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ABSTRACT
Background:  Expandable cages are a recent development employed to reduce subsidence and improve fusion compared 

with static cages as they alleviate the need for repeated trialing or overdistraction of the disc space. This study aimed to compare 
the radiographic and clinical outcomes in patients undergoing lateral lumbar interbody fusion (LLIF) with either an expandable 
or static titanium cage.

Methods:  This was a prospective study of 98 consecutive patients undergoing LLIF performed over a 2-year period, with 
the first 50 patients receiving static cages and the following 48 receiving expandable cages. Radiographic evaluation included 
interbody fusion status, cage subsidence, and change in segmental lordosis and disc height. Clinical evaluation assessed patient-
reported outcome measures (PROMs), including the Oswestry Disability Index, visual analog scale (VAS) for back and leg pain, 
and short form-12 physical and mental health survey scores collected at 3, 6, and 12 months postoperatively.

Results:  The 98 patients had 169 cages impacted (84 expandable vs 85 static). Mean age was 69.2 years, and 53.1% 
were women. There was no significant difference between the 2 groups in terms of age, gender, body mass index, or smoking 
status. The expandable cage group had higher rates of interbody fusion (94.0% vs 82.9%, P = 0.039) at 12 months as well as 
significantly reduced implant subsidence rates at all follow-up timepoints (4% vs 18% at 3 months; 4% vs 20% at 6 and 12 
months). Patients from the expandable cage group showed a mean 1.9 more points of reduction in VAS back pain (P = 0.006) 
and 2.49 points greater reduction in VAS leg pain (P = 0.023) at 12-month follow-up.

Conclusions:  Expandable lateral interbody spacers resulted in significantly improved fusion rates with reduced 
subsidence risks and statistically significant improvement in PROMs up to 12 months postoperatively compared with impacted 
lateral static cages.

Clinical Relevance:  The data provide clinical relevance in favoring expandable cages over static cages for enhanced 
fusion outcomes in lumbar fusions.

Level of Evidence:  2.

Lumbar Spine

Keywords: expandable cage, radiographic outcomes, fusion rate, subsidence, lateral Lumbar interbody fusion, spine surgery

INTRODUCTION

Modern interbody fusion techniques treat degen-
erative lumbar conditions that have failed to respond 
to conservative treatment, such as spondylolisthesis, 
disc disease, or neural compression, whereby decom-
pression alone may result in instability. The main 
approaches include minimally invasive surgery trans-
foraminal lumbar interbody fusion, posterior lumbar 
interbody fusion, anterior lumbar interbody fusion, or 
lateral lumbar interbody fusion (LLIF). Each method 
has its strengths and drawbacks. By accessing the inter-
vertebral disc space via a lateral surgical corridor, LLIF 
not only has the advantages of preserving segmental 

stabilizing elements such as anterior longitudinal lig-
ament, posterior longitudinal ligament, ligamentum 
flavum, and the facets, but it also eliminates the need 
for nerve root retraction and avoids the risk of iatrogenic 
nerve root injury.1 Minimally invasive LLIF allows for a 
wide endplate preparation area and large footprint cage 
insertion that can achieve desirable segmental lordosis.2 
However, LLIF may place the lumbar plexus at risk via 
its transpsoas surgical trajectory and can be limited by a 
high-rising iliac crest.3 Regardless of the approach, the 
core principle in lumbar fusion lies in the utilization of 
an interbody cage filled with bone substitute or graft to 
achieve fusion of the opposing vertebral endplates for 
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structural stability and to restore sagittal alignment and 
disc and foraminal height.4–7

Impacted static intervertebral lumbar cages were 
first introduced by Bagby and Kuslich in the 1990s8 
and have undergone technical advancement aimed 
at reducing morbidities associated with the surgical 
approach.9,10 Excessive trialing and repeated impac-
tion causing endplate violation have been associated 
with reduced fusion rates and cage subsidence.9,10 Ver-
tically expandable cages first appeared on the market 
in the early 2000s11 in an attempt to circumvent some 
of the limitations inherent to the static cages. They are 
inserted into the disc space in a collapsed configuration, 
which abolishes the need for repeated trialing or other 
maneuvers to expand the disc space. They are then 
expanded in situ to achieve the optimal disc height and 
segmental lordosis.12 Theoretically, expandable cages 
minimize endplate trauma and should reduce the risk of 
subsidence,13 yet results are mixed on whether expand-
able cages are associated with better patient outcomes 
than static cages.14–19 Interbody cages are mostly poly-
etheretherketone (PEEK) or titanium (Ti) cages that 
differ in biomechanical properties, endplate osteointe-
gration, and radiolucency for assessment of fusion.20–22 
Thus, to control for these variables, we evaluated Ti 
lateral cages. In this study, we aimed to compare the 
radiographic and clinical outcomes after LLIF using 
expandable vs static Ti cages.

METHODS

Study Design and Patient Population

This was a multicenter prospective cohort study 
with institutional ethics committee approvals obtained 
(St Vincent’s Hospital Quality Assurance reference 
number: 21036; Epworth HealthCare Ethics approval: 
Professor Nikolas Zeps, Group Director of Research 
and Development). Ninety-eight consecutive patients 
underwent LLIF, with a total of 169 operative levels 
performed between December 2018 and February 2021 
by 2 senior spinal fellowship trained neurosurgeons 
using the same surgical techniques. Informed consents 
were obtained from all patients. The first 50 patients 
received static interbody cages, and the following 48 
patients had expandable interbody spacers. The patient 
selection criteria are detailed in Table 1.

Surgical Technique

Patients were given general anesthesia and placed in 
the lateral decubitus position on a radiolucent operating 
table. Fluoroscopy was utilized to plan the skin incision 

and confirm the targeted disc segment. First, an oblique 
small skin incision was made along Langer’s lines with 
dissection through the lateral abdominal wall muscle 
layers under direct vision. The psoas major muscle was 
then safely traversed using neuromonitoring to dock the 
retractor and expose the lateral annulus of the targeted 
intervertebral disc space. Where neuromonitoring was 
deemed unsafe, the retractor was repositioned via a 
more anterior placement, allowing posterior retraction 
of the psoas muscle prior to docking of the retractor. 
Subsequent clearance of the disc space was performed 
with sequential annulotomy, discectomy, and endplate 
preparation in the orthogonal plane, followed by cage 
insertion. When using a static cage, the intervertebral 
space was gradually distracted by the impaction of 
trials that were incremental in size by 2 mm each. The 
optimal height of the cage was achieved when there was 
a firm fit and restoration of lumbar lordosis shown on 
lateral intraoperative radiographs. The selected cage 
was then inserted into the disc space, prepacked with 
bone graft. When using an expandable cage, the spacer 
was inserted in a collapsed configuration (7 mm height; 
prepacked with bone graft), which was then expanded in 
situ to achieve the optimal endplate-to-endplate contact, 
followed by backfilling with bone graft.

For both cage groups, the bone graft used was a com-
bination of recombinant human bone morphogenic pro-
tein-2 (BMP-2; 1.5 mg/mL) applied to an absorbable 
collagen sponge (Infuse; Medtronic, Inc., Memphis, 
TN, USA), which was trimmed to the cage volume and 
allograft (Grafton Crunch, Medtronic). The Infuse dose 
used per level was volume-dependent (ie, the internal 
cage volume equaled BMP volume in cc). A small kit 
of BMP (2.8  cc providing a 4.2-mg dose) was used as 
per the manufacturer’s recommendation, following a 
1-hour absorption into the carrier period.23 No Infuse 
was placed outside the cage. The second stage of the 
operation involved positioning patients prone for min-
imally invasive pedicle screw fixation secured with 
rods and caps. Intraoperative fluoroscopy was used to 
confirm the position of the implants.

Table 1.  Inclusion and exclusion criteria for patient recruitment.

Inclusion Criteria Exclusion Criteria

	z Adult patients (≥18 y old)
	z Symptomatic degenerative lum-
bar spondylolisthesis unrespon-
sive to conservative management 
for at least 6 mo

	z Undergoing lateral lumbar inter-
body fusion

	z Patients with active infection or 
malignancy

	z Significant osteoporosis
	z Previous lumbar spine surgery
	z Previous spinal trauma
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Interbody Cages

The expandable interbody spacer used in this study 
was the Ti RISE-L (Globus Medical, Inc., Audubon, 
PA), and the static cage used was the Ti Modulus XLIF 
(NuVasive, Inc., San Diego, CA). RISE-L is loaded with 
a torque-limited driver, allowing a maximum of 3 N·m 
force to prevent overexpansion. The anterior expan-
sion ranged from 7 to 14 mm, with corresponding rises 
in posterior height and lordotic angle (Table  2). The 
RISE-L allowed for backfilling of bone graft post cage 
expansion via a funnel reaching the lateral aperture of 
the cage. The expansion is uniplanar in the craniocau-
dal direction, with its surface area size coming in fixed 
options of 45, 50, 55, and 60 mm, just as Modulus. In 
both groups, the footprint of the cage selected aimed to 
maximize endplate of the apophyseal ring, by the use 
of trials visualized on intraoperative anterior-posterior 
radiographs. With regard to cage height and lordotic 
angle, Modulus provided a choice of anterior height of 
8, 10, or 12 mm, with a cage lordosis of 10° or 15°.

Clinical Outcomes

Clinical metrics included patient self-reported 
outcome measures by the Oswestry Disability Index 
(ODI), the visual analog scale (VAS) for back and leg 
pain, the short form-12 (SF -12; both physical and 
mental components) surveys that were evaluated pre-
operatively as baseline and then at 3, 6, and 12 months 
postoperatively. The minimum clinically important 

difference relative to baseline for VAS is at least a 
2-point reduction in pain severity, a 15-point reduction 
in ODI score, and a 5.7-point increase for physical 
component score (PCS) or mental component score 
(MCS).24–26

Radiographic Outcomes

All patients underwent high-definition, low-dose 
computed tomography (CT) images preoperatively 
and 2 days postoperatively to assess cage and instru-
mentation positioning and at 6 and 12 months until 
solid interbody fusion was confirmed on coronal 
and sagittal views. To reduce the radiation exposure, 
no scans were performed after confirming interbody 
fusion. Fusion was defined as bridging interbody tra-
becular bone on coronal and sagittal views.23 Radio-
graphic parameters also assessed by CT included 
pre- and postoperative disc height, segmental lordo-
sis, and presence of subsidence27 and its type.28 The 
definitions of these metrics are listed in Table 3. An 
independent radiologist and independent senior neuro-
surgeon interpreted the CT results with high interob-
server reliability (r2 >0.87). When the differences in 
measurements were <3 mm or 3°, the mean of the 2 
measurements was taken as the final value. When the 
differences exceeded 3 mm or 3°, a third reviewer was 
involved and the mean of the 2 closest measurements 
was used as the final value.

Table 2.  RISE-L cage adjustable lordosis expansion range.

Drive screw revolutions 0 2 4 6 8 10 12 14
Anterior height, mm 7 8 9 10 11 12 13 14
Posterior height, mm 6.0 6.5 6.9 7.4 7.9 8.3 8.8 9.3
Lordotic angle 3° 4.7° 6.4° 8.1° 9.8° 11.5° 13.2° 15°

Source: Globus Medical Inc.

Table 3.  Definitions of radiographic parameters for outcome measurement.

Radiographic Parameters Definition

Fusion status The Bridwell interbody fusion grading system:
Grade 1: fused with remodeling and trabeculae present
Grade 2: graft intact, not fully remodeled and incorporated, but no lucency present
Grade 3: graft intact, potential lucency present at top and bottom of the graft
Grade 4: fusion absent with collapse/resorption of graft

Subsidence Loss of disc height by >2 mm compared with 6-wk postoperative disc height, as measured from the 
vertebral endplate to the caudal or cranial margin of the cage

Subsidence type Type 1: cage subsidence into the contralateral caudal endplate without anterior cage tilt
Type 2: bilateral cage subsidence into the anterior aspect of the caudal endplate, producing an anterior tilt of 

the cage
Type 3: cage subsidence into both the caudal and cranial endplates bilaterally without cage tilt

Index-level segmental lordosis The angle between the inferior endplate of the caudal vertebral body to the superior endplate of the cephalad 
vertebral body of the fusion segment

Anterior disc height The distance at the most anterior point of the vertebral body from endplate to endplate
Posterior disc height The distance at the most posterior point of the vertebral body from endplate to endplate, as a surrogate 

marker for foraminal height
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Statistical Methods

All tests were performed in GraphPad, Prism soft-
ware. Normality was assessed using the D’Agostino-
Pearson omnibus normality test. For parametric data, 
unpaired t test was used to determine whether there was 
any difference between the expandable cage and the 
static cage groups; for nonparametric data, the Mann-
Whitney test was utilized. All statistical tests were 
2-sided with statistical significance set at P value <0.05.

RESULTS

Patient Demographic and Operative  
Characteristics

The patient demographic features for both cage 
groups were comparable, as shown in Table  4. The 
expandable cage group comprised 56% women with 
a mean age of 71.2 years, while the static cage group 
had an equal gender distribution with a younger mean 
age of 67.2 years. Both groups had a mean body mass 
index of 28, with the majority of patients (88% in static 
and 93.8% in expandable) being nonsmokers. The most 

common surgical indication was central canal or foram-
inal stenosis with or without intervertebral disc disease. 
There was no significant difference in the pattern of 
spinal pathologies between the groups, as illustrated 
in Figure 1A (error bar indicates mean with SD). No 
patients were lost to follow up at 12 months postoper-
atively.

The operative characteristics were again similar for 
both cage groups (Table 4), with just over half of the 
patients undergoing single-level LLIF (52% in expand-
able vs 56% in static). Surgery was the most common 
at the L3-L4 level (41.9%) followed by L2-L3 (27.9%) 
in the expandable group, while L3-L4 and L4-L5 were 
both the most common targeted levels (34.1%) in the 
static group. The difference in the mean postopera-
tive anterior cage height between the 2 groups was 
small (0.6 mm) yet statistically significant (P = 0.004) 
(Table  4), with the range of final heights achieved in 
the expandable group being broader than the 3 fixed 
options available for the static cage group (Figure 1B, 
error bar indicates mean with SD).

Table 4.  Patient demographic and perioperative characteristics.

Characteristic
Expandable Cage

(n = 48)
Static Cage

(n = 50) P Value

Patient Demographics
 � Age, y, mean (range, SD) 71.2 (43–84, 8.5) 67.2 (27–89, 13.2) 0.143
 � Sex, n (%) 0.838
  �  Men 21 (43.8) 25 (50.0)
  �  Women 27 (56.2) 25 (50.0)
 � Body mass index, mean (range, SD) 28.7 (18–39, 4.3) 28.5 (18–46, 5.5) 0.567
 � Current smoker, n (%) 0.618
  �  Yes 0 3 (6.0)
  �  No 45 (93.8) 44 (88.0)
  �  Unknown 3 (6.2) 3 (6.0)
Operative Characteristics
 � Operated spinal segments n (%) >0.999
  �  Single level 35 (52.0) 34 (56.0)
  �  2 Levels 10 (36.0) 12 (28.0)
  �  3 Levels or more 3 (12.0) 4 (16.0)
 � Treated lumbar segments, n (%) 0.308
  �  L1-L2 7 (9.3) 5 (7.3)
  �  L2-L3 18 (27.9) 15 (24.4)
  �  L3-L4 28 (41.9) 22 (34.1)
  �  L4-L5 13 (20.9) 27 (34.1)
Radiographic Parameters
 � Preoperative disc height, mm, mean (range, SD)
  �  Anterior 6.0 (1–11.5, 2.5) 6.4 (1–19.2, 3.4) 0.251
  �  Posterior 3.4 (1–5.9, 1.1) 3.3 (1–7.0, 1.5) 0.834
 � Postoperative disc height, mm, mean (range, SD)
  �  Anteriora 10.0 (6.8–14.0, 1.8) 9.4 (8–12, 2.3) 0.004
  �  Posterior 5.8 (3–8.5, 1.1) 5.3 (1.1–9.2, 1.4) 0.121
 � % Increase in disc height postoperative, mean (range, SD)
  �  Anterior disc height 242.8 (99–1180, 178.6) 238.9 (69.5–1130, 230.8) 0.114
  �  Posterior disc height 193.5 (89.7–541.7, 91.06) 203.6 (56.9–650, 140.4) 0.266
 � Postoperative change in segmental lordosis degrees, mean 

(range, SD)
3.6 (−3.6 to 19.2, 4.2) 3.3 (−8.4 to 14.6, 4.2) 0.947

aRefers to expanded final height in the expandable cage group, whereas static cages were of 8, 10, or 12 mm in height. Total levels decompressed for the expandable group: 84; 
for the static group: 85.
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Radiographic Outcomes

As detailed in Table  4, the mean increases in the 
expandable group for anterior and posterior disc height 
were 5.3 and 2.3 mm, respectively, which were not sig-
nificantly higher than that of the static group (4.4 mm 
increase for anterior and 1.9 mm increase for posterior). 
The postoperative segmental lordosis was comparable 
(3.5° increase in expandable vs 3.1° increase in static) 
for both cohorts. Bone interbody fusion (Bridwell grade 
1) shown by CT (Figure 2A) was 64.8% in the expand-
able group at 6 months and increased to 94.0% at 12 
months. In contrast, 58.5% in the static group fused 
at 6 months, and the percentage reached 82.9% by 12 
months. The difference in fusion grades was statisti-
cally significant (P = 0.039) at 12 months.

Radiographic subsidence was seen in 2 patients from 
the expandable group at 3 months; both received con-
servative treatment. In comparison, 9 patients in the 
static group showed cage subsidence at 3 months and 
1 more patient at 6 months. Five of these 10 patients 

from the static group needed reoperations for extension 
of fusion subsequently. The distinction in subsidence 
rates between the 2 cage groups was statistically sig-
nificant at 3, 6, and 12 months (Figure  2B, error bar 
indicates mean with SD). Reviewing the intraoperative 
fluoroscopy images for those with subsidence, 1 patient 
demonstrated endplate damage at the time of surgery 
from repeated static trialing, a phenomenon previously 
reported by Malham et al.29

Clinical Outcomes

The clinical outcomes are summarized in Table  5. 
As changes in patient self-reported outcome measure 
scores were calculated by subtracting the preoperative 
baseline from the follow-up score, an increasingly neg-
ative number suggests improvement in ODI and VAS, 
while positive values indicate improvement in SF-12. 
There was no significant difference in the mean ODI 
between the 2 groups during follow-up. VAS of patients 
from the expandable group demonstrated a significant 
reduction in back pain at 3 months with a mean differ-
ence of 2 lower points postoperatively (P = 0.006) and a 
significant decrease in leg pain at 12 months (mean 2.49 
points of more reduction, P = 0.023) than those from the 
static group. The MCS of SF-12 showed significantly 
better scores from the expandable group with a mean 4 
points higher in improvement than their static counter-
parts (P = 0.009) at 3 months; these improvements were 
maintained at 6 months (P = 0.026). At 6 months, the 
PCS of SF-12 also revealed substantially higher scores 
by the expandable group (mean 7.44 points of further 
improvement, P = 0.035), although these differences in 
MCS and PCS of SF-12 did not persist at 12 months 
between the 2 groups.

Subgroup analyses of the static cage group (Table 6) 
found that patients with lower Bridwell fusion grade (3 
or 4 ± radiographic evidence of subsidence) had signifi-
cantly worse ODI scores at 3 months (mean 13.49 lower 
scores, P = 0.045), markedly less leg pain improvement 
at 12 months (mean 6.11 less pain reduction, P = 0.048), 
and a trend of worse SF-12 PCS scores at 12 months 
and lower MCS scores throughout the follow-up period 
than that in those with higher Bridwell fusion grade (1 
or 2 without subsidence).

DISCUSSION

Expandable cages have conventionally been reserved 
for corpectomy reconstructions,30 while static cages are 
the gold standard for lumbar fusions. Although static 
cages have produced acceptable clinical outcomes,31–33 

Figure 1.  Surgical indications and cage heights. (A) Numerical numbers were 
assigned to different pathologies as shown, for which the operations were 
performed in each study group. (B) Postoperative anterior cage height was 
measured in millimeters for each study group. Error bar indicates standard 
error of the mean.
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excessive spacer trialing, forceful impaction, and 
overdistraction of the intervertebral space during cage 
insertion remain a significant concern, which have 
been associated with endplate damage and secondary 
complications such as cage migration, pseudarthrosis, 
and subsidence.34–36 Subsidence can lead to a loss in 
lordosis, adjacent segmental disease, persistent back or 
leg pain with associated poor health functioning, and 
sometimes revision surgery.37,38 Conversely, it has been 
well established that satisfactory radiological parame-
ters correlated with improved functional outcomes.14–16 
Consistent with existing literature, we found signifi-
cantly larger improvements in ODI and VAS for leg 
pain in patients with satisfactory fusion than that of 
those with poor fusion and/or subsidence within the 
static cage group. Furthermore, 5 out of the 12 patients 
with subsidence had to undergo revision surgery.

The use of expandable cages in lumbar fusion rep-
resents a valuable addition to the spinal surgery arma-
mentarium. By design, the ability to be inserted as a low 
profile cage that is then expanded in situ to achieve the 
optimal anterior column support and lordosis, signifi-
cantly reduces the risk of iatrogenic endplate damage 
and overdistraction. In particular, they may be well 
suited for patients with a collapsed disc space.18 The 
potential drawbacks that had been proposed, included 
overexpansion that places undue stress over a focal area 
of the endplate, raising the risk of endplate violation and 
cage subsidence, especially in patients with poor bone 
quality13; a possibility of leaving a void in the expanded 
cage without adequate amounts of bone graft, raising 
the chance of nonfusion39; and a substantially higher 
cost than static spacers that remained to be justified by 
superior clinical outcomes.17,40 In our experience, the 

Figure 2.  Fusion and subsidence rates. (A) Fusion grade as assessed by the Bridwell interbody fusion grading system was measured for each study group at 6 
and 12 mo postoperatively. (B) The occurrence and type of subsidence were recorded for each study group at 3, 6, and 12 mo postoperatively. Error bar indicates 
standard error of the mean.
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expandable spacer had an inherent limit for maximal 
torque to prevent overexpansion and allowed backfill-
ing of bone graft post cage expansion. The cost of the 
expandable cage used in our study was the same as the 
static one, at A$3335 per cage.41 In addition, as illus-
trated in Figure 1B, the degree of individualization that 
was realized for the final cage height tailored toward 
each patient’s own anatomy was unparalleled, compared 
with the static cages that came in fixed height options. 
To control for any influence from cage material, design, 
and surface features, we used Ti cages in both study 
groups. The expandable Ti cage was opted for given 
the increased lordotic options, expansion ranges with 
backfilling capacity as compared with earlier genera-
tion PEEK expandable cages.

As this technology gains popularity, it is paramount 
to evaluate whether its theoretical benefits and ease 
of implantation indeed translate into improved clin-
ical outcomes for patients. To date, the evidence on 
expandable cages is scarce and predominantly involved 
retrospective studies of small sample sizes, with many 

lacking a control group or without directly comparing 
expandable with static cages. In those published data, 
expandable cages have not been consistently shown to 
be superior. For patients undergoing LLIF, Li and col-
leagues42 found in a retrospective cohort of 62 patients 
that there was a significantly higher subsidence rate 
(16.1% vs 6.7% in the Ti expandable) and markedly less 
improvement in pain and ODI scores in the static PEEK 
cage group than that of the expandable cage group at 
6 and 24 months follow-up. Frisch et al reported sim-
ilarly increased subsidence rate in the static PEEK 
cage group (16.1% vs 0% with the expandable PEEK 
cages) in a prospective study of 56 patients who had 
LLIF, yet other radiographic metrics and clinical out-
comes were similar between the 2 groups.43 To date, the 
only prospective randomized control trial comparing 2 
different types of cages was conducted in a group of 
patients undergoing PLIF (73 randomized to expand-
able vs 72 to static)—Korovessis and colleagues found 
that despite significant increases in anterior and poste-
rior disc heights in the expandable group, fusion rates 

Table 5.  Patient self-reported outcomes of the 2 cage groups.

Study Arm

Changesa in ODI (%): Mean (Range, SD)

3 mo 6 mo 12 mo

Expandable cage −14.61 (−48 to 28, 14.5) −19.03 (−58 to 4, 14.6) −20.81 (−60 to 8, 16.6)
Static cage −10.41 (−28 to 16, 16.5) −16.21 (−52 to 14, 19.5) −20.24 (−58 to 42, 22.1)
P value 0.289 0.541 0.894

Changesa in VAS—Back: Mean (Range, SD)

3 mo 6 mo 12 mo

Expandable cage −4.46 (−9 to 2, 2.7) −4.65 (−9 to 0, 3.0) −5.20 (−10 to 6, 3.3)
Static cage −2.5 (−9 to 2, 2.8) −3.71 (−9 to 1, 2.7) −3.32 (−9 to 5, 3.4)
P value 0.006 0.231 0.062

Changesa in VAS—Both Legs Combined: Mean (Range, SD)

3 mo 6 mo 12 mo

Expandable cage −6.70 (−18 to 9, 6.8) −6.22 (−17 to 4, 5.5) −6.76 (−18 to 4, 4.6)
Static cage −5.46 (−13 to 1, 3.9) −5.55 (−13 to 2, 4.3) −4.27 (−14 to 9, 5.1)
P value 0.447 0.654 0.023

Changes*a in SF-12 (PCS): Mean (Range, SD)

3 mo 6 mo 12 mo

Expandable cage 7.46 (−34.2 to 29.3, 10.2) 13.24 (−13.1 to 38.9, 10.0) 10.39 (−27.8 to 37.9, 14.6)
Static cage 7.12 (−3.4 to 21.2, 7.0) 5.80 (−25.7 to 22, 12.5) 12.68 (−7.4 to 37, 10.7)
P value 0.624 0.035 0.988

Changesa in SF-12 (MCS): Mean (Range, SD)

3 mo 6 mo 12 mo

Expandable cage 4.54 (−63.6 to 22.41, 14.1) 4.13 (−47.3 to 28.6, 14.1) 6.24 (−28.9 to 28.6, 13.4)
Static cage −0.72 (−26.1 to 22.7, 10.6) 2.75 (−67.1 to 20.0, 20.3) 3.08 (−23 to 38.0, 13.2)
P value 0.009 0.026 0.273

Abbreviations: MCS, mental component score; ODI, Oswestry Disability Index; PCS, physical component score; SF-12, 12-Item short form survey; VAS, visual analog scale.
aThe value of the change is the difference between the score at the targeted follow-up minus preoperative baseline score. ODI (a score of 0–100, with higher scores indicating 
worse disability); VAS (a score of 0–20 for both legs combined, with higher scores indicating more severe pain); PCS (range of 0–100, with higher scores indicating better 
physical health functioning); MCS (range of 0–100, with higher scores indicating better mental health functioning).
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and clinical outcomes as measured by ODI, VAS, and 
SF-36 scores were similar between the 2 groups.44 A 
meta-analysis of 12 studies (706 patients) on the use of 
expandable cages vs static cages in the minimally inva-
sive surgery transforaminal lumbar interbody fusion 
reported no significant difference in fusion, subsidence 
rate, or changes in lumbar lordosis, although the mean 
change in segmental lordosis was significantly higher 
for the expandable group.45 Overall, the discordance 
in published results could be attributed to variations in 
the type of cages used (Ti vs PEEK), which may have 
distinct construct stiffness, different fusion grading 
systems, and assessment modalities utilized (CTs vs 
x-rays, or magnetic resonance imagings) and hetero-
geneities in study designs, fusion approaches, and 
surgeons’ experience and techniques. In some studies, 
certain radiographic parameters were more favorable 
with expandable cages while clinical outcomes being 
equivocal between the 2 cage groups.43–45 This lack of 
correlation between radiographic and clinical results 

could be explained by the potentially large proportion 
of asymptomatic patients with radiographic evidence 
of suboptimal fusion and/or subsidence; the baseline 
low incidence of poor outcomes with static cages, espe-
cially in the hands of experienced surgeons; and clini-
cal differences that may not have been readily captured 
by the commonly used quality-of-life questionnaires. 
All of these factors would necessitate studies of large 
cohorts, with longer follow-up periods than what has 
been published for any significant distinction in clinical 
outcomes to be revealed.

In our study, we compared 2 cohorts of patients with 
similar demographic profiles treated by 2 experienced 
spinal surgeons using the same LLIF techniques and 
graft materials. We demonstrated a significantly higher 
subsidence rate and lower fusion rate as assessed on CT 
imaging, in the static group compared with that in the 
expandable cage group. We also observed significantly 
higher improvements in pain (mean VAS back pain, and 
leg pain) as well as functional status (MCS and PCS 

Table 6.  Patient self-reported outcomes as per fusion outcomes within the static cage group.

Static Cage Group

Changesa in ODI (%): Mean (Range, SD)

3 mo 6 mo 12 mo

Poor fusion 3.2 (−4 to 16, 7.6) −3.5 (−22 to 14, 15.3) −15.64 (−46 to 16, 22.0)
Satisfactory fusion −10.29 (−36 to 18, 15.6) −18 (−44 to 14, 17.6) −23.87 (−58 to 18, 19.6)
P value 0.045 0.171 0.256

Changesa in VAS—Back: Mean (Range, SD)

3 mo 6 mo 12 mo

Poor fusion −2.2 (−9 to 1, 4.2) −3.5 (−9 to 1, 4.8) −3.7 (−9 to 5, 4.1)
Satisfactory fusion −2.58 (−6 to 2, 2.5) −3.5 (−7 to 0, 2.1) −4.24 (−10 to 2, 3.2)
P value 0.520 0.983 0.661

Changesa in VAS—Both Legs Combined: Mean (Range, SD)

3 mo 6 mo 12 mo

Poor fusion −4 (−7 to 0, 3.3) −3.17 (−8 to 2, 3.9) −1 (−14 to 9, 6.1)
Satisfactory fusion −5.83 (−12 to 1, 4.0) −6.28 (−15 to 9, 5.1) −7.11 (−14 to 1, 4.7)
P value 0.478 0.091 0.048

Changesa in SF-12 (PCS): Mean (Range, SD)

3 mo 6 mo 12 mo

Poor fusion 9.68 (5.4–16, 4.5) 10.65 (5.7–16.1, 5.0) 11.81 (−0.4 to 29, 10.3)
Satisfactory fusion 7.44 (−2.7 to 21.2, 7.1) 10.03 (−1 to 22, 6.6) 14.53 (−2.8 to 37, 9.9)
P value 0.535 0.790 0.439

Changesa in SF-12 (MCS): Mean (Range, SD)

3 mo 6 mo 12 mo

Poor fusion −7.2 (−26.1 to 0.7, 10.9) −6.43 (−17.8 to 9.3, 12.9) 1.97 (−22.9 to 38, 15.2)
Satisfactory fusion 0.55 (−13.2 to 12.9, 8.8) 3.21 (−10.8 to 20, 6.7) 5.05 (−23 to 28.2, 12.7)
P value 0.142 0.202 0.514

Abbreviations: MCS, mental component score; ODI, Oswestry Disability Index; PCS, physical component score; SF-12, 12-item short form survey; VAS, visual analog scale.
Note: Poor fusion is defined as fusion Bridwell grade 3 or 4, with or without subsidence. Satisfactory fusion is defined as Bridwell fusion grade 1 or 2, with no radiographic 
evidence of subsidence.
aThe value of the change is the difference between the score at the targeted follow-up minus preoperative baseline score. It denotes statistical significance. ODI (a score of 0–100, 
with higher scores indicating worse disability); VAS (a score of 0–20 for both legs combined, with higher scores indicating more severe pain); PCS (range of 0–100, with higher 
scores indicating better physical health functioning); MCS (range of 0–100, with higher scores indicating better mental health functioning).
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of the SF-12 surveys) at follow-up for the expandable 
group compared with the static cage group. The mean 
ODI remained comparable between the 2 groups post-
operatively.

Strengths of our study were the prospective, mul-
ticenter design with both study surgeons past their 
learning curve with LLIF having each performed over 
200 LLIF procedures prior to the commencement of 
this study. All patients had radiographic follow-up at 
each study timepoint by CT assessed by an indepen-
dent radiologist and senior neurosurgeon, with final 
12-month CT optimal for detection of subsidence and 
fusion assessment. Study limitations were inherent to its 
nonrandomized design; however, there was a sequential 
enrollment of 1 cage type followed by the other with 
the cohorts similar based on demographics, conditions 
treated, and operated levels. We used Ti cages for both 
study arms with the same biologics for bone graft to 
minimize variables; however, the surface texture may 
not be identical between the 2 types of cages, poten-
tially contributing to the current results. The follow-up 
period of 12 months may also be inadequate in detect-
ing delayed complications such as adjacent segmental 
disease.

CONCLUSION

In consecutive cohorts of patients undergoing 
LLIF, patients with expandable Ti cages achieved sig-
nificantly higher fusion rates and lower subsidence 
rates at 12 months postoperative by CT assessment 
compared with Ti static cages. Patients with expand-
able cages demonstrated significant improvements 
in postoperative back and leg pain as well as in both 
SF-12 physical and mental components compared 
with patients with static cages. Our findings provide 
evidence for the clinicoradiographic benefits of the 
expandable cages in LLIF. Larger-scale randomized 
control trials with a multicenter prospective design 
would further establish any benefits of expandable 
lateral interbody devices.
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The authors report that in discussion with the research governance teams of both St Vincent’s Hospital Melbourne 
and Epworth HealthCare, it has come to their attention that some errors occurred in this recently published article. 
The authors thus submit the following:

The article states the following on page 266: “This was a multicenter prospective cohort study with insti-
tutional ethics committee approvals obtained (St Vincent’s Hospital Quality Assurance reference number: 
21036; Epworth HealthCare Ethics approval: Professor Nikolas Zeps, Group Director of Research and Devel-
opment). Ninety-eight consecutive patients underwent LLIF, with a total of 169 operative levels performed 
between December 2018 and February 2021 by 2 senior spinal fellowship trained neurosurgeons using the 
same surgical techniques. Informed consents were obtained from all patients.”

First, while we individually obtained institutional approval to undertake a retrospective analysis of our own 
patient records (essentially, audits of our own respective practices), we are now aware that we did not obtain 
the necessary institutional approval to use our aggregated (non-identifiable) data in a published, combined 
comparison study. A single site quality assurance retrospective audit was registered with St Vincent’s Hospital 
Melbourne and institutional ethics approval from Epworth HealthCare was not received. Accordingly, stating 
that the “multicenter prospective cohort study” had “institutional ethics committee approvals” from the two 
institutions was a mistake.

Second, we obtain patient consent for surgery at each institution, to allow analysis of patient treatment and out-
come data for the purposes of quality assurance and quality improvement in our practices, as part of our rou-
tine consent to treatment. We believe that this is essential to maintaining high standards of safety and quality 
in our practices. However, we have now become aware that although we obtained patient consent prospectively 
to perform routine analysis of our own patient outcomes (including for research), specific patient consent for 
inclusion of their non-identifiable data in this published study was not obtained.

A further consequence of this is that although consent was obtained prospectively, this does not mean that 
our study was prospective. That is, as we did not have the purpose of the study specifically in mind when we 
obtained the relevant patient consent, the study is in fact a retrospective analysis of routine clinical data col-
lated prospectively.

It is important to note that neither of these issues has had any adverse consequences for, or adverse effect 
on, either (a) patient safety or welfare, or (b) the integrity of the data that is the subject of the study. The 
amalgamation of our non-identifiable data was a decision that we made in good faith because we believed 
that it would create a larger and therefore more statistically robust data set. This decision did not involve any 
change to patient treatment, or the sharing of identifiable personal information with unauthorized persons 
(for example). At all times, the confidentiality of patient data has been maintained (as only non-identifi-
able data were used in the study). At all times, we acted in good faith in attempting to obtain the necessary 
approvals for this study.
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Thus, the following corrections have been made to this article:

•	 The title of the article is changed from “Lateral Lumbar Interbody Fusion Using Expandable vs Static  
Titanium Interbody Cages: A Prospective Cohort Study of Clinical and Radiographic Outcomes” to “Lateral 
Lumbar Interbody Fusion Using Expandable vs Static Titanium Interbody Cages: A Retrospective Study of 
Clinical and Radiographic Outcomes”

•	 The approvals and consent statements previously listed are changed to “This was a multicenter retrospective 
cohort study. Institutional ethics committee approvals were obtained (St Vincent’s Hospital Quality Assurance 
reference number: 21036; Epworth HealthCare Ethics approval: Professor Nikolas Zeps, Group Director of 
Research and Development). Ninety-eight consecutive patients underwent LLIF, with a total of 169 operative 
levels performed between December 2018 and February 2021 by 2 senior spinal fellowship trained neurosur-
geons using the same surgical techniques. Informed consent was obtained from patients at the time of data 
collection.” 
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