
Technology

Lateral Lumbar Interbody Fusion (LLIF):
An Update

Oded Rabau, MD1,*, Rodrigo Navarro-Ramirez, MD, MSc1,* ,
Mina Aziz, MD1, Alisson Teles, MD1, Susan Mengxiao Ge, MDCM1,
Javier Quillo-Olvera, MD2, and Jean Ouellet, MD1

Abstract
Degenerative lumbar spine disease (DLSD) is a heterogenous group of conditions that can significantly affect patients’ quality of
life. Lateral lumbar interbody fusion (LLIF) is one of the treatment modalities for DLSD that has been increasing in popularity over
the past decade. The treatment of DLSD should be individualized based on patients’ symptoms and characteristics to maximize
outcomes.

Methods: Literature review, invited review.

Results: In this article, we will (1) review the use of the LLIF technique in the treatment of degenerative lumbar spine disease,
(2) review the current concepts of LLIF, and (3) explore the evidence to date that will allow the reader to maximize the benefits of
this technique.

Conclusions: LLIF is an alternative for the treatment of degenerative pathologies of the lumbar spine via indirect decompression.
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Background

After almost 20 years since it was first described, the lateral

lumbar interbody fusion (LLIF) technique is still gaining popu-

larity.1 Initially, LLIF was described as alternative for indirect

decompression of the neural elements as well as a treatment for

associated low back pain and degenerative disc disease via disc

height restoration and ligamentotaxis.2 Ever since its inception,

the LLIF technique has faced opposition from the spine surgery

community mainly due to initial reports of postoperative thigh

pain ranging from 14.3% to 20%.3,4 Additionally, several other

patient and surgical factors were identified as potential limita-

tions for LLIF success.5 Over the past decade, some of these

factors have been studied by different international spine

groups and were shown to be nondetrimental to both clinical

and radiological outcomes of LLIF, and did not outweigh

the benefits of LLIF. These factors include cage dimensions

(16-22 mm), cage positioning (anterior-mid-posterior),

approach (concave, convex), location of stenosis (central ste-

nosis, foraminal stenosis, lateral recess stenosis), and presence

of facet degeneration (locked facets).6-13

Today, some of the initially described “relative contra-

indications” such as preoperative thigh pain and facet degen-

eration have been overcome and satisfactory results have been

replicated worldwide.12-14

Despite these successes, a predictive model for patient and

surgical technique selection to obtain successful indirect

decompression outcomes via LLIF has yet to be described,

especially for patients with lateral recess stenosis, most prob-

ably because the lateral recess stenosis is not well addressed by

ligamentotaxis.5,13,15 The purpose of this review is to summar-

ize the advantages, limitations, and peculiarities of the LLIF

technique while giving the reader an update on the most current
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patient and surgical factors which are known to be relevant for

maximizing outcomes after indirect decompression via LLIF.

Finally, this review will briefly summarize the role of LLIF in

comparison with other similar indirect decompression tech-

niques for the lumbar spine.

Indirect Decompression After LLIF

LLIF has been shown to be effective in achieving indirect

decompression of the lumbar spine and relieving symptoms

of lumbar spinal stenosis. Furthermore, it has been shown to

reduce length of stay, estimated blood loss, and the risk of

developing, cerebrospinal leaks, vascular or nerve injury com-

pared with conventional posterior techniques.2,6,16-20 Several

studies have looked at the impact of LLIF on restoration of

disc height as well as increasing central canal and foraminal

surface area and volume using radiographic parameters on

plain x-rays and cross-sectional imaging.6,16,21 It has also been

shown that technical factors such as approach (concavity-con-

vexity), cage dimensions (height and shape) and cage position-

ing (anterior-posterior) did not affect the clinical and

radiological outcomes after LLIF.6,16

However, there is still a subgroup of patients whose neuro-

logical symptoms fail to improve following indirect decom-

pression via LLIF. Wang et al13 and Nakashima et al22

recently raised concerns about using LLIF for lateral recess

stenosis due to its particular bony anatomy (not well address

by ligamentotaxis), as well as in severe spinal stenosis.13,22

Wang et al13 conducted a multivariate analysis, which showed

that “bony lateral recess” stenosis was the only significant

predictor of failed indirect decompression after LLIF. Based

on the previously mentioned factors we created a cartoon to

illustrate the ideal candidates for LLIF based on the anatomical

location of “compression” (Figure 1).

LLIF Potential

LLIF is a minimally invasive procedure that can achieve a

powerful correction of spinal radiographic parameters. A

systematic review of 1080 patients by Lang et al5 showed

that LLIF can increase disc height by almost 75%. They

also showed that a LLIF procedure can increase the surface

area of the foramen and central canal by 36.4 and 25.4%
respectively (Table 1). Furthermore, they found that LLIF

can increase foraminal height by an average of 29.5%
(Table 1), more than the correction achievable using the

minimally invasive surgical TILF, which is reported to

range from 10% to 19%.6-13

Although several authors have addressed the effect of LLIF

on disc height restoration and subsequent central canal and

Figure 1. Cartoon representing in 2 sections; sagittal (top) and axial (bottom) marked with and “X” those not-ideal candidates for lateral lumbar
interbody fusion (LLIF). Emphasizing that all those patients with “bony” posterior compression elements are poor candidates according to
different authors around the world and only those with soft tissue bulking/folding should be considered optimal candidates for ligamentotaxis.
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foraminal decompression,6-13 little has been described regard-

ing the effect of LLIF on back pain. LLIF is a prevalent and

effective treatment to improve back pain and disability.1,2

Indirect decompression through LLIF has been shown to

achieve similar or better outcomes in terms of pain relief com-

pared with direct approaches.13-17 In addition, many surgeons

believe that LLIF is an excellent minimally invasive alternative

to direct posterior decompression correlating with less blood

loss, shorter lengths of hospital stay,17-19 low incidence of vas-

cular or plexus injury,20-22 and decreased costs23 compared

with conventional posterior interbody fusion surgery.

Although LLIF has significant advantages over open pro-

cedures, identifying patients at risk for poor clinical outcomes

could facilitate patient selection and surgical planning, ulti-

mately improving outcomes and reducing hospital costs asso-

ciated with continued disability. Wang et al13 described that

for patients undergoing indirect decompression, preoperative

and postoperative films showed significant improvement in

subarticular diameter (at L3-L5), central canal diameter (at

L2-L5), mean foraminal area, mean foraminal height, and

disk height (at all levels except L2-L3). However, in the same

group certain factors were associated with a higher likelihood

of indirect decompression failure including smaller central

canal diameter and small foraminal height. However, after

performing a multivariate analysis, “bony” lateral recess ste-

nosis was the only significant independent predictor of indi-

rect decompression failure.

Impact of Bony Lateral Recess Stenosis
on LLIF Success

Lumbar spinal stenosis can be caused by solid/hard elements

(calcified ligamentum flavum, calcified facet cysts, facet over-

growth, posterior disc degeneration with calcification) or soft

tissue elements (soft disc herniations, ligamentum flavum fold-

ing/hypertrophy, facet cysts) (Figure 1).

LLIF relies on indirect decompression by restoring disc

height, reducing bulky soft tissue, increasing the canal and

foramina volumes thus releasing pressure from the dura and

nerves, which is usually achieved via ligamentotaxis. When

bony stenosis is present, ligamentotaxis might not be as effec-

tive (Figure 1). Wang et al,13 in 2017, showed that bony lateral

recess stenosis was the only significant independent predictor

associated to failed indirect decompression after LLIF. Mal-

ham et al10 also showed similar results in a prospective study of

Table 1. Mean Radiological Outcomes After Lateral Lumbar
Interbody Fusion.

Parameter
Number
of Studies Change Mean Change %

Disc height (mm) 13 4.1 74.8
Foraminal area (mm2) 8 31.6 36.4
Foraminal height (mm) 12 4.3 29.5
Central canal area (mm2) 6 28.5 25.4
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122 consecutive patients undergoing indirect decompression

through LLIF. In the study by Malham et al,10 11 patients failed

indirect decompression (presented same symptoms after sur-

gery) and of the 11 failed cases, 3 required subsequent direct

decompression due to residual bony lateral recess stenosis.

Based on these findings, the authors concluded that patients

with bony lateral recess stenosis should be considered for direct

posterior decompression. More recently, Nakashima et al,22

after analyzing 158 cases of LLIF, suggested that in patients

with severe preoperative canal stenosis, motor deficits and/or

ligament ossification, indirect decompression should be

“contraindicated.” However, none of these studies explicitly

define the radiographic parameters/findings that they used to

categorize the patient as having “bony” lateral recess stenosis.

Further work is therefore needed to create specific cutoffs for

these parameters in order to improve consensus amongst spine

surgeons. In figure 1, we aim to offer a theoretical approach to

which candidates would be ideal for an indirect decompression

via an LLIF procedure.

Indirect Decompression Using LLIF, OLIF,
and ALIF

Although not the main goal of this article, these days we cannot

exclude mentioning where LLIF fits in relationship with other

indirect decompression techniques to treat degenerative lumbar

spine disease such as oblique lumbar interbody fusion (OLIF)

and anterior lumbar interbody fusion (ALIF). Here, we will

only present a summary of what was already published by

Xu et al.23 There remains a considerable debate about which

technique to use when treating lumbar spine conditions. Our

group, much like other experts, believe that these procedures

are not directly comparable as they are best suited to treat

different pathologies and different parts of the lumbar spine.

LLIF is ideally suited for L1-L4 pathology, whereas OLIF is

more suitable for L5-S1 pathology. OLIF was initially

described as an alternative for LLIF for L5-S1 disease when

ALIF was not a good option. ALIF remains the gold standard

for treatment of L5-S1 pathology in terms of disc height

restoration and power on deformity correction however, OLIF

is a valid option when ALIF is not possible due to previous

anterior surgery and/or complex vascular anatomy.

Based on what is presented in Table 2, we are sure that the 3

techniques described above can and should coexist when indi-

rect decompression is considered rather than being seen as

substitutes for one another.

Conclusion

LLIF remains an alternative for the treatment of degenerative

pathologies of the lumbar spine via indirectly decompression

together with OLIF and ALIF. It has not been found to be

limited by approach, cage positioning or facet degeneration.

Current research efforts are focused on the role of “bony”

lateral recess stenosis on surgical outcomes. Maximizing

indirect decompression after LLIF will depend on meticulous

patient and surgical technique selection.
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