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ABSTRACT

AIM: To investigate in detail the innervation patterns of the psoas major and iliacus muscles in fetal cadavers. 
MATERIAL and METHODS: The innervation patterns of 94 psoas major and 94 iliacus muscles belonging to 47 fetuses (28 males, 
19 females) aged between the 18th-40th gestational weeks in the laboratory of the Department of Anatomy, Faculty of Medicine 
were examined. The nerve branches innervating the psoas major and iliacus muscles and the origin levels of these branches were 
determined. The branches innervating the psoas major and iliacus muscles were classified as L1, L1-L2 level, L2, L2-L3 level, L3, 
L3-L4 level, L4 and femoral nerve according to the levels at which they originate from the spinal nerves. 
RESULTS: It was determined that the psoas major muscle was innervated by the ventral branches of the L1-L4 spinal nerves and 
the femoral nerve, while the iliacus muscle was innervated only by the femoral nerve. The mean number of branches innervating 
each psoas major and iliacus muscle was 4.69 ± 2.02 and 3.07 ± 1.14, respectively. It was observed that the branches innervating 
the psoas major muscle originated at least at the level between the L1-2 spinal nerves and at most at the level between the L2-3 
spinal nerves.
CONCLUSION: The spinal nerves innervating the psoas major muscle are at risk of injury during lateral transpsoas surgery, lateral 
discectomy, and spinal fusion surgery. Therefore, it may be useful for surgeons to know the innervation patterns of the psoas major 
muscle in surgical interventions in this region. Furthermore, it will be beneficial for surgeons to know the innervation of the iliacus 
muscle in various surgical interventions on the iliac fossa.
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branches of the L2, L3 spinal nerves, and the femoral nerve 
(FN) (13,18). However, studies show that the innervation of 
these two muscles is different from that specified in textbooks 
(4,11).

Since the development of axonal structure and myelination 
is still continuing in fetuses, fetuses have slower conduction 
velocity and a more sensitive peripheral nervous system. 
Since fetuses have weaker muscles, the lumbar plexus is more 
prone to traumas. Human fetuses can be traumatized either in 
the womb or during birth (9,15,21,23). Pressures applied to 

█   INTRODUCTION

The psoas major (PMM) and iliacus (IM) are two muscles 
that attach together to the lesser trochanter of the femur 
as flexors of the hip joint. These muscles are often 

considered a functional unit (iliopsoas). Different information 
is available in anatomy textbooks about the innervation of the 
PMM. Some sources state that the PMM is innervated by L1, 
L2, and sometimes L3 (18), while other sources report that it is 
innervated by the anterior branches of the L2-L4 spinal nerves 
(13). It is indicated that the IM is innervated by the anterior 
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the hip and lumbar region of the fetus, especially at birth, may 
cause neurological damage (23).

Lumbar plexus lesions are rare and difficult to treat (9). Surgical 
approaches are complex, and since it is difficult to reach 
anatomically, interventions in this region may cause negative 
outcomes. Therefore, the detailed knowledge of the PMM 
and IM innervation patterns may be beneficial for surgeons 
in various abdominal and pelvic surgeries in newborns and 
adults (5,6).

Retroperitoneal endoscopic surgery is performed in case of 
various spinal disorders in adults. There is a potential risk 
of injury to the lumbar plexus or nerve roots when the PMM 
is separated during retroperitoneal endoscopic surgery and 
in various surgical interventions such as lateral transpsoas 
surgeries (1,3,7,8,10). The knowledge of the PMM and IM 
innervation patterns may reduce the incidence of persistent 
hip flexion weakness during surgical interventions such as 
lateral transpsoas surgery (11). However, little is known about 
the relationship between the PMM and the lumbar plexus 
(11,14). 

There are very few studies in the literature on the innervation of 
the PMM and IM in adult cadavers (11,17). However, we could 
not find any study conducted on fetal cadavers. Therefore, 
we aimed to investigate in detail the innervation patterns of 
the PMM and IM in fetal cadavers since they are available in 
sufficient numbers in our laboratory to overcome this limitation 
in the literature.

█   MATERIAL and METHODS
This study was approved by the Clinical Research Ethics 
Committee of the Faculty of Medicine (Date: 11.02.2022; No: 
42).

In our study, the innervation patterns of 94 PMM and 94 
IM muscles belonging to 47 fetuses (28 males, 19 females) 
in the Department of Anatomy, Faculty of Medicine, were 
examined. Fetuses aged between the 18th-40th gestational 
weeks and without any external anomalies and pathologies 
were procured from the Maternity and Children’s Hospital with 
the permission of their families between the years 1996-2014. 
All fetal cadavers were fixed by the arterial injection of 10% 
(v/v) formaldehyde solution into water and stored in a pool of 
10 L of 10% (v/v) formaldehyde solution. 

Structures such as fascia, connective tissue, etc. around the 
PMM and IM were removed in each fetal cadaver. The ilioingui-
nal, iliohypogastric, genitofemoral, lateral femoral cutaneous, 

and femoral nerves were identified by making the muscles 
visible. The parts where the PMM attaches to the lumbar ver-
tebrae were cut, and the nerves of the lumbar plexus terminat-
ing in this muscle were identified. Fetuses were investigated 
under a “Euromex Edublue 1805-S binocular digital stereo 
microscope (Euromex microscopen BV, Arnhem, Holland)”. 
The number of T12-L5 spinal nerves and branches of the 
FN innervating the PMM and IM were determined. Branches 
innervating the PMM and IM were classified as L1, L1-L2 level, 
L2, L2-L3 level, L3, L3-L4 level, L4 and FN according to the 
levels at which they originate from the spinal nerves.

█   RESULTS
It was determined that each PMM muscle was innervated 
by branches from the ventral rami of the L1-L4 spinal nerves 
and the FN. No branches originating from the T12 and L5 
spinal nerves were observed to innervate the PMM. The 
mean number of branches innervating each PMM muscle was 
4.69 ± 2.02 (in the range of 1-12). The number of branches 
innervating the PMM according to their origin levels from the 
spinal nerves, their distribution ratios (Table I) and the mean 
number of branches according to the side were determined 
(Figure 1). The branches innervating the PMM originated at 
least at the level between the L1-2 spinal nerves and at most 
at the level between the L2-3 spinal nerves (Table I, Figures 
1, 2A).

It was observed that all 94 IMs in this study were innervated 
only by the FN, and the mean number of branches innervating 
the IM was determined by side (Figures 1, 2B). The mean 
number of branches innervating each IM was 3.07 ± 1.14 (in 
the range of 1-5).

The distribution of branches innervating the PMM and IM 
according to their number and level of spinal nerve origin 
was determined (Table II). It was observed that most of the 
branches innervating PMM originate from L2, L2-3, L3 and 
L3-4 levels (most frequently L2-3). The number of branches 
originating from the L2-3 level and innervating the PMM varied 
between 1-6. However, 73.4% of these PMMs were innervated 
by branches varying in number from 1-3, originating from the 
L2-3 level. It was observed that 2 (29.8%) branches were 
most frequently separated from the L2-3 level to innervate the 
PMM. In addition, in order to innervate the IM, it was found 
that 3 branches were often separated from the femoral nerve.

The distribution of the mean number of branches innervating 
the PMM and IM by spinal nerve origin levels and sex was 
revealed (Table III). When the data were evaluated according to 

Table I: Distribution of the Total Number of Branches Innervating All Psoas Major Muscles According to Their Origin Levels From Spinal 
Nerves

Total number of 
branches L1 L1-L2 L2 L2-L3 L3 L3-L4 L4 FN

PMM 
n(%)

N=441 branch
(100)

15
(3.4)

5
(1.13)

64
(14.51)

186
(42.1)

47
(10.65)

86
(19.5)

8
(1.81)

30
(6.8)

PMM: Psoas major muscle, N: Total number of branches innervating the psoas major in all fetuses, FN: Femoral nerve.
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sex, it was seen that the results were quite close to each other. 
Finally, the frequency of the PMMs was calculated according 
to the total number of branches innervating a single PMM 
(Table IV). Accordingly, it was observed that a single PMM 
was most frequently innervated by 4 (in 23 PMMs) branches. 
This was followed by the PMMs innervated by 5 (in 18 PMMs) 
branches and 3 (in 16 PMMs) branches, respectively. 

█   DISCUSSION
Being aware of the innervation variations of the PMM and IM 
is important in anatomical studies and in preventing compli-

cations in surgical procedures (16). Although there are few 
studies on the PMM and IM innervations in adult cadavers 
(11,17), we did not find any study on the innervation of these 
muscles in fetal cadavers in the literature. Since the peripheral 
nervous system does not have a strong support tissue in the 
fetal period and the development of myelination continues, it 
is very difficult to examine the innervation variations of these 
muscles anatomically (23).

It has been reported that the dorsal and ventral roots of spinal 
nerves and plexuses are formed in an embryo at approximately 
4 weeks (19), and the ventral roots enter the muscle at the 14th 
stage (days 31-35), according to the Carnegie staging (2). Since 

Figure 2: Innervations of the psoas 
major in a 29-week-old female fetus 
(A) and iliacus in a 27-week-old 
male fetus (B). L2: L2 spinal nerve 
origin level, L3: L3 spinal nerve 
origin level, arrowheads: branches 
innervating the psoas major and 
iliacus muscles, FN: femoral nerve, 
PMM: psoas major muscle, 
ON: obturator nerve, 
AON: accessory obturator nerve, 
IM: iliacus muscle, LFCN: lateral 
femoral cutaneous nerve.

Figure 1: The mean 
number of branches 
innervating all psoas 
major and iliacus muscles 
according to their origin 
levels from spinal nerves 
and side (in how many 
fetuses the branches are 
observed at each level is 
indicated in parentheses).  

A B
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the fetuses we used in this study were aged between the 18th-
40th gestational weeks, the entry of the nerves innervating the 
PMM and IM into these muscles was completed. Therefore, 
we believe that the results of our study will contribute to 
research examining the PMM and IM innervation and surgical 
interventions on this region in newborn and adult patients.

The information in anatomy textbooks on the innervation of the 
PMM differs (13,18). In the detailed dissection performed in 
our study, we observed that the innervation of this muscle was 
different from that reported in anatomy textbooks. Contrary 
to the common view indicating that the origin of the PMM 
innervation is “mainly L1 and L2, and L3 also contributes to 
it to some extent” (11), our study revealed that the PMM was 
innervated by the ventral rami of the L1-L4 spinal nerves and 
FN. In their study on adult cadavers, Mahan et al. reported 
that the PMM was innervated by the ventral rami of the L1-L4 
spinal nerves (11). Although our results were similar to those 
obtained by Mahan et al., we also observed that the PMM was 
innervated by the FN in our study. Mahan et al. reported that 
the branches innervating the PMM mostly originated from the 
L2-L3 spinal nerves, similar to our results (11). In their study 
on adult cadavers, Van Campenhout et al. stated that the 

Table II: Distribution of Branches Innervating Psoas Major and Iliacus According to Their Number and Level of Spinal Nerve Origin

Number 
of 

branches

Branches innervating the PMM (n=94 PMM)
n (%)

Branches 
innervating the IM 

(n=94 IM)
n (%)

L1 L1-L2 L2 L2-L3 L3 L3-L4 L4 FN FN

1 13 (13.8) 5 (5.3) 25 (26.6) 21 (22.3) 21 (22.3) 19 (20.2) 4 (4.3) 26 (27.7) 8 (8.5)

2 1 (1.1) - 14 (14.9) 28 (29.8) 4 (4.3) 22 (23.4) 2 (2.1) 2 (2.1) 22 (23.4)

3 - - 1 (1.1) 20 (21.3) 6 (6.4) 6 (6.4) - - 31 (33)

4 - - 2 (2.1) 8 (8.5) - 1 (1.1) - - 21 (22.3)

5 - - 1 (1.1) - - - - 12 (12.8)

6 - - 2 (2.1) - - - - -

Absent 80 (85.1) 89 (94.7) 52 (55.3) 14 (14.9) 63 (67) 46 (48.9) 88 (93.6) 66 (70,2) -

Total 94 (100) 94 (100) 94 (100) 94 (100) 94 (100) 94 (100) 94 (100) 94 (100) 94 (100)
PMM: Psoas major muscle, IM: Iliacus muscle, FN: Femoral nerve.

Table III: Distribution of the Mean Number of Branches Innervating the Psoas Major and Iliacus According to Their Origin Levels from 
the Spinal Nerves and Sex

PMM IM

L1 L1-L2 L2 L2-L3 L3 L3-L4 L4 FN FN

Male
Mean
N
Std deviation

1.13
8

0.35

1
5
0

1.58
24

0.88

2.37
51

1.19

1.35
17

0.70

1.81
32

0.85

1.25
4

0.50

1.08
12

0.28

3.05
56

1.22

Female
Mean
N
Std deviation

1
6
0

-
1.44
18

0.61

2.24
29

1.09

1.71
14

0.91

1.75
16

0.77

1.5
2

0.70

1.06
16

0.25

3.11
38

1.03

N: Number of psoas major and iliacus, PMM: Psoas major muscle, IM: Iliacus muscle, FN: Femoral nerve

Table IV: Frequency of Psoas Majors According to the Number of 
Innervating Branches

Number of branches innervating 
a single psoas major

Number of 
psoas major %

1 1 1.1

2 10 10.6

3 16 17.0

4 23 24.5

5 18 19.1

6 9 9.6

7 9 9.6

8 4 4.3

9 2 2.1

11 1 1.1

12 1 1.1

Total 94 100.0
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light of this information, the results of our study may be useful 
in explaining to patients the recovery process of patients 
who develop hip flexion weakness after lateral transpsoas 
surgeries.

While anatomy textbooks state that the IM is innervated by 
the ventral rami of the L2, L3 spinal nerves, and the FN (17), 
Delaney et al. reported that the branches innervating the IM 
originated from the T12 and L1-L4 spinal nerves (4). In our 
study, the IM was innervated only by the FN, and the L2-L4 
spinal nerves formed the FN. The results of our study differ 
from those stated in the textbooks and reviews mentioned 
above. The reason for this difference may be the fact that other 
sources do not specify whether the branch innervating the IM 
is evaluated according to the nerve from which it originates 
or according to the spinal nerve from which fibers originate. 
Furthermore, we did not find any information on the mean 
number of branches innervating the IM in the literature, and 
we think that our study is a pioneering study in this regard. 

Our study examined only the origin points of the spinal 
nerve branches innervating the muscles. It did not determine 
from which spinal nerves the branches contained fibers. 
Furthermore, since our study is not a population study 
including samples from various populations, it does not 
provide information on the innervation patterns of the above-
mentioned muscles according to populations. Therefore, 
it should be considered that the results may differ between 
populations.   

█   CONCLUSION
In this study, it was determined that PMM is innervated by 
the ventral branches of L1-L4 spinal nerves and FN. It was 
observed that the IM was innervated only by FN. Since the 
spinal nerves innervating the PMM are located between 
the medial edge of this muscle and the lateral edge of the 
vertebral column, they are at risk of denervation injury during 
lateral transpsoas surgery, lateral discectomy, and spinal 
fusion surgery. According to the results of our study, surgeons 
may need to be more careful under the L2-3 intervertebral 
disc level, where the branches innervating the PMM are 
dense. Denervation injuries in this area can lead to hip flexion 
weakness. Therefore, extensive dissection of the PMM 
should be avoided during the lateral transpsoas approach. 
We also think that there may be a link between the number 
of branches innervating the PMM and the healing process of 
hip flexion weakness. However, more work is needed on this 
subject. Based on this information, the results of our study 
may be useful in explaining the recovery process of patients 
who develop hip flexion weakness after lateral transpsoas 
surgeries. Therefore, it will be useful for surgeons to know the 
innervation patterns of PMM in surgical interventions such as 
the lateral transpsoas approach and the innervation patterns 
of IM in various surgical interventions to the iliac fossa.
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PMM was mainly innervated by the L2-L3 spinal nerves and 
sometimes by the FN, L1, or L4 spinal nerves. However, they 
did not report at what rate and from which spinal nerves the 
branches innervating the PMM originated. They also indicated 
that a PMM received 2 to 7 branches (3.7 on average) (22). 
Although the results of our study are similar to those of 
Mahan et al. and Van Campenhout et al., there are some 
minor differences (11,22). We think this is due to the different 
populations and numbers of the studied samples.

While the PMM is dissected during lateral transpsoas surgery, 
the branches innervating the PMM may be damaged. Therefore, 
according to the results of our study, surgeons may need to 
be more careful under the level of the L2-3 intervertebral disc, 
where the branches innervating the PMM are dense. However, 
despite all the attention of surgeons, denervation injuries of 
the PMM may occur during dissection, and these denervation 
injuries may lead to hip flexion weakness (11). Therefore, it is 
necessary to avoid the extensive dissection of the PMM in the 
lateral transpsoas approach to prevent denervation injuries.

Denervation injuries are characterized by a less return of 
muscle strength and slower healing compared to trauma 
injuries. A partially denervated muscle is reinnervated by the 
collateral sprouting of adjacent motor units. However, such a 
healing process takes months. Therefore, hip flexion weakness 
lasting more than 3 months was stated to indicate denervation 
rather than muscle trauma or neuropraxic injury (11).

Most previous studies have focused only on the branches of 
the lumbar plexus within the PMM (7,8,10). However, they did 
not evaluate the exit level of the branches that innervate the 
PMM itself or the risk of denervation of this muscle during 
surgical intervention. Nevertheless, Mahan et al. focused on 
the branches inside the PMM and innervating this muscle. 
Additionally, they reported that hip flexion weakness could 
be seen after lateral transpsoas surgery due to the PMM 
denervation (11). Moreover, Moller et al. reported hip flexion 
weakness in 36 percent of patients after lateral transpsoas 
surgery (12). Another study using a lateral approach to the 
spine (lateral lumbar interbody fusion) reported that 27.5% 
of the patients experienced hip flexion weakness and 100% 
recovered completely after 6 months (20).

It takes months for hip flexion weakness to heal. This healing 
process may be related to the number of branches coming 
to the PMM because with an increase in the number of 
branches innervating the PMM, the faster re-innervation of 
the muscle fibers innervated by the injured nerves can be 
achieved by collateral sprouting. The low number of branches 
innervating the PMM may indicate that these branches are 
at a lower risk during surgical intervention. However, due 
to the scarcity of adjacent branches, it may take longer for 
the muscle fibers innervated by the injured branch to be re-
stimulated by collateral sprouting. In our study, the rate of the 
PMMs innervated by at most 3 branches was 28.7% (Table 
IV). The fact that this rate is similar to the rate of hip flexion 
weakness in the literature may arise the question of whether 
there is a relationship between hip flexion weakness and the 
number of branches innervating the PMM However, we think 
there is a need for more studies on this subject. Additionally, in 
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