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ABSTRACT

Objective: The purpose of this study is to compare the workload level at each lower limbs posture and suggest the

ergonomic workstation guideline for working period by evaluating the imbalanced lower limbs postures from the physiological

and psychophysical points of view. Background: Many workers like welders are working in various imbalanced lower

limbs postures either due to the narrow working conditions or other environmental conditions. Method: Ten male subjects

participated in this experiment. Subjects were asked to maintain 3 different lower limbs postures(standing, squatting and
bending) with 3 different working conditions(balanced floor with no scaffold, imbalanced floor with 10cm height of scaffold,
and imbalanced floor with 20cm height of scaffold). EMG data for the 4 muscle groups(Retus Femoris, Vastus Lateralis,
Tibialis Anterior, Gastrocnemius) from each lower limbs posture were collected for 20 seconds every 2 minutes during the

8 minutes sustaining task. Subjects were also asked to report their discomfort ratings of body parts such as waist, upper legs,
lower legs, and ankle. Results: The ANOVA results showed that the EMG root mean square(RMS) values and the discomfort
ratings(CR-10 Rating Scale) were significantly affected by lower limbs postures and working time(p<0.05). The correlation
was analyzed between the EMG data and the discomfort ratings. Also, prediction models for the discomfort rating for each
posture were developed using physical condition, working time, and scaffold height. Conclusion: We strongly recommend

that one should not work more than 6 minutes in a standing or squatting postures and should not work more than 4 minutes

in a bending posture. Application: The results of this study could be used to design and assess working environments and

methods. Furthermore, these results could be used to suggest ergonomic guidelines for the lower limbs postures such as

squatting and bending in the working fields in order to prevent fatigue and pain in the lower limbs body.
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Figure 1. The example of Imbalanced Lower Limbs Postures

2. Method
2.1 Subjects
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Table 1. Anthropometric characteristics of the study population

Item Mean SD
Height(cm) 174.06 0.14
Weight(kg) 67.39 0.34

leg length(cm) 94.47 0.11
Knee height(cm) 47.0 0.03
Foot length(cm) 25.37 0.03
Foot breadth(cm) 9.43 0.01

2.2 Experimental design
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Table 2. Experimental variables and levels for analysis of
Workload in Imbalanced Lower Limbs Postures

Variables Levels
Posture: standing(st), squatting(sq), bending(be)

Indep endent Scaffold height: Ocm, 10cm, 20cm

variables

Time: 2min, 4min, 6min, 8min
Posture: sitting
Knee angle
Control Ankle angle
variables Trunk angle
Weight load: 2kg
Environment(temperature, humidity)

Dependent Rating of perceived exertion

variables EMG signal
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2.3 Experiment procedure and method
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2.4 Data analysis
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3. Results

3.1 Subjective discomfort (CR-10) for body parts
3.1.1 Waist

A = AA(P), AFARHD) el o slejel] o
g T FUE BAREA 9] A= <Table 3>3} Zrh
<Table 3>°llM WpEpt vkl o] a4 =3t A, <54

Table 3. ANOVA for CR-10 on waist by posture and time

Source DF SS MS F value Pr>F
p 9 | 14776 | 1642 | 1595 | <001”
T 3 57.92 | 1931 | 1875 | <.001™
P*T 27 14.49 0.54 052 | 09784
ERROR | 360 | 370.65 1.03
TOTAL | 399 | 590.81
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3.1.2 Upper leg
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sl vebskeH, s
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Table 4. ANOVA for CR-10 on upper leg by posture and time

Source DF SS MS F value Pr>F
P 9 | 32338 | 3593 | 2499 | <001”
T 3 | 12401 | 4134 | 2875 | <.001”
P*T 27 27.00 1.00 070 | 0.8724

ERROR | 360 | 517.65 1.44

TOTAL | 399 | 992.04
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Figure 3. The average of CR-10 on upper leg by posture and time

3.1.3 Lower leg

A wd® A (P)E ASEAHT) o] w2 2% of3
thejof] gk F37 B BAHEA Sl Aak= <Table 5>
9} 2tk <Table 5>llA vehd el o] 844 =td =}
Al, AEAIRE Zholl =8 =0 2to)7F Fol sk yEbsten,
oA Et® AL ZAAIRES] wE ARl el o
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Table 5. ANOVA for CR-10 on lower leg by posture and time

Source DF SS MS F value Pr>F
P 9 | 35683 | 39.65 2291 | <.001™
T 3| 17468 | 5823 33.64 | <001™
P*T 27 28.51 1.06 0.61 | 0.9392
ERROR | 360 | 623.13 1.73
TOTAL | 399 | 1183.15
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Figure 4. The average of CR-10 on lower leg by posture and time
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3.1.4 Ankle
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Table 6. ANOVA for CR-10 on ankle by posture and time

Source DF SS MS F value Pr>F
P 9 | 410.86 | 45.65 | 18.03 | <001
T 3 | 13280 | 4427 | 1748 | <.001”
P*T 27 2098 | 0.78 0.31 0.9997
ERROR | 360 | 91143 2.53
TOTAL | 399 | 1476.07
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QEE W gk T4
A A 9 5 ok ARAe] A ‘?:_L R
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ol &3 o] Ocm, 10cm$t 8% 2po|7} WEb oM
8 4.95%8 0% 7 S = ETF UERTh
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w
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Figure 5. The average of CR-10 on ankle by posture and time

3.2 The relationship between CR-10 result and Muscle
strength

S AdExLe] S4A] 2T T3 EERES] AR
A= <Table 7>8} 2t} Aiof|A] B vig} o] Q8%
Aok el LB UEANTT 2 9% v BT 59 29

ASE AQstas BE oA FAZCE FoshA sk
o AdAS o]l B 0.4 mwke) o g AMdwAs)
ATt & = vk SH|YE AR A9 2E Y
of| A ko] AAAGT) LRl ulel dutd oz A H9
o $Ho] B&4E =14 BATF U ARk B89 U
S 24345 Yelgth A8 ATss AR A B3 2
TAAAZS oAety] Y8l 2e ok A 9 & ek
2 A 52 AFshs AR ol F4#] B9 S
a7l AE Adstsith skANE & AR A3 51
Lol s BTl =2 Z}*ﬂi Lebdoel et 81
59 29 s 52 AHskA] X3 soE FPHnk & 4
H A7) YRlo R = 3hX o] sl rE kX9 £
7 5719 ol whek el 7 A4 9o ke 9 7
wae BHE gho] T7E Qlel] mHrt = U gl
4% 4 v,
Table 7. Correlation Analysis between CR-10 result and
Muscle strength
EE A% EE 9%
skl | sk | obEink | obdie
o 0.011 0.095 0.304 0263
HEARFE 0829 0059 | <0001 | <0001
o= 0.018 0.098 0217 0.165
HEARES L 0717 0.0492° | <0001 | 0.001
o 0.179 0275 0.306 0.282
LIRS 0.000 <0001 | <0001" <.0001
oz -0.005 0.137 0.097 0.073
Al 0.918 0.006 0.053 0.146
o 0.172 0.176 0.298 0.266
AB=2 | 0001 0.000 <0001 <0001
= 0.207 0.207 0325 0307
ks <0001 <0001 | <0001 | <0001

3.3 EMG result
3.3.1 Retus Femoris

BZ 2ol jalA A =t 3 AP, ARHTD),
W o](D) o] W T K] A Ay <Table
8>¢} ). <Table 8>°l4 UEt nie} o] 222 t)E 2]
2] 75 3EA ARl diEiA R F28Al WERs e, ARE
9 o] T A 9 ws gl A= frelahA
A YERtH @ =0.01).

<Table 9> &t &3t3 AAlel ojst TUKEYS th&
He AR Ayolt), L& UE Y AE 5 o2
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Al Bl 2T k2 ARl vlsl A ARAIZF ATE o R Tt

Table 10. ANOVA for RMS on Vastus Lateralis by posture, time

% e T B e o) A3k e QR and height of scaffold
LEE vty st T4 EHEel FUs A9t vEl Source | DF S8 MS | Fvalue | Pr>F
Utk wEb] A R0 A 92k AFe HNEA|ZO® P 3| 5244836 | 1748279 | 27.90 | <0001™
A T2 Aol vlsl tiE &) ST moo wet 3 T 3 122.01 40.67 | 0.06 | 0.9784
A EHE 3 =4 UeE FAE 7 itk D 2 818.56 409.28 | 0.65 | 0.5210
P*T 9 275.04 3056 | 0.05 | 1.0000
Table 8. ANOVA for RMS on Retus Femoris by posture, time T*D 6 100.76 16.79 | 0.03 | 0.9999
and height of scaffold P*D 4| 89708 | 22427 | 036 | 0.8384
Source | DF S8 MS | Fvalue | Pr>F P*T*D | 12 208.49 1738 | 0.03 | 1.0000
P 3 | 18077.08 | 6025.69 | 2336 | <.0001” ERROR | 360 | 225545.16 626.51
T 3 40.52 13.51 0.05 0.9842 TOTAL | 399 | 280415.45
D 2 849.60 | 424.80 1.65 | 0.1942
P*T 9 165.71 18.41 0.07 | 0.9999
T*D 6 272.06 45.34 0.18 0.9833 Table 11. TUKERYs test for posture on Vastus Lateralis
P*D 4 0.00 000 | 0.00 | 1.0000 TUKEY GROUPING | MEAN N POSTURE
P*T*D | 12 235.65 19.64 | 0.08 | 1.0000 A 30.842 120 STANDING
ERROR | 360 | 92879.70 | 258.00 B 9.143 120 BENDING
TOTAL | 399 |112176.99 B 4.596 120 | SQUATTING
B 2.806 40 SITTING

Table 9. TUKERY's test for posture on Retus Femoris

3.3.3 Gastrocnemius

Q25 HET el A B

W ol(D) ol WE DRARY BAHRA Ave

ZRA (P), AIRH(T),

TUKEY GROUPING | MEAN N POSTURE
A 19.721 120 STANDING
B 6.726 120 BENDING
B 4.810 120 SQUATTING
B 2.458 40 SITTING

3.3.2 Vastus Lateralis

QBZE AZgte dlEiA sk B AAIP), AIRHD,
gk ol (D) o] W ZEA T BEAHEA Ayl <Table
10>} 2T} <Table 10>ol4 Yeld BRg} o] 2 EX
Q)&e] A A Aol disiARE FoEtA YERRTH
(a=0.01).

<Table 11>& 3 573 AAle] i3k TUKEY S t=
W9 AAs Ayfolt). &t e UE A2 $A4 o
R Tl SR £33 Alde] sdshAl Z-E-ste]
HEAZ nR7 A 2§58 o Al 2 2718 ok 2bA|
off H&l] A AAlelA 71 =2 T8 I YERT o]
A= SholA] AFe Q8% Srig]e tist 47 2%
o Lt Ayt kA A A ] A 2B AFS
ASAZ At o2 ZpAlel & diE 2

L
.
ool wet i EEE e

<Table 12>%} 2t} <Table 12>%} o] 2EZ H| 59
A5 3k Al thaA R Sl vhebdka, Alzk 2
# 350] 5o Al A 3 o ekt (e
=0.01).

Table 12. ANOVA for RMS on Gastrocnemius by posture, time

and height of scaffold
Source | DF SS MS F value Pr>F
P 3 3635.01 | 1211.67 | 13.27 | <0001™
T 3 6121 2040 | 022 | 0.8801
D 2 23869 | 11934 | 131 | 02719
P*T 9 67.82 754 | 0.08 | 0.9998
T*D 6 81.13 1352 | 0.5 | 0.989%4
P*D 4 839.48 | 209.87 | 230 | 0.0586
P*T*D | 12 99.52 829 | 0.09 | 1.0000
ERROR | 360 | 32871.48 91.31
TOTAL | 399 | 37894.34

<Table 13>

&HA =@ Aol tigk TUKEY S v
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o AT, A 9%% zvm 3%
Bgro ehcl, 4 RS 3
B R
o e ALl AR A BAE A9 SRY) A5
O vEhgeh. olef Wkl T8 9 AAAN Q2o
$BBREAN WS ETo] Aol uhe WEHA) Xﬂ
F3holl Ag3he WB2e BYES WaE e Row

42 5 ok

] JH

ey

Table 13. TUKERY's test for posture on Gastrocnemius

TUKEY GROUPING | MEAN N POSTURE
A 11.551 120 STANDING
A 9.694 120 SQUATTING
B 5.636 120 BENDING
B 2.637 40 SITTING

3.3.4 Tibialis Anterior

LEE AR =L thEliA sHA Edd A (P), ARE
(T, &3t 0](D) Toll W& ZEHES A A=
<Table 14>2} 7LE} <Table 14>°]4 UERt vl Fo] @
BE QA=Y A4S 3k ApAlel gk Fadel oisixet
FrelstAl q’ﬂ'/\)\—]-— ] 1A el thsiA = f-2lskA] A
UEbs (e =0.01).

Table 14. ANOVA for RMS on Tibialis Anterior by posture, time

g AAE AHH R A Sl A= 2
7b Tl et 94 EEeTt A vEhgS F4E S+
Atk

Table 15. TUKERY's test for posture on Tibialis Anterior

TUKEY GROUPING | MEAN N POSTURE
A 47.901 120 SQUATTING
B 21.940 120 BENDING
B C 9.129 120 STANDING
C 2.707 40 SITTING

3.4 The relationship between CR-10 result and EMG
result

3.4.1 Upper leg

gd3zte] Fa4 EBHEe] sivke] (UPPER) ¢ EMG]
At gl EAZRT) B &53(VLO) 59 RMS #
of tht AR A= <Table 16>¢} T} KAvke]
B A 2EE gk RMSE g2 ﬂ]@gi &
AL A= Ao= vehtal tiE Ao A ATt
0.48423, v]&9] ¢ AdAI57F 0. 52197i RS
o7 ghellA AEt mpel 2Eo] sivje]e] T4 EH =g}
AL 2 953 59 RMS o] sdst dnE Bl
ol digk 2o F4% 5 Qlrh

<

o fU

Iy

o

Table 16. Correlation Analysis between CR-10 on upper leg and
RMS on Retus Femoris and Vastus Lateralis

and height of scaffold UPPER RT VLO
Source | DF SS MS |Fvalue| Pr>F 1.00000 0.48423 0.52197
p 3 | 11373031 | 37910.10 | 20.05 | <.0001" UPPER 0.0015™ 0.0006"
T 3 222201 740.67 | 039 | 0.7590 RT 0.4842*3* 1.00000 0.95635*
D 2 746830 | 3734.15| 1.98 | 0.1402 0.0015 <.0.0001
P*T 9 2782.61 309.18 | 0.16 | 0.9973 VLO 0.5219*7* 0.9563;5* 1.00000
T*D 6 508.25 84.71 | 0.04 | 0.9996 0.0006 <.0.0001
P*D 4 0.00 0.00| 0.00 | 1.0000
P*T*D | 12 939.03 7825| 0.04 | 1.0000 3.42 Lower leg
ERROR | 360 | 680551.19 | 1890.42
TOTAL | 399 | 807719.71 vt 34 B9 oAt (LOWER) & EMG

<Table 15> 8H#] 278 2bAo] W3 TUKEYS t}=
Wo| AR Aot} 9 B& AAT L AL 2= o}
thel o} Wi R 2 gk AAlelA THE e A
7 vebskth w2 gk AhAle] A9 8wt o

o A3 @) WHGA) D AFBE(TD 59 RMS @
o that B e] Ak <Table 1758 2k ofgick
2ot wjHze) A9 BARCE folahA @l vehton,
ART2Y B FRWATL Y= RO verdeh. okt
o W ART A 2w g Aol BHEA}
A el W, 1B 39 A AN b w2
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éé—];:— }"/]’EP)F 7‘11,]— 71—01 _T__TV‘:]_ Val 2HLE g‘l ;876]%?:194 761
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ROl Ao tst Aow =438 &= Qlrk

Table 17. Correlation Analysis between CR-10 on lower leg and
RMS on Gastrocnemius and Tibialis Anterior

R_LOWER RT_GA RT_TI
1.00000 0.23470 0.42048
R_LOWER =
0.1449 0.0069
0.23470 1.00000 0.08631
RT_GA
0.1449 0.5964
0.42048 0.08631 1.00000
RT_TI e
0.0069 0.5964

3.5 Multiple regression analysis result for posture

3.5.1 Standing posture

<Table 18> F¥7 EHEe] tist A zAjelA] Al
A 201, F5A, AGFGolwriAEo], & Fo], &
2144e], dAdn]) 3 Algre] wE tEs] A (multiple
regression analysis)2 AA|$F Ao}, 28 A8 (model
selection) W 0 2= TAIA W (stepwise methods) &
A3k, 1 A FE Fo], I HAHo], Az 59
Aol F28hA vehstom, R*=0.42132.% Yt A
A thF A BAvo] ois v wele] oJsre
42.13% Ardshs Aow Uittt HEA 0w Ad B
e 2 (D 2t

Table 18. Multiple regression analysis for standing posture by
physical condition and time

Variable Parz_imeter Typell F R? Pr>F
estimate SS value

INTERCEPT | -4.443 1253 | 4.06 0.046"
KNEE 0.031 7248 | 23.49 <0001
0.4213 =

FOOT -0.045 9.622 | 31.18 <0001
TIME 0.162 15.746 | 51.03 <0001

B J.O -,.'974'443+U‘031$17UU45$2+U'152$3 (l}
= 1 +e_4‘443 +0.031er, — 0. 04Bany + 0162,

3.5.2 Squatting posture

<Table 19>+ T84 EHE e 78 k2> ZA
oA Al = 4(71 AL ol dol, 75 o], i A4
2o, Wk du)) 2 ARE, g o] Fof whE b3 e

(multiple regression analysis)& 23t Axjolt}, 7Y
A8 (model selection) H O 2= WA W (stepwise
methods) & 28313111, 1 A3} 7], vy Hel, 7% l."*ol
AZE, b tzo] 59] WgelM folahAl UEhkon, RP=
0508102 Vjeh} 2] gke Ahalel ther ok BHn
of digt #d WHele] &S 50. 81% Avshs Zo® et
st #HEAor Add By 74 (2) 7 Zrh

Table 19. Multiple regression analysis for squatting posture by
physical condition, time and height of scaffold

Variable | Farameter | Typell | F R® | Pr>F
estimate SS value
INTERCEPT | 2.626 0.403 137 0.2444
HEIGH -0.004 2.083 7.07 0.0089"
LEG 0.026 4338 | 14.74 0.0002""
0.5081 -
KNEE -0.09 6.534 | 2220 <.0001
TIME 0.174 | 18262 | 62.03 <0001
DISPARITY | 0.024 4428 | 15.04 0.0002"
10% eZ.EQS—U‘Uﬂdxﬁﬂﬂﬂﬁxz—D‘DUSJ:S+U‘174J:4+U‘024J:E
= | 2l 00~ O e O PO, @

2y =7 {mm)
1, =% €%/ (mm)
2y =#] £9 79[ 8714 ) (mm)

1y =AIH

3.5.3 Bending posture

<Table 20> F#2 BHTo| st F5 ¢k Aol A

AA 2071, 554, o dol, & =], ¥ FXAHo],
9k 4n]) g A7t mhE e 3] -2 (multiple regression
analysis)-& AAI$H Ao}, B3 A= (model selection)
Y © 2= oA A U (stepwise methods) S 28381511
I A3 w574, 71, ol o), & o), ¥ #Addo], A
Zb 50 Mo FolsiAl Yehton, R*=0.6986°.% 1}
Eht 28 gk AAle] digt =37 EEEe dish A=
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0.86% Esh= 2o Lhehgih
e 54 (3)3 2tk

Table 20. Multiple regression analysis for bending posture by
physical condition and time

variable | G PR e | R PO
INTERCEPT |  1.076 0.056 | 0.14 0.7134
WEIGHT 0.021 2014 | 4.90 0.0288"
HEIGH 20.014 5707 | 13.89 0.0003™
LEG 0.108 | 53.993 | 131.17 | 0.6986 | <0001
KNEE -0.018 | 22.600 | 55.01 <0001
FOOT -0.054 9.117 | 2246 <.0001”
TIME 0.194 | 22.647 | 55.13 <.0001”
10 91‘u7s+u.u21x1— 0.01darp+ 01082y — 001 Bary — 0. 084 arg + 0. 18z,
b= 1+€1-D7E+D-DQI&:I_D-DI4:52+D‘lﬂﬂz‘s_ﬂ-ﬂlﬂm‘l_ﬂﬂ54z5+D‘1943:6 3
1y =FFA (ke)
v, =] (znm)
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