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ABSTRACT

Background: Posterior and transforaminal lumbar interbody fusion (PLIF and TLIF) have gained significant
popularity for management of lumbar degenerative spine over the last 3 decades. Expandable interbody spacers are a
newer technology that can increase in size after placement, theoretically minimizing the operative risks of static spacers
without sacrificing radiographic correction. The goal of this study is to further evaluate the radiographic and clinical

outcomes of expandable spacers.
Methods: This was a retrospective analysis of a prospective cohort that underwent elective 1- to 3-level PLIF/

TLIF with expandable interbody spacers from 2014 to 2020 at a single institution. Patient-reported outcome measures

(PROMs) Oswestry Disability Index and Visual Analog Scale were collected at 6 weeks, 3 months, 6 months, and 12
months. Imaging was performed at 12 months, with follow up at 24 months in case of nonunion. Retrospective
outcomes were computer tomography (CT) based and Bridwell-Lenke classification of fusion, radiographic parameters,

and adverse events.
Results: A total of 50/53 (94.3%) otherwise eligible patients had 12-month PROMs and CT imaging for analysis.

Here, 50% were obese (body mass index . 30), 58% had a smoking history, and 24% had a prior lumbar procedure.

Also, 46/50 (92%) patients fused by CT criteria. Significant decrease in PROMs was seen as early as 6 weeks
postoperatively. The mean change in preoperative-to-postoperative global lordosis values was 3.88 6 15.68. There were
4 (8%) intraoperative durotomies and 5 (10%) patients requiring reoperation for nonunion.

Conclusions: Our study demonstrates the use of expandable spacers in a high comorbidity cohort with low

complications, excellent improvement in PROMs despite minimal lordotic improvement, and high rates of fusion
without recombinant human bone morphogenetic protein-2 (rhBMP-2) or iliac crest bone graft.

Level of Evidence: 4.

Clinical Relevance: Expandable interbody fusion can significantly improve outcomes for degenerative lumbar
spondylosis, with good safety profile, and high fusion rates.

Special Issue

Keywords: interbody cages, fusion, radiographic parameters

INTRODUCTION

Various types of interbody fusion procedures

have gained popularity in the treatment of degen-

erative lumbar spine pathologies over the past 3

decades. The posterior approaches, posterior or

transforaminal interbody fusion (PLIF or TLIF),

remain the workhorse techniques in addressing a

range of spinal disease including lumbar stenosis

with or without spondylolisthesis as well as spon-

dylosis, kyphosis, and scoliosis.1 PLIF was initially

described in the 1940s and 1950s, and the ensuing

decades have seen a steady evolution in instrumen-

tation, including interbody spacers, and surgical

techniques as well as grafting options to refine the

procedure by decreasing complication and improv-

ing clinical outcomes. PLIF was originally described

as using iliac crest autograft as the structural graft in

the interbody space, and static metallic cages were

used in the initial description of TLIF.2–4 Subse-

quently, various static interbody spacers with

differing biomaterials, eg, titanium, carbon fiber,

poly-ethyl-ethyl ketone (PEEK), and geometries

were developed.5 These interbody spacer designs
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had to work within the anatomic constraints of
Kambin’s triangle, ie, the exiting and traversing
nerve roots as well as the lateral aspect of the thecal
sac, and the geometric limitations of the disc space,
ie, lordotic with anterior greater than posterior
height.

PLIF techniques have traditionally been techni-
cally challenging with increased risk of complica-
tions of nerve root injury (0.6%–24%) and
incidental durotomy (9%–19%) due to the traction
on the dura necessary to gain access to the disc
space.6–10 TLIF and minimally invasive (MIS)
TLIF, using a unilateral approach, were initially
developed to decrease the complication rate associ-
ated with posterior interbody approaches.4 Howev-
er, complications of the TLIF approach also include
traction injury on the dorsal root ganglion with
subsequent neuropathic pain or deficit as well as
contralateral radiculopathy due to increased foram-
inal contralateral foraminal stenosis on the non-
decompressed side. Fusion rates are reported to be
somewhat lower for MIS TLIF compared to
PLIF.9–13 Other technique modifications, such as
performing wide facetectomies, were also described
to decrease the risk of dural traction injury. The
introduction of pedicle screw fixation decreased the
risk of graft dislodgement and subsidence. However,
graft and spacer related complications related to
PLIF and TLIF remain clinically impactful and may
lead to poor patient outcome and/or technically
challenging revision surgery. Interbody spacer
modifications have also been developed to improve
patient outcomes. Steerable and insert-and-rotate
cages were introduced to increase the precision of
spacer placement and lower the rate of spacer
dislodgement.14

Expandable spacers are the latest innovation
designed to address these limitations of the posterior
approach by delivering a relatively small spacer
through a narrow anatomic corridor, theoretically
decreasing the risks of nerve root injury and dural
tear and, subsequently, expanding in the interbody
space, maximizing disc space height.15 Despite the
proliferation of expandable interbody spacers, there
is relatively little evidence basis for the effectiveness
of these devices in decreasing complications and
facilitating fusion. While there has not been a well-
designed, prospective trial directly linking fusion to
improved clinical outcomes, many studies have
demonstrated a correlation between improvement
in radiographic parameters and improvement in

validated patient-reported outcome measures
(PROMs) including the Oswestry Disability Index
(ODI) and the Visual Analog Scale (VAS).16,17 The
goal of the present study is to evaluate the clinical
and radiographic outcomes of expandable interbody
spacers in PLIF and TLIF.

METHODS

Study Design and Data Collection

Design and Patient Population
The current study retrospectively analyzed a pro-
spective cohort of consecutive elective 1- to 3-level
PLIFs and TLIFs performed by 2 surgeons at a
single institution from 2014 to 2020. Local institu-
tional review board approval was received for the
retrospective analysis of patient medical records,
PROMs, and preoperative and postoperative imag-
ing. Inclusion criteria were 1- to 3-level elective
PLIF or TLIF, minimum 12-month postoperative
computed tomography (CT) scan to evaluate fusion,
and baseline and 12-month PROMs. Exclusion
criteria were use of a static interbody at any level,
surgery performed for trauma, infection, or tumor,
surgery performed on an emergent basis, and
withdrawal from the study cohort or loss to follow
up before 12-month imaging and PROMs collection
(Table 1).

Perioperative and Intraoperative Data
Demographic data collected during the prospective
cohort study included age, gender, and comorbid-
ities such as smoking status, body mass index
(BMI), diabetes, and prior lumbar surgical decom-
pression or fusion. Comorbidities were listed and
classified based on International Statistical Classifi-
cation of Diseases and Related Health Problems,
10th Revision, criteria. Perioperative data collected
included operative indication, surgical approach,
surgical levels, operative time, estimated blood loss,
and length of stay. Additionally, any intraoperative
complications and severe adverse events (SAEs)
were prospectively collected.

Interbody Spacers
Several different types of expandable spacers were
used, the most common being StaXx XD Expand-
able Device and Velocity Expandable Interbody
Device (Spine Wave, Inc., Shelton, CT) which use
wafer technology to incrementally increase device
height. After positioning the device in the interbody
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space, a surgical gun is used to insert a selected

number of wafers from a preloaded cartridge into

the center of the implant, forming a mechanically

stable column that results in increased height. The

wafers, in 1-mm increments, are inserted individu-

ally until the desired height is achieved, providing in

situ distraction. This technology allows controlled

height expansion and may be used in both MIS and

open interbody procedures. The StaXx XD device is

composed of PEEK-OPTIMA. The Velocity device

is composed of a PEEK-OPTIMA superior endplate

and a titanium alloy inferior endplate which both

incorporate a titanium plasma spray coating. The

minimum unexpanded height is 7 mm for both

systems, and the maximum expanded height is

between 14 and 16 mm. Information was retrospec-

tively collected on brand, lordotic angle if present,

insertion height, expansion height, volume of local

autograft or morselized allograft, and location of

placement (Table 2).

Surgical Technique

All operations were performed at a single institution

by 2 surgeons. All operations were performed with

mini-open technique. All unilateral interbody spac-

ers were placed with a TLIF technique, and all

bilateral placement were placed with a PLIF

technique. After interbody spacer placement and

expansion to the desired height, the remainder of the

disc space filled with a combination of allograft and

autograft. At this point, bilateral pedicle screw

fixation was undertaken in the usual fashion with

the remainder of the graft material placed postero-

lateral over the transverse processes.

Outcome Measures

Bony Fusion
Adequate fusion was defined as the presence of
bridging bone across the interbody spacer. An
independent board-certified radiologist reviewed
postoperative CT scans at 12 months and again at
24 months for patients that did not demonstrate
bony fusion on the 12-month scan. The modified
Bridwell-Lenke interbody fusion grading system
was used to classify the degree of fusion on a 4-
point scale, with grades 1 and 2 representing fusion
and grades 3 and 4 representing pseudoarthro-
sis.18,19

Sagittal Balance
Segmental and global lordosis were evaluated by an
independent board-certified radiologist on preoper-
ative and postoperative (12-month) radiographs or
CT scans. Segmental lordosis was defined as the
Cobb angle measured between the superior endplate
of the rostral vertebral body and the inferior
endplate (except at S1) of the caudal vertebral body
at the fused level. Global lordosis was defined as the
Cobb angle measured between the superior end-
plates of L1 and S1.

Interbody Complications
All patients were evaluated for graft subsidence and
migration on the 12-month postoperative CT scan.
Subsidence was defined as .2 mm vertical erosion
of the interbody through either the rostral or caudal
endplate. Migration was defined as horizontal
displacement of the interbody outside the anterior,
posterior, or lateral limits of either the rostral or
caudal endplate.

PROMs
Clinical outcomes were measured at baseline, 6
weeks, 3 months, 6 months, and 12 months using 2
validated PROMs, the ODI and the VAS.16,17 The
ODI is a 10-item questionnaire scored on a scale of

Table 1. Patient selection.

Inclusion Criteria

1- to 3-level elective PLIF or TLIF
Expandable interbody cages
No exclusion for prior lumbar decompression or fusion
Minimum 12-mo postop PROMs
Minimum 12-month postop CT for fusion

Exclusion Criteria

Static interbody cage at any level
Surgery performed for trauma, infection, or tumor
Withdrawal from the initial study cohort
Loss to follow up before 12-mo imaging
Loss to follow up before 12-mo PROMs

Abbreviations: CT, computed tomography; PLIF, posterior lumbar interbody
fusion; postop, postoperation; PROM, patient-reported outcome measure; TLIF,
transforaminal lumbar interbody fusion.

Table 2. Interbody spacer types.

Spacer Brand Spacer Levels, No. (%)

StaXx XD Expandable Device 27 (35.53)
ALTERA Spacer 15 (19.74)
RISE Spacer 2 (2.63)
CALIBER Spacer 2 (2.63)
FLXfit Interbody Fusion Device 3 (3.95)
Velocity Expandable Interbody Device 18 (23.68)
FlareHawk Expandable Interbody
Fusion System

9 (11.84)
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0–100.16,20 The VAS uses a pictorial system to
characterize patient symptoms.17,20

Statistical Methods

All statistical analyses were performed using
SPSS v27 (IBM Corp, Armonk, NY). Univariate
nonparametric data are provided as frequency and
percent, while parametric data are provided as mean
6 standard deviation. Bivariate analyses were
conducted using paired t tests, independent t tests,
and v2 tests. General linear model repeated mea-
sures was used to examine group interaction in
before and after PROMs. Statistical significance
level was set at P , .050.

RESULTS

Available Datapoints

Sixty-eight patients were present within the
database from the initial prospective cohort. Four
patients were withdrawn from the study before
receiving surgery, and 11 patients received static
interbody placement at some level. This left 53
patients who met eligibility criteria for analysis in
this retrospective study. Three patients were lost to
follow up before 12-month clinic visit, generating a
follow-up rate of 94.3% (50/53 patients). Near
perfect PROMs scoring was collected, as 49/50

patients provided 6-week PROMs (ODI, VAS back,
VAS right leg, and VAS left leg), and all 50/50
patients provided scores at 3, 6, and 12 months
(total 796/800 datapoints), generating 99.5%
PROMs follow up and 100% follow up at 12
months. A total of 45 patients received evaluation of
segmental and global lordosis, and 40 patients
received Bridwell-Lenke individual level analysis of
fusion, generating 95% patient follow up and 80%–
90% follow up for radiographic analysis at 12 or 24
months.

Baseline Characteristics and Perioperative Data

The mean patient age was 61.62 6 9.1 years (42–
79 years), with 21 males and 39 females. The mean
BMI was 29.34 6 4.8 (18.99–39.87), with 50%
patients meeting criteria for obesity (BMI . 30).
Over half (50%) of the cohort had a history of
tobacco abuse or were current smokers (8%).
Nearly half (44%) of the patients had a history of
prior lumbar surgical intervention, with 11 (22%)
having had a previous lumbar fusion. The most
frequent indications for surgery were stenosis
(74%), spondylosis with degenerative facet disease
(56%), spondylolisthesis (42%), adjacent level
disease (24%), failed back syndrome (22%), scoli-
osis (10%), synovial cyst (10%), radiculopathy
(4%), disc herniation (4%), kyphosis (2%; Table 3).

Twenty-seven (54%) patients underwent single-
level fusion, and 23 (46%) underwent a 2- or 3-level
fusion. A total of 13 (26%) patients underwent
TLIF, and 35 (70%) patients underwent a PLIF,
with 2 patients receiving a combination of both
methods (4%). On a per-level analysis, 22 (29%)
levels received TLIF (29%), and 54 (71%) levels
received PLIF. The most frequently instrumented
level was L4–L5 at 70%, followed by L3–L4 and
L5–S1, both at 16%. The mean final expansion
height was 11.05 6 2.1 mm (0–13 mm), and the
mean angle was 7.368 6 3.48 (08–158; Table 4). The
mean operative time was 186.52 6 49.1 minutes
(88–340 minutes). The mean estimated blood loss
was 439.3 6 393.7 cc (50–2450 cc); no patients
required blood transfusion. Mean length of stay was
3.22 6 1.1 days (2–7 days; Table 5).

Radiographic Outcomes

On analysis of CT-based criteria of fusion, 46/50
(92%) of patients were deemed to have achieved
fusion at 12 or 24 months. Bridwell-Lenke individ-
ual level grading of fusion was available for 40

Table 3. Demographic data.

Parameter Value

Age, y, mean 6 SD (range) 61.62 6 9.1 (42–79)
BMI, mean 6 SD (range) 29.34 6 4.8 (18.99–39.87)
Obese (BMI .30), No. (%) 25 (50)

Sex, No. (%)
Male 21 (42)
Female 29 (56)

Smoking status, No. (%)
Never 21 (42)
Former 25 (50)
Current 4 (8)

Prior lumbar surgery, No. (%)
Decompression only 12 (24)
Fusion 10 (20)

Operative indications
Stenosis 37 (74.0)
Spondylosis with degenerative facet disease 28 (56.0)
Spondylolisthesis 21 (42.0)
Adjacent level disease 12 (24.0)
Failed back syndrome 11 (22.0)
Facet disease 6 (12.0)
Scoliosis 5 (10.0)
Synovial cyst 5 (10.0)
Radiculopathy 2 (4.0)
Herniated disc 2 (4.0)
Kyphosis 1 (2.0)

Abbreviations: BMI, body mass index; SD, standard deviation.
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patients with 60 levels and demonstrated 44/60

(73.3%) levels with complete fusion and 16 levels

that did not achieve fusion at 24 months. The mean

change in preoperative to postoperative segmental

lordosis values was 3.88 6 15.68 (Table 6).

PROMs

Statistically and clinically significant improve-

ment was noted across all PROMs at 12 months

after surgery. The postoperative mean ODI was

25.96 6 19.9 points (0–74 points, P , .001) at 12

months (Figure 1). The mean postoperative VAS

back pain was 25.46 6 27.8 points (0–93 points, P

, .001) (Figure 2). The mean VAS right and left leg

pain were 13.66 6 20.9 points (0–88 points, P ,

.001) and 17.86 6 26.9 points (0–87 points, P ,

.001) respectively (Figures 3 and 4).

Clinical Outcomes

Patients who did not achieve fusion reported

similar VAS back pain scores through 6 months, but

at 12 months reported higher back pain score than

patients that did achieve fusion (k¼ 0.730, F¼ 3.97,

P ¼ 0.008). Patients that had a successful fusion

were less likely to have to return to the operating

room for any procedure (v2 ¼ 7.12, P ¼ .008).

Patients that had a successful fusion were less likely

to have a revision surgery (v2 ¼ 20.41, P , .001).

Patients that reported a SAE were less likely to have

a successful fusion (v2¼ 6.20, P¼ .013).

Complications and Adverse Events

Intraoperative complications primarily consisted

of 4 patients (8%) with intraoperative durotomy,

with no reported nerve root traction injuries or

postoperative neurologic deficits. Twelve (24%)
patients experienced a SAE postoperatively. Instru-

mentation failure and/or pseudoarthrosis was seen

in 7 (14%) patients, of which 5 (10%) required

revision surgery. Two (4%) patients were readmit-

Table 4. Intraoperative data

Value

Single versus multilevel, No. (%)
1-level 27 (54)
2- or 3-level 23 (46)

Instrumented levels, No. (%)
L1–L2 1 (2)
L2–L3 8 (16)
L3–L4 16 (32)
L4–L5 35 (70)
L5–S1 16 (32)

PLIF versus TLIF
Patients, No. (%)
PLIF 35 (70)
TLIF 13 (26)
PLIF and TLIF combo 2 (4)

Levels, No. (%)
PLIF 54 (71)
TLIF 22 (29)

Expandable spacer dimensions, mean 6 SD (range)
Mean expansion height (mm) 11.05 6 2.1 (0–13)
Mean spacer angle (8) 7.36 6 3.4 (0–15)

Allograft placement, No. (%)
Within 8 (16)
Within or around 42 (84)

Volume treated allograft (cc), mean 6 SD (range) 10.17 6 3.9 (4–20)

Abbreviations: PLIF, posterior lumbar interbody fusion; postop, postoperation;
SD, standard deviation; TLIF, transforaminal lumbar interbody fusion.

Table 5. Perioperative data.

Parameter Mean 6 SD (Range)

LOS (d) 3.22 6 1.1 (2–7)
EBL (cc) 439.30 6 393.7 (50–2450)
Surgery time (min) 186.52 6 49.1 (88–340)
First follow up (d) 35.80 6 9.0 (15–62)
12-mo CT (d) 359.42 6 42.2 (95–433)
Last follow up (y) 2.08 6 1.3 (0–5)

Abbreviations: CT, computed tomography; EBL, estimated blood loss; LOS,
length of stay.

Table 6. Radiographic outcomes.

Parameter Value

Bony fusion, No. (%) Present Absent
CT-based criteria (n ¼ 50) 46 (92) 4 (8)
Bridwell-Lenke scale (n ¼ 60 levels),

complete fusion (B-L 1 or 2)
44 (73.3) 16 (26.7)

Global lordosis (8), mean 6 SD (range)
Preoperative 46.16 6 19.1 (16–86)
Postoperative 49.61 6 17.3 (7–92)
Post-pre difference 3.81 6 15.6 (�38–28)

Abbreviations: CT, computed tomography; SD, standard deviation.

Figure 1. Average ODI scores over time error bars indicating 95% confidence

interval. GLM repeated measures indicated the first significant improvement in

odi score from baseline occurred at 3-months (P , .001).
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ted for medical complications such as acute renal

failure, coronary artery disease, and urinary tract

infection. Two patients (4%) required subsequent

cervical spine surgery, and 1 patient had a

prolonged postoperative hospitalization secondary

to intraoperative durotomy. Subsidence was seen in

10 (20%) of patients while migration was seen in 2

(4%). Both complications were present in 1 patient.

All patients with interbody subsidence and/or

migration had incomplete or no fusion by Brid-

well-Lenke scoring, but 4 of these patients were

deemed to have fused by CT-based criteria.

DISCUSSION

The rising popularity of lumbar interbody fusion
over the past 2 decades has led to the concomitant
evolution of a variety of interbody spacers. This
proliferation of interbody spacers includes various
combinations of different materials, architectures,
and geometries with relatively little evidence basis
for efficacy of any individual design. Initially,
interbody spacers were designed at a fixed or static
height. Expandable interbody spacers, whose height
can be increased after insertion, allow for the
smaller insertion height, theoretically minimizing
some of the complications of PLIF or TLIF such as
postoperative neurologic deficits. Additionally, by
increasing disc space height, expandable spacers
maximize the available interbody space for graft
material. These theoretical benefits may be accen-
tuated during MIS procedures due to the relatively
limited decompression and disc space exposure.
Potential concerns regarding expandable spacers
include implant subsidence, mechanical failure, and
limited graft chamber size which may negatively
affect fusion rates.

There were no cases of subsidence or displace-
ment in patients who went on to fusion in the
present study, validating the concept that expand-
able spacers minimize endplate violation on inser-
tion and provide good fill of the interbody space
after expansion. Likewise, the present study reports
high rates of fusion without the use rhBMP-2 or
iliac crest bone graft, ameliorating concerns of
limited space for interbody grafting. Furthermore,

Figure 2. Average VAS back pain scores over time with error bars indicating

95% confidence interval. GLM repeated measures indicated the first significant

improvement in back pain score from baseline occurred at 6-weeks (P , .001).

Figure 3. Average VAS left leg pain scores over time with error bars indicating

95% confidence interval. GLM repeated measures indicated the first significant

improvement in left leg pain score from baseline occurred at 6-weeks (P ,

.001).

Figure 4. Average VAS right leg pain scores over time with error bars

indicating 95% confidence interval. GLM repeated measures indicated the first

significant improvement in right leg pain score from baseline occurred at 6-

weeks (P , .001).
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these fusion rates were achieved despite a majority

of patients having a history of smoking. Although

there is firm evidence for high fusion rates with the

use of rhBMP-2, its use has also been associated
with the risk of early osteolysis, which could

negatively affect endplate integrity and increase

the rate of spacer subsidence or displacement.21,22

Furthermore, we report significant improvements in
PROMs despite including multilevel fusions in a

relatively morbid patient population with a high

rate of obesity (50%) and previous lumbar proce-

dures (44%). Reoperation rates (10%) were com-
parable to a prospective, randomized cohort treated

with lumbar fusion for spondylolisthesis.23 There

were no reoperations related to interbody spacer

complications such as subsidence, displacement,

migration, or mechanical failure.

There is a growing body of literature that

suggests improvements in radiographic spinopelvic

parameters, such as segmental and global lumbar

(SL and GL) lordosis, correlate with improved

patient outcomes.24–28 Traditionally, PLIF and
TLIF approaches have demonstrated a limited

ability to improve lordosis compared to anterior

or lateral interbody fusion.29 The present study

demonstrated only modest (3.88) improvement in
segmental lordosis but nonetheless reports statisti-

cally significant clinical and outcomes improve-

ments in all PROMs. This cohort will continue to be

followed to assess the potential impact of lordosis
on adjacent level reoperation rates. For cases

requiring more substantial correction of lordosis,

surgical technique can be modified to include Smith-

Peterson osteotomy and spacer placement in the

anterior portion of the disc space.30 This finding
may have ramifications for MIS TLIF, where

unilateral facetectomy limits the ability to restore

lordosis. The results of the present study also

reaffirm the importance of obtaining successful
fusion in improving patient outcomes and avoiding

reoperation.

The limitations of this study are that it is a

retrospective review of prospectively collected data

of a single institution study with only 2 surgeons
involved. Additionally, there is no comparative

control group. However, the patient population is

relatively heterogenous, and multiple different types

of expandable spacers were used, which is more

reflective of a real-world surgical population and
surgical experience.

CONCLUSIONS

The relative low complication rates, high fusion,
and clinical success rates reported in the present
study reaffirm the concept that expandable spacers
facilitate open PLIF or TLIF. This study demon-
strates improvements in radiologic parameters and
PROMs over 1 to 2 years postoperatively in a real-
world patient population with significant comorbid-
ities. Given the rapid rate of spinal device develop-
ment and adoption, it is critical that we continue to
analyze these advancements to provide a firm
evidence basis for safety and efficacy.
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