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Analysis of Physiological Bio—information, Human Physical Activities and Load of
Lumbar Spine during the Repeated Lifting Work

H. M. Son H. Seonwoo K, T, Lim J, H. Kim J, H Chung

Workers in the agricultural industry have been exposed to many work-related musculoskeletal disorders. So, our objectives
in this study were to measure and analyze worker’s physiological bio-information to reduce musculoskeletal disorders in
relation to agricultural works. We investigated worker’s bio-information of physiological signals during the repeated lifting
work such as body temperature, heart rate, blood pressure, physical activity, and heart rate variability. Moreover, we
analyzed the workloads of lumbar spine during the repeated lifting work using the 3-axis acceleration and angular velocity
sensors. The changes of body temperature was not significant, but the mean heart rate increased from 90/min to 116/min
significantly during 30 min of repeated lifting work (p<0.05). The average worker’s physical activity(energy consumption
rate) was 206 kcal/70kg/h during the repeated lifting work. The workers’ acute stress index was more than 80, which
indicated a stressful work. Also, the maximum shear force on the disk (L5/S1) of a worker’s lumbar spine in static state
was 500N, and the maximum inertia moment was 139 N'm in dynamic state.

Keywords : Repeated lifting work, Bio-information, Physical activity, Acute stress index, Lumbar spine workload
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where,

ASI : Acute stress index
: A standard index of the autonomic nervous
system balance rate, [LF/HF]
HF . A parasympathetic activation rate, [HF,
High Frequency power (0.15~0.4 Hz) scale
value of natural logarithm(msz)]

T, LF/HF

LF : A sympathetic activation rate, [LF, Low
Frequency power (0.04~0.15 Hz) scale value
of natural logarithm(msz)]

Tur  : A standard index of heart rate [beat per
min., (bpm)]

Blood
pressure cuff

Fig. 1 The measurement system used in this study. This system
consists of a heart rate monitoring sensor, a pulse monitoring sensor,
an infrared thermometer, two physical activity measurement sensors,
a gyroscope sensor, and a HRV measurement sensor, which were
used for analysis physiological signal change and physical activity.
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Table 1. Anthropometric data of the subjects (n=21)
Category Mean S.D. Range
Age (years) 26.8 3.1 24~34
Height (cm) 177.6 5.8 169~186
Weight (kg) 73.4 9.4 63~100
Body mass index (BMI) 24.18 1.62 22~26
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where,

W : The force produced by the weight of the
upper body (N) : Approximately 65% of the
force exerted by the total body weight

P : The force produced by the weight of the
object (N)

E : The force produced by contraction of the
erector spinae muscles (N)

Ly : The lever arms of the forces produced by the
weight of the upper body (m)

Lp : The lever arms of the forces produced by the
weight of the object (m)

Lg : The lever arms of the forces produced by
contraction of the erector spinaec muscles (m)

@ : The trunk angle when the maximum dynamic
loading act on the disc (degree)

C : The total compressive force acting on the disc (N)

S : The shear component for the reaction force
on the disc (N)

Location of
sensor
attachment

Flextionand ___3
Extention angle
[ Y 4

O Joint

C = Compressive Force (N)

©® COM(center of mass) S = Shear Force (N)

@ L5/51 Disk

Fig. 2 Free-body diagram for calculation of the back load (static
state): The force produced by the weight of the upper body
(W), the force produced by the weight of the object (P), the
force produced by contraction of the erector spinaec muscles (E),
the total compressive force exerted on the disk (C), the shear
component of for the reaction force on the disk (S).
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where,

T = Torque (Nm)

I = Inertia moment (Nm - secz)

a = Angular acceleration (rad/secz)

Attaching gyro sensor on back
| Proximal centroid

Suprasternalo

Center of mass
N
LX/ Omphylion
Distal point
7 p

Fig. 3 Moments of inertia for calculation of the back load (Table
A, B from Chandler, R. F et al. 1975).

Table A Anthropometry

Subject 1 2 3 4 5 6

Weight (kg) 30.631 41.060 46.182 26.828 28.005 31.262
Volume (ml) 36772 46301 50683 33887 33721 36487

Density 0.833 0.887 0911 0.792 0.831 0.857
Torso length (cm) 656 695 717 670 618 63.1
Chest circle (cm) 940 1014 1055 83.1 985 93.2
Waist circle (cm) 813 873 933 735 783 81.2

Buttock circle (cm) 884 90.0 101.1 844 885 87.1
Chest breadth (cm) 334 379 370 290 341 33.8
Buttock breadth (em) 33.5 34.6 37.6 33.0 365 338

Table B Principal moment of inertia (kg - cm’)

Subject 1 2 3 4 5 6

IXX 14436 20449 23142 13555 12464 13116
IYY 9315 14320 | 18063 | 9022 6635 7902
1ZZ 2643 5008 6194 2302 3022 3541




3) GIOJE{Xz] L £M

RE dojEls ASZAv e B2 &2 71 3]
wj o] Z+Zke] HlwE 9ske] thAleld HPHS o] 8-51%
t} EAskA BAS 98] SPSSAZTEYY] (Institute Inc,
USA)E AMg3lglon tls T8 7148 083t o3z}
of gk A3 H3 $o] AHE v]uwiA aivh

OHH

. M2 By

AP NA WAL So122]7] A AlRte] whE A%
o A& ¢k 365C 9= L‘rE‘rM_U% A ii]%l
2 49} 79ht) 2L AJFEE & 10%0] AuA} 7]

o} ok 0.3CZ7H] “*011 g 5 U3 o]5-9 APP
o= %+ 0.2-03C 9] X}O] Holn 4=#3kS slolsk
ASAEE T2 ar AQlellA A]lAte] fgef uhE A
S o PR ROE AFlA Al Aol 4
2 Rt
2174 ¢] *a‘dX}OH e S4E 719 2=
)70 W A& Wshs A
N ?O‘S’iﬁ} (P < 0.05). o]&{ g A2 2
7d7c}??} *}%94 B9k s FRIT 5 8T F
217k

o e 342501 A dske 4%0
1

01
-

)

Z]
3k

2
]| &
-
Qj‘l—l_./\

rfo

I
r&
[0}
E
fa
N
0,
I
~ °

i o
1o

wht [M 2 ox dlo M
ol
1o
)
rsL'
112

37 1 ‘
365 1

1 |

- S

Mean Temperature, °C

Q 5 10 15 20 25 30
Time, min

Fig. 4 Change of workers’ mean ear temperature during 30 min
of the lifting.

308 ek WAl Solge]y] Al wE Wukro)

753tk 2} A wule= 68.27 + 7.81 (beat/min)
(n=18, loss: n=3) ©] o1} =] 305 To] Wuli== 8480
+ 8.63 (beat/min) (n=18) °|1aL (p < 0.01)Z ZJA|7bo]] u}

J. of Biosystems Eng. Vol. 35, No. 5.

o} upert foldt Aol wol] F/bEE B 4
ok 2, Aol mE wute] Wske Eds 539 @
2 olg  ohjeh AYAIZE A Pz Bslel F
AZE A 5] A1E Aol e AEE ol 5
Ao AFRHIT

X, 30
E

3 >

303 B4 WAel Solgelr] Agle] e Aukre) w
S= Ssh A AFA] Bt 903)/ (AR 1.73)00)4
Wit 16s/ PR 6242 SHE & & 3
(Table 2. 494157 S Wpekest obabsbalz 43140009 o
g}. )\hﬂl/\ﬂ- ‘!QF J

0.05). B3t 2S4S SIElA Ao oF 1

RPERE Aiee] 33o] WA ek o 5 glgitk

A7) e W] we 490 % T & 5 9l
o, A4iatel AAFEE ok © FoFt e o 5

919Iek. ol S219) o BAAN AN W2 A%

A9 Au% s 240] % ed gow ARsgch

1o
ox,
o 30
X
of\
N
i
o
o R
ro,
e
e

Table 2. Change of workers’ biophysical signals during the lifting
work in a laboratory (n=18)

Biophysical signals 0 min After 30 min
Pulse 68.33 + 7.31 84.80 + 8.63**
4 (beat/min) (beat/min)
Heart rate 90.00 + 1.73 116.00 + 6.24*
(beat/min) (beat/min)
127.67 + 11.02 127.67 + 18.82
mmHg(High) mmHg(High)
Blood pressure 79.67 = 681 75.67 + 9.29
mmHg(Low) mmHg(Low)

*p<0.05, **p<0.01, compared to initial condition
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Fig. 6 Example on the change of a worker’s activity counts during
30 min of the lifting work.
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Fig. 8 Plots of angular velocity according to time in the lifting
work during 30 min.
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Table 3. Change of dynamic and static moment of a worker’s trunk
in one cycle of the 10 kg lifting work

Extension (15°) Flexion (80°)

Maximum dynamic moment (N-m) 60 99
Maximum static moment (N-m) 81 139
Total moment (N-m) 141 233
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