
implant-endplate contact surface area.>

The BE cage assessed in this study involves a 2-piece
device consisting of an outer polyetheretherketone
(PEEK) shell that expands bidirectionally with the
insertion of an inner titanium shim.” This cage has an
open architecture design, which allows backfilling of
bone graft and conforms to patient’s endplate config-
uration.
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Figure 1. Intraoperative fluoroscopy of trial implants, anterior-posterior and
lateral view.

Coric et al demonstrated preliminary evidence for the
safety and effectiveness of BE cages for use in open and
minimally invasive surgery (MIS) TLIF compared with
that of other devices.® These findings were replicated
in another similar study performed in the United States
by Tan et al.” Their study, which focused on the use of
BE cages in MIS TLIF , also demonstrated excellent
improvement in radiological parameters.’ Both studies
reported short-term results of less than 6 months and
showed improvement in patient symptoms without any
implant-associated adverse events.*” The aim of this
current study is to evaluate midterm 1 year clinical and
radiological outcomes, which have not been previously
investigated. The efficacy and safety of BE cages in
Asians can also be evaluated in this analysis conducted
on a predominantly Asian demographic whose build
may alter significantly from the Western population.

METHODS
Hypothesis

BE cages can achieve satisfactory 1 year clinical
and radiological results for patients with degenerative
lumbar spine conditions.

Patient Population

This is a retrospective review of prospectively col-
lected data of all consecutive patients who underwent
TLIF with BE cages performed in a single-tertiary
orthopedic institution by 2 fellowship-trained spine sur-
geons from 2020 to 2021 with 1-year follow-up. This
study was reviewed by our institution’s ethics com-
mittee. Inclusion criteria were diagnosis of degenera-
tive disc disease, spondylolisthesis, or spinal stenosis.

Figure 2. Outer polyetheretherketone shell, seen from the top and side.

Figure 3. Inner titanium shim, seen from the top and side.

1-level, 2-level, and 3-level lumbar fusions, performed
using either open or MIS technique, were included
in this study. Exclusion criteria were previous spinal
fusion, infection, or malignancy.

Surgical Technique

TLIF was performed using previously well-
described® open or minimally invasive approaches. All
patients underwent general anaesthesia and were posi-
tioned prone on a Jackson table. After exposure, prepa-
ration of the disc space was performed by removing
the disc material using sequentially larger disc shavers,
curettes, and pituitary rongeurs. Implant sizing was
first estimated through preoperative templating, then
determined using trial implants (Figure 1), and final
verification was performed with intraoperative flu-
oroscopy. The outer PEEK shell (Figure 2) and inner
titanium shim (Figure 3) were loaded in-line onto an
inserter instrument (Figure 4), and the implants were
then placed into the interbody space. After fluoroscopic
confirmation of satisfactory cage position (Figure 5),
biplanar expansion of the cage (Figure 6) was achieved
via advancing the inner titanium shim into the outer
PEEK shell (Figure 7), which was subsequently locked
together. A combination of autologous bone graft and
allogenic bone chips was postpacked into the expanded
cage and posterior disc space through a funnel impac-
tor. A laminectomy was then performed after the inser-
tion of the BE cage to ensure that all affected neural
elements at that level were thoroughly decompressed.
The surgery was completed with the instrumentation of
bilateral pedicles with screws and rods (Figure 8).
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Figure 4. Outer polyetheretherketone (PEEK) shell and inner titanium shim
loaded in-line onto inserter instrument, seen from the side (direction of
advancement of inner titanium shim into outer PEEK shell as demonstrated
by the black arrow).
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Figure 5. Intraoperative fluoroscopic confirmation of satisfactory cage
position before expansion, anterior-posterior and lateral view.

Clinical and Radiological Outcomes

Outcomes evaluated included patient-reported out-
comes (visual analog score [VAS] for back pain and
lower limb pain, Oswestry Disability Index [ODI], and
North American Spine Society neurogenic symptom
score [NSS]) and radiographic parameters (segmental
lordosis, anterior and posterior disc height, and foram-
inal height). All clinical assessments were performed
by third-party independent health care professionals not
involved in the study within our institutional Orthope-
dic Diagnostic Center using a standardized procedure at
routine time intervals.

Standard anterior-posterior and lateral radiographs of
the lumbar spine were also taken at routine time inter-
vals, including preoperatively and at 1 year. Segmental
lordosis was defined as the angle between the inferior
endplate of the cephalad vertebral body and the supe-
rior endplate of the caudal vertebral body as previously
utilized by Tan et al and Boktor et al.”® Anterior disc
height was defined as the distance between the infe-
rior endplate of the cephalad vertebra and the superior
endplate of the caudal vertebra at the anterior vertebral
body line as described by Hsieh et al.'® The posterior
disc height was measured in a similar manner albeit at
the posterior vertebral body line. Foraminal height was
measured as the distance between the inferior pedicle
wall of the level above and the superior pedicle wall
of the level below.'® Radiographs were also evaluated
for cage migration or subsidence as defined in previous
studies.''™

Figure 6. Biplanar expansion in medial-lateral direction and cranial-caudal
direction achieved with advancement of inner titanium shim into outer
polyetheretherketone shell, seen from the top and side.
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Statistical Analysis

Descriptive statistics were reported as means and
SDs. Statistical analysis utilizing paired ¢ test for con-
tinuous variables was used to evaluate the difference
between preoperative and postoperative clinical and
radiological outcomes. Clinical improvements were
significant if they exceeded the minimum clinically
important difference threshold of at least 10 points for
ODI and at least 2 points (10-point scale) for VAS."
Statistical significance was determined at P < 0.05.

RESULTS

A total of 23 patients who underwent TLIF with BE
cages with an average follow-up duration of 1.25 +0.26
years were included in this study (Table 1). Of these
patients, 8 were men. The mean age was 65.5 + 9.0
years, and mean body mass index was 25.5 = 3.6. Four
patients (17%) underwent MIS TLIF and 19 patients
(83%) underwent open TLIF. Also, 7 patients (30%)
underwent 1-level TLIF, 12 patients (52%) underwent
2-level TLIF, and 4 patients (18%) underwent 3-level
TLIF, with a total of 43 spinal segments fused. Mean
length of stay was 5.2 + 2.9 days.

Scores on the VAS for back pain improved by 4.8
+ 3.4 (P <0.001) from 6.5 £ 2.6 to 1.7 = 2.2; VAS for
lower limb pain improved by 5.2 + 3.8 (P < 0.001) from
5.7+3.4t00.5 £ 1.6; ODI improved by 29.0 + 18.1 (P
<0.001) from49.4 + 15.1 to 20.4 = 14.2; NSS improved
by 36.8 £ 22.1 (P < 0.001) from 53.3 + 21.1 to 16.5
+ 19.8 (Table 2). The proportion of patients achieving
minimally clinically significant improvement for VAS
for back pain, VAS for lower limb pain, ODI, and NSS
were 91%, 94%, 87%, and 96%, respectively.

Mean anterior disc height increased by 3.2 = 2.0 mm
from 8.8 + 2.7 to 12.0 + 2.4 mm. Mean posterior disc
height increased by 2.1 £ 1.5 mm from 5.3 + 1.5t0 7.4

Figure 7. Biplanar expansion of the cage was achieved via advancing the
inner titanium shim into the outer polyetheretherketone shell as visualized on
lateral intraoperative fluoroscopy.

4, 2025
International Journal of Spine Surgery, Vol. 00, No. 0 3


https://www.ijssurgery.com/

Outcomes Following TLIF With Biplanar Expandable Cages

Figure 8. Final position of expanded cage with pedicle screws and rods inserted, anterior-posterior and lateral view.

+ 1.5 mm. Mean foraminal height increased by 1.7 +
1.7 mm from 12.1 £ 2.6 to 13.8 £ 2.9 mm. Mean seg-
mental lordosis improved by 2.8° + 2.2° from 7.2° +
3.9° to 10.0° £+ 3.3°. Mean lumbar lordosis improved
by 6.1° + 7.2° from 36.5° + 14.8° to 42.6° + 12.1°. The
improvements in radiographic parameters were statisti-
cally significant (P < 0.001).

There were no implant-related complications or
revision surgeries at 1 year. There was no incidence of
subsidence or posterior cage migration in our patients.
However, there were 2 incidences of durotomy, which
occurred during laminectomy and decompression of
neural elements. One patient had dura repair performed
with 6-0 polypropylene sutures, and the other patient
had the dura repaired with fibrin sealant patch and
collagen-based dural graft. Both these patients were
managed with 72 hours of bed rest and had their drains

Table 1. Patient demographics, surgical approach, and surgery levels (N =
23).

Variable n (%)
Age, y, mean (SD) 65.5+9.0
Body mass index, mean (SD) 255+3.6
Gender

Male 8 (35%)

Female 15 (65%)
Approach

Open 19 (83%)

MIS 4 (17%)
Levels

1 7 (30%)

2 12 (52%)

3 4 (17%)
Spinal levels fused 43

Note: Data presented as n (%) unless otherwise noted.

removed after 24 hours. Both patients were able to
ambulate independently afterward and did not experi-
ence symptoms of persistent dura leak, including head-
aches and wound complications.

DISCUSSION

We performed TLIF with BE cages on 23 patients,
and most of them achieved clinically significant
improvement across the board in ODI, NSS, and VAS
for back pain, lower limb pain, and lower limb numb-
ness. To our knowledge, there have only been 2 pre-
vious studies investigating the short-term outcomes
following lumbar fusion with the same BE device used
in the present study.®” We have been able to demon-
strate that patients who underwent TLIF with BE cages
have similar good results up to 1 year after surgery with
most patients achieving the minimum clinically import-
ant difference.

This study demonstrated an improvement in seg-
mental lordosis postoperatively by about 2.8° following
TLIF with BE cage (Figure 9). Tan et al’ also reported an
improvement in segmental lordosis of about 1.7° when
using the same BE device used in the present study. Pre-
vious studies have shown that other types of expandable
cages may have significant improvement in segmental
lordosis after surgery,”'® the improvement of segmen-
tal lordosis may be greater when compared with static
cages'™'® and that improvement in segmental lordosis
may be correlated with better clinical scores.'” There
was also significant improvement in other radiological
parameters following TLIF with BE cages, including
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Achieved Minimum
Clinically Important

Biplanar Expandable Cage (n = 23) Preoperative Postoperative® Difference P Value Difference (%)
Patient-reported outcome scores
VAS back pain 6.5+2.6 1.7+22 -4.8+34 <.001 91%
VAS lower limb pain 57+34 05+1.6 -52+38 <.001 94%
Oswestry Disability Index 494+ 15.1 204 £14.2 -29.0+ 18.1 <.001 87%
Neurogenic symptom score 533 +21.1 16.5 +19.8 -36.8 +22.1 <.001 96%
Radiological outcomes
Segmental lordosis, © 72+39 10.0+£3.3 28+22 <.001 -
Lumbar lordosis, ° 36.5+14.8 42.6 +12.1 6.1+72 <.001 -
Anterior disc height, mm 88+2.7 120+2.4 32+20 <.001 -
Posterior disc height, mm 53+1.5 74+x1.5 21+1.5 <.001 -
Foraminal height, mm 12.1+2.6 13.8+29 1.7+x1.7 <.001 -

Abbreviation: VAS, visual analog scale.
Note: Data presented as mean + SD.
“Mean follow-up duration (y)—1.25 + 0.26 (range, 0.94-1.79).

overall lumbar lordosis, anterior disc height, posterior
disc height, and foraminal height.

We did not experience any implant-related compli-
cations in this study. This study replicates the positive
findings found in previous studies on the same BE cage
that also did not report any adverse events related to the
implant.6’7 An assessment of the BE cage found that the
open architecture design leads to better conformity with
the contour of endplate,” and this has been hypothesized
to reduce endplate violation and implant subsidence.
The open architecture design also allowed backfilling
of bone graft.

The strengths of this study included the following:
(1) longer follow-up of more than 1 year of patients
who underwent BE cages for TLIF compared with the
other studies available on the same type of implant, (2)
patient-reported outcomes were assessed by independent

BN

assessors not involved in the study as these clinical out-
comes were collected as part of routine care, and (3)
there were no patients lost to follow-up. Nevertheless,
the investigation was conducted in a single institution
and may limit the external validity of our results.

CONCLUSION

Early results of BE cages are promising, and BE cages
may prove to be a useful tool in lumbar fusion surgery
in the future. This study has shown that patients who
underwent TLIF performed with BE cages have good
results following surgery with significant improvement
of their symptoms at 1 year. TLIF with BE cages also
led to an improvement in segmental lordosis. Moreover,
this study indicates that BE cages can be used safely
in an Asian population while performing TLIF to treat

L
3
5]
=

Figure 9. Preoperative and postoperative radiographs of open 2-level transforaminal lumbar interbody fusion performed on a 74-y-old patient who presented

with neurogenic claudication.
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common lumbar spine conditions. This is clinically rel-
evant as Asians are typically of a smaller build com-
pared with Westerners. Nevertheless, larger studies with
longer follow-up duration are required to elucidate the
unique potential benefits of BE cages.
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