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ABSTRACT

Background: While many structures within the human body demonstrate anatomical
variations, this is not typically the case for the iliopsoas muscle complex. However, the
present paper describes a case of an anomalous psoas major composed of four different
muscular heads in a 78-year-old male cadaver.

Materials and methods: During a routine dissection of the right posterior abdominal wall, an
unusual psoas major was observed, measured and photographed.

Results: The psoas major was found to possess four muscular heads, otherwise the anatomy
of the wall was normal.

Conclusions: The presence of so many heads could interfere with the functions of the psoas
major muscle. Therefore this anatomical variation merits further study.
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INTRODUCTION

Due it frequent morphological variations, human anatomy remains full of surprises.
Although the veins, arteries and nerves are typically presented as the most variable structures,
muscles and ligaments also demonstrate significant variation [11, 17, 18, 21, 29].
Three muscles within the right posterior abdominal wall, viz. the psoas major, iliacus muscle

and psoas minor, are typically categorised together as the iliopsoas muscle complex based on
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their shared function [13, 24]. They participate in hip and lumbar spine flexion, and aid in the
stabilization of the lumbar spine and sacroiliac joint (SIJ) [13, 20, 22]. Of these muscles, the
psoas minor appears to be the most variable between populations [5, 14, 22, 24]; however, the
iliacus and psoas major also manifest certain variability [1, 3, 9, 19, 20, 25, 27].

This case study reports the novel case of a four-headed psoas major.

CASE REPORT

A 78-year-old male cadaver was subjected to routine anatomical dissection for
research and teaching purposes at the Department of Anatomical Dissection and Donation,
Medical University of Lodz, Poland.

The cadaver was positioned in supine position on the dissecting table. The intestines
were separated from the greater omentum, mesentery and fatty tissue to obtain a clear view of
the right posterior abdominal wall structures. The components of the lumbar plexus and
iliopsoas muscle complex were cleared and identified. The psoas major was observed to have
an unusual morphology.

The first head presented double origin. The first band originated from the lateromedial
aspects of Th12-L.4 vertebral bodies and the discs between them, descended downwards and
merged with the second band, which originated solely from the lateral aspect of the Th12
vertebral body. The second head originated from the transverse processes of all Th12-1L4
vertebrae and produced a muscular slip characterised by intermediate tendinous tissue, which
merged with the muscle mass of the head. The third head originated from superior part of the
L3 transverse process. The fourth head was also noticed, characterised by an origin positioned
on the transverse process of L3, below the third head origin. All the described heads conjoined
and produced a muscle belly that descended downwards and transformed into a tendon at the
level of the inguinal ligament; the tendon inserted onto the lesser trochanter of the femur,
medially to the iliacus muscle insertion.

The four-headed psoas major was subjected to detailed morphometric measurements
and photographic documentation. All the measurements were taken twice with an accuracy up
to 0.1 mm using an electronic caliper (Mitutoyo Corporation, Kawasaki-shi, Kanagawa,

Japan) and presented in Table 1.

Table 1. Morphometric measurements of individual parts of dissected psoas major

Structure Measurement (mm)
First head (first band)



Proximal attachment
Width 13.66
Thickness 4.38
First head (second band)
Proximal attachment

Width 11.34
Thickness 497
Length 218.62

Second head
Proximal attachment
Width 30.05
Thickness 2.23
Length 194.07
Third head
Proximal attachment
Width 4123
Thickness 1.50
Length 140.43
Fourth head
Proximal attachment
Width 6.55
Thickness 2.38
Length 122.13
Musculotendinous junction
Width 9.34
Thickness 3.18
Tendon
Width 6.40
Thickness 2.69
Length 117.57
DISCUSSION

The psoas major is typically described as a structure composed of two heads. The
heads are sometimes presented as layers; indeed, its fibrous origin can be divided into an
anterior group originating from all anteromedial aspects of lumbar discs and bodies, excluding
the disc between fifth lumbar/first sacral vertebrae, and a posterior group arising from all
transverse processes of the lumbar vertebrae [13]. Therefore, anterior and posterior sites of
origin are usually considered as corresponding to the two heads of the psoas major: the
superficial head from the anterior group of origin and the deep head from the posterior. The
presented heads constitute individual fascicles that fuse and form a common tendon that
inserts together with the iliacus muscle tendon onto the lesser trochanter of the femur. These

muscles are sometimes accompanied by the psoas minor on their insertion site.



The most variable component of the iliopsoas muscle complex is the psoas minor;
however, morphological variations of the psoas major have also been reported. The iliopsoas
muscle complex is believed to have two accessory muscles. The first, the psoas tertius, is
described as arising from the twelfth rib and first lumbar vertebra transverse process [2, 10].
The second, the psoas quartus, might arise as a slip from the quadratus lumborum muscle and
fifth lumbar wvertebra transverse process, as described by Clarkson and Rainy [2].
Alternatively, it may arise from the third lumbar vertebra transverse process and the quadratus
lumborum as proposed by Tubbs et al. [25]. It is also possible that it originates solely from the
anteromedial surface of the quadratus lumborum muscle as reported by Wong et al. [27]. In
addition, Aleksandrova et al. classify the accessory muscles as muscular slips of iliopsoas
muscle complex components according to their association to the femoral nerve, which takes
into account the probability of nerve entrapment or compression [1].

Variations of the psoas major have also been noted, albeit rarely. Examples of the a
tripartite muscle division have been noted. Jelev et al. [8] describe a psoas major split
longitudinally into parts that extend downwards to form a muscular belly: a superior part from
the L1 vertebral body and L1/L2 intervertebral disc, a middle part from L2/L3 intervertebral
disc, and an inferior part from the lower border of L3 to the S3 vertebrae [8]. The morphology
of the muscle described herein differs from those described previously.

The psoas major is known to play an important role in hip flexion. However,
especially in this case, its function with respect to lumbar spine stability needs further
investigation.

Nachemson [15, 16] proposes that the vertebral section of the psoas major is involved
in maintaining an upright position as a lumbar spine stabilizer; electromyographic studies
indicate the muscle is active during upright standing, forward bending and lifting.
Additionally, the psoas major appears to stabilize lumbar lordosis when in an upright posture
[4].

The influence of the muscle in lumbar spine stabilization is impaired in a range of
clinical situations, such as adolescent idiopathic scoliosis (AIS) and other spine curvature
disorders [26]. The paraspinal muscles are suspected to act as a turning or balancing
mechanism that corrects spinal deformity and prevent its further progression [12]. Numerous
studies have shown that the anatomy of the psoas major is associated with its stabilising
function in AIS, especially considering its morphological imbalance. Xu et al. [28] report that
the psoas major demonstrates an interesting imbalance of cross-sectional area between the

convex and concave sides in AIS patients. The authors conclude that patients between 16-18
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years old with AIS demonstrate bilateral hypertrophy of the psoas major compared to the
control group; however, among these patients, the convex side became larger than average but
not larger than the concave side [28]. The presence of muscular imbalance in the cross-
sectional area of the psoas major was also connected with AIS progression after skeletal
maturity [26].

Disturbances in the stabilization of the lumbar spine are also related with chronic
lower back pain (LBP). Differences in morphological features between left and right psoas
major muscles have already been noticed among athletes, such as cricketers [6], footballers
[23] or golfers [7]. Interestingly, those dissimilarities were already clinically connected with
the occurrence of LBP. A study of 31 elite Australian Rules football players found those with
current LBP had asymmetrical and significantly larger psoas major muscles on the dominant
kicking side compared with those without current LBP; the percentage difference between the
means of the two groups was 8.9% [23].

The clinical significance of the variability described in this study in relation to lumbar
spine stability remains unclear. It can be hypothesized that the occurrence of four different
heads producing additional attachments to the lumbar spine vertebrae would enhance
stabilization. However, it is important to note that the presented four-headed variation
occurred only unilaterally, and therefore caused imbalance between the left and right psoas
major muscles. The role of such dissimilarity is unclear. It cannot be ruled out that this
arrangement may disturb the force distribution within the right psoas major, which would lead
to differences in force arrangement patterns between the psoas muscles of both sides. This
could interfere with various functions, such as lumbar spine stabilisation, and thus influence
clinical conditions such as AIS or LBP, which are directly associated with psoas major
function. There is also a need for further biomechanics studies on this matter, especially since
the differences in muscle cross-sectional area were previously connected with disturbances in

lumbar spine stabilisation.

CONCLUSIONS
We report a novel case of a four-headed psoas major found during dissection of the right
posterior abdominal wall. As this configuration may interfere with the lumbar spine

stabilisation provided by the psoas major, further studies are needed in this area.
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