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Introduction

Minimally invasive lateral lumbar interbody fusion (LLIF) 

has become an increasingly popular option for the treatment 

of patients with degenerative disc disease (DDD) and 
related spinal disorders requiring surgical intervention. This 
surgical approach allows for the indirect decompression of 
neural elements and direct visualization of the intervertebral 
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expandable spacer; all procedures were combined with supplemental transpedicular posterior fixation. Patient 
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Results: Mean patient age was 62.3±10.3 years (64% female). One-level surgery was performed in 87.5% of 
patients, and 12.5% underwent two-level surgery. Results showed no significant differences in blood loss or 
length of hospital stay (P>0.05). However, operative times differed statistically between static (63.3±37.8 min)  
and expandable (120.2±59.6 min) groups (P=0.000). Mean visual analog scale (VAS) and Oswestry Disability 
Index (ODI) scores improved significantly from preoperative to 24-month follow-up in both groups (P<0.05). 
Preoperative intervertebral and neuroforaminal height increased significantly in both groups (P<0.01). 
Fusion was observed in all operative levels in the static and expandable spacer groups by 24-month follow-
up. Implant subsidence was reported in 16.1% of static levels and none of the expandable levels (P<0.01). 
Postoperative radiographs showed no evidence of implant migration, and no cases required surgical revision 
at the index or adjacent levels.
Conclusions: LLIF using expandable spacers resulted in similar clinical and radiographic outcomes when 
compared with using static spacers, and led to a lower subsidence rate.

Keywords: Minimally invasive lumbar fusion; lateral lumbar interbody fusion (LLIF); expandable interbody 

spacer; static interbody spacer

Submitted Oct 26, 2017. Accepted for publication Feb 06, 2018.

doi: 10.21037/jss.2018.03.16

View this article at: http://dx.doi.org/10.21037/jss.2018.03.16

71



63

J Spine Surg 2018;4(1):62-71© Journal of Spine Surgery. All rights reserved. jss.amegroups.com

Journal of Spine Surgery, Vol 4, No 1 March 2018

disc space for placement of a large-footprint intervertebral 
spacer. Furthermore, LLIF is associated with lower rates 
of complications that are reported for open anterior 
and posterior approaches, including damage to anterior 
and posterior longitudinal ligaments, nerve root injury, 
bony resection, and incidental durotomy (1,2). However, 
postoperative transient thigh pain due to dissection of the 
psoas muscle is a known complication from LLIF that is 
unique to the approach (3).

Early reports on the development of interbody spacers 
for spinal arthrodesis, and interest in their use, date back 
several decades (4,5). Since then, interbody spacers have 
been widely used in the management of spinal pathologies, 
and favorable outcomes have been reported following 
their use in anterior, posterior, and transforaminal lumbar 
interbody fusion procedures (6-9). The majority of clinical 
outcome studies have focused on static interbody spacers, 
but expandable devices have become available in recent 

years. Expandable spacers are designed to be inserted at 
a minimized profile and expanded in situ for decreased 
trialing and iatrogenic endplate disruption secondary to 
impaction, in comparison to static devices. The potential 
clinical advantages of expandable devices include less neural 
retraction, decreased endplate damage, and less implant 
subsidence and/or migration (10-12).

To the authors’ knowledge, no clinical study to date has 
compared static and expandable spacers in the treatment 
of patients with symptomatic lumbar pathology following 
LLIF. Therefore, the aims of this study were to compare 
clinical and radiographic outcomes after LLIF using static 
and expandable interbody spacers.

Methods

Patient population

This multicenter clinical study included a total of 56 patients 
(63 operative levels) with objective evidence of DDD at one 
or two contiguous levels at L2–S1. Twenty-nine patients 
underwent minimally invasive LLIF with a static spacer 
(TransContinental®, Globus Medical, Inc., Audubon, PA), 
and 27 with an expandable spacer (CALIBER®-L, Globus 
Medical, Inc.) (Figures 1,2). All procedures were combined 
with supplemental transpedicular posterior fixation, and all 
patients reached 24-month follow-up. Patients who satisfied 
the inclusion/exclusion criteria were included (Table 1) and 
provided informed consent to participate in the study. All 
participating institutions received Institutional Review 
Board approval.

Surgical technique

Patients were placed in the left lateral decubitus position, 
and under fluoroscopic guidance, a laterally centered 
oblique incision was made over the involved disc segment. 
Blunt dissection was performed under direct visualization 
through subcutaneous tissue, external and internal oblique 
muscles, and transversus abdominis. The retroperitoneal 
fat was mobilized anteriorly—exposing the underlying 
psoas muscle, which was dissected, in line with its fibers, 
down to the operative intervertebral disc level. Dilators 
were placed and the retractor positioned and secured to 
the table-mounted arm. A lateral fluoroscopic image was 
then obtained to confirm appropriate level, placement, 
and rotation. An annulotomy was then performed, and 
sequential spacers were placed under anteroposterior 

Figure 1 Oblique view of the static interbody spacer.

Figure 2 Oblique view of the expandable interbody spacer used 
in the current investigation. The implant is shown in expanded 
condition.
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imaging to allow for gradual distraction of the disc space.
A static or expandable spacer of appropriate size was 

selected, packed with appropriate autogenous bone 
graft, and implanted laterally across the disc space under 
fluoroscopic imaging. The expandable spacer was expanded 
to the desired height and back-filled with autogenous bone 
graft (Figures 3,4). 

The expandable interbody spacer used in this study 
is manufactured from titanium alloy and radiolucent 
polyether-ether-ketone (PEEK) polymer. The device is 

inserted at a contracted height and expanded in situ once 
correctly positioned within the intervertebral space, offering 
continuous expansion for optimal endplate-to-endplate 
contact (Figure 5). The static interbody spacer is composed 
of radiolucent PEEK polymer and includes a self-distracting 
leading edge for implant insertion.

Outcomes assessment

Demographic and perioperative data were recorded. 

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Objective evidence of degenerative disc disease at 1–2 contiguous level/s between L2 and S1 confirmed by history and radiographic 
studies. In addition, patients may have up to Grade 1 spondylolisthesis or retrolisthesis at the involved level(s)

Unresponsiveness to documented nonsurgical treatment modalities for a minimum of 6 months 

At least 18 years of age and maximum 80 years of age

Ability to provide informed consent for study participation and to return for all follow-up visits

Exclusion criteria

Need for instrumentation at >1 level

Previous fusion attempt at the involved level

Trauma at the level to be fused

Previous documentation of osteopenia, osteoporosis, or osteomalacia to a degree that spinal instrumentation would be contraindicated

Diagnosis of a condition or need for postoperative medication(s), which may interfere with bony/soft tissue healing

Presence of a disease entity or condition that totally precludes the possibility of bony fusion (e.g., metastatic cancer, HIV, long-term use 
of steroids)

Immunosuppressive disorder

Any known allergy to a metal alloy

Figure 3 Representative (A) preoperative, (B) intraoperative, (C) 12-month, and (D) 24-month postoperative radiographic images of a 
72-year-old male after lateral lumbar interbody fusion (LLIF) with a static interbody spacer at L4–L5.

A B C D
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Patient self-assessment questionnaires, including the 
visual analog scale (VAS) to quantify low back pain  
(0–10 mm scale) and Oswestry Disability Index (ODI) to 
gauge functional disability, were evaluated preoperatively 
and at 6 weeks, and 3, 6, 12, and 24 months postoperatively. 
Radiographic parameters, including intervertebral fusion, 
implant subsidence, implant migration, intervertebral 
and neuroforaminal heights, and segmental lordosis were 
assessed preoperatively, and at 6 weeks and 3, 6, 12, and 
24 months postoperatively. Radiographic fusion was 
assessed according to the five-point scale of Brantigan 
and Steffee: (I) obvious radiographic pseudoarthrosis; (II) 
probable radiographic pseudoarthrosis; (III) radiographic 
status uncertain; (IV) probable radiographic fusion; and 

(V) radiographic fusion. Fusion for this clinical study was 
defined as a grade of 4 or 5 according to this criterion (13).  

Postoperative implant subsidence was defined as a 
reduction in intervertebral disc height greater than 
2  mm in  compar i son with  6-week postoperat ive 
measurements. Intervertebral disc height was measured 
at the middle of the endplates immediately above and 
below the referenced index levels on the lateral plane. 
Neuroforaminal height was measured as the distance 
from the inferior pedicle wall of the level above to the 
superior pedicle wall of the level below. The segmental 
lordosis was measured from the superior endplate of the 
cephalad vertebral body to the inferior endplate of the 
caudal vertebral body.

Figure 5 Anteroposterior fluoroscopic images of the expandable interbody spacer used in the current investigation (A) prior to implant 
insertion, (B) partially expanded, and (C) fully expanded in a 72-year-old male who underwent lateral lumber interbody fusion (LLIF) at L4–L5.  
Note: imaging was taken prior to posterior instrumentation insertion.

Figure 4 Representative (A) preoperative, (B) intraoperative, (C) 12-month, and (D) 24-month postoperative lateral radiographic images of 
a 47-year-old male who underwent lateral lumber interbody fusion (LLIF) with an expandable interbody spacer at L4–L5.

A B C D
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Statistical methods

Statistical analysis was performed with SPSS® v20.0.0 
software for Windows (IBM Corp., Armonk, NY, USA). 
The Wilcoxon signed rank test and a paired sample t-test 
were used to calculate changes in ordinal and interval 
variables from preoperative to each postoperative time 
interval. The Wilcoxon Mann-Whitney test for ordinal 
variables and an independent sample t-test for interval 
variables were used for comparison between groups. 
Additionally, a Chi-square test was performed to assess 
differences in categorical variables between groups. 
Statistical significance was indicated at P<0.05.

Results

Patient demographic and operative data

The patient cohort comprised 36 females and 20 males with 
a mean age of 62.3±10.3 years (range, 33–81 years). Single-
level fusion was performed in 87.5% (49/56) of patients, 

and 12.5% (7/56) underwent two-level fusion. Surgery 
was most common at the L4–L5 intervertebral level for 
both static and expandable groups (60.7%). Treatment 
groups had no significant differences in terms of gender, 
operative level, number of levels, estimated blood loss, 
or length of hospital stay (P>0.05). However, statistical 
differences were observed in age (65.8±9.1 in the static 
group versus 58.7±10.5 in the expandable group, P=0.009) 
and operative time between static (63.3±37.8 minutes) and 
expandable groups (120.2±59.6 minutes) (P=0.000) (Table 2). 
The observed difference in operative time was considered 
secondary to patients with static spacers having unilateral 
posterior stabilization, whereas nearly all patients with 
expandable spacers received bilateral posterior stabilization 
(23/27, 85%), requiring repositioning to prone position.

Clinical outcomes

Patient groups reported similar improvements in VAS back 
pain and ODI scores. Mean VAS back pain scores in the static 

Table 2 Patient demographics and operative data

Overall Static group, n (%) or mean ± SD Expandable group, n (%) or mean ± SD P value

Total no. patients 29 27

Gender 0.842

Male 10 (34.5%) 10 (37.0%)

Female 19 (65.5%) 17 (63.0%)

Age (years) 65.8±9.1 58.7±10.5 0.009

Operative levels 0.166

L2–L3 1 (3.4%) 1 (3.7%)

L2–L4 4 (13.8%) 0

L3–L4 5 (17.2%) 4 (14.8%)

L3–L5 1 (3.4%) 5 (18.5%)

L4–L5 18 (62.2%) 16 (59.3%)

L4–S1 0 1 (3.7%)

Number of levels 0.639

1 24 25

2 5 2

Operative time (minutes) 63.3±37.8 120.2±59.6 0.000

Estimated blood loss (cc) 34.3±28.5 55.4±83.6 0.213

Length of hospital stay (days) 1.9±1.2 2.4±1.8 0.275

SD, standard deviation.
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group improved significantly from 6.9±2.3 preoperatively to 
3.9±2.8 at 24 months postoperatively, and in the expandable 
group from 6.9±2.6 preoperatively to 3.8±3.6 at 24 months 
postoperatively (P=0.01). ODI scores also improved 
significantly in the static group (46.6±19.4 preoperatively 
to 26.2±19.8 at 24 months postoperatively) and in the 
expandable group (49.6±16.8 preoperatively to 30.3±25.4 
at 24 months postoperatively) (Table 3). Postoperative VAS 
and ODI scores across time intervals showed no significant 
differences between groups at any time interval (P>0.05).

Radiographic outcomes

Preoperative intervertebral and neuroforaminal heights 

increased significantly in both groups at 24-month follow-up. 
In the static group, intervertebral disc height increased from 
8.1±2.8 mm preoperatively to 15.0±2.1 mm postoperatively, 
a n d  n e u r o f o r a m i n a l  h e i g h t  f r o m  1 9 . 2 ± 4 . 6  m m  
preoperatively to 22.2±3.1 mm at 24-month follow-
up (P<0.01). In the expandable group, corresponding 
parameters increased from 8.5±3.0 mm preoperatively 
to 12.0±2.1 mm postoperatively, and from 21.6±3.8 mm 
preoperatively to 24.4±3.7 mm postoperatively (P<0.01) 
(Figures 6,7). Significant differences in intervertebral disc 
height were observed between groups at 6 weeks through  
12 months (P<0.05). The comparison of neuroforaminal 
height between groups showed no statistical significance 
(P>0.05). Moreover, segmental lordosis showed no 

Table 3 Clinical outcomes 

Outcomes Preoperative 6 weeks 3 months 6 months 12 months 24 months P value*

VAS back pain (mean ± SD)

Static 6.9±2.3 2.5±2.2 2.1±2.1 3.4±3.1 2.5±2.5 3.9±2.8 0.00

Expandable 6.9±2.6 2.8±2.6 3.5±3.3 2.9±2.7 3.7±3.6 3.8±3.6 0.01

ODI (mean ± SD)

Static 46.6±19.4 27.2±20.1 20.3±15.5 24.1±19.6 20.9±18.6 26.2±19.8 0.00

Expandable 49.6±16.8 35.9±22.3 33.7±24.6 24.5±22.8 30.5±27.4 30.3±25.4 0.00

*, preoperative values compared with 24-month values. VAS, visual analog scale; ODI, Oswestry Disability Index; SD, standard deviation.

Figure 6 Bar graph of intervertebral disc heights for static versus expandable patients from preoperative through 24-month postoperative 
assessment (bar height indicates mean value and error bars ± one standard deviation). *, indicates statistical significance compared with 
preoperative values (P<0.01).
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significant changes at any follow-up interval, and no 
significant differences between groups (P>0.05). Solid 
fusion was observed in all patients by 24-month follow-up.

Implant-related observations

The occurrence of radiographic implant subsidence was 
significantly different between groups with a rate of 16.1% 
(5/31 levels) in the static group and none in the expandable 
group (P<0.01) (Figure 8). Neither group exhibited evidence 
of implant migration at any operative level and no cases 
of surgical revision at the index or adjacent levels were 
reported.

Discussion

LLIF is commonly performed to manage patients with 
lumbar pathology. The lateral technique circumvents 
complications typically associated with conventional 
posterior approaches to the lumbar spine, including 
musculoligamentous and neurologic complications (1,14). 
Among the many advantages of the lateral approach 
is the ability to insert a larger-footprint implant in the 
intervertebral space, allowing the implant to span the 
apophyseal ring and increase contact with the peripheral 
cortices. Although several authors have reported on the 

advantages of LLIF (15,16), no clinical studies to date have 
examined the clinical and radiographic outcomes of static 
versus expandable lateral interbody spacers in an LLIF 
application.

Static interbody spacers have long been considered 
the gold standard for the treatment of patients with 
degenerative disorders of the spine. Although LLIF 
procedures performed with static interbody spacers have 
produced favorable clinical outcomes (17-19), excessive 
spacer trialing and forceful impaction may lead to iatrogenic 
endplate damage, which may induce complications such as 
spacer migration, subsidence, breakage, and pseudoarthrosis 
(10,11,14,16). To address these issues, expandable interbody 
spacers were designed for insertion at a low profile, and 
expanded in situ to mitigate iatrogenic endplate damage 
secondary to implant trialing and impaction. Although the 
use of both static and expandable spacers in this study led 
to significant improvement in clinical and radiographic 
outcomes and high fusion rates, subsidence was of greater 
concern in the static spacer group.

Implant subsidence was significantly higher in the 
static group (16.1%) than the expandable group (0%). 
Low-grade subsidence (<2 mm) of an interbody spacer 
is an expected postoperative event (20). However, high-
grade subsidence (≥2 mm) can have adverse clinical 
consequences such as loss of disc height and indirect 

Figure 7 Bar graph of neuroforaminal heights for static versus expandable patients from preoperative through 24-month postoperative 
assessment (bar height indicates mean value and error bars ± one standard deviation). *, indicates statistical significance compared with 
preoperative values (P<0.01).
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neural decompression, increased stenosis, resurgence of 
symptomatic pathology, nonunion, sagittal imbalance, 
and reoperation (16,20,21). Factors believed to be 
associated with interbody implant subsidence include 
stand-alone implant placement, forceful impaction (21),  
over-distraction of the intervertebral space (22-25), and the 
use of narrow spacers (20,26). The authors of the current 
study consider that the impaction force and over-distraction 
necessary to insert a static implant may have contributed to 
higher rate of subsidence. The insertion of an expandable 
spacer requires less impaction due to its reduced initial 
profile and controlled expansion when attaining optimal 
disc height. Importantly, all instances of subsidence were 
asymptomatic and all levels reached successful fusion  
24 months postoperatively. Of the implants that subsided, 
most spacers (2/5) subsided into the superior endplate, 
one subsided into the inferior endplate, and two into both 
inferior and superior endplates, which is consistent with 
the literature that states that the superior endplate is 40% 
weaker than the inferior (14,26,27).

A limitation of this study is the absence of computed 
tomography (CT) scans for assessment of fusion, as CT 
scans are not routinely performed as part of the follow-
up regimen. Furthermore, longer follow-up is often 
required to fully assess solid fusion and complications 

such as adjacent level disease. The findings of this study 
suggest that the use of both static and expandable interbody 
spacers in LLIF results in improvement in patient pain 
and disability, an early return to function at 6 weeks that 
is maintained through 12 months, increased disc height 
and neuroforaminal height, and reliably high fusion rates. 
Asymptomatic subsidence was of greater concern in the 
static group. Future studies should focus on longer-term 
follow-up and the enrollment of larger patient cohorts to 
further examine differences between static and expandable 
spacers.
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