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ABSTRACT

The axes of upper-forearm coordinate system have been considered as principal axis of each segment which was component of

elbow joint. The purpose of this study was to verify whether the mean direction(principal axis) of instantaneous axes of rotation for

pure flexion/extension motion coincided with the flexionfextension axis of upper-forearm coordinate system. The same procedure was

done for pronation/supination motion. Futhermore, it was tested indirectly that there was an interaction effect between the two rotational

motions. The results showed that most segment coordinate axes statistically were not consistent with the mean directions of

flexion/extension and pronation/supination axes of rotation. From the results, it would be concluded that the ISB coordinate systems

was proved to be a little valid for human movement analysis. There also was an effect of pronation/supination angles on

flexion/extension motion.
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Figure 1. Coordinate system(ﬁ’: OP : axis of
rotation)
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Table 1. The marker placement positions & coordinate systems

Segments

Marker placement positions

Scapula

AC(art. acromioclaviculare)
AA(angulus acromialis)
TS(trigonum scapulae)
Al(angulus inferior)
PC(process coracoideus)

Forearm

EL(lateral epicondyle)
EM(medial epicondyle)
Hi(middle point of lateral surface)
H2(middle point of medial surface)

Coordinate Systems
humerus coordinate system optionl z,,,; a

humerus coordinate system option2 2,9 a

Lower

US(ulna styloid)
RS(radial styloid)
R1(2/3 point of lateral surface)
R2(2/3 point of medial surface)

Coordinate Systems

forearm coordinate system Y b
ulna coordinate system %,,b
radius coordinate system /,.b

a. used in the test of flexion/extension motion(z)
b. used in the test of pronation/supination motion(y)

!' humerus

opt] ~= e - - - -

mean direction
(flexion/extension)

mean direction
(pronation/supination)

Figure 2. Two mean directions of elbow joint & the

axes of fore and lowerarm coordinate system

¥ X <Table 1>3¥ 2T HI, H2, Rl, R2&
F49 A5 58498 9ElN FUHHeE REg wiA o
kel Z7AHo), Rl, R2E o] 9%
(distal) 2/3 A|5el| F-

B AFA AA
FEA N2 %
7k (humerus) #3274

Fahaict.

o AHE FEAE AeEA 270
570¢) FEAUTable 1>, AH¢he] HEAE
AL, A0, Aol FFA= A

Kforearm)ZHE A, 2 (ulna)ZEA, LF(radius)FEA o] THWu
et al., 2005).

%“‘/"W 3175 AR ARE FAjAE A

TR0 HFZ 28 A2 2,00, 2o = E7ISHATE

ﬁlﬁlﬂﬂ 3735 GAHA A FEAE ] Al Al
AHAR WF= yE A4y RYRRA), y, ASHIA),
y, (LZHEANZ 271K Table 1, Figure 2).

=70] 7} B)1950] 73U Siderkvist S Wedin(1993),
Challis(1995)¢] SVD(singular value decomposition)ol] 2|3+ Z|2A]
' (least squares method) .2 AF¢h Z¢H HAo] s|APHS S
A thy, $AY YL S Ateldon o] JHAYER £t
3152 FoFAtHGreenwood, 2003). ©] W& =Y 7t vl
59 Ml st IRRTE FE3e polar
decomposition®] oIt 7 £ ASES] -‘H']E Spoor ¢}
Veldpaus(1980)°l] ¢J3+ WHH< 014‘1“}04 *3
2] (Chasles’ theorem)°ﬂ SJar sH= A8 v 19Jr il
ArozA FJASHE Hdshs Wolth. —’F{ﬂ%ﬂ%r% A3
of AMgE 7t o] 23t ARz wWalEor)

o

1. Ag4A g% A}

2 479 TAE Esl] Al F A S s

o A WA AEE B AES aed deelM F=Ad
) S5l thgh Aol F WA AP WhE =
=g iﬂ% 3 gEell A BluyE)elegel Bl ik Aol
T A9 25 29(facton©] F 74 SAARK A (within-subjects

design) = O]%ﬂ o Sk S goldt Aol AAE
FHOE AL oAt gobr] Eo] 75 cm®] EAFol| A2
HA REE A4S FHAEHRE FouTh 221 AeS 32
X TR, SIS SR Sl 4 A
o Hsgte] FQ Aol Hlo|ZE FAE sl 3 F7)7] 2
m o] A= GA & F RJE% STt

A A AR FAZQ Wee v 2o 7 Y 84
L G5 F(passive motion)T} TEF-F(active motion)S =
(level) 2.2 k= 5 HEN 8L (type of motion facton) T} S, 5
g, 39 Al 7 55 7 A A5AE 2] (forearm
long axis angle factor)o|th. 2= L5 HE| 1] 450] |
A AR AET 183 o 240N AELEals)
F9 3], 1, 3e7t ddsA deEY 248
A A A STk 2 Alee Al MY F7)(cycle) = ©]
FoARom AEZE FAL 10 s, 1 FA2 30 s2 3T
A WO AE FellA AsHA § 7H 7} g 5101 + “4/7]1 —r7]
£ w40l o]&sisith 7 WA 2
SErE)T =23, FH, AAY L\.Fﬂl Jehe] 7} Q8 Ql(angle



120 Jin-Uk Kim

between forearn and lowerarm)ol|A] B8 3| &2/} 3u)/3] ¢ %5
< FYstdh HEeAe A WA A3 oA R dds)
Al AR

FErES A7AE 434S HERES sk Ao,

TETES YA AR o2 AALES Fshe Aotk
?‘4947‘*%7‘4_3"14 ¢ e &5 9=, THE &9

T2, 39 Euige] A= 3 "‘Eﬂi ot st
71J_g_o]_,] /\Zo] o oL 90° ;\];qo g}
135°2 At w53 el Q‘Zi e 2414, ﬂ
3]e] s3] HER dAgstaon, a5t «sh, =7
o] g BH 25 FAsAh FHAY FHAIA, 5]144/
3)9] 259 HEEE F 2 rad/s Stk 7 3FAR] APARE
& oF 308 AQHE o] FAGE Ul the] 7P (VMHMX20C,
Aol el ZYEAT60 frames's) KWONZD(Visol)oll 24 v}
79 3RS Ak

7o o} 45,

Figure 3. Position of a subject during the experiments

2. 543 &4
A WA ATEAQ HHEAS Dol B3I FAZ PP
79 239 oAl 71 Aol BE gkl tis] =aEH

ok B d7llx ol 32 185 SR axial data) ]
aKe)

sFETt. SAkEd Wi 7MI A4S Mardia 2} Jupp(2000)2] HF
2471 2 79 HTA E4(high-concentration asymtotics)© 2]
S AR s ol83lom thed Bk BAREA Y
ZHAAE FMEE k= (0,0,1), IJUsE deEE
§=1(0,1,0) 0% BAFEA FEOZ wkd FU3HSFE
W7 e mean direction)©] ©]9} FYt] thet HA|RE T
v 2 AFTHE AlE 4 ok

Hy:p=*p (2)

71M FAIA A py = (0,0,1)019, Suy3]d
S py = (0,1,0) 0tk EAIASF +x,,-,1x,0] &
3Z(Watson distribution) 258 FE8 #ESZ = (bipolar)®
rE @ o e 22 BaAls IS 4 tiMardia & Jupp,

3! FllI o,

[\)

000).

2nk(1—poTp,) = 2nk(1—1) (3)

+ 27'”4,(7'_ I‘I’OTI‘I’O)

A7 nd FEF ke SKEEYXY  FFEAconcentration
parameter), T ERES] PARRE FAT=7n" 'Y " xx)),
T WYRRE o 71 F ool eigenvalue)oltk. 2} (3)9] 7
RE0] py 799 2 AT, p9] R estinaton Q) g 9]
WA A%, T2)al g R p 9] BRE Uk $89) F 8
HARE (n—1)(p—1), (p— 1)) x*EFE s 7]
HoR AREE 1T 7 ¥ HES tadt 2tk

ook
o r
]:M

2

rﬁ

|

1_4

it rlo

= Tpe)/ (p—1)
P = == 1)p—1) @

~ Flpo1), (- 1)p-1)
o] BAFo] Athd AYTIEE 7|7, 78| H%e) 3

TEFG HRASE IAA el F ¢ Aok 7N
= Z}EQ] Aho 2 B AFoAE 30lth p o] F4

Oﬁ

p
ae
KT 02 7o SPEE ofo]alH Eeigenvector) O] ™, p
o) T3 %FQ xKspherical standard error) o, 95% AFIY
(confidence cone), 12|11 p o} 95% Al Ho] o]F& ~
£ T8} CKFisher, Lewis, & Embleton, 1993). YA}5] A%d,
AxA A, AHF an A A gL
MATLAB ver 6.1(The MathWorks)S ©]|-&3}53t}

T A AFEAR] T IH-5820Y] AFAR] wsAE
B 7Kinteraction effect)= AR 0] B7Fssith kA U, FH,
319] 2t AR HZ] Wl =23, FH, Ad 11 3
U319 31 5e] wsledS AR A8 BaEth
2 (3)Y TR EES B REYUEHEY IR
L] 7 Z oPAPER o]FolA e As ¢+ Uk
wrebA oAX THe) Aol o F JAlgE ole} 7Hgstar
SPSS ver 12(SPSS)&] WHE-= BAME-X(repeated measures
ANOVAYIAE 37402 a3t of BHOE HERE
L 7}14 b3 Ho=g 747(43}%}1:} ﬂx{%y,} 7o Hoyﬁo}‘x}ﬂ(directional
data) ] 73 o] YEAL —‘.iﬁﬂsé(ﬁgueiredo 2006, Stephen, 1982)7t
o] EAst7] woltt. M7t FEAH TR S A3

= 4%

7]_}\4 A

lm



The Validity Test of Upper * Forearm Coordinate System and the Exploratory Analysis of the Interactive Effect between Fexion/Extension and PronatiorySupination during Elbow Joint Motion 121

superior y @

120 _— 60
e
50 P . 30
/ zopt2 "8
1 3
- “zopt1
|
|
210" /330
(a)
240 — 300
270
L.
10— 0
i 15 7
- :
150, 1 .30
/ 20pt2
180 |

pronation

210 E /330
(b) 2w T
270

o |sn{... BN

150,
II.
|
210,
150 /
y
|
]
|
210"

ag 2 80 2
120 _— [~ 60 20— . &l
e e s
1 30 150 , i . 30
\ N
zopt2"8
Zoptl e
|
/330
N_.f “300
270
L.
120 _— 7 —_ 60
-~ ! 1 5 e
i 4 .30
7opt2 03
- |
‘zopt1 B
H |
‘330

270
neutral

270
supination
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Table 2. The statistic of flexion/extension axes of rotation

Type of motion(A) Passive Active
Forea;;réhlao(lé% axis Pronation Neutral Supination Pronation Neutral Supination
+0 (-176 .157 972) (-163 .170 972) (-283 .012 959)  (-179 .135 975)  (-356 .126 .926)  (-277 .029 .960)
Zoptl o,y 075, 7.50° 062, 6.20° 071, 7.00° 069, 6.81° 080, 7.96° 051, 5.05°
F( P 8.44(.000) 12.16(.000) 19.11(.000) 9.21(.000) 26.94(.000) 25.85(.000)
51 =
tpu (.191 .187 964) (-000 202 .979) (-.120 .044 992) (192 .167 .967)  (~045 .166 985)  (-.125 .048 .991)
Zopt2 O,y 096, 9.59° 087, 8.68° 115, 11.48° .103, 10.25° 122, 12.20° 0803, 7.99°
F(p) 7.45(.000) 4.99(.007) 2.04(132) 6.75(.001) 2.58(.082) 2.83(.061)
+0 (111 228 .967) (.077 226 971) (001 .111 .994) (197 230 .958) (054 214 0975  (.038 .129 .991)
Zoptl G,y 059, 5.82° 048, 4.71° 041, 4.08° 055, 5.44° 047, 471° 038, 3.74°
F(p) 15.34(.000) 17.37(.000) 4.49(.012) 22.16(.000) 13.46(.000) 8.09(.000)
S ~
tu (.120 269 956) (047 278 .960) (-.1566 .139 978) (160 256 .954) (026 .254 967)  (-.145 .155 977)
Zopt2 G,y 087, 8.64° 078, 7.72° 076, 7.52° 083, 8.22° 076, 7.60° 068, 6.80°
F(p) 11.11(.000) 11.18(.000) 6.41(.002) 13.23(.000) 8.95(.000) 7.91(.000)
+u (-093 .078 .993) (.089 .079 .993) (-.034 .072 .997) (018 .095 .995)  (-051 .059 .997)  (-072 .108 .992)
2 opi1 o, 052, 5.19° 064, 6.35° 043, 4.23° 051, 5.09° 047, 4.67° 037, 3.64°
F(p) 3.69(.026) 2.77(.065) 2.29(.103) 2.29(.105) 1.81(:166) 8.87(.000)
53 -
tp (.195 .09 976) (208 .108 .972) (-055 085 .995) (257 .120 .959) (095 .084 .992)  (-.083 .127 .988)
Zopt2 G,y 080, 7.92° 099, 9.62° 071, 7.66° 086, 8.56° 082, 8.12° 074, 7.34°
F(p) 5.99(.002) 5.76(.003) 1.51(222) 9.09(.000) 2.03(.134) 3.65(.028)
+p (-241 .129 962) (-349 .089 933) (-313 .029 949)  (-306 .152 .940)  (-123 .091 .988)  (-252 .023 .968)
Zoptl 0y 075, 7.44° 065, 6.45° (049, 4.85° 078, 7.79° 066, 6.57° (046, 4.58°
F(p) 12.12(.000) 28.77(.000) 32.77(.000) 19.01(.000) 4.60(.011) 19.51(.000)
84 =
+pup (.052 .145 988) (-.085 .110 .990) (-.194 .039 .980) (047 .180 .983)  (-.033 .122 .992)  (-.185 .031 .982)
Zopt2 G,y 099, 9.78° 1099, 9.88° 075, 7.46° 113, 11.32° .103, 10.28° 084, 8.33°
F(p) 2.47(.087) 2.10(.126) 6.94(.001) 3.05(.049) 1.41(:246) 4.89(.008)
+p (-164 .141 .976) (-070 .142 988) (-238 .116 964)  (OI1 245 970)  (-112 .192 975  (-093 .113 .989)
Zoptl G,y 061, 6.10° 046, 4.52° 056, 5.53° 079, 7.82° 062, 6.12° 076, 7.52°
F(p) 9.74(.000) 7.40(.001) 20.52(.000) 8.71(.000) 9.18(.000) 3.36(.036)
S5 -
tpu (.160 .178 971) (.124 .170 978) (-.111 .146 983)  (.176 295 939) (075 228 971)  (~.052 .185 .981)
Zop2 oy (095, 9.47° 079, 7.87° 092, 9.15° .109, 10.85° 097, 9.66° 127, 12.74°
F(p) 6.79(.001) 5.83(.003) 4.24(.016) 10.74(.000) 5.32(.005) 2.39(.095)

Nole. 51,89,83,54:S5 = subjects; 2,

= humerus coordinates optionl; z,

opt2 = humerus coordinates option2; =+ p = principal axis(mean

direction); o = spherical standard error; ~y = semi-vertical angle of 95% confidence cone; #(p) = test statistic(sig. p); Il = not significant.
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Table 3. The statistic of pronation/supination axes of rotation

Type of motion(A) Passive Active
Angle between fore Flexion Neutral Extension Flexion Neutral Extension
and lowerarm(B)
+p (-.064 -974 217) (0171 -990 .141) (-043 -993 .114) (-.063 -985 .163) (-.100 -973 .208) (-.025 -.990 .140)
Ys o,y 045, 4.51° 043, 428 470, 4.66 055, 5.49 045, 4.44 040, 3.94
F(p) 13.97(.000) 7.30(.000) 4.25(.016) 5.61(.004) 16.22(.000) 7.63(.000)
+p (-.181 979 .099) (-.147 984 -.103) (-.087 .992 .087) (-176 977 -121) (-176 978 -.112) (-.085 .995 -.052)
S1 Yu o,y 049, 4.85 041, 4.01 048, 473 054, 533 045, 443 042, 4.19
F(p) 12.46(.000) 13.60(.000) 4.50(.013) 10.23(.000) 13.69(.000) 3.66(.028)
+p (223 974 053) (092 987 .136)  (.173 977 .127) (222 970 .097) (-.226 -973 -.052) (.172 .980 .095)
Yy o,y 047, 4.64 049, 491 051, 5.08 062, 6.13 046, 4.57 041, 4.02
F(p) 14.17(.000) 7.80(.000) 12.18(.000) 10.52(.000) 16.57(.000) 14.49(.000)
+p (026 -975 223) (006 -991 .133) (-.023 -.994 .108) (-003 -992 .130) (.150 .984 -.095) (-~.019 .999 .015)
Ys o, 038, 3.81 035, 3.48 041, 4.08 040, 4.01 073, 724 060, 5.98
Fp) 20.19(.000) 7.55(.000) 391(.022) 6.86(.001) 3.84(.024) .10(.903)
+pu (-.112 993 -047) (-.086 .994 -.064) (.065 -.996 .063) (-112 993 -.026) (.136 -968 212) (-.011 -999 .025)
Sy Yu G,y 044, 439 .036, 3.60 042, 4.19 041, 4.06 070, 6.19 060, 5.96
Flp) 4.99(.007) 4.78(.009) 2.61(.076) 5.32(.006) 10.02(.000) .12(.883)
+p (090 996 012) (093 991 .092)  (.136 .983 .124) (.140 984 .108) (-.304 -.949 -081) (097 .964 .248)
Y, o,y 039, 3.87 039, 3.88 045, 442 043, 423 .080, 7.99 066, 6.53
F(p) 3.17(.044) 6.27(.002) 9.75(.000) 12.00(.000) 12.23(.000) 10.94(.000)
+p (024 -998 .045) (047 -992 .120) (-.005 .999 .045) (-069 -996 .052) (005 -996 .094) (031 .998 .037)
Ys o, 036, 3.60 034, 3.40 037, 3.66 052, 5.11 035, 545 061, 6.09
F(p) 1.25(.:289) 8.31(.000) .78(:462) 1.43(244) 1.59(.:207) .36(.701)
+pu (-.068 998 -.007) (-.110 .992 .056) (-.054 .998 .017) (094 -988 .124) (-.149 988 .047) (-.068 -997 .033)
83 Y, o,y 035, 3.46 034, 3.34 037, 3.70 050, 4.94 052, 5.14 061, 6.03
F(p) 2.41(.093) 7.85(.000) 1.26(.285) 4.79(.009) 5.07(.007) 92(:402)
+p (.140 969 204) (101 984 .145)  (.135 .938 .320) (238 948 213) (136 .970 203)  (.179 .934 .309)
Y, o,y 039, 3.90 034, 341 040, 3.99 059, 5.86 053, 5.24 062, 620
F(p) 25.62(.000) 15.60(.000) 42.54(.000) 15.00(.000) 10.96(.000) 18.39(.000)
+p (052 -.995 .089) (.014 -988 .152) (-003 .991 -.134) (006 -992 .123) (-.015 -992 .127) (-.044 -996 .074)
n o,y 040, 3.92 037, 3.65 044, 436 044, 440 044, 441 046, 4.61
F(p) 3.86(.023) 10.07(.000) 5.72(.004) 4.17(.017) 4.62(.011) 2.09(.127)
+pu (-.086 .996 -014) (-.124 992 .004) (-.078 .995 -.062) (-.114 993 -033) (-.183 .979 -.086) (.039 -.997 .062)
Sy Yu o,y 039, 3.87 037, 3.65 046, 4.52 044, 436 043, 424 045, 4.45
F(p) 2.78(.064) 6.53(.001) 3.07(.0486) 3.99(.020) 13.29(.000) 1.48(:231)
+p (122 978 .167) (139 .986 .095) (-.102 -.991 -.085) (167 981 .103) (167 981 .096)  (.172 972 .163)
Yy o,y 045, 4.46 040, 397 046, 4.57 048, 4.79 050, 4.98 049, 4.83
F(p) 13.09(.000) 11.50(.000) 5.44(.005) 10.50(.000) 8.88(.000) 14.07(.000)
+p (-078 .990 -.121) (-.102 .993 -.056) (.050 -.998 -.004) (047 999 -.019) (-.005 994 -.110) (-.077 .997 -.032)
Yy o,y 044, 437 050, 4.97 043, 425 064, 6.40 059, 5.83 054, 5.35
F(p) 6.08(.002) 3.85(.023) .76(472) 46(.632) 2.48(.087) 1.39(:252)
+p (084 -989 -.125) (.062 -.996 -.070) (-.054 .995 .089) (-.084 995 -.052) (.146 -989 -.031) (.027 -.998 -.054)
S5 Yu o, 045, 4.50 052, 5.19 042, 4.15 .060, 5.99 059, 5.82 055, 5.49
F(p) 6.02(.003) 2.11(.124) 3.48(.033) 1.83(.165) 4.29(.015) .71(:496)
+p (-.058 -981 -.187) (-.005 -978 -209) (.064 .964 .260) (199 951 238) (-.120 -979 -.165) (052 975 218)
Yy o,y 044, 439 052, 5.19 043, 429 067, 6.68 038, 5.80 054, 5.36
F(p) 11.52(.000) 11.14(.000) 22.38(.000) 15.57(.000) 8.53(.000) 9.72(.000)
= ulna coordinates; z, = radius coordinates; i[t = principal axis(mean

Note. 81389838185 = subjects; zp = forearm coordinates; z,,

direction); o = spherical standard error; = semi-vertical angle of 95% confidence cone; F(p) = test statistic(sig. p); Il = not significant.
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Table 4. ANOVA for flexion/extension axes of rotation

Type of . .
motion(A) Passive Active
]:;.rmé?% Pronation Neutral Supination Pronation Neutral Supination
s 6391 6691  .6870 6918 6837 7557
! 137 (1449 (127) (116)  (104)  (130)
s 7289 7793 7958 7399 7544 8362
2 (114  (107)  (108) (108) (111  (101)
Hn) s 7503 7004 7912 J780 7958 8512
3 11y (103)  (116) 82) (88) 95)
s J169 7329 7767 J12 7278 7775
! %) ©® dv 69 (0 (0D
s 7337 7884 7627 6698 7285 7057
? (104) (%4 (105 %) @) (39
Repeated measures ANOVA
Fy. 5=.932(.433)
F,=.234(.654)

Fr=11.001(.005) ( pronation neutral supination)

MNote. 7(n) = eigenvalue(sample number); 5,,5,,55,5,,55 = subjects.

Table 5. ANOVA for pronationfsupination axes of rotation
Type of

motion(A) Passive Active
Angle between . _ ] .
fore and Flexion Neutral Extension Flexion Neutral Extension
lowerarm(B)
s 8166 8491  .7992 7618 8193 .8549
! (7 (8 & M 76 (@
s 8155 8292 .8005 8401 6905 7109
§ (0 ©» B (B) &4
(n) s 8461 8561 7996 7692 247 6980
TS0 99 @D (6D (88)  (86)
5 8190 8425 7933 8039 8072 7847

® 0Oy ©) @) &) (@
s J704 7646 7978 J407 7573 7675
’ an ©o @ ©® (T (72

Repeated measures ANOVA

Fy, p=931(433)

F, =6.287(.066)

Fj, = .525(.611)

Note. 7(n) = eigenvalue(sample number); s;,59,53,5 4,55

= subjects.

&). 28 FEFHNA)F AHFEAEIB)Y K=
Zpolo]l th WHESAGRAREY 297} <Table 4>l Lyeht ot
<Table 2>5 HW F4H F=E9 5 4&o| A Yehd 2
=3 A9 HPsHAl 79 Ues & F Ak olHT FEEL
RFAZHARA 2,1 T 2,05 TR QA G Zlow
Uehtthp< 05). LAsk= B9 (p>.05) +HoE FA8I

Sl 2,0 FH YAk B T A7A Gy0lM 75
o F4, 39, 559 I, FHIH YA A= A o
A e AOE VeI Zoptzéﬁ e s, 5 A9
e YA oz AJske AE Holal

<Table 3>& FHA =3, 1, A AHzUA 3y

s

¢

319 —Eﬁﬂ@%ﬂ FEF, SATE 2 FEFEERO] g,
fogtEo] Yet
Ur °AE} :La]i FEFEH ) XJ/%LJEA B9 34
Z oo et BHEZARANEA As} <Table 550 LFER}
Utk <Table 3> HW FAH FEE9 3 Aio] 24
Rt A1 5% A FAHA w4 S & 5 Atk
wiE)E %—é%% Aokt A, QFHRAY 3, g,
y, =% it GA8HA P AR UesiTtip< .05). YXI5t
= 75‘%—3;)»05 TGO E FASAT ARAQ AGE A
B QF33RAY y, I Aske AeE A9 glalon, Hg
A o ﬂ*ﬂriﬁﬂ% 34‘ I, s Xﬁﬂ
Aoz BT 1#3S uf 119 A5 Yep) Hs
ATE Holal itk 53], AN Suly3e|s] s -'Jr
SASH 7P B 9

TEFEH L
T 8919 weAgadE gle Z0Z YeEGOH(F= 932,
p=.433), LTI Aol gl ZCE e
(F=.234, p=.654). 2elv} AYF=5AE7Ee] 2=
20 Fo|7} Y= AT UrEM(F 11.001, p=.005)
U39 dwr) AR JEgS vHSS & F g
(Table 4).
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