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To compare the clinical and radiographic outcomes of static versus
expandable interbody spacers following minimally invasive Lateral Lumbar
Interbody Fusion (LLIF).

Methods
Sixty-four patients were included in this study: 32 who underwent LLIF with a
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static

spacer, and

32

with an expandable

spacer. Supplemental

transpedicular posterior fixation was used in all cases. These patients were
followed for 12 months post-operative. Clinical and radiographic outcomes
were assessed using patients’ self-reported forms and radiographs.

Results
Patient age, sex, operative time, blood loss, and length of hospital stay were
similar between the static and expandable spacer groups (p>0.05). Mean
visual analog scale, Oswestry Disability Index, and RAND-36 Item Health
Survey scores improved significantly from preoperative to 12-month follow-up
in both groups (p<0.05). Intervertebral disc and neuroforaminal heights
increased significantly within each group from preoperative to 12-month
follow-up (p<0.01), but were not different between groups (p>0.05).
Segmental lordosis increased significantly in the expandable group (14.0° ±
7.9° preoperatively to 16.4° ± 8.8° at 12months) (p=0.01) but did not
increase significantly in the static group (p=0.40). Spacer subsidence was
reported in 32.4% of static and 9.8% of expandable interbody spacer levels
(p<0.01).

Conclusion
LLIF using expandable interbody spacers resulted in clinical outcomes similar to
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those of static spacers; however, the expandable group experienced a
significantly greater increase in segmental lordosis and a significantly lower
subsidence rate than the static group.

Introduction
The early development of interbody fusion spacers for spinal arthrodesis was
first described by Bagby.1Technological advancements have seen the
development of a variety of interbody spacers over time, ranging from
1

Successful treatment of large intracranial granulocytic sarcomas. J Clin Neurol Neurosurg Spine. 2017; 1(1):112.

Journal of Clinical Neurology, Neurosurgery and Spine

material used (mesh, titanium, polyetheretherketone, etc.)

with a static interbody spacer (TRANSCONTINENTAL®,

to insertion methods (open versus minimally invasive) and

Globus Medical Inc., Audubon, PA), and 32 patients (42

finally, the ability to expand the spacers insitu.

operative levels) with an expandable interbody spacer

Interbody spacers are designed to provide immediate

(RISE®-L,

stability to the operated segment while arthrodesis

demonstrated objective evidence of degenerative disc

occurs, correct mechanical deformation, and provide an

disease at one or two contiguous level(s) between L2

optimized fusion environment [1-3]. Interbody spacers

and S1, with up to grade 1 spondylolisthesis and the

also aim to increase the neuroforaminal space, restore

absence of previous surgical intervention at the index

disc height, and restore lordosis throughout the segment

level(s). All procedures included supplemental posterior

[2]. To date, most clinical studies on interbody fusion

fixation, and all patients reached 12-month follow-up.

have focused on static spacers, which are considered to

The participating institution received Institutional Review

be the gold standard for the treatment of patients with

Board approval.

spinal pathologies. While the use of static spacers has

2. Surgical technique

yielded favorable clinical outcomes, iatrogenic endplate

Patients were placed in the lateral decubitus position. A

damage due to excessive spacer trialing and forceful

laterally centered oblique incision was made over the

impaction may lead to complications including spacer

involved disc segment. Blunt dissection was performed

migration, subsidence, retropulsion, breakage, and

through the retroperitoneal fat and psoas muscle to

pseudoarthrosis [4-8]. Expandable interbody spacers

access the disc space, and retractors were used. An

were designed to address the issues encountered with

annulotomy was performed, disc material was removed,

the use of static spacers. Expandable spacers are

and the endplates were decorticated. Sequential trials

inserted at a minimized profile and expanded in situ,

were used to gradually distract the disc space. An

offering a more optimized fit between vertebral

appropriate-size lateral spacer was then selected,

endplates, controlled height restoration, decreased

packed with appropriate bone graft, and placed within

impaction during insertion, and less trialing in comparison

the disc space. If an expandable spacer was used, it

to static spacers. While the number of published clinical

was expanded to the desired height and back-filled

studies on the utility of expandable spacers is limited,

with additional bone graft. Once positioning of the

these publications document excellent patient-reported

spacer was verified, the retractor was removed (Figures

clinical outcomes, restoration of intervertebral disc

1 and 2). The expandable interbody spacer used in this

height, and high rates of intervertebral fusion [9-12]. To

study is manufactured from titanium alloy with an

the authors’ knowledge, there is only one clinical study to

internal component made from radiolucent polymer. This

date that examines radiographic outcomes between

spacer was inserted at a contracted height and

static and expandable interbody spacers [13]. Due to

expanded in situ once correctly positioned within the

the scarcity of published data examining outcomes

intervertebral space (Figure 3). The static interbody

between the two spacers, this study was initiated to

spacer is manufactured from radiolucent polymer with

investigate and compare the clinical and radiographic

titanium alloy or tantalum markers, and included a self-

outcomes of static versus expandable interbody spacers

distracting leading edge for implant insertion (Figure 4).

for minimally invasive Lateral Lumbar Interbody Fusion

Both spacers were available in various heights and

(LLIF).

geometric options to fit the anatomical needs of a

Materials and Methods

variety of patients.

1. Patient population

3. Outcome measures

This prospective study included a total of 64 patients.

Demographic and perioperative data such as patient

Thirty-two patients (41 operative levels) underwent LLIF

age, sex, operative time, blood loss, and length of

Globus

Medical,

Inc.).

All

patients

hospital stay were recorded. Self-reported patient
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questionnaires, including the Visual Analog Scale (VAS),

lordosis. Patient age, sex, number of levels treated,

Oswestry Disability Index (ODI), and RAND36-Item

operative time, blood loss, and length of hospital stay

Health Survey (RAND-36) scores, were collected

were similar between the static and expandable spacer

preoperatively, and postoperatively at 6 weeks and 3,

groups (p>0.05) (Table 1). Surgery was most common at

6, and 12 months. Radiographic outcomes including

L4-L5 among one-level patients and at L2-L4 among

intervertebral disc height, neuroforaminal height, and

two-level patients. Mean VAS back pain scores in the

segmental lordosis were evaluated preoperatively and

static group improved significantly from 7.4 ± 1.8

postoperatively at all time points. Intervertebral disc

preoperatively

height was measured on lateral x-rays from the center

postoperatively, and also in the expandable group from

of the operative superior endplate to a corresponding

6.7 ± 2.2 to 2.1 ± 2.6 (p<0.01) (Figure 5). Similarly,

point on the inferior endplate. Neuroforaminal height

mean VAS leg pain scores in the static group improved

was measured as the distance from the inferior pedicle

significantly from 6.9 ± 2.6 preoperatively to2.1 ±

wall of the level above to the superior pedicle wall of

2.5at 12months postoperatively, and also in the

the level below. Segmental lordosis was measured from

expandable group from 6.3 ± 2.6 to 1.9 ± 2.4

the superior endplate of the cephalad vertebral body to

(p<0.01) (Figure 6). ODI scores improved significantly

the inferior endplate of the caudal vertebral body. The

from 50.5 ± 19.2 preoperatively to 20.6 ± 19.7 at

incidence of implant subsidence was also recorded and

12months postoperatively in the static group, and from

defined as a reduction of intervertebral disc height

41.6 ± 14.1 to 19.0 ± 15.7 in the expandable group

greater

(p<0.01)

than

2mm

in

comparison

to

six-week

to

(Figure

2.2

7).

±

2.6

Finally,

at

RAND-36

12months

physical

postoperative measurements.

component summary scores improved significantly from

4. Statistical analysis

26.1 ± 15.1 preoperatively to 58.4 ± 26.8 at

Statistical analysis was performed using SPSS® v20.0.0

12months postoperatively in the static group, and from

software for Windows (IBM Corp., Armonk, New York,

32.5 ± 12.6 to 70.0 ± 22.9 in the expandable group

USA). Descriptive statistics are reported as mean and

(p<0.01) (Figure 8); mental component summary scores

standard deviation, ratio, or frequency and percentage

also

where applicable. Changes from preoperative to

preoperatively

postoperative time intervals were assessed using the

postoperatively in the static group, and from 48.2 ±

Wilcoxon signed-rank test for ordinal variables, or a

21.7 to 71.1 ± 24.2 in the expandable group (p<0.01)

paired sample t-test for interval variables. The

(Figure 8). Pre- and postoperative VAS, ODI, and

Wilcoxon Mann-Whitney test for ordinal variables and

RAND-36 scores across time intervals showed no

the independent samples t-test for interval variables

significant differences between groups, except for

were used for comparison between groups. Furthermore,

postoperative VAS leg pain at 3 months (p=0.04) and

a Chi-square test was performed to assess differences in

the preoperative RAND-36 physical component score

categorical

(p=0.01) in both groups. Intervertebral disc and

variables

between

groups.

Statistical

improved

significantly
to

65.2

±

from

42.1

26.1

at

±

22.8

12months

significance was indicated at P<0.05.

neuroforaminal heights increased significantly for each

Results

group from the preoperative time interval to as early as

A total of 64 patients, treated between May 2014 and

6weeks postoperative, and increases were maintained

February 2016, were enrolled in this study at a single

through

site. The mean spacer height used in the static group was

Intervertebral disc height was statistically different

11mm with either 6° or 10° of lordosis; mean initial

between

spacer height used in the expandable group was 8mm,

preoperatively (8.8 ± 2.8mm versus 7.1 ± 2.2mm,

expanding up to a maximum of 15mm, with 6° of

P<0.01), but at no other time interval. Similarly,

12-month
the

follow-up

static

and

(Tables

2

expandable

and

3).

groups

neuroforaminal height was statistically greater in the
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static versus the expandable group preoperatively

Table 4: Segmental Lordosis (degrees)

(20.1 ± 4.1mm versus 18.0 ± 4.2mm, P=0.02) as well
as at 12months (22.3 ± 3.8mm versus 20.4 ± 4.6mm,
P=0.04). Segmental lordosis (Table 4) increased
significantly

from

preoperative

to

12months

postoperative in the expandable group (p=0.01), but
did not increase significantly in the static group
(p=0.40). Spacer subsidence was significantly greater in
the static group (32.4%) in comparison to the

14.9 ± 8.5
15.1 ± 8.1
14.8 ± 8.6
14.8 ± 8.2
14.2 ± 8.5

Expandable
Group
14.0 ± 7.9
15.8 ± 8.3
15.5 ± 8.8
15.7 ± 8.6
16.4 ± 8.8

0.40

0.01

Static Group
Preoperative
6 weeks
3 months
6 months
12 months
P-Value
(preoperative to 12
months)
Values are mean ± SD

PValue
0.60
0.70
0.74
0.63
0.26

Table 5: Subsidence

expandable group (9.8%) (p=0.01) (Table 5). All cases

Static Group
12/37 (32.4%)

Expandable Group
4/41 (9.8%)

P-Value
0.01

of spacer subsidence were asymptomatic and none

12 months

required revision surgery. No other implant-related

Discussion

complications were reported.

Since the advent of the first interbody fusion spacer for

Table 1: Demographic and Operative Data
Static Group
(n=32)
66.3 ± 8.9
10:22

Age, years*
Sex, M:F
Number of
Levels
1 Level
23 (71.9%)
2 Levels
9 (28.1%)
Operative Time,
70.4 ± 38.1
min*
Blood Loss, cc*
52.3 ± 85.9
Hospital Stay,
2.2 ± 1.4
days*
Note: *Mean ± standard deviation

lumbar arthrodesis, a large number of interbody spacers

Expandable Group
(n=32)
67.7 ± 10.0
14:18

Pvalue
0.55
0.32
0.78

22 (68.8%)
10 (31.2%)

have continued to evolve and become available on the
market. The goal of interbody fusion is to provide
immediate stability to the operated segment while
arthrodesis occurs. Static interbody spacers have
historically been used in conjunction with anterior,

77.7 ± 45.7

0.49

45.8 ± 54.1

0.72

2.3 ± 1.2

0.78

posterior, transforaminal, and lateral lumbar interbody
fusion procedures, and have produced favorable clinical
outcomes [14-18]. However, complications such as
subsidence and migration have been reported [4-8].

Table 2: Disc Height (mm)

Expandable interbody spacers have been designed to
8.8 ± 2.8
13.4 ± 2.4
12.9 ± 2.7
12.9 ± 2.6
12.6 ± 2.9

Expandable
Group
7.1 ± 2.2
13.1 ± 2.7
12.6 ± 3.0
11.8 ± 2.7
12.5 ± 2.7

0.00

0.00

Static Group
Preoperative
6 weeks
3 months
6 months
12 months
P-Value
(preoperative to 12
months)
Values are mean ± SD

PValue
0.00
0.65
0.70
0.72
0.90

mitigate the challenges associated with the use of static
spacers. Clinical studies comparing outcomes between
static and expandable interbody spacers are scarce;
the authors therefore sought to compare clinical and
radiographic outcomes between static and expandable
spacers following lateral lumbar interbody fusion. While
clinical outcomes were similar, there were differences
observed in segmental lordosis and subsidence rates

Table 3: Neuroformainal Height (mm)

Preoperative
6 weeks
3 months
6 months
12 months
P-Value (preoperative to
12 months)
Values are mean ± SD

between the groups. Segmental lordosis increased

Static
Group
20.1 ±
4.1
22.6 ±
4.1
22.4 ±
3.8
21.9 ±
4.1
22.3 ±
3.8

Expandable
Group

PValue

18.0 ± 4.2

0.02

21.8± 4.6

0.40

21.0 ± 3.9

0.11

21.5 ± 3.6

0.60

20.4 ± 4.6

0.04

0.00

0.02

significantly from the preoperative time interval to 12month follow-up in the expandable group, but not in the
static group, despite all spacers implanted having either
6 or 10 degrees of lordosis. One possible explanation
for this observed difference may be the amount of
trialing that a static spacer requires in comparison to an
expandable spacer. Due to the repeated trialing
necessary for a static spacer, iatrogenic endplate
damage may occur [19], which may limit the amount of
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Figure 1: Representative (A) preoperative and (B) 12-month postoperative lateral plain film radiographic images of a 64-year-old female who
underwent LLIF with an expandable interbody spacer at L4-L5.

Figure 2: Representative (A) preoperative and (B) 12-month postoperative lateral plain film radiographic images of a 67-year-old female who
underwent LLIF with a static interbody spacer at L3-L4.

Figure 3: Representative (A) Oblique view of the expandable interbody spacer (RISE®-L) used in the current study. The implant is shown in its
expanded state. And (B) Oblique view of the static interbody spacer (TransContinental®).
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Figure 4: VAS back pain scores for static versus expandable groups from preoperative to 12-month postoperative assessment (bar height indicates
mean value and error bars ± one standard deviation).

Figure 5: VAS leg pain scores for static versus expandable groups from preoperative to 12-month postoperative assessment (bar height indicates
mean value and error bars ± one standard deviation).
*Indicates statistical difference between groups at the indicated time interval (p<0.05).

lordosis gained at the operated segment. Expandable

spacer type, patients experienced similar increases in

spacers require less trialing and therefore endplate

segmental lordosis.

integrity may be better preserved, which may result in

Conclusion

the desired lordosis. Posterior fixation provides the

This study found a significantly greater rate of

stability to help maintain lordosis over time. The current

subsidence in the static group in comparison to the

study’s findings are consistent with other studies [20,21].

expandable group. Subsidence of an interbody spacer

that report a greater increase in segmental lordosis with

is a clinical concern due to an increased risk of

expandable spacers when compared to static spacers.

recurrence of symptoms, loss of disc height and indirect

However, Yee et al. [13] found that irrespective of
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Figure 6: ODI scores for both patient groups from preoperative through 12-month postoperative assessment.

Figure 7: RAND-36 Physical Component Scores for static versus expandable groups from preoperative to 12- month postoperative assessment (bar
height indicates mean value and error bars ± one standard deviation). *Indicates statistical difference between groups at the indicated time interval
(p<0.05).

Figure 8: RAND-36 Mental Component Score for static versus expandable groups from preoperative to 12-month postoperative assessment (bar
height indicates mean value and error bars ± one standard deviation).
Static versus Expandable Interbody Spacers: Preliminary 1-Year Clinical and Radiographic Results. J Clin Neurol Neurosurg Spine. 2017; 1(1):113.
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neural decompression, the need for revision surgery, and

of Globus Medical Inc. IYL performed statistical analysis.

pseudoarthrosis [19,22,23]. Risk factors believed to be

All authors participated in conception and design of the

associated with spacer subsidence include use of a

study, acquisition and interpretation of data, and the

narrow spacer, over-distraction of the intervertebral

drafting of the article or revising it critically. All authors

space, and lack of supplemental fixation [9,23-25].

approved the final manuscript for submission for

Most researchers, however, agree that the preservation

publication.

of endplate integrity is key to preventing subsidence.

References

During discectomy, care should be taken to adequately

1.

prepare the endplates [26]; however, iatrogenic

distraction-compression method using a stainless steel

endplate damage can occur when a static spacer is

implant. Orthopedics. 11: 931-934.

impacted into the disc space, which may lead to

2.

subsidence. In contrast, an expandable spacer only

lumbar interbody cages. Spine (Phila Pa 1976). 23:

requires a single trial and implant, which reduces the

634-640.

possibility of endplate damage during implant insertion.

3.

While the rate of subsidence was significantly greater in

Intervertebral cages for degenerative spinal diseases.

the static group in comparison to the expandable group

Spine(Phila Pa 1976). 3: 301-309.

in this study (32.4% vs 9.8%), all cases were

4.

asymptomatic and none required revision surgery.

Shimizu K et al. (2010). Examining risk factors for

Follow-up will continue through the 24-month time

posterior

interval for continued evaluation of patient outcomes.

transforaminal lumbar interbody fusion: a possible

One limitation of this study was the absence of

limitation of unilateral pedicle screw fixation. J

Computed Tomography (CT) scans for the assessment of

Neurosurg Spine. 13: 381-387.

fusion. Because no patient required revision surgery at

5.

the index level(s) and CT scans are not routinely

migration in spondylolisthesis treated with posterior

performed as part of the follow-up plan, CT scans were

lumbar interbody fusion using BAK cages. Spine (Phila

not obtained for the patients in this study. Another

Pa 1976). 30: 2171-2175.

limitation of this study was the short-term (12-month)

6.

follow-up period. However, this study is part of a larger

White R, et al. (2017). Maintenance of segmental

24-month follow-up prospective study, and new findings

lordosis and disk height in stand-alone and instrumented

will be reported upon completion. Although results in this

extreme lateral interbody fusion (XLIF). Clin Spine Surg.

study are preliminary, they suggest that the use of both

30: E90-E98.

static and expandable interbody spacers in LLIF lead to

7.

improvements in patient pain and disability, and an

(2014). Clinical and radiological outcomes of a new

increase in disc and neuroforaminal heights. The results

cage for direct lateral lumbar interbody fusion. Korean

also suggest that expandable interbody spacers may

J Spine. 11: 145-151.

offer important clinical advantages in terms of

8.

decreased endplate damage, which may lead to an

JB, Whitehill R. (2000). Complications of posterior

increase and maintenance in segmental lordosis, as well

lumbar interbody fusion when using a titanium threaded

as a decreased risk of subsidence.

cage device. J Neurosurg. 93 :45-52.

Conflict of Interest

9.

Dr. Frisch is a consultant for and receives royalties from

Njoku I Jr et al. (2015). Expandable polyaryl-ether-

Bagby GW. (1988). Arthrodesis by the

Weiner BK, Fraser RD. (1998). Spine update:

Blumenthal

SL,

Ohnmeiss

DD.

(2003).

Aoki Y, Yamagata M, Nakajima F, Ikeda Y,
migration

of

fusion

cages

following

Chen L, Yang H, Tang T. (2005). Cage

Malham GM, Ellis NJ, Parker RM, Blecher CM,

Kim SJ, Lee YS, Kim YB, Park SW, Hung VT.

Elias WJ, Simmons NE, Kaptain GJ, Chadduck

Alimi M, Shin B, Macielak M, Hofstetter CP,

Globus Medical Inc. IYL and GJ are salaried employees

Static versus Expandable Interbody Spacers: Preliminary 1-Year Clinical and Radiographic Results. J Clin Neurol Neurosurg Spine. 2017; 1(1):113.

Journal of Clinical Neurology, Neurosurgery and Spine

ether-ketone spacers for interbody distraction in the

interbody cage and a tubular retraction system:

lumbar spine. Global Spine J. 5: 169-178.

technical tips, and perioperative, radiologic and clinical

10.

outcomes. J Korean Neurosurg Soc. 48: 219-224.

Coe JD, Zucherman JF, Kucharzyk DW, Poelstra

KA, Miller LE, et al. (2016). Multiexpandable cage for

19.

minimally invasive posterior lumbar interbody fusion.

Bucklen B. (2016). Indirect decompression and vertebral

Med Devices (Auckl). 9: 341-347.

body endplate strength after lateral interbody spacer

11.

impaction:

Barrett-Tuck R, Del Monaco D, Block JE. (2017).

Kwon AJ, Hunter WD, Moldavsky M, Salloum K,

cadaveric

and

foam-block

models.

J

one and two level Posterior Lumbar Interbody Fusion

Neurosurg Spine. 24: 727-733.

(PLIF) using an expandable, stand-alone, interbody

20.

fusion device: a Varilift® case series. J Spine Surg. 3: 9-

Radiographic comparison of fixed cage vs. expandable

15.

cage in TLIF. IMAST, Copenhagen, Denmark.

12.

Kim CW, Doerr TM, Luna IY, Joshua G, Shen SR,

21.

Crandall DG, Huish E, Berven SH, et al. (2011).

Crandall DG, Revella J, Chang MS, Young CL,

et al. (2016). Minimally invasive transforaminal lumbar

Chung SA, et al. (2015). TLIF with expandable versus

interbody fusion using expandable technology: a clinical

static height cages: defining guidelines based on preop

and radiographic analysis of 50 patients. World

disc height and lordosis. The Spine J. 15: S259.

Neurosurg. 90: 228-235.

22.

13.

13. Yee TJ, Joseph JR, Terman SW, Park P.

Coutinho E, et al. (2013). Radiographic and clinical

(2017). Expandable vs static cages in transforaminal

evaluation of cage subsidence after stand-alone lateral

lumbar interbody fusion: radiographic comparison of

interbody fusion. J Neurosurg Spine. 19: 110-118.

segmental and lumbar sagittal angles. Neurosurgery.

23.

81: 69-74.

Spine Surgery: Techniques, Complication Avoidance, and

14.

Management Fourth Edition, Elsevier, Philadelphia, PA.

McAfee PC, DeVine JG, Chaput CD, Prybis BG,

Marchi L, Abdala N, Oliveira L, Amaral R,

Steinmetz MP, Benzel EC. (2017). Benzel’s

Fedder IL, et al. (2005). The indications for interbody

24.

fusion cages in the treatment of spondylolisthesis:

G, et al. (2012). Subsidence of polyetheretherketone

analysis of 120 cases. Spine (Phila Pa 1976). 30: 60-

intervertebral cages in minimally invasive lateral

65.

retroperitoneal transpsoas lumbar interbody fusion.

15.

Kotwal S, Kawaguchi S, Lebl D, Hughes A,

Le TV, Baaj AA, Dakwar E, Burkett CJ, Murray

Spine (Phila Pa 1976). 37: 1268-1273.

Huang R, et al. (2015). Minimally invasive lateral lumbar

25.

interbody fusion: clinical and radiographic outcome at a

Lee WE 3rd, Laun J, et al. (2014). In vitro evaluation of a

minimum 2-year follow-up. J Spinal Disord Tech.

lateral expandable cage and its comparison with a

28:119-125.

static

16.

biomechanical investigation. J Neurosurg Spine. 20:

(2010).

Shunwu F, Xing Z, Fengdong Z, Xiangqian F.
Minimally

invasive

transforaminal

lumbar

Gonzalez-Blohm SA, Doulgeris JJ, Aghayev K,

device

for

lumbar

interbody

fusion:

a

387-395.

interbody fusion for the treatment of degenerative

26.

lumbar diseases. Spine (Phila Pa 1976). 35: 1615-

Minimally invasive transforaminal lumbar interbody

1620.

fusion using

17.

Rouben D, Casnellie M, Ferguson M. (2011).

Long-term durability of minimally invasive posterior

Choi WS, Kim JS, Hur JW, Seong JH. (2017).
banana-shaped

and

straight

cages:

radiological and clinical results from a prospective
randomized clinical trial. Neurosurg.

transforaminal lumbar interbody fusion: a clinical and
radiographic follow-up. J Spinal Disord Tech. 24: 288296.
18.

Lee CK, Park JY, Zhang HY. (2010). Minimally

invasive transforaminal interbody fusion using a single

Static versus Expandable Interbody Spacers: Preliminary 1-Year Clinical and Radiographic Results. J Clin Neurol Neurosurg Spine. 2017; 1(1):113.

