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Effects of Load Center of Gravity and Feet Positions on Peak EMG
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ABSTRACT

Objectives: This study's aims were to evaluate the effects of load center of gravity within an object lifted and feet
placements on peak EMG amplitude acting on bilateral low back muscle groups, and to suggest adequate foot strategies with
an aim to reducing low back pain incidence while lifting asymmetric load.

Methods: The hypotheses that asymmetric load imposes more peak EMG amplitude on low back muscles contralateral to
load center of gravity than symmetric load and maximum peak EMG amplitude out of bilateral ones can be relieved by loca-
ting one foot close to load center of gravity in front of the other were established based on biomechanics including safety mar-
gin model and previous researches. 11 male subjects were required to lift symmetrically a 15.8kg object during 2sec accor-
ding to each conditions; symmetric load-parallel feet (SP), asymmetric load-parallel feet (AP), asymmetric load-one foot con-
tralateral to load center of gravity in front of the other (AL), and asymmetric load-one foot ipsilateral to load center of gravity
in front of the other (AR). Bilateral longissimus, iliocostalis, and multifidus on right and left low back area were selected as tar-
get muscles, and asymmetric load had load center of gravity 10cm deviated to the right from the center in the frontal plane.
Results: Greater peak EMG amplitude in left muscle group than in right one was observed due to the effect of load center of
gravity, and mean peak EMG amplitudes on both sides was not affected by load center of gravity because of EMG balancing
effect. However, the difference of peak EMG amplitudes between both sides was significantly affected by it. Maximum
peak EMG amplitude out of both sides and the difference of peak EMG amplitude between both sides could be reduced with
keeping one foot ipsilateral to load center of gravity in front of the other while lifting asymmetric load.

Conclusions: It was likely that asymmetric load lead to the elevated incidence of low back pain in comparison with
symmetric load based on maximum peak EMG amplitude occurrence and greater imbalanced peak EMG amplitude between
both sides. Changing feet positions according to the location of load center of gravity was suggested as one intervention able
to reduce the low back pain incidence.

Key words : asymmetric load, feet positions, load center of gravity, low back pain, peak EMG amplitude
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© @ 318}bm(Mital & Fard, 1986), o] 2 1&) ©] 2
F9 Y27t WSt 3o ® ojoj 7hsAdol 2
ch@rszst QAL 2012). AT 9 AFSe
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830 dFFE Frh= AS =7] 58 (Lifting Capa-
city)o|th EMGE Faf H AT, 24247t o] & 4
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TS @ e 2 AR AA = A A = A gt

5l 2] Rojo] Behe 7 (Skeleton) 9F2] A4S
%3} Biomechanical % @l (Chaffin et al., 2006) %2 A 4
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74 8k= EMG 4l 55418 33 A5 ¢l tt. Biome-
chanical ®dlo]A] LCG7} A4 FA4lolA & - F =
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e E R PR EE TR P
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AE et s 79 552 oF FA 2 A
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Group) ©.2 A 7Felof #4181z Wl o] of ] d=zof A
A8 9l th(Seroussi & Pope, 1987, Kigma et al.,
2004; Shin & D'Souza, 2010). o]& AL 7|¥H 252
EMG A5 = B = o] A AY Bl A4 A sto] S5

|

b

http://www.ksoeh.org/

o] Y7} HY 289 AU EMG AE e wX & 4F 257

W2 A o] gT.
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(Asymmetric Load in the Sagittal Plane), Moment Arm
(MA)©] #7}3}3l(van der Burg et al., 2004; Gilad &
Boughanim, 2002) o] tf-3-5}7] ¢J3l & 252
3] o] 27} % o(Chaffin et al., 2006), Task 7|7t &<t
o] BE &]2| 2204 2] EMG 2% 9] % H(Mean Amp-
litude on All Lumbar Muscles)-2> Symmetric Load & T}
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@ 82280 1% F7hs ThE Fo o] & opt
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o714 B A7} o2 e 2EAA S e =
HE R} peak BMG {153} d@|o] e A
& thg 3t 28 o) frol A1k
£ RL Relrl 37| 70] A ASH o @
ol A WAT 5 YO (AU 5, 2009), 52
Bolo] 23 =7rgk(Intervertebral Disc), 12|11 ¢
= (Cartilage)o] 1} 1 th(Ligament) -¢]of g+ ¥ =2
0] TR B ole) WAl S Sc,
McGill (McGill, 1997)1} Marras (Marras, 2000)°] 2]
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Figure 1. Safety Margin Model showing the relation between
external load and failure tolerance of soft tissues (Ado-
pted and redrawn from McGill (1997) and Marras (2000)).
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Figure 2. Bilateral low back muscle load according to LCG
position.
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Figure 3. Bilateral low back muscle load based on feet positions
in Symmetric load.
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Figure 4. Bilateral low back muscle load based on feet positions
in Asymmetric load.
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L, FHHTL Ag/AgCl A=(3M Inc)o|§l o™,
2k YA = AL LA =H o= 2 em, F5
= Al Sem, 1ol Lol A 2 ecm Hol %l
of| #} - & o] th(Coorevits et al., 2005).

Z27] A28 MEY F34+= Nyquist 4 2](Kon-
rad, 2005)& 24 2 1,500HzZ A = QoH, 2% &5
oF £~3 = %7] A& & Band-Pass Filter(10-500Hz) S
Abgato] HE " & Rectification 7S A A oS
21 tH(Shin & D'Souza, 2010).

N
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2, Symmetric LoadE T o] 33 3k(Parallel) A El
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314 == A -2(AP), Asymmetric LoadS @ 24H(Right
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Bt ool $IAAZ] & E= (AL E FE3kch
ZNQUE A8 Slp= F 43] o™, EXCEL 9] rand 35
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a7l o] Azl A Hdojzl EMG Hl o] B = 671 9]
5l 2] 79 5o A &4 H peak EMG X FH (V)< 7]
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AE v o2 RE S0]&27] A &S] FoiX &
ojof sl 7|3t & WA E = EMG %13 Fof A
MaximumZ} 2 2 A% 39}

oA AZE] 7)1 71 9F J5- 7| 5] Anthropome-
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Figure 5. Lifting Posture Examples (Left: SP, Right: AL).
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V. 48 49

EAE AL Minitab 145 0]-835}0] t-test?} One-
way ANOVAE 3|3l th.

1.LCG fIx|of| w2 Z} - R SR ZK0A 2| peak

EMG ZIZo| #& 51}

SPe}t AP 7oA A9 Hlo|E|+= Table 13} 711,
SP&} AP A= §-2J3t Afo] & Kol A] FQkTh(p-value
=0.282).

T 2702 LCGY Ao ARt Afol & HolBg,
LCG2| &3}Z peak EMG A Z 9] HH#(Z-S gho =
A5 A2 gu7t glvks A & 4 Ut w2t
A SRR 7HE 1A E A et B a2
A gheh).

Table 1. Normalized Average of Peak EMG Amplitudes on 6
Muscles (SP vs. AP)

Subject SP AP
1 1 1.0146
2 1 0.9823
3 1 0.9845
4 1 1.0337
5 1 0.9700
6 1 1.0101
7 1 0.9457
8 1 1.0081
9 1 0.9585
10 1 1.0229
11 1 0.9577

Average 1 0.9898

Sl
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THE 7] &GN A FAFA ¥

2. Asymmetric Load FZA| &o| 2|X|of| U2 %} - 2
32| 2] 2| Peak EMG ZIZ 9| X}0|
Asymmetric Load F|gA] &9 Ao & 2
‘54 59 Fo} 2ol & Hrtstr] 918l 3709
FOo 2 o]Fojx Jr% % *01]/4«1 4t peak
EMG AEZ3 3709 EH©
2 9] 7 peak EMG 1129] i}O]E o]sl
Table 2= Z} ZAEZE HH%P J_} L= 2
of A YL %
© 72 A+t gholh

Table 2. Normalized Peak EMG Discrepancy between Average
Peak EMG Amplitudes on Left Groups and Average Peak
EMG Amplitudes on Right Groups in Dynamic Lifts of
Asymmetric Load

Subject sp AP AR AL
1 1 3.4675 1.0099 4.0414
2 1 2.6073 12374 6.8014
3 1 7.6018 2.1961 10.5958
4 1 1.3911 0.5795 3.5654
5 1 1.8185 0.6283 3.2219
6 1 2.1155 0.7715 3.6692
7 1 1.5915 0.8638 4.5915
8 1 2.0255 0.8679 3.1964
9 1 1.7273 0.6162 3.1331
10 1 5.5000 2.2889 9.4870
11 1 7.5829 23578 11.6759
Average 1 3.4026 1.2198 58163
S:‘Vrllgzgi 0 2.3736 0.7080 3.2672

Table 30| 4] AP, AR, AL X7 0JA] {-2J3k 2}o] & K
o] 1 Q) th(p-value = 0.000). ARS] Z 7o) 4] peak EMG
Z13-9] 2ol 7} AP, ALoJ| A .t} ZHA] LFEFSL T

whebA 7 29F 32 7|7 E A F=Th # 5ol A
59| peak EMG # % 9] zto] & W 79 F9] Flo]

Table 3. ANOVA test on Normalized Peak EMG Discrepancy
between Average Peak EMG Amplitudes on Left Groups
and Average Peak EMG Amplitudes on Right Groups in
Dynamic Lifts of Asymmetric Load

o A7} Y 2%

o] A EMG JEZd mx= 93 261

2E JAHAE B et
T$Z)e W@ s
7F

o LCGT} 9% 3
180 A] peak EMG
2 W) 5l

2Zo] LCG7F 9143k 37} 2
5o A 9 peak EMG R Z R oh SA G2 th= A&
o )i},
3. E0 2 X|2%El Asymmetric Load F|ZA| &o| 2|x|of|
M2 z=E 58|28 9| Peak EMG XIE H|m
Table 4= Asymmetric Load& g 3¢ 2o ¢

z]of whet 374 9] Y& 5] 2] Lol A LAY Sh= peak
EMG %1% 9] Y& SP2 7 0 2 F3}st grort.

Table 4. Normalized Average of Peak EMG Amplitudes on ONLY
3 Left Muscles in Dynamic Lifts of Asymmetric Load

Subject SP AP AR AL
1 1 1.0490 08756 12645
2 1 11895 12542 14631
3 1 12102 09517 13468
4 1 12967 14481 16373
5 1 11056  1.0099  1.1060
6 1 10312 08924 13245
7 1 09565  1.0918 14350
8 1 12154 07143 1.2235
9 1 12854 1.0250  1.1402
10 1 14501 12570 14154
1 1 15451 1.0807 14191
Average 1 12122 1.0546  1.3432
Si‘:gigi 0 0.1779 02062  0.1545

Table 5+= Table 42] AP, AR, ALoJ| A 9] & H = o
O[E| & A[8-510] ANOVA test Al Aufolch
uho] 9] 9% 5] 2| 250 A o] F73HE peak 7
%o Piro] G Ao S F 1 90 vl(p-value =
0.003), Table 40]| A H=0] AR 274 743 zo
peak A Eo] H2 3] 2] 250 A 7] S| lch,

Table 5. ANOVA test on Normalized Average of Peak EMG

Amplitudes on ONLY 3 Left Muscles in Dynamic Lifts
of Asymmetric Load

Source DF SS MS F p-value Source DF SS MS F p-value
Foot 2 116.30  58.15 10.38 0.000" Foot 2 0.4594 0.2297 7.03 0.003"
Error 30 168.09 5.60 Error 30 0.9805 0.0327
Total 32 284.40 Total 32 1.4400

*: p-value < 0.05
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