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SUMMARY

The use of heavy equipment and appication of dry methods are
significantrly increasing. However, a number of activities are still
highly dependent on simple repetitive manual labor of the workers.
As a result, it accounts for a high proportion compared to other
industries, workers suffering from musculoskeletal disorders in the
construction industry, but the research is insufficient to measure and
analyze the labor intensity of construction workers. This research
presents a methodology to evaluate the strength of the construction
activity with non-standardized and dynamic properties systematically.
In addition, we develop a system improving ergonomic construction

hand tools in order to effectively support the health care of workers.

Annual research goals and research results are as follows:

1st Year: Survey on hand tools used for building construction survey
and methodology development for workload measurement

* Survey on usage of hand tools around the construction site

* Development of a method for measuring the physiological load on the
laborers

* Empirical study of stone construction and waterproof construction

2nd Year: Development of a system to improve ergonomic hand tools

* Development of physical load measurement and evaluation model
targeted at paving work

* Development of quality function deployment model that supports the
ergonomic design change of conventional construction hand tools

* Ergonomic improvement of the initial carrier model for stone boards

utilizing hand tools improvement system
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HEAES T or 29 Al atol7k Atk webM, JHEAT ] AHAdS HE
at7lsl 2 Fet dFaAe] el AJEE=(FH AL E EXﬂoP At T el M &
kel Aeletd Wsts wdd AR Sl B8] A& T AdTFH T AdAS
AgstAnt. ddd, & 2AdFS A7 FAVIEl Wb Figure 20 AAIFE wpew A
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PN L dm2/mine 2 FA T & A= ddAEe] F AtelFE EE(d, i%
G5 23], 238 Ax 13]) F71E sLoHA FAE7] As) SFEADE ARSI
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T+ POLAR AHYWEA7IE AF&sto] AAIZh &5 A
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sensor), ~L2]al FEA7](transmitter) 2 T E T A S dHolH = Polarl A A& ste
ProTrainer 5 software®} A& Al&3sto] FA1519 T AlA 2~EF(HI heart sensor)< 4
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GB35t Fgh whd, 2= go|ge] A oju] Zeto]wy} d AJeo]y] Wi 13 HulEs TR FEITI 7?@%

6) Agd Hed 2Hg AR ZExAHNA ARt 557 FE FEshe ARAAR7ISFE(VOC)S wEe] 2 F
AF we FALHSoR 7Hg g

7) Z=ulEES 4 (8 Mobile Metronome)S FEPHo A theitol AL-8319 5. BHEF L FAA O 27 TF59 713
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FH, AGAe] shug 2EAYL AN B Fa, APl vhaw oo ghop
1087 742 A%t Sk o] el AusgE FA47] FRANE Adsdr. 9@
087 F4 %, gEwe N6 g A Qastd 580 A4 %1 A9 A
sE7e] 49 FAF AF, JPAE 7 AN DA TES AHES 5, FRA
Aol rhelE ool ghob FAFHOL Astrh FAFAES AP A@A AUt Fx
FA7 FRANFE BAG QA4 FAGE B S AP AQoR A% AA ¥
SRS O HERAOE G AAs

o J3A
932 JAGS o2 F AYgES Fstr] A FA7] ek A4 T @Al
W E 2t SAS AT E 2-3] #x)
[® 2-3] A A ZE
47 Z+ G A
= A _ B A A7+
S A9 | B %419 AHR s
= (HRrest) (HRwork) -
A 765 96.2 19.7 123
ool 2 B 80.1 105.4 25.3 139
C 81.8 105.0 23.3 114
D 85.9 105.3 19.4 141
. A 727 107.2 345 147
N B 82.3 1137 314 172
e C 85.0 115.2 30.2 209
D 815 1239 42.4 261
He 11& AAs7] S8, o9 deoly AgdAdes Axch Agd J3xA=2] 74
7] ¥ (HRrest) = A9t Zfol 7} &8k aL, ol 2y 5 HAdkred dAg o
FE vAHY webd JiJA Aol & wiAley] 918 oAl F7RE(AHR=HR,,,— HR,,) S
Atk [E 2-4]9 AAE AATE AHdEFREZ AT S7HEY 7= AX 7 At
HAh 2 AYe 22 A7V ARE(F Y EF RESTMN7F 49)elnE JpE AL
xRN BF ZolE HAS AT
[E 2-4] Auty F7HES BAA
FTATE EE A7 o EFHA
azetolw # 4 21.9 2.9
© 7 eb e A 4 34.6 55
Covariance = 19.253, t-vale=4.097, thershod=1.943
8) zadold AP &Iy e AeolA 5B AXAQL FAsy] B 28 24 FYAr doiME B FAS I
FEEoR A% APl FEH] 1027 219 U $127]F FE 2T7HAL.
9) e AHFAG SAF S B AYIME =507 A3 3 284S AFHow FE 2ELIL A g1
ot kol A FAFAL ARAS
10) #84 2UE YE2AE R4 4F AN} AARAE 2, o), S, B, &2, gz PR, 58 2A9L
g e, =, eotd1A), AnFeR), REGR), GLBAFUH), SEAFG).
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t#h(4.097)0] AAA(1.943) B} AA AF7HA(ul=p2)o] 717zt€tt. =, FHEEF 249
g etk Terolv A A uch mgol FAH ALk
(744 2] - Zetolm Az Sag = &Y $5 F APNUFR Bss Gz
o 77t 1203%, 1973290 S$AREY $AS FASE WA Avel F47 gus
(HRres)= %A31: o o o8 A=A 10%9] fo5zdd 93452 A0S 74
7] Ak BEAAIZEY] 3zt did AP A t7h(2.655)0] AAX(1.943)F 3]st
7] W&o et 2ol LalolwH HdrTl ¢ 71 FAA ] oIS HAsY T
([E 2-5] #=x).
[ 2-5] F47] A9g 3 EA T A
AdTE EE37 A EEAF
azefoln Z 4 129.3 13.0
Y= 4 197.3 49.5
Covariance = 1311.58, t-vale=2.655, thershod=1.943

47 F AQES AR AF, 2 AYAES PO NAYIE BAEE 2459
oh [E 26101 ANE $AANE Bw, A B4L SR wTAEE o] J2w}
M mota gobekan. 1 sgelo) &2, @, Fg/el, Bo Aeoz Brlstgch Zet
ool e FAT wAEE Bl AL A Ew, AR/ e, o), Bl U
Fom MRRE Bret

[Z" 2-7]o AANE AAH A9 T/l Wt G947 =71 25997 a3t &

o] 7} MME} =, vHE E3AYe A&HeE 20y %%8_ FEHE QlE theF-9ld FE=

7} AEFEY 3, 230 FPo < IEE7 F4HE AR 4

k. T Hloﬂ Zojolw A 2 23 E&d F2E7 F
=3

THaL, EEAE AAE] S8 Aus Ao 4+
o},
[£ 2-6] AARXNE BRE 24 A3
77 Sde =% EEDEEE FE |
AAEY | BF | BFEA | £S5 BE | EFERRA | &9 | A
= 2.3 0.96 6 2.8 1.26 6 1.25 0.632
o] 7} 3.0 141 4 3.0 1.33 S 2.67 0.000
5 2] 3.0 0.82 4 4.3 0.96 2 0.79 1.987
Z 4.0 0.82 3 5.0 0.00 1 0.33 2.449%
s 4.5 0.58 2 4.3 0.50 2 0.29 0.655
o] 5.0 0.00 1 4.3 0.96 2 0.46 1.567
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— 4 Bonk and twited
e 3 C 4
1. Both arms below shoulder level
2 One am at or above shoulder level
3, Both aims at or above shoulder level
(= 13
Legs

6. Kneeling
7. Waking

1. Sittng.
2 Standing on two strasght legs
ﬁ‘ 3 q‘h 3 Standing on one strasght leg
r‘g 4. Sanding of tquatting on two bent legs
5. Sanding ot squatting on one bent leg
2 (e (i .5 ®c R

Load

1. Less o equal to 10 Kg
‘ ‘ 2 Greater than 10 Kg and kess o equal to 20 Kg
1

3 Greater than 20 Kg.
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Back
1. Shraight
S
—— E 3 Twasted
c 4 Ben end e
BT [ S 3 e
1. Both arms below shoulder level
2. Oree am &t of above shoulded level
3 Both aims a1 of above shoulder level
2 .3
Legs
1, Sitting
2 Standing on o straight lags
3 Stariding on one strasght leg
‘-g 4 Sanding of squalting on twa bent legs
5. Sanding of squatting on one bent leg
[l 2 0: (g § 5 B 7 5 Losewg

7 Waking

Load

1. Less of equalto 10 Kg
‘ ‘ ‘ 2 Gireater than 10 K.g and bess o equal to 20 Kg.
il 9 3

3 Greates than 20 Kg
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Back
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— E. 3 Twasted
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i T () (B
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1. Both amms below shoulder level
2. Oree aii &t of sbove shoulded level
3. Both aims at o above shotlder level
ch (¥ 75 @:
Legs
1. Sitting
2 Standing on two strasght legs
3 Starding on one shiaght leg
..5 4 Sanding of squalting on wa bent legs
5. Sanding or squatting on one bert leg
(g} 2 @3 4 (.8 .5 17 ?;*N
Load
1. Less o equal 1o 10 Kg
‘ ‘ ‘ 2 Greater than 10 Kg and kess or equal to 20 Kg
(i e (| 3, Greates than 20 Kg
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AgiatsE 54 2 Fristy] 9 A@AY S FHe, 228 F A4S A& SH8E 2A
T A S (raw EMG signa)E A glsle #AS AA S npr oz A8S Ea I=5F
S F AREEZFYH 52717 Al AARA ] e S F W SAS 2AET

o AYHA A7
27 (olsh, BHAA D) A A AAH AGREE FR37] 8 Kol
& Ugoz B B3 He agw el 2EFAAR Yol Yu, I

PR JHU
>
(o4

X
—
J
S
+
>
o
(@]
3
s
it
EI
_‘
]
w
I+
w
9
=~
]
o
o

Agte TS B FHAE Folth 2y A
z s s dgs] Fadsty] $8A
OVH g zea v F9lo 259 FsAgo] dasith weA B AFdE 55

d HE 2 BA387] 9a] AlA 4%
e 255 dAeRE 5 dH 25 83Fs AASAH = tERHY /5 dEHA
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o 2AEE AE Y595 (Sampling
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e

2297 AeolA Aol gANsel Wk Ao AYetA ARk Fe AAL
2 2487 98 thedt ol 4YRA WrEL AT

=S E AAYA'ZE 3714 F=(evel) =, F=M1), F7HM2), $=(M3)o.=
o, ZE&EWSE 3714 A z2A9

w7 3 Ash7] flal A=Al
(raw EMG signal, pV)Z4%8 HHFgA 2B MVCO)C 2 A3 3k normalized) &9
LHE(%MVCO)E AFEstth A S = 2380 AAIE G Ak A9 AHA|, EE5574,
EAAEA 2 AAEE) FAANNER AA A GAd A FLsA A EsEA T

3

e 2 fol poh

2 HAYdaE JAgAEdA Fde APAEEd FAANLE HE F UEE
TeleScan S/Woll A A &3l= ‘A=A 7] (stimulus setting)S ©] &3}e] XA F A7t A&
o] S EE A AP FIIA= oRfd gkol dl7|Ettirt AFEAY 7| A “avEtE s

227}

g, A= & g #HE 558 3 AH 5o FAAE 9F WS PDAAFE W
st Ao BEEo HAXA Al E(F, E7]-¥
22 BARe AFF7E 3/ AL
H YA (P1-PH BF HAAste= Aoz s} 2
2 3 o

A
@ 7

=
o] BAHM, doju} APE <ol FAE F2 Pl 2 gev 5% F W7
Ll

% Ho to do m
B\
o)
9
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2o gro® AYgS gty AA AFolA e 24 HAFAAIL T8t AAAAE A
FAE FARE A (d, M3->M1->M2)3te] =49 93ds wiAlsAdt A7 A= 2
Agel A APARIIAENA AFEH D APy 9 dxpel diEl A9, #FURE
HE M AdFZ A EES AXEe AYS dAFste A ATstd Aduis F
e ose ¢ A= skl

o ZAE A3 A

AR A wet AAE AdHAgodA 7 AEARTE A d2E e
A EA o] golstesE thg AAS AX T h

AAE AEAol o] 2= FHo] 7hsatAnt, Mz, A7, Ayews 1

A 2%, FE 5ol wE G4 WMIFHe oAE AEe A Aar)yh WEy] 4o o=

Al FU G E FEHR 2HE Ao AdA A7) delste]l A A vl
7V E7bselth kA SAHE SHE A5 AV|E g 1F B 25 3 AF v
&) HolH 4= (maximum voluntary contraction; MVC)S Z43sle] SHXITE X
= 3H(normalization)dH= ¥4 o] D 8tH(Kim et al, 2013). weba B AFo] oA Frha}
H2 A 259 HAFAHFHMVO)S S43Ah 2 Aol AAST 839 &Ko
g MVCE Konrad(2005)7} “The ABC of EMG"el A AA 3 FFAA S 2 &8to] =A 3}

ETAAIE Aot BEEAZE O wHdWEdo R A A8 3S 7heth oAk 5k w9k ¢
o Agst & 30x7F F2S FHovh JAHR= 4 SS5EEE e Hog 255
ol kT AS 33 AL At gt VA 2 Al U 534S Hvax &
A E = Gl 7] s}

-

(motor unit synchronization)@ <13] Td3 A&7l AAHA Fx, Hgds 5
(sub-maximal)+= FZol A H 59 HEF=(MVC)Et} S (supra-maximal) 4
A H oz Yeld = AUh(Kim et al, 2013) weha] o]# 3t o] g s HAa3)slr] $3)
SHAE YalZE(raw EMG signals)© 974 Al7HA 9] (window size, W)= 3 &3} 4 2] 7}
HdQastth B ASdMe 2ZAFY BAS 98, Hi Al (root mean square; RMS)S 4
|3t} 24 dASE Eq. (Dol & HirAlwgkre = WskEith (Soderberg, 1992)

S (mae()ar (1)

t
EMG() @ 24 = 5o & A7](uV)

W o A& ek A 7HHE (window size, sec)

o7l Fg HES EE HdddMd 2Hd:= F4719 A

3

o &5 (sampling
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frequency, )& SQd3tA A&3ta, FHAFRMS)o HEst= TZAFHEAW)S dHH
Al ALsof gttt Holth, & AFdAE 2HAE FA47]Y AMEH FITE 512Hz(612
samples/sec) @ A A st BEAIHFA (W) 0.25sec(=128samples) & 483t}

99 Aol 24 Hol5ol 428 (MVCm) e Eq. ()] o8]
243 2AE 9050 AFAFRMS)F F 4 Avigse B#e FF MVCE

h 84 paY

dr &

H

RS

A

o

MVC *—ZMLL:L" RMS, (t)) (2)

771

RMSr(t) @ rd A "b5A] tA] - o] 3 oA 3 3k

SAY SHAENTEEY Y agla SSEE AEHart 7HsstES Eq.o (3)9
o3& Af3F(normalization) ¥4 o] & 2 3}t}.(Soderberg, 1992) o] ©A) A A r3le dolH
S HUFH 259 (%MVCm) ek gk,

RMS(t)
%MVC, (t)= AVC (3)

1 t+ T
% MVC, = T T;%Mvcm (t) (4)
f: WELF T
T: E5 5% AA AT (sec)

5o 2, Eq. BG)F ol&ste] /Md AP Hugod2Hn FH(aMve)S AA
SJ‘—]Q@X}-%— ﬂ]ﬂ'gi jgﬁ(um)’é‘ ?‘?J_'E]'

Z %MV, ( (5)

Hyamve, =
s =1
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o AAAF A5 EH
AdALNE AY9& 3 é}ﬂ, 248 2Hd%E 9435 (raw EMG)E 3%l AXE AA
of Wt FHEE At o = 191 Z=A1o 2 AP F= 9%

(M1, M2, M3)el whek %%(PI—PS)-% w25 2AEOMVC Holgal) w
oS FARY o A JAAAES goR A uhe 28d 2BYP
(i) e W8k 54 B4 @,

(29 2-19] 258 H30] £ AeMDolA A sl NARASHRIY 2
3 3

TAE TP EZo|t} o] I E= 3% HASRE FA Aol whEEH = o, o] AIZFe A FHAI
3 o] EES ‘EU]-eR-AA s ZY AtelE o] g Frloln, Zb & FAE 8
o] A=Ad2HH Aqrstd %MVCE YEFAT Fig. 20 W2, AFebQ 03 5 E o A
Tl g% wsr la, $Rte g AgE ISt AAE Aol du F, H59
AAE FE= AL, A7 o] d 4 2(P3: 50cm!2), P4:80cm, P5:100cm) 24 %]

Hdigtel dA=Z S7tst=(E 2-111 #x; A8 3H(1)-P3:36%MVC, P4:78%6MVC,
P5:84%MVC, &$8 =+(R)-P3:148%MVC, P477%MVC, P5:31%MVC) 7 &Fo] e,

P1
%mve # +
100,
qss |
L o

P2 P3 P4 P53

- .

A
T+
e

1000
gEEz | E e
R g T e e N L M e,
10‘0" a 4
e | ;. ] b ALY
L= (Vi [ iy VR S S S PR SR L. WINDEN - WY . S
100}
A\
v | N ™ Py [ ™ SIS

2E2® 0} o | o T e e ] el

a
S22

w0 ‘L T — e T < o~ i S R |

5 8 1 14 7 20
Time(sec)

[Z2d 2-19] &S AAHAMDAA 32 EA(S1) %¥MVC

o3t A= AAZF HSMDo U] =¥HAIE F7FsEaL(P1:20cm, P2:40cm,
P3:60cm, P4:80cm, P5:100cm; std: 31.6cm), 2 Al &Zo] = AA wFol= HHY
(adduction!3)¥} X & (abduction!d)s 2Fo] FA4lo] Hel unpe} 3 &% o] ZHAFgERE =0

Nl

I(FS Fge Tt Hit 142%MVC, -5 Ao It H185%MVC) ol &= e Zof =
2Y 25 Jhsdhe ddle] "dva AdEh wela] AR 2oy g2 dHdAE ZE

1) ARPAAES nsde Ao, £527] Age S7l-aAdA 5458 5 Ml FHo7l wizell Add =84 HAeel froldk Aelt gl
i 7hgatar IR 190 AR AARES WA b 4180 4 dike BEAATAN] dutstetol ﬂ%oPb = vk deg Rl

12) 27PHAIAA A AR AR 2wk 7l s =

13) ol E°l FTAAdNA oAl o Feke Wik

14) Zo] #o] THANOE Fahi= ol A& U
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offt
13
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fr
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o

Ir
o
o

\il,

EEERE A =AY, Be AA2YA W & e 7
= Aol vtgAsta, FHFES THkste A E A & e Aol Ay kA, AA 4
ARZE e AHPL P2, B RV FE 2%ow AEHAE, LA Y AFE o
M5 (5 EZ(R)-P4A65X%MVC, P5:72%MVC)e S =7t S7kshs 54 0] vepd, shd,
T35 AF7IHER)E 20 AYEYH AR =0 Nt R AeE Hyo] AXE Ao
paEe] 3% AFlUTe $UE fEL PO AyAae] ara
[E 2-11] JHAASDHY FF AAHFAMDAA AAHAE %MVC
P1 P2 P3 P4 P5
Muscle
Max | Avg | Max | Avg | Max | Avg | Max | Avg | Max | Avg

1 9 6 9 6 24 8 30 12 30 11

2 17 10 28 12 24 15 34 18 35 22

3 31 12 24 10 36 10 78 17 84 22

4 53 19 52 19 48 17 77 21 31 16

5 20 8 14 7 18 7 65 16 72 25

6 25 13 24 12 23 15 47 21 64 22

7 23 17 29 18 28 17 36 21 34 20

8 58 28 51 27 52 23 61 27 70 28

[ 2-20]2 =52 3ol € A=A eA Al WA 9 AAAHSI)=FE FA
[e] [¢}

H AR agzoltt, AAYAIE ASMDYE W, 5 FSe=IR)A JEET =AU
Eld Adatel g, FUHM2)Y "WE /95 AgeE(L/R)O] A9 Zeo] Asst 1Y
A2 zAf ] A7} FASAA FHoRE A H wEt 8 F%o] MH(adduction)d E
(abduction)oll A 318l (flexion!®)3} H (extension!®)) o &2 W3lol| 7|23 Ao w FAtF T},
P1 P2 P3 P4 P5
wve ¢ t t t t
100
gE2
LB R | St ey - Sy N S e S NS pn e, SIS
x::lm V. "r‘k. e
q(“;l_ 0 o~ \‘.,_,_d N L --,f'ﬂ-"r““"x,._,/"" af "\_____f-\__\__ P “‘\_h__ .
100
e ~ "
832W of /e Pk Mson badle s | ¥ T ¥ . S
100 .
*gl‘ ! b .f‘ ™ l’-“I_ -'N\
Q_gr:l(m 0l ,_h_,.-'a ‘L'--r”'"“\‘/—-__;’ \bﬂ-—-\_, = // ‘L"_"“-\_,___‘______,', R R B Ve
100
203 e . A
w O —" — e — Ar— e e N — I
100
£B3
®
7 100
{0
7ig2 100
(R) s " 0 2 . ke e
o L
5 8 1 . 1/ 20
Time(sec)

[29¥ 2-20] = AAYAAM2)NA JAFA(S3)e] %¥MVC
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=Z(L)-P1:58%MVC, P2:63%MVC; = A< F(R)-P1:81%MVC, P2:58%MVC)ol A &
HHEZE AR FH(L)-P443%MVC, P578%MVC; = 499 Z(R)-P4:63%MVC,
P5:58%MVC)7HA] & Wgl glo] A5 = 5Ao wadr, 2 Y92 AAje] vbAZ 7}

T3 F/9= AT (/R SR 77 2R 2-12] BFF; F= A9
A :8
o

FZo) dS wrt @5 11(P1:50cm, P2:30cm, P3:20cm, P4:30cm, P5:50cm), &2 7+ &k
Aeel EEAGHE 13dem)7h g2 o Qdrka SER o) AY A AXE 54 2
Sl Anst EHAY BEstl ASsE AL A A 9 FI2HS 1
27 AgREE GRS d 9ue mAE Aoz faH
[E 2-12] A AA(SDY T AAAAM2) A AAHAE %BMVC
P1 P2 P3 P4 P5
Bl Max Avg Max Avg Max Avg Max Avg Max Avg
1 13 7 14 7 20 9 25 8 25 10
2 57 21 36 18 45 22 86 23 62 24
3 58 19 63 22 52 18 43 12 78 22
4 81 24 58 21 63 21 63 17 58 21
5 21 9 17 8 31 15 42 10 28 9
6 30 13 34 11 49 22 67 21 51 25
7 29 17 43 19 51 29 61 25 59 26
8 60 28 53 27 59 33 56 27 62 29
A9, 2P E Boge] WREs} rAE AR FIN AR AP, P4, P5)lA
o7 et FElds LT B AsEa o [2™ 2-20]18 EW, A= 274 54
ol FAo Hol AL AW, 1 2% W=k AN TR 4YHFS AA2d
A BE SRom BAAYE Ao ANET wed g ZIAAARES o a]
e ARt 54 SHol AT AFHA FES AQRPL AME glo] g
stk 2e% WA AAE T AT 54 229 2P AsAEe AT A
(amplitude)?} A F7] (frequency) & 7M1 %E& FEsts 5838 8<2lo] 2 4 J&& AlAL

gt

(77 2-21]€ BES $30 E 442AMDANA A @A HABAHSHZIE 54
d 2% weolth BRUA Y AANA Y Fuglel AZN $HoR B,

Weps AANATE A2 ASM3) ZUE euAzh @7] wEe](P1100cm,
P280cm) YRR 2%od  2@Amsh 24 deEgth(E  2-13] #3x FRe
(L)-P1:63%MVC, P2:64%MVC; 7] (L)-P1:73%MVC, P2:60%MVC). &3], [Z¥ 2-21]
I A Qe ww, z7] BEAA AAPL PN sEH sl A 28
(Peak)e] 2712 ¥&¥)a Z7he Fael b, oldd A AANA} Goxe] 2
of %A e dAETh webd o AARRKSHOA o] AAE $ZMel ¥l A 5

q agol SRAESE F43 SHAA 2240 JAdFL 2 5 A7) Wl
o

(¢
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Pl P2 P3 P4 P5
%mvc $ + + $ +
100|
EEZ
Ly g e e — i, . |
xl:tlm.l - o o £ = " |
EE(IRTL o L S . PSSR T S A
e \ N M\ ™M N
225 oA R e NN el ) TR TS
Ao i .'!n\" ) I ."rl\\ |r'l‘\. Pl
i [P i i T e S L S B E S T
100 .illllll.l.llllllllllll:.lll-.
&0 : I ~ / L.
(1} S i
A(::mu peak1 Peak2  peaky Peak2
.:.(R)l_ : :
[1}] 8 .
72zl 1 o :
B o :
7122 100 & .
3] ey =% = o ;
0 T :
3 8 11 Time(sen:) 14 17 20
[Z2] 2-21] £ AAYA(M3)olA FAFRH(S5)e %¥MVC
[E 2-13] 2 AA(SH)Y T AAMAA M)A dAAHAE %BMVC
P1 P2 P3 P4 P5
Muscle
Max | Avg Max Avg Max Avg Max Avg Max Avg
1 15 9 15 8 16 8 19 8 17 9
2 51 23 49 23 57 28 57 27 63 28
3 61 20 6 23 74 24 64 22 72 25
4 78 21 69 25 4 20 63 25 63 22
5 63 19 64 19 29 13 13 8 24 9
6 60 21 63 28 52 23 57 20 35 18
7 73 30 60 28 52 23 64 20 53 18
8 52 27 4 32 65 32 33 21 40 17
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A Agolnt, A Ao wet A 250 SEAd7 Aold vk AFEA A= vt 2
o},
[E 2-14] AANA N B E 284 A3 A7
Muscles Left (M1) | Middle (M2) | Right (M3) F p-value Post Hoc
Rectus femoris(L) 8.6+2.56a 8.1+1.24 8.5+0.10 164 849 LM1=Lv2=113
Rectus femoris(R) 15.3+3.50 21.542.21 25.742.16 34.734 .000* LIVEER VPR TIVES
Brachioradialis(L) 13.4+4.34 18.2+3.96 22.8+1.47 16.131 .000* HM1+HM2+ M3
Brachioradialis(R) 18.8+1.96 20.3+2.14 22.8+2.21 8.371 .002* HM1=HM2+HM3
Upper trapezius(L) 11.546.26 10.5+2.65 13.6+4.54 1.000 383 L1 =HM2=1M3
Upper trapezius(R) 16.1£3.92 18.545.17 22.743.61 5.382 012% IM1=1M2=1M3
Elector spinae(L) 18.7£1.68 23.6+4.39 23.9+4.32 5.572 .010%* L1 +Hv2=1M3
Elector spinae(R) 26.2+1.77 28.9+2.67 26.6+6.02 1.237 308 HMi1=HM2=1M3
a: M, + std , = : p<0.05

A5 GRARURE BAUE, PR D} et 85 9594 20
AR @S] frel@ Aok Gnp = 849, ¢ EATRE FF Aol7t AT
00, % AAARRE AFAS A% AEMDA AAE @ SRgge] A4z i}

ehath e A% A T Aol $3 hHATM@ F7
2 29 5 A& 4aagelda nudn

/9% AALTTL/RY SBYFE AAAA] uheh fo% Aol Y Aoz
YESTHE S dde =) p = 000, 5 F4aII[R) p = 002). =3, 5 Fga s
N 35 B

o% FAFAUY. 3,

(L/R)O] B Aitstes d =] He A49s

/9% FRLRAAE Jud 2abt debdt %3 S0 cBYTe 4
A9 Wshel wheh folm @ el gl Aoz BARp = 383). WY, 93 FEIR)
9 b

(¢3
o —

Folel g 52
)

CE RISl

4/9% AFNYTLRIAAE Fol @ Aabrt et #5 A2/1g2(L)9) 284
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