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Associations Between Trunk Muscle/Fat 
Composition, Narrowing Lumbar Disc Space, 
and Low Back Pain in Middle-Aged Farmers:  
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Objective  To investigate the association of trunk fat and muscle composition, lumbar disc space narrowing, and 
low back pain in middle-aged farmers.
Methods  Fat and muscle areas were identified using standard Hounsfield unit ranges for adipose tissue and 
skeletal muscle with computed tomography images at the mid-L4 vertebral level. Trunk fat mass, muscle mass, 
and fat/muscle mass ratio were calculated. Low back pain was assessed using the Oswestry Disability Index (ODI). 
The L4/5-disc space and low back pain were also assessed.
Results  Male had a higher total trunk, back, psoas, and abdominal muscle mass, and visceral fat ; female 
had a higher subcutaneous fat mass and fat/muscle ratio. Pearson correlation coefficients with ODI for waist 
circumference, total fat mass, visceral fat mass, and fat/muscle ratio were all significant in female; only the fat/
muscle ratio was significant in male. Pearson correlation coefficients with L4/5-disc space narrowing grades for 
visceral fat mass, total, back, and psoas muscle mass, and fat/muscle ratio, were all significant in female; total and 
back muscle mass, and fat/muscle ratio in male.
Conclusion  There were significant relationships between: fat indicators with low back pain; trunk muscle mass 
with lumbar disc degeneration; and fat/muscle ratio with both lumbar disc degeneration and low back pain. The 
fat/muscle ratio may be a useful index for low back pain.
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INTRODUCTION

The low back is the most common site of musculoskel-
etal pain for farmers [1], and low back pain (LBP) appears 
to be more prevalent in farmers than in other workers 
with fewer physical occupational demands [2]. The low 
back is affected significantly during agricultural work. 
In particular, the lumbar spine is affected by lifting of 
heavy weights, harvesting, and planting [3]. Back muscles 
play an important role in maintaining the stability of the 
lumbar spine, while the trunk muscle mass has been re-
ported to be associated with back pain. Abdominal trunk 
muscle weakness is associated with chronic LBP [4]. Pain 
could be associated with the trunk muscle mass. Prevent-
ing back pain is important for farmers, and research on 
the trunk muscle mass of farmers is required.

While previous studies have investigated the associa-
tion between a decrease in trunk muscle mass and LBP, 
the results are conflicting [5]. Decreased muscle mass 
has been reported to be associated with LBP [6], while 
muscle density, intramuscular fat mass, or paraspinal fat 
infiltration, but not the area of muscle in the lower back, 
were also related to LBP [7,8]. There have been no studies 
on the relationship between back muscle mass and back 
pain in farmers, although there are several studies on the 
relationship between trunk muscles and LBP in the gen-
eral population. 

The association between trunk fat mass and LBP has 
been reported, but the mechanism is unclear [9]. Not 
only overweight assessed by body mass index (BMI) [10], 
but excess fat mass around the abdomen [9] and fat-to-
lean-mass ratio [9] were also associated with LBP. There 
has been little research on the relationship between the 
distribution of subcutaneous and visceral fat in the abdo-
men and the occurrence of LBP.

Computed tomography (CT) could provide cross-sec-
tional area of fat-free paraspinal muscle areas, and sepa-
rate measurements for both subcutaneous and visceral 
fat [11]. Radiological attenuation assessed in Hounsfield 
units (HU) is used to differentiate the muscular tissue 
from adipose tissue [12]. The L3 to L4 level is frequently 
chosen as the target level for muscle mass measure-
ments as muscle mass is greatest here [13]. The L4 level 
is also frequently assessed to determine the association 
between trunk muscle mass and LBP [11,14,15]. Visceral 
fat measured in a single slice CT scan at the L4 level has 

been shown to correlate significantly with total abdomi-
nal visceral fat volume [16].

We aimed to investigate the association between the 
CT-based trunk muscle/fat mass at the mid-L4 level and 
LBP and narrowing of the lumbar disc space in middle-
aged adults. 

MATERIALS AND METHODS

Participants
In total, 446 eligible participants were selected from the 

Farmers’ Cohort for Agricultural Work-Related Muscu-
loskeletal Disorders study conducted from 2013 to 2014, 
and 339 new participants were selected from individuals 
farming in Gangwon Province, South Korea. After exclu-
sion of non-active farmers, 590 were selected to partici-
pate in this study. A further 21 participants due to a histo-
ry of spine surgery and 10 participants with compression 
fracture were excluded. Finally, 463 middle-aged (40–64 
years old) participants were included in the final analy-
sis. Since factors that can be affected by age (e.g., body 
composition and disc degeneration) were included in the 
analysis, the relationships between body fat and muscle 
ratio, intervertebral disc degeneration, and LBP, were 
evaluated in middle-aged people. Farming was classified 
into four types: rice farming (e.g., rice), dry fields farming 
(e.g., corn, potato), greenhouses farming (e.g., cucumber, 
tomato), and orchards farming (e.g., apple, peach).

This study was approved by the Institutional Review 
Board of Kangwon National University Hospital (No. 
2016-03-008) and written informed consent was obtained 
from all the participants. This study was also registered 
with the Clinical Research Information Service.

Determining muscle mass
CT images at the mid-L4 vertebral level were obtained 

for each participant using a Philips MX 8000 IDT CT 
scanner (Philips Medical Systems, Cleveland, OH, USA), 
with tube voltage set at 120 kV, exposure at 200 mAs, and 
slice thickness at 1 mm. Images were taken from ten con-
secutive slices of 1-mm thickness, covering a total thick-
ness of 10 mm. During the CT examination, patients kept 
both hips in a neutral position to avoid any effect of hip 
flexion on the cross-sectional area (CSA) of the muscle. 
Pre-defined radiation attenuation ranges were used to 
demarcate adipose tissue (from -190 HU to -30 HU) and 
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muscle (-29 HU to +150 HU) [12], and total muscle mass 
(TMM, cm3) and total fat mass (TFM, cm3) were automat-
ically derived using image processing software (Extended 
Brilliance Workspace version 4.5.3; Philips Healthcare, 
Best, The Netherlands) (Fig. 1). The TMM was subdi-
vided by manually outlining the range of interest, psoas 
muscle mass (PMM, cm3) and back muscle mass (BMM, 
cm3). Abdominal muscle mass (AMM, cm3) was calcu-
lated by subtracting the PMM and BMM from the TMM. 
BMM consists of the multifidus, iliocostalis lumborum, 
longissimus, and quadratus lumborum muscles. From 
the TFM, visceral fat mass (VFM, cm3) was computed by 
manually outlining the inner abdominal wall. Subcuta-
neous fat mass (SFM, cm3) was calculated as TFM minus 
VFM. One technician performed all the scans and image 

processing (Fig. 1). Trunk fat/muscle ratio was calculated 
by dividing TFM by TMM.

Low back pain
LBP was assessed using the Oswestry Disability Index 

(ODI). The ODI is a self-administered 10-item question-
naire covering intensity of pain and disability experi-
enced in standing, personal care, sleeping, lifting, sex 
life, walking, social life, sitting, or traveling. The index 
was translated into Korean, and its validity and reliabil-
ity have been assessed [17]. Scores for each item range 
from 0 (no pain or disability) to 5 (severe pain or disabil-
ity). Scores are reported as percentages according to the 
following formula: total score (0–50)/maximum score 
(50)×100 [18].

A

B

C

Fig. 1. Computed tomography images at the mid-T4 level. (A) Ten consecutive image slices of 1-mm thickness were 
taken, covering a total thickness of 10 mm. (B) Automatically derived total muscle and fat volume using the threshold 
technique. (C) Manually subdivided back and psoas muscle masses and visceral fat.
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Physical activity
The Korean version of the International Physical Activ-

ity Questionnaire (IPAQ) was used to evaluate partici-
pant’s physical activity levels [19]. The seven items of 
the IPAQ identifies the total time (in minute) spent on 
physical activity, including inactivity, walking, moderate-
intensity, and vigorous-intensity activities, over the last 
7 days. Replies were converted to metabolic equivalent 
task minutes per week (MET-min/wk) according to the 
IPAQ scoring method. An average METs was derived for 
each type of activity. The following MET values were 
used: walking=3.3 METs, moderate physical activity=4.0 
METs, and vigorous physical activity=8.0 METs. The total 
physical activity was calculated as the sum of the MET-
min/wk values derived from walking, moderate activity, 
and vigorous activity.

Disc space narrowing and spondylolisthesis
Assessment of the L3/4, L4/5, and L5/S1-disc space 

was completed through a lateral spine radiograph by a 
radiologist who was blinded to the participant’s informa-
tion. Intervertebral disc height was measured as a per-
centage of the adjacent discs and graded according to a 
semi-quantitative score—grade 0, normal; grade 1, mild 
(>75%); grade 2, moderate (>50%); grade 3, severe (>25%); 
grade 4, very severe (<25%)—as described by Mimura 
et al. [20]. Spondylolisthesis was also evaluated by X-ray 
findings.

Statistical analysis
Demographic data, anthropometric measurements, 

LBP, disc space narrowing, and trunk body composition 
results were compared between male and female using t-
test or χ2 test. ODI scores were not significantly different 
between farming types when analyzed using one-way 
ANOVA. Pearson correlation coefficients (r) were used to 
analyze the association between anthropometric mea-
surements and trunk fat/muscle mass with ODI scores. 
The association of anthropometric measurements and 
trunk fat/muscle mass with L3/4-, L4/5-, and L5/S1-disc 
space narrowing and presence of spondylolisthesis was 
also analyzed using Spearman correlation coefficients 
(rho).

RESULTS

Characteristics of the participants
The participants’ characteristics are presented in Table 

1. The distribution of farming types according to the 
major crop were: rice, 31 (6.7%); dry fields, 174 (37.6%); 
greenhouses, 210 (45.4%); and orchards, 48 (10.4%).

Female showed higher ODI scores (p<0.001), shorter 
height (p<0.001), less body weight (p<0.001), and thin-
ner waist circumference (p<0.001) than those in male. 
CT results showed higher VFM in male (p<0.001) and 
higher SFM in female (p<0.001). Male had higher TMM, 
BMM, PMM, and AMM (p<0.001). Fat/muscle ratio was 
significantly higher in female (2.63) than in male (1.72) 
(p<0.001). The distribution of farming types was signifi-
cantly different between sexes (p<0.001): more female 
participated in dry fields farming, whereas more male 
participated in rice and orchards farming. Grades of L5/
S1-disc space narrowing also showed different distribu-
tion between the sexes (p=0.002). Grades of L4/5-disc 
space narrowing showed different distribution between 
the sexes, but the difference was not statistically signifi-
cant (p=0.050). Finally, grades of L3/4-disc space narrow-
ing, age and BMI were not significantly different between 
the sexes (Table 1).

In the past year, 149 (32.2%) study participants respond-
ed that they had seen a doctor at the hospital due to back 
pain, and among them, 49 had to temporarily stop work 
due to pain.

Low back pain and trunk fat/muscle mass
ODI scores were not significantly different between 

farming types (p=0.284): rice, 10.7±12.4; dry fields, 
13.1±13.4; greenhouses, 10.5±12; orchards, 11.8±12.3.

Pearson correlation coefficients with the ODI score were 
significant for waist circumference (r=0.178, p=0.004), 
TFM (r=0.124, p=0.048), VFM (r=0.151, p=0.015), and 
fat/muscle ratio (r=0.123, p=0.049) in female. In male 
farmers, fat/muscle ratio and ODI score showed a posi-
tive correlation, but did not reach statistical significance 
(r=0.122, p=0.08). The ODI score was not related to any of 
the muscle mass values or BMI (Table 2).

Physical activity and trunk fat/muscle mass
Table 3 shows the relationship between anthropometric 

and trunk fat/muscle parameters with physical activity. 
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Table 1. Characteristics of middle-aged farmers (n=463)

Male (n=206) Female (n=257) Mean difference p-valuea)

Age (yr) 56.57±5.93 55.81±5.78 0.75 0.168

ODI score (0–100) 9.37±11.02 13.43±13.52 -4.06 <0.001

Height (cm) 167.49±5.68 154.44±5.95 13.05 <0.001

Weight (kg) 72.11±10.71 61.04±8.71 11.08 <0.001

BMI (kg/m2) 25.65±3.11 25.57±3.09 0.08 0.782

Waist circumference (cm) 89.49±8.97 83.08±8.75 6.41 <0.001

Physical activity (MET-min/wk) 5719.5±5394.7 5476.9±5701.7 242.58 0.641

Total fat mass (cm3) 272.54±98.03 288.3±87.02 -15.77 0.068

Visceral fat mass (cm3) 115.22±49.44 92.01±39.08 23.21 <0.001

Subcutaneous fat mass (cm3) 157.31±62.06 196.29±62.93 -38.98 <0.001

Total muscle mass (cm3) 158.4±22.7 110.34±14.7 48.06 <0.001

Back muscle mass (cm3) 66.9±9.56 51.6±7.72 15.3 <0.001

Psoas muscle mass (cm3) 26.89±14.49 14.93±4.67 11.96 <0.001

Abdominal muscle mass (cm3) 64.61±18.9 43.81±8.17 20.8 <0.001

Trunk fat/muscle ratio 1.72±0.59 2.63±0.76 -0.91 <0.001

Farming types

    Rice farming 24 (11.7) 7 (2.7) <0.001

    Dry fields farming 60 (29.1) 114 (44.4)

    Greenhouses farming 94 (45.6) 116 (45.1)

    Orchards farming 28 (13.6) 20 (7.8)

L3/4-disc space narrowing

    Grade 0 165 (80.1) 192 (74.7) 0.488b)

    Grade 1 26 (12.6) 35 (13.6)

    Grade 2 9 (4.4) 14 (5.4)

    Grade 3 4 (1.9) 11 (4.3)

    Grade 4 2 (1) 5 (1.9)

L4/5-disc space narrowing

    Grade 0 122 (59.2) 133 (51.8) 0.05b)

    Grade 1 46 (22.3) 56 (21.8)

    Grade 2 24 (11.7) 27 (10.5)

    Grade 3 10 (4.9) 27 (10.5)

    Grade 4 4 (1.9) 14 (5.4)

L5/S1-disc space narrowing

    Grade 0 76 (36.9) 60 (23.3) 0.002b)

    Grade 1 66 (32) 72 (28)

    Grade 2 24 (11.7) 46 (17.9)

    Grade 3 26 (12.6) 50 (19.5)

    Grade 4 14 (6.8) 29 (11.3)

Spondylolisthesis

    No 187 (90.8) 223 (86.8) 0.178b)

    Yes 19 (9.2) 34 (13.2)

Values are presented as mean±standard deviation or number (%).
ODI, Oswestry Disability Index; BMI, body mass index; MET-min/wk, metabolic equivalent task minutes per week.
a) t-test, b) χ2 test. 
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Pearson correlation coefficients with the IPAQ score 
were significant for TMM (r=0.152, p=0.015) and BMM 
(r=0.167, p=0.007) in female. In male, physical activity 
was not significantly related with fat or muscle mass.

Narrowing of the L3/4-disc space and trunk fat/muscle 
mass

Spearman correlation coefficients with narrowing of the 

L3/4-disc space were VFM (rho=0.125, p=0.046), TMM 
(rho=-0.138, p=0.026), and BMM (rho=-0.227, p<0.001) 
in female; BMM (rho=-0.146, p=0.037) in male (Table 4).

Narrowing of the L4/5-disc space and trunk fat/muscle 
mass

Spearman correlation coefficients with narrowing of 
the L4/5-disc space were waist circumference (rho=0.136, 

Table 2. Pearson correlation coefficients (r) for anthropometric measurements and trunk fat/muscle mass with the 
OSI score

Male (n=206) Female (n=257)
r p-value r p-value

Height (cm) -0.054 0.444 0.082 0.19

Weight (kg) 0.037 0.593 0.118 0.059

BMI (kg/m2) 0.076 0.275 0.079 0.207

Waist circumference (cm) 0.06 0.392 0.178 0.004**

Total fat mass 0.099 0.158 0.124 0.048*

Visceral fat mass 0.104 0.139 0.151 0.015*

Subcutaneous fat mass 0.073 0.294 0.077 0.218

Total muscle mass 0.004 0.951 0.009 0.887

Back muscle mass -0.036 0.604 -0.006 0.925

Psoas muscle mass 0.009 0.902 -0.079 0.207

Abdominal muscle mass 0.017 0.81 0.067 0.286

Trunk fat/muscle ratio 0.122 0.08 0.123 0.049*

ODI, Oswestry Disability Index; BMI, body mass index.
*p<0.05, **p<0.01.

Table 3. Pearson correlation coefficients (r) for anthropometric measurements and trunk fat/muscle mass with the 
physical activity (MET-min/wk) 

Male (n=206) Female (n=257)
r p-value r p-value

Height (cm) -0.055 0.436 0.055 0.376

Weight (kg) 0.023 0.738 0.066 0.289

BMI (kg/m2) 0.056 0.428 0.037 0.552

Waist circumference (cm) -0.005 0.945 0.037 0.551

Total fat mass -0.071 0.314 0.035 0.575

Visceral fat mass -0.09 0.198 -0.038 0.543

Subcutaneous fat mass -0.04 0.571 0.072 0.249

Total muscle mass 0.02 0.773 0.152 0.015*

Back muscle mass 0.049 0.48 0.167 0.007**

Psoas muscle mass -0.062 0.377 0.011 0.867

Abdominal muscle mass 0.047 0.504 0.11 0.079

Trunk fat/muscle ratio -0.077 0.272 -0.029 0.647

BMI, body mass index; MET-min/wk, metabolic equivalent task minutes per week.
*p<0.05, **p<0.01.
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p=0.029), TFM (rho=0.134, p=0.032), VFM (rho=0.127, 
p=0.042), TMM (rho=-0.252, p<0.001), BMM (rho=-0.314, 
p<0.001), PMM (rho=-0.199, p=0.001), and fat/muscle 
ratio (rho=0.267, p<0.001) in female; TMM (rho=-0.168 , 
p=0.016), BMM (rho=-0.271, p<0.001), PMM (rho=-0.166, 
p=0.017), and fat/muscle ratio (rho=0.166, p=0.017) in 
male (Table 4).

Narrowing of the L5/S1-disc space and trunk fat/muscle 
mass

Spearman correlation coefficients with narrowing of the 
L5/S1-disc space were height (rho=0.16, p=0.01), weight 
(rho=0.129, p=0.039), VFM (rho=0.167, p=0.007), and 
PMM (rho=-0.133, p=0.034) in female; height (rho=0.15, 
p=0.032) and BMM (rho=-0.144, p=0.039) in male (Table 4).

Spondylolisthesis and trunk fat/muscle mass
Spearman correlation coefficients with spondylolisthe-

sis were BMI (rho=0.144, p=0.039), waist circumference 
(rho=0.143, p=0.04), and SFM (rho=0.163, p=0.02) in 
male. In female, the presence of spondylolisthesis was 
not significantly related with fat or muscle mass. In addi-
tion, the presence of spondylolisthesis was not related to 
any of the muscle mass values (Table 4).

DISCUSSION

The results of this study showed a significantly differ-
ent pattern of trunk muscle/fat mass between male and 
female. Total trunk, back, psoas, and abdominal muscle 
mass were all higher in male. Total trunk fat mass was 
not significantly different between the sexes, while trunk 
fat distribution was: visceral fat was significantly higher 
in male and subcutaneous fat was significantly higher 
in female. Consequently, the trunk fat/muscle ratio was 
significantly higher in female than that in male. LBP was 
significantly associated with fat mass parameters and fat/
muscle ratio in female, while none of the muscle mass 
results, nor BMI, were significantly related with LBP. Disc 
space narrowing of L3/4, L4/5, and L5/S1 levels, were as-
sociated with increased fat mass, reduced muscle mass, 
and increased fat/muscle ratio.

Obesity, especially abdominal fat, seems to be associ-
ated with developing LBP. In our study, BMI was not 
significantly related with LBP, while abdominal fat mass 
parameters (waist circumference, total fat mass, visceral 
fat mass, and trunk fat/muscle ratio) were significantly re-
lated with LBP in female farmers. In previous studies, BMI 
was analyzed as cut-off points to determine the degree 
of overweight [10]. Contrary to the results of previous 
studies, in our study, the correlation was analyzed as a 
continuous variable without using cut-off. Among the in-

Table 4. Spearman rho of anthropometric measurements and trunk fat/muscle mass with grades of L3/4-, L4/5-, and 
L5/S1 disc space narrowing and spondylolisthesis

L3/4 L4/5 L5/S1 Spondylolisthesis
Male Female Male Female Male Female Male Female

Height (cm) -0.008 -0.058 0.058 -0.081 0.15* 0.16* -0.058 -0.098

Weight (kg) 0.088 -0.004 0.043 0.059 0.085 0.129* 0.101 0.031

BMI (kg/m2) 0.106 0.048 0.029 0.112 0.017 0.044 0.144* 0.11

Waist circumference (cm) 0.081 0.042 0.045 0.136 -0.001 0.093 0.143* 0.066

Total fat mass 0.099 0.039 0.087 0.134* 0.132 0.101 0.134 0.075

Visceral fat mass -0.004 0.125* 0.008 0.127* 0.085 0.167** 0.045 0.094

Subcutaneous fat mass 0.126 -0.028 0.103 0.108 0.109 0.03 0.163* 0.039

Total muscle mass 0.006 -0.138* -0.168* -0.252*** -0.029 -0.021 -0.001 0.006

Back muscle mass -0.146* -0.227*** -0.271*** -0.314*** -0.144* -0.073 0.053 -0.013

Psoas muscle mass 0.061 -0.076 -0.166* -0.199** -0.076 -0.133* -0.03 -0.102

Abdominal muscle mass 0.08 -0.012 -0.033 -0.074 0.071 0.099 -0.039 0.048

Trunk fat/muscle ratio 0.086 0.116 0.166* 0.267*** 0.127 0.107 0.139* 0.068

BMI, body mass index.
*p<0.05, **p<0.01, ***p<0.001.
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dicators of obesity, waist circumference in particular was 
highly correlated with LBP [21]. This is consistent with 
the results of our study. 

Both BMI and waist circumference are indirect mea-
surements of fat mass, because body weight includes 
both muscle and fat mass, and the BMI increases when 
the muscle mass increases. The waist circumference in-
cludes abdominal fat, internal organs, and trunk muscles. 
Compared to previous studies that indirectly measured 
the amount of fat and muscle in the abdomen by body 
weight, waist circumference, we directly measured the 
amount of muscle and fat in the trunk using abdominal 
CT. We measured abdominal fat (both visceral and sub-
cutaneous) using CT images of the L4 lumbar level. The 
fat mass of the L4 level measured by this method is pro-
portional to the fat mass of the entire abdomen [16]. Our 
study showed that the amount of visceral fat in the abdo-
men was significantly related to LBP. Similarly, abdomi-
nal fat-related variables, including waist-to-hip ratio, and 
percentage of trunk fat mass/weight, were significantly 
linked to LBP [22]. Among obese people, it has been re-
ported that the intensity of back pain increases as the 
amount of fat in the android region increases compared 
to the amount of fat in the gynoid region [9]. Although 
the mechanism between obesity and LBP has not been 
identified, it can be assumed that the fat distribution in 
the abdomen may be an aggravating factor in LBP. An in-
crease in BMI was shown to be significantly related to an 
increase in lumbar lordosis [23], possibly due to abdomi-
nal fat placing a mechanical load on the spine. Obese 
individuals with chronic LBP showed a higher degree of 
spinal impairment compared to that in individuals with-
out [24].

The results of this study showed that disc space nar-
rowing and spondylolisthesis of the lumbar spine were 
significantly related to muscle mass as well as fat mass. 
Reduced trunk muscle mass (total and back) and in-
creased fat/muscle ratio showed significant association 
with narrowing of the L4/5-disc space in both male and 
female. Increased fat mass (visceral) was associated with 
narrowing of the L4/5-disc space in female. In adjacent 
lumbar disc levels, similar associations with L4 level 
fat and muscle mass were observed: increased fat mass 
(visceral) and decreased muscle mass (total and back) 
in L3/4-disc space narrowing; and increased fat mass 
(visceral) and decreased muscle mass (back and psoas) 

in L5/S1-disc space narrowing. Also, lumbar spondylolis-
thesis was associated with fat parameters in male: BMI, 
waist circumference, subcutaneous fat mass, and trunk 
fat/muscle ratio.

Damage or disruption to the nerves of the back mus-
cle leads to muscular atrophy. An experimental study 
showed that the paraspinal muscles atrophied rapidly 
after spinal nerve root injury in pigs compared to sham 
injury [25]. Similarly, a case-control study reported that 
patients with lumbar radiculopathy showed significantly 
reduced back muscle area compared to control patients 
[26]. The same study showed that lumbar disc herniation 
alone also reduced the back muscle area, to a similar ex-
tent as radiculopathy [26]. Symptomatic spinal stenosis 
has been reported to result in greater paraspinal muscle 
atrophy compared to asymptomatic controls, while LBP 
alone did not [27]. Narrowing of the lumbar disc space 
[28], degenerative lumbar flat back [29], and degenerative 
kyphosis [30] have also all been associated with a lower 
CSA of the back muscles. The results of our study were 
consistent with the findings of these previous studies: re-
duced trunk muscle mass was associated with L4/5-disc 
space narrowing in both male and female; total, back, and 
psoas muscle mass, and fat/muscle ratio in female; and 
total and back muscle mass and fat/muscle ratio in male.

The method of measuring the muscle mass using CT 
can be divided according to the method used for deter-
mining the region of interest: the method of measuring 
the CSA of the outer edge of the muscle, and the area 
with the muscle-HU threshold. In this study, we used 
a computerized method to measure muscle mass us-
ing the HU threshold in CT; this method saves time and 
provides consistent results [31]. Different studies in the 
previous literature have used different ranges of interest 
for measuring muscle mass. Muscle mass areas found to 
be associated with LBP have included the multifidus [14], 
multifidus and erector spinae [13,32], paraspinal muscles 
(multifidus+erector spinae) [33,34], and paraspinal and 
psoas muscles [35]. These manual methods for demar-
cating the muscle mass area are time-consuming and 
rely on a technician with good anatomical knowledge. 
A simple measurement of the cross-sectional area along 
the boundaries of the muscle cannot exclude the amount 
of intramuscular fat. In our study, the total trunk muscle 
mass was automatically derived from a standard CT im-
age using a thresholding technique [11] excluding fat in-
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filtration, and the results showed that both the size of the 
back muscle as well as the whole trunk muscle mass are 
significantly related to L4/5-disc space narrowing.

As mentioned above, the CSA measurement method 
through the demarcation of muscle boundary cannot ex-
clude the amount of fat infiltration in the muscle CSA. Fat 
infiltration into back muscles is associated with LBP, and 
variations in muscle composition have been observed in 
different regions of the trunk. Greater fat infiltration has 
been reported on the sides and at spinal levels adjacent 
to the disc herniation [7]. The paraspinal muscle area 
decreases with age, while the total amount of paraspinal 
fat increases with age [11]. Many studies that reported a 
decreased lumbar muscle mass with LBP, have assessed 
participants who are mostly young (in their 20s and 40s) 
[6]. In contrast, in studies that assessed older people in 
their 60s, no significant difference was observed in back 
muscle mass between the LBP and control groups [27]. 
The HU method enables the calculation of muscle mass 
that excludes intramuscular fat to be made.

In our study, LBP did not show a direct relationship 
with trunk muscle mass. The back muscle plays an im-
portant role in lumbar segmental stability, and if it atro-
phies, it may cause the recurrence of LBP [6]. However, 
some studies have shown that the relationship between 
back pain and trunk muscle mass was not significant. 
One study reported that, in 20 subjects without LBP, there 
was no significant difference in CSA with and without 
intervertebral disc degeneration of the lumbar spine 
[36]. Another study that followed 26 young healthy vol-
unteers—male fighter pilots aged 20.6±0.6—for 5 years 
found no associations between muscle composition or 
CSA and LBP [37]. The difference in these study results 
may have been related to the areas in which the muscle 
mass was measured. Since we measured the trunk mus-
cle mass at the L4 level, we did not measure the muscle 
mass of all the muscles surrounding the lumbar spine. 
Disturbed back muscle innervation and loss of muscular 
support lead to increased biomechanical strain. The fat-
to-muscle ratio can be considered an index that reflects 
both fat and muscle effects. In this study, the trunk fat/
muscle ratio was found to be significantly related to the 
narrowing of the L4/5-disc space and LBP, and this was 
observed in both male and female. 

Farmers suffer from musculoskeletal pain, especially 
LBP. In this study, 32.2% of participants responded that 

they had seen a doctor at the hospital due to back pain 
during the last year. Little is known about the relationship 
between trunk muscle mass and LBP and disc space nar-
rowing of the lumbar spine in farmers. Musculoskeletal 
pain in farmers is greatly affected by agricultural work. In 
particular, lifting, harvesting, and planting heavy things 
heavily affect the lumbar spine and the occurrence of 
LBP. Moreover, those with long-term farming experience 
of at least 30 years have a greater risk of LBP [1]. On the 
other hand, high levels of physical activity among farm-
ers, particularly head-carrying among female, appear 
to be associated with higher trunk muscle endurance 
and strength [38]. In summary, we showed the relation-
ship between trunk fat/muscle and LBP and lumbar disc 
space narrowing in farmers. These results are expected 
to be baseline data for future research on the prevention 
of lumbar diseases by increasing muscle strength, and on 
reducing back pain by reducing abdominal fat.

The main limitation of this study is its cross-sectional 
design. The outcomes of this study warrant further inves-
tigation and verification to determine whether a person’s 
trunk fat/muscle composition and fat-to-muscle ratio 
can predict future back pain and lumbar disc disorders. 
Moreover, we measured muscle and fat mass by one 
technician, and this did not provide measure-remeasure 
reliability. However, according to a previous study, 
muscle mass measurements using the HU threshold were 
reliable, regardless of the CT protocol used [31]. Also, we 
evaluated disc degeneration by X-ray, but did not evalu-
ate disc damage by lumbar MRI or CT. The degree of back 
pain expressed as ODI may be measured in various ways 
depending on the evaluation time point. However, in 
the case of fat/muscle ratio or muscle mass, the degree 
of change is modest, so there seems to be a limitation 
in comparing the two evaluation indicators. Addition-
ally, body fat percentage or disc degeneration are factors 
greatly affected by age. Some studies have shown that de-
generation affects the fat infiltration of the back muscles, 
while others show that fat infiltration is more affected by 
age. Lastly, we conducted a study on farmers living in 
Gangwon-do, and, therefore, our findings may not be rep-
resentative of the entire population of Korean farmers.

LBP and various fat indicators were shown to be signifi-
cantly related. Trunk muscle mass was significantly relat-
ed to lumbar disc degeneration, and the fat/muscle ratio 
was significantly related to lumbar disc degeneration as 
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well as LBP in both male and female. It may be useful to 
investigate the effectiveness of using the fat/muscle ratio 
as an index for LBP.
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