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Abstract

Introduction: Lateral Lumbar Interbody Fusion (LLIF), developed by Dr. Luiz Pimenta in 2006, allows access to the

spinal column through the psoas major muscle. The technique has numerous advantages, including reduced damage

to bone and muscular tissue, indirect decompression, larger implants, and the ability to correct lordosis. However, this

technique also presents drawbacks, with the most notable being the risk of spinal pathologies due to indirect injury to

the lumbar plexus, albeit with low rates of persistent injuries. Therefore, several groups have proposed classifications to

aid in identifying patients at a higher risk of developing neurological deficits. The present work aims to propose a new

classification system that relies on the simple observation of easily identifiable key structures to guide decision-making

regarding lateral L4-L5 LLIF.

Methods: Patients aged 18 years or older who underwent preoperative magnetic resonance imaging (MRI) were

included. This involved visits to the office between 2022 and 2023 until 50 quality images were obtained. Exclusions

were made as follows: anatomical changes in the vertebral body or major psoas muscles that hindered the

identification of key structures, or cases with poor-quality MRIs. Each anatomical configuration was categorized as type

I, type II, or type III based on consensus among the three observers.

Results: This study included fifty anatomical sites. Seventy percent of the L4-L5 anatomies were classified as type I,

18% were type II, and 12% were type III. None of the type III L4-L5 anatomies were approached using a lateral

technique.

Conclusion: The proposed classification offers an easy and simple method for assessing the feasibility of a lateral

approach to L4-L5.

Introduction

In 2006, Dr. Luiz Pimenta developed the lateral lumbar interbody fusion technique, providing access to the spinal column

via the psoas major muscle. This method boasts several benefits, encompassing reduced damage to bone and muscle
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tissue, indirect decompression, the capacity for larger implants, and the potential for correcting lordosis [1][2][3].

Nevertheless, this technique comes with drawbacks, most notably the risk of psoas major muscle weakness and

plexopathies due to indirect lumbar plexus injury, albeit with low rates of enduring harm [4][5][6].

The L4-L5 level proves to be especially challenging when utilizing the LLIF approach. This challenge arises due to the

lumbar plexus's tendency to shift anteriorly at the lower levels of the spine [7][8]. Furthermore, in certain cases, the aorta,

vena cava, or iliac veins/arteries may occupy the space between the major psoas muscle and vertebral body [9][10]. These

combined factors constrict the safe working zone for LLIF at L4-L5, rendering it unfeasible in some instances. Additionally,

factors like transitional anatomy or spinal deformities could alter the anticipated positioning of these vital structures in the

L4-L5 segment. The effect of these factors further diminishes the safe working zone for LLIF at L4-L5, making it

impractical in select cases. Moreover, elements such as transitional anatomy or spinal deformity could modify the

expected location of these crucial structures in the L4-L5 segment [11][12].

Consequently, multiple groups have devised classifications to aid in identifying patients at a heightened risk of

neurological deficits. Researchers across various classifications have frequently employed the Moro zone categorization

to precisely determine the positions of key structures (psoas margin, lumbar plexus, and major vessels), and several

groups have proposed classifications to assist in identifying patients at a higher risk of neurological deficits. Moro zone

categorization has been used by researchers in most classifications to pinpoint the locations of key structures (psoas

margin, lumbar plexus, and major vessels) [13][14][15].

Although prevailing classification systems for lateral procedure safety and accessibility are effective, they often involve

numerous classification scenarios or necessitate the use of specific measurement tools that aren't universally available.

Consequently, this study aims to introduce an innovative classification system based on straightforward identification of

easily recognizable key structures. This system is designed to facilitate the decision-making process for lateral lumbar

interbody fusion.

Methods

All participants signed a consent form allowing the use of their images in the study. The Ethics Research Committee

approved this study.

Inclusion

Patients aged 18 years or older with magnetic resonance imaging (MRI) during the preoperative period, until 50 images of

satisfactory quality were acquired.

Exclusion

Low-quality MRI scans or other factors that hinder the identification of key structures.
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The assessed structures (Figure 1).

Figure 1. Visualization of the assessed structures. This includes the position of the Psoas major muscle in relation to the vertebral body (A), the

plexus in relation to the vertebral body (B), and the major vessels in relation to the vertebral body and Psoas major muscle (C).

The images were assessed by three experts (two senior clinical researchers and one spine surgeon), and the

classification of each L4-L5 anatomy was established through consensus. The procedures performed on each patient

remained undisclosed to the reviewers.

Each L4-L5 anatomy was categorized as type 1, type 2, or type 3, based on the agreement among the three

measurements. Table 1 outlines the parameters employed to distinguish between the proposed types of L4-L5 anatomy,

and Figure 2 illustrates the hypothetical positioning of the key structures in each L4-L5 anatomy type.
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Figure 2. Illustration of each theoretical L4-L5 anatomy type. A: Type I, B: Type II, C: Type III.

 Type I (Figure 2A) Type II (Figure 2B) Type III (Figure 2C)

Psoas muscle
anterior margin

Posterior or marginal to the
anterior margin of the vertebral
body

Ahead of the anterior margin of
the vertebral body. Usually
elongated.

Ahead of the anterior margin of the vertebral body. Usually
elongated with a larger anterior-to-posterior diameter than latero-
lateral diameter.

Plexus position
(when
identifiable)

Posterior or marginal to the
middle of the vertebral body

Posterior or marginal to the
middle of the vertebral body

Anterior to the middle of the vertebral body

Vascular
structures

Ahead of the vertebral body. Do
not invade the psoas-vertebral
space.

Ahead of the vertebral body. Do
not invade the psoas-vertebral
space.

More lateral in relation to the vertebral body. Invade the psoas-
vertebral space.

Table 1.

Statistical Analysis

The images were analyzed using Radiant software, and the results were entered into a spreadsheet. R statistical software

was used to perform exploratory analyses and summarize statistics [16].

Results

The study included fifty participants. According to Table 2, 70% of the L4-L5 anatomy was type I, 18% were type II, and

12% were type III.

 Type I Type II Type III

Number of
psoas

35 (70%) 8 (18%) 6 (12%)

Table 2. Number of each type of L4-L5

anatomy in the sample
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Furthermore, when the surgery performed on each patient was examined, none of those with type 3 anatomy (7/7; six

patients had ALIF L4-L5, and one underwent decompression at L4-L5) received a lateral approach.

Finally, the authors proposed a simple decision-making procedure based on the L4-L5 anatomy classification (Table 3).

 Type 1 Type 2 Type 3

LLIF
Lateral

+ ? -

LLIF Prone + + -

OLIF + ? -

Table 3. The authors' decision-

making proposal is presented in a

table.

+: It is safe to perform;

?: Exercise caution;

-: Do not perform.

Classification Examples

Figure 3 depicts a case of type 1 L4-L5 anatomy (Most common or expected L4-L5 Anatomy).
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Figure 3. Type I L4-L5 anatomy. A: Lateral radiograph of the spinal column. The iliac crest is indicated by a red dotted line. B: Image of the axial

plane of an MRI scan at the L4-L5 level.

Figure 4 depicts an example of type 2 L4-L5 anatomy, dubbed Deformity/External Forces L4-L5 Anatomy by the authors.
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Figure 4. Type II L4-L5 anatomy. A: Lateral spinal column radiographs. The dotted red line represents the iliac crest. B: An MRI scan's axial plane at

the L4-L5 level; red arrows denote external forces acting on the psoas muscle due to hypolordosis, as hypothesized by Ebata and colleagues

(2018). The anatomy of type 1 L4-L5 is depicted in the figure. A: Lateral spinal column radiographs. The dotted red line represents the iliac crest. B:

MRI axial plane at the L4-L5 level; red arrows denote external forces acting on the psoas muscle due to hypolordosis, as hypothesized by Ebata et

al. (2018) [12].

Figure 5 depicts an example of type III L4-L5 anatomy, also known as transitional/severe deformity L4-L5 Anatomy.
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Figure 5. Visualization of type 3 L4-L5 anatomy. A: Lateral radiograph of the spinal column. The red dotted line represents the iliac crest. B: Axial

plane MRI scan. The red circle indicates the exceedingly long psoas muscle, leading the lumbar plexus towards the anterior third of the vertebral

body.

Discussion

Although LLIF is a safe and effective technique for treating spinal issues from T12-L1 to L4-L5, some surgeons express

concerns about its use, particularly at L4-L5 [1][17]. Several authors have examined the specific anatomy of key structures

to aid in identifying cases at risk of complications after LLIF at L4-L5.

Lumbar Plexus Position in L4-L5

Moro et al. (2003) were among the first to employ the Cartesian approach to determine the location of the lumbar plexus

and its branches. They divided the vertebral body into six sections (I-IV), as well as posterior and anterior sections. The

authors demonstrated that the plexus and femoral nerve were most commonly found at the L4-L5 level in the anterior

zones (III or IV) [14].
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Furthermore, Davis et al. (2011) showed in a cadaveric study that during the LLIF approach at L4-L5, dislocation of neural

structures, primarily the femoral nerve, could occur in most cases. However, they observed that only three out of 18 cases

had lumbar plexus branches that crossed beyond the midpoint of the disc [18].

Additionally, Uribe et al. (2010) proposed a safe working zone that included only the lumbar plexus neurological anatomy,

demonstrating that the safe working zone (SWZ) shifted to a more anterior position at the L4-L5 level [19]. In a subsequent

study, Kepler et al. (2011) revealed that one-third of the patients had a plexus located in a precarious area at L4-L5 [20].

Safe Working Zones

Although mapping the lumbar plexus position is a pivotal step in determining the safety of the LLIF approach, other factors

such as the position of the psoas muscle or vascular structures can also play a role. To address these concerns, some

authors have proposed the establishment of a safe working zone for the LLIF approach.

Regev et al., 2009, investigated the impact of the plexus position as well as the position of the major vessels on the safe

working zones for the LLIF approach. The authors demonstrated that the SWZ was significantly reduced at L4-L5, with

only 13% of the vertebral body considered free from the risk of nerve or vessel injuries [21]. Guerin et al. (2011) presented

similar results to those of Regev et al. in a corresponding study. However, their findings indicated that the L4-L5 SWZ

encompassed 37.5% of the vertebral body [8]. Recent studies evaluating the safe working zones for LLIF have shown that

L4-L5 was accessible and instrumentable in approximately 70% of cases [22]. These results parallel those in this article,

wherein only 17% of the psoas muscles were classified as type III/contraindicated for the LLIF technique.

Modifiable Factors Influencing L4-L5 Accessibility

Lumbar lordosis is an adaptable characteristic that may influence the safety of the approach to L4-L5. In a study

published in 2017, Ebata et al. (2018) observed that patients with spinal abnormalities (severe loss of lumbar lordosis)

exhibited a more anteriorized psoas muscle [12]. Tanida et al., 2020, reported a 'normalization' of the psoas position

following treatment of spinal deformity, thus supporting the phenomenon reported by Ebata and colleagues [11].

Furthermore, recent studies have highlighted the intriguing benefits of LLIF in the prone position. According to Amaral et

al., 2021, patients in the prone position exhibited a significant increase in lumbar lordosis (L1-S1) and L4-S1 lordosis,

along with retraction of the anterior border of the psoas muscle [23]. Other research groups have found similar results,

further confirming the effect of the prone position on increased lordosis and posterior shift of the psoas muscle [24][25].

Moreover, Tyler et al., 2020, demonstrated that the prone position, when combined with a coronal bending table, could not

only enhance lordosis but also provide a wider window of coronal access [26].

However, the precise impact of prone positioning on the expansion of the L4-L5 disc's safe working zone remains

uncertain, as certain studies noted substantial retraction of the femoral nerve in the prone decubitus position, while others

reported no significant alteration [23][25][27].

Qeios, CC-BY 4.0   ·   Article, August 22, 2023

Qeios ID: RQZI6J   ·   https://doi.org/10.32388/RQZI6J 9/12



Limitations

The present study is constrained by its small sample size and the lack of interobserver and intraobserver analyses.

Additionally, relying solely on qualitative visual cues might lead to confusion, a compromise the authors consider

worthwhile due to the simplicity with which their patients can be classified.

Conclusion

The proposed classification is a straightforward method for determining the feasibility of lateral lumbar interbody fusion

surgery at L4-L5. It relies on the simple identification of anatomical markers that enable immediate visual recognition of

the L4-L5 anatomical type.

The reliability of this categorization should be further investigated, as well as the connections between different

classification patterns and surgical outcomes, such as the duration required for the transpsoas procedure or the

occurrence of neurological deficits.
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Dr. Rodrigo Amaral and Dr. Luiz Pimenta received consulting fees from ATEC. The other authors declare no conflicts of

interest.

References

1. a, bPimenta, L., Tohmeh, A., Jones, D., et al. (2018). Rational decision making in a wide scenario of different minimally

invasive lumbar interbody fusion approaches and devices. Journal of Spine Surgery, 4, 142.

2. ^Mobbs, R.J., Phan, K., Malham, G., Seex, K., & Rao, P.J. (2015). Lumbar interbody fusion: techniques, indications

and comparison of interbody fusion options including PLIF, TLIF, MI-TLIF, OLIF/ATP, LLIF and ALIF. Journal of Spine

Surgery, 1, 2–18. https://doi.org/10.3978/j.issn.2414-469X.2015.10.05

3. ^Ozgur, B.M., Aryan, H.E., Pimenta, L., & Taylor, W.R. (2006). Extreme Lateral Interbody Fusion (XLIF): a novel

surgical technique for anterior lumbar interbody fusion. Spine Journal, 6, 435–43.

https://doi.org/10.1016/j.spinee.2005.08.012

4. ^Ahmadian, A., Deukmedjian, A.R., Abel, N., Dakwar, E., & Uribe, J.S. (2013). Analysis of lumbar plexopathies and

nerve injury after lateral retroperitoneal transpsoas approach: Diagnostic standardization. Journal of Neurosurgery:

Spine, 18, 289–97. https://doi.org/10.3171/2012.11.SPINE12755

5. ^Lehmen, J.A., & Gerber, E.J. (2015). MIS lateral spine surgery: a systematic literature review of complications,

outcomes, and economics. European Spine Journal, 24(3), 287–313. https://doi.org/10.1007/S00586-015-3886-1

6. ^Walker, C.T., Farber, S.H., Cole, T.S., et al. (2019). Complications for minimally invasive lateral interbody arthrodesis:

Qeios, CC-BY 4.0   ·   Article, August 22, 2023

Qeios ID: RQZI6J   ·   https://doi.org/10.32388/RQZI6J 10/12



a systematic review and meta-analysis comparing prepsoas and transpsoas approaches. Journal of Neurosurgery:

Spine, 30, 446–60. https://doi.org/10.3171/2018.9.SPINE18800

7. ^Kirchmair, L., Lirk, P., Colvin, J., Mitterschiffthaler, G., & Moriggl, B. (2008). Lumbar plexus and psoas major muscle:

not always as expected. Regional Anesthesia and Pain Medicine, 33, 109–14.

https://doi.org/10.1016/J.RAPM.2007.07.016

8. a, bGuérin, P., Obeid, I., Gille, O., et al. (2011). Safe working zones using the minimally invasive lateral retroperitoneal

transpsoas approach: A morphometric study. Surgical and Radiologic Anatomy, 33, 665–71.

https://doi.org/10.1007/s00276-011-0798-6

9. ^Yusof, M.I., Nadarajan, E., & Abdullah, M.S. (2014). The morphometric study of L3-L4 and L4-L5 lumbar spine in

Asian population using magnetic resonance imaging: feasibility analysis for transpsoas lumbar interbody fusion. Spine,

39. https://doi.org/10.1097/BRS.0000000000000368

10. ^Barrey, C., Ene, B., Louis-Tisserand, G., Montagna, P., Perrin, G., & Simon, E. (2013). Vascular anatomy in the

lumbar spine investigated by three-dimensional computed tomography angiography: the concept of vascular window.

World Neurosurgery, 79, 784–91. https://doi.org/10.1016/J.WNEU.2012.03.019

11. a, bTanida, S., Fujibayashi, S., Otsuki, B., Masamoto, K., & Matsuda, S. (2017). Influence of spinopelvic alignment and

morphology on deviation in the course of the psoas major muscle. Journal of Orthopaedic Science, 22, 1001–8.

https://doi.org/10.1016/J.JOS.2017.08.002

12. a, b, cEbata, S., Ohba, T., & Haro, H. (2018). Integrated anatomy of the neuromuscular, visceral, vascular, and urinary

tissues determined by MRI for a surgical approach to lateral lumbar interbody fusion in the presence or absence of

spinal deformity. Spine Surgery and Related Research, 2, 140–7. https://doi.org/10.22603/SSRR.2017-0036

13. ^Quinn, J.C., Fruauff, K., Lebl, D.R., Giambrone, A., Cammisa, F.P., Gupta, A., & Chazen, J.L. (2015). Magnetic

Resonance Neurography of the Lumbar Plexus at the L4-L5 Disc: Development of a Preoperative Surgical Planning

Tool for Lateral Lumbar Transpsoas Interbody Fusion (LLIF). Spine, 40, 942–7.

https://doi.org/10.1097/BRS.0000000000000899

14. a, bMoro, T., Kikuchi, S. ichi, Konno, S. ichi, & Yaginuma, H. (2003). An anatomic study of the lumbar plexus with

respect to retroperitoneal endoscopic surgery. Spine, 28, 423–427.

https://doi.org/10.1097/01.BRS.0000049226.87064.3B

15. ^Siu, T.L.T., Najafi, E., & Lin, K. (2020). Lateral Lumbar Interbody Fusion at L4-5: A Morphometric Analysis of Psoas

Anatomy and Cage Placement. World Neurosurgery, 141, e691–e699. https://doi.org/10.1016/J.WNEU.2020.05.274

16. ^R Core Development Team. (2015). R: a language and environment for statistical computing, 3.2.1. Retrieved from

http://www r-project org.

17. ^Wagner, S., Vaccaro, A., MD, P., & Bevevino, A. (2018). Is the Lateral Transpsoas Approach to the Lumbar Spine

Safe at L4-L5? Clinical Spine Surgery, 31, 49–52. https://doi.org/10.1097/BSD.0000000000000599

18. ^Davis, T.T., Bae, H.W., Mok, J.M., Rasouli, A., & Delamarter, R.B. (2011). Lumbar plexus anatomy within the psoas

muscle: Implications for the transpsoas lateral approach to the L4-L5 disc. Journal of Bone and Joint Surgery, 93,

1482–1487. https://doi.org/10.2106/JBJS.J.00962

19. ^Uribe, J.S., Arredondo, N., Dakwar, E., & Vale, F.L. (2010). Defining the safe working zones using the minimally

Qeios, CC-BY 4.0   ·   Article, August 22, 2023

Qeios ID: RQZI6J   ·   https://doi.org/10.32388/RQZI6J 11/12



invasive lateral retroperitoneal transpsoas approach: an anatomical study. Journal of Neurosurgery: Spine, 13, 260–

266. https://doi.org/10.3171/2010.3.SPINE09766

20. ^Kepler, C.K., Bogner, E.A., Herzog, R.J., & Huang, R.C. (2011). Anatomy of the psoas muscle and lumbar plexus with

respect to the surgical approach for lateral transpsoas interbody fusion. European Spine Journal, 20, 550–556.

https://doi.org/10.1007/S00586-010-1593-5

21. ^Regev, G.J., Chen, L., Dhawan, M., Lee, Y.P., Garfin, S.R., & Kim, C.W. (2009). Morphometric analysis of the ventral

nerve roots and retroperitoneal vessels with respect to the minimally invasive lateral approach in normal and deformed

spines. Spine, 34, 1330–1335. https://doi.org/10.1097/BRS.0B013E3181A029E1

22. ^Quack, V., Eschweiler, J., Prechtel, C., et al. (2022). L4/5 accessibility for extreme lateral interbody fusion (XLIF): a

radiological study. Journal of Orthopaedic Surgery and Research, 17, 483. https://doi.org/10.1186/S13018-022-03320-

0

23. a, bAmaral, R., Daher, M.T., Pratali, R., et al. (2021). The effect of patient position on psoas morphology and in lumbar

lordosis. World Neurosurgery. https://doi.org/10.1016/j.wneu.2021.06.067

24. ^Daher, M.T., Fortuna, P.P.S., Amaral, R.A. do, et al. (2022). Comparison of psoas morphology and lumbar lordosis in

different postures. Coluna/Columna, 21.

25. a, bYingsakmongkol, W., Poriswanich, K., Kotheeranurak, V., Numkarunarunrote, N., Limthongkul, W., &

Singhatanadgige, W. (2022). How Prone Position Affects the Anatomy of Lumbar Nerve Roots and Psoas Morphology

for Prone Transpsoas Lumbar Interbody Fusion. World Neurosurgery, 160, e628–e635.

https://doi.org/10.1016/J.WNEU.2022.01.104

26. ^Smith, T.G., Pollina, J., Joseph, S.A., Howell, K.M. (2021). Effects of Surgical Positioning on L4-L5 Accessibility and

Lumbar Lordosis in Lateral Transpsoas Lumbar Interbody Fusion: A Comparison of Prone and Lateral Decubitus in

Asymptomatic Adults. World Neurosurgery, 149, e705–e713. https://doi.org/10.1016/J.WNEU.2021.01.113

27. ^Alluri, R., Clark, N., Sheha, E., et al. (2021). Location of the Femoral Nerve in the Lateral Decubitus Versus Prone

Position. Global Spine Journal. https://doi.org/10.1177/21925682211049170

Qeios, CC-BY 4.0   ·   Article, August 22, 2023

Qeios ID: RQZI6J   ·   https://doi.org/10.32388/RQZI6J 12/12


	L4-L5 Anatomy Classification System for Lateral Lumbar Interbody Fusion
	Abstract
	Introduction
	Methods
	Inclusion
	Exclusion

	Statistical Analysis
	Results
	Classification Examples

	Discussion
	Lumbar Plexus Position in L4-L5
	Safe Working Zones
	Modifiable Factors Influencing L4-L5 Accessibility
	Limitations

	Conclusion
	Disclosures
	References


