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Abstract
Introduction: Evidence surrounding use of expandable interbody 
devices during lateral lumbar interbody fusion (LLIF) has been 
sparse. While all LLIF devices purport to offer advantages such as 
avoidance of great vessels anteriorly and the spinal cord posteriorly, 
sufficient consensus among data for expandable devices is lacking, 
particularly among multiple surgeons who may have varied surgical 
correction goals with these devices.

Objective: This study sought to describe outcomes of patients 
treated with expandable interbody spacers implanted through an 
LLIF approach.

Methods: The current study’s patients were consecutively enrolled/
treated with one of two expandable interbody spacer designs by five 
surgeons at five sites, using a conventional transpsoas approach. 
Visual Analog Scale (VAS) back/leg pain scores, Oswestry 
Disability Index (ODI), and plain film radiographs were collected. 
Patients completed self-reported outcomes preoperatively and at 6, 
12 weeks, 6, 12, and 24 months postoperative.

Results: A total of 79 patients were enrolled across five study 
sites. Average age at time of surgery was 63 years (Range 33–
81). Average VAS lower back pain scores decreased significantly 
(p<0.001) from 6.7 (± 2.3) preoperatively to 2.9 (± 3.3) at 12 
months and 2.9 (± 3.3) at 24 months. Average VAS leg pain scores 
decreased significantly (p<0.001) from 5.6 (± 2.8) preoperatively to 
2.3 (± 2.6) at 12 months and 2.5 (± 2.9) at 24 months. Average 
ODI scores decreased significantly (p<0.001) from 45.9 (± 15.7) 
preoperatively to 25.0 (± 23.3) at 12 months and 26.2 (± 23.3) at 
24 months. Disc height increased significantly (p<0.001) from 7.7 
(± 2.6) preoperatively to 12.1 (± 2.8) at 12 months and 11.5 (± 2.4) 
at 24 months. There was no significant difference (p=0.091) in disc 
height between 12 and 24 months, suggesting a maintenance of 
disc height during this period.

Conclusions: This multicenter, multi-surgeon study of two expandable 
lumbar interbody spacer designs demonstrates positive clinical and 
radiographic outcomes at 2 years.
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Introduction
The lateral approach to the disc space for lumbar interbody 

fusion is relatively new but has become a well-established practice for 
many spine surgeons [1-3]. Its benefits include the lower risk to vital 
anatomy, specifically the great vessels anteriorly, and avoidance of the 
thecal sac and posterior neurological structures, particularly useful in 
the case of prior laminectomy [4]. The lateral approach also allows 
for maintenance of important structural anatomy, specifically the 
anterior and posterior longitudinal ligaments and the facets. Laterally 
placed implants benefit from placement across the apophyseal ring of 
the vertebral body, and larger implant footprints, which impart more 
structural stability than grafts placed on a localized central endplate 
[5]. Lastly, direct visualization of a prominent amount of disc space 
is possible, with extensive endplate preparation, all completed with 
the typical advantages of minimally invasive techniques including 
reduced blood loss, length of stay, infection rate, and destruction/
denervation of posterior stabilizers [1,6-8].

Expandable interbody spacers are also a relatively new innovation 
that have become established in spine surgery [9-11]. The design of 
expandable interbody spacers provides a number of benefits in surgery. 
The lower initial height of an expandable interbody spacer while the 
implant is collapsed enables it to avoid constraints imposed by the 
patient’s anatomy. This may be particularly useful in patients with 
severely collapsed disc spaces. Further, when compared to equivalent 
final-height static implants, an expandable interbody spacer requires 
less impaction force into the disc space [12]. Once placed within the 
disc space, expandable interbody spacers can be expanded to a height 
comparable with static spacers. In situ expansion may also allow for 
greater height, as the expansion is not limited by the initial reduced 
height of the disc space [13]. Finally, continuous expansion allows 
for variable final heights rather than being constrained by discrete 
implant height increments in most static interbody spacer product 
lines.

While a number of studies have documented expandable devices, 
which are used through a posterior or TLIF approach [9-11,14,15], 
few studies have examined the longitudinal performance of these 
implants through the retroperitoneal transpsoas approach. Due 
to surgeon preference and training, an unbiased controlled study 
between expandable and static techniques is not possible, yet the 
currently available literature on single-cohort expandable LLIFs 
has been limited to single institutions. The purpose of this study is 
to combine multi-site user experiences with two expandable LLIF 
configurations and assess the clinical and radiographic outcomes.

Methods
Device Descriptions

Two interbody spacers of different designs were used in this study. 
The CALIBER®-L (Globus Medical, Inc., Audubon, PA) interbody 
spacer, a first-generation expandable spacer consists of a titanium 
body and polyether ether ketone endplates. The RISE®-L interbody 
spacer (Globus Medical, Inc.), a second-generation expandable spacer, 
consists of a titanium body and titanium endplates. Both interbody 
spacers are similarly indicated for use in patients with degenerative 
disc disease at one or two contiguous levels of the lumbosacral 
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spine, and these patients may have up to Grade 1 spondylolisthesis 
or retrolisthesis at the involved level(s). Supplemental fixation is 
required.

Surgical Technique

Despite their differing designs, surgical techniques for interbody 
spacer placement were essentially identical for the two implants. 
Patients undergoing lateral lumbar interbody fusion (LLIF) were 
placed in the lateral decubitus position and secured to the table with 
surgical tape. Using fluoroscopy, the incision site was marked on the 
skin at the involved disc segment and the incision was made. Using 
blunt dissection, access to the disc space was obtained through the 
retroperitoneal fat and psoas muscle. A retractor was placed and 
secured. An annulotomy was performed and the endplates were 
decorticated to expose bleeding bone. Trials were used to determine 
the appropriate implant size. The implant was inserted into the 
disc space, and its positioning was confirmed using fluoroscopy. 
The implant was then subsequently expanded using the integrated 
inserter/expansion mechanism. Implant height was then confirmed 
using fluoroscopy. Once the implant was correctly placed, the 
surgeon removed the implant inserter and closed up the incision 
in the normal fashion. Pedicle screws and rods were then placed 
through a posterior approach, either on the same day or in a next-day 
procedure, depending on surgeon preference.

Data Collection

The current analysis was performed on data collected by five 
surgeons at five locations. Institutional Review Board approval was 
obtained before data collection and prospective enrollment. Patients 
were enrolled consecutively and preoperative data were collected 
at time of enrollment. Intraoperative data were collected at time of 
surgery, and length of stay was collected at discharge. Postoperative 
data were collected at 6 and 12 weeks, 6, 12, and 24 months. patients 
completed self-reported outcomes including the Visual Analog Scale 
(VAS) for back and leg pain, and the Oswestry Disability Index 
(ODI) at preoperative and postoperative time points. ODI scores 
are presented as percentages, out of 100. Plain film radiographs were 
collected preoperatively and at each postoperative follow-up time 
point. Disc height, neuroforaminal height, and segmental lordosis 
were measured from plain film radiographs.

Statistical Analysis

Statistical analysis was performed using SPSS® v20.0.0 software 
for Windows (IBM Corp., Armonk, NY). Means of age, operative 
time, length of hospital stay, and estimated blood loss were 
determined. Type of implant and operative levels were calculated as 
frequencies. Patient-reported outcomes, including VAS and ODI, 
and radiographic outcomes over time were compared using paired 
sample t-tests. Statistical significance was defined as a p<0.05.

Results
A total of 79 patients were enrolled across five study sites. 

Average patient age at time of surgery was 63 years (range 33–81). 
Average length of stay was 2.25 days. Average operative time was 92.7 
minutes, and average estimated blood loss was 57.0 cc. Twenty-seven 
of the 79 patients were treated with CALIBER®-L interbody spacers, 
and 52 were treated with RISE®-L spacers. The majority of patients 
were treated at the L4–L5 level (Table 1) and 21 patients were treated 
at two operative levels, for a total of 100 operative levels.

Patient-reported outcomes are listed in Table 2. Average VAS 
back pain scores decreased significantly by 3.9 at 24-month follow-
up.Average VAS Leg pain scores decreased significantly by 3.1 at 24 
months. Average ODI scores decreased significantly by 19.7% at 24 
months. All improvements in patient-reported outcome scores were 
determined to be significant.

Radiographic measurement outcomes are listed in Table 3. Average 
disc height increased significantly by 3.7 mm at 24- month follow-up. 
All increases in disc height were determined to be significant. Average 
neuroforaminal height increased by 3.4 millimeters at 24-month 
follow-up. All increases in neuroforaminal height were determined 
to be significant. Average segmental lordosis remained stable with an 
average increase of 0.4 degrees at 24-month follow-up.

An analysis of collected radiographs determined that, of the 100 
surgical levels studied, 4 were subsided. The patients with subsided 
levels were asymptomatic and no revision surgeries were needed to 
address the subsidence. There was one instance of adjacent segment 
disease, with screw lucency, which was treated with a revision LLIF 
and replacement screws and rods. A second revision for back pain 
included a decompression and screw removal. A third patient was 
treated with medication for low back and anterior thigh pain. This 
resulted in a total of 7 documented complications for a complication 
rate of 8.86%.

Discussion
Insufficient data exist to show the value of expandable technology 

in the LLIF approach. While the value of LLIF itself has been 
corroborated by numerous studies including those on economic/
hospital costs [6,16,17], the advantages of minimally invasive surgery 
[18,19,16], fusion rate [20,21], and complication profiles [3,22-24], 
there have been no reports on a multi-site cohort treated exclusively 
with expandable technology. This study is a first step in collecting 
data in terms of patient-reported outcomes.

The radiographic results of the current study are comparable 
to other studies of lateral approaches using static spacers (Table 4). 
Patients in this study had an average disc height increase of 49%, while 
Sato et al. [25] reported a 61% increase, Kono et al. [26] reported a 
22% increase, and Lee et al. [27] reported 46% and 52% anterior and 

Frequency
L1–L2 3
L2–L3 13
L3–L4 40
L4–L5 44

Table 1: Operative Level.

Preop 6-week 12 week 6-month 12-month 24-month

VAS Back 6.8 ± 2.3 2.8 ± 2.6* 2.9 ± 3.0* 2.3 ± 2.4* 2.9 ± 3.3* 2.9 ± 3.3*
VAS Leg 5.6 ± 2.8 2.4 ± 2.7* 2.1 ± 2.6* 1.6 ± 2.2* 2.3 ± 2.6* 2.5 ± 2.9*
ODI (%) 45.9 ± 15.7 33.8 ± 21.3* 27.9 ± 22.3* 19.4 ± 19.1* 25.0 ± 23.3* 26.2 ± 23.3*

Table 2: Patient-reported outcomes *denotes significant difference from 
preoperative.

Preop 6-week 12 week 6-month 12-month 24-month

DH (mm) 7.7 ± 2.6 12.6 ± 2.5* 12.4 ± 2.7* 11.9 ± 2.6* 12.1 ± 2.8* 11.5 ± 2.4*
NF (mm) 19.7 ± 4.3 22.7 ± 4.3* 22.3 ± 4.0* 22.1 ± 3.7* 21.3 ± 4.6* 23.0 ± 3.8*
SL (°) 14.4  ±  7.7 16.1  ±  7.45* 15.8  ±  8.0 15.7  ±  7.5* 15.8  ± 7.7 14.8  ±  6.8

Table 3: Radiographic measurements *denotes significant difference from 
preoperative.
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posterior disc height increases, respectively. Lateral approaches to 
the disc space have been shown to provide indirect decompression 
through increasing neuroforaminal height in surgically treated 
patients. Sato et al. reported 18% and 16% increases in left and right 
foraminal height, respectively, and Lee et al reported a 35% increase 
in foraminal height. The current study shows similar increases 
in neuroforaminal height after lateral lumbar interbody fusion, 
increasing from 19.7 ± 4.3 mm to 23.0 ± 3.8 mm at 24 months, a 16% 
increase. These increases were maintained through 2-year follow-up, 
demonstrating the stability of the implant and construct.

Comparable studies on expandable interbody spacers have been 
published recently. Massie et al. [10] investigated an expandable 
interbody placed from a transforaminal approach. In that study, ODI 
scores were reduced from preoperative by an average 32.5 (± 20.4) 
points at 24-month follow-up, back pain scores were reduced to an 
average 5.1 (± 4.2), and leg pain was reduced to an average 4.4 (± 3.6). 
Boktor et al. [11] found disability score improvements of an average 
of 23.1, and pain scores were reduced to an average of 4.7 (± 2.7) 
at 24-month follow-up. Li et al. [28] reported on clinical outcomes 
of the titanium interbody in the current study. Disability scores 
were reduced by an average 67.1 (± 10) points, and back pain scores 
were reduced to an average 1.0 (± 0.8). Results of the current study 
are comparable to these reports from the literature. Average VAS 
back pain scores decreased significantly by 3.9, VAS leg pain scores 
decreased significantly by 3.1, and ODI scores decreased significantly 
by 19.7% at 24 months.

Conclusions
In this cohort, disability and pain scores significantly reduced 

postoperatively, and these reductions were maintained through 
24-month follow-up. Similarly, disc and neuroforaminal height 
also increased significantly through 24-month follow-up. Overall, 
expandable interbody spacers demonstrated positive clinical and 
radiographic outcomes at 24 months. This study adds to the growing 
body of research on the clinical impact on patients of expandable 
interbody spacers used in LLIF, and demonstrates that expandable 
interbody spacers used in a lateral approach led to outcomes that 
are comparable to published results for other lateral and expandable 
interbody spacers.

Conflicts of Interest

DSC reports consulting and royalty agreements with Globus Medical, Inc. 
(GMI). RF reports consulting, royalty, research support agreements with GMI. 
JO is a consultant with GMI, Stryker, Seaspine, Medtronic, and RTI Surgical; 
receives royalties from GMI, Stryker, Seaspine, RTI Surgical, and Nuvasive; and 
reports stock ownership/options with RTI Surgical and 4 Web. WT reports grants 
and research support from GMI. TKL receives research support from GMI. TS is 
a salaried employee of GMI. 

References
1.	 Rodgers JA, Gerber EJ, Lehmen JA, Rodgers WB (2013) Clinical and 

radiographic outcome in less invasive lumbar fusion: XLIF at two year follow-
up. J Spine Neurosurg 2:1-6.

2.	 Phillips FM, Isaacs RE, Rodgers WB, Khajavi K, Tohmeh AG, et al. (2013) 

DH NH
current 49% 16%

Sato 2015 61% 16% & 18%
Lee 2014 46% & 52% 35%

Kono 2018 22% -

Table 4: Comparative studies. Adult degenerative scoliosis treated with XLIF: clinical and radiographical 
results of a prospective multicenter study with 24-month follow-up.  Spine 
(Phila PA 1976)38:1853-1861.

3.	 Hijji FY, Narain AS, Bohl DD, Ahn J, Long WW, et al. (2017) Lateral lumbar 
interbody fusion: a systematic review of complication rates. Spine J 17:1412-
1419.

4.	 Walker CT, Farber SH, Cole TS, Xu DS, Godzik J, et al. (2019) Complications 
for minimally invasive lateral interbody arthrodesis: a systematic review and 
meta-analysis comparing prepsoas and transpsoas approaches. J Neurosurg 
Spine 30:446-460.

5.	 Grant JP, Oxland TR, Dvorak MF (2001) Mapping the structural properties 
of the lumbosacral vertebral endplates. Spine (Phila PA 1976) 26:889-896.

6.	 Deluzio KJ, Lucio JC, Rodgers WB (2010) Value and cost in less invasive 
spinal fusion surgery: lessons from a community hospital. SAS J 2010 4:37-40.

7.	 Berjano P, Lamartina C (2011) Minimally invasive lateral transpsoas 
approach with advanced neurophysiologic monitoring for lumbar interbody 
fusion. European Spine J 20:1584.

8.	 Ozgur BM, Agarwal V, Nail E, Pimenta L (2010) Two-year clinical and 
radiographic success of minimally invasive lateral transpsoas approach for 
the treatment of degenerative lumbar conditions. Int J of Spine Surg 4:41-46.

9.	 Hawasli AH, Khalifeh JM, Chatrath A, Yarbrough CK, Ray WZ (2017) Minimally 
invasive transforaminal lumbar interbody fusion with expandable versus static 
interbody devices: radiographic assessment of sagittal segmental and pelvic 
parameters. Neurosurg Focus 43:E10.

10.	Massie LW, Zakaria HM, Schultz LR, Basheer A, Buraimoh MA, et al. 
(2018) Assessment of radiographic and clinical outcomes of an articulating 
expandable interbody cage in minimally invasive transforaminal lumbar 
interbody fusion for spondylolisthesis. Neurosurg Focus 44:E8.

11.	Boktor JG, Pockett RD, Verghese N (2018) The expandable transforaminal 
lumbar interbody fusion–Two years follow-up.  J Craniovertebr Junction 
Spine 9:50.

12.	Kwon AJ, Hunter WD, Moldavsky M, Salloum K, Bucklen B (2016) Indirect 
decompression and vertebral body endplate strength after lateral interbody 
spacer impaction: cadaveric and foam-block models. J Neurosurg Spine 
24:727-733.

13.	Gonzalez-Blohm SA, Doulgeris JJ, Aghayev K, Lee WE, Laun J, et al. (2014) 
In vitro evaluation of a lateral expandable cage and its comparison with a 
static device for lumbar interbody fusion: a biomechanical investigation. J 
Neurosurg Spine 20:387-395.

14.	Kim CW, Doerr TM, Luna IY, Joshua G, Shen SR, et al. (2016) Minimally 
invasive transforaminal lumbar interbody fusion using expandable technology: 
a clinical and radiographic analysis of 50 patients. World Neurosurg 90:228-
235.

15.	Yee TJ, Joseph JR, Terman SW, Park P (2017) Expandable vs static cages 
in transforaminal lumbar interbody fusion: radiographic comparison of 
segmental and lumbar sagittal angles. Neurosurgery 81:69-74.

16.	Allen RT, Garfin SR (2010) The economics of minimally invasive spine 
surgery the value perspective. Spine (Phila PA 1976) 35:S375-S382.

17.	Lucio JC, VanConia RB, DeLuzio KJ, Lehmen JA, Rodgers JA, et al. (2012) 
Economics of less invasive spinal surgery: an analysis of hospital cost 
differences between open and minimally invasive instrumented spinal fusion 
procedures during the perioperative period. Risk Manag Healthc Policy 5:65-74.

18.	Mobbs RJ, Sivabalan P, Li J (2012) Minimally invasive surgery compared to 
open spinal fusion for the treatment of degenerative lumbar spine pathologies. 
J Clinical Neurosci 19:829-835.

19.	Bagan B, Patel N, Deutsch H, Harrop J, Sharan A, et al. (2008) Perioperative 
complications of minimally invasive surgery (MIS): comparison of MIS and 
open interbody fusion techniques. Surg Technol Int 17:281-286.

20.	Malham GM, Ellis NJ, Parker RM, Seex KA (2012) Clinical outcome and 
fusion rates after the first 30 extreme lateral interbody fusions. Scientific 
World J, 2012.

21.	Teng I, Han J, Phan K, Mobbs R (2017) A meta-analysis comparing ALIF, 
PLIF, TLIF and LLIF. J Clinical Neurosci 44:11-17.




	RGC10-14 & RGC15-01 J Spine Neurosurg Expandable interbody spacers implanted through lateral-approach 2 yr study
	Title
	Corresponding author

	page4-mod



