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The multifidus muscle (MM) is located deep in the spine
and is located between the vertebrae. Research has 

shown that by stabilizing each vertebra at the segmental 
level, multifidus provides stability for spinal ligaments, 
intervertebral discs, and joint capsules and reduces the 
risk of injury when these structures are exposed to stress. 
Furthermore, the MM is innervated segmentally, but other 
back muscles are innervated from more than one segment. 
Due to this feature, segmental innervation problems are 

observed in the MM as a result of situations that cause 
segmental nerve irritation.[1,2] The complex structure of the 
human lumbar spine is optimized for carrying loads without 
damage while providing sufficient stability. The nucleus 
pulposus provides a “preload” range that provides greater 
resistance to pressures and applied forces.[3] ROM values by 
the American Association of Orthopedic Surgeons Flexion 
is stated as 80°, extension: 35°, lateral flexion: 35°, rotation: 
45°. Range of motion varies by segment in the lumbar 

Objectives: The aim of the research is to analyze the relationship between multifidus muscle (MM) atrophy and disc herniation in 
the lumbar region through magnetic resonance imaging.
Methods: A total of 254 patients aged between 18 and 62 were evaluated for MM atrophy and herniated discs. Research is conducted 
retrospectively. T2-weighted axial slices were used for bilateral evaluation of the cross-sectional area and fatty infiltration of the 
lumbar MM. Analyses were made on L4/L5 and L5/S1 level intervertebral discs and lumbar MMs at these levels. On the T2-weighted 
axial sequences, visual assessment was used for fatty infiltration and manual measurement techniques for muscle area.
Results: Research demonstrated that 157 of 254 patients involved have L4/L5 level disc herniation, and 89 of 157 patients (35.1%) 
also have MM atrophy. 28 patients do not have disc herniation but have muscle atrophy. I addition, at the L5/S1 level, 174 of 254 
patients have disc herniation, while 114 of them also have muscle atrophy. On the other hand, 56 of 254 patients (11.1%) without 
disc herniation have MM atrophy.
Conclusion: In the light of the data mentioned above, the relationship between MM atrophy and disc herniation is determined.
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region. 75% of the flexion movement of the lumbar region 
occurs in the L4-L5 segment, 20% in the L5-S1 segment, 
and the remaining 5% occurs in the L4 and above levels. In 
addition, since the lumbar region carries the entire load of 
the body, morphological changes, especially in the lumbar 
MM, are closely related to local pathological changes.[4]

According to the literature, bilateral lumbar multifidus 
muscle (LMM) was not symmetrical in acute low back 
pain (LBP),[5] chronic LBP and lumbar disc diseases.[6–8] 
Studies have shown that 80% of patients with lumbar 
disc herniation (LDH) show different degrees of LMM 
atrophy.[9] Some studies have shown that LDH time and 
duration are positively associated with atrophy.[10,11] The 
most common area for disc herniation is the lumbar 
region, and more than 90% of it occurs in segments 
between L4/L5 and L5/S1.[12] It is suggested that muscle 
atrophy also occurs during aging.[13,14] In addition, 
when the biomechanical etiologies of chronic LBP are 
examined, it is seen that the lumbar spine is the main 
stabilizer of the LMM. LBP is a global health problem that 
affects 80% of people in the world and causes the quality 
of life to decrease due to restrictions in activities.[15] 
Although 10 years of research is devoted to describing 
the etiology of LBP, the factors that trigger part of LBP 
remain uncertain and limit the possibility of designing 
effective preventive strategies.[16–18]

Two leading causes of back pain are the sedentary lifestyle 
and reduced physical activity associated with weakness 
and atrophy of the paraspinal muscles.[19] Long-term 
neurological inhibition of LMM following LBP is a very 
common cause. Due to these risk factors, they tend to be 
directly related to waist injuries and the incidence and 
severity of LMM atrophy.[16]

There are two main mechanisms of atrophy in the paraspinal 
muscles: reduced activity and denervation. Atrophy due 
to denervation in the paraspinal muscles is not common 
in disc herniation and compression that irritates the nerve 
root.[20] In LMM, it has been demonstrated in studies that 
it is strongly associated with LBP, and atrophy appears as 
fatty infiltration.[21]

Chronic diseases that cause prolonged neurological 
inhibition and muscle atrophy, especially after low back 
trauma, may cause the replacement of fibrils in the 
healthy LMM with adipose tissue.[16,17] Two main findings 
of muscle atrophy are evident in radiology: muscle volume 
decrease and increase in intramuscular fatty infiltration.
[21] In magnetic resonance imaging (MRI), atrophy caused 
by lubrication in the MM is defined as areas of high signal 
intensity on axial T1-weighted images.[17,22,23]

The ideal imaging method for radiological evaluation of the 
lumbar MM is MRI. MRI separates soft tissues from each other 
more easily and makes it easier to examine their internal 
structures more clearly. On the other hand, MRI enables 
multi-plane images to be obtained without changing the 
patient’s position.[24] The most preferred imaging techniques 
for evaluation of the lumbar MM are MRI, as well as computed 
tomography (CT) and ultrasound.[1,21,25]

The main purpose of our study is to determine whether 
there is a relationship between lumbar disc degeneration 
and the degree of fatty infiltration as well as the diameter 
of the LMM. The second aim was to investigate the 
degree of LMM fatty infiltration regarding the age and 
gender of patients.

Materials and Methods
In this retrospective study, MR images of 254 patients (127 
males and 127 females) were randomly examined among 
patients who had undergone MRI examinations. The 
exclusion criteria were as follows: spinal fractures, spinal 
cord injuries, spinal infections, spinal tumors, previous 
spinal surgery, and vertebral deformities such as kyphosis or 
scoliosis, comorbidities such as cerebrovascular accidents or 
severe musculoskeletal disease, and rheumatoid conditions. 
Approval numbered 2020-02/03 was obtained from the 
Bahçeşehir University Scientific Research and Publication 
Ethics Committee on February 5, 2020, to conduct the study.

All lumbar MRI images were obtained according to the 
standard Lumbar MRI protocol (Axial T2-weighted fast spin 
echo; TR: 3800 ms, TE: 100 ms; Sagittal T2-weighted fast 
spin echo; TR: 2500 ms, TE: 100 ms; Sagittal T1-weighted 
spin echo; TR: 500 ms, TE: 10 ms) with the 1.5 Tesla 
Philips Achieva MRI device (Philips Healthcare, Best, The 
Netherlands). Images were evaluated on the workstation 
(INFINITT PACS, Infinitt Healthcare, South Korea).

T2-weighted axial slices were used for bilateral evaluation 
of the cross-sectional area (CSA) and fatty infiltration of 
the LMM. Analyses were made on L4/L5 and L5/S1 level 
intervertebral discs and LMM at these levels. On the T2-
weighted axial sequences, visual assessment was used for 
the evaluation of fat infiltration and was graded as “normal 
(Grade 0)” for 0–10% fat within the muscle, “slight (Grade 
1)” for 10–50% fat, and “severe (Grade 2)” for >50% fat.[17] 
Muscle CSAs were detected by marking the borders of the 
LMM with a free-hand region of interest.

Statistical Analysis
Descriptive statistics of the data were made using 
standard deviation, mean, frequency, and ratio values. 
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Whether the variables are in a nominal distribution was 
measured by the Kolmogorov–Smirnov test. The Chi-
square test is used to analyze non-parametric group 
differences at a nominal level. The T-test and One Sample 
Anova tests were used in the analysis of quantitative 
independent data. IBM® SPSS®, SPSS 25 ( SPSS Inc., 
Chicago, IL, USA) software was used in the analysis. In 
the evaluations of the study, p<0.05 was accepted as the 
statistical significance level. 

Results
The total number of patients included in the study was 
254, and the distribution in terms of gender was 127 (50%) 
female and 127 (50%) male. The average age of women in 
the study is 39.6±9.22, and men are 39.7±9.90.

The presence of the herniation and the distribution of the 
herniation levels among genders are shown in Table 1.

L4 Level Multifidus Atrophy plan according to age in 254 
people who participated in the study: at the age of 40, 
96 of 131 patients had loss of the MM, and Grade 1 and 
2 atrophy was detected in the MM in 35 of them. When 
individuals aged 40 years and older are examined, loss 
of the MM was observed in 44 of 131 patients, whereas 
Grade 1 and 2 atrophy was detected in the MM in 79 
patients (Table 2).

When L5 Level Multifidus Atrophy was examined according 
to age in 254 people who participated in the study, there 
was no loss of the MM in 67 of the 131 individuals under the 
age of 40 years, and Grade 1 and 2 atrophy was detected in 
the MM in 64 of them. When looking at individuals aged 40 
and over, 24 of them did not have loss in the MM, whereas 
Grade 1 and 2 atrophy was detected in the MM in 99 of 
them (Table 3).

There was a predilection for the presence of herniation 
at the L4/L5 level for patients ≥40 years of age, but this 
relation was not significant for the L5/S1 level (Tables 2, 3).

In the 254 people who participated in the study, it was 
found that 89 (35.1%) of 157 patients with L4/L5 level 
herniation and 114 patients (35.1%) out of 174 with L5/
S1 level herniation were found to have atrophy in the MM, 
whereas 28 (11.1%) patients out of 97 patients without 
herniation at L4/L5 level and 56 patients (11.1%) out of 80 
patients without herniation at L5/S1 level also had atrophy 
in the MM. In line with these data, a significant relationship 
was found between herniation and atrophy in the MM, 
regardless of gender (Tables 4, 5).

The average muscle areas among gender groups were 
examined in four groups in terms of age (18–29, 30–39, 40–
49, and 50+). Muscle areas of women were determined to 
be 791 mm², 839 mm², 802 mm² and 846 mm², respectively, 
in these groups, whereas they were 1057 mm², 1006 mm², 
965 mm², and 907 mm² among men (p<0.05).

Table 1. Distribution of the herniation levels (L4/L5 and L5/S1) among gender groups

Gender  L4/L5 disc   L5/S1 disc 
   herniation   herniation

  Without  With Without  With

Female (n=127) 43  84 51  76
Percentage regarding gender (n=127), % 33.9  66.1 40.2  59.8
Percentage regarding herniation (n=254), % 16.9  33.1 20.1  29.9
Male 54  73 24  103
Percentage regarding gender (n=127), % 42.5  57.5 18.9  81.1
Percentage regarding herniation (n=254), % 21.2  28.7 9.5  40.5
Total 97  157 75  179

Table 2. The relationship between L4/L5 disc herniation and age

   L4/L5 disc  Total p 
   herniation

  Without  With  

Age
 <40 60  71 131 <0.05
 ≥40 37  86 123
Total 97  157 254

Table 3. The relationship between L5/S1 disc herniation and age

   L5/S1 disc  Total p 
   herniation 

  Without  With  

Age
 <40 37  94 131 >0.05
 ≥40 38  85 123
Total 75  179 254
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Discussion
The main purpose in the planning of this study is to examine 
the relationship between the atrophy in the MM s at L4/L5 
and L5/S1 levels and disc herniation at the same levels. In 
addition, MM atrophy and disc herniation were investigated 
in accordance with age and gender factors. In our study, a 
significant relationship was found between MM atrophy 
and herniation. Although there was a significant difference 
in L4/L5 level herniation between individuals under the 
age of 40 years and the age of 40 years and over, but at L5 / 
S1 level no significant difference was found (p> 0.05). While 
there is no significant difference in L4 / L5 level, there was 
a significant difference between men and women at L5/S1 
level. There is a significant difference between individuals 
under the age of 40 and individuals the age of 40 years 
and over in terms of atrophy in the MM for both segments. 
However, although there was a significant difference in 
the L4/L5 segment within gender, there was no significant 
difference in the L5-S1 segment.

In addition to muscle atrophy, which is an important factor 
in the development of herniation and other degenerative 
changes in the disc at the lumbar region, there are two other 
important mechanisms. These mechanisms are excessive 
rotational strains and unbalanced loading on the discs. 
Rotational stresses cause changes in both facet joints and 
intervertebral discs. Compressive stresses mostly affect the 
L5/S1 segment.[26] In other studies, disc herniation was most 
frequently detected in the L5/S1 segments.[27,28] In the study 
of Sayit; For L4/L5, L5/S1 levels, 79.5% of patients detected 
lumbar intervertebral disc herniation at any level with MRI, 
20.5% did not detect intervertebral disc herniation. Our study 
showed that 98% of the patients had herniation in one of the 
segments (L4/L5, L5/S1 segments). In addition, disc herniation 
in accordance with the literature was found to be 9% higher in 
the L5/S1 segment compared to the L4/L5 segment.[28]

Mobility in the lumbar region usually occurs at the L5/S1 
level, then at the L4/L5 level, which increases the stress at 

these levels, and accordingly, paraspinal muscles need to 
be more strong at these levels.[19] Therefore, in our study, we 
evaluated the LMM at the L4/L5 and L5/S1 levels. In studies 
by Ekin et al. (2016), and Sayit (2019):[23,28] Lumbar disc 
hernia was found more frequently in patients with LMM 
atrophy than patients without atrophy. The coexistence of 
LMM atrophy and disc hernia at the L5/S1 level revealed 
that it was not age-related. In contrast, Faur et al. (2019)
[29] showed that the percentage of atrophy of the LMM is 
higher at lower levels in the lumbar region (L5/S1) and has 
a low correlation with the degree of disc degeneration. In 
our study, a significant relationship was found between the 
LMM atrophy at the L4/L5 and L5/S1 levels and herniation. 
When this relationship is analyzed in terms of age variable, 
there was a significant relationship at L4/L5 level but no 
significant relationship at L5/S1 level.

In a study conducted by Takatalo et al. (2009)[30] in the lumbar 
region, 54 % of patients had single-level disc disease, whereas 
21 % of patients had multi-level disc disease. In the same 
study, it was revealed that the prevalence of disc herniation in 
the lumbar region was higher in males than females. Similarly, 
we revealed that 63.7% of patients had herniation in one 
segment, and 34.3% had in multiple segments. In general, 
although herniation was observed in men more than women, 
it was found that women had 4.4% higher rate of herniation 
at the L4/L5 level were than men, and men had 10.6% higher 
rate of herniation than women at the L5/S1 level.

In a study conducted by Ekin et al. (2016);[23] LMM atrophy in 
women and men found significantly higher in L5/S1 than in 
L4/L5. All patients with atrophy in L4/L5 also had atrophy in 
L5/S1. However, only 33.8% of patients with LMM atrophy 
in L5/S1 detected co-atrophy in L4/L5. Below 40 years LMM 
atrophy rate is 12.4% at the L4/L5 level aged, 48.2% the age 
of 40 years and above, 48.7% and 80.1%, respectively for 
the L5/S1 level. In our study, LMM atrophy was found to be 
significantly higher in L5-S1 level compared to L4-L5 level 
(18.5%) in accordance with the literature. In L5/S1, 37.8% 
of the people with LM muscle atrophy coincide with the 

Table 5. L5/S1 Level The relationship between herniation and 
atrophy in the multifidus muscle

   Multifidus  Total p 
   muscle 
   atrophy 

  Grade 0  Grade 1,2  

L5 / S1 disc herniation
 (-) 24  56 80 <0.05
 (+) 60  114 174
Total 84  170 254

Table 4. The relationship between L4 / L5 Level herniation and 
atrophy of multifidus muscle

   Multifidus  Total p 
   muscle  
   atrophy 

  Grade 0  Grade 1,2

L4 / L5 disc herniation
 (-) 69  28 97 <0.05
 (+) 68  89 157 
Total 139  115 254
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literature when atrophy appeared at the L4/L5 level, but in 
this study, 85% of the people with atrophy at the L4/L5 level 
also had the L5/S1 level. LMM atrophy was found 13.7% under 
the age of 40 for the L4/L5 level, 31.1% at the age of 40 years 
and over, 25.1% and 39% respectively for the L5/S1 levels.

In our study, a significant relationship was found between 
degenerative disc disease and LMM atrophy at both L4/L5 
and L5/S1 levels. In addition, although there was a significant 
difference in the level of L4/L5 herniation between 
individuals under the age of 40 years and individuals the 
age of 40 and over, no significant difference was found in the 
level of L5/S1 herniation. In terms of gender, while there is 
no significant difference in L4/L5 level, there is a significant 
difference between men and women in the L5/S1 level. 
There is a significant difference between individuals under 
the age of 40 and individuals the age of 40 years and over 
in terms of atrophy in the MM for both segments. However, 
although there was a significant difference in the L4/L5 
segment within the gender, no significant difference was 
found in the L5/S1 segment.

In the study conducted by Woodham et al. (2014),[21] 
they reported that spinal manipulative treatment with 
LM muscle stabilization exercises may reduce LM muscle 
atrophy. These results show that the rate of LM muscle 
atrophy in patients increases with age and causes 
stabilization losses in the lumbar region. Therefore, it is 
recommended to perform exercises for strengthening the 
LM muscle in young individuals, especially the elderly, and 
to take chiropractic or osteopathic treatment to protect the 
kinesiology of the lumbar region.

Conclusion
The strength of this study is that the selected hospital is 
based in Istanbul and is highly preferred by the local people. 
In this way, all patients were selected from the large sample 
pool. However, due to time constraints, the study could not 
be conducted on a large number of patients and in more 
than one center. It is recommended to repeat this research 
topic with more samples and multi-centers in order to 
ensure that the results represent a wider population.
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