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Abstract
Background
The aim of this study was to evaluate the efficacy of a semi-quantitative simplified 4-grade fat infiltration
measurement system, described for the first time in literature, through comparison with the existing
simplified 3-grade fat infiltration system in the prediction of lumbar disc herniation.
Material and Method
The study included 39 lumbar disc herniation patients (LDH) and 38 healthy subjects (control),
comprising 33 (42.9%) males and 44 (57.1%) females with a mean age of 37 ± 11.3 years (range, 20–64
years). The patients were evaluated in respect of fat infiltration of the right and left lumbar multifidus and
erector spina muscles on axial magnetic resonance imaging slices passing through the centre of the disc
at L3-S1 level using the 3 and 4-grade fat infiltration measurement systems. The results were compared
and the correlations of the results of the two systems with lumbar disc herniation were examined.
Results
The 3-grade fat infiltration system was found to be insufficient in the prediction of lumbar disc herniation
(p > 0.05) and the 4-grade fat infiltration system was determined to be effective in the prediction of
lumbar disc herniation (p = 0.003).
Conclusion
The 4-grade fat infiltration system was seen to be more effective than the 3-grade fat infiltration system
in the determination of the level of fat infiltration in the paraspinal muscles and the prediction of lumbar
disc herniation. The 4-grade fat infiltration system is an effective semi-quantitative grading system which
can be used instead of the simplified 3-grade system.

Background
Lumbar disc herniation is a common disease of the lumbar spine and a frequent cause of back pain,
muscle spasms, and restricted movement [1–3]. The paraspinal muscles play a role in the functional and
structural stabilisation of the lumbar spine. The outer layer, which is thought to be primarily responsible
for spinal and extremity movements, is formed of the larger surface back muscles. The inner layer is a
layer of deep muscle and primarily controls intersegmental movement [4].
Several methods are used to measure and evaluate fat infiltration of the paraspinal muscles, including
several non-invasive methods such as computed tomography (CT), magnetic resonance imaging (MRI),
ultrasound (US), magnetic resonance spectroscopy, chemical shift MRI, and multinuclear MRI (4).
Evaluation of fat infiltration can be made qualitatively, semi-quantitatively, and quantitatively [4]. MRI
provides a clear image with high contrast and high resolution for soft tissue without radiation exposure.
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Moreover, the reliability of the results has been stated to be better than those of CT [5]. Therefore, it has
become more preferred in recent years [6, 7].
Qualitative evaluation of muscles was first shown on CT scans by Goutallier et al [8] in a 5-grade visual
spectrum of fat tissue infiltration of the rotator cuff muscle system. With developments in MRI, Fuchs et
al [9] compared rotator cuff fat infiltration with CT and MRI evaluations. The 5-grade classification stated
by Goutallier et al was reduced to a 3-grade classification of normal, moderate, and severe. A simplified
system was recommended by Slabough et al [10]. Using standard criteria in adults, Solgaard Sorenson et
al visually classified fat infiltration as normal, mild, or severe, according to involvement at one or more
lumbar levels [11]. Parkkola stated visual fat infiltration in 4 grades as normal, mild, significant, and
severe [12]. Then by adding a percentage to this visual evaluation, it became semi-quantitative and was
stated as a simplified 3-grade system evaluation by various authors [13–16]. More recently, fat infiltration
of the paraspinal muscles has started to be measured quantitatively [17–23].
In the widely used semi-quantitative evaluation of fat infiltration, the 3-grade (< 10%, 10%-50%, > 50%) fat
infiltration system is used [13–16]. However, in this grading system, 15% and 45% fat infiltration are
included in the same percentage slice (10%-50%). This creates a weakness, and starting from the
hypothesis that this could be insufficient to reach detailed results, a new alternative measurement
method is here presented of 4 grades of fat infiltration (< 10%, 10%-30%, 30%-50%, > 50%), and the
sensitivity of this system was evaluated. To confirm this hypothesis, the aim of the current study was to
compare and evaluate the efficacy of the 3 and 4-grade fat infiltration measurement systems in the
prediction of lumbar hernia.

Material And Method
Subjects
The study included 39 patients (LDH) who presented at the Orthopaedics and Traumatology Department
of Büyük Anadolu Hospital between November 2020 and February 2021 with the complaint of low back
pain and were diagnosed with lumbar disc herniation. A control group was formed of 38 healthy subjects,
selected at random from those invited to participate via social media and announcements, who had not
experienced any low back pain in the last year and were not determined with any lumbar problem in
physical or radiology examinations. The LDH group included patients aged <65 years, with low back pain
ongoing for the last 3 months, who were diagnosed with lumbar hernia on MRI. For patients with
suspected root compression, EMG was requested, and after confirmation of no root compression, these
patients were included in the study.
Patients were excluded from the study if radiculopathy was determined on MRI or EMG, if they had any
rheumatological or infectious disease, any spine or hip deformity, a history of lumbar surgery, or acute
pain in any other part of the body.
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Demographic data and disease-related information were recorded on a demographic information form in
face-to-face interviews. When necessary for the diffierential diagnosis, hemogram, erythrocyte
sedimentation rate, full urine analysis, ASO, CRP, RF, salmonella, and brucella tests were requested. The
physical examinations of 77 patients were performed by the same orthopaedics and traumatology
specialist, experienced in spinal surgery, and the MRIs were analyzed by the same radiology specialist
(K.T.) experienced on this subject and blinded to the clinical history. All the MRIs were taken by the same
radiology technician.
Approval for the study was granted by the Local Ethics Committee (YDU/2020/83-1160). Informed
consent was obtained from all the study participants.
Measurements
Magnetic Resonance Imaging
Images were obtained using a 1.5 Tesla MRI unit (Sigma Explorer SV25.3 with up-to-date software and 16
channels; General Electric, Milwaukee, WI, USA). With the patient in a supine position, a pillow was placed
under the knees and the coil was placed on the spine. The measurements were taken with a routine
protocol applied to the lumbar spine to pass through the centre of the disc at the measurement level
between L3-S1 (L3-4/L4-5/L5-S1) without leaning to the right or left. Turbo-spin echo T1 and T2weighted sagittal slices and turbo-spin echo T2 axial slices parallel to the disc spaces were obtained at a
thickness of 4mm. Evaluations were made on the T2 axial slices. Fat content was evaluated at all 3 levels
of L3-S1 of the left and right erector spina (m. iliocostalis+m. longissimus) and the m. multifidus.
Fat infiltration of the muscles was evaluated semi-quantitatively, using the simplified 3-grade system and
the 4-grade system. In the simplified 3-grade system, fat infiltration is graded as Grade 1: normal (fat
infiltration of up to 10% of the muscle cross-sectional area [CSA), Grade 2: moderate (10%-50%) and
Grade 3: severe (>50%) (Figure 1) [3]. In the simplified 4-grade system, fat infiltration is graded as Grade 1:
normal (fat infiltration of up to 10% of the muscle CSA), Grade 2: mild (10%-30%), Grade 3: moderate
(30%-50%), and Grade 4: severe (>50%) (Figure 2).
For internal reliability, 10 randomly selected patients were evaluated again by the same radiologist after
an interval of 1 month. Intra-observer agreement was examined with Kappa and the Kappa value
obtained was 0.934 for the 3-grade system, and 0.921 for the 4-grade system.
Statistical Evaluation
Data obtained in the study were analyzed statistically using IBM SPSS vn. 23 software. The risk factors
affecting lumbar disc herniation were examined with binary logistic regression analysis, and the results
were presented as odds ratio (OR) and 95% confidence interval (CI). In the univariate analysis, each
variable was added separately to the model and the effect of each variable alone was examined. In the
multivariate analysis, all the variables were placed in the model at the same time and the effect of these
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included in the study to provide 95% CI (1-α), 95% test power (1-β), and degeneration values of 0.32 and
0.80. Taking the potential loss of patients into consideration, the study was completed with a total of 77
subjects, with test power of 99.5% according to the post hoc power analysis [24].

Results
The demographic data of the LDH and control groups are shown in Table 1. No significant difference was
determined between the groups in respect of age, gender, and BMI (p:0.429, p:0.895, p:0.988,
respectively).
Table 1
Demographic data of the study groups
Control
group

LDH

Total

−

Median
(min-max)

−

x± σ

Median
(min-max)

−

x± σ

Median
(min-max)

Age (years)

36.61
±
11.83

34.5 (21–
64)

37.41
± 10.9

43 (20–
51)

37.01
± 11.3

40 (20–
64)

0,4291

BMI (kg/m2 )

25.76
± 3.55

25.93
(19.25–
32.79)

26.21
± 5.34

26.12
(17.71–
36.2)

25.99
± 4.52

26.12
(17.71–
36.2)

0,9881

---

38.13
±
51.49

7 (3–240)

VAS resting

2.33 ±
1.34

2 (1–6)

VAS activity

4.28 ±
1.85

4 (2–8)

x± σ

Duration of low
back pain
(months)

Gender

n (%)

n (%)

Male

16 (42.1)

17 (43.6)

33 (42.9)

Female

22 (57.9)

22 (56.4)

44 (57.1)

1Mann

0,8952

Whitney U, 2 Pearson Chi Square

1.1. 3-Grade Fat Infiltration Classification System
According to the 3-grade classification of the fat infiltration of the paraspinal muscles of the LDH group
and the control group, age, gender, and BMI were not determined as risk factors for the left and right M.
MF and left and right M.ES values (p > 0.05) (Table 2).
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Table 2
Logistic regression analysis results of risk factors affecting lumbar disc herniation with the simplified 3grade fat infiltration system
Univariate

Multivariate

OR (95% CI)

P

OR (95% CI)

P

Gender

0.941 (0.559–1.585)

0.820

0.828 (0.474–1.448)

0.508

Age (years)

1.006 (0.984–1.030)

0.586

1.002 (0.972–1.033)

0.913

BMI (kg/m2 )

1.022 (0.965–1.083)

0.454

1.028 (0.952–1.11)

0.479

Right musculus multifidus*

0.864 (0.515–1.449)

0.579

0.868 (0.374–2.015)

0.741

Left musculus multifidus*

0.864 (0.517–1.442)

0.576

0.883 (0.376–2.075)

0.775

Right musculus erector spina*

1.057 (0.650–1.719)

0.822

1.535 (0.638–3.691)

0.339

Left musculus erector spina*

0.931 (0.564–1.537)

0.780

0.72 (0.287–1.807)

0.484

*The bands of < 10%; 10%-50%, > 50% were used in the classification

1.2. 4-Grade Fat Infiltration Classification System
The fat infiltration of the LDH group and the healthy control group was evaluated according to the 4grade fat infiltration classification system (Table 3). As a result of the univariate analysis, when < 10%
was taken as the reference value for the right m. multifidus, the risk of lumbar disc herniation of patients
with 10%-30% fat infiltration was increased by mean 2.74-fold and up to 5.37-fold (p = 0.003). Similarly in
the multivariate analysis, when < 10% was taken as the reference value for the right m. multifidus, the risk
of lumbar disc herniation of patients with 10%-30% fat infiltration was increased by mean 5.226-fold and
up to 15.475-fold (p = 0.003). The simplified 4-grade fat infiltration system predicted a strong relationship
between fat infiltration and lumbar disc herniation (Table 4).
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Table 3
Logistic regression analysis results of risk factors affecting lumbar disc herniation with the simplified
4-grade fat infiltration system
Univariate

Multivariate

OR (95% CI)

P

OR (95% CI)

P

Gender

0.941 (0.559–1.585)

0.820

0.864 (0.487–1.531)

0.616

Age (years)

1.006 (0.984–1.030)

0.586

0.998 (0.967–1.03)

0.912

BMI (kg/m2 )

1.022 (0.965–1.083)

0.454

1.03 (0.952–1.115)

0.464

Right musculus multifidus*

Reference: <10%

10%-30%

2.740 (1.398–5.370)

0.003

5.226 (1.765–15.475)

0.003

30%-50%

1.650 (0.547–4.981)

0.374

2.56 (0.728–9.004)

0.143

Left musculus multifidus*

0.847 (0.622–1.152)

0.289

1.577 (0.933–2.666)

0.089

Right musculus erector spina*

0.904 (0.672–1.215)

0.503

1.264 (0.772–2.071)

0.352

Left musculus erector spina*

0.760 (0.559–1.033)

0.080

0.708 (0.422–1.189)

0.192

Reference: <10%

*The bands of < 10%; 10%-30%, 30%-50%, > 50% were used in the classification
Table 4
The predictive strength of simplified 3 and 4 grade fat infiltration systems in lumbar
herniation outcome
Effect (strength) in predicting hernia
Simplified 3-grade fat infiltration system
Grade 1: <10% fat infiltration (normal)

nA

Grade2: 10–50% fat infiltration (moderate)

nA

Grade 3: <50% fat infiltration (severe)

nA

Simplified 4-grade fat infiltration system
Grade 1: <10% fat infiltration (normal)

nA

Grade 2: 10–30% fat infiltration (mild)

5.226-fold (1.765–15.475)

Grade 3: 30–50% fat infiltration (moderate)

2.56-fold (0.728–9.004)

Grade 4: >50% fat infiltration (severe)

nA

nA:not applicable

Discussion
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The main finding of this study was that the simplified 4-grade fat infiltration classification system was
more effective than the simplified 3-grade system in the prediction of lumbar disc herniation. Different
opinions have been stated about the fat infiltration of paraspinal muscles, which could be due to the
weaknesses of different measurement methods. Therefore, there is a need for more sensitive
measurement methods. In this study, a simplified 4-grade measurement method was formed and the
sensitivityof this method was determined. There is no previous definition of a simplified 4-grade system
in literature.
Different methods are used in the evaluation of fat infiltration. In the qualitative Goutallier method with
the semi-quantitative simplified 3-grade system, inter and intra-observer reliability have been reported to
be good [16, 25]. Kjaer et al found inter and intra-observer reliability to be satisfactory but reported that
visual evaluation of fat infiltration did not provide satisfactory results for adolescents [13]. Therefore,
visual examination alone cannot give a result sufficient to determine the degree of fat infiltration in
muscles [4].
While the risk of lumbar disc herniation cannot be revealed with fat infiltration in the 10%-50% band in the
simplified 3-grade system, when this band is split into 10%-30% and 30%-50% in the 4-grade system, a
strong correlation was determined between the risk of lumbar disc herniation and fat infiltration in the
10%-30% band. In the 4-grade system, the risk of lumbar disc herniation of individuals in the 10%-30%
band was observed to be increased 15.474-fold. This result can be attributed to the outlying values (<
15%->45%) being included in the very wide band of 10%-50% in the 3-grade system. Therefore, separating
the 10%-50% band into the two bands of 10%-30% and 30%-50% is of great importance in reaching
detailed, accurate results.
Fat infiltration seems to be a late stage of muscle degeneration, and fat infiltration of the lumbar
musculus multifidus increases with increasing age in adults, irrespective of body composition [13]. Kidde
et al suggested that in respect of mobility function, muscle fat infiltration could be more important than
muscle weakness [26]. Previous studies have stated a relationship between fat infiltration and lumbar
disc herniation [11, 14, 15, 18, 23, 27–29]. In obese individuals, body fat accumulates naturally in the
muscles along the muscle system of the back, and although spine problems are frequently seen, it does
not settle at the level of the last two lumbar vertebrae. That fat infiltration is mainly found in these two
problem areas tends to show that it is lower back pain that initiates muscle changes (4).
Muscle degeneration is characterised morphologically by muscle atrophy and increased fat accumulation
(12, 30). Similar to the findings of the current study, many studies have shown greater fat infiltrationn in
individuals with low back pain compared to healthy subjects [13, 14, 25]. Conflicting results have been
reported in literature on the subject of a relationship between fat infiltration and lumbar disc hernia. Some
studies have reported a relationship between fat infiltration and only the m. multifidus [13, 30], some have
shown a relationship with both the m.multifidus and the m. erector spina [13, 14, 30], and others have
reported no relationship with either muscle [31, 28]. In extended review studies, the relationship between
the paraspinal muscle morphology and chronic lumbar back pain has been shown to be uncertain. These
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studies have stated conflicting results for fat infiltration of the multifidus muscle and presented limited
evidence for the erector spina muscle [23, 332, 33].
Limitations of this study were the relatively small sample size, even though the test power was 99.5%
with 77 subjects according to the post hoc power analysis, there were few cases with fat infiltration of >
50%, and that there are no studies with the same content for comparison of the 4-grade system.

Conclusion
In conclusion, the results of this study demonstrated that the simplified 3-grade fat infiltration
classification system could not predict lumbar disc herniation, whereas a strong correlation was
determined with the 4-grade system. This shows the importance of using the semi-quantitative, simplified
4-grade fat infiltration classification system, which provides effective results in the prediction of the risk
of lumbar disc herniation in individuals, rather than the simplified 3-grade fat infiltration system for the
measurement of fat infiltration of muscles.
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Figures

Figure 1
T2 axial magnetic resonance imaging slices showing location of the muscles and degree of fat
infiltration, evaluated with the simplified 3-grade system. A: Grade 1: <10% fat infiltration, B: Grade 2: 10%50% fat infiltration, C: Grade 3: >50% fat infiltration

Loading [MathJax]/jax/output/CommonHTML/jax.js
Page 13/14

Figure 2
T2 axial magnetic resonance imaging slices showing location of the muscles and degree of fat
infiltration, evaluated with the 4-grade system. A: Grade 1: <10% fat infiltration, B: Grade 2: 10%- 30% fat
infiltration, C: Grade 3: 30%-50% fat infiltration, D: Grade 4: >50% fat infiltration
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