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Is the Agricultural Work a Risk Factor for Koreans Elderly
Spinal Sagittal Imbalance?
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Objective : A primary degenerative sagittal imbalance has been considered because of unique lifestyles such as the prolonged
crouched posture during agricultural work and performing activities of daily living on the floor. Previous papers have reported that
sagittal imbalance disease is often seen distinctly in the farming districts of “oriental” countries such as Korea and Japan. However,
this finding was only evaluated with the use of X-ray, and other factors such as magnetic resonance imaging (MRI), muscle volume,
compression fracture, and laboratory results were not considered. Thus, using these, we evaluate the agricultural work-associated
factors for Korean elderly spinal sagittal imbalance.

Methods : We recruited 103 Korean participants who had a sagittal vertical axis (SVA) of >5 cm in this Korean Elderly Sagittal
Imbalance Cohort Study. The following were evaluated : radiological parameters, MRI, compression fracture, vitamin D, parathyroid
hormone, C-terminal telopeptide, osteocalcin, bone mineral density and muscle fatty change, muscle volume, and health-related
quality of life from patients’ survey. Moreover, in this survey, the farmers’ annual working hours were investigated. Subsequently, we
analyzed the associated factors for spinal sagittal imbalance depending on occupation.

Results : A total of 46 participants were farmers, and the others were housewives, sellers, and office workers. The farmer group had
more SVA (141 vs. 99 mm, p=0.001) and pelvic tilt (31° vs. 24°, p=0.004) and lesser lumbar lordosis (20° vs. 30°, p=0.009) and thoracic
kyphosis (24° vs. 33°, p=0.03) than non-farmer group. A significantly positive correlation was noted between the working hour and
SVA in the farmer group (p=0.014). The visual analogue scale score for back pain (8.26 vs. 6.96, p=0.008) and Oswestry Disability
Index (23.5 vs. 19.1, p=0.003) in the farmer group were higher than that in the non-farmer group, but the Short Form-36 score was
not significantly different between the two groups. The Mini-Mental State Exam score was significantly lower in the farmer group
than in the non-farmer group (24.85 vs. 26.98, p=0.002).

Conclusion : The farmer group had more sagittal imbalance and back pain in proportion to the working hours even though the
muscle and bone factors and general laboratory condition were not significantly different between the two groups. These results
supported that the long hours spent in the crouched posture while performing agricultural work were a risk factor for severe
sagittal imbalance.
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INTRODUCTION

Primary degenerative sagittal imbalance (PDSI) is a branch
of adult spinal deformity from the perspective of global sagittal
alignment™. It was first described in Japan, which was thought
to be attributed to a sedentary lifestyle and long squatting ac-
tivity engaged in agriculture*'®"”. Previous papers reported that
PDSI is common in Asian agricultural regions such as Korea
and Japan, but there is no significant progress in understanding

16,17,23 . . . .
', Sagittal imbalance is common in elderly,

this condition
and its prevalence rate ranges from 20% to 40%. Moreover, it
was thought to be an aging process but gradually recognized as
a disease to be treated"”. Three components of the spinal col-
umn are involved in the transformation into a marked spinal
deformity”. Especially in terms of health-related quality of life
(HRQOL), it is one of the most significant topics in spinal dis-
eases”""*". From the data of the United States and South Ko-
rea, as the population ages rapidly, the burden of degenerative

") Sagittal imbalance is

spinal diseases also increases quickly
thought to be a cumulative result of degeneration, but the exact
impact factors are not clearly defined”. Although some authors
reported that squatting and sedentary lifestyles are common in
rural populations, the quantitative analysis of occupational fac-
tors for Koreans has not yet been elucidated **”. In the present
study, we performed an assessment of the degree of sagittal im-
balance and HRQOL between the agricultural and nonagricul-

tural populations.

MATERIALS AND METHODS

Study design

This study was approved by the Institutional Review Board
of Chonnam National University Medical School Research
Institute (approval number CNUH-2016-127). For the pur-
pose of the study, not the treatment, we recruited 103 Korean
participants over 60 years old who had a sagittal vertical axis
(SVA) of >5 cm on whole-spine standing X-ray in this Korean
Elderly Sagittal Imbalance Cohort Study. The exclusion crite-
ria were as follows : 1) bed-ridden state; 2) impossible indepen-
dent life; 3) previous history of spine or knee operation; 4) past
history of Parkinson’s disease or cerebrovascular disease; and
5) presence of severe infection and acute vertebral fracture

and in quarantine. The participants were divided into two
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groups : farmer and non-farmer.

Face-to-face questionnaires were administered for HRQOL
as follows : visual analogue scale (VAS) of the back and leg,
Physical Component Summary (PCS)/Mental Component
Summary (MCS) of Short Form-36 (SF-36), Oswestry Disabil-
ity Index (ODI), and Mini-Mental State Exam (MMSE). In
addition, telephone surveys were conducted on daily working
hours and annual working periods. A working hour is defined
as the product of daily working hours and annual working pe-
riods. The daily working time was defined as the time worked

in a squatting position in a field during the day.

B
Fig. 1. Definitions of each radiologic parameter. The angle between the
lines from the centroid of T1 to the femoral head axis and from the
femoral axis to the middle of the S1 endplate. T1PA : T1 pelvic angle.



Data sources and variables

Demographics such as age, sex, weight, height, and body
mass index were examined in each group. Whole-spine X-ray,
lumbar magnetic resonance imaging (MRI), bone mineral
density (BMD), and plasma clinical chemistry were performed
in each patient. The radiological parameters of sagittal imbal-
ance were measured on whole-spine lateral X-ray based on the
Scoliosis Research Society (SRS)-Schwab radiological classifi-
cation, including SVA, thoracic kyphosis (TK), T1 pelvic angle
(T1PA), lumbar lordosis (LL), pelvic incidence (PI), pelvic tilt
(PT), sacral slope (SS), and compression fracture (Fig. 1).

The back and lumbar muscle volumes were measured by
the total cross-sectional area (TCSA) of the psoas muscle (PS),
lumbar multifidus muscle (MF), and lumbar erector spinae

muscle (ES) from the patients’ MRI image using the region of

7%

8%
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Fig. 2. Occupation of participants. There were 46 farmers and 50 non-
farmers. Non-agricultural occupations consisted of 24 housewives, 11
self-employed, 8 office workers, and 7 others.

Table 1. Demographics of the farmer and non-farmer groups
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interest measurement tool of the picture archiving and com-
munication system (M-view; INFINITT Healthcare, Seoul,
Korea). In addition, fatty streaks of the lumbar muscle were
measured from MRI according to the grading system by
Battaglia et al.” and Goutallier et al.”.

Laboratory tests were performed on peripheral venous
blood samples. Hemoglobin Alc (HbAlc), vitamin D, calcium
ion, parathyroid hormone (PTH), C-terminal telopeptide
(CTX), osteocalcin, rheumatoid factor, total cholesterol, tri-
glyceride, high-density lipoprotein (HDL) cholesterol were

measured.

Statistics

All data were analyzed using SPSS ver. 18.0 (SPSS Inc., Chi-
cago, IL, USA). Demographics, radiological parameters, ques-
tionnaires, and laboratory values associated with spinal sagittal
imbalance were evaluated between the two groups using t-test,
chi-square test, and regression analysis. Pearson’s correlation
coefficient test was performed to analyze correlations between
parameters. In the farmer group, a regression analysis was con-
ducted to assure a correlation between the working hours and
radiologic indicators. A p-value of <0.05 was considered signifi-
cant. Described data are presented as meantstandard devia-

tion.

RESULTS

Demographics
Seven participants were excluded from the study because
they refused lumbar MRI scan. Consequently, there were 46

Farmer (n=46) Non-farmer (n=50) p-value

Age (years) 72.85+4.23 70.10+4.13 0.001
Female (%) 76.0 86.0 0.214
Height (cm) 154.04+7.55 156.42+7.28 0.120
Weight (kg) 56.74+10.51 59.84+8.86 0.121
BMI (kg/m’) 23.82+3.96 24424298 0.204
Lumbar BMD -1.74+0.90 -1.64+0.86 0.607
Compression fracture 15(32.6) 13(26.0) 0.508
Working hour* (hour-years) 270+139 0

Values are presented as mean+standard deviation or number (%). *Working hour, flexed position on the ground, and 35 participants surveyed. BMI :

body mass index, BMD : bone mineral density
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farmers and 50 non-farmers. Non-agricultural occupations
consisted of housewives (25%), self-employed (12%), office
workers (8%), and others (7%) (Fig. 2). The analyzed baseline
statistics for each group are shown in Table 1.

The mean ages of the farmer and non-farmer groups were
72.85 and 70.1 years, respectively. The proportion of women
in the farmer group was 76%, and that of the other was 86%.
The farmer group showed lower height and weight than the
non-farmer group. The BMD values at the lumbar spine and
femur were relatively lower in the non-farmer group. However,
no significant difference was found in the aforementioned
values between the two groups. The average working hour in
the farmer group was 270 hour-years (Table 1). The average

working hour in the non-farmer group was 0 hour-years.

Radiological findings

The mean SVA values in the farmer and non-farmer groups
were 14.1616.13 and 9.96+5.42 cm, respectively (p=0.001). The
farmer group demonstrated significantly decreased LL (20.05°
vs. 30.71°% p=0.009) and TK (24.16° vs. 33.27°, p=0.03) than the
non-farmer group. Significant increases in PI-LL (38.06° vs.
24.29° p=0.003), PT (31.65° vs. 24.82°, p=0.004) and T1PA
(37.84° vs. 28.29°, p=0.004) were noted in the farmer group,

which resulted from subsequent pelvic compensation. As the

imbalance was more remarkable in the farmer group, the two
groups showed significantly different amounts of pelvic com-
pensation. The muscle volume and fatty change calculated as
TCSA and Goutallier's grade of MF, ES, and PS were not signif-
icantly different between the two groups (Table 2). When the
farmer group was analyzed separately, correlation analysis be-

tween SVA and other indicators was conducted in the agricul-

Table 3. Multivariate regression analysis between the working hours
and radiological parameters on sagittal alignment of the farmer group

Farmer (n=35)

B+SE p-value
SVA 0.019+0.007 0.014*
TK 0.008+0.023 0.725
TIPAT 0.024+0.019 0.219
LL -0.04+0.023 0.096
PI -0.016+0.015 0.309
PT -0.014£0.013 0.313
SS -0.001£0.018 0.958
PI-LL 0.024+0.028 0.390

*p<0.05. 'Invalid data excluded, 28 farmers and 41 non-farmers. SE :
standard error, SVA : sagittal vertical axis, TK : thoracic kyphosis, TTPA: T1
pelvic angle, LL : lumbar lordosis, Pl : pelvic incidence, PT : pelvic tilt, SS :
sacral slope

Table 2. Comparison of radiological parameters on sagittal alignment between the farmer and non-farmer groups

Farmer (n=46) Non-farmer (n=50) p-value
SVA (cm) 14.1646.13 9.96+542 0.001*
TK () 24.16416.85 33.27424.22 0.034"
TIPAT (©) 37.84+13.37 28.29+13.10 0.004*
LL (9 20.05+1943 30.71£19.92 0.009*
Pl () 5811+11.74 55.00+11.01 0.184
PT (9 31.65+11.00 24.82+11.89 0.004*
SS (@) 26.61+14.45 30.12+9.35 0.157
PI-LL () 38.06£21.31 24.29+22.53 0.003%
TCSA MF 704.84+193.60 744.324+233.51 0.375
TCSAES 1746.31+£1317.09 1559.48+340.83 0.335
TCSAPS 2328.51+505.96 2384.20+417.71 0.559
Goutallier MF 2.18+0.83 2.45+098 0.154
Goutallier ES 2.00+0.80 2.12+098 0.518
Goutallier PS 2.04+0.74 2.20+0.93 0.371

*p<0.01. "p<0.05. “Invalid data excluded, 28 farmers and 41 non-farmers. SVA : sagittal vertical axis, TK : thoracic kyphosis, TIPA : T1 pelvic angle, LL :
lumbar lordosis, PI : pelvic incidence, PT : pelvic tilt, SS : sacral slope, TCSA : total cross-sectional area, MF : multifidus muscle, ES : erector spinae muscle,

PS : psoas muscle

626 https://doi.org/10.3340/jkns.2020.0096



tural group. There was no correlation with demographics, labo-
ratory test or muscle quality other than working hour. In the
multivariate regression analysis, between the working hours
and radiological parameters, SVA had a significantly positive
correlation (p=0.014). Longer working hours was the only pre-
dicting factor for the higher SVA value. No other SVA-related
values were identified, such as TK, T1PA, LL, PI, PT, SS, and
PI-LL (Table 3).

HRQOL

Self-reported surveys including the back and leg VAS, SF-36
PCS and MCS, OD], and MMSE were evaluated. The VAS
scores for back pain were 8.26 for the participants in the farm-
er group and 6.96 for those in the non-farmer group. This dif-
ference was statistically significant (p=0.008). However, the
VAS score for leg pain was not significantly different between
the two groups. SF-36 PCS and MCS had lower scores in the
farmer group than in the non-farmer group, but statistical
significance was found only for PCS (p=0.027). The ODI
showed significantly higher scores in the farmer group (23.5
vs. 19.12, p=0.003). Meanwhile, the results of the MMSE were
significantly lower in the participants in the farmer group
(24.85 vs. 26.98, p=0.002; Table 4).

Laboratory findings

All laboratory tests including total cholesterol, HDL choles-
terol, HbAlc, vitamin D, PTH, CTX, and osteocalcin had no
difference between the two groups (Table 5).

Table 4. Comparison of HRQOL between the farmer and non-farmer
groups

Farmer (n=46) Non-farmer (n=50) p-value
VAS back 8.26+2.27 6.96+2.44 0.008*
VAS leg 7.15+2.69 6.44+2.72 0.201
SF-36 PCS 31.83+12.92 38.06+14.24 0.027
SF-36 MCS 45.09+14.48 4897+16.62 0.227
ODI 23.50+7.73 1912+6.24 0.003*
MMSE 24.85%3.77 26984247 0.002%

*p<0.01. HRQOL : health-related quality of life, VAS : visual analogue
scale, SF-36 : Short Form-36, PCS : Physical Component Summary, MCS :
Mental Component Summary, ODI : Oswestry Disability Index, MMSE :
Mini-Mental State Exam
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DISCUSSION

We are the first to describe that Korean elderly farmers were
shown to have more severe sagittal imbalance. The average
SVA of the farmer group was 14 cm, which corresponds to the
marked deformity of the SRS-Schwab classification™. TIPA
was also higher in the farmer group, which is a sagittal align-
ment marker that compensates for the drawback that SVA is
variable according to the measurer'”. The decrease in LL was
even worse at 20° in the farmer group. Compensatory sagittal
balance changes resulted in more severe TK reductions in the
farmer group. LL has evolved to adapt to promote upright
posture in the human spine. Normal sagittal spine balance al-
lows humanity to walk upright with minimal force’. The LL
loss causes more energy to maintain an upright posture,
which worsens pain exacerbations and LL loss itself"*". Even-
tually, severe sagittal imbalance results in more severe back
pain and lower quality of life. Several studies have shown that
sagittal imbalance is closely associated with poor HRQOL".
In this study, back pain was more severe (VAS score for back
pain, 8.26 vs. 6.96, p=0.008), and life discomfort was more
common in the farmer group as the result of SF-36 PCS and
ODI score (23.5 vs. 19.12, p=0.003) showed.

Korean elderly farmers suffered from more severe sagittal
imbalance, complained of more pain, and had lower quality of
life. In Korea, work in the rural areas is frequently performed
while sitting on the floor or squatting, often accompanied by

a load of heavy lifting by bending at the waist (Fig. 3)"*. In ad-

Table 5. Comparison of laboratory tests between the farmer and non-
farmer groups

Farmer (n=46) Non-farmer (n=50) p-value

Total cholesterol ~ 199.61+42.56 198.26+48.67 0.886
TG 133.25£95.17 136.34+108.83 0.883
HDL 56.13+14.32 577841294 0.555
HbATc 5.74+0.56 59241.24 0.367
RF 4.40+4.86 743+13.36 0.140
Vitamin D 23.80+8.02 21.23+843 0.131

PTH 46.56+19.19 40.38420.27 0132
CTX 0.42+0.20 0.42+0.26 0971

Osteocalcin 21.04+8.17 2045+7.87 0723

TG : triglyceride, HDL : high-density lipoprotein, HbAlc : hemoglobin
Alc, RF : theumatoid factor, PTH : parathyroid hormone, CTX : Gterminal
telopeptide
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Fig. 3. A photograph showing female farmers working in a crouched
posture on the ground in a farm in Korea. This photograph is courtesy of
Korea Agency of Education, Promotion and Information Service in Food,
Agriculture, Forestry and Fisheries.

dition, these areas are less modernized than cities, and several
elderly people still live on the floor. Asian lifestyle, such as
squatting and sitting on the floor without back support, is a
common practice in East Asia, which causes back pain and
poor quality of life. In the middle-aged Korean population,
long hours of sedentary lifestyles have been reported to be as-
sociated with lower back pain'”. Some reports have described
that sitting or deep squatting without back support aggravates
low back pain in the Korean rural population and middle-
aged women in China™*”. In a Western study group, although
the lumbar intervertebral disc pressure when sitting on a chair
is higher than standing”, such pressure is increased in the
squatting position, and stress on the lumbar spine is greater.
Further study of spine kinetics in this regard may evolve the
understanding of sagittal imbalance. The intramuscular pres-
sure of the erectors spinae is higher in the squatting position
than in the upright posture, which leads to the viscoelastic de-
formation of tissue structure, resulting in changes in tissue
composition as well as muscle fatigue or soreness”. In regard
to lower lumbar spinal muscle volume and more fatty degen-
eration in severe sagittal imbalance’, sedentary lifestyle in
East Asia is also a factor associated with the muscle changes in
such imbalance.

This study found a positive correlation between the agricul-
tural working hour and SVA in the farmer group. To the best
of our knowledge, this is the first report to show a statistically
significant relationship between the working hour and SVA.
In the correlation analysis of SVA on the farmer group, there
was no correlation with demographics, laboratory test or
muscle quality other than working hour. Radiological param-

eters or pain indicators have direct confounder effect with
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Fig. 4. The whole-body X-rays of two participants with different working
hours and degrees of sagittal imbalance. A : Working hour, 450 hour-
years; SVA, 18.7 cm. B : Working hour, 250 hour-years; SVA, 5.2 cm. SVA :
sagittal vertical axis.

SVA, respectively, and when analyzing with working hours,
the effect of working hours is underestimated. Although there
was no significance in each individual parameter, it is notable
that there is a correlation between the working hour and SVA.
The SVA value is the most significant indicator for assessing
the sagittal balance as an integrated value of the spinopelvic
parameters. The participants in the farmer group who may be
considered to have the heavy-duty floor life for a long time
had, more severe sagittal imbalance compared with the non-
farmers (Fig. 4). From these results, to reduce PDSI, it should
be suggested that farmers reduce their working hours in a sit-
ting or squatting position and change to a standing lifestyle.
The MMSE score was also lower in the farmer group than
in the non-farmer group. Failure to balance can result in not
only pain, but also a decrease in forward-looking ability,
which lead to social interaction'”. It is notable that the treat-
ment of sagittal imbalance in the farmer group should be con-

sidered to not only pain, but also disability or function.

Limitation
This study has some limitations. Due to the characteristics



of the cross-sectional and observational study, we could not
clarify the causal relationship between measured indicators
and agriculture. Although indicators were found to differ be-
tween the two groups, further follow-up studies are necessary
to ascertain the causal relationship of whether the farmer
group is the only factor affecting each indicator difference.

The method of checking annual working hours through
telephone surveys can be biased in some ways. Memory-de-
pendent assessments of elderly may not be accurately investi-
gated, and it is difficult to reflect consistency or continuity of
working hours. If the squatting posture during the day except
for working hours was analyzed in the two groups, the con-
founder of the daily life pattern might be excluded, but there
may be bias due to insufficient investigation of these parts.
Nevertheless, the daily sedentary life pattern is generally not
considered to be different between participants, so this study
focusing on working hours in a deep squatting posture is per-
tinent.

There is no model or findings that could fully demonstrate
the understanding of how the squatting posture advances sag-
ittal imbalance. Further biomechanical research would be
necessary, such as disc degeneration and difference of axial
loading point during squatting position to determine the ef-
fect of SVA and loss of lordosis.

CONCLUSION

Sagittal imbalance and back pain were worse in the Korean
elderly farmers compared with those in non-famers. Longer
working hours of agricultural workers resulted in higher SVA.
These findings showed the long hours spent in the crouched
posture while performing agricultural work was a risk factor
for severe sagittal imbalance. To reduce PDSI, it should be
suggested that farmers reduce their working hours in a sitting

or squatting position and change to a standing lifestyle.
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