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Background: Pain and disability due to age-related spinal disorders are increasing due to a more active 
population placing greater demands on their musculoskeletal system. For patients requiring surgery, spinal 
fusion is typically indicated. Interbody fusion cages improve fusion rates and restore lordosis, disc height, 
and foraminal height. Static cages are offered in multiple conformations to account for anatomic variability; 
however, they have issues related to implant subsidence and loss of lordosis. Expandable cages were 
developed to address these drawbacks.
Methods: Patients treated with either static or expandable transforaminal lumbar interbody fusion devices 
(ProLift® Expandable Spacer System) for the treatment of spondylolisthesis, degenerative disc disease, spinal 
stenosis, disc herniation, or degenerative scoliosis at L4-L5 or L5-S1 were chosen from retrospective data. 
Outcomes included radiographic and spinopelvic changes, patient-reported outcomes, and incidence of non-
union and revision surgery. 
Results: One hundred patients were included (Static: 50; Expandable: 50). Demographics between groups 
were similar, with some differences in comorbidities and spinal disease diagnosis. Radiographically, changes 
in disc height, foraminal height, and lordosis were significantly improved in the Expandable group up to  
2 years (P<0.001). Improvements in patient reported outcomes were more favorable in the Expandable 
group. 
Conclusions: In patients who underwent transforaminal lumbar spinal fusion via minimally invasive 
surgery, the Expandable device group demonstrated significantly improved radiographic and patient reported 
outcomes compared to a static cage over 2 years.
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Introduction

Though the population in the United States is aging, 
individuals are remaining more active and placing greater 
demands on their musculoskeletal system (1-5). As a result, 
a key healthcare problem is that pain and disability due to 
age-related spinal disorders will also increase (6-9). These 
patients are initially treated conservatively with interventions 
such as physical therapy, lifestyle modifications, and 
pharmacological therapies to manage their pain. However, 
when these treatments are no longer efficacious, they may 
need to resort to invasive surgical options such as spinal 
fusion. Specifically, standard open posterior approaches to 
the spine are associated with significant muscle morbidity, 
including atrophy, denervation, and scarring (10,11). Such 
complications can increase postoperative pain and hospital 
stays, with the possibility of developing chronic, long-term 
pain (12,13).

The use of minimally invasive surgery (MIS) techniques 
for spine surgery, such as posterior lumbar interbody fusion, 
provides an opportunity to treat these patients with less 
morbidity than traditional open surgery (14,15). Various 
MIS approaches are being developed for spinal deformities 
with encouraging preliminary results (16). For the lumbar 
spine, several authors have documented similar outcomes 
with decreased blood loss and hospital stay utilizing MIS 
versus open approaches (17-19). Posterior MIS approaches 
have been used as stand-alone instrumentation and as 
supplements to anterior column reconstruction. Several 
authors have shown similar surgical outcomes with 
decreased blood loss and infection rates in patients treated 
with minimally invasive posterior approaches (20-22). 
Additional MIS techniques, such as transforaminal lumbar 
endoscopic decompression procedures, have recently been 
shown to have excellent perioperative and long-term quality 
of life outcomes (23,24). 

Interbody fusion cages were introduced to improve 
fusion rates and restore lumbar lordosis, intervertebral 
disc height, and foraminal height (25-29). Initial designs 
of interbody fusion cages, also known as static cages, were 
offered in multiple different sizes and shapes to account for 
variability in patients’ anatomy (29). Current drawbacks of 
static cage designs are related to implant subsidence issues 
and loss of lordosis, which can negatively impact patient 
outcomes, leading to the development of expandable cage 
devices (25,26,29-31). The advent of minimally invasive 
expandable interbody devices continues to improve on these 
clinical successes and medical economic advancements by 

incorporating design features to reduce additional surgical 
time, as well as steps designed to reduce iatrogenic impact 
to the neurological and bony anatomy (29). The expandable 
device is inserted through a minimally invasive approach 
while maximizing vertical height restoration for optimum 
anterior column support (29,32-36). Though expandable 
cages were developed to improve upon the limitations 
of static cages, additional clinical evidence in this area is 
needed (37-40). The purpose of this study was therefore 
to collect and compare multiple outcome metrics over a 
two-year postoperative period following transforaminal 
lumbar spinal fusion via MIS with either a static polyether-
ether-ketone (PEEK) spacer or an expandable interbody 
spacer. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jss.
amegroups.com/article/view/10.21037/jss-22-55/rc).

Methods

Study objectives

The objectives of this study were to review and analyze 
retrospectively collected perioperative, radiographic, and 
clinical outcome data following treatment with either a 
static or minimally invasive expandable transforaminal 
lumbar interbody fusion (TLIF) device for the treatment 
of spondylolisthesis, degenerative disc disease, spinal 
stenosis, disc herniation, or degenerative scoliosis. The 
primary goals of this study were to evaluate radiographic 
and spinopelvic changes, patient-reported outcomes (PROs), 
and the incidence of non-union and revision surgery. The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved by 
the WIRB-Copernicus Group (WCG) Institutional Review 
Board (IRB# 20212789) and individual consent for this 
retrospective analysis was waived.

Subjects

Inclusion criteria
(I) Between 18–90 years of age (inclusive and skeletally 

mature). 
(II) A diagnosis of spondylolisthesis, degenerative disc 

disease, spinal stenosis, disc herniation, or degenerative 
scoliosis (any curve magnitude).

(III) Spinal fusion undertaken via the transforaminal lumbar 
minimally invasive approach, with supplemental 
posterior instrumentation where the physician had 

https://jss.amegroups.com/article/view/10.21037/jss-22-55/rc
https://jss.amegroups.com/article/view/10.21037/jss-22-55/rc
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decided that use of a static PEEK or expandable spacer 
was in the best interests of the patient.

Exclusion criteria
(I) Involved in spinal litigation (e.g., workers’ compensation).

Study procedures

Subject data were obtained from a single physician’s 
retrospective patient pool who met the inclusion and 
exclusion criteria. Patients undergoing surgery using the 
static implants were chosen prior to the development of the 
expandable implant. The expandable implants were then 
used in the subsequent 50 patients. Patients were chosen 
without regard to outcomes. The study was carried out 
in accordance with the international standards on clinical 
trials: Real Decreto 223/2004, Declaration of Helsinki 
in its latest revised version, and Good Clinical Practice 
Regulations (International Conference for Harmonization).

Confirmation of study eligibility was made by the 
investigator utilizing the pre-operative images. At the time 
of the retrospective data collection, the identified subjects 
had the following documented if clinically relevant:

(I) Demographics (age, gender, smoking history);
(II) Physical exam;
(III) Diabetes mellitus, including fasting plasma glucose 

(FPG) measurement, oral glucose tolerance tests 
(OGTT), and standardized hemoglobin A1c 
(HbA1c) assays;

(IV) History of hypertension;
(V) Pertinent imaging studies that were obtained as 

part of standard of care preoperative planning, 
including dynamic radiographs (anterior-posterior, 
flexion/extension laterals), magnetic resonance 
imaging (MRI), or computed tomography (CT) 
scans, if clinically relevant;

(VI) Fusion criteria applied to all the patients in the 
study followed the Millman criteria for fusion, 
which is the industry and insurance standard, 
which defines instability and the need for fusion as 
having a spondylolisthesis and having 3 to 5 mm of 
translation noted on forward bending and backward 
extension laterals.

Operative suite reports were used as documentation for 
the surgical approach that was utilized, as well as posterior 
fixation selection. The patient’s spine level (i.e., L4-L5 or 
L5-S1) and implant height were also recorded. 

Any complications during and after surgery were 

captured. Subjects were selected by the investigating 
surgeon who returned to see their study physician at 1 week,  
6 weeks, 3 months, 6 months, 12 months, and 2 years were 
included in the analysis. 

Study interventions

Retrospective data were included from patients who 
underwent minimally invasive spine surgery for the 
treatment of spondylolisthesis, degenerative disc disease, 
spinal stenosis, disc herniation, or degenerative scoliosis at 
L4-L5 or L5-S1. Subjects were divided into groups based 
on whether a static PEEK spacer or expandable interbody 
spacer was used. In both groups, a 50/50 mixture of 
autograft and allograft was used. 

The ProLift® Expandable Spacer System (Life Spine Inc, 
Huntley, Illinois) is intended to serve as an intervertebral 
body fusion device (Figure 1). The implant is available in a 
range of sizes and footprints to suit the individual pathology 
and anatomical conditions of the patient. It is fabricated and 
manufactured from surgical titanium (6Al4V). The implant 
is hollow to permit packing with autogenous bone grafting 
to help promote intervertebral body fusion. The superior 
and inferior surfaces have teeth to assist in the interface with 
the vertebral endplates to prevent rotation and migration.

The static implant was a fixed PEEK 15-degree lordotic 
interbody implant manufactured by Precision Spine 
(Parsippany, New Jersey) with design feature of having a 
bullet tip and a hollow core for packing with autologous 
bone graft prior to insertion. The implant allows the 
placement of the implant via an insert and rotate mechanism 
of insertion which then allows proper seating of the implant 
on the endplates.

Outcome measures

The following outcomes were measured and analyzed:
 Intraoperative complications.
 Radiographic evidence of decompression, as 

assessed by the interbody height, foraminal height, 
segmental lordosis, and fusion rates (Figure 2).
 Image assessments were performed by a 

single surgeon with 34 years of experience.
 Fusion was assessed on anterior-posterior, 

la tera l ,  and f lex ion-extens ion la tera l 
radiographs. The definition of fusion was 
bridging bone anteriorly with a positive 
sentinel sign, bone noted in the implant and 
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within the disc space, no lucent lines about 
the implants, and no evidence of subsidence. 
If needed, a CT scan (1 mm thin cut) was 
performed to confirm or deny pseudoarthrosis.

 Oswestry Disability Index (ODI).
 Visual Analogue Scale (VAS) for Back and Leg 

Pain.

Statistical analysis

Baseline characteristics were summarized using descriptive 
statistics, where continuous data were reported as means 
with standard deviations, and categorical data were presented 
as counts and proportions. To compare the differences in 
the changes in radiographic outcomes and PROs between 
treatment groups, a two-sided Independent Samples t-test 
was conducted. A two-sided paired sample t-test was also 
conducted for within-group comparisons. A chi-squared test 

was conducted to compare the incidence of non-union and 
revision between treatment groups at 2 years, and relative 
risks (RR) were calculated. A P value of less than 0.05 
was considered to be statistically significant. All statistical 
analyses were conducted using a statistical software package 
(R version 4.0.1). Subgroup analyses were also conducted 
based on patients’ spine level (i.e., L4-L5 or L5-S1), physical 
examination finding (i.e., back pain-positive or back pain-
negative), and diagnoses for radiographic measures and 
PROs at final follow-up. 

Results

Baseline characteristics

Baseline characteristics of the treatment groups are 
summarized in Table 1. Gender distribution, age, proportion 
of smokers, physical examination results, and spine level 
distribution (L4-L5 or L5-S1) were similar between the 

A B

C D

E F

Figure 1 The spinal cages used in this study. Images of the ProLift (A) and static (B) interbody devices. The ProLift device before (C) and 
after (E) expansion, compared to the static device before (D) and after (F) implantation.
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two groups. In this study, all smokers stopped smoking  
6 weeks prior to the surgery, confirmed through preoperative 
carboxymethyl hemoglobin levels. In terms of comorbidities, 
a greater proportion of Expandable patients had hypertension 
or diabetes. The proportion of patients diagnosed with 
radiculopathy, facet arthropathy, or prior surgery was 
similar between groups; however, the proportion of patients 
diagnosed with spondylosis, spondylolisthesis, or spinal 
stenosis was relatively higher in the Static group, whereas 
the proportion of patients diagnosed with spinal instability 
or herniated nucleus pulposus was higher in the Expandable 
group. Additionally, the two groups have the same proportion 
of patients with an implant height of 10 mm; however, the 
Static group had more patients with an implant height of 
8 and 12 mm, whereas the Expandable group had more 
patients with an implant height of 11, 13, and 14 mm.  
While implant heights varied per patient, there was no 
difference in implant footprints between groups or patients. 

Radiographic outcomes

Radiographic outcomes are summarized in Table 2. Changes 
in anterior disc height, posterior disc height, average disc 

height, foraminal height, and lordosis improved significantly 
more in the Expandable group versus the Static group 
postoperatively and at each follow-up visit up to two years 
(Figure 3; all P<0.001). In terms of the maintenance of 
postoperative radiographic improvement at two years, 
improvements were maintained across all radiographic 
measures within both groups (Table 3; Figure 4). Figure 5 

Posterior disc heightAnterior disc height

Segmental lordosis Foraminal height

Figure 2 Schematic of radiograph measurements including 
segmental lordosis, foraminal height, anterior disc height, and 
posterior disc height. Average disc height is the mean measurement 
of anterior and posterior disc height. 

Table 1 Baseline characteristics

Characteristics
Static  
(n=50)

Expandable 
(n=50)

Female, n [%] 24 [48] 26 [52]

Age in years, mean (SD) 56.9 (7.7) 57.9 (7.3)

Smoker, n [%] 22 [44] 25 [50]

Hypertension, n [%] 18 [36] 25 [50]

Diabetes mellitus, n [%] 9 [18] 14 [28]

Physical examination, n [%]

Back pain 28 [56] 32 [64]

Radiculopathy 50 [100] 50 [100]

Diagnosis, n [%]

Spondylosis 30 [60] 24 [48]

Spondylolisthesis 35 [70] 29 [58]

Spinal instability 29 [58] 36 [72]

Spinal stenosis 29 [58] 21 [42]

Herniated nucleus pulposus 16 [32] 23 [46]

Radiculopathy 39 [78] 38 [76]

Facet arthropathy 18 [36] 21 [42]

Prior surgery 13 [26] 10 [20]

Spine level, n [%]

L4-L5 19 [38] 21 [42]

L5-S1 31 [62] 29 [58]

Implant height, mm, n [%]

8 14 [28] 0 [0]

10 18 [36] 18 [36]

11 1 [2] 15 [30]

12 17 [34] 8 [16]

13 0 [0] 8 [16]

14 0 [0] 1 [2]

SD, standard deviation.



Kucharzyk et al. Effects of expandable vs. static lordotic interbody implants44

© Journal of Spine Surgery. All rights reserved. J Spine Surg 2023;9(1):39-53 | https://dx.doi.org/10.21037/jss-22-55

shows the two-year radiographs of a patient implanted with 
the expandable device and another with the static device. 

Clinical outcomes

Change from baseline scores in PRO measures are reported 
in Table 4. Improvements relative to baseline in both the 
ODI and VAS back pain were significantly more favorable 
in the Expandable group at all study visits (Figure 6; all 
P<0.001). The change in VAS leg pain was significantly 
more improved in the Expandable group at 2 years only 

(P=0.042). 

Safety outcomes

No intraoperative complications occurred in either 
treatment group. At the 2-year follow-up, Expandable cage-
treated patients had a lower incidence of non-union (6% vs. 
12% for Static) and revision surgery (4% vs. 8% for Static), 
though the differences between groups were not statistically 
significant (Table 5). In the Static group, revisions were due 
to lucent lines and slight subsidence of the implants and 

Table 2 Radiographic outcomes

Outcome Static Expandable MD (95% CI) P value

Change in anterior disc height (mm), mean (SD) Baseline =10.7 (2.5) Baseline =7.7 (0.7)

Postoperative 1.9 (0.3) 7.9 (0.5) 6 (5.9, 6.2) <0.001

6 months 1.7 (0.4) 7.8 (0.5) 6.1 (5.9, 6.3) <0.001

1 year 1.7 (0.4) 7.8 (0.5) 6.1 (5.9, 6.3) <0.001

2 years 1.9 (0.4) 7.9 (0.5) 6 (5.9, 6.2) <0.001

Change in posterior disc height (mm), mean (SD) Baseline =4.6 (1.3) Baseline =2.9 (0.7)

Postoperative 2.5 (0.2) 7.1 (0.4) 4.6 (4.5, 4.8) <0.001

6 months 2.3 (0.2) 7 (0.4) 4.7 (4.5, 4.8) <0.001

1 year 2.3 (0.2) 7 (0.4) 4.7 (4.6, 4.8) <0.001

2 years 2.4 (0.2) 7.1 (0.4) 4.7 (4.5, 4.8) <0.001

Change in average disc height (mm), mean (SD) Baseline =7.7 (1.5) Baseline =5.3 (0.5)

Postoperative 2.2 (0.7) 7.5 (0.3) 5.3 (5, 5.5) <0.001

6 months 2.1 (0.8) 7.3 (NA) 5.2 (5, 5.5) <0.001

1 year 2.1 (0.8) 7.4 (0.4) 5.3 (5, 5.5) <0.001

2 years 2.2 (0.7) 7.5 (0.3) 5.3 (5, 5.5) <0.001

Change in foraminal height (mm), mean (SD) Baseline =8.4 (1.0) Baseline =11.6 (0.9)

Postoperative 1.9 (0.3) 7.9 (0.3) 6 (5.9, 6.1) <0.001

6 months 1.8 (0.4) 7.7 (0.3) 5.9 (5.7, 6) <0.001

1 year 1.8 (0.5) 7.7 (0.4) 5.9 (5.7, 6) <0.001

2 years 1.8 (0.5) 7.8 (0.4) 6 (5.8, 6.2) <0.001

Change in lordosis in degrees, mean (SD) Baseline =8.4 (1.1) Baseline =6.2 (0.9)

Postoperative 2 (0.3) 7.1 (2.1) 5.1 (4.5, 5.7) <0.001

6 months 1.9 (0.5) 7 (2.1) 5.1 (4.5, 5.7) <0.001

1 year 1.9 (0.7) 7 (2.1) 5.1 (4.5, 5.8) <0.001

2 years 1.8 (0.9) 7 (2.1) 5.2 (4.5, 5.8) <0.001

SD, standard deviation; NA, not available; MD, mean difference; CI, confidence interval.
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persistent pain. In the Expandable cage group, two patients 
had subsidence due to end plate violation of the implants 
that necessitated revision. Posterior hardware failure was 
not noted in either group. No other adverse events were 
documented over the 2-year follow up period.

Subgroup analyses

The results of all subgroup analyses for each radiographic 
and PRO at 2 years are available in the Supplementary. 
Similar results were observed, with the Expandable group 
demonstrating statistically significant improvements in all 

outcome measures [anterior disc height (Figure S1), posterior 
disc height (Figure S2), average disc height (Figure S3), 
foraminal height (Figure S4), lordosis (Figure S5), ODI 
score (Figure S6), VAS back pain (Figure S7)] except in 
VAS leg pain scores, which was only statistically significant 
in the subgroup of patients with spondylolisthesis (P=0.044)  
(Figure S8).

Discussion

The objective of this study was to compare multiple 
radiographic and PROs following transforaminal lumbar 
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spinal fusion via MIS between a static PEEK spacer and 
an expandable interbody spacer up to 2 years following 
surgery. In terms of radiographic measures, the Expandable 
group demonstrated statistically significant improvements 
relative to Static group in anterior disc height, posterior disc 
height, average disc height, foraminal height, and lordosis 
from the postoperative visit and each subsequent visit up 
to 2 years. Additionally, the radiographic improvement 
achieved postoperatively was maintained throughout 
the 2 years. With regards to PROs, Expandable cage-
treated patients had statistically significant improvements 
compared to the Static group in ODI and VAS back pain 

scores as early as 3 months postoperatively, which was 
sustained up to the 2-year visit. VAS leg pain scores were 
only statistically significant, in favor of the Expandable 
group, at the final follow-up. Patient diagnoses may have 
differed between groups, with the proportion of patients 
diagnosed with spondylosis, spondylolisthesis, or spinal 
stenosis being relatively higher in the Static group, and the 
proportion diagnosed with spinal instability or herniated 
nucleus pulposus being higher in the Expandable group; 
however, subgroup analyses revealed similar findings across 
these different diagnoses. Lastly, though not statistically 
significant, patients treated with the expandable device 

Table 3 Maintenance of postoperative radiographic improvement at 2 years

Outcome by treatment group Postoperative 2 years MD (95% CI) P value

Static, mean (SD)

Anterior disc height, mm 12.536 (2.481) 12.526 (2.504) −0.01 (0.01, −0.03) 0.3222

Posterior disc height, mm 7.068 (1.306) 7.044 (1.339) −0.024 (0.01, −0.058) 0.1653

Average disc height, mm 9.918 (1.511) 9.9 (1.534) −0.018 (0.007, −0.043) 0.162

Foraminal height, mm 10.318 (0.983) 10.198 (1.097) −0.12 (0.006, −0.246) 0.0624

Lordosis, degrees 10.444 (1.132) 10.272 (1.232) −0.172 (0.073, −0.417) 0.165

Expandable, mean (SD)

Anterior disc height, mm 15.646 (0.786) 15.646 (0.786) 0 (NA, NA) NA

Posterior disc height, mm 10 (0.666) 10 (0.666) 0 (NA, NA) NA

Average disc height, mm 12.832 (0.548) 12.828 (0.547) −0.004 (0.002, −0.01) 0.1594

Foraminal height, mm 19.476 (0.888) 19.394 (1.044) −0.082 (0.015, −0.179) 0.0959

Lordosis, degrees 13.268 (2.451) 13.188 (2.513) −0.08 (0.014, −0.174) 0.0929

SD, standard deviation; MD, mean difference; CI, confidence interval; NA, not available.
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A

B

Figure 5 Two-year postoperative radiographs show the long-term placement of the different cages. Representative images show anterior-
posterior (left) and lateral (right) radiographs of the Prolift (A) and Static (B) devices.

Table 4 Patient-reported outcomes

Outcome Static Expandable MD (95% CI) P value

Change in ODI scores, mean (SD) Baseline =55.4 (3.5) Baseline =53.2 (3.7)

3 months −13.9 (5.2) −20.5 (5.0) −6.6 (−4.6, −8.6) <0.001

6 months −20.7 (5.8) −27 (3.8) −6.3 (−4.3, −8.2) <0.001

1 year −19.7 (7.6) −26.8 (4.8) −7.1 (−4.6, −9.7) <0.001

2 years −18.9 (9.6) −26.7 (5.5) −7.8 (−4.6, −10.9) <0.001

Change in VAS back pain scores, mean (SD) Baseline =73.9 (3.8) Baseline =72.1 (6.9)

3 months −21.3 (7.5) −33.1 (8.7) −11.8 (−8.6, −15) <0.001

6 months −36.4 (6.5) −43.5 (6.0) −7.1 (−4.6, −9.6) <0.001

1 year −35.6 (7.5) −43.8 (4.9) −8.2 (−5.7, −10.7) <0.001

2 years −34.1 (10.8) −43.6 (5.7) −9.5 (−6.1, −13) <0.001

Change in VAS leg pain scores, mean (SD) Baseline =79.9 (6.0) Baseline =81.8 (7.2)

3 months −71 (12.7) −74.4 (8.8) −3.4 (0.9, −7.7) 0.1239

6 months −76.4 (8.9) −78.8 (9.3) −2.4 (1.2, −6) 0.1908

1 year −74 (14.5) −78.9 (12.6) −4.9 (0.5, −10.3) 0.0751

2 years −74.7 (15.1) −80.1 (10.6) −5.4 (−0.2, −10.6) 0.0415

ODI, Oswestry Disability Index; SD, standard deviation; VAS, visual analogue scale; MD, mean difference; CI, confidence interval.
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also had a lower incidence of both non-union and revision 
surgery (RR of 0.5 for both). 

The use of expandable versus static cages in lumbar spinal 
fusion has been previously investigated in the literature. In 
a biomechanical study on eight cadaveric lumbar specimens, 
an expandable interbody cage demonstrated significantly 
greater foraminal height, anterior disc height, and posterior 
disc height at L4-L5 than static cages, though stability, 
stiffness, and segmental lordosis were similar between 
treatments (41). Clinical investigations comparing the 
two devices are limited and predominantly lower quality 
evidence. In a meta-analysis of expandable versus static 
cages among patients undergoing minimally invasive 
transforaminal interbody fusion, Alvi et al. compared both 
clinical and radiological outcomes between groups (25). 
They included 12 studies (706 patients) and concluded that 

there may not be a significant difference between these two 
groups; however, their results were not based on a meta-
analysis of direct head-to-head comparisons (i.e., their 
conclusions were based on indirect evidence only), and 
they graded their confidence in the effect estimates across 
outcomes as low or very low for this reason. 

Primary studies directly comparing the two interventions 
have also been conducted. In a 2017 retrospective study 
by Hawasli et al. on 45 patients, an expandable cage [mean 
follow-up =7.1 months (range, 0.9 to 19.8)] led to a greater 
and more sustained restoration of disc height, foraminal 
height, and segmental lordosis, and also improved ODI scores 
compared to a static device [mean follow-up = 14.6 months  
(range, 0.9 to 26)] (32). Yee et al. conducted a retrospective 
review of 89 patients who underwent TLIF with either an 
expandable or static cage, which revealed no significant 
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Table 5 Safety outcomes at 2 years

Outcome Static, n [%] Expandable, n [%] RR (95% CI) P value

Non-union 6 [12] 3 [6] 0.5 (0.13, 1.89) 0.487

Revision 4 [8] 2 [4] 0.5 (0.1, 2.61) 0.6777

CI, confidence interval; RR, relative risk. RR <1.0 favors the Expandable group.
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differences between groups in terms of segmental and 
lumbar lordosis at the 1-year follow-up (42). Another 
retrospective cohort by Khechen et al. that included  
60 patients showed significantly greater improvements in disc 
height and foraminal height with an expandable device, but 
no differences between groups in segmental lordosis or PROs 
(ODI, VAS back pain, and VAS leg pain) over 6 months (37).  
Kremer et al. also conducted a retrospective analysis of  
99 patients and found that, at both 3 months and final 
follow-up (average of 67 months for the Static group and  
43 months for the Expandable group), patients treated with 
an expandable cage had significantly more favorable ODI 
scores and greater foraminal height, but improvements in 
VAS pain and disc height were not significantly different 
between groups (38). Another retrospective cohort by Li 
et al. on 62 patients demonstrated significantly greater 
improvements in PROs (VAS back and leg pain, and ODI) 
with an expandable cage versus a static cage by two years, 
but disc height improvement was significantly greater in the 
Static group, with no significant differences in foraminal 
height or segmental lordosis (43). In a study by Vaishnav 
et al. on 171 patients retrospectively reviewed following 
TLIF, expandable cages showed more favorable results in 
restoring posterior disc height and maintaining lordosis 
in the immediate postoperative period (44). Chang et al. 
conducted a 10-year retrospective review on 178 patients 
who underwent TLIF and also found that an expandable cage 
provided a greater improvement in disc height restoration, 
but also resulted in a higher incidence of cage subsidence 
compared to a static cage (45). 

In contrast, Frisch et al., in an observational study with a 
two year follow-up, found that both static and expandable 
cages significantly improved clinical and radiographic 
outcomes in patients who underwent a lateral lumbar 
interbody fusion (LLIF), with no significant difference 
between treatments, but that the static cage exhibited a 
significantly higher incidence of implant subsidence (46). 
The study by Li et al. also showed a greater incidence of 
implant subsidence in the Static group (43). Overall, these 
studies provide conflicting results on both radiographic 
and clinical outcomes between expandable and static 
cages; however, generally, they show that expandable cages 
demonstrate no significant difference or an improvement 
in outcomes versus static cages. Additionally, none of 
these prior investigations were specifically on the ProLift 
expandable system, with this study being the first that 
directly compared this device to a static cage. While 
the ProLift device is also made with a titanium coating, 

which helps promote osseointegration (47-50), the prior 
investigations utilized a variety of different expandable 
cages with different surface textures and morphologies, 
which may have led to the conflicting reported results. 
Hence differences in device characteristics such as this 
must be considered when comparing between the various 
expandable cage manufacturers seen across these studies.

In the current study, patients treated with a static cage 
achieved an anterior disc height of 12.54 mm (L4-L5: 
12.20 mm; L5-S1: 12.70 mm), posterior disc height of  
7.07 mm (L4-L5: 6.97 mm; L5-S1: 7.13 mm), and average 
disc height of 9.92 mm (L4-L5: 9.87 mm; L5-S1: 9.95 mm) 
postoperatively. In expandable-treated patients, these values 
were 15.65 mm (L4-L5: 15.60 mm; L5-S1: 15.70 mm),  
10.00 mm (L4-L5: 10.10 mm; L5-S1: 9.96 mm), and  
12.83 mm (L4-L5: 12.90 mm; L5-S1: 12.80 mm), 
respectively. These measures were maintained over the  
two-year follow-up period in both groups. Prior studies have 
measured these radiographic parameters in normal (i.e., 
heathy) lumbar intervertebral discs. The anterior disc height 
has ranged from 10.6 to 18.1 mm in the L4-L5 region, 
and from 9.9 to 18.7 mm in the L5-S1 region (51-53). The 
posterior disc height has ranged from 6.2 to 10.1 mm in the 
L4-L5 region, and from 5.2 to 8.5 mm in the L5-S1 region 
(51-53). The average disc height has ranged from 8.4 to  
12.5 mm in the L4-L5 region, and from 7.6 to 10.5 mm 
in the L5-S1 region (51,52). The expandable device 
demonstrates disc height values more comparable to the 
upper end of these ranges for normal lumbar intervertebral 
discs. 

The correlation between radiographic and clinical 
outcomes has also been studied. In a retrospective cohort 
of adults with chronic low back pain treated with a 6-week 
protocol of nonsurgical spinal decompression, Apfel et al. 
found that reductions in pain scores significantly correlated 
with increases in disc height, concluding that pain reduction 
may be mediated, at least in part, through the restoration of 
disc height (54). The study by Hawasli et al. determined that 
there was a significant correlation between improvements in 
ODI scores and segmental lordosis, and ODI scores and disc 
height, but the correlation with foraminal height was not 
statistically significant (32). Additionally, Tian et al. found 
that the restoration of disc height and segmental lordosis, 
though not foraminal height, significantly decreases the risk 
of adjacent segment degeneration (55). In the current study, 
the expandable device demonstrated greater improvements 
versus the static cage in the same outcome measures used in 
these previous studies, further supporting the notion that 
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there is a correlation between these radiographic parameters 
and clinical outcomes.

A limitation of the current study is that it was a 
retrospective review; however, the data were collected in 
a manner that allowed for analyses at multiple study visits 
over two years with no patients missing any outcome data. 
Patients were not randomized to their assigned intervention, 
meaning that there was no treatment allocation concealment 
and outcomes assessment was unblinded, including both 
radiographic measurements and PROs. A sample size 
calculation was not performed a priori; therefore, it is 
unclear if the statistical analysis was adequately powered 
prior to conducting the study. Funding was provided by the 
manufacturer of one of the devices studied and is therefore 
subject to biases. However, patients were chosen without 
regard to their outcomes, and the results of this study are in 
line with other, similar studies. Additionally, this study only 
looked at one brand of expandable cage, and one brand of 
static cage and thus the findings may not be generalizable 
to other brands of device. Another limitation related to the 
generalizability of these findings is that only patients who 
had surgery at either the L4-L5 or L5-S1 region, meaning 
that the results of this study cannot be extrapolated to 
those who require fusion at other lumbar regions. A final 
potential limitation of this study is the variety of diagnoses 
studied. However, studying multiple pathologies shows the 
flexibility and efficacy of the expandable TLIF device.

A strength of this study was that it was a single center 
and single surgeon study, limiting the impact of the 
variation in healthcare practices across centers and surgeon 
expertise bias on patient outcomes; however, this may 
also compromise the generalizability of these findings. 
As previously stated, there was no missing data, and the 
analyses were based on complete outcome data from all 
eligible patients. Additionally, both radiographic parameters 
and PROs were evaluated in this study, providing both an 
objective and subjective (from the patient’s perspective) 
assessment of the patient’s progression following treatment. 
The study sample included patients who required lumbar 
fusion for various spinal indications and, via subgroup 
analyses by diagnosis, it was found that the results of the 
overall sample were similar across these different conditions.

Future research in this area is warranted. Prospective 
studies, preferably randomized controlled trials, with larger 
sample sizes and long-term patient follow-up are needed 
to generate higher quality evidence on this topic and 
more accurately establish the comparative effects between 
expandable and static cages. Such studies should then be 

used to inform health economic analyses to determine 
the potential impact of expandable cages on the financial 
burden currently placed on the healthcare system and on 
patients, and their impact on patient quality of life. Future 
research in this area should focus on prospective studies (e.g., 
randomized controlled trials) with larger sample sizes and 
long-term patient follow-up. Health economic evaluations 
should then be conducted to determine the potential 
socioeconomic impact of expandable cages on patients and 
the healthcare system.

Conclusions

In patients who underwent transforaminal lumbar spinal 
fusion via MIS, the expandable cage demonstrated 
significantly improved radiographic and PROs compared 
to a static cage over two years. Subgroup analyses also 
revealed that results were similar across patients treated at 
different spine levels (L4-L5 or L5-S1) and across different 
diagnoses. 
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