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Expandable cages that expand both height and lordosis provide
improved immediate effect on sagittal alignment and short-term
clinical outcomes following minimally invasive transforaminal
lumbar interbody fusion (MIS TLIF)
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Background: Failure to restore lordotic alignment is not an uncommon problem following minimally
invasive transforaminal lumbar interbody fusion (MIS TLIF), even with expandable cages that increase disc
height. This study aims to investigate the effect of the expandable cage that is specifically designed to expand
both height and lordosis. We evaluated the outcomes of MIS TLIF in restoring immediate postoperative
sagittal alignment by comparing two different types of expandable cages. One cage is designed to solely
increase disc height (Group H), while the other can expand both height and lordosis (Group HL).
Methods: Patients undergoing MIS TLIF using expandable cages were retrospectively reviewed, including
40 cases in Group H and 109 cases in Group HL. Visual analog scores of back and leg pain, and Oswestry
disability index were collected. Disc height, disc angle, and sagittal alignment were measured. Complications
were recorded, including early subsidence which was evaluated with computed tomography.

Results: Clinical and radiographic outcomes significantly improved in both groups postoperatively.
Group HL showed superior improvement in segmental lordosis (4.4°+3.5° vs. 2.1°£4.8°, P=0.01) and disc
angle (6.3°+3.8 vs. 2.2°£4.3°, P<0.001) compared to Group H. Overall incidence of early subsidence was
23.3%, predominantly observed during initial cases as part of the learning curve, but decreased to 18% after
completion of the first 20 cases.

Conclusions: Expandable cages with a design specifically aimed at increasing lordotic angle can provide
favorable outcomes and effectively improve immediate sagittal alignment following MIS TLIF, compared to
conventional cages that only increase in height. However, regardless of the type of expandable cage used, it
is crucial to avoid applying excessive force to achieve greater disc height or lordosis, as this may contribute
to subsidence and a possible reduction in lordotic alignment restoration. Long-term results are needed to

evaluate the clinical outcome, fusion rate, and maintenance of the sagittal alignment.
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Introduction

“Kyphosing procedure” is a term often used to highlight
the potential drawback of minimally invasive transforaminal
lumbar interbody fusion (MIS TLIF) in terms of its
negative impact on postoperative spinal alignment (1-3).
Although MIS TLIF offers several benefits such as reduced
collateral injuries to back muscles, less hospitalization
time, decreased postoperative pain, minimized blood loss
during surgery, and effectiveness comparable to open fusion
surgery, several studies have shown that some patients
failed to achieve substantial improvements in segmental
lordosis after the surgery (4-9). To address this issue,
the introduction of the expandable cage aims to obtain
improvement in the disc height, facilitate cage insertion
without damaging the vertebral endplate, and potentially
achieve more effective increases in lordosis compared
to the conventional static cage (10). Despite the use of
expandable cages in MIS TLIF, studies have shown that
while disc height can be effectively increased, there is still
limited improvement observed in postoperative sagittal

Highlight box

Key findings

® This study presents the utilization of an expandable cage
designed to expand both disc height and lordosis, demonstrating
significantly improved segmental lordosis and disc angle compared
to conventional expandable cages that only increase height.

What is known and what is new?

* Minimally invasive transforaminal lumbar interbody fusion has
been referred to as a “kyphosing operation” due to challenges in
achieving lordotic restoration or addressing sagittal alignment
issues, even when using expandable cages that increase disc height.

* This study is the first to report the advantages of that expandable
cage explicitly designed not only for height augmentation but
also for restoration of segmental lordosis when compared to
conventional expandable cages.

What is the implication, and what should change now?

* In cases where surgeons aim to restore segmental lordosis,
considering an expandable cage that addresses both height and
lordosis expansion is a viable option. However, to prevent early
subsidence, it is imperative to avoid applying excessive force to
achieve greater disc height or lordosis.
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alignment including segmental and lumbar lordosis.
Moreover, it has been observed that patients who had
preoperative lordotic segment often experience a kyphotic
change after undergoing MIS TLIF (11-13). Therefore,
different designs of expandable cages were developed to
address this problem (14). The combination of height and
lordosis expansion is technically challenging and has not
been addressed until recently. The expandable cages with
controlled expansion of both height and lordosis were
invented to optimize postoperative alignment by increasing
segmental lordosis of the fusion segment (15). Nonetheless,
research on this cage design was lacking, especially its
effectiveness on spinal alignment restoration. This study
aimed to compare the outcomes of two different expandable
cages in MIS TLIF: the conventional expandable cages
that solely expand disc height, and the newer cages that
additionally increase segmental lordosis. In this study, our
primary focus was on analyzing the postoperative radiologic
outcomes to demonstrate the true mechanical effect of the
expandable cages on sagittal parameters without the effect
of subsidence over time, and also suggest the technique to
prevent early subsidence following the use of expandable
cages for MIS TLIFE. Our subsequent long-term study in the
future will focus on the fusion rate, late subsidence, long-
term maintenance of the lordotic alignment, and the effect
on the adjacent level. We present this article in accordance
with the STROBE reporting checklist (available at https://
jss.amegroups.com/article/view/10.21037/jss-23-106/rc).

Methods
Study design and patients

The present study retrospectively reviewed consecutive
patients who underwent MIS TLIF with expandable cages
at Weill Cornell Medicine, Department of Neurosurgery,
New York-Presbyterian Hospital between January 2019
and March 2023. The surgical indications included
patients who had degenerative lumbar diseases, presented
with radiculopathy and mechanical back pain that did not
respond to conservative treatiment. Patients who underwent
revision surgery at the same level for pseudarthrosis, had
non-degenerative pathologies such as spinal tumors, or had
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Figure 1 Directions of cage expansion in two different cage designs (Adapted with permission from Globus Medical). (A) Expandable cage

with only height expansion with fixed 4° lordotic profile (Group H), and (B) expandable cage with expansion of both height and lordosis

with adjustable lordosis up to 22° (Group HL). Group H, expandable cages with only height expansion; Group HL, expandable cages with

lordosis and height expansion.

incomplete data were excluded from the study. The patients
were categorized into two groups based on the types of
expandable cages used in their MIS TLIF surgeries: (I) Group
H, which used cages that expand only height, and (II) Group
HL, which used cages that expand both height and lordosis.
All surgeries were performed by a single senior surgeon (R.H.)
who had extensive experience in MIS TLIF surgery, and all
patients received the same postoperative protocol.

This study was performed in accordance with the ethical
standards of the Declaration of Helsinki (as revised in 2013)
and was approved by the Weill Cornell Medicine (WCM)
Institutional Review Board (IRB) (approval number:
1912021199) and individual consent for this retrospective
analysis was waived.

Outcome measures

Demographic characteristics were collected including
age, gender, body mass index (BMI), American Society of
Anesthesiologists (ASA) score, diagnosis, operated level,
baseline pain and disability, and length of hospitalization.
Clinical and radiographic outcomes following MIS TLIF
were recorded during a three-month visit. Patient-reported
outcomes including postoperative Oswestry disability
index (ODI) and visual analog scale of back (VAS-B) and
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leg pain (VAS-L) were collected. Radiographic variables
including anterior and posterior disc height (DH), lumbar
lordosis (LL), segmental lordosis (SL), disc angle (DA),
and vertebral slippage were recorded. Global and regional
sagittal parameters consisting of sagittal vertical axis (SVA),
pelvic incidence (PI), pelvic tilt (PT) and sacral slope (SS)
were measured, and changes between pre- and postoperative
values were calculated. Postoperatively, plain radiographs
of the lumbar spine and whole spine were taken in a standing
position to compare with preoperative images. Additionally,
cage subsidence was assessed using computed tomography
(CT) scans, which were defined as the presence of at least
2 mm of cage protrusion through the vertebral endplates (16).
Clinical outcome measures and complications were
documented during each follow-up evaluation.

Types of expandable cages in the study (Figure 1)

Expandable cage with controlled expansion of height
(Group H)

This type of cage is an all-titanium expandable lumbar
interbody spacer designed for posterior approaches (RISE®,
Globus Medical, Inc. Audubon, PA, USA). The cage is
available in three different widths (8, 10 and 12 mm) and
three lengths (22, 26, and 30 mm), with fixed 4° lordotic
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profile. The cage can be inserted at an initial contracted
height as low as 7 mm to minimize endplate disruption and
impaction forces. The surgeon can then control continuous
expansion up to 7 mm to restore disc height and optimize
endplate-to-endplate fit.

Expandable cage with controlled expansion of both
height and lordosis (Group HL)

The other type of cage is an expandable posterior lumbar
interbody spacer with 3D printed titanium endplates
(SABLE®, Globus Medical, Inc., Audubon, PA, USA). It
is designed to minimize endplate disruption, maximize
ability to restore sagittal alignment, optimize fusion with
in situ graft delivery, and can be backfilled with bone graft.
The cage mechanically expands the lordosis first, followed
by an increase in disc height. The cage provides up to 22°
of lordosis and continuously expands up to 8 mm. The
available widths and lengths are similar to those of the cage
used in Group H.

Surgical technique

After informed consent was obtained, all patients were
scheduled for navigated MIS TLIF. The surgical procedure
was performed according to the standards outlined in the
“Step-by-Step Guide: Key Steps in MIS TLIF Procedure”
developed by the AO-Spine Minimally Invasive Spine
Surgery Task Force (8). The surgery was performed with
the patient in a prone position under general anesthesia.
Navigation guidance was utilized throughout the
procedure, from skin incision to rod placement, to assist
with the surgery. At the beginning of the procedure, the
intraoperative navigation system (Brainlab AG, Feldkirchen,
Germany) was set up, and the reference array was securely
placed on the contralateral iliac crest. Image acquisition
was then carried out with intraoperative CT scan.
Navigator-assisted percutaneous pedicular screw insertion
(Viper Prime, DePuy Synthes, Raynham, MA, USA)
was performed with 3-dimensional navigation (Brainlab
GmbH, Munich, Germany). Afterwards, a separate medial
fascial incision was made to place a table-mounted tubular
retractor over the facet joint and lamina. Unilateral
facetectomy was performed and the resected bone was
morselized to be used as autologous bone graft. Ipsilateral
and over-the-top decompression of neural structures was
thoroughly done under microscope. With protection of the
nerve roots, the disc space was identified and discectomy
was performed. Meticulous vertebral endplate preparation

© Journal of Spine Surgery. All rights reserved.

was carefully done to avoid iatrogenic endplate injury.
Bone graft substitute was packed into the prepared disc
space anteriorly. An expandable cage with autologous
bone graft was implanted under microscope with the
aid of navigation guidance. The expansion of the cage
was carefully controlled by the surgeon to optimize the
endplate-to-endplate fit for an appropriate disc height and
lordosis. Intraoperative CT scan was obtained to confirm
the accurate placement of pedicular screws, adequate area
of decompression, and optimal expansion of the cage. Once
the position of all implants was confirmed, bilateral rods
were inserted. Any bleeding was carefully inspected and
controlled. Subsequently, the surgical wound was closed
layer by layer. Postoperative images were obtained to
measure radiographic variables (Figure 2).

Statistical analysis

Statistical analysis was performed with SPSS 28.0.0
(IBM SPSS, Chicago, IL, USA). Normality was assessed
via the Shapiro-Wilk test to determine the appropriate
statistical test. In this study, the data followed the normal
distribution so that parametric statistical techniques were
employed. Standard descriptive statistics were reported
for demographic data, perioperative data, functional and
radiographic outcomes as means with standard deviations,
frequency and percentages, where applicable. Continuous
variables between two groups were compared using ¥’-
sample Student 7-test and categorical variables were
compared using Chi-square test. Any significant differences
between demographic or baseline values were reported. For
all analysis, the statistical significance was set at a threshold
of P value less than 0.05.

Results
Demographics

The study included a total of 149 patients who underwent
MIS TLIF using expandable cages, of which 40 patients
received cages that only expanded height (Group H), and
109 patients received cages that expanded both height and
lordosis (Group HL) (Figure 3). Baseline demographic
characteristics was not different between groups, including
average age (64.5£11.2 years), predominantly male gender
(85/149, 57%), and average BMI (27.6=5.2 kg/m’). The
average length of hospital stay was 2.8+1.6 days. The most
frequently operated level was L4-5 (58.4%), followed
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Figure 2 Preoperative and postoperative radiograph and magnetic resonance images of minimally invasive transforaminal lumbar
interbody fusion L4-5 using two different types of expandable cages and the measurement of pre- and postoperative segmental lordosis. (A)
Expandable cage with only height expansion (Group H), and (B) expandable cage with expansion of both height and lordosis (Group HL).
Group H, expandable cages with only height expansion; Group HL, expandable cages with lordosis and height expansion.

164 consecutive patients underwent minimally invasive transforaminal
lumbar interbody fusion with expandable cages

15 patients excluded
e Incomplete/inaccessible data (n=11)
> e Revision of pseudarthrosis (n=2)
¢ Not degenerative pathologies (n=2)
(e.g., tumor)

Y

149 eligible patients
T

v v

Group H Group HL
Expandable cage with only height Expandable cage with height and
expansion 40 cases lordosis expansion 109 cases

v v

Clinical outcomes: visual analog scale of leg and back pain, Oswestry
disability index
Radiographic outcomes
e Disc height, foraminal height, slip reduction
e Sagittal alignment parameters: lumbar lordotic angle, segmental
lordotic angle, disc angle, sagittal vertical axis, pelvic tilt, sacral slope
e Subsidence

Figure 3 Flow chart illustrating the strategy of patient inclusion and outcome measures. Group H, expandable cages with only height

expansion; Group HL, expandable cages with lordosis and height expansion.
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Table 1 Demographic data, clinical, and procedure-related characteristics in patients undergoing minimally invasive transforaminal lumbar

interbody fusion
Types of expandable cages
Characteristics Total (n=149)
Group H (n=40) Group HL (n=109) P value

Age (years) 64.5+11.2 64.9+11.4 64.1+11.3 0.73
Gender (male) 85 (57.0) 23 (57.5) 62 (56.9) 0.29
BMI (kg/m?) 27.6+5.2 27.4+6.3 27.7+4.8 0.08
ASA score 2.3+0.6 2.4+0.5 2.3+0.5 0.07
Length of stay (days) 2.8+1.6 3.1+1.4 2.7+1.6 0.25
Operated level 0.75

L2-3 6 (4.0 2 (5.0 4(3.7)

L3-4 24 (16.1) 5(12.5) 19 (17.4)

L4-5 87 (58.4) 24 (60.0) 63 (57.8)

L5-S1 32 (21.5) 9 (22.5) 23 (21.1)
Diagnosis 0.17

Spondylolisthesis 86 (57.7) 26 (65.0) 60 (55.0)

Spinal stenosis 39 (26.2) 7(17.5) 32 (29.4)

Degenerative scoliosis 13 (8.7) 4(10.0) 9 (8.3)

Others (ASD, DDD, HNP) 11 (7.4) 3(7.5) 8(7.9)
ODI

Preoperative 41.5+15.0 37.4+17.3 43.2+12.6 0.09

Postoperative 39.6+17.4 35.3+16.0 41.1£17.8 0.27
VAS-L

Preoperative 7.0£2.3 7.4+1.8 6.8+2.5 0.13

Postoperative 2.4+2.4 2.4+1.7 2.4+2.5 0.99
VAS-B

Preoperative 7.3+1.9 7.6+1.9 7.2+1.9 0.16

Postoperative 41+2.6 4.2+2.9 41+2.5 0.95

Data are expressed as mean + standard deviation or frequency (percentages). Group H, expandable cages with only height expansion;
Group HL, expandable cages with lordosis and height expansion. BMI, body mass index; ASA, American Society of Anesthesiologists;
ASD, adjacent segment disease; DDD, degenerative disc disease; HNP, herniated nucleus pulposus; ODI, Oswestry disability index;
VAS-L, visual analog scale of leg pain; VAS-B, visual analog scale of back pain.

by L5-S1 (21.5%). The most common diagnosis was
spondylolisthesis (57.7%), followed by spinal stenosis
(26.2%). These baseline demographics were similar
between the two groups (1able 1).

Clinical outcomes

Both groups demonstrated significant improvement in pain
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relief, including both VAS-B and VAS-L at three months
following the surgery. However, between Group H and HL,
there was no significant difference in postoperative VAS-B
(4.2£2.9 and 4.1+£2.5, respectively, P=0.95) and VAS-L
between both groups (2.4+1.7 and 2.4+2.5, respectively,
P=0.99). Similarly, there was no difference in postoperative
ODI between Group H and HL (35.3£16.0 and 41.1+17.8,
respectively, P=0.27).
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Intervertebral disc beight, foraminal beight, and slip
reduction

After surgery, there was a significant improvement in
all measured variables, including anterior disc height,
posterior disc height, and foraminal height. However, the
improvement in these parameters did not differ significantly
between the two groups. In Group H and HL, the increases
in anterior disc height were 3.3+3.8 and 4.5+3.1 mm,
respectively (P=0.21), and the increases in posterior disc
height were 3.7+2.8 and 3.0+2.6 mm, respectively (P=0.52).
Additionally, there was no significant difference between the
groups in changes in foraminal height, which were 2.3+1.7
and 2.1+1.8 mm, respectively (P=0.87). In spondylolisthesis,
reduction in vertebral slippage was not different between
both types of cages (2.9£2.2 and 2.5+2.0, respectively,
P=0.72).

Sagittal alignment and spinopelvic parameters

Group HL had a significantly better increase in segmental
lordosis compared to Group H (4.4°£3.5° vs. 2.1°+4.8°,
P=0.01). Similarly, Group HL achieved a greater disc angle
than Group H (6.3°£3.8° vs. 2.2°£4.3°, P<0.001). However,
there was no significant difference in the restoration of
lumbar lordosis between the two groups (2.5+4.8 vs. 0.4+5.7,
P=0.20, Table 2, Figure 4).

Changes of global sagittal balance as measured by the
sagittal vertical axis (SVA) were not significantly different
between before and after surgery either in Group H or HL
(4.5£13 vs. 6.1x15 mm, P=0.08). Similarly, changes in PT
were also not different between both groups (1.8+5.7 wvs.
~1.4+9.7 mm, P=0.053).

Subsidence and other complications

The incidence subsidence was 24.8%, with 25.0% occurring
in Group H and 24.8% in Group HL with no difference
between both groups (P=0.83) (Figure 5). After excluding
the first 20 cases during the learning phase, the subsidence
rates decreased to 20% in Group H and 18.0% in Group
HL, showing no significant difference between the groups
(P=0.74) (Table 3). Other complications included CSF leak
(2.7%), transient urinary retention (2.0%), lung atelectasis
(2.0%), hematoma (0.7%), and postoperative myocardial
infarction (0.7%).
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Discussion

This study indicates that, by utilizing expandable cages
that are designed specifically to increase the lordotic angle,
there is a significant better improvement of the disc angle
and segmental lordosis when compared to the expandable
cages that increase only disc height. However, there are
no differences in clinical outcomes and other radiographic
parameters including lumbar lordosis between both types
of expandable cages. Furthermore, with any types of
expandable cages, there is always a risk of subsidence when
excessive force is applied to increase the disc height or
lordosis. Therefore, surgical expertise and a learning curve
are essential for optimizing the results of this procedure.

The restoration of spinal sagittal alignment following
spinal fusion has been shown to be associated with
improved surgical outcomes including improvement
of pain and function, and quality of life of the patient
postoperatively (17,18). Additionally, achieving optimal
sagittal alignment has also been found to alleviate the
excessive stress to the adjacent segment that usually leads
to accelerated degeneration following the fusion (19,20).
Several studies have consistently demonstrated that MIS
TLIF offers a minimally invasive procedure that effectively
relieve radiculopathy by decompression of neural elements
and treat mechanical back pain by stabilizing the unstable
segment of the spine, while decreasing blood loss, hospital
stay, and complications when compared to open fusion
surgery (4,21-25). However, studies have shown that MIS
TLIF may not effectively increase segmental lordosis
and could not contribute to lordotic sagittal alignment
restoration, with some studies even referring the operation
as a “kyphosing procedure”. The use of static cages in MIS
TLIF limits the capacity of lordotic correction, compared
to lateral (LLIF) or anterior lumbar interbody fusion
(ALIF) where larger lordotic cages can be inserted (26-28).
Therefore, expandable cages designed to expand to increase
disc height have been implemented in MIS TLIF (10,14,29).
Despite this, several studies still have found no significant
difference in the lordosis attained when compared to the
use of static cages (12,29-31). This may be due to the fact
that, in order to increase disc angle and segmental lordosis,
the cage must have a hyperlordotic shape. As a result, a
new expandable cage design was developed to increase both
height and lordosis (32).

Results of this study have validated the efficacy of the
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Table 2 Radiologic characteristic and outcomes of patients who underwent minimally invasive transforaminal lumbar interbody fusion using two
different types of expandable cages

Types of expandable cages

Variables Total (n=149)
Group H (n=40) Group HL (n=109) P value

Anterior DH (mm)

Baseline 9.2+3.9 9.4+3.5 9.2+4.0 0.22

Postoperative 13.4+3.1 12.6+2.8 13.7+3.1 0.39

Changes (increase) 4.2+3.3 3.3+3.8 4.5+3.1 0.21
Posterior DH (mm)

Baseline 5.0+2.2 5.0£2.7 4.9+2.0 0.05

Postoperative 8.1+2.4 8.7+2.2 7.9+2.4 0.75

Changes (increase) 3.2+£2.7 3.7+£2.8 3.0+£2.6 0.52
FH (mm)

Baseline 15.7£2.5 15.8+3.3 15.6+2.2 0.43

Postoperative 8.1+2.4 18.2+3.4 17.9+1.9 0.66

Changes (increase) 2.2+1.8 2.3+1.7 2.1+£1.8 0.87
Lumbar lordosis (°)

Baseline 44.8+13.5 46.5+13.3 44.3+13.5 0.37

Postoperative 46.6+12.9 46.9+11.7 46.5+13.3 0.87

Changes (increase) 2.0£5.2 0.4+£5.7 2.5+4.8 0.20
Segmental lordosis (°)

Baseline 16.7+7.0 18.0+8.0 16.4+6.8 0.36

Postoperative 20.5+6.6 19.7+6.0 20.8+6.8 0.33

Changes (increase) 3.9+4.0 2.1+4.8 4.4+3.5 0.01*
Disc angle (°)

Baseline 5.6+4.4 5.9+4.2 5.5+4.5 0.61

Postoperative 10.9+4.6 8.1+3.8 11.8+4.5 <0.001*

Changes (increase) 5.3+4.3 2.2+4.3 6.3+£3.8 <0.001*
Subsidence 37 (24.8) 10 (25.0) 27 (24.8) 0.83

Data are expressed as mean + standard deviation or frequency (percentages). *, P<0.05. Group H, expandable cages with only height
expansion; Group HL, expandable cages with lordosis and height expansion. DH, disc height; FH, foraminal height.

new expandable cage in achieving an increase in segmental
lordosis for the fusion segment. These findings indicated
that sagittal alignment can be improved with MIS TLIF
by utilizing an expandable cage with a specific design
to expand both disc height and lordosis. However, for
single-level MIS TLIF, we did not observe a significant
improvement in overall lumbar lordosis and global sagittal
alignment. Furthermore, the extent of improvement in
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local lordosis did not have a substantial impact on clinical
outcomes, which demonstrated no differences between the
two types of cages. Therefore, it is important to highlight
that although the expandable cage within Group HL led to
a statistically significant improvement in segmental lordosis,
the meaningful clinical significance of this improvement in
terms of overall balance restoration might be limited from
one-level MIS TLIF with any type of expandable cage.
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Figure 4 Comparison of lumbar lordosis, segmental lordosis,
and disc angle following minimally invasive transforaminal lumbar
interbody fusion with different types of expandable cages, when
excluding the initial 20 cases as part of the learning curve (* indicated
significant difference). Group H, expandable cages with only
height expansion; Group HL, expandable cages with lordosis and

height expansion.

Figure 5 Preoperative (A) and postoperative images (B) showing
subsidence following minimally invasive transforaminal lumbar
interbody fusion L4-5 with an expandable cage with expansion of
both lordosis and height.

Nevertheless, the outcomes of this study demonstrated
the mechanical advantages of this particular design of
expandable cage in terms of restoring sagittal alignment
when compared to both static cages and expandable
cages that only increase in height. This design holds the
potential to create a more favorable and harmonious sagittal
alignment, where even a small increase in segmental lordotic
angle could potentially lower the risk of adjacent segment
degeneration (ASD) (19,33). In addition, we believed that
multiple-level surgery will provide a substantial increase in
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Table 3 Subgroup analysis with exclusion of first 20 operated cases
(learning phrase) on the sagittal alignment and subsidence

Types of expandable cages

Variables

G(:’:Q%;' G;ﬁ:gg:“ P value

Lumbar lordosis (°)

Baseline 45.0£11.9 451£13.1 0.95

Postoperative 45.6+10.7 47.5+13.2 0.54

Changes (increase) 0.6+6.4 2.8+4.6 0.075
Segmental lordosis (°)

Baseline 17.3+7.6 16.2+6.6 0.59

Postoperative 19.7+£5.9 21.3+6.6 0.31

Changes (increase) 2.4+3.0 5.2+3.2 0.003*
Disc angle (°)

Baseline 5.0+5.1 5.6+4.4 0.6

Postoperative 8.0+4.2 12.2+4.3 <0.001*

Changes (increase) 3.1£5.9 6.7+£3.7 <0.001*
Subsidence 4 (20.0) 16 (18.0) 0.74

Data are expressed as mean + standard deviation or frequency
(percentages). *, P<0.05. Group H, expandable cages with only
height expansion; Group HL, expandable cages with lordosis
and height expansion.

segmental lordosis that could potentially contribute to the
restoration of lumbar lordosis, as well as regional and global
sagittal alignment.

We observed a higher subsidence rate (25%) compared
to earlier studies on expandable TLIF cages, which
typically ranged from 15% to 20% in a short-term follow-
up (3,12,34). It is important to note that the methodology
used to assess the subsidence significantly influences the
reported rates. In general, subsidence was defined as a
2-mm loss in either disc height between postoperative
and baseline measurements. Notably, we utilized CT
scans for subsidence assessment in every patient, while
many prior studies relied on standing lateral radiographs
(12,34), and some studies used the cut-point of 4-mm loss
of disc height as a definition (3), which are less sensitive in
detecting subsidence. Furthermore, the expandable cages
used in our study demonstrated the capability to increase
both intervertebral height and disc lordosis. It is worth
emphasizing that an overly aggressive attempt to maximize
these parameters as much as possible may contribute to
the higher rate of subsidence (35). Therefore, surgeon’s
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experience, learning curve, and strategies in using the
expandable cage are essential to avoid subsidence while
achieving optimal lordotic angle.

Following the initial 20 cases, we observed a significant
reduction in the rate of subsidence. This improvement
coincided with the surgeon’s increased proficiency in
determining the optimal force required to tighten the
cage expansion device, specifically aimed at increasing disc
height and lordosis. These findings highlight the existence
of a learning curve regarding optimal torque to be applied
to prevent vertebral endplate injury from expandable
cages. We have adopted a cautious approach to adjusting
the degree of cage expansion. Rather than aiming for
maximal expansion, we recommend using the “two-finger”
technique, which simply involves using only two fingers to
tighten the cage expander instrument for achieving optimal
cage expansion. This technique serves as a precaution
against excessive torque (36). We suggest applying this
technique to reduce the risk of over-distraction force to
the vertebral endplate to avoid iatrogenic endplate injury
during the expansion of the cages. However, it is crucial
to address the considerable variability in absolute torque
values, percentage of stripping torque, and challenges in
consistently reproducing specific torque levels following
this technique (37,38). Therefore, it is important to note
that this concept serves as a starting point, particularly
crucial in osteoporotic bone, where surgeons may benefit
from increased attention to tactile feedback from two
fingers instead of palming the cage expander. To further
improve precision and prevent overexpansion leading to
endplate fractures and early subsidence, the consideration
of employing a torque limiting handle attached to the cage
inserter may be beneficial.

The 3D-printed Ti cages were used in Group HL,
which may deliver an optimal environment for fusion and
potentially exhibit significant osseous in-growth from
vertebral endplates. Titanium benefits from additive
manufacturing which offers the creation of porous implants
crucial for spinal fusion. 3D printing has revolutionized
the development of biomimetic, porous titanium implants,
known for enhancing fusion through osseous integration
within their porosity. Early interaction at the implant-
bone interface with 3D-printed Ti cages may add stability
and limit micromotion, promoting early fusion with
stabilization (39). Laratta et 4/. also found the ingrowth and
formation of cartilage and bone to be significantly greater
in the 3D-printed Ti cages, compared to PEEK cages (40).
The properties of bone biocompatibility of the HL. group

© Journal of Spine Surgery. All rights reserved.

cage potentially influence long-term changes in vertebral
endplates and may improve fusion rate. These long-term
effects will be specifically focused in our long-term study.

In this study, short-term clinical outcomes were also
reported. At three months post-surgery, leg pain significantly
improved due to adequate neural decompression. Although
back pain also partially improved, it might require more
recovery time due to surgical wound pain at this follow-up
period. For changes in ODI, a long-term follow-up may be
necessary for assessing improvements in disability.

This study also had several limitations. The limited
numbers of subjects in Group H were a result of a transition
to utilize a new design of the expandable cage for MIS
TLIF that expands both height and lordosis in Group HL.
Unequal group sizes can potentially influence the apparent
effect size and the precision of estimates, particularly if the
smaller group exhibits a more extreme value. However,
data in Group H exhibited a normal distribution, and the
assumption of equal variances between the two groups was
carefully tested. The decision not to equalize group sizes
was made with the intention of avoiding the introduction
of selection bias and ensuring the inclusion of all available
data. This was a short-term study so the pain and disability
in long-term follow up, maintenance of sagittal alignment
over time, and fusion rates were not reported. In addition,
long-term radiographic outcomes and late subsidence
after three months were not investigated. Nevertheless,
studies on immediate effect on sagittal alignment and
short-term clinical outcomes are crucial for gaining a more
comprehensive understanding of the mechanical impact
of the novel expandable cages on radiographic parameters,
unaffected by the influence of subsidence over time.
Consequently, a future study involving a randomized trial,
a larger sample size, and extended follow-up is necessary to
corroborate our findings. Our ongoing efforts are directed
towards a long-term study that will focus on the fusion rate,
subsidence, the maintenance of the lordotic alignment, and
the effect on the adjacent level.

Conclusions

This study suggested that the expandable cages with a
design specifically aimed at increasing the lordotic angle has
demonstrated favorable clinical outcomes following MIS
TLIF and also confirmed the successful immediate effect on
the better sagittal alignment, in comparison to conventional
expandable cages that expand only height. However,
regardless of the type of expandable cage used, it is crucial
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to avoid applying excessive force to achieve greater disc
height or lordosis, as this may contribute to cage subsidence
and a subsequent reduction in the restoration of lordotic
alignment. Further study is required to investigate the long-
term outcomes including the fusion and effect of subsidence
over time.
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