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ABSTRACT
Objectives: The aim of this study is to evaluate the relationship between the spinal canal cross-sectional area

(SCCSA) at the stenosis level, the cross-sectional areas of the multifidus (MF) muscle at the L3-S1 levels, and

the cross-sectional areas of the psoas muscle (PSCSA) at the L3 level in patients with nerve compression due

to lumbar spinal stenosis. 

Methods: A total of 280 patients were included in the study, 140 in the control group and 140 with lumbar

spinal stenosis that had been detected with magnetic resonance imaging (MRI). The patients' ages, gender,

SCCSA at the level of stenosis, PSCSA at L3 level, MFCSA at L3-S1 levels, and degrees of atrophy caused

by multifidus muscle fatty degeneration were evaluated and compared with the control group whether the

comparison was statistically significant or not. 

Results: PSCSA values at the L3 level and MFCSA at the L3-4 level (r = 0.555, p < 0.01), MFCSA at the L4-

L5 level (r = 0.559, p < 0.01), and MFCSA at the L5-S1 level (r = 0.429, p < 0.01) were found to have a

statistically significant positive correlation. In addition, MFCSA at the L3-4 level (p < 0.001), MFCSA at the

L4-5 level (p < 0.001), MFCSA at the L5-S1 level (p < 0.001),the L3-L4 SCCSA (p < 0.001), and the L4-L5

SCCSA (p < 0.001) mean values were found to be statistically significantly lower than the mean of the cases

in the control group.

Conclusions: Compared to the control group, a significant correlation was found with a decrease in the CSA

of the multifidus muscle and the presence of fatty degeneration of the multifidus muscle in patients with spinal

stenosis. However, in the CSA of the psoas muscle at the L3 level, it was found that there was no correlation

between patients with spinal stenosis and the control group.
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Lumbar spinal stenosis is the narrowing of the en-

trance and exit of the spinal canal, nerve root

canal, and intervertebral foramen due to bone or soft

tissue compression. As a result of disc degeneration,

bone structures, and ligament hypertrophy, the spinal

canal becomes narrow. If direct compression of the

nerve root is involved in the physiopathology, it is ac-

cepted that the lumbar muscles will also play a role in

the clinical symptoms. Clinical symptoms of degen-

erative lumbar stenosis are usually seen in patients

over 60 but may be seen at an earlier age in patients

with developmental and acquired stenosis. The

man/woman ratio in gender distribution is 2:3, but it

usually manifests clinically with neurogenic claudica-
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tion or radicular symptoms [1]. 

      The psoas muscle and the paraspinal muscles are

important in maintaining the function of the lumbar

spine. The multifidus muscle is the largest and most

medial of the lumbar paraspinal muscles and is inner-

vated by the medial branch of the segmental nerve

root. The psoas muscle is innervated at the L1-L4 lev-

els of the lumbar plexus by the branches of the anterior

rami [2] Nerve root compression with spinal stenosis

can cause morphological changes in the psoas and

multifidus muscles [3]. 

      Patients with clinical symptoms should be moni-

tored by radiological studies to confirm that they have

lumbar stenosis. MRI provides the most comprehen-

sive imaging of the paraspinal muscle groups, psoas

muscle, intervertebral discs, ligamentum flavum,

spinal canal, and neuroforamen [4]. Computed tomog-

raphy (CT) scanning allows accurate evaluation of the

bone structures including vertebral bodies and facet

joints [5]. When evaluating the spine, an SCCSA

below 145 mm2 at the level of stenosis is radiologi-

cally accepted as spinal stenosis [6]. 

      Muscle morphology may be changed by muscle

atrophy and fatty degeneration, both of which affect

muscle performance. Many studies report using imag-

ing methods such as MRI or CT scanning to evaluate

this change [7, 8]. Fat infiltration of the multifidus

muscle on MRI was graded as "grade 0" for 0–10%

fat, "grade 1" for 10–50% fat, and "grade 2" for > 50%

fat (Fig. 1) [9]. Apart from these studies, there are

studies evaluating muscle cross-sectional areas [10,

11]. Farshad et al. [3] measured the distance of the

multifidus muscle to the lamina in addition to the

cross-sectional area. Yagi et al. [12] reported that trunk

muscles play an important role in the spinal structure

and that paraspinal muscle degeneration is associated

with spinal deformity based on the evaluation of the

cross-sectional area. However, there has been no study

in which the cross-sectional areas of the psoas and

multifidus muscles were evaluated together in patients

with lumbar spinal stenosis. 

      The aim of this study is to demonstrate the cross-

sectional changes in the multifidus and psoas muscles

in patients with lumbar spinal stenosis and those in the

control group and to compare the degree of fatty de-

generation in the multifidus muscles at the spinal

stenosis level using MRI to evaluate whether the re-

sults are statistically correlated.

METHODS

      A total of 280 patients were included in the study,

140 patients in the control group and 140 patients with

lumbar spinal stenosis as detected with MRI in the ra-

diology clinic between 01/01/2018–12/25/2020. Pa-

tients with previous spinal surgery, spondylolisthesis,

spinal mass, vertebral fracture, or scoliosis were not

included in the study. The control group patients were

selected to correlate with the age and gender of the pa-

tient group. In the study, there were 54 men in both

the patient and control group (38.6%), and 86 women

in the patient and control group (61.4%). The mean

age of the patient group was 58.2 ± 8.34 years and that
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Fig. 1. Grading of MR images with different muscle-fat components of the lumbar multifidus muscle.
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of the control group was 58.34 ± 7.7 years. The age

range of the study group was 39-75 years and that of

the control group was 39-76. SCCSA at the stenosis

level (mm2), PSCSA (mm2) at the L3 level, MFCSA

(mm2) at the L3-L4 and the L4-L5 levels, and the de-

grees of multifidus muscle atrophy were evaluated

using MRI and compared with the control group.

Adana City Training and Research Hospital Clinical

Research Ethics Committee approved the study. Reg-

istration number: 1202, registration date: 30/12/2020. 

Imaging Parameters 

      An MRI of the lumbar spine was performed using

a 1.5-T unit (Philip, Ingenia; Philips Medical Systems,

Best, the Netherlands). The imaging protocols in-

cluded axial T2-weighted images (TR/TE 2770/100,

matrix size 200 × 138, slice thickness 4 mm) and sagit-

tal T2-weighted images (TR/ TE 3403/100, matrix size

160 × 232, slice thickness 4 mm). 

Image Analysis 

      The lumbar MR images were evaluated by an ex-

perienced neuroradiologist, blinded to the symptoms,

using a digital workstation. The measurements were

done by one radiologist who repeated the measure-

ments three times on different days to reduce the pos-

sibility of a bias. First, T2-weighted sagittal and axial

images were used to determine the level and the cross-

sectional area of the stenosis. The severity of multi-

fidus fatty degeneration was graded according to the

fat infiltration grading system. 

      T2-weighted axial MR images were used for the

evaluation of the multifidus muscles and psoas mus-

cles. MFCSA, PSCSA, and SCCSA at the stenosis

level were examined to assess muscle atrophy. The

SCCSA was measured on the axial T2-weighted MR

images at the level of the stenosis, and the PSCSA at

the L3 level. SCCSA was measured by measuring the

area between the posterior edge of the posterior lon-

gitudinal ligament and the inner edge of the ligamen-

tum flavum (Fig. 2). The MFCSA (Fig. 3) and PSCSA

(Fig. 4) were traced using the manual cursor tech-

nique. The MFCSA and the PSCSA were measured on

the right side of the spine.

Statistical Analysis 

      In the study, the demographic and clinical charac-

teristics of the participants in the patient and control
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Fig. 2. SCCSA measurement at L4-5 level.

Fig. 3. MFCSA measurement at L4-5 level. Fig. 4. PSCSA measurement at L3 level.
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groups were evaluated with descriptive statistical

analysis regarding the number, percentage, mean, stan-

dard deviation, and median values. The degree of mul-

tifidus fatty degeneration among the participants in the

patient group and the control group was evaluated

using Fisher’s exact test. In addition, gender ratios be-

tween the patient and control groups were evaluated

according to the Pearson chi-squared analysis. The

mean L3 PSCSA between the two groups was deter-

mined by the Mann-Whitney U test; MFCSA at the

L3-4 level, MFCSA at the L4-5 level, MFCSA at the

L5-S1 level, the L3-L4 spinal blood CSA, and the L4-

L5 spinal blood CSA were compared with an Inde-

pendent Groups t test. Among the men and women in

both the patient group and the control group; PSCSA

at the L3 level, MFCSA at the L3-4 level, MFCSA at

the L4-5 level, MFCSA at the L5-S1 level, L3-L4

SCCSA and the L4-L5 SCCSA averages were com-

pared using the Mann-Whitney U test. PSCSA at the

L3 level, MFCSA at the L3-4 level, MFCSA at the L4-

5 level, MFCSA at the L5-S1 level, the L3-L4 SCCSA

and the L4-L5 SCCSA averages were compared using

the Independent Groups t test. PSCSA at the L3 level,

MFCSA at the L3-4 level, MFCSA at the L4-5 level,

MFCSA at the L5-S1 level, the L3-L4 SCCSA, and

the L4-L5 SCCSA relationships were analyzed using

the Pearson’s correlation analysis for normally distrib-

uted data, and the Spearman’s correlation analysis for

non-normally distributed data. The normal distribution

compliance of the Independent Groups t test and the

Pearson’s correlation analysis were checked with kur-

tosis and skewness values (± 1.5). The significance

level for all analyses was set as p < 0.05. The IBM

SPSS 22.0 program application was used for the

analysis.

RESULTS

      The mean age of the patients evaluated was 58.20

± 8.34 years (min. 39.00; max. 75.00), and the mean

age of the participants in the control group was 58.34

± 7.70 (min. 39.00; max. 76.00). According to the t

test, the mean age of the two groups were statistically

similar (p = 0.916). There were 54 (38.6%) men in the

patient group and the control group and according to

the Pearson chi-squared analysis, it was found that the

gender ratio between the two groups was similar (p =

0.999). 

      In the patient group, 60 (42.9%) had multifidus

muscle fatty atrophy grade one, 76 (54.3%) had fatty

atrophy grade two, and four (2.9%) had fatty atrophy

grade three. The control group was found to have 116

(82.9%) of the participants with multifidus muscle

fatty atrophy grade one, and 24 (17.1%) had fatty at-

rophy grade two. According to the Fisher exact test re-

sults, it was found that the degree of multifidus muscle

fatty atrophy between the patient and control groups

was statistically significantly different. 

      According to the Mann-Whitney U test, it was

found that the mean PSCSA at the L3 level in the pa-

tient group was not statistically significantly different

from the control group (p = 0.067). According to the

Independent Groups t test, the MFCSA at the L3-4

level (p < 0.001), the MFCSA at the L4-5 level (p <

0.001), the MFCSA at the L5-S1 level (p < 0.001), L3-
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L4 SCCSA (p < 0.001) and the L4-L5 SCCSA (p <

0.001) were found to be statistically significantly

lower than the mean of the cases in the control group

(Table 1). 

      According to the Mann-Whitney U test, the means

of the PSCSA at the L3 level (p < 0.001), MFCSA at

the L3-4 level (p < 0.001), MFCSA at the L4-5 level

(p < 0.001), and the MFCSA at the L5-S1 level (p =

0.001) was found to be statistically significantly higher

in the men than the means of the women in the patient

group. According to the Mann-Whitney U test, the

means of the PSCSA at the L3 level (p < 0.001), the

MFCSA at the L3-4 level (p < 0.001), the MFCSA at

the L4-5 level (p < 0.001), and the MFCSA at the L5-

S1 level (p < 0.001) for the men in the control group

was found to be statistically significantly higher than

the means of women. According to the Mann-Whitney

U test, the means of the MFCSA at the L3-4 level (p
< 0.001), MFCSA at the L4-5 level (p < 0.001), and

MFCSA at the L5-S1 level (p = 0.001), the L3-L4

SCCSA (p < 0.001) and the L4-L5 SCCSA (p < 0.001)

for the men in the patient group was found to be sta-

tistically significantly lower than the means for the

men in the control group. According to the Independ-

ent Groups t test of the women in the patient group the

means of the multifidus psoas muscle CSA at the L3

(p = 0.043), the MFCSA at the L3-4 level (p < 0.001),

MFCSA at the L4-5 level (p < 0.001), MFCSA at the

L5-S1 level (p < 0.001), and the L4-L5 SCCSA (p <

0.001) was found to be statistically significantly lower

than the means of women in the control group. In ad-

dition, according to the Mann-Whitney U test, the L3-

L4 level of the women in the patient group was found

to be statistically significantly lower (p < 0.001) than

the mean SCCSA of women in the control group

(Table 2). 

      According to the Spearman correlation analysis,

PSCSA values at the L3 level and the MFCSA at the

L3-4 level (r = 0.555, p < 0.01), the MFCSA at the L4-

5 level (r = 0.559, p < 0.01), and the MFCSA at the

L5-S1 level (r = 0.429, p < 0.01), were found to have

a statistically significant positive correlation. Accord-

ing to the Pearson correlation analysis, the L4-L5 level

of the cases in the control group was found to have a

statistically significant positive relationship between

the SCCSA values and the MFCSA at the L3-4 level

(r = 0.343, p < 0.01), the MFCSA at the L4-5 level (r

= 0.404, p < 0.01), and the MFCSA at the L5-S1 level
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(r = 0.336, p < 0.01). According to the Spearman cor-

relation analysis, a statistically significant positive re-

lationship was found between the PSCSA values at the

L3 level and the MFCSA at the L3-4 level (r = 0.622,

p < 0.01), the MFCSA at the L4-5 level (r = 0.470, p
< 0.01), and the MFCSA at the L5-S1 level (r = 0.468,

p < 0.01) (Table 3). 

DISCUSSION

      Lumbar spinal stenosis is a common disease. The

occurrence rate of this disease has increased signifi-

cantly in recent years due to the increase in life ex-

pectancy. The introduction of new diagnostic methods

in clinical practice has brought new recommendations

for radiological criteria in spinal canal evaluation.

MRI has become the preferred diagnostic tool for lum-

bar spinal stenosis because it can visualize muscle and

other soft tissues. Evaluation of multifidus muscle at-

rophy in a diagnostic lumbar MRI will be advanta-

geous in guiding the treatment process. 

      A limited number of studies have examined

changes in lumbar paraspinal muscle cross-sectional

areas. None of these studies have compared PSCSA,

MFCSA, and SCCSA at the spinal stenosis level in pa-

tients with lumbar spinal stenosis. Takayama et al.

[13] studied the cross-sectional area of the paraspinal

muscles using T2-weighted MRI in 160 patients aged

between 10-88 years. They showed that the cross-sec-

tional area of the paraspinal muscles tends to decrease

with age. Sasaki et al. [14] achieved the same result

in their studies. In our study, we found that the cross-

sectional area of the paraspinal muscles decreases with

increasing age in agreement with the literature. We an-

ticipate that exercise may prevent narrow canal devel-

opment caused by age-related multifidus muscle and

psoas muscle atrophy. 

      In addition, men are known to have a larger

paraspinal muscle cross section than women [13], and

in our analysis, we found a statistically significant dif-

ference in that the cross-sectional area of the psoas

muscle and multifidus muscle in men is higher than in

women. 

      Zhao et al. [15] and Yoshihara et al. [16] reported

histological studies showing significant atrophy of the

multifidus muscles in patients with lumbar disc herni-

ation. Hodges et al. [17] found rapid atrophy of the

multifidus muscles after root compression in his ex-

perimental studies. In our study, we found statistically

significant atrophy due to fatty degeneration in multi-

fidus muscles due to root compression in patients with

spinal stenosis with narrowed spinal canal incisional

area similar to lumbar disc herniation. At the same
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time, we found that there was no statistically signifi-

cant difference in the PSCSA at the L3 level in patients

with spinal stenosis compared to the control group. 

In our study, it was found that atrophy and fatty de-

generation of the multifidus muscle due to compres-

sion of the spinal root at the spinal canal level were

statistically significantly associated, but the PSCSA

did not change at the L3 level in patients with spinal

canal stenosis. The diagnostic evaluation of patients

with lumbar MRI, together with an indication of the

degree of multifidus muscle fatty degeneration atrophy

should be considered in terms of stenosis prognosis

and treatment. However, additional studies will be re-

quired to evaluate the overall paraspinal muscle cross-

sectional area, muscle density, effects on spinal

stability, and changes before and after surgery.

Limitations

      The limitations of our study were that the BMI

index of the patients was not known, the measurement

parameters that would evaluate lumbar stability other

than the cross-sectional muscle areas of the patients

were not evaluated, and the cross-sectional area com-

parison before and after the surgery was not per-

formed.

CONCLUSION

      The study found that atrophy and fatty degenera-

tion of the multifidus muscle due to compression of

the spinal root at the spinal canal level were statisti-

cally significantly associated, but the cross-sectional

area of the psoas muscle did not change at the L3 level

in patients with spinal canal stenosis.
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