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Abstract

Introduction: Recently the R.O.C. Ministry of Defense has developed the new personal
military combat suit. The effect of wearing new combat suit on soldiers remain unknown.
Therefore, this study aimed to investigate the effect of wearing the new personal military
combat suit on gait, and figure out the problems that soldiers may encounter. Methods: There
were ten male participated soldiers in this study. The whole suit with firearms weigh 20 kg. All
groups were walkthrough 10m walkway, which contain the force plate. Each participant has to
attend both control (no wear) and experimental (wear) group. Seven cameras (Vicon 200Hz)
were used to capture the three-dimensional kinematics data, four surface wireless EMG
(Noraxon 2000Hz) were used to capture the muscle activity, one force plate (AMTI 1000Hz)
to capture kinetic data. A paired T-test were conducted to determine the effect of new combat
suit on gait Result: The experimental group has more hip and knee range of motion, and the
trunk show more forward-leaning during the stance phase. Flexion moment and abduction
moment is significant increase in hip joint. Extension moment and abduction moment is
significant increase in knee joint. Plantar flexion moment is significant increase in ankle. There
is a significant increase in stance time with experimental group, but cadence and stride length
have no significant different. On the other hand, the experimental group shows more muscle
activity on the lower limb and trunk during the pre-swing phase. At last, the experimental group
have more displacement on center of mass on the vertical plane and the time between potential
energy and kinetic energy peak value. Conclusion: The weight of combat suit, the belt and the

boots restrict the movement of lower limbs on gait. As a result, it increases the loading on the



lower extremity. The improvement of the belts and boots is the problem needs to be solved in
further. In order to improve the loading problem, lower extremity training is critical for the

soldiers.

Key words: military load carriage, biomechanics, load carriage, energy
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FIN* %= 4p ¥ (Second metacarpophalangeal joint)

CREST* 1 ¥ P AT R
R i

THI* ~ $& 3+ (Greater trochanter)

KNE* o ¢k + 4R (Lateral femoral epicondyle)

MKNE* o AR (Medial femoral epicondyle)

TIB* 524 gf (Fibula) 2 Bf oh fplix - B

ANK* *t R (Lateral malleolus)

MANK p BR (Medial malleolus)

Toe* % = it % (second metatarsal head)

Heel* ¥ # (calcaneus)

Ji

(Gluteus maximus > GM) ™ * ® #*+ (Rectus femoris > RF) > p )5 % 3+ (Medial

gastrocnemius * MG) % & * 4 ifsvF 5L 2% SENIAM (surface EMG for non-
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invasive assessment of muscles) #7i& &R AERE 7% o
(=) E# v (Erector Spinac Muscles > ES)

IR EMG 2ERE>Y L2 4 38 & dg b5 e B 4 sovuag 1

Bl 3-9 & #F 3 grpbiz g
(=) A=+ v (Gluteus maximus > GM)

o EMG ARRE3T < 5 2 Biid 4 50% R i B
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https://happyot.blogspot.com/2016/02/gluteus-medius-muscle.html

Bl 3-10 A<~ wostghphiz ¥

(2) "%z %~ (Rectus femoris * RF)

7ud EMG 2ERE0EE 7 1 $R(ASIS) 2 I+ 53 58 50% i - B

B 3-11 "% & s qRpki ¥

(z) P il 5 (Medial gastrocnemius @ MG)

e EMG ZEREST 325 0 Rep B e eni §
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Bl 3-12 p 2225 aegbpl 2 B

o~ E P A jTHRRIE S
RIE B p A g & F %% £ 9e4 plE(manual muscle test © MMT)
(= )E# »~ (Erector Spinae Muscles » ES)

ﬁiﬁ‘l‘ﬁﬁg"fﬁ?“?\ » B K ;EIJ—:FIk—T B @ E T RFE 4 AR, ;%—71 ;EIJ.%‘I:_—E Foareg

1\4
=

fe = o FATAER ands (Fr0d e 4 o

B 3-13 B4 vepd £ 4 P

(= )&+ »v ( Gluteus maximus > GM)

SRIHFPRR o RE Bd 90 B o FOFILA T AR S g Rl R
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https://happyot.blogspot.com/2016/02/gluteus-medius-muscle.html

G g a4

B 3-14 AR e £ vd el

(= )3 e v (Rectus femoris > RF)

B 3-15 "8 e £ oaed jpzk

(z )P 255 5 (Medial gastrocnemius © MG)
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LRI BRBIRE 0 FOTIL S AR > G R R LT B SR

= |

A EXRIEFFRFR AS BT D L N ERT
BRAFHREZMN A0 10 22 3t $ A F A AT SETE g ¢ - B
AR AFBARf BRSNS FREGFERIFAMNSBEZ ST R UE e
L3 FRREAMNBES 885 HiE) -

RRIH R R FREET § ATH P ER ALY 1S A A RE S

ﬁﬁiuiﬁﬁﬁﬁﬁﬁiﬁ’%%M$§£M$%Qﬁ%ﬁ¥ﬁ%,u&§%£%W

AUk T LT A FAEET BRI X BN E O RRFLA T RE IR
ALK LA ARG F D R AR WL L 2R
BRER o AREL RS AR BHRE LT ERIE LRI Ak LRI

q,\ll K{ﬁﬁéy\ ]ﬁo—i J—Lﬂ)’fi ﬁé ||,,. [E2 mlﬁjpé_ﬁ I 'F‘L o
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Sz RERPEAE
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R

4-

WP RKP DR GRS TEBRLETEAFTH
RIE & BB Sl R ERE R SR

4-

Yo B & 3 g

A~
o
=
—_
s
S
)

T A I p A R

=
T
R
%»iu
=
)
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Rnl

R
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-
i

-

)
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E” S

Bl 3-17 F S in A28
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PRI

(=) RBEAAXREZHDT (Vicon #HEF 5 > NORAXON & ssvqg » AMTI B4

=)
(=) RPFRPAIERIHRFLETEAAMTE RPFRIRE 7250
(2) RIEEFRE SR

(

() #% Vicon i ¥ufeP~ & ivp B p i e

=

) ALEE T iE AR (g§am\ gam\ﬁgﬁi—xam\aéﬂgsmp\ B v;u) Jﬂ.éﬂﬂ"bfgo

(=) “E A IRA 2P Sk (SR (8 B AodERE 33 FEF KTk o

() BFEfmTELALTR P15 AandERER 21 REAL
B ATk B BRI A R R AR iR T R % R
2o Hpl A R o

(~) 2 Vicon i Sule  jeB-k kof ~ mASCR L E R4 2 TAL 0 A w g
2 (FPFRAEFHE) N2 A% (FFEEFHE) KBTI HAH
W B AR ORRRZ BRI A4 e

(4) Bz FAER* Vicon kst FH* C3D ghw®d » £ & % Visual

3D A 47 REIE T IR ) A 4T o

EdF AT

AR Eit Visual 3D E KRB TERE L 7 0 F ki enfpt 2 10Hz 0
Butterworth i jgid K jp$- 7 ol > & 47+ HrER DR 4 PR - B i
HoITEZTHBHE EFE DR TD e R PR EERR B

CEROMEFCALE G B R IRG e B E B FoEsY



A A i B epE L o

(a.) ®iifmad Gl L @ Badd Fob kT3 edmd TS sg
12chp LFRAE d it 3 e bdd > it p o FEerE,
- BHAEFH Y N B R ER ey E ML L F N R T T
FENE RN 2P R PET LA N AR S SN
h- BHEEH? A B PN R A B N TR
(Winter, 2009) -

(b.) M&EFEHR : MESBHFR 3 E2 150 k- Ta L3k 9H
FiTd BE S EApAed o blde @ BEM S KR MEEFR NSV

Bk R Rt AEM E A Bt B o

*m}&

‘}

-~ AT
AF B * Visual 3D 2 AEHEFA FF L4 AeFHEd 10Hz

Butterworth ™ jht KB4 5 Acngean > £ 1 p LR E Rl AT > A4
HrEE TR 4 - B AR B A AL T H G E (FF 4 A% - B E S F
W LR R e g

© OB E S

Ji

AF %t * Visual 3D £ EEHEFME S EL T ReaFT A Ed 10Hz 0
Butterworth i3 jmit KB e > £ v p LD E GURFE L ed® o AT+

P RR T T S T ST P TV ST

T Y SRR T I CRE L
wo T A

A F A AR+ e B4 v~ (Erector Spinae Muscles) -~ % E #* (Rectus
femoris) ~ A+ #~ (Gluteus maximus ) 14 % p g% %% 3+ (Medial gastrocnemius)

F1* Visual 3D 2 8 ie (75T TR A 470 R ds TR S8 F i Jg ik S0Hz ~450Hz
(Band pass filter) g 5 4pengein s 27 2 B ngs i (full wave rectification) >

Bfs i * 50 B % #7352 42 (Root mean square) % jfFed2 > & & Fd &
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I~y

Foendot p oA ek AR A o AT R AR TR 7N B B XA
EFr w2 P W e o v iE LT SR T IRE M ARR o

YLA AR B ot grpl ok Bhen LR (7 4 ) (Chambers, 2002)

()F¥H . LyryridF e (R4 4 @+ 2 20N) 3| & %ryra g (Rl 45 @)
3+ 20N) o

(COHFH o +%r%rx H (P14 B3 20N) 3|+ %rgrid F o

(Z)FE = . LHFRFE (B4 7B~ 20N) I Z%r¥rs gy o

(m )bz @ 8 0 ZYPYPL e B S YRS E o

(I )faeandp © %R F i 3L %r%rs 3 (GBI 7 &) *F 20N) o

N L

i * SPSS for Window 23.0 5% » 12 = ¥4 & T #& <_ (Paired Sample t test) >
WERAREA pfpdlle (3F) NE2FRE%E (3F) AFHELTHNERE «#4

B S EEICT B2 £ R A R E ok o B3R 5050
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dod 41977 MM SR R HRELFE P UEHFTH Y EFRS P E
£ & (20.63+6.25>13.36+5.06,10.13+6.05>588+£4.67)~ }jck & (7.11+1.75>
540+ 156,188+ 1.75>0.01 £1.99) 2% &6 B & 56 & (4029 +6.91>35.01 +
508)c MM & PINA > PR EFLPEF HEFRS DAY LR (4601 £4.87 > 4238
£391) B & B (411£281>371£2.65) &k M & 56 R (4595+3.80>42.84
+£3.09) M E Ik G M &R (450£132>3.78+1.08) > @ AT B § O FRS SR
WOk R (65.38+435>63.01 £4.58) c BLM &t > FREEFE DG EFRA DR
WiR (056+023>030+0.14)r2 % fafedm b &g d R (1.25+0.36>0.94=0.36)
BATH G A FRS A AR (0.71£08>028+0.65) - hIRIFER S R 0 PR
7 F R EFr PR ERFY > SRR B (1061 £579>4.55+4.83,9.86+5.75>
3.86+£529) i &G B EERAR L > et F e F R (7.52£345>5.61

+1.16,55+1.60>4.09+1.04)

#4-1 R~ B SRIRR KRG M ARG MEER R O N2 ERESE( T )

%578 B e P e D
M &
Al Bt Em () g 19.66 + 571  21.63+8.23 405

Ei o 19.85+4.70 21.87 +6.07 .362

EsAE () Zp ¥ 2063+6.25 13.36+5.06 .006*
#7%  10.13+6.05 5.88 + 4.67 .05*
Mjgdx i (7 ) 3 3 Hp 711+ 1.75 5.40 + 1.56 .005*

g 1.88+1.75 0.01+1.99 .004*

2.02+1.94 3.52+2.88 .019*
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K m

Ma ek (7

TV

Ma ek (7

e

Fpd Bk E (°

P ek i

#
b
M-
=

K m
B & E B R

A B
NS o

B Ay B < B

Ry B =

=

N Faf &

=

o B

#g g
EE
g g
EE

Ei o

E R
BT Y
X
B B
F g
B
X
BB
)
B
E XN

i

E RN
B if
e
B if
=R
B if By
E g

B

3.47+1.76
40.29 £ 6.91
29.98 £ 491
9.14 + 2.37

5.35+2.28

46.01 + 4.87
65.38 + 4.35
0.05 + 3.47
117+ 4.42
0.39+2.23
0.29+ 251
411+281
4.61 + 2.66
45.95 + 3.89
66.56 *+ 3.31
450+ 1.32

4.90 £ 2.09

2.76 + 0.8
0.71+0.8
1.63 + 0.68
1.94 +1.02
0.56 + 0.23
0.22+0.22
0.69 + 0.45

0.96 + 0.55
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4.57 £ 2.80
35.01 +£5.98
27.716 £ 4.78
8.92 +2.40

458 + 2.16

42.38 £ 3.91
63.01 + 4.58
0.46 + 3.11
2.73+2.70
0.06 + 3.07
0.21+2.79
3.71+2.65
4.63+2.70
42.84 + 3.09
65.74 + 3.46
3.78 +1.08

485+ 194

2.46 + 0.49
0.28 + 0.65
1.76 £ 0.92
2.79 +1.65
0.30+0.14
0.17+0.11
0.64 + 0.36

0.93+0.51

.078

.001*

.031*

.615
.158

.000*

.001*

447
142
141
.694

.031*

.078

.003*

440

.022*

.868

149

.043*

410

.016*

.013*

441
.566
.738



e

]

BEEsER (7)) may

Ak o ¥

BEEsER (7 ) mgy

SRiF

Fpd BxiEm (7)) Fo
Hg g

EYIE FeH

MaEdr () B

439+ 0.99
2.65+ 0.86
1.25+0.36
1.18 £ 0.49

10.61 + 5.79
9.86 +5.75
5.61+1.16
4.09 £ 1.04

4.22 +0.83
3.08 +1.39
0.94 + 0.36

1.10 + 0.46

455+ 4.83
3.86 +5.29
7.52 + 3.45

5.5+ 1.60

.283
146

.000*

242

.03*

.033*
.018*

.002*

IR A M ERFALR (p<.05)

%=

b 42577 o AEM S en A > B e skt Y B e Y
W hd 4 48 (0.96+0.23>0.73+0.1 N*m*BW=, 1.03 + 0.24 > 0.76 + 0.15 N*m*BW- ) -
Y bk d Y pES B F R AL e 4 2 (1192 0.16 > 0.89 £ 0.16 N*m*BW-: ) « % B
Genn A o BB LER HYF TR % MY 4 (0.3 008> 024+ 0.06
N*M*BW=)s & ek @ 9§ BEFR A h 3 4 42002 B 4 48 (0.62+0.34>0.43

+0.26 N*m*BW-, 0.55+ 0.14 > 0.42 £ 0.09 N*m*BW) o BRA & R e > F B le o F

54 F TR

1 ERA

P F R F s A By 4 42 (0.23£0.09>0.14+0.06 N m*BW-) » @ fexb =

Zgnen BRI E G B EF RS B A 4 E (1.59+0.2>1.24+0.09 N m*BW- , 1.60 +

0.19>1.23 £ 0.08 N* m*BW) -
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%4-2 8L~k Bk e 0 E kG B &R 4 BB E (N M*BW) » & eniE i & LR
Fhd fopofe s B E R L fop fo s M S F A fep 84 R

TP = e p
TEM &

2k G 4 aE F b o Hp -0.59+£0.17 -049+0.12 .053
BB LR Y 0.96 + 0.23 0.73+0.1 .002*
(N*m=BW=) Ja a0 gp 1.03+0.24 0.76 £ 0.15 .001*
Sk G 4 F b om Hp 0.08 £ 0.07 0.07+0.13 875
BB LR -1.19+0.16 -0.89+0.16 .000*
(N*m=BW=) Ja im0 g 0.08 £ 0.04 0.10+ 0.05 .264
R

2G4 aE Fr ol -0.30 £ 0.08 -0.24 £ 0.06 .023*
BB LR/ 0.62+0.34 0.43+0.26 .004*
(N*m=BW=) Ja im0 gp 0.27 £ 0.10 0.24 £ 0.09 137
Sk G 4 3 b Hp 0.07 £ 0.05 0.04 £ 0.07 245
B R LR -055+0.14 -0.42 £ 0.09 .002*
(N*m=BW=) Ja i a0 g 0.04 £ 0.02 0.03+0.01 496
2G4 aE Fowm Hp 0.23+£0.09 0.14+0.06 .01*
BSE LR -1.59+0.2 -1.24 + 0.09 .000*
(N*m=BW=) fa im0 g -1.60+0.19 -1.23+0.08 .000*
SR 4 e Fowm Hp 0.03+£0.02 0.01+0.03 100
- LR 0.12 £ 0.07 0.10+ 0.05 320
(N*m*BW?7) Ja 38 Hp -0.10 £ 0.08 -0.09 £ 0.08 .626

EE MR S

EHFLE (p<.05)
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dod4-397T 0 REREG EFRA GG F FY 4 -8 (141+01>1.11

+ 0.07 N*BW ) ~ % - % & (1.37 £ 0.07 > 1.05 £ 0.03 N*BW ) 12 2 ¥ 3 ) fir &

(154.94 £ 17.15 > 114.77 + 9.42 N*s*BW- ) » & 7 A4 i $8ic™ 6 F B F Lk ch¥F ¢

BPER (0.78£0.09>072+0.06s) Am aHhtgz HAg+ plE523 £ 8 (p>.05) -

£4-3 B G F ivr 4 (N*BW-) 12 % 4 fi 48k

i I8 Tk ile p
Pow ok iEH 4
" 141+0.1 1.11 + 0.07 .000*
§ - 4 & (N*BW-)
Bom ok iEH 4

1.37 + 0.07 1.05+0.03 .000*

% - % @ (N*BW-)

Fr P g (N*s*BW?) 15494 +17.15 114.77 £ 9.42 .000*

# g (M) 1.24+0.11 1.23+0.12 776
##E (step /min) 50.82 + 5.88 52.02 £ 4.47 276
Fr YT () 0.78 + 0.09 0.72 + 0.06 .015*

IR AN ERFALE (p<.05)

dod d-4ern o BT L

FHERFRL (391+079 >3.36 £ 0.67
cm)> ® i 2 DM B2 FapEFF L o

b B Fddrdle<  (0.04+001>002+
z 3

0.015)’ e LL’}\'I""VB'E’I’J?'\»‘ % g_ji"p»"}g &‘\F“ (p> 05)
F4-4 o E S
i% % 4 Y e D
£ S % g (cm) 3.91+0.79 3.36 + 0.67 .002*
KT B (cm) 4.92+1.29 4.46 +1.32 570
B EPERF L () 0.04%001 0.02 + 0.01 .001*

IR AN ERFLE (p<.05)
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I8 nRER

‘ot

dW A1 Bl 42 B 4-3 577 > FAREAFR DY LD v A LR T
¥ PE (1653+11.21>891+6.11%MVC) > @ adfties » %2 s (24.29+20.86,
13.37+13.68 % MVC) ~ A < s+ (28.43+15.83>17.33+11.38% MVC) » &4 7 (15.81
+724>8814£293% MVC) s st 42+ § BFRA > @ hsb @ HpF s &g

ZECRREY R HEFEAR (p>.05-

45 7 ke

35 A
30 A
25 -
20 -
15 -

% MVC

yu B RE AL B v g
*hTEHFLE p<.05-

BlA-1. FE oL 200 LR &RE2 gl

‘-1-'
3

[
g
=
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% MVC

% MVC

40
35
30
25
20
15
10

50
45
40
35
30
25
20
15
10

g v B RE AL

Bl 4-2, bz ¢ HppF L oevpg 2 3of A

%;;J‘ L g‘é\' U

'?'%E&E_K K#IJ‘!E‘—_]_ E/fjg:__g{, g] .

* 2
| — .?%‘f’_
| Ol
] *
[——
LB AL BB 3L Bk w B

*3 7 EMFLE p<.05-

B 4-3. Fiew R pr g g 2]
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¥LE

-\

ti

AREEHARE A AT FAS BRI A AR T HN S LBE 1R

AL TE R IR GE T, e

$- & pENTF KPR

B PR LA b F R P AL RN G T R

WA RE  FLEFETRET LT E R A~ i E £ (Birrell & Haslam, 2009; Chow
etal.,2005)> 7 & R £ &g 71 € Hf 4c o 4f 2 5ty (Attwells, Birrell, Hooper, & Mansfield, 2006;

Talarico, Haynes, Douglas, & Collazo,2018) » @ & { #7 § eni % &7 » AR E & 04 tf
GHAEE T § IR R E e e P FHE W T EREE SR R F)
kA AIRHREEY I RE LB EPRIRG AR e Y A EE LR EL 2
Fef BT BLEFAR PMEET S M SR R RE S 1E S EY RS S
BRBE A A & B FP EHF HIHIFE HAF B 4 (Majumdaretal., 2010) > @ A A E 0
e o Padd wERKLTH RN TR E IR AR FRAFFDIR
Max ke dRTEBREFLE FAL TR SE cHWHRMEH 3 AR ARG M
AR R rui] L Fhedrdler g LR A et B o Frg RS aF
Byd B 00E k ey 4 AR e tRenie R R A F O BN & R R Mmoo
AT L R HEF R LR BB G F (T 4 5 kA {fﬁd H i ﬁémﬁﬁtﬂaﬁ\—i

o

>‘1\

I
T AAPTRESR B A AT FANBESE ATR DAL R PAEH

SrLR R RGBS ER R R T b e

(e

B

W

=R e

F_‘-

R

LR BEE Eale BMBERY DER > A ARERF T e adtiE o A A2 R

40!

SOREM & W B AR > R AL B G o NIEME AME SR GRSV E LR

FICAEM S By el T AR ER AW B A B4 Al 2o and B BRGAER M &
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oo x FERMELFR DRI DAY &R FRBYSEICL T ER L SA

o

Woa W E e s B MY SRS AR 4B (Loverro, Hasselquist, & Lewis,

2019) 0 F f BivR i R b4 T OUE R R I T S AR A R N

F_L
E‘*t\E

B G B R AR VA AR S

@

FRRpH e gR RN Ea T 8

BROZHAEDPAFT > v EFEE L RS

*“)—
g

G T RS A

ko RREiEE (PFPS) M2 o ¥ L E2RM$ T (Foxetal, 2018; Wills, Saxby,
Lenton, & Doyle, 2019) -

AFE G S BT ke

-\1\14

R4 o AR E DR &R RS o @ RERE & S

AR R A R SRR L LU SR s
AR R R EE S Ft A ERT 0 L0 B ik w i 4 0 AL

g eE R R ,T* ¢ 3 4 (Birrell & Haslam, 2009) » 22 & B #7 7 4r8_d B M & 914 if i@
Bk d LR FT Ay & AT B AT DR MES > d S 2 fE el e P 0
ER R o A B AL & A3k e 9 d (Chow et al., 2005; Liew, Morris, & Netto,
2016) > Bl 4 0 R E RFRR G hR T g2 b AL BRI FRE L
FrEIRAEMEPITER  E RFERME G RSt B AR R4 BHSGY
L bRME ARl B AA RGP ES B RERBEES D S EZ T AL
# % (Seymore, Fain, Lobb, & Brown, 2019) -

AIRIRC G 0 AT SR F M B AT FBEMBIRRER § T RD O

N
NN
|~
i
s
>~
I

R BEPERA G A RS SR TS0 ARt Y
R SRR SRR LR R o R AT LRI e b

WAARA I RE I RET ) B3 E LW AFT R FFRAFALT AL TH D

FFE%EO

B EPTFoER s G ARR D R R R R b i
FL $2L JRADLE > o FoeBE L e kT i B Erglid o 8%
SRR EA RS S SE AR S 2 SIS I R RS R

R MfATAkIER S A2 TR LD BE O RS KF S T



A2 R S E R R TR S L AT SR et b )
VO e AR R R A e
- & < + ¥
Fo8 RBAEH
M BETEA AN EREL L LEPRAANER > FPL T fEEA ATRLE
BEPFA A LT II‘-%E‘E AL E- By N R R K ARy i

Bw o TR0 E 20 2 TR BEAERBM S AFR DG RS Sl LB MR

M-

A LN E I e AR T RE RS Bladie i E s b R
PORENMER A GREER - BRIWA S o B S B 2 5 T L
BOKT@E R AL TREB DT HICE R TR g R K A T 0 T LK
AT R gt > A RS FT AP SHE BT X Sed DR g

MEDFERE TR R nig s K HF U4 2 g AT S L )J'Hﬁf A

deag a4 F Uk s

= »

CA e B B HHPUR 4 i 4 o 4 ﬂgw 4 F] o F A
EAEHE S R DIPGERS > M FERSRM S s T LT FROFERER
(Wills et al., 2019) -

Boeh o SR VA B R TR M & ARk G & B ]

R B0 Flengre s frds - 2 BPPER /U0 B0 S gk e BE R 0 R

WRRE R B 0 A RS FRHHS S S FL T EHT g 2
EETOBENHNAHAESNLE NI FBLEFHTFAIEE TSN
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BAadF 32 F A HRFR pF A (2012) 0 M B f EE Y X &S BT E (T
T oo BT FH 5 453) > 191-202 © doi: 10.6222/pej.4503.201209.0703
[Chung, W. H., Lee, Y. S., Lin, T. C., & Shiang, T. Y. (2013). A kinematical study of lower
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45(3), 191-202.]
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