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Abstract Background: Few studies have analyzed differ-
ences in radiographic parameters and patient-reported out-
comes (PROs) between expandable and static interbody
devices in patients undergoing minimally invasive
transforaminal lumbar interbody fusion (MIS TLIF). Ques-
tions/Purposes: To evaluate differences in radiographic pa-
rameters and PROs following MIS TLIF between static and
expandable interbody devices. Methods: Patients undergo-
ing primary, single-level MIS TLIF between 2014 and 2017
were retrospectively identified. Radiographic measurements
including lumbar lordosis (LL), segmental lordosis (SL),
disc height (DH), and foraminal height (FH) were performed
on lateral radiographs before and after MIS TLIF with a
static or expandable articulating interbody device. Radio-
graphic outcomes and PROs were compared using paired
and unpaired Student’s t test. Results: Thirty patients re-
ceived expandable interbody devices and 30 patients re-
ceived static interbody devices. The expandable device
cohort exhibited significantly greater improvement in DH
and FH at final follow-up compared with those receiving a
static device. Both device cohorts experienced significant
improvements in PROs at 6 months post-operatively. Con-
clusion: MIS TLIF with an expandable interbody device led

to a greater increase of DH and FH than with a static
interbody device. Patients undergoing MIS TLIF can expect
similar improvements in PROs whether receiving a static or
an expandable interbody device. Further studies are required
to better understand improvements in clinical outcomes
afforded by expandable interbody devices.
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Introduction

Transforaminal lumbar interbody fusion (TLIF) is an effec-
tive option in the treatment of degenerative lumbar spine
pathology. Interbody devices have been developed for max-
imizing mechanical stability, promoting arthrodesis, and
allowing for sufficient deformity correction and restoration
of disc height.

Minimally invasive (MIS) techniques for interbody fu-
sion procedures, such as MIS TLIF, have provided several
benefits over extensile approaches. These benefits include
decreased intra-operative blood loss, shorter length of inpa-
tient stay, reduced post-operative opioid use, and greater cost
efficacy [1, 9, 19, 20, 22, 23]. The smaller access corridor in
MIS TLIF, however, may introduce a size constraint for the
interbody device and limit the degree of distraction that can
be obtained. In an attempt to overcome this limitation,
expandable interbody devices have been developed [4].
Expandable interbody devices feature a collapsed design
that permits passage through the narrow corridor of an
MIS approach, then expands in situ to larger final dimen-
sions. This unique attribute is thought to facilitate fusion and
enhance the restoration of disc height and sagittal balance.
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Previous studies have evaluated the biomechanical and
radiographic outcomes with expandable devices. While
some reports indicate improvement in sagittal balance with
expandable cages, others have identified similar radiograph-
ic outcomes to static cages [26, 27]. However, few have
investigated differences in patient-reported outcomes
(PROs) between expandable and static devices for MIS
TLIF.

The purpose of this study was to compare radiographic
parameters and PROs among MIS TLIF patients treated with
either an expandable or static articulating interbody device.
The specific aims were to compare (1) the change of mea-
sured radiographic parameters—disc height (DH), foraminal
height (FH), lumbar lordosis (LL), and segmental lordosis
(SL)—from the pre-operative period to 6-month follow-up
in patients undergoing MIS TLIF using either a static or an

expandable device and (2) to compare the magnitude of
improvement in PROs—Oswestry Disability Index (ODI),
visual analog scale (VAS) back pain, and VAS leg pain—as
a function of implanted device 6 months after the MIS TLIF
procedure.

Methods

Institutional review board approval was obtained for this
retrospective comparative study (ORA #14051301). Patients
who underwent a primary, single-level MIS TLIF for degen-
erative pathology by a single surgeon from 2014 to 2017
were retrospectively identified. A static articulating
interbody device was used in MIS TLIF procedures from
2014 to 2015 and an expandable articulating interbody

Table 1 Baseline characteristics by device type

Static device (N = 30) Expandable device (N = 30) p value*

Age (mean ± SD, years) 53.5 ± 11.7 52.2 ± 12.1 0.683
Sex (n) 0.260
Female 36.7% (11) 23.3% (7)
Male 63.3% (19) 76.7% (23)

Body mass index 0.606
Non-obese (< 30 kg/m2) 46.7% (14) 53.3% (16)
Obese (≥ 30 kg/m2) 53.3% (16) 46.7% (14)

Smoking status (n) 0.718
Non-smoker 86.7% (26) 83.3% (25)
Smoker 10.0% (4) 16.7% (5)

Insurance status (n)
Non-WC 70.0% (21) 73.3% (22) 0.774
WC 30.0% (9) 26.7% (8)

CCI (mean ± SD) 2.0 ± 1.6 2.2 ± 1.8 0.597
Operative level (n) 0.333
L3L4 0.0% (0) 3.3% (2)
L4L5 63.3% (19) 63.3% (19)
L5S1 36.7% (11) 30.0% (9)

Operative time (mean ± SD, minutes) 112.4 ± 31.1 114.7 ± 28.0 0.764
Estimated blood loss (mean ± SD, mL) 53.2 ± 29.6 48.5 ± 28.3 0.535
Length of stay (mean ± SD, hours) 38.2 ± 17.1 32.1 ± 15.7 0.156

SD, standard deviation; WC, worker’s compensation; CCI, Charlson Comorbidity Index
*p values calculated using χ2 analysis (categorical) and Student’s t test and p < 0.001 (continuous)

Table 2 Comparison of pre-operative and post-operative radiographic parameters

Pre-operative Post-operative (≥ 6 months) Percent increase p value*

Static device (mean ± SD)
Disc height (mm) 9.0 ± 1.9 11.2 ± 1.8 24.4% < 0.001
Foraminal height (mm) 20.0 ± 3.1 21.6 ± 3.0 8.0% < 0.001
Lumbar lordosis (°) 58.0 ± 11.5 60.4 ± 12.8 4.1% 0.021
Segmental lordosis (°) 18.1 ± 5.4 19.1 ± 5.5 5.5% 0.054

Expandable device (mean ± SD)
Disc height (mm) 9.5 ± 2.1 13.7 ± 2.3 44.2% < 0.001
Foraminal height (mm) 19.8 ± 2.6 23.6 ± 2.8 19.2% < 0.001
Lumbar lordosis (°) 52.4 ± 10.5 54.9 ± 10.5 4.8% 0.008
Segmental lordosis (°) 19.0 ± 6.0 20.0 ± 5.7 5.3% 0.048

SD, standard deviation
Italic indicates statistical significance
*p values calculated using paired Student’s t tests
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device from 2016 to 2017. A standard MIS TLIF procedure
was performed in all patients through a paramedian ap-
proach [18]. The static interbody devices used (T-PAL™,
DePuy Synthes, West Chester, PA, USA) were composed of
polyether ether ketone (PEEK) and featured a 5° sagittal
profile, a 12 × 32-mm footprint, and a 9-to-13-mm height
range. The expandable interbody devices used (ALTERA™,
Globus Medical, Inc., Audubon, PA, USA) were composed
of titanium-coated PEEK and featured an 8° sagittal profile.
The expandable device featured the following dimension
ranges: width, 8 to 14 mm; length, 26 to 33 mm; and a 4-mm
height-based expansion range (8 to 12 mm, 9 to 13 mm, 10
to 14 mm, 12 to 16 mm). Patients with less than 6 months of
post-operative follow-up or those who underwent MIS TLIF
for nondegenerative pathology, such as trauma or infection,
were excluded.

A total of 60 patients who underwent a primary, single-
level MIS TLIF were retrospectively identified, including
30 consecutive patients for whom a static articulating
interbody device was implanted from 2014 to 2015 and 30
consecutive patients for whom an expandable articulating
interbody device was implanted from 2016 to 2017. The
average age of the patient sample was 52.8 years and 42
(70%) were male. A majority of patients in each cohort
underwent MIS TLIF at the L4 to L5 level (static, N = 19;
expandable, N = 19; p = 0.333). There were no differences
recorded in body mass index (BMI), smoking status, insur-
ance status, or comorbidity burden between cohorts. Peri-
operative variables including operative level, operative
time, estimated blood loss, and length of stay were similar
between groups (Table 1).

Patients were stratified by the interbody device used for
the fusion procedure (static or expandable). Demographic
and peri-operative characteristics were recorded for all pa-
tients. Demographic variables included age, sex, BMI,
smoking status, insurance status, and Charlson Comorbidity
Index (CCI). Peri-operative variables included operative
level, operative time, estimated intra-operative blood loss,
and length of post-operative stay. PROs were recorded at pre-
operative and 6-week, 12-week, and 6-month post-operative

visits. PROs included Oswestry Disability Index (ODI),
VAS back pain, and VAS leg pain. Post-operative achieve-
ment of minimum clinically important difference (MCID)
for ODI, VAS back pain, and VAS leg pain scores was
determined using cutoffs of 12.8, 1.2, and 1.6, respectively
[6]. Arthrodesis was defined as the presence of bony bridg-
ing on three sequential coronal and sagittal sections on
computed tomographic scan at 1 year post-operatively.

Radiographic measurements were completed using the
Opal-RAD Digital Radiology suite® (Konica Minolta Med-
ical Imaging, Garner, NC, USA). Two investigators inde-
pendently performed the radiographic measurements.
Significant disagreements between measured values (> 5°or
3 mm) were re-measured by both reviewers independently.
Reviewer measurements were averaged for use in data
analyses.

Radiographic measurements were performed on pre-
operative and 6-month lateral lumbar spine plain radio-
graphs. Parameters measured included SL, intervertebral
DH, and FH at the operative level, as well as global LL.
LL was defined as the sagittal Cobb angle between the

Fig. 1. Post-operative comparison in improvements in radiographic measurements, static and expandable interbody devices.

Table 3 Comparison of pre-operative and post-operative patient-re-
ported outcomes by device type

Pre-operative
(N = 30)

6-month
post-operative
(N = 30)

†p value*

Static device (mean ± SD)
ODI 40.9 ± 15.2 20.4 ± 15.7 < 0.001
VAS back pain 6.1 ± 2.6 2.8 ± 2.5 < 0.001
VAS leg pain 6.2 ± 2.4 2.4 ± 2.7 < 0.001

Expandable device (mean ± SD)
ODI 40.1 ± 16.2 20.4 ± 16.8 < 0.001
VAS back pain 6.8 ± 2.5 3.7 ± 3.0 < 0.001
VAS leg pain 6.0 ± 2.7 2.9 ± 2.8 < 0.001

ODI, Oswestry Disability Index; VAS, visual analog scale
Italics indicates statistical significance
*p values calculated using paired Student’s t tests
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superior endplate of L1 and the sacral endplate. SL was
defined as the sagittal Cobb angle created by the superior
endplate of the cephalad vertebrae and the inferior endplate
of the caudal vertebrae at the operative level. DH was
determined by averaging the distance between the inferior
endplate of the cephalad vertebrae and superior endplate of
the caudal vertebrae at the anterior border, middle, and
posterior border of the vertebral bodies. FH was measured
as the distance between the inferior border of the superior
pedicle and the superior border of the inferior pedicle.

Statistical Analysis

Statistical analysis was performed using Stata/MP® 13.1 for
Mac (StataCorp LP, College Station, TX, USA). Pre-
operative demographics and peri-operative characteristics

were compared between static and expandable groups using
χ2 analysis and Student’s t test for categorical and
continuous variables, respectively. Changes in post-
operative radiographic measurements and PROs from pre-
operative values were determined using paired t tests. Post-
operative changes in radiographic parameters and PROs
were compared between static and expandable cohorts using
Student’s t tests. Achievement of MCID for PROs was
compared between cohorts using χ2 analysis. Inter-
observer reliability was assessed for radiographic measure-
ments using Pearson correlation coefficients. Strength of
association was interpreted using guidelines described by
Cohen, with 0.1 ≤ r < 0.3, 0.3 ≤ r < 0.5, and r ≥ 0.5, indicat-
ing low, moderate, and strong correlations, respectively [5].
Statistical significance was set at p < 0.05. A post-hoc anal-
ysis for determining the minimum number of subjects

Fig. 2. Post-operative comparison in improvements in Oswestry Disability Index scores, static and expandable interbody devices.

Fig. 3. Post-operative comparison in improvements in visual analog scale back pain scores, static and expandable interbody devices.
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needed for a power of 90% was calculated to be 21 patients
for each cohort, with the goal of detecting a 25% increase in
disc height at the 6-month time point.

Results

Radiographic parameters were improved in both cohorts
following surgery. Both static and expandable device co-
horts were identified to have significant improvements in
DH, FH, LL, and SL at 6 months post-operatively (p < 0.001
for all), with the exception of SL improvement in the static
cohort (p = 0.054) (Table 2). When comparing the degree of
post-operative improvement of radiographic parameters be-
tween cohorts, expandable devices afforded a greater in-
crease in DH (static + 2.2 mm, expandable + 4.2 mm;
p < 0.001) and FH (static + 1.7 mm, expandable + 3.8 mm;
p < 0.001; Fig. 1). No differences in post-operative improve-
ments in LL and SL were determined between cohorts
(p > 0.05 for each). Strong inter-observer reliability was
exhibited for each radiographic measure (r range 0.7798–
0.9367, p < 0.05).

Patients in both cohorts demonstrated significant im-
provements in ODI, VAS back pain, and VAS leg pain at 6
months post-operatively (p < 0.001 for each; Table 3). When
comparing post-operative improvements in PROs between
static and expandable cohorts, no differences were identified
at the 6-week, 12-week, and 6-month post-operative time
points (p > 0.05 for each; Figs. 2, 3, 4). Additionally, similar
rates of MCID achievement were identified for ODI and
VAS back pain and VAS leg pain among device cohorts
(Table 4).

Discussion

As popularity in MIS approaches to lumbar fusion con-
tinues to rise, so has interest in their effectiveness in the
correction of spinal radiographic parameters [2, 4, 10, 12,
16, 20, 27]. Few studies exist comparing outcomes

between patients undergoing MIS spinal fusion with static
vs. expandable interbody devices. This study aimed to
identify differences in radiographic and clinical outcomes
in patients undergoing MIS TLIF with a static or an ex-
pandable interbody device.

Our study is only the second investigation of differences in
radiographic and clinical outcomes between static and expand-
able interbody devices in MIS TLIF. Our study addresses
some important limitations in the existing literature, demon-
strated by the homogeneity of our cohorts and 100% survey
compliance up to the 6-month post-operative time point.
However, this study is not without limitations. First, due to
its retrospective nature, selection bias may have been present.
Second, the change in sagittal parameters that was observed
may be directly related to technical aspects of decompression,
including facet osteotomy and disruption of spinal ligaments.
However, the variation of outcomes was limited by our single-
surgeon and single-approach study, with the surgeon placing
all cages in the anterior one-third of the disc space. Third, we
were unable to comment on long-term fusion rates. However,
previous studies have demonstrated fusion rates following
TLIF to be greater than 90% [3, 7, 8, 11, 14, 15, 21, 25].
Finally, poor compliance with PRO survey completion at 1-
and 2-year follow-up prevented long-term analysis of PROs.
Data was assessed up to 6 months post-operatively, when

Fig. 4. Post-operative comparison in improvement in visual analog scale leg pain scores, static and expandable interbody devices.

Table 4 Percent of patients who achieved minimum clinically impor-
tant difference

Static device
(N = 30)

Expandable
device (N = 30)

p value*

ODI (N) 63.3% (19) 60.0% (18) 0.791
VAS back pain (N) 73.3% (22) 66.7% (20) 0.573
VAS leg pain (N) 70.0% (21) 70.0% (21) 1.000

VAS, visual analog scale; ODI, Oswestry Disability Index
*p values calculated using χ2 analysis
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Table 5 Comparison of pre-operative and post-operative FH and DH for static vs. expandable devices

Cage details (mm) Pre-operative FH (mm) Post-operative FH (mm) Pre-operative DH (mm) Post-operative DH (mm)

Static device
1 12 × 32 × 9 16.8 19.0 5.9 10.5
2 12 × 32 × 8 9.7 12.2 7.7 8.2
3 12 × 32 × 10 22.8 23.8 7.1 8.4
4 12 × 32 × 9 17.5 18.7 8.1 11.8
5 12 × 32 × 12 21.7 23.0 10.4 11.2
6 12 × 32 × 10 20.7 21.8 10.0 13.3
7 12 × 32 × 9 15.5 17.9 7.8 10.0
8 12 × 32 × 11 18.7 19.8 9.8 11.7
9 12 × 32 × 13 21.2 22.3 11.6 14.1
10 12 × 32 × 12 20.0 21.7 10.8 13.6
11 12 × 32 × 12 23.2 23.8 12.1 14.2
12 12 × 32 × 11 21.6 23.0 10.7 11.6
13 12 × 32 × 11 24.7 25.8 12.2 13.3
14 12 × 32 × 9 18.3 21.2 8.1 9.9
15 12 × 32 × 11 19.5 23.3 8.9 12.4
16 12 × 32 × 12 21.6 24.3 9.7 13.3
17 12 × 32 × 13 21.2 22.5 11.5 11.3
18 12 × 32 × 11 19.1 22.0 7.3 10.4
19 12 × 32 × 12 24.1 26.7 8.2 11.3
20 12 × 32 × 12 25.0 26.3 10.2 13.5
21 12 × 32 × 8 22.0 22.6 9.5 10.7
22 12 × 32 × 9 20.2 22.6 6.3 7.6
23 12 × 32 × 10 22.3 21.9 10.7 11.0
24 12 × 32 × 10 22.3 25.0 8.5 9.5
25 12 × 32 × 10 18.9 20.2 9.7 11.2
26 12 × 32 × 10 18.2 19.3 8.9 9.7
27 12 × 32 × 9 17.8 18.5 9.0 12.4
28 12 × 32 × 9 17.4 18.3 6.3 9.5
29 12 × 32 × 9 18.7 20.0 5.3 10.2
30 12 × 32 × 10 19.0 21.9 6.9 9.4

Expandable device
31 14 × 33 18.9 22.1 13.1 14.8
32 13 × 32 21.0 23.6 11.3 16.3
33 10 × 26 17.6 23.5 6.8 13.4
34 10 × 31 16.0 18.7 9.5 13.6
35 9 × 31 22.1 26.8 9.3 15.5
36 8 × 28 24.9 29.9 9.0 13.7
37 11 × 31 22.8 28.2 11.9 15.9
38 9 × 31 17.8 24.4 9.8 12.8
39 9 × 28 20.3 24.2 11.4 13.8
40 10 × 32 19.0 24.3 13.4 20.3
41 10 × 31 22.0 25.9 9.8 16.9
42 10 × 31 17.3 18.6 8.1 13.1
43 10 × 31 18.9 22.5 10.4 12.2
44 9 × 31 14.2 17.5 8.4 16.1
45 10 × 31 19.2 24.6 9.0 12.0
46 10 × 31 19.0 24.1 7.4 11.0
47 8 × 26 18.9 25.0 7.2 12.5
48 10 × 31 18.2 22.2 4.2 9.4
49 10 × 31 25.1 25.6 12.5 15.6
50 9 × 28 20.0 22.7 6.5 10.5
51 10 × 31 21.5 25.2 9.6 14.9
52 9 × 26 19.9 26.5 10.4 14.9
53 10 × 31 19.6 22.3 9.8 13.7
54 9 × 31 16.8 20.2 5.7 9.9
55 10 × 31 19.8 23.4 10.3 14.5
56 10 × 26 20.0 21.8 8.7 11.5
57 8 × 31 17.7 21.9 8.6 12.1
58 10 × 28 18.9 20.9 10.1 12.8
59 9 × 26 24.9 26.8 10.6 13.2
60 12 × 28 23.0 24.5 11.4 14.8

FH, foraminal height; DH, disc height
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survey completion was highest. Long-term, prospective stud-
ies with large patient samples are necessary to make definitive
conclusions.

In our study, patients undergoing MIS TLIF with an
expandable device experienced significantly greater im-
provement in DH and FH than patients undergoing MIS
TLIF with a static device. Similar to our results, Hawasli
et al. observed that patients receiving an expandable device
demonstrated a significantly greater improvement in DH
(+ 0.84 cm vs. + 0.40 cm; p = 0.02) compared with static
devices [10]. In contrast to our study, however, no differences
were noted in FH (p > 0.05). Taken together, these findings
suggest expandable interbody devices afford patients greater
improvement in DH than static devices but may not consis-
tently lead to greater improvements in FH (Table 5).

Unlike DH and FH, we found no significant differences
in LL and SL between cohorts. This finding is also in
keeping with the existing literature [13, 17, 24, 27]. Yee
et al. assessed changes in SL and LL following MIS TLIF in
a retrospective review of 89 patients [27]. No significant
differences were recorded in the improvement of SL (static
+ 1.0°, expandable + 3.0°; p = 0.41) or LL (static 2°, expand-
able 5°; p = 0.15). Hawasli et al. did note greater increases in
SL in the expandable cohort (5.13° vs. 1.84° for static) but
this difference did not reach statistical significance (p = 0.10)
[10]. As with Yee et al., there were no significant differences
in LL (static + 4.4°, expandable + 4.7°; p = 0.09). These
findings are not surprising, however, as the static and ex-
pandable devices used in our study both have lordotic sag-
ittal profiles. These findings suggest that improvements in
lordosis may be more related to the sagittal profile of the
device and less to the intervertebral height expansion pro-
vided by this type of expandable interbody device.

In our study, both cohorts exhibited significant improve-
ments in PRO measures, and a majority of patients reached
MCID at 6 months post-operatively in each PRO measure.
Furthermore, no differences were identified in PRO im-
provements between interbody device cohorts, despite the
expandable device cohort demonstrating significantly great-
er improvement in DH and FH. These findings contrast with
those of Hawasli et al., who reported patients undergoing
MIS TLIF with an expandable device experienced a signif-
icantly greater improvement in ODI score at final follow-up
as compared with patients undergoing MIS TLIF with a
static device (expandable − 22.3, static − 13.6; p = 0.02)
[10]. The findings of Hawasli et al., however, are limited
by inconsistent follow-up times between cohorts. The static
device cohort reported a 14.6-month follow-up compared
with a 7.1-month follow-up for the expandable cage group
(p < 0.01). Our findings suggest that despite greater im-
provements in radiographic parameters (DH, FH), the use
of expandable cages does not lead to greater improvements
in clinical outcomes. While there is excellent evidence to
suggest that interbody devices can help indirectly decom-
press the foramen [2, 4, 10, 12, 16, 20, 27], the minimum
amount of distraction required to reduce symptoms is un-
known. It is possible that both static and expandable cages
provide sufficient foraminal distraction to alleviate patient
symptoms.

While our study does suggest that there are limited
differences in clinical improvement with the use of expand-
able cages, it is important to note that they offer several
technical advantages over static cages, most notably easier
sizing and placement with expansion once in the disc space.
These advantages are especially important to MIS spinal
fusion when surgeons are working through a small access
corridor. Additional prospective, long-term studies are re-
quired to gain a better understanding of the improvements in
clinical outcomes afforded by expandable interbody devices
and whether increased segmental height has a protective
effect on the development of adjacent-segment degeneration
and the need for additional interventions.

In conclusion, MIS TLIF with an expandable interbody
device led to a greater increase of DH and FH than with a
static interbody device. Patients reported significant im-
provements in PROs following MIS TLIF in both expand-
able and static interbody device cohorts; however, no
differences in improvement were demonstrated between sur-
gical cohorts. Although the use of expandable interbody
devices led to greater increases in DH and FH, it did not
translate to superior clinical outcomes. Therefore, patients
undergoing MIS TLIF can expect similar improvements in
PROs, whether receiving a static or expandable interbody
device. Further studies are required to better understand the
improvements in clinical outcomes afforded by expandable
interbody devices.
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