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Effects of Different Knee Flexion Angles on Sit-to-stand Movement
in Humans: Changes of Muscle Activities, Center of Pressures, and
the Pressure Distribution of Both Feet
Yasushi IZUMIDA'? , Kiyoko FUJISHIMA'? , Miyuki FUJIKURA" , Yoko KIMURA"™
Takaki KAFUKU? |, Toshiaki SATO” , Emiko FUKUDA? , Hiromi FUJII”

Abstract : The aim of this study was clarify effects of the difference of knee joint angles
during sit-to-stand (STS), using parameters for the pressure distribution of both feet, the
distance of center of pressure (COP), the maximal trunk flexion (MTF) angles and 16 muscles
activities. In all, 17 healthy men (ages 20 to 23) were measured for pressure distribution, trunk
motion, and surface electromyography (EMG) during the STS movement from a chair. The
STS tasks involved 7 different knee joint angle positions: spontaneous (S); both at 90 degrees
flexion (90); both at 110 degrees flexion (110); left side at 70 degrees and right side at 110
degrees flexion (70/110); left side at 90 degrees and right side at 110 degrees flexion (90/110);
left side at 110 degrees and right side at 70 degrees flexion (110/70); and left side at 110
degrees and right side at 90 degrees flexion (110/90). For standardization, contraction level of
the muscle was indicated by expressing the amplitude of integrated EMG as a percentage to
the maximal voluntary contraction (%MVC). The STS movement phases were classified into
three using video data: the beginning of the STS movement to hip lift-off (P1), the hip lift-off
to maximal dorsiflexion of the ankle joint (P2), and maximal dorsiflexion of the ankle joint to
the STS movement completion (P3). Significant differences were found in the distance of
COP and MTF angle between 90 and 110, while no significant difference was found in the
distribution of foot pressure and %MVC. Furthermore, the distances of COP and MTF angles
were significantly different between 110 and 70/110. Significant differences of %MVC were
found in musculus (M.) rectus femoris (RF) of the right side, M. vastus lateralis (VL) of the
left side, and M. tibialis anterior (TA) of the left side between 110 and 70/110 during P1. The
VL of both sides, RF of the right side and TA of the left side, were significantly different
between 110 and 70/110 during P2. The knee joint angles were related to the distances of COP
and MTF angles. Neither the feet pressure distribution nor %MV C depended on the knee joint
angles. The knee joint angle position at 70 degrees flexion of the left side was related to both
the foot pressure distribution of the left side and %MVC of the right side. These results
suggest that STS with a unilateral knee joint angle at 110 is similar to that with bilateral angles
from 90 to 110 degrees flexion.

Key words - sit-to-stand (STS) movement, knee joint angles, pressure distribution of both feet,
center of pressure, surface electromyogram
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Fig. 1T Experimental set-up
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Phase 1 (P1)

Phase2 (P2)

Phase 3 (P3)

Fig. 2 Three phases of the sit-to-stand (STS) movements define from video date
@ Start, @ Hip lift-off, @ Maximal dorsiflexion of the ankle joint, and @ Complete standing position.

Abbreviations in this as well as Fig. 4-6, 9, and Table 1-4.
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Fig. 3 Method of calculated foot pressure distribution
The bottom line indicate percentage of foot length. The
foot pressure distribution determine the heel side from 0%
to 50%, toe side from 51% to 100%. The difference of
foot pressure distribution calculate; toe side pressure /
total foot pressure x 100
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Fig. 4 Analytical method of center of pressure (COP)

time

AP1: COP of anterior-posterior in P1. AP2: COP of anterior-posterior in P2. AP3: COP of anterior-posterior in P3. LRI:
COP of left-right in P1. LR2: COP of left-right in P2. LR3: COP of left-right in P3.
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Fig. 5 Motion analysis by the STS movement to 90 degrees knee flexion (90) task in a subject

Results of photographic playback, foot pressure distribution (FPD), center of pressure (COP), electromyogram (EMG), and

Integrated EMG (i-EMGQG).

Vertical dotted lines indicate start, hip lift-off, maximal dorsiflexion of the ankle joint, and

complete standing position from the left to the right. Calibration bars for EMGs and percentage of the amplitude produced by

the maximum voluntary contraction (%eMVC).

EMGs show musculus (M.) erector spinae (ES), M. glutarus maximus

(GMA), M. vastus lateralis (VL), M. rectus femoris (RF), M. biceps femoris (BF), M. semimembranosus (SM), M. tibialis
anterior (TA), M. gstrocnemius (GM).
Abbreviations are the same as in Figs. 6, 9, and Tables 2, 4.
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Fig. 6 Motion analysis by the STS movement to 110 degrees knee flexion (110) task in a subject
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Table 1 Results of kinematic and kinetic parameters by 90, 110 and spontaneous (S) tasks in all subjects

90 110 S
Maximum trunk flex. (degrees) 46 = 4 38 &+ 5%* 30 + 6**
Toe side pressure distribution
Rt (%) 28.1 £ 12.7 35.6 £11.3 35.1 £ 143
Lt (%) 27.3 +£12.8 38.3 £ 16.0 35.0 + 148
Distance of maximum COP
1) AP (cm)
P1 308 +£72 24.6 + 4.9%* 24.6 £ 5.6%*
P2 3.7+£55 1.8 +34 23+35
P3 7.1 £33 6.5+32 6.2 +32
All phases 40.6 £ 7.7 32.8 £ 6.4* 33.1 £6.2*
2) LR (cm)
P1 28 +1.8 3.0+ 1.7 3.1+£22
P2 1.7+£34 1.1 +£238 1.2+28
P3 32 +20 32+£13 3.1+ 1.1
All phases 49+24 5.1+£27 52+28
Means + S.D

*: p < 0.05; Difference between 90 and the other tasks.
Abbreviations in this as well as Table 2.

**: p < 0.01; Difference between 90 and the other tasks.

cm
degrees * *
60 \ . n=17 50 V*—‘ B
* %p <0.01 n=17
50 ﬁ 40- E 4 *p <0.05
40
; t 20- ot
30 I I I
90 110 S 20 7
Fig. 7 Results of maximum trunk flexion angle by 90,
110 and S tasks in all subjects 107 I
Vertical divisions indicate degrees of trunk flexion angle. L) L] J
Horizontal divisions indicate 90, 110 and S tasks. 0- \ \ 1 I I
Abbreviations in this as well as Fig. 10. 90 110 S 90 110 S
AP LR

Fig. 8 Distance of maximum COP by 90, 110 and S
tasks in all subjects

AP: Distance of maximum anterior-posterior COP. LR:
Distance of maximum left-right COP. Left part indicate
AP. Right part indicate LR.

Vertical divisions indicate distance of the COP. Each
horizontal division indicate 90, 110 and S tasks.
Abbreviations in this as well as Fig. 11.
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Table 2 Results of %MVC by 90, 110 and S tasks in all subjects

90 110 S
Right-%MVC
1) PI ES 10.1 + 34 88+ 29 9.0+ 24
GMA 29+ 1.7 28+ 12 26+ 12
VL 11.0+ 53 13.0+ 5.9 122+ 5.6
RF 54+ 30 55+ 24 50+ 23
BF 42+ 29 49+ 43 47+ 34
SM 47+ 2.7 344+ 1.1 35+ 1.4
TA 82+ 22 102 + 4.0 82+ 39
GM 32+ 14 34+ 19 28+ 15
2) P2 ES 191+ 73 178+ 72 165+ 6.0
GMA 105+ 6.0 11.6 £ 10.1 10.0 + 6.6
VL 333+ 155 33.5+ 159 33.9 + 14.0
RF 13.6 = 18.3 93+ 39 85+ 3.0
BF 14.6 + 15.7 13.1 + 10.5 13.0 + 9.6
SM 115+ 48 9.1+ 4.1 99+ 45
TA 17.8 + 9.9 135+ 9.1 126 + 8.6
GM 57+ 43 6.6+ 6.4 6.1+ 39
3) P3 ES 12.1 + 52 128+ 5.9 120+ 5.6
GMA 10.8 £ 5.0 95+ 5.6 96+ 53
VL 200+ 7.5 207 + 9.6 215+ 9.7
RF 51+ 22 50+ 2.1 54+ 24
BF 123+ 124 103+ 8.9 122 + 11.1
SM 124+ 65 134+ 9.1 11.5+ 66
TA 6.1+ 48 39+ 29 45+ 29
GM 70+ 63 754+ 53 72+ 39
Left-%MVC
1 Pl ES 99+ 49 89+ 35 93+ 34
GMA 59+ 82 65+ 6.5 53+ 5.0
VL 126+ 64 135+ 49 13.7+ 6.8
RF 69+ 5.1 59+ 34 53+ 2.7
BF 4.6+ 4.0 6.1+ 65 55+ 68
SM 45+ 4.1 31+ 1.7 3.5+ 32
TA 84+ 34 11.7+ 82 93+ 6.0
GM 32+ 19 3.6+ 3.4 32+ 28
2) P2 ES 187+ 7.0 162+ 7.2 16.7 + 63
GMA 13.8+ 9.7 17.8 + 14.4 141+ 124
VL 358 + 11.9 41.0 + 13.6 37.7 + 13.3
RF 119+ 82 103 + 4.1 88+ 39
BF 152+ 165 147 £ 1322 14.6 +13.7
SM 10.8 + 5.7 83+ 3.9 8.1+ 42
TA 183 + 144 15.9 + 14.9 114+ 94
GM 58+ 6.7 83+ 9.1 51+ 36
3) P3 ES 11.8+ 6.4 119+ 73 119+ 7.6
GMA 135+ 7.8 132+ 9.1 12.8 + 10.9
VL 232+ 9.2 23.1+ 9.7 248 £ 11.9
RF 62+ 45 57+ 39 62+ 54
BF 10.8 + 11.0 12.4 + 152 11.4+ 99
SM 9.0+ 63 8.6+ 59 73+ 39
TA 42+ 3.1 34+ 25 3.7+ 35
GM 56+ 3.1 69+ 3.8 6.8+ 3.8
Means + S.D
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JEEJHE 199, #¥JE 19° Tdh o /oo PHEITAE i AR #
AT, 48° (110FEX D 7°#) Tho/.
RIERTEMEREL, EAZENPKEL B S NEE
BfET2 1.0 & CREBIET R HH 110° DA HIAT 20.0 kg,
TR BE R 70° D 2RI 125 kg TH - 7= BB 1D
D%, DEEMIIHBHL CGE24M), £L T,

0.8 RRICIEME D DEHRMMADHENKEL 2
DENMERR T L7z GE3 ), 110 3E EHARTESL
AMKEL, £/, HBIHTOo.6 ESHMED
DELMMANDHENKEL 2>/,
AR B HO ML, APL 2Y25.7 cm, AP2 78 0.4
cm, AP3 7% 14.8 cm, LR1 7Y 2.5 cm, LR2 73 0.1 cm,
LR3 2329 cm TH o7z, 110 HEITHRTE 1 4
TO API 7862 cm, AP372%42cm EH > /=, Hi
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Fig. 9 Motion analysis by the STS movement to left side at 70 degrees and right side at 110 degrees knee flexion (70/-
110) task in a subject

BEABEIIEE, 369 cm (110 #ELD 3.4 cm
W), EARRKBEEEL, 5.5 cm (110 358X D 1.3
cm ) ThH-o7-,

EMG 13, A BERENL, GIMALAES, AT
EMOIETIESZR07Z GE 1), TOR®R, &
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Table 3 Results of kinematic and kinetic parameters by 110, 70/110, and left side at 90 degrees and right side at 110

degrees knee flexion (90/110) tasks in all subjects

110 70/110 90/110
Maximum trunk flex. (degrees) 385 43 £ 5% 41 £ 6
Toe side pressure distribution
Rt (%) 35.6 £ 11.3 33.8 + 12.1 352+ 114
Lt (%) 38.3 £ 16.0 27.2 £ 12.6* 352+ 164
Distance of maximum COP
1) AP (cm)
P1 24.6 £49 28.0 + 4.9* 26.8 +4.4
P2 1.8 +34 2.1 +£27 1.3+£25
P3 6.5+32 10.0 + 3.7* 7.8 +3.8
All phases 328 £ 64 38.8 £ 6.0% 36.1 +54
2) LR (cm)
P1 30+£1.7 5.4 +32% 33+24
P2 1.1 £2.38 1.1+£1.2 0.5+04
P3 32+£13 5.3 £3.3* 3.6+22
All phases 5.1+£27 7.9 £ 3.2% 49+26
Means + S.D
*: p < 0.05; Difference between 110 and the other tasks.
Abbreviations in this as well as Table 4.
degrees cm
60
. n=17 304 - ] .
>0 % p < 0.05 n=
i P 40 - i ] %p<0.05
30 I I I 7 |
110 70/110 90/110 20 |
Fig. 10 Results of maximum trunk flexion angle by 110,
70/110 and 90/110 tasks in all subjects 10 | i
Horizontal divisions indicate 110, 70/110 and 90/110 tasks. ) s
0 i

DIEBNED 2 ATz (55 3 ). 110 38 & FERTH
A AT OTE BN 2 = < ATz,
-EMG 1, BFAEENH O LEANHIC, H1MHT

9.0%, 10.1%, %24 T163%, 21.2%, %3 H
T84%, 107% ThH o7z, FHELHIZE 1M T
73%, 11.6%, % 24H T23.8%, 37.8%, 53

T17.6%, 254% Th o7z, HIEEMIZE 1MT
53%, 72%, #H2MT71%, 173%, HIH T
4.6%, 61% CTdH>olz. IMULTITLELEDND D,
HNARE Bz,

EHERE OBBEETE R 110, 70/110 B KT 90/110
FEIZ BT 2L B0 BHE O AR iR oK mi i £
DEEMIFEEG B LRI Z X &R
7~ L7z (Table 3, Fig. 10, 11) . (A8 B KRIE AL,
70/110 EN 1O RER DA RITKEN S (p
<0.05), DEEMAEEIEGE, SHEEBLELAM
WWIEEBEERZAONRBN D=, £z, BERMICH
WTTIE, 110 FREEAY 70/110 fEE X 0 EDVEZITK

T \ T T \ T
110  70/110 90/110 110 70/110 90/110

AP

LR

Fig. 11 Distance of maximum COP by 110, 70/110 and
90/110 tasks in all subjects
Each horizontal division indicate 110, 70/110 and 90/110

tasks.

Emo7z (p<0.05),
T 70/110 FREAY 110

A BB, Aifg g
MEIOEEICENZ (@

<0.05), —J, A5 TIE 70/110 FREEAT 110

BMEOBERIZEN ST (p<0.05., &£HIZHBT
% AN ENIERES, AR AR TCIEEE LB R U3
FIZHBWT70/110 FFEN 10 HE IO EREICE
Mol (p<0.05). —h, LEAAATIEE 1 HP
KO 3 HITHBNWT, 70/110 FRREA 110 FEEL D
BEICENS72 (p<0.05),

W R O R ETE /R 110, 70/110 B K TA90/110
HEICBTDIE BNV EED % MVC Z2RITR
L7z (Table 4), £H%MVCIZ, % 1 AHTI 70/110
ALY 110 BRI K O RBRIE S, “EREERT CHE
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Table 4 Results of ¥MVC by 110, 70/110 and 90/110 tasks in all subjects

90 110 S
Right-%MVC
1) P1 ES 8.8+ 29 93+ 3.7 88+ 38
GMA 28+ 1.2 42+ 26 32+ 1.8
VL 13.0+ 5.9 165+ 83 14.8 + 6.9
RF 55+ 24 8.5+ 3.4* 73+ 36
BF 49+ 43 724+ 78 57+ 5.1
SM 34+ 1.1 48 + 23% 424+ 15
TA 102+ 4.0 115+ 45 109 + 44
GM 34+ 19 38+ 24 36+ 2.0
2) P2 ES 178+ 7.2 193+ 5.8 16.7 + 6.0
GMA 11.6 + 10.1 159+ 6.9 113+ 89
VL 33.5+ 159 48.9 + 17.1%* 40.8 + 16.1
RF 93+ 39 19.3 + 8.5%* 13.7+ 7.7
BF 13.1 + 10.5 17.9 + 152 149 + 11.6
SM 9.1+ 4.1 123+ 7.1 102+ 5.1
TA 135+ 9.1 18.0 + 10.9 17.6 £ 12.6
GM 6.6+ 6.4 6.7+ 5.4 71+ 65
3) P3 ES 128+ 5.9 11.6 £ 38 10.8 £ 3.9
GMA 95+ 56 93+ 34 9.7+ 54
VL 207 + 9.6 246+ 88 215+ 84
RF 50+ 2.1 6.4+ 2.0 56+ 23
BF 103+ 89 11.7 + 10.1 11.3 +10.9
SM 134+ 9.1 10.6 + 5.8 113+ 6.7
TA 39+ 29 58+ 4.1 43+ 2.7
GM 75+ 53 64+ 33 6.5+ 4.1
Left-%MVC
1) P1 ES 89+ 3.5 9.4+ 4.0 89+ 36
GMA 65+ 65 56+ 69 52+ 58
VL 135+ 49 54+ 1.6%* 8.6+ 3.8%*
RF 59+ 34 44+ 3.1 44+ 22
BF 6.1+ 65 32+ 39 42+ 47
SM 3.1+ 1.7 3.6+ 3.7 3.6+ 2.7
TA 11.7+ 82 4.1 + 1.9%* 5.8 £ 1.8%*
GM 3.6+ 3.4 324+ 32 28+ 1.8
2) P2 ES 162+ 72 171+ 6.7 165+ 56
GMA 17.8 + 14.4 10.0 + 10.8 122+ 9.6
VL 41.0 + 13.6 12.8 £ 7.1%* 25.4 + 11.4%*
RF 103 + 4.1 6.1 £ 5.6% 69+ 58
BF 147 + 1322 73+ 115 109 + 15.2
SM 83+ 3.9 8.0+ 4.0 87+ 38
TA 159 + 14.9 55+ 2.9% 97+ 5.7
GM 8.3+ 9.1 36+ 34 40+ 35
3) P3 ES 119+ 73 13.1 + 6.0 122+ 52
GMA 132+ 9.1 120+ 7.5 12.1+ 6.1
VL 231+ 9.7 13.8 + 10.8%* 172+ 7.7
RF 57+ 39 3.7+ 42 44+ 34
BF 124 + 152 10.7 + 8.8 109 + 8.6
SM 86+ 59 113+ 59 92+ 5.1
TA 34+ 25 394+ 58 27+ 2.0
GM 69+ 38 50+ 2.9 51+ 28
Means + S.D

**: p < 0.01; Difference between 110 and the other tasks.

ICREM> T2 (p<0.05), %2 MHTIZ 70/110 &
Y110 BB K 0 SMUTA R, KBREM CHEICK
Ehofz (p<0.01), FBIMHTIIEEEITIAGN
Binotz. /£% MVCIZ, 1A TIE 110 3EMN
70/110 #E, 90/110 #E K O SMULAE, AIRSE
THEIZREDM>% (p<0.0D, H2HTIX 110
ARREAY 70/110 FRAE, 90/110 FRE X 0 SMAUILTH
BIZKEMo72 (p<0.01), 110 F#EAH 70/110 5§

K O RBRER, AEHEA CHARICREN 7

<0.05), % 3 fHTIZ 110

SREE/AY 70/110

A L D 4

BIAH THEEIIREN ST (p<0.05),

W ERE ORI ETE /R 110, 110/70 3 K TN 110/90
FREIZ B DAL EAY 0 BYE O AR iR K R A B
13, FRRENEIC 38 £5°, 42+4° 39+5° ThHol,

IRER A R RIT G B,
BRICKEN S (p<0.01),

110/70 FRLEEAY 110

A E D
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SRR O MEBE & R 110, 110/70 3K TN 110/90
MEICBIT DB B0 EMED D MM EE S
1, 110 AR 35.6 £ 11.3%, /2383 +16.0%,
110/70 3 B8 78 45 242 £ 11.7%, /£31.1+12.8%,
110/90 FERE/AN A 29.7 + 12.8%, /£ 33.5+13.0% T
Hole. DELMMEERIEGIL, FIAEEBELM
WWIEEERAONRN D=, £, BEMICS
WTTIE, 110 FEEEAY 110/70 FE X 0 HDVEZITK
Eholz (p<0.01),

S B OO B iRl 110, 110/70 3K TN 110/90
FREEIC BT BHALE L0 EBMEO R KB EIIEEED,
ATE2 5 AN RRREIE LS 32.8 £ 6.4 cm, 38.2 + 5.8 cm,
36.5+7.1 cm TH o> Jz. mABEEBEL, 110/70
MENI0EELOARICEN > (p<0.01),
—, EAHMDRENEZ 5.1 +2.7 cm, 7.8+2.5
cm, 5.6+2.6cm, THo7, 110/70 FREA 110 Ff
HEDBERICEN > (p<0.01),

3. BREEEMAEICMT 5 2EEAE

i B £ J b £ FEE 2R % SR BN A LS, IR B A
110° JEih, 70° JRih, (EEJEHE (FE5103°) DJiE
12, BJE 19410, JEJE 19+1°, i 15+6° TH o /=,

& =

ZOWRIL, B ENVEMEEZTTOE S LT,
Jigs B e £ B D3R W ASNE S YD BRI I

HEEANTIETHo7m, TOHEIEBELT,

BRI U R IR ER T B i, frEE UL, AR
AT A, EMG 0 SRt U7z, 1 BE & i A B o
WENL, fTHgE” 25 &I12 90 i, (L
CE¥103°), BR110 FEITIA T, 70/110 3

RE, 90/110 R, 110/70 3, 110/90 FR#E TiT1 o /=,

1. HREHEMAENSR—DILSE SV EE
IRER IR G A & e RS BNEERE (Table 1, Fig.
7,8) 1, WAHED 110, (EEFRENFRELD
BERICWD Uz, LB ENDEMER, R aiEA
EOHEN, £RIFEHMEEBANGI ZEITK
D, ZELZZBTEREZRS LiIFohsd L0
HRHD ", FEIORERIE, 90 BT, B
& R ERDEEBEAYE WL 110 B K MEEAEE T,
RERDFTEN/NE <, BB S B O faf B HL
MBEEENEN EER L.

BHICBIT 2 mABEEMEHENZEA S &,

A EIEERE (Table 1) 13, 2/ 1 HIZBWTOA
110, EEFRED 90 HEL D AREICE <S> TW
Too AU, BEE S BEICHEROREBET
% ETSHIES, B1HICHSY TS0 THS, Z
DD %MVC (Table 2) 1, HEHEIZBWTHE
ZENRD NN STz, RFNS DS END )
TEOWIICH S N S REETEIL, B ERALE DR
OXVHTAICH B EHEML, BHENHOIEEN
KIET 2 EDMEND D, TOI &5 B
JRE A EDOHEICE ST, B 1 MBI 2HRIE
NEFD %BMVC I LN EL D EREL 7. LML
ms, HERTHEEENRY Nz,
I, BEPEIAICH D5E, REORIEZT T
7 < B I EER L, REROIR D TiEE) &
AT LY LHHT L, DI EMB, 90
HMEIZBWTS, KBORD FEEZFIHL, M
BHOMRZETABEIE L7720, BIEEN
MEREICHEINLUEh 2720 EHERT 5, £z,
RIS E AL, REZE®%HICEI< 2 & THIREDE
LIBHEOHE? NHDHHDOD, SREIOFERTIE
BREENRODONIRN STz, ERODENS DI
D0 217 o BRI ENINFZE TIE ™, 6 BN
0 B 1ERE O Rl IEE T %6MVC 13X 32.7£12.1% T
Hole, THUTLXRT, FEIOFERIT82+22%
LRMETHD, ZOWMETIE, BHEEE TOE
DOMEMES, REASFEHEMAENREN., DX
0, SRIOEBRSEMET, BOMfIENEN LIS
IINATC, FREM T2 B JE A 20D 7s -
72723, SRR TTRIISE i D %6 MVC I B HHED TR
MolbDEHRT 2, £/7, FE2BLUE3IMHD
A% A M DR K B ENERE S %SMVC 121, AEZEN
RO HNIEN ST, RTFNSDILE BN DEIE,
B S BEICHE.LERIABEI S S EfE L, H
0% EHICBEIT 2EEIC T 5N ", 552 4
DRI, HROBE AN, miANS EANELE
bI 2 TH D, TD/=D, JEEIETE A E D
W, 55 2 A AR TR BEERE & %MV C ITXf
U TCEEBENIINWI EE2RRT S, £/, £TO#%
RETTHMAAAZ, 25 2 FHD %MVC Db KEL 7R
0, ZOMMOMHIEE® LTS 0 & BT B,

2. EEREBMEHAEDES IL LNV EE
fetws R N DAL B AR AELT, 2 BE &5 e ol A B DY S8
103° THO, 1NOFFEEMEEZN NS>z, F
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7z, RESIAEICBNTE, E CEEREN
150, 110 BEREDEY 19° &N NS o Tz, &
U, LB EMODEMEZRTT D ITH 72 0 KRR EiE Hh
AED, EHEHAEICEEEGERALIEERT,
Z LT 110 SAEEHEM ORGSR ARIEAE, &
KEENEEE B X PBMVC I3H BEZENED 5N
Molz, ZHUT, HEERRAD 110 SALEFEILF
FRDNHE EMWMOBETHD I EEIRT, £IT,
RIS E A O LMt E A 572912, 110 @
EHUEE L, KEARBEEHEIAEZOE DTS L
DEEZ L U7z, T OSSR, BEEEEhAEO
EAMBEGEAES 70/110 & 110/70 FREIE, 110 73
AT U TR R R AT E A, D REMmESS
BRUOmRABEBERMOABEENFAKRICES N,
2, EAOBREENYEL L THRMKONS |k
MOBMETH B ZEERBT D,

110 #E & 70/110 FEEZ LT 2 &, REpRK

RIE A E & I RS BhEERE (Table 3, Fig. 10, 11) 13,

70/110 FLEN A RN T SFER /2> 7. AL
TOXRRIER &1L, WEEB X2 0RO

BEFLIZEREE WD Y, D), 70/110
BLEELT, —MIASHERE T 70° JE BHAL & R ICALE L
el &ITRY, ZFFAEEmD 70° MICHEEL, 1K
Wi K ATE A & KRB BRI L 2d D &
RRY D,

BHIZBIT 2 mABEEREE HENZE A5 &,
& AB B HEE (Table 3), %MVC (Table 4) 13,
BT, EAAMORABEEEEL, 70/110
BEE N0 BEIVAERICEN . EADREEE
DOALEMNED VLS ENDEIETIE, KOEHITH
BELERBMZELSFEHTEY, ZO0ZEns,
110° iz <fHL, REFFNR-S O EA

B D R EHEEN R <Bo2bD ERIRT D,

ZDZ &N, RERTED 7= 0 B R EH ©
HDRIBEGA, £ (110° ) % MVCIZHBWT
BEICREVERES—FK L, £ (00 fA) %

MVC OMAIE I & A &E S, ARI/NS o 7,

I, ELAORHORIEMEINED LD EATD
BETIE, KOBHITHLE L7z e iHlE % < f
I 5720, HMIZH S OHEENIPR</E5
28), DED, 110 FETII, HISENLELAHET
HDHHDOD, 70/110 FEL, 110° &L < FHHT
572, 70° {3V DAL G & RIS G O
BOWDERBT HERTH D, H2MTE, A

F12 5, 2009

(110° i) 2%6MVC DFMAIL A & KBREAH A EIC
RELBo, ZHUL, HB1MEMSHEEEL, 110°
B ZHICARES L TWEHT, BIKEFTHM
5 EHNOBEOZD ERBT S, 2D &I,
1= (70° ) %MVC THMUAR & KBRE A &
NS WZ EMBEBEA D, 63D 70/110 FRRE
3, AItEB X OEL SO R KRB EIHEEN A ZIC
Ehole, VL TOXZREEm &L, MEKRBEK
V20RO ZEEFILZREEE WbDNS Y,
70/110 AT, 110 3 & b 2 B O L RFHL R
mAs, 70° I TR AICMEL TS, ZLT, &
K% LIRS BT 25 3T, Mo Fikk
RIS ERLDREBEI I E -2 &S,
BBROELAMORRNEEERNE</Z->7b
DEHET B,

110 #RE & 90/110 FREE LL#E L TAH 2 &, (R
B N AT A B & e R BpE#EE (Table 3, Fig. 10, 11)
13, AEEIIGED NNz, EADREEH DA
BEAED DL ENOEETIE, XOBAIMEL
R EL<ffHT2Y, Lirl, FEOKEE
MHIE, — 5 OREBEEAY 110° JEHIAL TIE,
90° JEHHALTH 1OFE LR TH 2 T & 2R
3%,

3. DEAMFEEIE

90, 10 PXEEHEDO D X LM EE G
(Table 1), 110, 70/110 3K A 90/110 FRE D D x
Se i B EI £ (Table 3) 13, 110 378 & Fb T 70/110
BUED, EDOEEMEEEGOATHREIT/NS
Mol TITHBRNZEO, AL TORXERRIEHE
L1, WREB XU OMOE S 2 AL 2 mifE
Wbz, £z, EAOREOMENED L
B ENDEETIE, KOBAITIIE L 22z
Z<MHTZEOMEND D™, 70/110 FEIZ,
DI LR T 10 2RO L<FHLILS
ENOEERITO TWBH I EERBT S, ZL T,
W3HTIE, ARG A OMEHLEBEENCH
HET70° MO EEHOMENL S IRDH, DEE
fIE TIERWMENINNDITS NI EZ2H#HELT 5,
Pl Z &S, it ENDEMEICHT 2R
FT R B A P DE W, RIRERD D E5EM - B
HEG EMTEEIITHE LW, KB EER
SRR ARIEAEICIIEET L2 R
AT, BEE n] Bk BR 2 A2 E U 7= 70/110 3ET
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&, BIEEO D E M - B ERG & MTEENIC
BB AR T2, 110388 & FhX70/110 BRI, 70°
DRI K O HENN D, 110° flD %MVC D
D6, RRITEGEEERE O 2 A THREBIET R O
%BMVC 25, 33.5%Mn5 48.9% #7115 fFIc k&<
7$%, LU, 110 #8EE R 90/110 3L, 5
1 BR2 HOLESMULT, RISHEMHICHNT%
MVC VNS L7257, AIMWAT, "SI
BEEENMRD SNV, 20D, —HIN R
BT 110° JEEEAL O & =13, MH]2Y 90° /0 5 110° JH
HhAZ DRI T HIUIFRE DL S L0 BIfENRIEET
HDHIEERBT D,

E ¥

RWFFEICHT=> T, THHWiziznWi= BT
RIEEEAER R, FREFEAEBLOHRILA
T4 TIVEBFEOERICHEZEL T,
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