
ABSTRACT
Objective: Spine surgery with a minimally invasive lateral approach and validate possible anatomical differences between the right and 

left sides. Methods: Four measurements (cm) were taken on 38 cadavers: the distance between the lumbar plexus and the transverse 
process (L4-L5) and the distance between the lumbar plexus and the midline of the lumbar spine, both on the right and left sides. Results: 
The mean distance between the lumbar plexus and the transverse process of L4-L5 was 1.03 cm and the distance to the midline was 
3.99 cm for the right side. The averages of the left side were 1.13 cm and 3.38 cm, respectively. There is statistical difference between the 
sides (p<0.05) using the non-parametric Wilcoxon test. Conclusions: The authors suggest that the transverse process might be used as 
an anatomical landmark to define the surgical approach through the psoas muscle. Level of Evidence IV; Cadaveric study. 
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RESUMO
Objetivo: Encontrar um referencial anatômico prático e seguro durante a cirurgia com a técnica de acesso à coluna ALMI (acesso 

lateral minimamente invasivo) e validar possíveis diferenças anatômicas entre os lados direito e esquerdo. Método: Foram feitas 4 me-
didas (cm) em 38 cadáveres: entre o plexo lombar e o processo transverso de L4L5, e entre o plexo lombar e a linha média da coluna 
lombar dos lados direito e esquerdo. Resultados: A distância média encontrada entre o plexo lombar e o processo transverso de L4L5 
foi de 1,03cm e a distância até a linha média foi de 3,99 cm do lado direito. Já do lado esquerdo, as médias são 1,13cm e 3,88cm, 
respectivamente. Houve diferença estatística entre os lados (p<0,05) pelo teste não-paramétrico de Wilcoxon. Conclusão: Sugere-se 
como referencial anatômico o processo transverso para definir o ponto de entrada do portal de trabalho no músculo psoas. Nível de 
Evidência IV; Estudo Cadavérico.

Descritores: Plexo lombossacral; Fusão vertebral; Músculos psoas; Anatomia; Região lombossacral.

RESUMEN
Objetivo: Encontrar una referencia anatómica práctica y segura durante la cirugía de la columna con técnica de abordaje lateral mínima-

mente invasivo y validar posibles diferencias anatómicas entre los lados derecho e izquierdo. Métodos: Se realizaron 4 medidas (cm) en 38 
cadáveres: distancia entre el plexo lumbar y la apófisis transversa (L4-L5) y distancia entre el plexo lumbar y la línea media de la columna 
lumbar, en los lados derecho e izquierdo. Resultados: La distancia promedio entre el plexo lumbar y la apófisis transversa de L4-L5 fue 1,03 
cm y la distancia a la línea media fue de 3,99 cm a la derecha. Los promedios de la izquierda fueron 1,13 cm y 3,88 cm respectivamente. Hay 
diferencia estadística entre los lados (p <0,05) mediante la prueba no paramétrica de Wilcoxon. Conclusiones: Se sugiere como referencia 
anatómica la apófisis transversa para definir el portal de trabajo a través del músculo psoas. Nivel de Evidencia IV; Estudio cadavérico.

Descriptores: Plexo lumbosacro; Fusión vertebral; Músculos psoas; Anatomía; Región lumbosacra.
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INTRODUCTION
The anterior approach to the lumbar intervertebral disc has se-

veral biomechanical advantages over the posterior approach, but 
also presents technical difficulties in the management of vascular 
structures not always familiar to the spine surgeon. Lateral access 
emerged as an alternative to these two approaches, reducing the 
vascular risk and also offering ample access to the intervertebral 

disc. With a number of advantages compared to traditional surgery, 
the minimally invasive lateral approach (MILA) offers reduced tis-
sue trauma, indirect neurological decompression, less blood loss, 
shorter surgery time, a smaller scar, reduced drug use, and early 
patient mobility.1-7

A part of the technique involves inserting the surgical instrumen-
tation through the psoas major muscle, which may incur some type 
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of injury, the most serious of which would be damage to any of the 
nerve structures that pass inside of it, the lumbar plexus.8

The lumbar plexus can be found crossing the fibers of the psoas 
major muscle. It is part of the lumbosacral plexus and is formed by 
ventral branches originating from the four primary lumbar nerves 
with the contribution of the last thoracic branch. They originate as 
motor and sensory nerves and most of them have both compo-
nents present. The predominantly motor nerves are the femoral 
and obturator nerves and the predominantly sensory nerves are 
the iliohypogastric, genitofemoral, lateral cutaneous, and anterior 
cutaneous nerves of thigh.1

Serious injuries to this plexus can result in denervation and pa-
resthesia, referred to as pain, hyperesthesia, or other abnormalities, 
such as pseudohernia, in addition to claudication.1,3,9.10

It is important to note that the lumbar plexus emerges from the 
lumbar nerve roots dorsally and close to L4 where it begins to be-
come ventral, the only exception being the genitofemoral nerve, 
anteriorized in relation to the others. This fact will be important in the 
surgical approach since safety zones are created for the transpsoas 
approach and the level most frequently accessed is L4-L5, precisely 
where the nerve roots move anteriorly.1,5,11

There is a specific anatomical relationship between the lumbar 
plexus and its position within the psoas major muscle, and it remains 
relatively constant.9 However, it is difficult to visualize the location 
of the nerves of the lumbar plexus with respect to the space of the 
intervertebral disc from a lateral view, that is, a safe and easily visible 
reference to assist the surgeon during surgery is lacking.5 

The objective of this study was to propose a safe and practical 
anatomical parameter that can be used as a reference in MILA sur-
geries and to validate the possible anatomical differences between 
the right and left sides of the lumbar plexus.

METHODS
The study was conducted by means of measurements of 18 

adult cadavers from the anatomy laboratory of the Pontifícia Uni-
versidade Católica do Paraná (PUC-PR) and 20 cadavers from the 
Universidad Pública de El Alto (La Paz, Bolivia) (n=38), taken by 
2 evaluators.

Four measurements were taken in centimeters: the distance 
between the first nerve of the lumbar plexus and the transverse 
process of the adjacent L4-L5 and the distance between the first 
nerve of the lumbar plexus and the midline of the spine in L4-L5, 
both measured on the right and left sides.

The measurements were taken after dissection of the lumbar spine 
by lateral approach, exposure of the psoas muscle and its elevation, 
followed by identification of the lumbar plexus and its path over the 
L4-L5 disc, and measurement using the pachymeter (Figure 1).

RESULTS
The results of the measurements were described by means, me-

dians, minimum values, maximum values, and standard deviations. 
The non-parametric Wilcoxon test was used to compare the two 
sides in relation to the two measurements analyzed. The condition of 
normality of the variables was evaluated by the Kolmogorov-Smirnov 
test. Values of p<0.05 indicated statistical significance. The data 
were analyzed with the IBM SPSS Statistics v.20 software.

The results of the measurements and their statistical evaluation 
can be seen in Table 1.

In 17 of the 38 cadavers evaluated (44.7%), the measurements 
of both sides were equal. In 14 (36.8%), the measurements of the 
left side were greater than the measurements of the right side and 
in 7, (18.4%) the measurements of the right side were greater than 
the measurements of the left side, as observed in Figure 2.

Table 1. Statistical results in centimeters.

Side

Distance from the lumbar plexus to the L4-L5 
transverse process

p value*
n Mean Median Minimum Maximum Standard 

Deviation

Right 38 1.03 0.35 0.20 2.60 0.90

Left 38 1.13 0.35 0.20 2.60 0.98

Diff.
(left - right) 38 0.10 0.00 -0.20 1.60 0.29 0.020

*Non-parametric Wilcoxon test, p<0.05.

Figure 1. Marking the measurement site. Cadaver in dorsal decubitus with the 
cephalic region on the right. A indicates the lumbar plexus at its exit, B marks 
the transverse process of L4, and C, the psoas major muscle folded back. 
The measurement is represented by the line. In the image, the measurement 
of the left side is being taken. Source: Produced by the author.

Figure 2. Representation of the distribution of the values of the distance 
between the lumbar plexus and the transverse process of L4-L5.

DISCUSSION
There is agreement that the safest approach is in the ante-

rior region of the vertebra. However, few studies determine the 
exact distance and none define a useful reference during the 
surgical procedure. 

The first study to refer to the anatomical positioning of the lumbar 
plexus was published in 1996 by Hasegawa et al., who determined 
for the first time that the lumbar plexus is positioned more anteriorly 
as it branches out.12 Similarly, Moro et al., in 2003 and Benglis et al. 
in 2009 understood that, because of this anteriorization, the surgical 
safety zone in L4-L5, when compared to the other spinal safety 
zones, is much smaller.2,13

The first distance was proposed by Regev et al., in 2009, who 
found a distance of 19.5 mm between the lumbar plexus and the 
posterior margin of the terminal plate in L4-L5.11 In that study, a 
safety zone of 20 mm was defined that was and still is used as a 
parameter for MILA surgical instrumentation. 

Here, it is fitting to question studies, like that of Kepler in 2011, whi-
ch defined the risk of lesion as 44% on the right side and 21% on the 
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left side.14 With this, it is understood that the value of 20 mm is clearly 
overestimated and can lead to more plexus injuries than anticipated.

The distance found in this study is much less, which is consistent 
not only with clinical studies that evaluate complications, but also 
with other publications, like that of 2011 by Lu et al. that defined a 
distance between the lumbar plexus and the transverse process of 
0.49 and 0.84 cm in L4.9

The description of each of the studies and their respective results 
are shown in Table 2.

Notice that most of them, with the exception of 3, do not provide 
an exact value of where to position the surgical instrumentation. 
The 3 exceptions are the studies by Regev et al. in 2009, Lu et al. 
and Kepler et al., both in 2011, who achieved very different results, 
varying from 2 cm to less than 1 cm.11,14-18

The method of each study is directly related to its respective 
results. Studies conducted with magnetic resonance can have signi-
ficant differences from those with direct measurements in cadavers, 
which may explain the differences between the values. This study 
has several limitations, including the small sample size and the 
method itself that can determine small changes in the measure-
ment due to the position of the pelvis and lower limbs, anatomical 
dissection, and tissue retraction. 

It is understood that the most critical zone for intervention is 
L4-L5, since the safety corridor is very small (when compared to the 
others), especially on the right, where there is a risk of nerve lesion 
posteriorly and lesion of the vena cava anteriorly. In this study, we 
found values of 1.03 cm for the right side and 1.13 cm for the left 
side as the margins of safety From the transverse process of the 
closest vertebra. It should be emphasized that on the left, where 
most approaches are performed, the lumbar plexus is slightly an-
teriorized and the point of entry for the instrumentation should be 
anterior to the lumbar plexus. If we consider that in some cases this 
distance was greater than 2.5 cm, this distance would be the safest 
region for initiating the dissection of the L4-L5 intervertebral disc 
and identifying the plexus. In this way, a work area posterior to the 
lumbar plexus, where the risk of postoperative deficit is high, would 
be avoided. This safe area can be defined by the arithmetic means 
of all the measurements (Figure 3).

The statistical analysis showed a statistically significant differen-
ce between the right and left sides (p=0.020). Therefore, greater 
attention and a slight anteriorization of the point of entry in L4-L5 
on the left are required.

We suggest the transverse process as a useful and practical 
surgical reference during the execution of the MILA technique.
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Table 2. Results of the main similar studies already conducted.

Author Year
Study

(Surgery x 
resonance)

Parameter
(Measurement reference) Measurement Conclusion

hasegawa TMD 
et al.12 1996 MRI – 

20 adults Vertebral pedicle
The nerves that originate in L4L5 

originate in the middle third of 
the pedicle (65%).

The lumbar plexus of L1 to L5 begins 
more dorsally and at L4 begins its 

ventralization.

Moro T et al.13 2003 Cadaver -30 adult 
cadavers 

The distance between the 
anterior and posterior margins of 
the vertebral body was divided 
into 4 equal zones (I, II, III, and 

IV).

The lumbar plexus is located in 
zone II and below in L4L5. The 
genitofemoral nerve was found 

in zone I.

The safe working zone is above L4L5, 
excluding the genitofemoral nerve 
(which is anteriorized before the 

others).

Benglis DM
et al.2 2009 Cadaver –

3 adult cadavers

The relationship between the 
location of the plexus in the 
posterior terminal plate and 

the total length of the disc in 
radiographical images.

28% (L4L5)

They suggest that the lumbar plexus 
begins more dorsally (L1L2) and has 

a more ventral direction during its 
course, especially in L4L5. Therefore, 
there is a higher risk of lesion of the 
genitofemoral nerve and the lumbar 

plexus.

Regev GJ
et al.15 2009 MRI –

100 adults

Anterior to posterior margin 
of the terminal plate of each 

vertebral disc.
19.5mm

The safety zone between L4 and L5 
is quite reduced in comparison to 
the other vertebrae (13.1%). Thus, 
an error in posterior interventions 

could damage nerves or in anterior 
interventions, the blood vessels 

(particularly on the right).

Uribe JS
et al.16 2010 Cadaver –

5 cadavers

The space between the anterior 
and posterior margins of the 

vertebral body was divided into 
4 equal zones.

The lumbar plexus is ideally 
located in zones III and IV (L4L5) 
and the genitofemoral nerve was 

found in zone I.

They suggest that the safe work zone 
would be in zone III (posterior middle 
fourth) and in L4L5 between zones 

II and III.

Guérin P
et al.5 2011

MRI –
78 adults 

between 30 and 
71 years of age.

Dorsal region of the terminal 
plate of the vertebral body.

No nerve root was found 
anterior to the terminal plate in 

37.8%.

The safe working zone is found in 
the most anterior part of the terminal 

plate (anterior to the nerves and 
posterior to the blood vessels).

Kepler KC
et al.14 2011

MRI –
43 adults above 
50 years of age

A coronal plane in each disc 
defined by the line that connects 

the anterior margin of the two 
adjacent vertebral bodies – 
anterior intervertebral plane 

(AIP).

AIP to the lumbar plexus

22.1mm
(L4L5)

The anterior edge of the psoas 
major muscle should be used as a 
reference to estimate the position 
of the lumbar plexus – when the 

anterior edge of the psoas muscle 
is 10 mm anterior to the AIP, the 

position of the lumbar plexus will be 
approximately 20 mm posterior to 
the AIP. Patients with neurological 
structures at risk were defined as 

those who had lumbar plexus/femoral 
nerve less than 20 mm from the 

anterior intervertebral plane. 

Lu S et al.17 2011

Cadaver -
15 cadavers from 

56 to 87 years 
of age

Lower level of the transverse 
process. Division of the psoas 

major muscle into 3 equal thirds.

4.9 – 8.4 mm
(L4L5)

Posterior third

The psoas muscle can be considered 
a surgical marker, and incisions 

should be made in the anterior 2/3.

Spivak JM
et al.18 2013

Cadaver –
12 adults 

between 35 and 
74 years of age.

Anterior posterior diameter of 
each vertebral body (measured 
between the anterior edge of 
the foramen and the anterior 
edge of the vertebral body).

No nerve roots were found in 
the anterior 33% of the L4L5 

intervertebral space.

The safe working zone would be the 
anterior half of the intervertebral disc. 
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CONCLUSIONS
Defining a safe approach zone is still controversial with regard 

to a specific value for the positioning of the surgical instrumentation, 
especially in L4-L5 because of the anteriorization of the plexus at 
that point in its course.

In this study, we determined that the safe zone is located less 
than 2 cm from a fixed point (the transverse process of L4-L5) on 
both sides, implying that the currently used measures are overesti-
mated. It is understood that there is a statistical difference between 
the sides. This would be a safe point to initiate exposure of the disc 
and identify the position of the lumbar plexus, either by direct vision 
or by intraoperative electromyography.

In addition, we suggest that the transverse process is a practical 
anatomical reference point for the surgery.

All authors declare no potential conflict of interest related to 
this article.
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Figure 3. Arithmetic means of the distances found in the study, comparing 
the right and left sides of each specimen.
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