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 Abstract
Introduction: Minimally invasive lateral lumbar interbody fusion (MIS LLIF) has been shown to minimize soft tissue 

dissection and blood loss in comparison to open posterior lumbar interbody fusion. This study describes the clinical and 
radiographic outcomes of patients treated with expandable interbody spacers with adjustable lordosis for MIS LLIF. 

Methods: This is a single surgeon retrospective Institutional Review Board-exempt chart review on 57 consecutive 
patients who underwent MIS LLIF at 1–2 contiguous level(s) using expandable spacers with adjustable lordosis, which 
allow for expansion in height and lordosis. Radiographic and clinical functional outcomes were collected and compared at 
preoperative and postoperative time points up to 12 months. Statistical results were signifi cant if P<0.05.

Results: Fifty-seven consecutive patients were evaluated with an average age of 58 ± 12.3 years, and 49.1% were 
female. Visual Analog Scale (VAS) for back pain and Oswestry Disability Index (ODI) scores decreased signifi cantly 
at 12 months (P<0.001). Lumbar lordosis improved by a mean of 5.1° at 12 months (P<0.001).  Anterior, middle, and 
posterior disc height signifi cantly increased at 12 months by means of 5.2 mm, 4.6 mm, and 2.6 mm respectively (P<0.001). 
Neuroforaminal height increased by a mean of 3.7 mm (P<0.001) while segmental lordosis improved by 3.7° at 12 months. 

Discussion and Conclusion: This study showed signifi cant positive clinical and radiographic outcomes for patients 
who underwent MIS LLIF using expandable interbody spacers with adjustable lordosis based on decreased VAS back pain 
and ODI scores at 1-year follow-up. The use of expandable spacers with adjustable lordosis was shown to be safe and 
effective for the cohort studied. 
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Introduction
First described by Ozgur and co-authors in 2006, lateral lumbar 

interbody fusion (LLIF) is a popular retroperitoneal transpsoas 
approach to access the disk space for lumbar spine interbody fusion 
[1]. Th e potential advantages of this approach include minimizing the 
risk of complications associated with either the anterior approach or the 
posterior approaches [2,3].

A critical component to the success of the lateral procedure is 
the interbody spacer, which can help to achieve sagittal correction.  
Since preservation or restoration of sagittal alignment is a signifi cant 
predictor in determining patient outcomes, maximizing disc height, 
segmental lordosis, and achieving adequate indirect decompression 
is of the utmost importance [4-6]. Fusing the lumbar spine in a 
hypolordotic alignment predisposes the patient to development of 
adjacent segment disease (ASD) [7,8]. Consequently, postoperative 
sagittal plane abnormalities are correlated with ASD development [9].

Th ere are many interbody spacer designs, some with built-
in lordosis.  Th e eff ects of increasing anterior lordosis without 
proportionally increasing disc height may have confl icting results.  
Th ere are confl icting results in the literature on the eff ects of interbody 
spacer design with or without built-in lordosis on segmental lordosis 
[10]. Other interbody spacer designs that are highly lordotic could 
possibly present a challenge to insert in disc spaces that are collapsed.  
One of the advantages of an expandable spacer is that the spacer is 
delivered in a collapsed state and expanded in-situ.  Developments in 
expandable technology now allow for cages to increase in both height 
and lordosis in a controlled expansion. Clinical outcome studies are 
needed to generate evidence of eff ectiveness and safety. Th e objective 
of this study is to determine the clinical and radiographic outcomes 
of patients who underwent MIS LLIF using an expandable interbody 

spacer with an adjustable lordosis (RISE-AL® Globus Medical Inc. 
Audubon, PA) (Figures 1 and 2).

               

Figure 1: Oblique view of the titanium expandable interbody spacer with 
adjustable lordosis.
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 Quantitative measurements
Radiographic lumbosacral parameters were measured on upright 

lateral radiographs using imaging soft ware (Intellispace PACS 4.4©; 
Koninklijke Philips N.V, Amsterdam, Netherlands) (Figure 4). 
Measurements included disc heights, neuroforaminal height, segmental 
lordosis, and lumbar lordosis. Disc height was defi ned as the distance 
between the inferior and superior endplates at the anterior, middle, and 
posterior portions of the vertebral body. Neuroforaminal height refers 
to the interpedicular height, or the rostral and caudal boundaries of the 
foramen. Segmental lordosis was measured as the Cobb angle of the 
superior endplate of the level below the LLIF and the inferior endplate 
of the level above the LLIF. Lumbar lordosis was measured as the angle 
between the superior endplate of L1 and the superior endplate of S1. 

 Statistical analysis
Th e statistical analysis was performed using IBM® SPSS® Version 25 

(IBM® Corp.; Armonk, NY, USA). Descriptive statistics are presented as 
frequencies and percentages. Clinical and radiographic measurements 
are presented as means and standard deviations. Statistical signifi cance 
was shown at P<0.05.

 Results
 Patient demographics

A total of 57 consecutive patients underwent MIS LLIF from 
August 2016 to November 2017, and were implanted with a titanium 
expandable interbody spacer with adjustable lordosis. Th e patients 

 Research Methodology
Th is is a retrospective study from a prospectively collected 

consecutive cohort of patients who were diagnosed with symptomatic 
degenerative disc disease with or without grade 1 spondylolisthesis 
in one or two contiguous levels and underwent MIS LLIF using a 
novel expandable interbody spacer with adjustable lordosis with 
supplemental fi xation. Patient demographics, VAS back pain, ODI 
scores and radiographic parameters were collected at 6 weeks, 3, 6 and 
12 months postoperatively. 

 Surgical technique
Aft er induction of general anesthesia, patients were placed in the 

lateral decubitus position and secured to the operating table with 
adhesive medical tape. Under fl uoroscopic guidance, an oblique 
incision was made at the operative disc segment. Blunt dissection was 
performed under direct visualization through the retroperitoneal space. 
Retroperitoneal fat was mobilized anteriorly, exposing the underlying 
psoas muscle. Th e psoas muscle was palpated, and blunt dissection 
was performed down to the operative intervertebral disc level. Aft er 
confi rmation of the appropriate level via fl uoroscopy, a minimally 
invasive retractor was docked, dilated at the segment, and secured to the 
table-mounted arm. An annulotomy was then performed, followed by a 
discectomy. Under fl uoroscopic imaging, the endplates were prepared.

An expandable trial was used to allow for gradual distraction of 
the disc space. An expandable interbody spacer manufactured from 
titanium alloy was selected, packed with autogenous bone graft , and 
implanted laterally across the disc space at a contracted height. Th e 
spacer was then expanded to the desired height in situ under fl uoroscopic 
guidance and backfi lled with autogenous bone graft  (Figure 3). Pedicle 
screws and rods were used for supplemental fi xation. Locking caps 
were set once the rods were in their proper position. Intraoperative 
fl uoroscopy images were taken to verify the screw and rod position. 
Surgical incisions were cleaned and closed in the standard fashion. 
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Figure 2: Preoperative lateral (A) and anteroposterior (B) radiographs and 
postoperative lateral (C) and anteroposterior (D) radiographs of a one-level MIS 
LLIF using an adjustable lordotic expandable interbody spacer at L4-L5.

               

Figure 3: Additional bone graft may be packed into the graft chamber of the 
implant after expansion.

               

Figure 4: Standing lateral lumbar spine radiograph with superimposed lines 
displaying the measurements evaluated in this study. Measurements include 
disc heights, neuroforaminal height, segmental lordosis, and lumbar lordosis.
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were 49.1% (28/57) female and 50.9% (29/57) male with an average age 
of 58 ± 12.3 years (range: 21-79 years). Th e average patients Charlson 
comorbidity index (CCI) score was 2.6 ± 1.9 (range: 0-8) (Table 1). 

 Surgical data

Of the 57 patients, 77.2% (44/57) underwent one-level and 22.8% 
(13/57) underwent two-level MIS LLIF, for a total of 70 spinal levels 
treated. Of the 70 levels, 45.7% (32/70) were instrumented at L4-L5 and 
32.9% (23/70) at L3-L4. Th e average estimated blood loss was less than 
50cc for one and two-level fusions with no blood transfusions. For one-
level fusions, the mean operative time was 53.5 ± 11.0 min and 77.8 ± 
21.5 min for two-level fusions. Mean fl uoroscopic time was 27.1 ± 12.0 
sec for one-level fusions and 29.8 ± 13.2 sec for two-level fusions. Mean 
length of hospital stay was 3.3 ± 2.0 days for one-level fusions and 4.4 ± 
2.7 days for two-level fusions (Table 2).

 Patient Reported Outcomes (VAS and ODI)
Mean VAS back pain scores signifi cantly improved by 51.9% (4.2 

± 1.0), 60.5% (4.9 ± 1.2), 72.8% (5.8 ± 1.2), and 80.2% (6.5 ± 1.2) at 6 
weeks, 3, 6, and 12 months, respectively (P<0.001) (Figure 5). Mean 
ODI scores signifi cantly improved by 38.6% (29.9 ± 13.1 points), 55.1% 
(42.6 ± 12.2 points), 67.7% (52.4 ± 13.5 points), and 78.9% (61.1 ± 11.9 
points) at 6 weeks, 3, 6, and 12 months, respectively (P<0.001) (Figure 
6 and Table 3).

 Radiographic parameters
 Mean anterior disc height signifi cantly improved by 92.2% (6.7 ± 

3.0 mm), 82.8% (6.1 ± 3.0 mm), 78.1% (5.5 ± 3.0 mm), and 71.9% (4.5 ± 
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Figure 5: Mean VAS back pain is shown. The results show a signifi cant 
decrease in VAS back pain scores from baseline and sustained at 1.5, 3, 6 and 
12 months. *P<0.001 compared to baseline.

 Parameters Overall
Number of Patients 57

Sex
Female, n (%) 28 (49.1%)

Male, n (%) 29 (50.9%)
Age, mean (SD, range) 58 (12.3) (21-79)
CCI, mean (SD, range) 2.6 (1.9) (0-8)

Table 1: Baseline characteristics.

 Parameters Overall percentage
Type of Surgery, n (%)

One-level 44 (77.2%)

Two-level 13 (22.8%)

Levels Treated, n (%)
L1-L2 4 (5.7%)

L2-L3 11 (15.7%)

L3-L4 23 (32.9%)

L4-L5 32 (45.7%)

Mean Estimated Blood Loss
One-level <50cc

Two-level <50cc

Mean Operative Time, n (SD)
One-level 53.5 (11.0)

Two-level 77.8 (21.5)

Mean Fluoroscopic Time, n (SD)
One-level 27.1 (12.0)

Two-level 29.8 (13.2)

Mean Length of Hospital Stay, n (SD)
One-level 3.3 (2.0)

Two-level 4.4 (2.7)

Table 2: MIS LLIF fusion procedure characteristics.

2.9 mm) at 6 weeks, 3, 6, and 12 months, respectively (P<0.001). Mean 
middle disc height signifi cantly improved by 86.8% (5.9 ± 2.4 mm), 
81.6% (5.3 ± 2.3 mm), 73.7% (5.0 ± 2.3 mm), and 68.4% (4.7 ± 2.4 mm) 
at 6 weeks, 3, 6, and 12 months, respectively (P<0.001). Mean posterior 
disc height signifi cantly improved by 88.9% (4.0 ± 1.8 mm), 75.6% (3.4 
± 1.8 mm), 66.7% (3.0 ± 1.8 mm), and 57.8% (2.6 ± 1.9 mm) at 6 weeks, 
3, 6, and 12 months, respectively (P<0.001). Mean neuroforaminal 
height signifi cantly improved by 41.8% (5.9 ± 3.9 mm), 38.3% (5.4 ± 
4.0 mm), 31.2% (4.4 ± 4.0 mm), and 26.2% (3.7 ± 3.9 mm) at 6 weeks, 
3, 6, and 12 months, respectively (P<0.001). Mean segmental lordosis 
signifi cantly improved by 102.1% (4.8 ± 3.3°), 93.6% (4.4 ± 3.1°), 87.2% 
(4.1 ± 3.1°), and 78.7% (3.8 ± 2.9°) at 6 weeks, 3, 6, and 12 months, 
respectively (P<0.001). Mean lumbar lordosis signifi cantly improved by 
18.3% (7.3 ± 8.8°), 15.5% (6.2 ± 8.4°), 14.3% (5.7 ± 8.7°), and 12.8% (5.1 
± 8.8°) at 6 weeks, 3, 6, and 12 months, respectively (P<0.001) (Table 4). 

 Complications
Th ere were no reported implant-related complications, radiolucency, 

or subsidence. Th ere was a 0% pseudoarthrosis rate by 12 month follow-up. 
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Figure 6: Mean ODI is shown. The results showed a signifi cant decrease in 
ODI scores from baseline and sustained at 1.5, 3, 6 and 12 months. *P<0.001 
compared to baseline.

 Parameters Baseline 6 Weeks 3 Months 6 Months 12 Months
VAS 8.1 (0.7) 3.9 (1.0)* 3.2 (1.0)* 2.2 (1.1)* 1.6 (1.2)*

ODI 77.3 (6.9) 47.5 (14.4)* 34.7 (12.3)* 25.0 (13.0)* 16.3 (11.7)*

*P<0.001 compared to baseline. Mean (SD).

Table 3: VAS back pain and ODI scores.
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 Discussion
Radiographic and clinical outcomes are essential to provide 

evidence on the use of expandable interbody spacers with adjustable 
lordosis for MIS LLIF. At 12-month follow-up, radiographic outcomes 
of this study showed that MIS LLIF using expandable interbody spacers 
with adjustable lordosis signifi cantly corrected middle disc height and 
segmental lordosis by 68.4% and 78.7%, respectively. At 12-month 
follow-up, VAS back pain and ODI scores improved by three times the 
minimally clinical important diff erence (MCID) [11-15]. 

To the best of the authors’ knowledge, this is the fi rst study to 
describe the clinical and radiographic outcomes of the use of an 
expandable interbody spacer with an adjustable lordosis in MIS LLIF; 
therefore comparison to the literature is challenging. Sembrano and 
co-authors reported on the radiographic outcomes of patients who 
underwent LLIF comparing the use of non-lordotic versus lordotic 
interbody spacers [16].  Disc height and segmental lordosis were 
signifi cantly increased by 74.2% and 22.4%, respectively. Lumbar 
lordosis decreased by 0.4%, but the change was not signifi cant. No 
functional clinical outcomes were reported.  

In other studies with expandable interbody spacers, the fi ndings on 
radiographic and clinical outcomes were similarly improved. In 2016, 
Kim and co-authors reported on 50 patients using MIS expandable 
interbody spacers using a TLIF approach [17]. Th e study demonstrated 
maintenance of disc height in 1 and 2-level lumbar interbody fusions 
with no complications and no subsidence by 12 and 24-month 
follow-up. Th e fi ndings underline the probable benefi ts of the use of 
expandable interbody spacers with regards to reduced subsidence rates, 
which is consistent with the current study. In a similar study, 54 patients 
underwent MIS and open lumbar fusion using the TLIF approach with 
24-month follow-up [18]. Th e results indicate a low complication rate 
and short hospital stay while restoring and maintaining disc height, 
neuroforaminal height, and segmental lordosis. 

Th e use of an adjustable lordotic expandable interbody spacer 
illustrates the potential for signifi cant segmental correction within the 
sagittal plane, with a signifi cant mean improvement of 3.7° of lordosis 
shown in this study at 12-month follow-up. Other studies on MIS TLIF 
have demonstrated 2-3° of segmental correction in the sagittal plane 
[17-19]. Additionally, the increase in segmental lordotic restoration in 
the current study compares favorably to a weighted average increase of 
3.9° published in a review by Uribe and co-authors [20]. 

In the current study, the mean ODI was 47.5 ± 14.4, 34.7 ± 12.3, 
25.0 ± 13.0, and 16.3 ± 11.7 at 6 weeks, 3, 6, and 12 months, respectively. 
Signifi cant clinical benefi t was achieved, with a mean ODI improvement 
of at least 20 points at each time interval: mean improvement of 29.8, 42.6, 
52.3, and 61.0 points at 6 weeks, 3, 6, and 12 months, respectively [11-15].

Subsidence rates with the use of static interbody spacers have been 
reported to be relatively high. In a systematic review by Macki et al., 
the pooled subsidence rate with LLIF was 10.3% with a range of 0% 
to as high as 30% (n=141/1362 patients in 14 published articles) and 
reoperation rate for subsidence of 2.7% (n=41/1470 patients in 16 
published articles) [21]. In addition, disc heights decreased by 5.6% at 3 
months, 6.0% at 6 months, 10.2% at 12 months, to 8.9% at 24 months in a 
pooled analysis. In this review the studies with the highest subsidence rates 
were from Marchi et al., with a rate of 29.7% [22]. Marchi, Pimenta and Le 
et al. reported a subsidence rate of 17.2%, 16.6% and 14.3% respectively [23-
25]. Static polymeric spacers of various sizes were used in these studies. In the 
current study, there was no subsidence reported.

 Study Limitations
Although this is a single-surgeon single-site retrospective study 

with a small patient population, the results are consistent with fi ndings 
from the literature. While this study only demonstrates 12-month 
follow-up, a long-term follow-up study is forthcoming.

 Conclusion
Th is study provides clinical evidence that MIS LLIF using an expandable 

interbody spacer with adjustable lordosis is safe and eff ective at improving 
radiographic and clinical outcomes in the studied population. Disc height 
and lordosis were signifi cantly restored, correcting sagittal alignment with 
no cases of subsidence up to 12-month follow-up. All clinical outcomes 
were signifi cantly improved from preoperative values.
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