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Patterns for EMG activity of trunk muscles during front and back
lifting and lowering with two hands

FAN Shuai, HUANG Qiang-min, WANG Feng-hu, TANG Li( Department of Sports Medicine,
Shanghai University of Sport, Shanghai 200438, China)

Abstract; Objective To observe electromyography (EMG) activity and kinematic characteristics of the dorsal
and ventral muscles during extension-flexion of the trunk. Methods Ten healthy male subjects stood on a test
platform, performing the front and back lifting and lowering. The EMG activity of 10 muscles ( rectus abdominus,
external oblique, gluteus medius, erector spinae, multifidus) , the angular movement, the plantar center of pres-
sure (COP) were recorded at the same time. The average amplitude of EMG, contribution ratio of muscles, and
COP displacement were calculated, and statistical analyses of all the data were conducted. Results During front
lifting and lowering, the activity of dorsal muscles was greater than that of ventral muscles under both loading and
unloading, and the contribution ratio of dorsal muscles was increasing with loading. During back lifting and lower-
ing, the activity of ventral muscles was slightly greater, but the contribution ratio of both dorsal and ventral mus-
cles was very close. The contribution ratio of ventral muscles was increasing with loading, while the activity of
dorsal muscles decreased. The activity of gluteus medius was increasing with loading, but the contribution ratio
was basically consistent under both loading and unloading. Conclusions During extension-flexion of the trunk,
muscle activation varies with the load size and trunk position. Under loading at front, dorsal muscles are working
as an agonist, while ventral muscles as antagonist; under loading at back, ventral muscles become an agonist
and dorsal muscles as a co-activator. The activity of gluteus medius might play a role of stabilization during front
and back lifting and lowering.
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®1 EYEGITHGESTHAES N HBENNBENIREE(%2MVC)

Tab.1 Normalized average EMG and standard deviation under the symmetric loading and unloading during front lifting and lowering

A B C D
N
0 kg 20 kg 0 kg 20 kg 0 kg 20 kg 0 kg 20 kg

HHEE L 2.6+2.1 3.0+2.2 5.8+2.7 3.5£2.3" 7.0+3.5 3.3£2.3" 4.0+3.3 3.2+2.5
FHIEAMIL 4.7+4.8 4.7+1.8 10.0+3.8 5.7+1.8*% 11.0+2.6 5.2+2.2° 4.2£1.8 4.1x1.4
A 26.1+12.4 43.2+20.9" 5.5+2.8 35.8x13.6" 5.3+2.5 19.4 +£10.5" 15.4+7.9 25.6 £13.4"
H LA 30.7+5.7 49.7 +£10.3* 5.6+2.5 29.9x11.2° 6.7+2.8 17.5+6.7" 14.7 £5.8 28.9+£7.8"
FHEL 10.3+4.8 14.1x4.0% 7.9+8.4 13.7+4.9* 4.7£1.7 9.1+1.8° 8.7+4.4 10.6 £2.9
by REW N 2.3£1.7 2.6+1.7 8.9+4.7 3.4+2.17 9.3+4.3 2.8+2.0"° 3.5+2.8 2.6x1.6
ZEHE ML 3.4+1.6 4.5+2.2 7.7+3.4 6.2+1.7 8.7+4.4 5.7+2.0"° 3.7+1.9 4.4+£2.7
ZE AL 25.6 £5.2  46.3+9.1* 5.6+2.7 40.3+13.2* 6.1+£2.9 21.5+6.5% 13.2+£5.7 28.0£6.3%
EZHHL 37.1£12.8 56.0+13.4" 8.3+£5.7 40.3+18.3* 10.9x7.7 21.4£9.5* 15.2 £3.5 34.5+10.9"
R AL 11.3+4.6 17.4+6.5" 8.2+3.7 19.7+8.0" 7.9+4.1 12.8 £3.6" 8.9 4.7 10.7 £3.7

F* 10.2 40.5 25.0 15.6

P <0.01 <0.01 <0.01 <0.01

T A — B, AR R LA AR W] 4 TG LA TG Sh R i 35 38 (P <0.05) , * < [R]—HH01, [/ —JUL A AR W) £ 7 22 1) (4 UL FRL 75 3h A 25 5 (P
<0.05)

R2 EYEGRHGESTHES N HBENNBENIREE(%2MVC)

Tab.2 Normalized average EMG and standard deviation under the symmetric loading and unloading during back lifting and lowering

A B C D
LA
0 kg 20 kg 0 kg 20 kg 0 kg 20 kg 0 kg 20 kg

HHEE ML 16.3£5.7 31.0+8.1" 2.9+£2.4 7.3+£4.0" 2.8+2.0 5.0+2.3"  12.1+4.8 29.8+7.7"
FHIEAMIL 13.0£4.1 19.1+5.0* 4.8+2.1 5.9+2.0 4.0x+1.4 5.7£1.7% 13.9+7.1 24.2£11.4"
F AL 4.5+2.5 10.9 +4.5* 13.6 £6.9 23.2+9.4" 14.2+7.5 12.1 £5.3 5.0+3.9 7.4+5.9
H A 4.8+2.2 4.8+1.8 13.5£5.2 15.2£5.5 21.6 £4.2 14.8 £5.5* 4.8+2.3 5.8+3.0
TR 3.8+1.1 4.3+2.1 7.5+3.5 5.2+3.0 11.3+6.3 8.1+4.8" 4.2+2.7 6.5+4.1
EIEEM 19.9+8.9 36.7+13.7* 3.4+4.5 14.2+5.6" 2.8+2.3 7.2+£3.4" 15.1x£6.8 38.9+13.5"
ZEME ML 9.9+4.1 18.1+£8.0" 5.2+4.2 7.5+5.3 3.5+1.8 6.4+£4.7" 7.5+4.5 19.3 £12.2"
TE AL 4.8+2.2 8.0£2.3" 13.2 4.4 24.1+9.3" 17.5+4.7 14.6 £5.6 6.2+2.9 5.5+2.6
EZHHL 4.6 £2.2 5.3x2.2 15.7 £5.5 20.0+9.8 24.5+7.4 17.5 £8.2* 4.0+1.9 5.7+3.5
R 5.8+1.8 6.3+1.4 9.5+6.7 6.8+3.4 11.5+£5.4 7.8+£3.0" 9.9+4.9 10.7 £7.3

F* 10.6 6.2 5.2 17.1

P <0.01 <0.01 <0.01 <0.01

T A — B, AR R LA AR W] 4 TG LA TG Sh 2 i 83538 (P <0.05) , * < [R]—HHb, (Rl —JUL A AN R) £ 3 22 1) (4 LR T 3h 4 22 5% (P
<0.05)

R b R WU LR T35 3 2% R P T £ 19 T 6 67 28k

3 i | i
(K /N5 A, 3 L 45 JLAL 90 AL 35 20t 47 D
31 AREDSESHER oy
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R3 BUTIHESHINABBIIES (%)

Tab.3 Contribution of muscles during performance of four tasks

MR NEEi . .

0 kg 20 kg 0 kg 20 kg TR
LB 6.18 £1.51 6.15£1.16 6.0+0.89 3.57 +1.31 15.1(P <0.01)
BT 7.48 £2.77 7.58 £2.35 7.26 £3.3 4.06 £1.43 6.7(P<0.05)
prskitia < a1 13.15 £2.97 17.59 +4.63 9.43 £1.91 7.71 £1.71 16.2(P <0.01)

paiie a1 15.05 +6. 12 20.08 +6.81 10.57 +2.66 12.6 +6.94 1(P>0.05)

b 23 14.87 +2.48 18.47 £4.65 11.99 +2.05 6.68 +2.23 34(P<0.01)
VEEZYIN 17.38 £6.74 19.65 +8.96 12.84 +3.23 8.73 £5.76 3.8(P>0.05)
ZENEAMRHIL 5.54 +1.37 3.34 +0.87 7.27 £2.19 7.59 £2.12 8.8(P<0.05)
HIEAMENIL 6.22 +2.03 2.56 £0.51 9.15+1.94 8.12 +4.56 4.1(P<0.05)
LML 7.02 +£2.69 2.17 +0.93 13.0 +2.64 22.45+7.4 50.1(P <0.01)
GIEEM 7.0+1.6 2.40 £1.07 12.6 £3.6 18.5+6.2 34(P<0.01)
T LR 13.7 £3.2 13.7 2.6 13.3 £3.5 7.6 2.6 14.6(P <0.01)
LA 60.46 +5.76 75.8 2.4 44.8 +4.5 35.72 +5.47 110(P <0.01)
i LA AN 25.8 £5.7 10.4 £2.4 42.1+3.9 56.65 +7.4 137.1(P<0.01)

I U E /NG EYAE XK T WU TGS, * P <0.05
x4 EAROBIMARE
Tab.4 Displacements of the plantar COP

R (SEE e o )

0 kg 20 kg 0 kg 20 kg TR
COP FiJ5 %/ mm 89.3+17.9 110.6 +20. 1 96.3 £19.0 115.1 +23.2 0.281(P>0.05)
COP /473 %/ mm 41.8£9.2 40.5 £10.2 38.4+8.8 44.1+9.8 1.548(P >0.05)

T« S R/ AL E X T O AL RYSE IR, P <0.05
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