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Abstract
Purposes: 1) to verify the psoas major muscle (PMM) anatomical origin and variants, 2) to evaluate the PMM attachment to the lumbar
disc and variants, and 3) to search for correlation between the anatomic variants of PMM attachment to the disc and disc extrusion.
Materials and Methods: Magnetic resonance examinations of the lumbar spine of 213 females and 170 males, mean age 60.3 years (range
15-85), were retrieved to study the PMM. In one-hundred and eighty-four subjects, the PMM attachment to the lumbar discs was reviewed,
as we searched for disc extrusion. The prevalence of anatomical variants of PMM origin and the variants of PMM attachment to the disc
was calculated. Spearman correlation coefficient was used to correlate the variants of the PMM attachment to the discs and disc extrusion.
Results: PMM originated mostly from the Th12-L1 disc, in 271 (70.8%) subjects. Anatomical variants of PMM origin were found in onehundred-and-twelve (29.2%) subjects. The PMM most caudal site of origin was at body L2, in 3 (0.7%) subjects. Among the one-hundred
and eighty-four subjects, the PMM did not attach to the L5-S1 disc in 173 (94%) subjects. A higher prevalence of disc extrusion was
detected at L5-S1 level, in 65 (35.3%) subjects.
Conclusion: The PMM originates most frequently from the Th12-L1 disc. The absence of PMM attachment to the disc may contribute to
disc extrusion. These findings deserve further investigations.
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Introduction
The Psoas major muscle (PMM) runs on both sides of the lumbar column originating from the thoracolumbar segment. Distally,
the PMM joins the iliacus to form the iliopsoas muscle [1]. Viewed on the magnetic resonance (MR) coronal images of the
lumbar region, the PMM major has a fusiform appearance with relative sharp borders and a symmetrical configuration, in most
individuals (Figure 1). In less than fifty per cent of human subjects, the psoas major is accompanied by the psoas minor muscle
[1,2]. This study focuses entirely on the anatomy and the anatomical variants of the PMM, amid the biomechanical role of the
latter in the motion of the lumbar spine and the hip [3].
Anatomically, the PMM is made of two distinct layers: a superficial and a deep layer, which can be appreciated on MR axial images
(Figure 2). The exact origin of the PMM varies. It may originate from Th11 or Th12 level, above or below [1-3,4]. Although the
prevalence of these variants is literally unknown. Most of the reports [4-8] on the PMM focus on its biomechanical role in the
stability and motility of the lumbar spine. There are no dedicated studies on the prevalence of the variants of the PMM origin. And
the possible interference of these variants in the spine biomechanics has not been investigated.
From its origin to its junction with the iliacus muscle, the PMM attaches to the vertebral bodies, the transverse processes and the
lumbar discs, on both sides [1-4,9]. Along with the back muscles, the PMM maintains the stability of the lumbar spine due to its
bilateral attachments [10,11]. The infrastructure of the PMM is made of a series of overlapping segmental fascicles. At the disc
level, these fascicles firmly attach bilaterally to the anterolateral surface of the disc’s annulus fibrosus. They often extend posteriorly
close to the intervertebral foramen [1-3,12]. Whether or not the PMM fibers provide support and protection to the lumbar discs
has not yet been demonstrated.
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Figure 1A: MRI Turbo Spin Echo (TSE) proton density (PD) coronal image. Normal anatomical configuration of the PMM origin.
The TSE PD coronal image displays the PMM (curved arrow), and the normal origin of the PMM from the Th12-L1 disc (arrow)

Figure 1B: MRI PD coronal image. Anatomical variant of the PMM origin. The PMM originates from the L1L2 disc on the right (arrow)
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Figure 2A: MRI TSE T2 W axial image. Normal PMM attachment to the disc. The axial image of the L1-L2 disc
shows the attachment of the PMM to the anterolateral border of the disc, bilaterally (arrows)

Figure 2B: MRI TSE T2W axial image of the L5-S1 disc. The PMM does not attach to the L5-S1 disc (star)

Except for few exceptions, the PMM fibers do not attach to the L5-S1 disc, as previous report affirmed a higher incidence of disc
extrusion at the lower discs L4-L5 and L5-S1 [13]. Hypothetically, this may suggest a possible correlation between the absence of
PMM attachment to the lower discs and the advent of disc extrusion. However, such evidences have never been confirmed nor
thoroughly investigated. The focus of this study was two-fold: first, we aimed to verify the prevalence of the anatomical variants
the PMM origin, and secondly to analyze the PMM attachment to the lumbar discs in correlation with disc extrusion.
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Materials
Selection of participants
MR lumbar spine examinations from the last five years - from December 2010 to December 2015 - were retrieved for the
radiological archives of two Institutions: Emory University School of Medicine, Radiology Department, MSK Division Atlanta,
GA, USA and Akershus University Hospital Radiology Department, MSK Division, Oslo University, Norway.
From the information obtained from the clinical charts, all patients with congenital musculoskeletal disease, history of acute
trauma, acute inflammatory diseases (rheumatoid arthritis, psoriasis, gout and ankylosing spondylitis), primary neoplasia and
metastases, were excluded in the first selection process. In a second round of selection, all examinations without full implementation
of the MR lumbar spine examination protocol (Table 1) were excluded from the study. The same selection criteria of exclusion
were used in both Institutions.
Magnet

1.5 Tesla

1.5 Tesla

1.5 Tesla

Sequences

TSE PD

TSE T2W

TSE T2W

Planes/ Parameters

Coronal

Axial

Sagittal

TR

1704 ms

2333 ms

3199 ms

TE

12 ms

120 ms

120 ms

Matrix

288 x 224

332 x 243

332 x 243

FOV

333 x 304

200 x 200

160 x 302

Slice Thickness

4 mm

4 mm

4mm

NSA

1

2

2

FA

90 degrees

90 degrees

90 degrees

Number of Slices

30

27

13

Examination Time

1 min 53 sec

3 min 19 sec

3 min 21 sec

Table 1: Sequences and parameters used for the MRI examination of the PMM

The selected material for the study included:1) individuals with low back pain, 2) Patients with age 15 to 85 years, both genders, 4)
all ethnic groups. A total of 383 examinations of 213 females and 170 males met the inclusion criteria for this retrospective study.
The mean age of the population was 60.3 years. The study proposal was conformed to the rules and regulations of the American
Institutional Review Board (IRB) in Atlanta, Ga (USA) and the Norwegian Institutional Ethic Committee of our Institution in
Oslo (Norway).

Method
MR Imaging, images characteristics, and analysis of images
All participants underwent MR examinations of the lumbar spine with inclusion of the thoracolumbar segment. The images were
acquired in coronal, axial and sagittal planes. At Emory University Hospital (Atlanta GA) the images were acquired with a GE
1.5 Tesla imager. In Akershus University Hospital (Oslo), a Phillips 1.5 Tesla unit was used for the examinations. The imaging
sequences and parameters from both MR units are displayed in (Table 1).
The coronal images (Figure 1) were obtained with a plan scan parallel to the long axis of the lumbar spine. The chosen field of view
included the thoracolumbar junction proximally and the lumbosacral segment distally. The 4mm-thick coronal images displayed
the vertebral bodies, the transverse processes, and the intervertebral discs. These images permitted a complete visualization of the
psoas muscle from the thoracolumbar segment until the psoas reached the iliac muscle, bilaterally. The purposes of the coronal
images were first, to provide an optimal assessment of the exact origin of the psoas muscle, proximally. Secondly, they offered a
broad view of the muscle alongside the lumbar spine and its attachments to the vertebral bodies and to the discs on both sides.
The presence or absence of attachments of the psoas was registered at each level always after verification on both coronal and axial
images.
The axial images were 3mm-thick. These images allowed an optimal visualization of the psoas muscle and its proximity to the
vertebral bodies, the transverse processes and to the discs, from Th12-L1 segment to the body of S1, distally. On these images, the
muscle attachments and the anatomical variants of the attachments (absence or partial attachment) were evaluated at all levels.
Similarly, the axial images were used for assessment of the intervertebral discs and disc herniation.
The sagittal images complemented the axial images. They helped to verify the exact level of the discs, vertebral bodies and the
transverse processes during the image analysis. The psoas muscle was not assessed on the sagittal images.
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Definition of Variants
Variant of origin: We considered as anatomical variants of the PMM origin, when the muscle did not originate from the Th12-L1
disc level, as reported in the literature and most anatomy books. The variant of the PMM origin can be above the body of Th12 or
below the body of L1.
Variant of attachment: When the psoas muscle attaches unilaterally to the vertebral body, or to the disc, or to the transverse
process, it was considered as a partial attachment. However, when the psoas muscle fascicles had no visible contact with the
adjacent vertebral body, transverse processes or the disc, that was registered as a total absence of attachment or anatomical variant.

Statistical studies
The prevalence of the anatomical variants of the PMM origin was calculated in the whole population (383 subjects).
In a randomly selected group of 184 subjects, the prevalence of the variants of PMM attachment to the lumbar discs was assessed,
as well as the prevalence of disc extrusion.

Results
Assessment of the origin of the psoas major muscle
Among the studied population (383 examinations), the most frequent site of origin of the PMM was at the Th12-L1 disc, detected
in 271 (70.8%) individuals (Figures 1A, normal coronal image), which was considered anatomically normal in accordance with
the literature.
Anatomical variants of the PMM origin were found in 112 (29.2%) individuals. Of them, the PMM originated from the body of
Th12 in nine (2.3%) subjects, from the body of L1 in eighty-eight (22.9%), from the L1-L2 disc in 12 (3.1%), and from the body
of L2 in tree (0.7%) individuals. The psoas did not originate above the body of Th12, nor below the body of L2. We found no
significant difference in the prevalence of anatomical variants of PMM origin in both genders.
The prevalence and distribution of the anatomical variants of the PMM origin are presented in (Table 2).
Site

Site

Site

Site

Genders / numbers

Th12

L1

L1-L2 disc

L2

Total

Females = 58

6 (10.3)

43 (74.1)

7 (12.0)

2 (3.4)

58

Males = 54

3 (5.5)

45 (83.3)

5 (9.2)

1 (1.8)

54

Total = 112

9 (2.3)

88 (22.9)

12 (3.2)

3 (0.7)

112

Table 2: PMM origin. Prevalence and Distribution of the Anatomical Variants in 112
(29.2%) subjects from the studied population (383 subjects)

Attachment of the psoas major to the lumbar discs and prevalence of disc extrusion
From the selected 184 examinations to assess the PMM attachment to the discs and disc extrusion, we found the PMM more
frequently attached to the upper disc L1-L2 in 181 (99.4%) subjects. The PMM was not attached to the lowest disc L5-S1 in a large
percentage of the population, 173 (94.02%) subjects.
There was no disc extrusion at L1-L2 level where the PMM attachment was almost constantly present (99.4%) of individuals. The
highest prevalence of disc extrusion was detected at the L5-S1 disc in 65 (35.3%) subjects, where the PMM was less frequently
attached. The correlation between the lesser frequency of PMM attachment to the lower discs L4-L5 and L5-S1 and the higher
prevalence of disc extrusion at the same levels was not calculated statistically (Figure 3).
The prevalence of PMM attachment to the lumbar discs and the distribution of disc extrusion in the selected population of 184
subjects are displayed in Table 3.
Total = 184

Site

Site

Site

Site

Total

L1-L2 disc

L2-L3 disc

L3-L4 disc

L4-L5 disc

L5-S1 disc

PMM
Attachment
to the disc

181 (99.4%)

179 (97.2%)

182 (98.9%)

144 (78.3)

11 (6.0%)

Disc Extrusion
Detected

0 (100%)

4 (2.2%)

29 (15.8%)

62 (33.7%)

65 (35%)

Table 3: Prevalence and Distribution of PMM attachment at the discs and presence of disc
extrusion at the same levels in the selected 184 subjects
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Figure 3A: MRI TSE T2W axial image of the L5-S1 disc of a patient with back pain and paresthesia in the left
lower extremity. The image shows a large disc extrusion on the left (curved arrow). There is compression of the
left nerve root S1. Note the absence of PMM attachment to the disc

Figure 3B: (Same patient as in figure 3A). MRI TSE T2W sagittal image of the lumbar spine. The dotted line
(arrow) indicates the plan scan through the extruded disc L5-S1

Discussion
The retrospective analysis of magnetic resonance (MR) images of the lumbar spine revealed a relatively high prevalence of
anatomical variants of the PMM origin (29.2%). The anatomical origin of the PMM at the Th12-L1 disc was already reported [14,14], however the prevalence of the anatomical variants of the muscle origin has not been demonstrated. Hypothetically, because
of the role of the PMM as a stabilizer it is not certain whether these anatomical variations can alter the biomechanics of the lumbar
spine. In the selection of the studied population, all individuals with congenital diseases of the musculoskeletal system were
excluded. Despite these precautions, a high prevalence of anatomical variants of the PMM origin was detected. That suggests the
non-pathological nature of these variants, and that they are by no means related to any known systemic disorders of the skeletal
muscles.
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The second focus of this study related to the PMM attachment to the lumbar discs. Previous anatomy reports stated the PMM
closely attached to both sides of the discs along the lumbar spine [1-4,14,15]. In this study, we found the PMM attached to the
upper discs from L1 to L4 in most of the selected group of 184 individuals. However, there was an almost constant absence of
attachment to the lower disc L5-S1. Likewise, disc extrusion was present at a higher prevalence at L5-S1 compared with the upper
discs. This coincidence has not been reported earlier.
It is not sure whether such finding could suggest that the PMM attachment to the outer sides of the upper discs would strengthen
the annulus fibrosus and prevent the nucleus pulposus from extruding. Neither could we find any study affirming that the lack of
the PMM attachment to the lower discs would contribute to a higher incidence of disc extrusion. Previous studies of the skeletal
muscle [15-19] focused on the increased pressure in the intervertebral disc at the lumbar spine in sitting position as prejudicial to
the disc. However, the partial or total absent of PMM attachment to the lower discs has never been considered or proposed as a
predisposing factor in disc extrusion.
This study carried some weakness. First, it was a retrospective analysis. Secondly, the distribution and prevalence of the anatomical
variants in various ethnic groups were not calculated. Thirdly, the correlation between the absence of PMM attachment to the
lowers discs and the high prevalence of disc extrusion at the same levels was not statistically assessed. Also, in this study the
laterality of the disc herniation and its relation with the site of attachment of the muscle has not been investigated, which deserves
further attention.

Conclusion
In conclusion, this study confirmed the PMM to originate most frequently from the Th12-L1 disc. Anatomical variants of the
PMM origin were found from Th12 to L2, but never above Th12 or below L2. In most individuals, the PMM did not attach to the
L5-S1 disc; and disc extrusion occurred more frequent at L5-S1 level. Further investigations are needed to determine whether this
was a merely coincidence or a cause-effect phenomenon.
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