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A Study on Measure of Maximum Voluntary Contraction
at Different Lifting Posture

Young Nam Boo

Department of Safety Engineering, The Graduate School,
Pukyong National University

Abstract

Despite most of tasks in manufacturing, construction and
agriculture, etc., were currently mechanized and automated, manual
materials handling still existed in atypical working condition. In case
of manual materials handling, repetitive work, inappropriate working
posture, excessive force, contact stress might cause overload, which
could lead to work—related  musculoskeletal disorders and low back
pains. The objective of this study was to reveal the effects of various
lifting postures of height of stair and distance between ankles on
maximum voluntary contraction(MVC) and to provide scientific data
for establishing safety standard for Korean workers.

Forty—four subjects were recruited from a university population.

The experiment was designed by a combination of three height of
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stair (Ocm, 10cm, 20cm) and three distance between ankles(Ocm,
25cm, 50cm). The results of MVC was decreased according to the
change of working posture. Also, Interaction between height of stair
and distance between ankles was revealed.

This study indicaed that the lifting in unbalanced posture of lower
body affects the MVC and a physical work load. Therefore,
appropriate safety standards for the lifting in unbalanced posture of

lower body are needed.

Collection @ pknu



Al A A S

A
4

ba of

AHEst HlFolE =6

=°] 71A13} Bl

A4

oANAM th-E 2

=S
o

29

5

o]

Materials handling,

224 (Manual

o} o
1o

75

Fholst 714 5971779 Zawglol

of gAY W2, dAY 2

Ui

44 27h A2 9

A Sol w3

=NE
_]'_.v_‘

&

oy

B

R

e oj4ls

|

+=244

910

&

Wt Sl

=
=

AL A 7o

i3

7F, 2FdAbel o

=
o

} LBP)2 959 1

S

LBP(low back pain, ©]

Collection @ pknu



Aol

LER =

52

A

=
[e)

of ol/dol WA Tl 7

60~90%7} &8l

ok
=l

52)

|

= o
T

t}. LBP

37%7F Aol el 7leld?. g FAAE LBPL A7 9 AFEH7t

Ao A 7

7
Jjm

AFAPR A o W=

2]

20123 % Ak A &)

15

=
aE or

al
=

<

%

3.5 RN

2~
I ™

8}

N

=A4AAEA] 63.5%% oF

Collection @ pknu



Table 1 Occupational disorders for 10 years (2003—2012)

Work—related | Musculoskeletal | Low back pain | Percentage of
disorders disorders disorders LBP (%)
2003 8,640 4,439 1,521 34.3
2004 7,375 3,597 1,086 30.2
2005 5,786 2,636 1,023 38.8
2006 8,984 6,143 4,857 79.1
2007 9,493 6,903 5,606 81.2
2008 7,969 € )s 4,933 79.9
2009 7,941 6,626 4,879 73.6
2010 6,080 4,894 3,624 74.0
2011 2407 5,655 3,724 65.9
2012 1472 5,9 B acy. 63.5
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2.2 QL3 38 (Maximum Voluntary Contraction, MVC)
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3.2 HAddA A4

B Aol BA LBPelY 2247 W AAAE ol 9 A
A HAwE 2 &Y Aol 9 AFW BA YL o A

Al =2 H A 30" ow AAste] AHS TS wrebd B A o) A

ool FF= Ha3pstr] flal A F=AAAS 52 WEol fl= ¥

Table 2 The means and standard deviations (SD) of the participants’
anthropometric characteristics

Anthropometric characteristics Mean SD
Age (yrs) 24.4 0.9
Height (cm) 175.1 4.0
Weight (kg) 70.1 7.1
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Fig. 5—1 Height of Stair
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Fig. 5—2 Distance between Ankles
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3.4.3 SARF

NLEoAE= &7] &2 Al FA9 sHo=z AFFATAES 3= 6714

o] tfa) Table 3% ol Aelaha QTHY. weha B ATolx HA e

7oA Aol o] T 5 UEE 67h4 W5E B o] FASAL.

Table 3 Ideal state of NLE

Vertical location 75cm
Horizontal location 25cm
Vertical travel distance Ocm
Asymmetry angle 0
Lifting frequency 1 lifts / 10 min
Coupling type good
b 2 439 97k A= NLE A4 A3 RWL#HS 2% st
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Posture 3

-
Posture 1 ( Z

Y

Posture 6

50cm

Fig. 6 Working Postures
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Table 4= ¥AEA 447 die] 253F A27F Ocemd o @] 3£0]
(Ocm, 10cm, 20cm)ell w& Hud$| 2= s vebd Folw, 19 A
A (G =0l Ocm, 5 A Ocm)d w 103.5 kg, 2¥ ZA| (G52
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Table 4 MVC values (Distance between ankles: Ocm)

Collection @ pknu

Posture 1 | Posture 2 | Posture 3 Posture 1 | Posture 2 | Posture 3
Subj.1 107.9 93.4 95.1 Subj.24 63.0 42.0 33.6
Subj.2 164.5 158.6 153.5 Subj.25 116.5 109.5 100.0
Subj.3 127.4 116.3 107.5 Subj.26 96.7 58.9 48.1
Subj.4 123.4 111.9 107.5 Subj.27 85.6 78.9 71.0
Subj.5 102.5 96.7 78.8 Subj.28 74.6 34.4 32.1
Subj.6 124.2 108.1 108.0 Subj.29 97.3 52.8 45.3
Subj.7 127.1 101.8 96.8 Subj.30 133.2 94.5 92.0
Subj.8 102.1 81.5 79.7 Subj.31 153.7 141.9 122.2
Subj.9 125.6 110.0 86.2 Subj.32 106.5 79.0 55.2
Subj.10 113.3 6.5 98.7 Subj.3% 2% 51.5 45.2
Subj.11 130.5 80.9 56.4 Subj.34 78.4 64.2 53.6
Subj.12 84.5 61.2 59.0 Sl 55 19.9 45.1 32.7
Subj.13 102.1 78.8 63.8 Subj.36 1pm8 92.7 87.5
Subj.14 82.9 65.4 34.9 Subj.37 115.4 93.2 82.9
Subj.15 70.2 68.1 60.6 Subj.38 87.9 81.1 69.3
Subj.16 89.5 8.0 66.6 Subj.39 79.8 66.2 52.1
Subj.17 79.8 67.3 451 Subj.40 81.1 73.2 61.0
Subj.18 91.8 67.3 64.4 Subj.41 123.3 98.7 88.1
Subj.19 81.3 56.1 46.8 Subj.42 102.1 78.4 50.1
Subj.20 144.8 120.2 82.5 Subj.43 101.4 64.2 64.0
Subj.21 100.5 59.5 62.2 Subj.44 116.1 101.3 98.7
Subj.22 107.7 45.3 69.8 Mean 103.5 82.2 72.6
Subj.23 99.6 90.0 83.7 S.D 23.6 26.0 26.0
— 99 —
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Table 5 MVC values (Distance between ankles: 25cm)

Collection @ pknu

Posture 4 | Posture 5 | Posture 6 Posture 4 | Posture 5 | Posture 6
Subj.1 99.2 92.2 79.3 Subj.24 41.3 35.3 29.5
Subj.2 120.8 111.6 100.4 Subj.25 89.2 87.2 70.9
Subj.3 111.1 98.0 76.2 Subj.26 70.3 60.1 43.8
Subj.4 94.6 62.8 61.4 Subj.27 80.3 75.8 74.8
Subj.5 82.2 73.4 68.9 Subj.28 50.2 43.3 30.3
Subj.6 93.7 88.1 78.6 Subj.29 77.8 52.2 49.8
Subj.7 86.6 85.5 82.9 Subj.30 95.3 82.0 69.4
Subj.8 82.0 76.1 757 Subj.31 119.3 100.0 89.9
Subj.9 85.2 oal 69.2 pi.32 93.5 90.0 80.7
Subj.10 50.9 49.9 40.6 SUbjIEE 34.7 30.8 29.1
Subj.11 73.4 67.0 54.4 Subj.34 43.1 35.3 30.2
Subj.12 48.9 46.0 38.8 B 55 618 49.1 40.3
Subj.13 49.5 45.9 42.8 Subj.36 99.8 87.9 79.5
Subj.14 91.2 61.5 78.8 PUbLIS7 102.4 100.0 93.4
Subj.15 56.0 5y Al 45.9 Subj.38 90.3 88.7 89.0
Subj.16 82.8 i 7199 EUBESO 88.3 80.8 79.4
Subj.17 67.2 55.3 68.1 Subj.40 7.7 76.3 73.1
Subj.18 62.9 49.0 51.3 Subj.41 84.1 70.0 65.3
Subj.19 57.6 81.3 75.6 Subj.42 72.1 59.0 44.9
Subj.20 84.8 65.7 72.7 Subj.43 80.6 71.1 58.7
Subj.21 85.1 72.0 60.8 Subj.44 91.5 84.2 71.4
Subj.22 77.4 48.9 44.6 Mean 79.0 69.2 63.0
Subj.23 90.6 48.6 40.1 S.D 20.0 19.4 18.8
— 94 —
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Table 6 MVC values (Distance between ankles: 50cm)

Collection @ pknu

Posture 7 | Posture 8 | Posture 9 Posture 7 | Posture 8 | Posture 9
Subj.1 99.5 99.0 75.4 Subj.24 30.9 28.7 25.0
Subj.2 132.9 126.3 111.7 Subj.25 94.6 85.4 68.9
Subj.3 124.9 119.9 81.9 Subj.26 66.7 57.2 37.9
Subj.4 79.2 70.3 66.0 Subj.27 64.0 59.8 54.9
Subj.5 78.0 71.0 54.3 Subj.28 32.2 29.6 27.9
Subj.6 116.4 95.2 84.9 Subj.29 55.7 41.1 40.2
Subj.7 110.1 87.0 80.2 Subj.30 92.4 81.6 75.4
Subj.8 78.3 66.8 60.3 Subj.31 81.6 71.8 61.7
Subj.9 82.2 (8 67.4 Subj.32 31.9 30.8 28.1
Subj.10 56.5 48.6 40.1 Subj.3% 284 27.0 18.4
Subj.11 70.8 54.2 42.5 Subj.34 2 L8 20.7 12.3
Subj.12 41.3 37.2 36.5 Sl 55 41.7 32.2 28.5
Subj.13 43.7 36.2 88.5 Subj.36 54.7 45.6 36.7
Subj.14 75.6 40.2 N > Subj.37 95.9 81.1 69.4
Subj.15 39.3 34D 27.8 Subj.38 99.3 84.1 65.7
Subj.16 72.3 64.7 47.3 Subj.39 73.4 63.1 50.8
Subj.17 53.6 37.2 30.7 Subj.40 69.9 57.3 47.6
Subj.18 43.1 45.1 38.2 Subj.41 77.2 63.0 47.8
Subj.19 46.8 45.6 35.4 Subj.42 43.0 32.5 30.8
Subj.20 82.0 79.0 60.0 Subj.43 76.9 80.0 61.1
Subj.21 66.7 47.2 37.8 Subj.44 90.8 79.1 68.8
Subj.22 50.0 35.3 31.1 Mean 68.8 59.4 49.1
Subj.23 62.3 43.7 33.6 S.D 26.4 24.8 20.8
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4.2 NMVC &4 43}

Table 7, 8, 9= AR 447 dfal] F=3F A2)7F Ocm, 25cm, 50cm
o o @k 0] (0cm, 10cm, 20cm) ol & NMVCeE H1t& Yepd 3o]
oh 3EE A7 Ocm W 1WH AAE VIElo® 2W ApAleh 3W A=
247y ok 21%, 31%°] HAass Bor, WEIk A7k 26emd o 49 A
AE 71Eez 58 AAeh 691 AAlE 742 oF 12%, 20%9] Hass B3
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Table 7 NMVC values (Distance between ankles: Ocm)

Posture 1 | Posture 2 | Posture 3 Posture 1 | Posture 2 | Posture 3
Subj.1 1.00 0.87 0.88 Subj.24 1.00 0.67 0.53
Subj.2 1.00 0.96 0.93 Subj.25 1.00 0.94 0.86
Subj.3 1.00 0.91 0.84 Subj.26 1.00 0.61 0.50
Subj.4 1.00 0.91 0.87 Subj.27 1.00 0.92 0.83
Subj.5 1.00 0.94 0.77 Subj.28 1.00 0.46 0.43
Subj.6 1.00 0.87 0.87 Subj.29 1.00 0.54 0.47
Subj.7 1.00 0.80 0.76 Subj.30 1.00 0.71 0.69
Subj.8 1.00 0.80 0.78 Subj.31 1.00 0.92 0.80
Subj.9 1.00 0.88 0.69 pi.32 1.00 0.74 0.52
Subj.10 1.00 0.84 0.87 SUbjIEE 1.00 0.96 0.84
Subj.11 1.00 0.62 0.43 Subj.34 1.00 0.82 0.68
Subj.12 1.00 0.72 0.70 B 55 1.08 0.57 0.41
Subj.13 1.00 0.77 0.62 Subj.36 1.G8 0.75 0.71
Subj.14 1.00 0.79 0.42 PUbLIS7 1.00 0.81 0.72
Subj.15 1.00 Oy 0.86 Subj.38 1.00 0.92 0.79
Subj.16 1.00 0:93 0.74 EUBESO 1.00 0.83 0.65
Subj.17 1.00 0.84 0.57 Subj.40 1.00 0.90 0.75
Subj.18 1.00 0.73 0.70 Subj.41 1.00 0.80 0.71
Subj.19 1.00 0.69 0.58 Subj.42 1.00 0.77 0.49
Subj.20 1.00 0.83 0.57 Subj.43 1.00 0.63 0.63
Subj.21 1.00 0.59 0.62 Subj.44 1.00 0.87 0.85
Subj.22 1.00 0.42 0.65 Mean 1.00 0.79 0.69
Subj.23 1.00 0.90 0.84 S.D 0.00 0.14 0.15
— 98 —
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Table 8 NMVC values (Distance between ankles: 25cm)

Posture 4 | Posture 5 | Posture 6 Posture 4 | Posture 5 | Posture 6
Subj.1 1.00 0.93 0.80 Subj.24 1.00 0.85 0.71
Subj.2 1.00 0.92 0.83 Subj.25 1.00 0.98 0.79
Subj.3 1.00 0.88 0.69 Subj.26 1.00 0.85 0.62
Subj.4 1.00 0.66 0.65 Subj.27 1.00 0.94 0.93
Subj.5 1.00 0.89 0.84 Subj.28 1.00 0.86 0.60
Subj.6 1.00 0.94 0.84 Subj.29 1.00 0.67 0.64
Subj.7 1.00 0.99 0.96 Subj.30 1.00 0.86 0.73
Subj.8 1.00 0.93 0:92 Subj.31 1.00 0.84 0.75
Subj.9 1.00 0.88 0.81 pi.32 1.00 0.96 0.86
Subj.10 1.00 0.98 0.80 SUbjIEE 1.00 0.89 0.84
Subj.11 1.00 0.91 0.74 Subj.34 1.00 0.82 0.70
Subj.12 1.00 0.94 0.79 B 55 1.08 0.80 0.66
Subj.13 1.00 0.93 0.86 Subj.36 1.G8 0.88 0.80
Subj.14 1.00 0.67 0.86 PUbLIS7 1.00 0.98 0.91
Subj.15 1.00 0.98 0.82 Subj.38 1.00 0.98 0.99
Subj.16 1.00 0.94 0.86 EUBESO 1.00 0.92 0.90
Subj.17 1.00 0.82 1.01 Subj.40 1.00 0.98 0.94
Subj.18 1.00 0.78 0.82 Subj.41 1.00 0.83 0.78
Subj.19 1.00 1.41 1.31 Subj.42 1.00 0.82 0.62
Subj.20 1.00 0.77 0.86 Subj.43 1.00 0.88 0.73
Subj.21 1.00 0.85 0.71 Subj.44 1.00 0.92 0.78
Subj.22 1.00 0.63 0.58 Mean 1.00 0.88 0.80
Subj.23 1.00 0.54 0.44 S.D 0.00 0.13 0.14
— 99 —
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Table 9 NMVC values (Distance between ankles: 50cm)

Posture 7 | Posture 8 | Posture 9 Posture 7 | Posture 8 | Posture 9
Subj.1 1.00 0.99 0.76 Subj.24 1.00 0.93 0.81
Subj.2 1.00 0.95 0.84 Subj.25 1.00 0.90 0.73
Subj.3 1.00 0.96 0.66 Subj.26 1.00 0.86 0.57
Subj.4 1.00 0.89 0.83 Subj.27 1.00 0.93 0.86
Subj.5 1.00 0.91 0.70 Subj.28 1.00 0.92 0.87
Subj.6 1.00 0.82 0.73 Subj.29 1.00 0.74 0.72
Subj.7 1.00 0.79 0.73 Subj.30 1.00 0.88 0.82
Subj.8 1.00 0.85 047 Subj.31 1.00 0.88 0.76
Subj.9 1.00 0.93 0.82 pi.32 1.00 0.97 0.88
Subj.10 1.00 0.86 0.71 SUbjIEE 1.00 0.95 0.65
Subj.11 1.00 0.77 0.60 Subj.34 1.00 0.99 0.59
Subj.12 1.00 0.90 0.88 B 55 1.08 0.77 0.68
Subj.13 1.00 0.83 77 Subj.36 1.G8 0.83 0.67
Subj.14 1.00 0.53 0.36 PUbLIS7 1.00 0.85 0.73
Subj.15 1.00 Of5 0.71 Subj.38 1.00 0.85 0.66
Subj.16 1.00 0.89 0.65 EUBESO 1.00 0.86 0.69
Subj.17 1.00 0.69 0.57 Subj.40 1.00 0.82 0.68
Subj.18 1.00 1.05 0.89 Subj.41 1.00 0.82 0.62
Subj.19 1.00 0.97 0.76 Subj.42 1.00 0.76 0.72
Subj.20 1.00 0.96 0.73 Subj.43 1.00 1.04 0.79
Subj.21 1.00 0.71 0.57 Subj.44 1.00 0.87 0.76
Subj.22 1.00 0.71 0.62 Mean 1.00 0.86 0.71
Subj.23 1.00 0.70 0.54 S.D 0.00 0.10 0.11
— 30 —
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4.3 BAEY A7

Al olde] MR T2 WSt U3 vhkee d58kaL s Abold

B wkse Zolrt AerkE AAs] fE 2AREA (ANalysis Of

Table 10 Result of ANOVA

Variable f—value p—value
Height of stair 53.96 0.000
Distance between ankles 73.03 0.000
Height of stair * Distance between ankles 2.9 0.027
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Fig. 113 o] Higg| el st Fases 2y 999 $o]9 4
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Fig. 7 Main effect in NMVC
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Fig. A1 Graphic representation of hand location
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Fig. A2 Graphic representation of angle of asymmetry
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RWL(kg) =23 X HMX VMX DMX< AMX FMx< CM

Aol 23kgolThs A HA Y FAAM 571 Ade & W Hs &
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(2) 42 A4 (Vertical multiplier, VM)
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DM=0.82+ (4—5)

(4) vl A4 (Asymmetry multiplier, AM)
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= 2 7 0o, A er doju= 571 Aol i aE = A3 S

AM=1-0.00324

(5) 9% A (Frequency multiplier, FM)
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Table A1l Frequency multiplier

A ] = T<1AIZF 1A ZF<T<2A] 7F 2A7F<T
(3]/% V<75 V=75 V<75 V=75 V<75 V=75
0.2< 1.00 1.00 0.95 0.95 0.85 0.85
0.5 0.97 0.97 0.92 0.92 0.85 0.85
1 0.94 0.94 0.92 0.92 0.81 0.81
2 0.91 0.91 0.88 0.88 0.75 0.75
3 0.88 0.88 y 7 0.79 0.55 0.55
4 0.84 0.84 0.72 O 2 0.45 0.45
5) 0.80 0.80 0.60 0.60 0.35 0.35
6 Oulieb 0.75 0.50 0.50 0.27 0.27
7 0.70 0.70 0.42 0.42 0.22 0.22
38 0.60 0.60 &-395 0.35 0.18 0.18
9 0.52 0.52 0.30 0.30 0.00 0.15
10 0.45 0.45 0.26 0.26 0.00 0.13
11 0.41 0.41 0.00 0.23 0.00 0.00
12< 0.37 0.37 0.00 0.21 0.00 0.00
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Table A2 Coupling multiplier

SRR
A3 e
V<75cm 75<Vcm
%35 (good) 1.00 1.00
X Z (fair) 0.95 1.00
=% (poor) 0.90 0.90

Collection @ pknu



€)Collection @ pknu



	제 1 장  서 론
	1.1 연구의 필요성
	1.2 연구의 목적

	제 2 장  배경 이론
	2.1 근골격계질환의 개요
	2.2 최대발휘근력(Maximum Voluntary Contraction, MVC)

	제 3 장 실험방법 및 절차
	3.1 연구 가설
	3.2 피실험자 선정
	3.3 실험기기
	3.4 실험변수
	3.4.1 독립변수
	3.4.2 종속변수
	3.4.3 통제변수

	3.5 실험절차
	3.5.1 최대발휘근력 측정


	제 4 장 연구 결과
	4.1 최대발휘근력 측정 결과
	4.2 NMVC 분석 결과
	4.3 통계분석 결과
	4.3.1 분산분석 결과
	4.3.2 상관관계 분석 결과
	4.3.3 주효과도 분석 결과
	4.3.4 최대발휘근력 예측을 위한 회귀모형


	제 5 장 결론 및 고찰
	참고 문헌
	부록


