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Study Design: Cross sectional study.

Purpose: To clarify the difference in position of the psoas muscle between adult spinal deformity (ASD) and lumbar spinal stenosis
(LSS).

Overview of Literature: Although it is known that the psoas major muscle deviates in ASD patients, no report is available regarding
the difference in comparison with LSS patients.

Methods: This study investigates 39 patients. For evaluating spinal alignment, pelvic tilt (PT), pelvic incidence (Pl), sacral slope,
lumbar lordosis (LL), PI-LL, Cobb angle, and the convex side, the lumbar curves were measured. For measuring the position of the
psoas major at the L4/5 disk level, magnetic resonance imaging was used. The displacements of psoas major muscle were measured
separately in the anterior—posterior and lateral directions. We examined the relationship between the radiographic parameters and
anterior displacement (AD) and lateral displacement (LD) of the psoas major muscle.

Results: AD was demonstrated in 15 cases with ASD and nine cases with LSS (p>0.05). LD was observed in 13 cases with ASD and
no cases with LSS (p<0.01). The Cobb angle was significantly greater in cases with AD than in those without AD (p=0.04). PT, LL, Pl-
LL, and Cobb angle were significantly greater in cases with LD (p<0.05). All cases with LD had AD, but no case without AD had LD
(p<0.001). The side of greater displacement at L4/5 and the convex side of the lumbar curve were consistent in all cases.
Conclusions: Despite AD being observed in LSS as well, LD was observed only in the ASD group. Radiographic parameters were
worse when LD was seen, rather than AD.
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Introduction kyphoscoliosis has increased as the population rapidly
ages. Although detailed pathology of kyphoscoliosis is
The numbers of patients with degenerative kyphosis and unclear, degenerative changes in the muscles, interver-
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tebral discs, and vertebral bodies result in degenerative
kyphosis and kyphoscoliosis [1]. The psoas major muscles
are assumed to control the lumbar spine because of their
proximity to this region and to the hip joint [2]. With the
spread of lateral lumbar interbody fusion, several stud-
ies have elucidated the relationship of the psoas major
muscle and vertebral bodies [3-8]. During lateral lumbar
interbody fusion, particularly of L4/5, the anterior dis-
placement (AD) of the psoas major muscle is a risk factor
for nerve complications [9]. When the spinal alignment
shifts, the psoas major position also shifts for accommo-
dating the altered spinal alignment, because of its lumbar
spine insertion. The relationship between spinal align-
ment and psoas major position has not been researched
upon, particularly in cases of adult spinal deformity (ASD)
in which alignment changes can occur in both the sagittal
and coronal planes. We hypothesized that the psoas major
may be displaced when the pelvis and lumbosacral align-
ment deteriorates. This study aimed at clarifying the dif-
ference in psoas muscle position between cases with ASD
and lumbar spinal stenosis (LSS).

Materials and Methods

This was a retrospective, single-center, and observational
study conducted at the Okayama University Hospital,
Okayama, Japan. This study was approved by the ethics
committee at Okayama University Hospital (approval no.,
1608-502-001). Consent was obtained from all patients,
and an option to refuse was set up on our homepage.
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1. Participants

Totally, 39 patients (mean age, 70.2 years; 20 males, 19
females) that underwent surgical treatment at our depart-
ment between January 2014 and June 2015 were included
in this study. The diagnosis was ASD in 21 cases and LSS
in 18 cases. ASD was defined when patients complained
of low back pain and difficulty in maintaining posture
because of spinal deformity. Among the 21 ASD patients,
20 presented with scoliosis defined by a Cobb angle of
>10°. The remaining patient presented with sagittal ma-
lalignment. LSS was defined when patients presented with
intermittent claudication and/or nerve root symptoms
because of the narrowing of the spinal canal and no evi-
dent deformation on radiography, such as scoliosis in the
coronal plane or kyphosis in the sagittal plane. Patients
with lumbar spondylolisthesis, remnant idiopathic scolio-
sis, vertebral compression fracture, lumbarization, sacral-
ization, and postural reflex disorders, such as Parkinson’s
syndrome, were excluded from the study.

2. Methods

We hypothesized that the psoas major position was af-
fected by a spinal alignment change in patients with ASD.
We examined the spinal alignment and psoas muscle
position as follows. Pelvic tilt (PT), pelvic incidence (PI),
sacral slope (SS), lumbar lordosis (LL), and PI-LL were
measured using whole spine radiography for evaluating
the sagittal plane. The following items were also analyzed
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Fig. 1. (A, B) Measurement parameters in the axial plane at L4/5 level. PM, psoas muscle; D, L4/5 intervertebral
disk; L, lamina; M, multifidus muscle; E, erector spinae muscle; line 1, tangent line of posterior of L4/5 disk; line 2,
transverse diameter of L4/5 disk; line 3, anteroposterior diameter of L4/5 disk; line 4, distance from lateral border
of L4/5 disk to medial border of PM; line 5, distance from tangent line of posterior of L4/5 disk to posterior of PM.
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using the T2-weighted magnetic resonance imaging (MRI)
images at the L4/5 intervertebral disk levels prior to sur-
gery: (1) presence of AD, presence of the psoas major (AD
was defined when the psoas major is away from tangent
line of the posterior L4/5 intervertebral disk); (2) antero-
posterior diameter of the intervertebral disk (mm); and
(3) distance from the tangent line posterior of the L4/5
intervertebral disk, to the psoas major posterior end (mm)
(Fig. 1). The L4/5 intervertebral disk is the most caudal
intervertebral disk through which the psoas major muscle
originates. Voyadzis et al. [9] previously used the tangent
line of the L4-5 intervertebral disk as a reference line. For
adjustment of differences in body size, AD percentage
(AD%) was measured as the distance from the tangent
line of the posterior L4/5 disk to the posterior edge of the
psoas major, divided by the anteroposterior diameter of
the L4/5 intervertebral disk.

The Cobb angle, convex side of the lumbar curve, dis-
tance of center of apical vertebra to the center of the sacral
vertical line (CSVL), and apex vertebra were measured to
evaluate coronal alignment with a standing radiograph
(Fig. 2). Using T2-weighted MRI images at the L4/5 inter-
vertebral disk level, obtained prior to surgery, the follow-
ing were measured: (1) presence of lateral displacement
(LD) of the psoas major (LD was defined when the psoas
major was displaced from the lateral border of interver-
tebral disk); (2) displacement side when LD was present;
(3) horizontal diameter of the disk (mm); and (4) distance
from the lateral border of the L4/5 intervertebral disk to
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the medial end psoas major at L4/5 (mm). LD percent-
age (LD%) was calculated as the distance from the lateral
edge of the L4/5 intervertebral disk to the medial edge of
the psoas major, divided by the disk horizontal diameter
of the L4/5 intervertebral disk. Patients were categorized
based on the presence of AD and LD, and each parameter
was compared. The relationships between the displace-
ment presence or quantity of the psoas major and radio-
graphic parameters were also examined.

3. Statistical methods

Fisher’s exact test evaluated the ratio between the two
groups. Student t-test compared the average values be-
tween the two groups, and one-way analysis of variance
compared the average values among the three groups.
Pearson’s correlation test was used to assess the correlation
of each measurement. All statistical analyses were per-
formed using EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan).

Results

Totally, 39 patients that underwent surgical treatment
at our department between January 2014 and June 2015
were included in this study. No significant differences in
age were observed between the ASD and LSS group. The
percentage of women with ASD was significantly greater
than that with LSS (Table 1). The average PI was not sig-

Fig. 2. (A, B) Measurement parameters in the coronal plane in lumbar spine. CSVL, center of sacral vertical
line; arrow 1, direction of lumbar curve; line 2, Cobb angle; line 3, distance from apex to CSVL.
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Table 1. Background data of the patients
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Total (N=39) Adult spinal deformity (n=21) Lumbar spinal stenosis (n=18) p-value
Age (yr) 70.3 68.7 72.1 0.16
Male/female 20/19 6/15 13/4 <0.01
Radiography
PI(°) 48.6 49.0 48.2 0.84
Pelvic tilt (°) 234 27.4 18.7 0.02
Sacral slope (°) 25.2 22.1 28.9 0.04
LL(°) 27.8 18.8 36.1 <0.01
PI-LL (°) 218 30.1 12.1 <0.01
Cobb (°) 16.0 21.7 2.3 <0.01
Canter of sacral vertical line (mm) 13.7 24.1 1.6 <0.01
MRI (axial)
No. of AD 24 15 9 0.20
AD% 20.3 248 12.7 0.04
No. of LD 13 13 0 <0.01
LD% 16.5 16.5
MBI (coronal)
No. of AD 19 I 8 0.47
AD% 209 24.1 13.1 0.12
No. of LD 9 9 0 <0.01
LD% 16.0 16.0

Values are presented as mean or number, unless otherwise stated.

PI, Pelvic incidence; LL, lumbar lordosis; AD, anterior displacement; LD, lateral displacement; MRI, magnetic resonance imaging.

nificantly different between the ASD and LSS group. The
average PT, SS, LL, and PI-LL were significantly different
between the ASD and LSS group. The CSVL distance and
apical vertebra was also significantly different between
the two groups. Twenty-four cases presented with AD on
MRI (15 in the ASD group, nine in the LSS group), and
the percentage of those with AD was significantly higher
in the ASD group than the LSS group. The mean AD%
was 24.8% in the ASD group and 12.7% in the LSS group;
the difference between the two groups was statistically
significant. LD was observed in 13 cases, all of which were
cases of ASD.

The patients were categorized into two groups based on
the presence of AD and LD and each parameter was com-
pared (Table 2). The Cobb angle was significantly greater
in the AD group compared with that without AD. The PT,
LL, PI-LL, and Cobb angle were significantly greater in
the LD group compared with that without LD.

AD% was correlated to PT, PI, PI-LL, and Cobb angle
with correlation coefficients being 0.48, 0.37, 0.53, and

0.44, respectively (Table 3), whereas, LD% was correlated
to PT, LL, PI-LL, and Cobb angle, with correlation coet-
ficients being 0.32, 0.38, 0.41, and 0.71, respectively.

In 13 patients with LD, the relationship between the
psoas major displacement side at the L4/5 intervertebral
disk level in MRI and the convex direction of the lumbar
curve on radiography was examined. The psoas major
muscle displacement direction was the same as that of the
convex side of the lumbar curve.

The cases with a combination of AD and LD are shown
in Table 4. All cases with LD had AD as well, but no case
without AD had LD. Further studies were performed by
categorizing the patients into three groups: 15 without
AD or LD (group 1), 11 with AD and without LD (group
2), and 13 with both AD and LD (group 3). A comparison
of parameters among the three groups showed significant
differences in PT and PI-LL (Table 5). No significant dif-
ferences were observed between groups 1 and 2; groups
2 and 3 showed significant differences in PT, PI-LL, and
Cobb angle.
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Table 2. Radiographic parameters determined by displacement

Category Pelvic tilt (°) PI(°)  Sacralslope(°) LL(°) PI-LL(°)  Cobb angle (°)

Axial view
AD + 24.8 495 25.3 253 24.2 20.5
211 47.2 25.1 29.1 18.1 8.8
p-value 0.33 0.57 0.97 0.50 0.28 0.04
LD + 30.2 52.1 235 18.1 34.0 325
20.0 46.8 26.1 31.1 15.7 1.7
p-value <0.001 0.19 0.47 0.02 <0.001 <0.001
Coronal view
AD + 24.4 49.0 254 28.3 20.7 19.2
19.5 47.8 27.1 31.4 16.3 9.2
p-value 0.24 0.77 0.64 0.58 0.45 0.14
LD + 29.2 499 22.7 20.0 29.9 334
19.7 48.0 275 334 14.6 79
p-value 0.03 0.67 0.24 0.02 0.01 <0.001

Values are presented as mean degrees.
AD, anterior displacement; LD, lateral displacement; PI, pelvic incidence; LL, lumbar lordosis.

Table 3. Correlation between radiographic parameters and AD% LD%

Variable Category  Pelvic tilt (°) PI(°) Sacral slope (°) LL(°) PI-LL(°)  Cobb angle (°)

Axial

AD% Correlation 0.48 0.37 0.01 0.27 0.53 0.44 0.35
p-value <0.01 0.02 0.97 0.09 <0.01 <0.01 0.03

LD% Correlation 0.32 0.05 -0.25 0.35 0.38 0.63 0.35
p-value 0.05 0.75 0.12 0.03 0.02 <0.01 0.03

Coronal

AD% Correlation 0.34 0.20 -0.06 0.13 0.28 0.26 0.20
p-value 0.04 0.21 0.70 0.42 0.09 0.11 0.27

LD% Correlation 0.34 -0.05 -0.38 0.34 0.30 0.58 0.20
p-value 0.06 0.81 0.04 0.06 0.1 <0.01 0.27

Values are presented as mean degrees.
AD, anterior displacement; LD, lateral displacement; PI, Pelvic incidence; LL, lumbar lordosis.

Discussion Table 4. Combination of AD and LD

The psoas major muscle consists of fascicles originating

from five vertebral bodies (L1-L5), four intervertebral .

discs (L1/2-L4/5), and five transverse processes (L1-L5) Axial view: AD + 13 11
[10]. Each fascicle gets inserted into the femoral lesser = 0 15
trochanter after exiting the iliopubic eminence. A previ- Coronal view: AD + 10 9

ous study reported that each muscle belly length is almost _ 0 12

T _ Axial view (p=0.000355); coronal view (p=0.00409).
The psoas major is widely known as a hip flexor [12] and AD, anterior displacement; LD, lateral displacement.

similar (0.5 mm), even though their origins vary [11].
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stabilizes the lumbar spine through compression [13]. The
function of the psoas major muscle differs among the fas-
cicles; the muscle fascicle originating from the transverse
process acts as an extensor, whereas, the muscle fascicle
originating from the vertebral body and intervertebral
disk acts as a flexor [14]. Side bending is a common func-
tion. When the lumbar spine bends forward, the fascicles
become shorter on the cranial side than on the caudal side
[11]. The changes in the length of the fascicles originating
from the L1 vertebral body and L5 transverse process are

Table 5. Comparison of radiographic parameters among the three groups
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—1449 mm and 0+2 mm, respectively.

We hypothesized that psoas major position is affected
by changes in spinal alignment in patients with ASD (Fig.
3). Because degenerative changes in spinal alignment are
likely to occur first in the sagittal plane, the first major
psoas muscle change is assumed to be AD. When dete-
rioration in the sagittal plane is observed, the fascicles
originating from the transverse process are damaged prior
to fascicles originating from other parts (group 1 in Fig. 3),
and psoas major AD is observed (group 2 in Fig. 3). The

Variable Group 1 (AD-, LD-) Group 2 (AD+, LD-) Group 3 (AD+, LD+) Comparison
Pelvic tilt (°) 21.1 18.5 30.2 Group 2/3”

PI(°) 472 46.4 52.1

Sacral slope (°) 25.1 215 235

LL(°) 29.1 338 18.1

PI-LL (%) 18.1 125 34.0 Group 2/3", group 1/3”
Cobb (°) 8.8 6.3 325 Group 2/3”, group 1/3”

AD, anterior displacement; LD, lateral displacement; PI, pelvic incidence; LL, lumbar lordosis.
Comparison between group 2 and 3: “p<0.05, "p<0.01. Comparison between group 1 and 3: “p<0.05, “p<0.01.

Normal alignment

@ Sagittal

@ Coronal

;

Normal

Degenerative change

D) \GH

Group 1 (AD—, LD-)

Pelvis retrovereion
Scoliosis appear
PI-LL mismatch advance

Scoliosis appear

Group 2 (AD+, LD-)

Group 3 (AD+, LD+)

Fig. 3. (A-C) Relationship between psoas major muscle displacement and spinal alignment. Age-related changes cause
sagittal plane alignment deterioration. Mild scoliosis progress in accordance with AD. Further alignment is exacerbated
by LD. AD, anterior displacement of the psoas major muscle; LD, lateral displacement of the psoas major muscle; PI, pel-

vic incidence; LL, lumbar lordosis.
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convex side of the apical vertebra is similar to the side of
the lumbar concavity at the L4/5 intervertebral disk level.
Apical vertebra translation may lead to a larger fascicle
tension force on the concave side at the L4/5 interverte-
bral disk level. This large tension force gradually disrupts
the medial attachment of the psoas muscle to the vertebral
body and disk, namely, LD (group 3 in Fig. 3).

In the present study, although there were no significant
differences in the sagittal parameters either in the pres-
ence or absence of AD, the amount of AD of the psoas
major on MRI correlated with PT, PI, PI-LL, and Cobb
angle. Furthermore, when the psoas major was displaced
away from the L4/5 intervertebral disk (LD), both sagittal
alignment and coronal alignment worsened. Patients with
LD had significantly greater Cobb angles, and a strong
correlation (R=0.63) was observed between the distance
from the L4/5 intervertebral disk to the medial border of
the psoas major and the Cobb angle. The results of the
present study support our hypothesis. AD preceded LD
in all cases. The psoas major originating at the L4/5 inter-
vertebral disk level correlated with the coronal alignment.
It is suggested that coronal alignment deterioration cor-
responds to LD.

Patients with spondylolisthesis were excluded from this
study because the anterior slippage of L4 might increase
the AD% and the psoas major may get damaged. Patients
with compression fractures and idiopathic scoliosis were
also excluded because these conditions possess certain,
but different, influences on the psoas muscle position. A
previous study reported a psoas sign in a lumbarization
case; thus, lumbarization should be considered as an in-
clusion criteria.

The present study involves a concern regarding the
magnitude of error when using MRI for measurement.
In previous studies where MRI was used to measure
muscles, the intra-class correlation coefficients ranged
from 0.832 to 0.99 [15-20]. Reports on intra-observer and
inter-observer errors in muscle measurement using CT
and MRI also exist [21]. The reliability was found to be
acceptable. Additionally, the authors encouraged unify-
ing image modalities for research-based measurements of
target muscles. The present study only includes MRI data
and not CT data. Therefore, we believe that the reliability
is acceptable, as reported in previous studies.

The small sample size and retrospective design are the
limitations of this study. A prospective and longitudinal
analysis with a large sample size is required to further

prove our hypothesis.

Conclusions

The relationships between the psoas major muscle posi-
tions and spinal alignments in ASD and LSS patients were
examined. VD of psoas major muscle was observed in
both LSS and ASD patients, whereas LD of psoas major
muscle was observed only in ASD patients. The extent of
psoas major muscle ventral displacement was correlated
with the worsening of the sagittal parameter and the sig-
nificant deterioration of the sagittal and coronal param-
eters was observed in patients with psoas major muscle
LD.
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