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Abstract 

The purpose of this study was to detennine the extent of Thai consonant articulation defects 

in subjects with mandibular prognathism. This comparative study comprised two sample groups: 40 

subjects with mandibular prognathism (21 males and 19 females) and 40 subjects with nonnal 

maxillo-mandibular relationship (20 males and 20 females). All subjects were asked to perfonn a 

speech test comprising a variety of Thai phonetic contexts (initial consonants, initial cluster 

consonants and final consonants) and were shortly interviewed. All speech samples were tape 

recorded. Three speech therapists analyzed the speech samples of all subjects using a blind technique 

and accepted at least 2 of 3 concordant judgements. Most subjects with mandibular prognatism were 

able to produce Thai consonant articulation correctly. However, they demonstrated significantly more 

mistakes in producing the sound /r/ and the initial cluster consonants than the comparison group 

(p<0.05). The severity of the problems corresponded to the degree of horizontal anterior crossbite 

(p<0.05) and the speech defects varied widely among individuals. It is recommended that patients 

with mandibular prognathism should be individually evaluated for speech problems and additional 

speech therapy may be needed in some patients. 
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!lllfll:.l !�'.i'lJ'el1J\9lll1\9l'Ylm�'Yl'lJ\9l'e) !'Ul1'W1 'lf'e)-'.IIJ7nu��'\l7nn tm !lllfll:.l !�'.i1Jf17'.if,fl\9l�'.if11l7 !'.ifll1'.i'elfl71�

• • 

,, . 

r'.t�tJ n�1u 'l1'elnhmm�'ll1m1 i m '.i1lll1-'.1�1'elU7-'.l�'el-'.liim1ff1Jv!u��11J n�1h�ln'Yl'Vifflll\9l7ll m1i1uu n 

I d d ,!I 9/d I ,/ ,!I QI I '31 'I I � I d I 9/ 9/ I ?I '31 
ni:Jll l'.U'.i 1:.11H'Yl U1Jfl'e) ij'Yl Nl'Wlf1W CVl f)l'j m'el f)\9l1'ell:.l7-'.ll'\l7 ! 'W nqlln n1Jll'lf'W'Yl n�71ll1'\l7-'.l\9l'W U\9ll1J'W � 

d,d QI Q.I c/ I "1 I .... I A A !1:1 d � 0 A 
'Ylllfl17ll ffll'Vi'W 1i '.i �l117-'.l'\l1 m '.i t t)'j'lJ'W-"17-'.I IJf)\91 U ��" f)l'j ff 'U TI'WU 'U1J'Yll1'W-'.l\911ll f)l'j 'illU 'W nu 1J1JU'el-'.llf1�
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� � 

fl11fffl'.l:17'\M'.l'W-:i7'W1<otlli-:i'VffiW'W7 (descriptive study) iu'tl1.J'i;ITI'Wj7'W'll'el-:Jfl�lJ�'rnd1-:i i�'il7flfl71 

a1 o' d  a1 Ao 01 .el , .c:i..c:i. gJ 
\9l'el'UU'U'U'fflJfl7'.l:ltU !fltl1fl'U 'ellQ L'Vlfi �lJ'i;\lL'Wl 1rn::1::�'Ufll'jfffl'.l:ll l'Jflfl'Wm'Wfll'jm1'il'Yl7-:Jfl'j;\'Wfl �'j'e)lJ 

' '
0 ' QI ' QI � .c:i. 

\917Ul1'W-:Jff'Uff'Ul117-:! U'i;lt1�1ttlt'ff'Utl1'i;l'ellJU'W1�-:! (vertical overlap) U'i;\tU'W117'U (horizontal overlap) 

� � 
t1i1-:i 'ill fl'U'W �1'el d1-:iu�'i;lt fl'W 'ilt i� f 11 m1v1'Wu 11'U'YI� 'fftl11 fl71 'el'el mifo-:i 11lJ 011 m1-d'llm11w "1'W 'l

"j d 91 91 "j "" ,1.., ,?;'I fl� &l1'i;lflff1'.l:lt�7'W'll7-:! (cephalometric analysis) &�tl'Yl'W\91U�'Yltl'il�n'W 

c:$ QJ ' OJ � Q. 

fl7':iLfl'Uvl1'el£JHHtlt'U'\-!'Ylflfl7':i'el'elfU't'W-.l 

�1tl d1-:iu� 'i;ltfl'W i�f rn11tlil111m� t11n'U m1Y1� 'fftl 'U 1�t11 ,¥'el 7'WU'U'U'YI �'fftl11 fl71'el'el fl 

Al 91 A ,!I ti "i i O 91 di A A (fllf1H'W1fl 'ttllltll'i;\'ll 1) U1l1l'Yl�ff'el'U1J1tfl'el11�1tl1'i;l'\11'el 1t ttlfl'ff'W'l'ill'W1'W 60 'lJ'elfl17lJ CJf-:!llt'fftl-:1 

QI 9,/ d 3/ d � .d. A I A QI 
QI •, 

"' ,I 
'V'Wtll'l1'Wt\9l'W 20 L'fftl-:1 (tlflt1'Wt'fftl-:J "'el" CJf-:!lJL'fftl-:!L'l1'Wt�tl1fl1l'ff1t "el'el" Lrnt'il�'elg 'WU1111'Yl�il''el'U1Lfl17tl1 

: ., -� d ., I 91 I t � 0 ,!I 

'YI� ff tl11 fl71'el'el m i1u-:iri111 flmu 'i;lt� t11Y'lf'Wtl'll t1 u 'U11'YI� ff 'el11'Yl9\1tlt11-:i 9\'el-:J'ell'W'Vl-:i ff'W 'ill'W 1'W4 ,� 'H 1tl 4 

, ., � s 111 91 o , 91 1 JI ., s d • I "' , ,-�., d
-:!l'W fl'el'W fl1111'W 'Vl m·'1 ti-:! &�U 'Wt'W 7 'Hl'J flfl'W 'el l'W 'fl1 t11::�rn-'1 tl-:JU'fltfl17lJL 'l'111fl9\U'fl::� tllllll.l'ell'W 11 'l1�'Vl 



6 

aJ 4  a., c1t lll !l/W OJ I A dOl .d? ll}Wt'1 I QI

'\JWg;ff'W'Vl'Wl u�g;11-w'Vlnm1ff1Jm1:1wuu n�1u 111J111flu1�mrnflmfftJ•rn11-w'Vln n'Vl�ff'W 5 �1'W1tfl111 

, , "I 31 .I -=1 , 

'e)f.Jl�U11�g;fl'W t'lH1m1J1g;mw 60 'Wl'Vl11'elfl'W 

"' ,,i s o "I 31 d "' "I 311 "I 31 A "' ,,i s 1 d fll 'j 1] 'W 'VI fH-rt f.J � 'VI 7 & 'W l1 'eJ � 'YI 'il � & 1 & � f.J !ll 'VI 7 g; & 'lH fl 'j 'el� 'LI 'W 'VI rn·o f.J� & C)f 'W (Sony: Mini Hi-Fi 

, 31 "I 1 1 •• , , "' ,,i -=1 

Component System iu GRX-7, Japan) 'Vl1'eJll tll tfl1 tTI'W (Sony: iu ECM-909A, Japan) 11'W'Ylfllfff.J�M 

., 
'illfl lll 1fl11o/JuiJ1�mw 8 ih

., ., ., 
n�iJ -r 'LI "7\91 'j ! l'W '\J'e)� fl�l.J '1 ,r ff 'el �fl�'e)� f)'W nfl'W fl711lfl 'j 7g;11 n� 'Wl 'YIU'U'W 'Vl ma f.J�'\J'e)��1'e) th�u���fl'W 'il� 

A O "I d I 9 "' 111 I 31 "I 310 J "' 0 i "131 fll'j'e)'e) mff u�iJ'jg; fl'eJ'U l17flfll & �'Vl'Vl'U1l'eJ'eJ ni-o f.J�'VI f.lt)J'lf'W� &ll\) fl\?l'e)� &l1'Vlllfl 'j'e)�l1lllf.J'Vl'Ufll'WW1 rJ'il'W'il'U 

J,! od -=I "I• 31 <'I 9 d -=I d31 9 d 
"IJ'eJfl17ll fll'Vl'eJ'eJfllfff.J� &lJ\)fl11'eJ� l1lllf.JO� flflmrrtJ�'eJ'WU'Vl'Wlfff.J�'Vl\91'eJ�fl71 (substitution) l-clf.J�'Vlfl1Hl'eJfl

., '"I.I 9 111 lo, <!I -=I 111.1 -=I -=I ?j <!I -=I -=I 

'\Jl�l17f.J m (omission) flflm•o f.J� tll'lf�l'il'W l1Hll'Vlf.J'W m'il7mffM'Vlfl11'il�l1J'W (distortion) l11'eJlllfff.J�'eJ'eJfl 

� .c:1 .d 31 GJ � c:t .... I 01 di ct el�� rl .c:1 �I llll'Vll.J 'illmff f.J� 'VI 1l'eJ� fll'j (addition) & 'W fll'.iTI�lff f.J�'illm'Vl1J1l'W 'VI mff f.J�'W fj1lfl'.il�l1 lff f.J�ff llll'.i01JJ�'W�

., ' ., 
ii1rwih 1 mJ1�l17fl�'eJ�fll'.i t�fl 1im1���'W 1'iluf rwh;iu 

A "' ,1 s , "' , jJ ,., ... QI "' ,1 9 !II 
lll 'el 1 lfl '.i lt m·o f.J-:j 'il l,I fl '.i'U fl qll 111 'eJ f.Jl-:J 80 fl l,I u-t11 P,j1'il f.J '.i'l'U '.i'l lJ Nil n7'.i1 lfl '.i lt l1 l'O tl-:J 'il 7 fl fj 

,., <!I O d,.,... ,/ I ,., "I ,., A d QI I 9 111 I ,., QI <'I 1l'eJ-:Jfl'eJ fll'Yl fj11fl.'.i7tl1'eJtl7-:JU 'eJ tiff 'eJ-:J tl,I ff7lJfl'W'W-:JU"'11lJfl17lJll1'W11Hfl'W11'eJ'eJfll•ri tl-:J tlJ\lf11l'eJ-:J 'UU'VlflNi'l 



o,
t-� cw :)MOl t-@n.�mumL&ftkfl,IH�l t-@�U&ftt " 

tl,Y�l, tl,Yt-Lp@t,� t1, l rtt, w � lJtU fl,�� �ttfufuQMt-Q�1U@@r.LU t1, l, I;-r. tmhtLt,Y nrst �r.r, t1, ,ttULl!,l;-�li 

t rtULlA.1ttlt11�YHY <;L �1:W@f.lt,UULrtt-ttHttLt-�Y t'OI (6b (lit f' b

ltlt-ttl, L,11, ,tt�ttfufuQ Mt-fl�1U@@f.LU ttl,�Ufl,�� rtLt,YrtM. t-�fllrtli Uutt-.Wrt!!f Uf1Mf!Ni(;!1U£W!.W 
" 

£ ftULlA.mttn�YHY <;L-O<; �ijfl@f, l;-tl,!,itl,Ll;- fl\ 1 ttib t6F 

�l, tl,Ll;-tl, l, L,tt, ,tt�ttfufuQ M,1;-Q�tu@@f,LU t1, l,)tU fl,�� rtLt,YrtM. 1;-�Q um t-!.11rt!!f Uf1 Mf!t-ll(;!W (HUW 
" 

�l, ttlt-tt l L, t1, ,tt�ttfufuQ Mt-fl�tu@@r.LU t1, l,�U fl,�� rtLt,YrtM. t-�fllrtli t-LIW nLf1JtU f1 Mf!Ni(;!W (UHW 
" 

lftULlA.mttn�YHY <;Z �ijfl@f.LWQ@tl, l;-tl,!i ,.. I fl; b fl; I fl; f' 

ltlt-� l, ttlt-tt l, L,tt, ,tt� ttfu fu,@ Mt-fl� lU@@f.LU It l�U fl,�� rtLt,YrtM t-�flL rtli ag f,!f U f1 Mf!Ni(;!W £W!.W 
" 

0 ftULlA.1M.tt11�YHY ,.. I (l; b 

Nl�lU@@ �L� t-@n.tl,t, tl,L� fl, .tt o,t-i t\,Ll;-�ij �111;-Q� 1�ij�11U � lt£tU mrn � 1 M.Y�U�11t-Lp@t, �t-@n. J-1,�U.1!11� .f.LU 
I 

1' 1' 

l



8 

3I 3I al :3I  I� I A al 
,
31.., 1li!tA �'U 'YlltJ 'tt'.i'elfl1'UfHll'U'eH.lf11THHJ'i;l� 251'Ufl1'Hl l'UflflfHfftl.;l'tt'.ifl'llW�'Vj�i'.}tl 'ttffllflll:JW tlJUl'U l-21'U 

5 ,;tl'U 

m:urn ntirtJ-Ji'VOfJJ'lfU� r�lJ'i'JjjN� vn�VTIJ Ml N 'ttlJltlil.;I 'Vi'Ufl11lJ i'.i�tl n�1'U fll'.iflfl milt1,;1 

OJ 3I 3I al :3I I al 31.., ,/ 'Vitlt)J'Jl''U��'U 'Ylltl 'tt'.iflfl1'1Jt1'i;ll'.ifltl'i;l� 25-501'Ufl1'.ifl1'Uflflnti1t1,;tl1'.ifl'llW�'Vj�fJt11'HfflJfl1l:JW 2-31'U 5 

,;tl'U 

3I 3I al :3I I al 3IQJ ,/ �'U 'Ylltl 'tt'.iflfl1'Ut1'1;11'.ifltl'i;l� 50-75 i'Ut11'.ifll'Uflflt11iYt1,;tl1'.ifl'llW�'Vj�i'.}t11'HfflJf111:JW 3-4 1'U 5,;tl'U 

o, 3I 3I al : I 31 I A al 3IQJ ,/ I 'Vi tlt)J'l1'U��'U 'Yll ti 'tt '.iflfl1'U t1'1;11lJ1t1 t111'.ifltl1;l� 7 51 'U t11'.ifll'Uflfl m ff M'tt '.ifl'llW�'Vj�i'.}tl 1 l1 fflJfl11:lWlJ1t1t111 

4 i'U 5 ,;tl'U 

" 

'il1nil' 'U �1'5' ti� t1fl'U�,;tlhu'm.11;1mi�ut1n11ti:l'Utfft1,;t'llfl,;tt1�llfft11:J1'H 1fl n�llttl� t1rn'Yi tl'IJ 1;1,;1 'l 'U 

... <1l 31 J A " A q "1 A " "i 
131<; - I 'U'U'YI t1'llfl\j'i;l'Vi'U;j1'UU1;l�rl1;lt11'.i1tfl'.i1�'tt t11'.iflflfHff tl,;t1;l,;t A'Utfl'.ifl,;JflfllJ'Vi1t�fl'.i A �ti 'Jl' rn'.iUt1'.ilJ 

0 d 
A 

� <I 'JJ �� ,. 13) �� .i:::t, 
A 

O QI fflt'.i'illli SPSS version 10.0 t'Vifl1tfl'.i1�'tt'llfl\j'i;l'Yl1.;lfftt� t�tl 'll'fftt�t'l1,;t'Vi'.i'.iW'U1 t'Vifl'il1U'Ut1'.i��'Ufl11lJ 

_!:f o, ,/ \I) _, 
A 

1
3I OJ A A <IA A fl11lJ r;i lJ 'Vi 'U 1i'll fl.;l'll 1t1'.i'.i t n '.i 1J n� 'l1fl1'.i 'YI� ff fl'U 'U 'U 'Vi1'.i1tlJ� '.i t1 (non-parametric) 'Jl''U �lJ l'W 'U 1� 'U 

. d QI Q/ o Ql 'JJ (Mann-Whitney U test) 'Yl'.i��'U'Utlfflflt)J'.ifltll;l� 95 
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'U tY l17 f17 ';j "ff'U <th.J m g;;n 11 �Hm 7� 7"ff l1 illl .. �'inf (Spearman rank correlation) trn t 'YI� "ff fl'U fl 171J iYll'Vi 'W 'Ji� 

� ,lo, QI � _,\ � !)/1 � o I !)I 

Mf1'.1:17'W 'Vi '\ll'.iW u g;;�'lJri111J1-wu H'Uti-ilf17'.i"ff'U 11-w '\l1m g;; vg;;"ffrntt "ti" 1 'U1 -wu -w 1 11'U i � vmtt u �11m 

_,\ 1 
Al I A A .di 9) I A A QI ?I 9J 

1g;;EJg;;"ff'lJtl1"fllJ 'WU'W1'.il'Ullfl7'.ig;;l117-il 0 """tll�'.i tN 'Wflllf117 -3.0 """tll�'.i '\l�t1J'Wf1171ll'WUH'Wflll 

9) I QJ 3} A .d, I 1 A � .di 9,) 1 A A QI d 

il1fltU'W'Wt'Yl7f1'U 1 fl7'.itE.lt"ff'Utl1"fllJU'W1HU1Jf17'.itl111-il -3.0 """tl.191'.i fN'Wflllf117 -6 """tl.lm'\l�ttl'W 

9,} I Q/ 9J A .d.l i I A A ?j 'J)

fl171J'.i'WU'.i-i!'l.h'Wf1"7-il 1ttfltU'W'Wt'Yllf11J 2 1rng:071g:EJg:i,''lJtl1"fllJU'W1'.i7'U1Jf17�-ilU� -6.0 1J""11J�'.it'U'W�'W 
q 

•l_lQI ?I 1!11 
I QI 

rn '\l�Ull'Wfl171ll'Wtt'.i-il1Jlf1 l1flg;;U'W'Wt'Yllf1'U 3 



I 
"' 

'U'Yl'YI 3 
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ii ii t I 

n�"i'rnrh:i�1u1ul'i-:iih, so r1u utJ-:i11'.lu�nihnm1 imrl1-:iou(n�l.lffffm)�1u1u 40 r1uml�� 

I >J 

nnr117lJ"1lJ'Vl'W'fi'i�'H11-!l'll1f)'j'j,f)';j'lJ'W-rlnun� (n�lJ1iJ1urnnu'U) �7'W1'W 40 fl'W �tllJ�Vi'W,17'W'lltl-!Jf)�lJ 

')I I ii I 

911tl £!1-!l'Vl-!lff tl-!IU ff �-!I 1 'W fl117-!ln 1 'Vl-!lfftl-!I f)�"" mrn1 �'17U'lltl-!I �1'W 1'W �nn1.1ilihm 1tl gfl7lJfl1fl�W'l u�� 

I 
"' 

fll'i1-!l'Vl 2 

., ., 

ri1u f-H'I m111r111�11 m1t1t1 m ff cJ-:J'W Utl.J'lf'W� i 'Vl cJ 20 1i1c1-:i 11lJ'Vl-:J'W Ut)J 'lf'W�fl1'U mh u��'W Ut)J'lf'W� 

?I , q , 31 , "' II] 31 , "' .J ?I c1 9 "' t .J 
11J'Wff1'W l'Ht)J clf111'W'Ul-!l'H'W1UlffU-!I l�Uf) 1ffU-!1 /l/ 9Mtltlf111J'Wlffcl-!I /�/ U'Vl'W 11��1-CI cl-!!'WUt)J'lf'W�fl�1 9M 

t "' "' 0 31d "' II] I 31 ,'I 31 9 .J "' II] 3111] I "' "'.1 
'Vl-!lfftl-!11ffU-!llJ'11'W1'Wij'Vltltlf11ffU-!1 llJ�f)fltl-!ltN'itlcl�� 70 u�g;1-c1cJ-:J /ff/ 9f-!ltltlf11ffU-!1 1� llJ'lf� lJ1J'jg;mru

9' I A I cl li] I CJ ct el "1,.. I.. .. I 3) d 
'itlU�� 42.5 ff1'W1ffU-!I /0/,/'Vl/ 'W'U11tltlf11ffU-!I llJ'lf�'H'itll'Wc.l'W t1J1J'jg;lJ1tU'itlU�g; 12.5 (fl111-!l'Vl 3) 

>J I I 

tin� 'W'U11 n7ltltlf11ffU-!I /'j/ 1�'W1ffU-!1 /�/ U��n71��1ffc.l-!lfl1'UffiJ7 �1�'W'ff-:Jn'W'Ui�mm'l1'Wf1'W U��l'W1'W 

31 , � '}! � "' 9 '}! � "' s t ·� "' , "' , d
'Wt1Uf)11 flt! Jtlcl�� 42.5 '11'Hl'l.H-i;1fJ-!1 /'j/ u�g;·rnu�� 47.5 n1'Hl1H·nt1-!lfl1'Ufl�1 Ufl'17'Hl'UfHJlJ911tlf.lWYI

� ,1 , .::1 s 111 , � , , """' 111 , J � "'.I '}! 3111n'l:l1-w-w1.111l.lmrnt1m·nv-:i /ff/ 1lJ�f1'flt1-:J-g-:in11n1:Jl.l'VllJ'll7ml 1nrn1-:iv-w r1t1lJul�mru rnv�� 55 UlJ 

I q I ?I S ""Gitd!ll d d 
ff1'W 1'Ht)J'1g;l1J'Wf11ltlt1m·ot1-!IN� l'W'll'Wmf)'Wtlclfl9)1lJ (911l1-!l'Vl 3) 



tLu t1. t,, H 1mlrtLtYt-L�A-t�tJl, t1.�rtf rtLtlMt@,LH�l,\,@�1�n (s �HtL �) (rno·o=d) ��ijt-Ll,\,lh�Lh',r.l ,tt,UHP@

M,ll,ULrt�&�HLIWrttYt-r.1�1�t!.n �H It/ t-r.1�1U@@tLU tt.t,, t-t ntt.lrtLtY M,ll,ULrtLrtU@@t1.r.lHt!.Lt1.A-tt1.t:1,@tA-t 
r . "': 

.,, 

r r •" I;> 

M.JlsULrtLYrtrtLttM.11111 tlls 1 rt,ij�r.l�t@rt1LtrtM. rtLttM.1111 \, l'.,ll,1 rtij�r.l�WL!!, t1.t:1,rtijtLUt-@Jlst-tnt1.lrtLtY r ,P 1o"1,i r• "Li 

Utltl(!,�@01�un (t �HtL�) (900'Q=d) L�LHT,tYt-r.1�1�t!.n (soo·o=d) /t/ t-r.1�1M,£,1Ur.l lh�Lh',r.l,tt,�t-Lp@n1J . . 
" 

t-L�u�nfttrt�ut-@ijt-�t-@n.rn�1�t!.�n�ur,��r.1l,\,i�nj{,fhQM.t-r.1�1U@@tLU L�rtM.U��rt1ULM.n,tt�!;'!�L�r.it}t 

rt�U t-@�t-�t-Lp@t�rt�U H� u� t �tt,JI,l\lQ M.Nl �1U@@tLU t;-@ll,f;-t nnlrtLtY rt�� t rtr.i �1 rtr.i tfl,1@01 
" . 

nut-r.iYmu, L.t-L�rt��tn1 �urr�t-:1t-r.i�m@@f:lntnL&t-@n.r.iL&�WtLUrt�un ( o·ss �t!.r.i@t) r.i@numt-r.iM.1 (I) P (6 b I (I) b,;, I u "7 p " 0 p (6 (6 f' p 

L�UULrt�Ufl,t1,ij1�M,j{,fu_@M.t-r.1�1U@@�� tl,l'., M,L��fl,r.l �1fl,Q tfl,1rt�U ��mil, n1, (£ �t-LtL�) L.t-L�rt��f, nt,�Ufl, 
. . . 

��t-r.1�1U@@tLUM,ij1@�m� (S'Lv �l1r.!@J) �Ufl,t1,ij1��t1,j{,fu_@M.t-r.l�1U@@tLU�t-Q(hUl,t1,tpngt-LP,WttW . . . 

L n.� �� rt�u L� rtM. rttw � l � r-1,JI,fuQ M.t-r.i �m iA, t-@n.�u fl,�� �r-1,S{,fu_Q M.t-r.i� m@@tLU rt�� t n£!1� t fl,@ !J1 . . 

(s·z:1 �trn@t) /t/ t-r.imcrn (t nnn�Y) �hl,\,ULrtt-mnl�urr�t-:1t-r.1�1U@@tLUrtl,\,�t1,JI,fur.iM. t1i I=' 1? F '=" I
'"' 

'--' I=' l="f" It) 

rn�mt� (sz: �t!.r.l@J) (I nnn�Y) r.i@,ttrt��tn6t-mnlrtLW��n�h�uLrt�Ufl,��t-r.i�m@@tLU� /�/ t-r.1�1 

�r.i 1$ l n1J nff,1 L.t-L�rt��t n t,�u fl,!$� t-r.i�m@@uu �� �u r,w i uu Lllst-@llsJl, n�rtf rtLtY��rt�u nt� 

(OI �t!.Q@t) r.l@t1,Ut!.11:'r.lM.1�Ufl,�Ht-r.1�1U@@f,LUM,fl1fuUl,t1,t�l,\, /l,\,//l'J/ t-r.i�mutr.i�11tJI,1 0£ �t!.Q@f,@ij r.l@tl, i{ (6 f:' S::,'C>' t7 I=' lfi1 l'f' I=' f1> I=' I (61?' (6 

rt��tnt, �Ufl,�H rtLtijnn.1fuu 6 nt� nn�JI,m t-r.i Ll1U@@l,\, 1�1 t-r.iijmt� t-nunLt-1$1 nun 6 SL �t!.r.i@t nu, ft) 'C;,' ti' 'P• I ;:tt>•lil p F I=' I 'f' b (6t7

�Ht-r.1�1U@@tLUft@ij (OZ: �t!.r.l@t) Lt!.Ufl,t'.,ijf;-Q�1@ijLftt-t!.t-@t 0£ �t!.r.l@f,f;-l'j (t1,l,\,11ft!./t-r.l�1U@@) /f,/ t-r.1�1 un "7p Pl;> (6
: 

pl;> """ P I 

�, t-nA-trt�n@nn.1 urnt-mnl�urr�t-:1t-r.imu@@M rtl,\,t-r.l L,1 nut-Lwuwnr.i@nULrtt-t 1mlrtLtijrtt-@�u&m t-r.im " Li f' (I) (I) Ip "7 ) " t, P "Pf' � (I) I " P (6 I Li P 

u@@tLUrttt,ij�t!.Wnt-w@t� nr.it-rnw, tWLn.rtl,\,Hrt�ur-1,1 LtrtM. n,@ij�l,\,l,\,t1,Lt-�t!.w1m6t-@�u&m r;-r.11:i.m@@ I=' I I (t) \r' I Ii\ i=' f't'6 I b I F I (6 I "' � 

�L�ntm�uL&l$!tr.l�l t-r.i�m@@tLun6�Ufl,1$�ftLtijt-@n.t-t1mlmtYn,��wr.in@�1 £ �t-uL�UL&

II 
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. � 

'.i� t)� 'ffut'11ihni 1 uu 'W T;il'U 'Vl'U17 �7'\'l.:J'ffel.:J 1iHhrii-wu '.fi f)'W el u1.:iih! mh�qj'Yll.:J 'ff O� (p=0.056) 



t 'J} 'J} I 

vn·n�TI 1 <u't1lJ�'Yi'W jl'W'\Jtl� n�JJ�';H) d1-rn-HH.l� n�JJ ti11 'U 'N1�1Jfttlfi71'U £J�l'U'W"7¥1':ij7'W 

'j7£J07'j 

�1'W1'W�-rnrh�(r1'W) 

1 'Y'lff'lf7£J�tll'Y'lff'l1�� ( rl'W) 

mQm�u(il) 
OJ ,,i 

'J � � 1J 07 'j ff fflfl 

""o 

JJllml'Wl 

OJ � 

"1WlJ�'W 

l11ml.lvmu 

11!qJqJ1�1 

ff�n111.J!un.u1�1 
SJ u u 

mr1n�1�u��mr111�1'Wt1t1n 

m fl m 'W t1 
OJ A 

m fl�� 1 'W t1 t1 m \W � m 'W t1 

mri1� 
OJ 

fllrl11�1'W110 

I ,'2 

fftJllffmn 

40 

21:19 

22.2(4.4) 

6 

1 

30 

3 

34 

1 

1 

3 

1 

n � lJ 1 mum 'fl £J1J 

40 

20:20 

23.0(5.0) 

4 

2 

33 

1 

31 

2 

2 

3 

2 

13 

,=i 9) d QI � r/ Q/ A ,. S 'j/ tJ) • 01  1 t 
vil"n�11 2 'lltllJ mnc11 n1J m'Jff1J,W'W1rn�m'J1tfl'J7�'11 m'Y'l'J �ff n� i '11� O'l'IHJ �� 7'W 'IJ7�'1Jtl� n�l.l111t1 cJl�'YI� 

SJ q 

irn� n�" ti11 'U1�1�'Uftt1t111�c1�t'U'WlJl�'JJl'W 

'JlcJnl'J 

. . . 

.::!l i 
� ,::t 

'J�£J�ff1J1'11�tllJ 'WU'W1��m�cJ (l.llJ.) 
. . 

4 , 
o., A 

'J�cJ�ff'Ull'rntllJ 'WU'W1'J��'U1\WcJ (lJlJ.) 

1-Jl.l SNA 

1,J:1-J SNB 

1-Jll ANB 

l:jll COGN 

l:jll COA 

WITS 

I ,'2 

mJl.lffmn 
{n=40) 

1.36(2.39) 

-3.45(2.22)

84.0(3.5)

87.6(3.4) 

-3.6(2.1)

134.0(9.2) 

91.2(5.6) 

-13.1(3.7)

n � l.H '.In cJ 'lJ1 'fl £J'U 
{n=40) 

2.69(1.54) 

2.66(1.17) 

85.3(3.6) 

82.0(3.9) 

3.3(2.3) 

123.91(6.4) 

93.5(4.6) 

-2.2(3.1)



ti' 'YI 

U'Yl'W 3 

"" 

elelfHi'HM /'fl/, 

/'fl/ U'Yl'W 

(V ,!I "" 

'lf 'fl l1 'i el t'YW 'W 

(V -=I 
'lf'fl/!VW'W 

2 

1 

0 

4 

3 

2 

1 

0 

4 

3 

2 

1 

0 

4 

3 

2 

1 

0 

4 

3 

2 

1 

0 

I -=I I _I-':\ -=I 
fl'!i)ilrlfl'lfl fl'!i)ilt1J'ltl'rn'Yltl1J 

(n=40) 

12(30.0) 

2(5.0) 

6(15.0) 

8(20.0) 

12(30.0) 

2(5.0) 

1(2.5) 

2(5.0) 

12(30.0) 

23(57.5) 

1(2.5) 

0(0) 

0(0) 

0(0) 

39(97.5) 

0(0) 

1(2.5) 

0(0) 

4(10.0) 

35(87.5) 

0(0) 

1(2.5) 

0(0) 

3(7.5) 

36(90.0) 

(n=40) 

5(12.5) 

1(2.5) 

2(5.0) 

9(22.5) 

23(57.5) 

1(2.5) 

4(10.0) 

7(17.5) 

10(25.0) 

18(45.0) 

0(0) 

0(0) 

0(0) 

1(2.5) 

39(97.5) 

0(0) 

0(0) 

3(7.5) 

3(7.5) 

34(85.0) 

0(0) 

0(0) 

2(5.0) 

5(12.5) 

33(82.5) 

14 



' .c::t, QJ � 

'tt'W1tl!i:1Wi ilfllltl!�N� 

Ufl� 

fl1'Uf)l;ll 

'Vl fJ tY 'lf 'W � 

'Vil ti 

(i1�g:n\P1) 

4 

3 

2 

1 

0 

4 

3 

2 

1 

0 

4 

3 

2 

1 

0 

0 91 ill'W1'W("HIUil�) 
' <,t ' -� ,:I fl iJ" fl flll l fl iJ" 1 lJ j um 'YIU 'U 

(n=40) 

8(20.0) 

4(10.0) 

6(15.0) 

10(25.0) 

12(30.0) 

0(0) 

0(0) 

0(0) 

1(2.5) 

39(97.5) 

2(5.0) 

8(20.0) 

8(20.0) 

3(7.5) 

19(47.5) 

(n=40) 

1(2.5) 

1(2.5) 

6(15.0) 

11(27.5) 

21(52.5) 

0(0) 

0(0) 

0(0) 

0(0) 

40(100.0) 

0(0) 

4(10.0) 

9(22.5) 

5(12.5) 

22(55.0) 

15 



vll'JH� 4 f·H'lfll'J'Vl�ff'el'U'Vll-H10� (Mann-Whitney test) i'Wfll'Jtllitl'Ut'ntl'Ufl11ll1lHt'J-li'Wfll'J'el'elfltiYl'.J'1 
vi UtlJ'lf'W � i 'VI tl'i �'1111-i n�i1�iiiu1m'i im�1-i g'Wtti'l�fl�ll�iifl 11i1�i1�'W i'iua-iiu1 m 'Ji mtln� 

V A ,J A 

ijfl1JW�W� flvl 

aamifo-i /i'!/tt'Vl'Wtfft1-i /'ii 
,,

'e)'e)fltfft1'1 /ff/ ilH�'l11'elt'Vitl'W 
'el'elfltfftl'1 /�/,/!fl/ U'Vl'Wtfft1'1 /ti/ 
aa m ifo-i 101,1willi�'l11m'Vi ti'W 

,, 

'e)'e)fltfftl'11'VJ1 ilH�/t'Vitl'W 
aamifo-i 1vl1 tt'Vl'W /m/ 

,, 

ill a a mi1t1-if11'1J nii1 
QJ !JI QJ 'Vl tltlJ'lf'W�'Vlltl( ffl1ff� fl�) 

fl11llN�1lfl�'j1lJ 
*ih!vrl1rit1J'l'l1.:iffG� �'j��ui!mhrit"Y !�vn� 95

V A ,J A 

ijfl1JW�W� flvl 

<=I <=I 'el'elfltfftl'1 /i'!/U'Vl'Wtfft1'1 /'ii 
,,

aami1t1-i !ff! illi�'l11atvit1'W 
'el'elfltfft1'1 /�/,/!fl/ U'Vl'Wtfft1'1 /ff/ 
a a mi1t1-i /t1/,/'Vl/ilH1�'111 atvl tl'W 

,, 

aami1t1-i 1vl1 illi�1i'Vit1'W

fl'elfltfft1'1 !'VJ! U'Yl'W /f11/ 
,, 

illaamiYt1-if111rnih 
.... !JI .... 

'VWtlJ'lf'W�'Yl1t1(911n'�fl�) 

fl11lJN�1lfl�'J1ll 
*4 QI o QI oll:l� ,d QI QI ff QI 9,1 l..l'Utlffll'lt1J'l'11.:Jffo1l m::�uuv 11'1t1J 'j�vn:: 95

#Spearman rank correlation

I AA d A "" p-valueflltltlVlill'l-fhl-1Vl'l-t 

525.0 *.005

662.0 .148 

799.5 .986 

777.0 .711 

740.5 .338 

800.0 1.000 

529.0 *.006 

780.0 .317 

681.5 0.217 

tlltl'ttftil'Yt'l-tt1# p-value

0.351 *.001
-0.730 0.522
0.017 0.881
0.052 0.645
-0.080 0.480

0.363 *.001 
0.042 .711 
0.215 .056 
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1 "" 
'l.Jflfl 4 

""' cl 

'l.Jfl1'ill'HU 

17 

" . 

f)l'jffflllTW;, �VI tlltlll.lf fJ'lJf.]l.lll'il 'O tl�l-:JG'j nm'ilii l!-li'l�'el f)l'j'e)'e) mi1t.1-:JX1� 1 � t1fi�1i'i 'el fl 1,r fl*mJ� tl'U 

. " 

1n tl'Uiifl11l.l ifl�1� tl-:J O'U fl�l.lfffllllJ.Jlflnit� 'l1-:J 1 'I-! �1'1-WlQ �� rl1m Vlrt''lfltl�'el!Vlrl''\1tY-:J 'J��'Ufll'Jfffllll J,Jii 

'I' A 9) 9) I Gj9' A !';1 cv cv CV o' 11] fl� t '\1i'l flrt''Jll��ll! 'lll-:J 'lf1tl t'\1'Yl'Jl'U'Jltli'l�t'eltl�'ll'el-:J fll'J'ff'Ul"ll!Ui'l�i'l flllW�fl11l.l'ffl.lVl'U 1i'll'el-:J'lJlf)'j'J & m

" 

'U'U-ih-:i 1 y fl�1.1�1'el v1-:ii-:i 'ff'el-:i 

� ,I d QI 1J} 9 9,1,d d 1J1 I � o 'J) l!-li'lflU11fl'Jl�'\1flU'el'elflt'fftl-:J'V'ltlt)j'lfl!� &'Viti tl!fj'Yll.l'lllfl'J'j &fl'Ji'll-:Jtll!'ill'l-!11-! 40 fl'\.! 1111!-!i'! 

CV 1 � !';1 9) lJ] 9/Gj 91,J A lJ] I di A o Gj 9) A CV lJ] A 
'ff 'I-! 'U 'ff\¾ 'I-! 111Jt)j'\11l"ll! '\11-! l'ff'U & '111 t 'I-! �'Yll.l'lll f)'j'j & mm-:i ti'\.! 'el l'ill.l l!-li'l'Yll t '\1'el'el m 'ff tl-:JVI tlqj'lfl!� t'YI tl'Ul-:Jl'ff tl-:J 

. " 

1 � t1i1' flllw:;: u i'l�fl11l.l iuu 'j -:J'll'el-:J fll'j'e)'e) m ff tl-:J n ili \1 fl�'e)-:j 'U 'I-! iir1111.1u � fl� 1-:J nu fl'ell! .«1-:i lJ 1 fl 1 uu �i'l�fll! 

9' A A lJ] 1 9) 91.,_ o' d. d cv I d A cv 11] d u i'!�Ul.l 'il�l.l f11'J'el'el m 'fft1-:i i1.1 \1 fl�'el-:i rj11m1:;:m'ff t1-:i fl t1-:i fl-:J'W-:J'el'el m111lu1 'ff tl-:JVI tlqj'lfl!�'el� i 'i u 'el fl'illfll! Vl'U

, 3/�::L::::l QI QJ ti 1J} .... I �dd A QJ lf) 1J} IQ/ tq31 , QI 11rjl'll.lfl111.1'ff1.1V1u 1i'll'el-:J'lllm 'J im 1Jfl� fll.l m'i'el'el m'ff t1-:iV1 tlt)j'lfl!:;: in t1 &l.l'lf� i�1 ')$'\.!flu 

.t d, .t I 9) CV I d, d, CV CV 11]9/ I 
iJ'11t1i'll!'\1'J'eli'll!'ff1l!'\1'1-!lfl'U�ilt'\1-:J'elfl (linguoalveolar) '\1'J'el1fftl-:J'V'ltlt)j'l$l!�n (trill) &�Ufl 1fftl-:J /'J/ 'illfl 

9) :iJ Q r/ .-:I Q o Gj 9) CV Q lJ] :i/ I .,! lJ] I .,! .� Gj 9) 
fl11l.ll'flllJf11tl1fllflf11'ff�'jU'1t'ff'j'j'J'YltJ1 l'11 &'\1'ffl!l!'l::lj1'1-! &'fl11 1'\.!'el-:J'il1flfl11tl\Jlf)'j'j &fl'J'11-:Jtll! 111 t'\1 

" " " 

iJi'!1t1ilu Y11vilurl1u111!wd�11111il-:i11u'1�v�iim1vnmfln11iJn� mnrnmi1u-:i n; 1i¥�n�v-:i ilu;,:i 

91 "' 4 'I 91 "' "' "' 0'1 d. • I .f "' "' "' • I "' 'I 1'!':1 9' �v-:i fl v ti� 11V1 v , 11 l.11 'ff l.l N'ff'U 'J nw � lJ m-:iv nu i'! t mt� f11J i'! 1 f.1'11-! n� � nrn'V'I � 1u 1J 1 fl'U 'J nru t mrnu 11u 1 
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(12) di O llj 91 .r I • I ... � ... d A ?I d IQ ?I d 1J'W 9f-:Jfl11lfl'.it'Yl1 i�Wlf1'll'Wfl111JfWI 1J-:Jlf1flfll'rnflntfffJ-:Jfl'WU'Yl'W (substitution) !'lJ'WtfffJ-:J /'t:1/ U�nt'U'W'YI 

,l 1ff-:im�111 'W nrit1 ��iJfl11t1ff mt-w £'llfl-:J'll1nn i miJ n� �" nnmi mifo-:i 11 I ilh-1 n�fl-:i 1 -w fl mi w�t� fJ1 
q qJ qJ 

tl'W u�i-w1�i1J�l'WUHUflun11 tf!uiJ-:i1-w1ioui-wt�n i'Ylunqm1rt-:i 1-wio-:i'l11flii-:i,-f1J1 'Vl1J11 tifo-:i 111 t�'W 

tifo-rnut)!'lf'W� i 'YI u�t�flml mi1u-:i Hflmfl�'tlfl <14
) �-:im,iff-w ih1;p-w i�111Jflflm!-w � fl11ltfifl1llf1fll"J'lllfl 

,, 
m11lnN-wi-:iu�Hm�n vhittflflmi1u-:i 111 iliiflrn'W 

919.Jdt:::1 "I I A .d .d QI 'J,J .d A Ji \ri t 91 li) 91 1 ,:::1 Utl l:;j'Yltl'lllm "J i fl'.i't:11-:JfJ'Wtlfll"Jflflf)tff fJ-:j'Vl fJt)!'lf'W��'Wtfl fJ1tff fJ-:Jfl'W � it!\} f)� M if!U m fffj-:j /ff/, /f.1/,/

c:I ,.,I 3,/ d I QI .d � ... I A d'll] ' I li) .... I I 9Jd-=l QI QI o' 'YI/ ur;i�t i1u-:i/n/ fl 1 un�1t1u�r;i n11w� fll"Jflfl mi1u-:i Nfl1J n� 'W imt � nm-:i rn ,i1n ni:Jtl l:;J'Yltl fl11tl fftl'Vl'W 'li'llfl-:J 

'lll nn i mri1-:iiJ n�flo1-:iih! mhtit11 tflmll 'Vll�t i1u-:i/ff / 'Vl1J11��iJfl11t1 ffmi-w £ 'llfl-:J'lll m 1 i mll n� nil1JiJ 
,, ' 

fll'rnfl m i1 fj-:j Hf!� l'W 1'W m f1011 �,:i,r 'W fl11� 'Ul fl'.i "Jim ri 1-:i �'W i-:i iliil 1iJ �'YI n 'Vl 't:l � 6 mm fl mi1 u-:i�-:i f1 ri 11 

QI cl .d.e-1 QI A d O � 9) A 1 J"lil I 9) cl lll ... 1 11) I J mn-w n '11':ifl fll1Jt11J 'il1l Ufl'W 'Yl'Yll i '11 fll"Jflfl mi1u-:imm'W it!\"} n�fl-:J'W fl m11-w fl rn,i1nm1�'ll1 m1 i mm-:i U'W 

d l!] CJ.J � cf , a, ':3 q ... I QI , 91 .:::t , , ,d,:::t Y'l't:l'YI i fi,Jl f1 f)l"Jfl'f11l 1'WU� nm-:i f)1J f)l'j M f)'l:J 1 i'W 1J"J �t'YI f1'Y11-:J��1'W � f)fl fJ1JH tl"Jl fJ-:Jl'W 11f1't:ltl'Yltl'U1 
qJ q 

f)"J"J imri1-:in'W 5 fl'W flflnti1u-:i i'iJ"Mf! i'Wti1fJ-:J"J�t'Ufl1llf1Jll'W mru!t1'NiJ1n1J'W-ri1-:i ( /b/,/p/) ti1U-:iti1fJf!U'Yl"J f1 
,, 

,i1ni1-wmru!t1'N1l1nri1-:it11J'W'W (/v/, /fl) ti1u-:iti1Uf!U'Ylrn,i1nJ1'Wmwi'i-wn11Y1-w (/0//6/) oo> ur;i��nm1 

ffn11111rt-:i�iJ nqt1i16 01-:i 5 fl'Wt'lf'W nu 'Vl1J11iJ fl11tl Hfl11 n�'llfl-:i t i1 u-:it irufl u 'YI rn1�1111-:i'v1 'W t11J �m'\1� fl n 

(11) , °' A ,t 9 s 9 , 91d,=1 � "" d (sibilant sounds) Isl ff1'W 't:lfl'l:JW�fll"Jtfl't:lfl'W't:l'W i 'W'UW�flfl mr1 u-:i Isl i'W f1i:Jtll:;j'Yltlfll"Jff1Jn'W'lf'W fl'Ylffltl 
'J) jl 'J) I 

U1J1J Ufl-:itnr;i 1 fl ui im'Vl f-:ii1i1u1tfl"Jl�'\1 'Vl11111Jflfl't:lmrl1il �6.:Jf.16 ui'i-w m� 1-w 11 fl-:it11;'Wt'rifl'Vl u1u1ll 

QI QI QI ,I ' ... I � QI 9) "' 9,) CJJ:t A QI A 11) A � 1 n111fl11t1fft1'Vl'W 1i"J�'\111-:i1J't:llfJ't:l'W fl1J'W'W'\1'W 1 n mm-w ,i�""" 011 w� m1 tfl't:lfl'W i 111t'Vl fl'lfflt'lffJfl11ll rlfl 

iJn�i� u��'Vl1111nqt1i1601-:iu-:iiJm166nti1u-:i Isl �ili\"}n�fl-:io-:i 11 1-w 12 fl'W<9> 301-:ii 1��1t1n�t1i1 

fl rh-:i 1 'W m1ffn111� r-h-wmiJ �1-w 1'W tl' flu iliiJ m1 t1l1 urn-Yi fJ1J t11Jnrim111Jflt1 u r;i�ili�ffn111t i1u-:i'Vl uru'lf'W� 
q q u 



t-Ltt;trt�ft�ftltlULMtll�1ft0,1ij,e-, rth.un.,tt.u rtLIU�l-t�ftt LftrtL� �ftl�� .t 1 t-Lp@ (S0'0>d) �g.UHttlh�L� 

llrtrtt-w@rtn.ULrt::o.ijt,mui:msr.lhm..1.t-11 u.m@@::un /.ti t-11 u.m@@uu rt t t-.t1mlrtLtYrtn.uLrtrtllt-LULrt1-trtM, 
tot:,, • r 

� "' -.; P 1o r r . 
(6 

@ft1@.tl-t rtll,ULftrT,Uij�rT,L.tt rt 11rt t rt@U1-tm.U::ll::.trtrtU.rT..U.tLU@ft1 @Y .tLU ::.t flU@O. t rt.UL rt Lt UN r IP ,, ... b r 
"' i;; r IP l

w 

"' b I F' 

rtllt-LIJ. 
If I 

wi .tWLII,[!!&� rt�UL�Ull@ittt-.t nrtlrtLtY�11M.1J rtf[,1t-L�p@ij�L!JU :mll,lh_@M,t-ll�1U@@.tl U !!� �u fl,W i .t w Lil, • I< 

t-@n.!L rtM,1t.U1tU,Y1tv.1tiw rtt.U lll:!lijN t-ll.U1U@@ijt Mrtrtt ::o.n.ttnllijl iju::.uutt-ll.ut@.tl-t nLtt::rtsi,lhr.i M,t-ll.ut I' It) l'O J:7f7 I I b' p b(6 Pl lrt ft) p fr' (6 l'O J::7 

U@@.tLU@�n.tt� W 11N !!ftt rt� t-L �w 1 uu Lll,�Ulf L�rT,M, t-r.l�1_!-l,�LW1�.tLU UNU LO,� 11 ij l, rn�mtY �ttSblhQ M,

t-r.l�1n.1Jiji!1�U fl,ij�ltLtYL�ijll �1�11r.lLWr.l111UHJ.LRU�.tLU ltL��.t b Hp@ U�l-trtij1 /.t/ t-ll�Wtftl-tULO, 
I< 

L!f Ut-n�m@@.tLU n t L1-tlhUULO.ij!!1t1,L@�,e-,ftt L!JU n.tYt-ll�m@@.tLUt-� u��b n.tY�nsi,lh9 M,t-n�mij1�!!1� t, 
I< I< 1 

L!,A�O. /YI '/U/ '/W '/ft/ '/M,/ t-Q�Wtfll-trtl�t-@.U�t-ft1-t11L!P�t1,.l{,lh_@M,tl,�1tlUUfl,@�1t-� /.t/ t-n�mtr,1-t�LM,tll 

llijl llttt LRWttl,Ll1U n.tYt-r.i.u1�11.tLun.ut-@n.rnumt.U1tO.L@t-o. ttllt-L11w1 .twLn.�uuttttM� < 1>L1tU@@ 1st, 0 1=::7 l"0 (6 l::;:t I P l? fr' I lrt lb l'tl Z 
(lj I I j'fi, 

t-r.l.U,t-11fl,1�0,IA,tl,@U t-.tYt-@.U mw rtLf M,t 11,ucg M,t, tl,M, nu� tl,Q IJ.fl1.tLU ltt-@� ti, tl,rT,l'.,Y tl,��tt,.l{,lhr.JM,t-(l lJ.1U@@ J::7 I 
F I ;; /' fr' I O F'

.., 
P' (6 

:; 
(6 l'O .;; 

.tLUt-� (S0"0>d) lh�L�r.l,tt�t-Lp@n.ni&mll�fl,11t�UULO.t-L�U�11H 1ml�n.�::t ttt, LJU rT.tY (uo1ss1wo) t-r.l�1 

�11.tL@ijl t-@�u&m n.tYft�::nsi,lhr.iM,t-n.um@@tLU1tttr.lt-L11w1 tWLn.rtttMrtbuLtrT.M,ftULO.U@ft (6 I IJt (6 IO P P 'f' I lrt Pf7(6 I I :' 

ft1J t-L�u �n!&t-ll�1U@@tLU@�l1N[!� t, L!,A!&t-V,1-tr.i�O.UftijlO.L@�11n fl, b ft1J t-L�u �m�[!rT.Ltt tt nrt@�mn..u l I I I 

�r.l�tl-tt,Ltt ftUH�U�11Ltftr.lt-Ll1W1 tWLll,�Ul.ft-@M·t11ftlltLtYltttY�l1�11t-W@t�ltiW@Yt-ttl-ttLU�tfl,U@ (6 O IO I 
F f' I lrt J::1 I I (T) I }? f' I=>' 

u11ut-ijr.io.o.u1ttmtYij11tftLRU�tLUNG tt�ftru w, tWLn.t·Yl t-@n.ijLftn.@tl-t ULfl,ftLijM,1t-@n.u111tLtY ftl1 I ,,. ,,. � ""l: 'I" � I? Ill � IP IP' � 

t-@n.ijL ftn.t-�rtu l,ftit-ll�1U@@�tll!,@t-@n.�u fl,ij� rtLtY n.M ft�O.Wt-Q ij,e-,rti t-r.i�rn@@tLu ft t r.i� o. u 
I< • I< 

ttU t-L�U �111tltYltt-O.LRU.IJ t LU l'O I Pl? l? 

11N t-L�p@r.i tt b � ft.I{, lhQ M,t-r.i � m1J H�u �n rtLtY !! Rb u t-�L RW ft t, �ttll,lh.@ M, t-r.i �rn@@tLU � 11 n t-r.i�rn kn.w 
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31 f 1 I 

-iTu ii ail ir 1J ti'.l'U -i l'U ii au 1 n'Viff flll lUty'\11 mm e1 m i1 a-i'VI uiy 'lf'U� i. 'YI a 1 'W �'Vi "'ll 1m1 i. nnh-i ut.1 

"fl11 t'll1 am'Vi a1J tl1J milJ ��nf fnmYlJ'Vi'U 11'llel-l'lllfl11 i.m'll fl91 "�l'U 1'U i1e1 Ul-lfiel'U ,1-immrle1t'Vi a1J tl1J 
q "' 

,,

t� e1nn�m-11e1 d1.:ii.:ii1e1.:i n�mi'.lt.11 t.1 ft flll w�m1tY1u�e1 nm 'Vll�t'ill�'il-1 Di.�:w1'il1n'll 1�'lf1m 1 fl a�lJ 

d QI , 9 "i 
,!ll , QI , , 9 (unselected population) fl11 lfl1J 'Pl 1e1 aN fl11 el el fll'1 a.:i !fl am1 '11 fl'!:J :W 'Pl 1e1 a1.:ie1 l'U el el nt·Gl a.:J'illflU 1J 1J 

QI di 

1 
QI di d d� I !J/ .Ji !J/ I !J/A QI \lj !l) 

'Ylfli1e11J U1;1�1J'U'YI fl'M 'UUtl1J1J'U'YI mi1a.:ie11'illJ1Jty'\1lel �1Jl.:J 9MU:W flel'U fl11'Ylfli1e11J�1'il a !fl'VWlallJf111J 

,, .

fJ:WU 'iii a'lle1 .:J'll'U 'Plel'U m1 t�m-11e1 d1.:iti1a.:i 1 fl mtl't.1 ii.:iri11:w rl1triy 1t.1m1e11t.1 1-» r11ut.1 �ll 11 t.1 m1e11t.1 'Vi 

,, ,,

'llt1.1�e11t.1 n�11i1e1d1.:ie11'ilnm1:w1�l1f11�1.:i 1 t.1 m1e1e1 mi1a.:imn;t.1 't1m1i u1;1�ri11:wi.:i 1 'il 1 t.1 m1rl1t.1e11'iln 

,, ,, ,, 

t'll �-lelel fllJ TU 'U ill mile1t.11i11 :W'lf191 'll el.:J'l.J flf11;J'U 'U el d1.:iu 'YI 'il�" u 1;1:::t.1 el fl 'ill fl'W a-in fl11:W U'Pl fl�l.:J tl'U 1 'U 

. ,, . 

U'Pl fl�l.:Jfl'U ri1t.1 fll'jftfll�el fl�:W�1el d1.:itvf e11-tt'nii fllltl.!�'Yll.:J ma1mrimi10t.1 tl'U l'lf'U 'll'U lfliit.1ti10t'Via1J 

QI \IJ di .I ?I � d o \IJ.P di !ll 'I !ll QI QI 'I 
fl1J'll'Ulfl'll0.:J'lllfl11 Lfl1 fl1llJ1;Jfl'lJ0.:Jl'Vlfll'U1Jlfl • 11;1"1 l1J'U·G1.:J'Ylfl1�'Yll L\<'lalfl 'il.:J'Plel.:J t'\1fl11:W1::::Wfl1�1.:J t'U 

• I =� QI A dd , s QI , !ll m1 u 1J1;J r-rn t'VI 11:::e11'il:W1J 'il'il aeiw-1 'YllJ r-rn m�'Yl1J'Ple1 m100 m-'1 fM'VI aqi'lft.1�111Jf11 a 
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., ' 

rm fll'ifffl'l:l TW 'lht1 'l lf 'Y111'U11m1�'\J1m1 i nnh-:i liuii rm m �'Yl'U�B mrnB flt ilt1-:ii"I UtU'lflJ� i 'YI t1e1 uu qJ 

9) ' �I .i:::1 Q.I .J QI .c::t A A I 'J) 9-IG) • d,=:1 Q.I QI ti 
'Ul-:1 U\?lt1JlJ'Ul-:Jtff f.J-:Ji"ltlt)J'lflJ�"ll-:JlJfllJ fll'iflfl fltff tl-:J N\olflfllJ '\Jl-:!1llfl UlJ &hi mJl.lfllJ 'YllJfl1llJfflJi"llJ 1i'IJB-:J'\Jl 

., ., . 

m1 in nJ n�Hi\917lJ (ti1t1-:i 11 I u1;1�tilri-:ii"I otU'.lflJ�fl1'lJ n151) tYi ri-:iu�ii fl17lJ'ilJU H n11 u B fl'illfl'W �'ilii'll1 u q qJ 

l!) , ,A <ct 'I • I "' • I "' d
'l 

31'1 <ct ,A "' 
fl'i'i imm-:it11..!Bl'illJfl11lJffl1ll'itl tlJfll'i1J'i'lJU1Jl;l-:! (adaptation) fl1tl1�'YI 'If lJfll'jf)flfltfftl-:1 ti"IB'lf\olt'lftlfl'U 

fl17lJ N\ol'Ufl9l'llB-:i fll'iff'lJ'WlJ 'l-Jii-1m1t1BB fltff t1-:i i ¢1 \l n�B-:imn��\ol u�11 n1;1 i fl'IJB-:J m1'l1 t'rnt 'l11;1-:i�-:i n�11 

"' l!) 1 ?f d 1"' (15) "' t <ct "' \JJ l!) 1 31 
'l 

31d<ct l!) 1 ,A 4 
ti-:! tlJtlJlJ'Yl'Yl'il'lJU lJ 'lf\ol \ol-:!lJlJ iJqJltlfll'iflfl fltfffJ-:Ji"I tlt)J'lflJg: t'Yltl tlJ\)fl\91 fl-:! lJ ij'YllJ'\Jlfl'i'i tfl'il;ll-:!tllJ'il-:1 

.,

11' fl il.l'l fl1i ¢11'Ufl1llJfflJ 'l 'illJlfl'U nn-:ii1 �'U1tltfl-:JU l;l�'t1lJ \?IU i"l'YIV'1\ol'WlJ 

d 3.' }I lfJ I .... I QI .... I O 9) d 1/) 'J/ 9) Q/ A Q/ 0 'J} d A A 
'YI rj1J 1 fJ tlJ ff llJ l'i ti 1J 'i1J U 1J M fll 'i 'YI llt lJ l'YI t \Pl U 1;11 fJ-:1 fl 1 'il tfl \Pl 'il 1 fl fl 1 tl1 � 'YI llt lJ l'YI N \Pl 'U fl \91 (abnormal 

31 <ct 'l' 31 d.1 ""d "' i . I "" 31.•1 d <ct \JJ 1 ,A 4 "" 
function) m.J 'il�lJ t fl 'i -:Jff 'i 7-:!'YIJJ fl\91 fl\91 llJ \ol-:JlJ lJ nu 1J 'i �tlJ lJ ij1J 1 tl'YI lJ 'll 7 m 'i i m 1;1 i-:i fJlJ 'il-:J fl 11 i"l 'il 11ru 1 

iJqJlt 1 fll'iflfl flt ff ti-:! Xi\ol1'JlJ ¢11 fJ ! \Pl tlfll'il ff -:!tfl\91 'il 1 fl\91 el lJ ff lJfll'l:J tU lt � BXi \Pl fJ ti iJ 'il �1JlJ U-:it,:J lJ � ff -:!ff tl11 fll'i 

t' fl'l:Jl'Yll-:J'nlJ \91 fl 'j'jlJ 'O\ol 'W lJ 11lJ fi'U fll'j rhi \Pl 'Ill m 'j 'j i mt� BU �i 'IJ fl1llJ N\ol'U fl� �-:i n�11d 'il �ffllJl'i ti um 'IJ 

., ' ' 

i1 t1J 111 'l u fll'iB B mil t1-:ii"I Ut)J 'lflJ � i 'YI ri 'l u 1J fl fl 1;1tl'w1i¢111 �Bill t 11 B-:i 'il 1 n 'l u m1 ff fl'l:l 1-il �1u" 1 'l u � 1-:i 

.,

'U'i�t'YI ff fll'j �li\ol'lll fl'j'j i m Ul;l�fll'j'O \ol'WlJ "ff llJl'itl'lf1 fJ '11" �'U1tlflf) fltff fJ-:J<M\oliim ffl.Jf) i 11°0

• 
15

) �'U1f.J'Ul-:J 

4 o ?f 31 \JJ 31.., �, 31\J) 
'l 

"' d 1 31 .J . f "" "' 4 3111] 'ilfJ'il-:Jfll'il'illt1JlJ\91B-:J t\ol'i'Ufll'iNflUfl t 'llfll'iXi\ol lJ1tl'Yltl11.Jl�ff1.J'i11.J\ol1fJ "ll-:J1J'j�ff'Y11i rll;l'\Jf)-:J fll'j NflUfl t 'IJ

� A "' \JJ \JJ I 31 \JJ 31 31 A 
'l 'l 

31,d A \JJ I ,A o 
fll'iXi \ol'il�l;l\ol1Jt)jl1lfll'iflflfltff fJ-:Ji"I tlqJ'lflJ� t 'YI ti &:IJ\) fl\91B-:J t\ol1llfllJ fl tlti"ltl-:1 \Pl lJ ij'Yll.J'lllfl'i'i t flrnl-:JtllJ 'ill 

?I 31 <ct 4 1 l!J. I t1Jl-J\91B-:!1.Jfll'ifffl'lfl\91B rn 
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UYl'l'l 5 

1J'l'li;Y1'U 

,, ' ' 

Nil m 1 ftnmil u ff �-11 ir dhrh n *wi-rn d1-1 r1 'W 1 YwtHhn n n 1 m rl 1-1 au mm nrn 'elm iY r.i-i 

,, 

"1ll�U n'll'el-1'\Jlf)'j'j 1m1Ju-rl1-iiJ f)�'e) d1-iihfoih�qJ ,�uri tff tl-J/'j / ui1:::tff tl-lVI fJqJ'lfU:::fl'J1J m'h fl'JllJ�� 

• I <> s ,1 .A 9' 111 31 _,: ,1 � d� 9 "' 1J n11'1J'el-J mrn'el m-n t1-111:::1um-imn'lltJtlJ'el1 :::r.i:::'Vlu '11U 1ff1J t'IJ'Jt't'lllm n'llu i� t1'Yl1JqJ'ttl iu f111'el'el mfft1-1 

,, ,, '

VI fJqJ'lfU:::J'Yl tl'UiJfl'Jlll1UU 1-IU11 f)�l-1 nu 1 UU�il:::'lJflflil �-!'WU f111iJ1:::tiJU �iJ'J t1'YliJm1:::'IJ1m11 mrl1-1 

,A .ei "" .ei � 9 "' .,, 111 , 9,1 9 31.'I , tlU 11-1 fl11VI 111Hl! ltM fl'Jlll1UU H'IJ'el-l1JqJ'l1l t 'W f111'el'el n!ff tl-lVI tltlJ'lf'W::: t 'Yl tl1'JlJ � 'Jtlt fflJ'el t 'Wrj1J'Jtltt �i1:::11t1 

31.'I O .:II 31 111 31.,, 31111 I 31 ui1:::N1J'Jt11J1-111t1e1111111t1J'W�'el� i�11Jmrnn t'llm1V1�nll�1t1 
.. .. 
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illflN'l-!1fl 



n1bn1��-:1lar 

i11t1n d1'U b�tl'J b tlun'el'Urh 

fl1-:I Fin fl�1'lJ,i'lJFl1'lJ 
� � I 

.... q .... 

fl 'lJ 'lJ b fl ti ,i 'lJ ,i fl 'J1 ti 

-:I b-:1 ti 'J 'lJ 'el 'lJ-:1-:1-:1 'J ti 

b�n-:l'elbb-:IL�b�1bbVl-:I 61

-:11 i 1-:1-:1 'el 1 t-:1 � -:1 'el u-:11 aJ 

9-1 I I 

b'°l1'°l-:l'°l1tl fl1'°l1'lJ 

rai141 L'°l'°l'el-:141 bi1 

� 

�1'J�'Jtlb� b�'el� bb� � 

�1�'Jtl�'JaJ�i'elt1�iaJ��,� 

L vJ�1f11�'el-:I bb�-:1��1-:IL�'J 
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b�n b�IPllPl'eln L:J.JL'llPl:J.J 

eJ 1 IPl 'el n IPl (?11� b th.A IPl 'J � 
cu 

bb:IJ3J1 L:IJ3.J'el�3.J1 

Vi 3.J 3.J 'el 'U Vi ffi i bb :JJ bb Vi :JJ 3.J 
cu 

.c>ll.c>II I ""' 

Vi 3.J 'el 3.J 3.J IPl bb (n 3.J 'U 3.J 'U 

I .c,j � .:II � 

b ';N 'il'U 'il'el 'U � 'U b 'il'el 'il'J 

1u'il'el'ilt1 L'il�b�!l'W 

CV""' .c>II 

'J'J'J�'J'U b'J!l'U 
I .c,j I 

bb 'Vi'J'U'J1'Vi'J'J'U'J1!1 
q 

bb'J'J�'3�'UL:IJ�1�b'l'U 
q 

� ""' 
°1.11 'J Vi 'el 3.J � 'U 'Vi1 !I 'Vi 'J 

IV 

Vi 'el t1 i1 i., 'el °l t-r Vi u � 'J 

b �ut;'LI°l�ci.,u'elt1L ui'el'3 
q cu 
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""I IV 

IP111Pl1Plfi1Pl'UIP11� 

b l?i1 IP11 � b £K £KU b IPl � 
""I I 

fl ru IPl 11P1 IPl 3J bb IPl n 
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I 
IA::11 I 
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I I I i;;& 
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I CV I 

'VI 1 'U 'VI 'LI 'VI 'el{) 'VI{) bb 'VI{) 
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IV 

'Vl'Vl1'arl'el � fl{) b 'Vl1 
q 
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I """ I ""I IV 

'VI 'el '1 n 'VI{) 'el � 'VI 'VI 1 {) b 'Vl1 
. 'I.I 'I.I 

g., I 

'U1'U'el{)b 'U'U1b U'U'U1'U 

'U1il3Jb i'VIU'U'el'U 
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113Jbb'U�'U1'U1�bb'U 61

CV IV I 

�1�'U1{)fi�'U'U1'UIPl'el'U'U1� 61

i11u'eln'J11JtJ'U1 61 'LI'el 61
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�{)tJutJ1�cKu1hiaJi.uu11:tJ'i{) 

tJ�1Unb'U1fl'UiJ 
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