
' 
fh1t1VIt1l'H'll~UJI~Ui~ll~1 ... 

The Treatment Effect of Light Force Partial Fixed Appliances 

on Skeletal Class III Non-Growing Patients 

Siriporn Panitjitboon 

... ' 
inmi!rrufiihuu~1uMil~'llo~m1ftfl'l:ll~ltJMtl'n~~nnwwlinmffl~~1tJMlii'wcYi~ 

'U ...... 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of 

Master of Science in Oral Health Sciences 

Prince of Songkla University 

2555 

(1) 



(Z) 

QlJLQlAL-1.0lAoffil1lM1 lUll> rt> <,:;:;;7 "=>" ('tl p 

(UHlk!NA 1tl.0 .t;,.t;,rtG. !;,1.0 Q U!1LJ;,I.0,L;l_Lk\) I' I' , I' 

············~·t(Q)············ 

ULf1t-G!bMLLJ11s~}1.0,L;l_Lk\LQlA);;LJb);;L11sL,L;l_ 1.0~ffi,I1LUrt.t;,1.0Nk!WlAJ;;Lfbfb81r1.0ilUEUrtLI.0 LR,U~J;,LUt-Gils 

t-~U1tl~1t~1 t}I1,[111J1tM !}LQlA);;f1,!l~l,~rt ha }lA!t ~l!ltLlJilst-.LW ,lJLQlA);;LUrt QEWlA);;1.0 ~m,l1 
' " 

(lJU;i;!t;i;UlJl .t;,!A,!t~ 'Wlf1~~.t;,LI1L.t;,1.0Nk!t-G.t;,) 

uurtuu······ .. ······ ·0e ;,:~·r;·~j· ····;;·vi····· 

(_!b11J;,l1tl.0_frt~111 jb1.0_fWlo~· !;,1.0 ~U!1LJ;,I.0,L;l_Lk!t-G.t;,) (_!b11J;,l1tl.0_frt~111 jbl.0_fQJb~· !;,19\ ~J;,L!1LJ;,I.0,L;l_Lk\N~.t;,) 

rwrtrw·········~·~·········· ··········~~··········· 

(rMrti.0Gt-GlA rti.0G. r1.0 Q U11L.t;,1.0Nk!Qt-Jbt'1) 
f' I " 

tttE.!ltt.lvUtUW.tlfWW.IAJlE.L~L@ 
t? o "=" ~-FP 

((; 
uurtrw······· .. ····· · · · · · · · · · · ~?J-· · · · · · · · · · · · · · · · · · · · · · · · 

1\:::_ ' 
(.t;,M,lK .t;,I.0J;,fb,L;l_QJ;,L!1LJ;,1.0,L;l_Lk!) p~:;:;> p jJ (rMrti.0Gt-GlA rt1.0G·r1.0 Q.t;,LI1L.t;,I.0,L;l_LklQt-Jbt'1) 

f' I " 

/ 
·························.·:~················· 

(/)v y i ((l_ ' 
\ __ _ 

UUrtUU!tl!l,;i;J;,f1' ..... ·;1
•

1
~· ·~· ~· ..... ·_ ·~:!'~·~·;:-·. -lV ''" ,'lei t ' o !A\ ,:_ ,r:--v 

I 

11@~E.LUttE.W;i;Wfi~ UIUt!ltt.Mtt.UUttlfitUE.ntA.flE.L~L@ 
l'b ? '=:; \;7 ~-FP 

ULf1t-G!bMLLJils~}I.0,L;l_Lk!LQlA,);; 

mh1.0111.01tM, .t;,M,.t;,k!L-L,L;l_t-Lit 

Ll{.Uil.L~ 
"' 
tt.lllt.~N 

"'"' = 
p/1; 

L-lJ111.01111.01mr111UUI.0rtUlA £ lAlALJ1;i;J;,rlL1tUf11 ;i;lJ11;i;f-l,.t;,k!UlJUl;i;Ut-L.t;,,L;l_t-.t;,li>lrtlA f(, 0 t;:;:r F F I'"' (h b p (6 PF 

Ql[b~1t1, rtqnLI1rt ft111.0~111111rtJto1.0~G~t-G~l!11'tL1t1LI111.0Lrtllst-.t;, 11~ 1, J;,LUt-GilslJt-:1 !ltt.Mtt.Lflltt@l{, 
p '=" 1;:::7 ~ 

.. ,~ 



, 

"" il'l'll11'Hl 

-;:11 .oi 
ufll':ii'lfl'l:ll 

~Nl:l'Ue:J\l fl n I '11'tt ~ \l'li'W 11'1 L1Jl ~l'WL'fl~ eJ\llJtJ 11 ~Vl''Wa 1J1J~~a u 'W 1Jl\l'ffl'W 

lw.fUl£J~lJlflHb1'~1\lfl~ i'Ml:lfl~~'El~lll:l~~1J'I1lfTth~Lfl'Vl~ 3 ~l1lJ~ 
<U 

fll~L'il1'L!JL~1J l\9lll~l 

'Wl\lmlfrh"'~ '!"'u\9l~\911Jru 
q <J 

2554 

n~ i l11:lfl~~'El~al:l~m~'ff1JVl''W'lh~m'Vl~ 3 I 'W~~I'l1Jt~mY e:Jv~ nJ1'W nm\l:U'fl'il~ 1~f1JmTffl'EllLL1J1J 

rl'TVlll\lfllllJN~Ufl~'lltJ\l im \l'ff~l\l'lllm~ !m~1vm~ 11~Vl'wfiv'lmh\lt~£Jl i~v t~~Nl:lm~fnm~~ 

u~m~ I M't~fl lllJ'fflV\lllJ'llt:J\l ~ ~ I'11J m ~ ~lJa 1:1 ~ fl lllJ b1:JJ'l'T 'W £ ~ ~ l1ll\lVl''W mY 11J'Wan~ 1:JJ 1lu1n1J'W 

'I'll I M u1mw fl n n1'W Vl''W mY 11J 'W 'U w~vr nt\la~l:l \l LL 1:1~ tll'\J 'I'll I ML ~V\l ~tlfll~ Lfl~ fll~ 1:1~ m V'U tl\l 

m~~fl'Vll\l~ l'W I fl ~ lJ1Ju lfl lll:l ~tl l'\J\9lllJlJ l~l£Jfll~ iim~tlfl~ hill 1:1~ 11~ t:lfll ~ ii ~ tJVLU~LWfl'Utl\l 
<U 

'U'Wl~tmt~t:J'I'll I M!fl~fll~!fl~tJ'W~'UeJ\lVl''W mY11J'W lJl'Vll\l~l'W mY lUl:l~n\l~l'W ci1\l l'll:ltJ~ 'il'W '1'11 I M' 

tn~m~uf 1J~ u'Ue:J\lm~~ nm\l~l'W I n~:JJ1Ju 1n i ~ m'fl~tl \llJt:Jt:1fl'l'T\9JJ'W 1m 'illm 'VI 'flu 'fl'Vlmv i vH 
~ ~ ~ ~ 

~ 1ml'1J nn 1'1~ n 1~ 1 ~'W l1 l\l ~ u\91 1mY111 f 1J l'l'W Vf'W mY 11J'Wa n~ m ~ ~ \l m \lu ~ ~tfl'Vl ~ 3 u 1J1JJ'W 
<u <u 

QJ -• d ~ Q.J .Jc! Q.l tl ~ dl d Q.J Ci Q.l c! 3) 'j) 

1Yitl'U':i~il' ~fl: fl1 ~ l'\J V'W lJ l\91 tlU ~ ~ b1' \lfl! 'l"'tlfl'fl'Ell fl1 ~! U 1:1 V'W!! U 1:1 \l 'Vll \l fll'l"' ~ \l 'ffl~ fl'~ Ed~~ 1 'W 'U 1 \l 
• q 

" ' ' 
'Ue:J\lm~~fl'lllm~ 1m Vl''W un~tt'i m~mle:J'W a1:1~frfl'Ellfll~ !U~ v'Wu Un\lillmw m~~fl!'lJlVl''W 'Ue:J\l 

<u <u 

Vl''W 11 u11J'Wfllvl1 rl'\l m ~I '11't'fl ~ t1\lll t1 11 ~vr wt1J 1J~ ~ u u 'W m \lfi'1'W ~I M'u ~ \l'U 'W 1~ tm I 'W m ~ f n'E!l 

!!1J1Jrl'l'l"'~l\l'fllllJN~Ufl~'llt:J\l im \l'ff~l\l'lllm~ 1m I 'WNUlv~ii1m \l'ff~l\l'lllm~ !mu1:1~fll~b1'1J 
<u 

U1J1J~~UU'W1Jl\l~l'W~lM!!H'Uhi1~!1Jl fll'l"'f\l~l~ft';j'EJ~~lhl~l\lrlelhl (T(\) l!tl~11rl'\l (Tl) unt'U 
'J) lfJ 'J) .<:':\ rl 3) ~Ci ~ ~ L:::\Ci .d Ci Q,l .d ~ 

11 w 11 h!l b1' u 1 'll 1 'il ~ t1 fl 11 'fl 1 1 ~ 11 ~ 1 v 1 1i 11 u u ~ \l! ~ lJ 11 n ~ 1 1i 'Vl :JJ fll 1 u 1 u 1 u n v 'W 'il 1 fl fll 1 f1' fl 'Ell 'll t:J \l 
<U 



, ~ 91\Jj ,?I' 91 l1J 91 ~I "'~ ~ "' ' ~ ~ 
fH)'W (CT0) l!fl~'IH1~ (CT 1) !!flt'Ull'l'W'H'Wlil'lJ t'U111J'W1~1'J~!1m 4 II'Hl'W'illflf11VIHilil1'W\9l~tllfi'I'J 

fltJ:JJVi1119ltJ.f fl11'VI~fftJ'lJVlfl~1~1~w:h~film ~I'J 2 1h~'lf1m ll'lJ'lJ 'ilufi·hwfumn1'1utJ'WI~tJ h.W 
"' 

I 3} I I I 

1.ffr~mm I'J'lJI Vi I'J'lJ VJfl'UtJ~m ~~fl'U 1m 11m W'WIIfl ~ I'W m~tJ atJ'W Vi 1 tJ~ I'J'W 11 tJ fl~ 1 tJ 1~w:h~nt1'W 
"' 

Ufl~'H~~ufil 'llWtJm!lff'lJ 1 'll1 ~1~1'1u11mr1rfty o.oo25 llfl~ 1.ff1~·mm I'JU1Vii'Jum1 1 tJ~ I'J'WII l.Jfl~ r--w 

'Utl~m ~l"'fll'lhW'W 'VIl~ IPl' l'W 1 mu :JJ 1-lu lfl!l [I~ 1 fl~l VI~ l'W ~~ tJ~ I'J'WII u [I~ l 1J1 ~ 'H ll ~ Otl'Wl!fl~ 'H ~~ 
"' 

91\Jj -~ 91 l1J 91 ~I "'! ,d ~ ~ 0 ~ "'i ' I 

llflt'llll'l'W'H'Wl'Wff'lJ t'U111J'W1~1'J~nm 4 1~t1'W 'V11~~'lJ'WI'JfflflqJ 0.0045 f.Htfll'HHl'lll: Vl'lJ11 m 

fldl:JJ!'H~tl:JJU 'W 11 l'lJlJfl 11vJ:JJ~'W tJ ~1~ lJ 11 I'Jbflrlqj'VIl ~ ffil ~ tJ 1 ~ :JJ lU! 4.2 lJ fl ~ I:JJ \911 'illflfl 1~~ ~fl 'lJ:JJl 
1lJ'Wfi1~1Jfl~l.Jfl~ (P < .0025) iJm11vJ:JJ~'Wmh~iJ11mf1rfru'V11~ffil~1h~mru 0.7 tJ~ftl'UtJ~fll:JJ:JJ 

u q 

ANB llfl~ SNB flli'J'H~~fl11Unl'llW'W'HU1ff'lJL'U1 (P < .0025) 1~1'J~Ll.JV1Ufl11:JJU\9lfl~l~mh~iJ 

11mhrfty'lltJ~m11vJ:JJ~'W'lltJ~fillJ:JJ sN-MP (P > .0025) ~'W'HU1utJiJfl11:JJIDI'J~ttJm~l?l'ltJ1mn:JJ 
~~ ~ .c:! dt d <j} I ~ ~ I .e! 

Hl.J lfl :JJlfl'U'W tJ 1 ~ :JJlU! 6.8 tl~ ftll! fl ~:JJ fll') I f1 fl tl'W 'VI :JJ1 'VIl ~ m'W fl H tJ 1 ~ :JJ1 ill 1 :JJ fl fli:JJ \911 tJ I'Jl~:JJ 

11 I'J~lrl'ty 'VIl~ fftl \91 (P < .oo25) ~ ~ m d lfl ~ tl'W ~m m ~ IPl' l'W ~ 1 ~ 'lJ tJ ~w 'W 11 l4 l'lJ'W ri ~ Vlfl 1 rr 
fl11:1Jff:JJ~'W1JJ ~ 'H ll~Vf 'W mJl'lJ 'W llfl ~ ~ :JJ 1-JtJ lfl 'lJ 'W ~ ~'W tJ ~HlJ 11 I'J~lrl qj'VIl~ ffil~ (P < .0025) 

1'11umJ~'UiN~:JJ'tJ1J1fl'lJ'W~~'Wl.J1~:JJ1U! 1.3 lJflfl!:JJ\911tl~l~lJ111'J~lrlqj'VIl~ffil&'J (P < .0025) rlllj:JJ 

1 91 91 1 91 d ' d, .% , I > ' 91 ,~ n~ 
llff~~ml:JJ fl~!dl'UB~ 'lJ'H'Wl:JJfl11VI:JJ'll'W1J1~mru 2 tJ~ftl (P _ .0025) ff1'Wm~~fl!'lJ1ll'l'W'lltJ~ll'l'W 

11u 1u 'W VI u11iJ r1 lfl ~~~:JJ 1rl u1 m I'J'lJ 1 Vi I'J'lJ nu nu'W n1 d -r fl'lol 1 1 ~ I'J "lJJVI u fl11:JJ 11\91 n~1~U~1~iJ 

111'J~lrlUJ'VIl~ffil~'ll u~fl11:JJ'H'W 1'\JB~m ~~ m1YTW'W!Ifl~fl11:JJ ff ~'UB~ I'JtJ~m ~~ m1f1~'W 'VI NIPl' l'W 1 fl~ 
u 'U <u 'U 

'1:JJ'tltl1m1'tl~ 1n~IVI~l'W 1~1111~nutJufl~'H ~~11nt 'll~'W'HU lffu 1 'll11lJ'W 1~tJ~nm 4 ~~utJ (P > 

.0045) tnt1: !fl~ u~}ju'iJ~Vf'WI!'lJ'lJ~~~~ U'W 'l.Jl·Hh'W ~1 r1'u1 ~'U'W l~!mtl.Jrwi'J~u~iJt11~~'VI~f11VI 1 'W 
q 

mmn't 'U~'W'HUlff'lJ 1 'Url 'W m1 1'n1l1!! uuihV'l:i Nflll:lJ tl~tlfl~'UB~ 1m~ ff~ 1~'Ulm1 1m 1~1'Jfl11 

'iJ~~'W!'Vl I'J~ il~HI~ I'J1 cJ~ ffl:lJl 1 tl1'l11 ri'lf)~ fl1 1 lfl ~ tl'W ~ :lJ1 'VIl ~ \Pl' l'W ~ H'U il~~ 'W 'H U l'lJ'W ~~ lJ 
, I 1 "'1 o 1 91 ~ ~ "' ' ,?I' 91 "" ~I, I "',% ""~ "' 1J ') ~ I'J'lf'W 'W fl11'V11 'H fl11 :IJ ff:JJVI'W 1i J ~'H 11~ll'l'U 'H 'W l'lJ'W!!fl~ J :IJ H1J lfl'lJ'W ~'U'W) 1:lJtl~:JJfl11:JJ 

(4) 



- I .. 

Thesis Title 

Author 

Major Program 

Academic Year 

The Treatment Effect of Light Force Partial Fixed Appliances on 

Skeletal Class III Non-Growing Patients 

Miss Siripom Panitjitboon 

Oral Health Sciences 

2011 

ABSTRACT 

Introduction: Non-growing patients with mild to moderate skeletal Class III 

malocclusion are usually treated by orthodontic camouflage. Usually, reasonably good results 

have been achieved. However, the esthetics of smile line and upper incisors to upper lip relation is 

difficult to accomplish. Most of these patients already have decreased upper incisal display at rest. 

The mechanics used to procline the upper incisors, if not well controlled, may cause simultaneous 

relative intrusion of these teeth, which worsen the upper incisal display and may be prone to 

labial bony resorption and, consequently, gingival recession and/or bone dehiscence. The author 

have developed a novel technique so-called light force parial fixed appliance with the emphasis 

on the promotion of forward and downward movement of the upper incisors as well as the 

remodeling of labial alveolar bone. The appliance is applied from 2x4 principle with titanium 

molybdenum alloy advancing loops and short light class III elastics. Objectives: The aim of this 

study were to cephalometrically evaluate the skeletal, dental and soft tissue changes and to 

detennine the change of the alveolar bone quantity of the upper incisors after use the light force 

partial fixed appliance on the camouflage treatment of skeletal class III malocclusion with 

anterior crossbite in non-growing patients. Materials and methods: Ten patients (age 21.4 ± 4.2 

years). All patients were treated with light force partial fixed appliance. Pre- (T0) and Post-(T 1) 

anterior crossbite correction lateral cephalometric films were analyzed with traditional 

cephalometric and the modified Pancherz analysis methods. Changes of alveolar bone thickness 

and alveolar crest height were assessed from pre- (CT0) and post-anterior crossbite for 4 months 

(CT
1
) cone beam computed tomography images. Paired-t test with Bonferroni was used to 

compare the skeletal, dental and soft tissue changes between T
11 

and T
1 

(P < .0025) and used to 

compare labial and palatal of alveolar bone changes between CT11 and CT 1 (P < .0045). Results: 

Overjet was significantly increased from negative to normal about 4.2 mm (P < .0025). 
(5) 



A statistically significant increase of 0.7° was found in the ANB and SNB angle after anterior 

crossbite correction (P < .0025). There were not significant changed of SN-MP angle (P > 

.0025). Upper incisors were significantly proclined 6.8° (UIPP) and moved downward 1 mm. (Is­

Sh, P < .0025). Downward movement of upper incisors led to a significant improvement in upper 

incisors to upper lip relationship (IsSts-Sh, P < .0025). The upper lip position (Ls-Sv) was 

significantly improved 1.3 mm. (P < .0025). The facial contour angle was increased 2'' (P > 

.0025). The alveolar bone of upper incisors maintained its original. There were no statistically 

significant of labial and palatal alveolar bone thickness and alveolar crest height between CT0 and 

CT
1 

(P > .0045). Conclusions: The light force partial fixed appliance not only was an effective 

camouflage method to correct anterior crossbite among class III malocclusions, but also produced 

downward movement of upper incisors that is beneficial in the improvement of upper incisal 

display and safe for surrounding alveolar bone of upper incisors. 
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3 v.l~fll"J1<6't1 

"" o' 
4 'U'Yl1'il11U! 

5 'U'V1~111 • 

(9) 

(11) 

(12) 

4 

4 

4 

7 

8 

8 

9 

9 

10 

10 

10 

12 

12 

15 

28 

28 

29 

29 

33 

37 

50 

51 
(9) 



I 

tfl'J1Jlty (flfl) 

m fl vrw 1 fl 

:v 'tnn 

56 

64 

(10) 



m~H "' 't'l'l-!1 

I d d, 3} I 1.J ~ ~ ~ 
U'ff~'lflll'iH'ltl'l'U'CN!t Hl'l 'lffl~~1~lt\91~~ 'J~lfll'll 'W 'J~V~l'll'l 1 :JJ~m:JJ\91'J 13 

2 u 'ff~'lfilm ~v, ff1'Wt~V'ltU'W :JJ1\91'J~l'WU~~fll'J ti.h- vmVivufi1~1'~ !~ 'illfl 32 

mV~i' 'l~l~fr'J'l:l~~l'W<fi'l'lntJ'W nwfmn (T 0) ~~~~1--Hl'l'illfllfl~tJ'Wfimn! lU'W 

'il'W1~fi1A11:JJm~a:JJtt'W1'Jlu~tln~ (T1) (n = 10) 

3 
I d 3} j} ~ 9) d 

tt ff~ 'l mt'iH'l tlfl 11:JJ fl11'l 'UtJ 'l m ~ ~mmfl''W l'l'l'l1 :JJ~ 'U tJ'lfi 'W '11 'WlU 'W 4 CJf 
"" 

33 

tt~ ~ 1 ih vu t Vi vu Iii 11 u ~ ti'U tl'l m1:JJ '11 'W 1'\J tJ'l n 'J ~ 191 n 'J ~ '1111'1 '11 ~ 'lfll 'J tl i' u 
"" 

'J~\Pluu~~~V'lfl''W (CT0) tl1J'Htl'l ttfil'Ufl''WmflffU 1 'Ui''il'W 1~f'ilfl1l:JJ 
,j d~ tl"" 31 131 "' lf1~tl:JJ!l'WT:i11Jl'l! 'W fll'l!!mfl'l'fffllVI 14 !\Pl'tl'W (CT) (n=10) 

4 1 d 31Vl' 31 ""1hJ 31 u ff\91 \1 mm" tlf1 11:JJ '11 'W l'U a \1m~ \9lfll1J1 'W l'll\1\Pll'W 'j :JJ lfl u "~ \Pll'W tV! \Pll'W 
"" 

35 

Vi 31 d lli ,. I d 
'Utl\1 'W'I1'Wl1J'W 4 CJf !!~~~ 'JV1J!l'lV1Jflll'Q~V'Utl\lf111:JJ'I1'Wl'Utl'lfl'J~\9lfl 

"" 
31 Vl' I ii Vi 3l 1 3l <V <V ii Vi 3l !Ul 'Wfltl'Wfll'Jllfl 'U 'W'I1'Wlff1J '\11 (CT0) fl1J'11~'l'illfll!fl 'U 'W'I1'W1 

1 31 1311 ,j .d~ tl"" 31 131 "' ffU 'U1'il'W \9lfllfl11:JJ!f1rltl:JJ!!'W1'J11Jl'l! 'W fl\9l!W1fl'lfffl1VI 1 4 l\Pltl'W 

(CT1) (n=10) 

5 I d 31Vl' 31 ""1hJ 31 ll 'ff\91\lflll'Q rltlf111:JJff \I'Utl'lVtl\91fl'J~\9lfll1J1 'W l'll'l\Pll'W 'j:JJ lfl!!~~\Pll'W 
"" "" 

36 

Vi 31 d lli ,. I d 
IVI\Pll'W'Utl\1 'W'I1'Wl1J'W 4 C]f !!rl~l 'Jti1Jil'lV1Jfllll!r!V'Utl\lf111:JJ'ff\I'Utl'lVtl\91 

"" 
31Vl' I iifl' 31 131 <V <V ii fl'J~~fl!Ul 'Wfltl'Wfll'j!lfl 'U 'W'I1'Wlff1J '\11 (CT0) fl1J'I1rl\l'illfl!!fl 'U 

Vi 31 1 31 1311 ,j d~ tl"" 31 131 'W'I1'Wl'ff1J 'U1'il'W \9lfllfl11:JJ!f1~tl:JJ!l'W1';il1Jl'll 'W fl\9l!t~1fl'lfffl1VI 1 

"' 4t~tl'W (CT1) (n=lO) 

6 
0 " 0 

ttff~\lfll'J ti.h- vut'Vivu'J~'I11Nfil'Yi1'191 1~ 'illflfll'Jfffl'l:ll'W nufi 1m ~mJn~ 42 

'Utl'lfl'W 1 l'lV'illflfll'jl~flll"'f 'l~l\Plft'J'l:l~~l'W <fi'l'l 

7 tt 'ff\Pl'lfll'J tl'j~:JJlW fi1i '*~1V~tl~t.fi'li1:JJ1'ilv 1 'JlV 
"" 

60 

(11) 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

'J 1 t1 fll'~ ·n.l ... 

f)\01 t'l1~H iJ'U lh-!l ~ tJ~1~if1'11 i' 'Uf)'W fl 'W '11 t! l'U 'W 1 'W t'l 1\01 u\9) t'l ~ tJ 'j ~ Lfl 'Vl'U'W 

L L 'U 'U ~ 1" tJ .:j 11 f) tJ B 'U1J 'Vll-!l i 'W \91 f) 'j 'j lJ 

' " ' 
U'ff\01-!l~lU'V!th 1'Wm'i~-!ltmtJ'i~Lfi'Vlfi 3 U'U'U-ff'W 'illf1M1-!lfimj'U'W rrJ\01 

" 
L'U~ll 'Vl'VlltU£JlJ 'U~ nw ~-!lnm-!l~l'W ~lJNiJ1f1'lleJ-!lft'Wt~£J1'U'W m~~l'W 
1n~nm-:J'lleJ-:Jft'W'V!t!lril-:J9}~ 2 

,?I' !V ,?I' ' .d liJ !V o " I"' "' "' ,?I' ~I U 'ff\01-!ll"l'W '11 'W l'U'W Ut'l~l"l'Wt'll-!J'Vl !\OI'Vllf11'jlJ'j'lJ 'j~\0\'UU't'l~t 'j £1-!Jl"l'W 'il'Wt 1J'W 

~ ~ d 'j) lfJ 31 ~ ,£ 
'i~t'U£J'UfN't'l1\0itl'!t'lf1f1t'll !'i'ff'WlJ'lJ'Wl\01 0.021x0.025 'W1 

u 'ff\01-:J ri1'W tJ'i ~f1eJ'U'lleJ-:JtflieJ-:J:iJeJ>il101Vl'Wu 'U'U~\0\u U'W m-:Jri1'W ~ 1 ti'u 'i -:J 

'll'W 1\0\t'Ul ut'l~m'it1l\Oim'i'ff'UVl'W~1£Jf11'j 1 rifleJlJ i 'V'Itl.JeJ{Cl1tlJ'W~"lfU\OI 
' " ' 

u1£JU'ff-:J Yi~l'W'U101tfi£J1Vl'Wmll.Jril-:JCJ1Yi 1 

u 'ff\01-:J Ht'l'lleJ~m'i i 'l1'tflieJ-:J:iJ a 'il'W !~film'i'ff'Ut 'V!*mm 'W 1'i l'U~tJn~ 
0 ' ,..~ 31 3) lfJ .e:! jl Q.l 

Ut'l ~ fl-!J \911U '11 'W -!ll"l 'W '11 'W l'U'W \011£JrrJ\OI t 'U I'll ! 'Vl 'Vll t 'W £Jl.J '11 'W 1\91\01 f1 t'l lJ 'IJ 'W 1\01 

tff''WN1'Wfl''Wvnm-:J o.o16 li1 ~iim'ii101til'Wri1-:J'jiJ~1£Jii1'11i''Ui'W 
" " " 

,?j' !J} \J] I .c! 0 .d ,?j' .d 
l"l'W'\1 'W lU 'U'U !l.Jl.JU Hm~'Vll'Vll"l'WU't'l~'\1 £J\Oitf1£J1£Jl-!J 

q 

i .<:::to tl Q,Jd,Q.Id 9) 'j) 

'Wf11'i1tfl 'j 1~'11 fi1'\AI'i -!J 'ff1\0ifl'HJ~\Oil'W'IJ1-!J 

U'ff\OI-!Jrl1l.Jl.J~1-!J"l ~i '11'1 'Uf11'j 1tfl'j1~M fll'V'Ii' -!J~l\Oifi'HJ~~1'W ~1-:J 
q 

" 
u'ff\01-:Jnm'iilmu \91 'j~i'U i u m'i 1\Plfl11l.J'\1 u 1'lJa-:Jm~\Plmu1Vlui-:J 

" 
' <V j i 'j) 'j) d I I I .<:::::1, e!:f. ,...';If 

3 'i~\0\'U !\91£1 "lft'ff'W'Vlt'llm~'\111-!J'ieJ£J\91eJ'j~'\111-!JH1tflt'leJ'Ul"l'WU't'l~ 

f:btfl~eJ'U 'i 1nfl'W Vl1-:J~1'W 1 f1~lJNiJ1f1Ut'l~ i n~t'V'I\Pll'Wt iJw ff''W 61-:J ~-:J 
" 

u 't'YIOI~m'i 1101fl11lJ'I1 u 1'lleJ~m~101mu1Vlui-:J'I1lJ\Pl (T) fl11l.J'V! u 1'lleJ~ 
" 

!J) ,?!' !J) i !J) 
L'Ull"l'W'V11~\Pll'W mH'V'I\Pll'W (P) 

j.l 

'Yi'l-!1 

8 

13 

14 

16 

17 

18 

20 

21 

23 

24 

25 

26 

(12) 



~tl ... 

13 26 

(HL) Url~1f1~!~~1'W (HP) 

14 39 

" ' 
u u 'lJ'ff'W Vim~ l'i' 1~ t~.W 'W 'Vi u 1 U'W 

15 tt Cl'~ .:.~ m1 till vu t Vi vu f1 1~~t1'W vl'u ~ 1nm~ 1 .:.~ ~1~ fhEJ ~ ~1'W 'li' 1\1 43 

di A' '3) Q.J e:!i d! 
f111fl'f1'1:l1'W (9$1f.J) f1'Uf111fl'f1fl1'Utl\l Lin Url~ Gu ('U11) !IHl~ 

" 
f111 ttl~V'WU tlrl\1~1U 'Vi tJ \I'Ut!\I.W'W'ViU 1'U'W 1 'W u 'W 1~ \If! ~~'fl11:JJff:JJ'W'W 1f 

1 ~'Vil1\I.W'W 'ViU 1'U'WUrl~~:JJ1-Jtl1f1'U'W ~ttl~V'WUtlrl\1 l tJ 

(13) 



' -=! 
1J'YI'YI 1 

1J'Yith 

' 0 ~ ~ 

1. 1J'YI'UlVI'U!'Hl~ 

~fl'l:JW~ lf!1'1tfh:Jn~ ltH'lfl~1'l:l~Hrl~fl11b1'1Jl~\nJj~tfl'Vl~ 3 (skeletal class III 

malocclusion) t~'Wf111:JJN~'JJn~'IJ'El'll m \lb1'~ l\l'\Jlfl11lm'JJ'J ~tfl'Vl'YI~\l~tfl~ 'illflflll:JJ 1JJ-ffm4''W £ 
n'W '11tH fl';j~~ fl'IJ lfl11l m 1J'WHrl~ ril'l 111Jfi11:JJ'l1fl'IJ 'El\lf111:JJ N~ tJ n~1 'W '111 1L'Elt911J:JJ lflfl11 

~ . 

~ mi' 1.1 n11 i' n'l:l 1'1'11'1 rl1 l'W l1 'W 1'1 m 1 :w 11 ~vr'W 3 ~1'~ 'illn'JJ "J ~t 'Vlfl'eH:w 5 n1~111Jf111:JJ 'l1n '11 'El'~ n1 "J b1'uvl 'W . 
.<::::). .<:::). .J Ci d" cl d ~ .<::::). d <1' d d" 9}1 d 0.1 Cl.l Q.l 

r-.~~'JJnl'l'JJ1~Lfl'Vl'WLI11J'l 1 t'JJmt9f'WI'l t11'Elfi~LU'W 5 t'JJm!9f'W\91'\J'El'lvn'htJ'Vl:JJ111Jfl11'Jfl'l:ll'Vll'l'Vl'WI'l 
~ 

, I d "" liJ "" c:l j 
u':i~Lfl'Vl'Vl 3 tfl~'illflm~~fl'\Jlfl1'J ~fl11J'W:JJ'IJ'Wl~Lrlfl (retrognathic maxilla) 111J11~:JJ1W 16.3 

d d cr'4 I 9 'JI j/...'1 d ~ 9 $} 0 :% .::::! 3) 

t tJ 'El1 t9f'W \91 b1' \1 v.lrl ~ t1 v.lu 1 1J:JJ if tu'Yil'Vl \1 ~ 'W ~ l'W fl11 'I'll \11 'W '11 'El n ~ 1J 1J 1J ~ t fi1J1 'ill fl fl11 :wVf 'W li 'W 1 b1'1J 
'U u 

II] !J) ,"( !J) "' 9 !J) !J) !J) """" 1 !J) !J) 
~'111 (anterior crossbite) Hrl~utumm'Wf111:1Jb1'11J\ll:JJ'illflrlfl'l:JW~ ~1J'YI'Wl~l'W'IJ1\l'Vl:JJf111:JJ ~fl\ltdl 

u 

9 !J.I ' "" ~I, I d !J.I !J.I 9 d! "" "' !J.I 
(concave profile) 'illfl ~ 1J'YI'W lb1'1'Wflnl\1Hr1~1:JJ Hulfl1J'W'Vl ~1Jl'IJ lm'W ~ 'WL:JJ'Elt'Vl1J1Jfl1J'YI 'W lv.llflUrl~ 

'' " 
m'l ~'I 'I'll h1' ~iJ1tJ~~n111'l'Wt'El'l~fll'lllV'W 'W 'Elfl'illnfi 'illflfll'J -ff '1\fll'l'Vll'lfl ~iJ mt r~~ 'illm ltJ'll'W m"J 

~ ~ 

i'n'l:ll~D11J~~~fl'l:JW~ lf1Hb1'~1\lfl~ l'Yirlfl~'J'l:l~Url~l1J'Y!t!l'JJJ"~Lfl'Vl~ 3 'Yin11Jfll'J~fl'l:l1 5 - 7 111.111 
~ 

3}1 I :% QJ .ci d:i ,£ d 3) _,d 'J} d I I 

v.~iJ 11Jfl r1 :JJ 'W :JJ fl 'il~ :JJ if tu 'YI1 n 'El \1 fl111J:JJ m 'W VI' 'W 'YI 'W 11.1 'W 'Vl 'W 'El1J (low smile line) 'Vl b1' \1 v.lrl\91 'Elf111 :JJ 
'U • u 

b1'11J'll:JJ t 'lf'W ti 'W 
8 

t ~ tl 'I 'ill n 'il ~ '1'11111' ~iJ 11J~ ~ m tJ:JJl n~wt r~ ~ :w lfl n11 fl 'W ~ ~:w t r1 'W ~ 'W t1 t! 111 'W tJ n~ 
'U 'U • 

3) I !1) 
9 Q.l .<:::! QJ .<:::). d "~ 3) .<::! ;}) ll~ $/}f I .-:::1 Q.J W r:l Q.J .<::::! 

(normal smile line)~ 'W 1m~ 1J1fl'W fl11 rJ:JJL'YI 'W -v~'W 'YI 'W 11.1 'W 'VllHHJ W;Ju 11Jfl ~ :JJ'W 'il ~ b1':JJ 11'W 1j fl1Jfl11 :JJ 

fl11:JJtYmf'WTI1~'YI11'11'11uml'l'lltl\l'5:JJ1hJln1J'WUr!~Vl''Wt111'111'W (relation ofupper incisors to upper 

d"" , I "" o !J.I !J.I,'I d"" "' 1 !J.I 1 "" 9 !J.I , I lip) 'Vlv.l~ufl\91 'illflfl11ff111'\l'\J'El~rl~u11J'Vl:JJrlfl'l:JW~ ~f1Hb1'11\lfl~ ~'Yirlflft''J'l:J~Hrl~ ~1J'YI'Wlu1~tfl'Vl 

~ 3 ~ 1:wti1.1m1 ~:wtli 'W Vf'W 'YI t! 11J'W ~t! fl(J ~mi'1.1 m'J -r n'l:J l'Vll'l~Pl'l'W lf'W \91 nn:w ,r~vr'W ~flw~lf'W \91 

HI1'Vl1Jft'lb1'1'11 :wm1'VltJ1~1Jb1''l'llm'Wf15'W'Vl1 ~l'W1'W 10 111J 111.111 ~iJ1tJnri:wd'il~~~lml:w-ff':wi'W£ 
'U • 

~'lnri11'JJ1~mw 1.4 + 1.2 ilr~~t:JJI'l'J ~'lt!tltJn11~1'JJn~~'J~~1J'JJmtJVf~mt!11J'Wfl11mi~ln11 
- 'U 

I 



2 

'llB'Uci1-:J'llB'i'hi~hJ1nuu1h~mw 2.9 + 1.s il-r1~h:JJI'l1" 9 mml'l~vl'11ri'~11ltliJml:JJff':JJ'tfun1~'Y111-:J 
- . '" 

' ~ ~ 

~:JJ~hJ1 nu u u-r1~.Wu wu mu Yi u mm1nJn~l1 u ~11 1 vnci :JJ ii t!u d1 ~ 'illfl nu l'il ~ w1~u il'l'llB -:J 
'" • u 

fldl:JJ~'J'UB-:J.WU'Y!Ul'UU (upper anterior dental height) !Vllrl'U 26.2 iJ'Cl~!:JJ\911 ~'JUeWflrJl~lUfl~ 

(~1Ufl~'Utl'Jflll:JJ1:1'-:J'UB-:J.WU'Y!Ul'UU !'Vllrl'U 29-31 iJ'Cl~!:JJ\91) 11
) 1 U'UW~~fldl:JJt'Jll'UB'J~:JJ1JUlfl 

'" 
uu (upper lip length) 'ildJ~lUfl~!vhnu 23.3 iJ'Cl~!ll\911 (~1Ufl~'llB-:Jml:JJt'Jll'UB-:J~:JJ1Julfl'UU 

!Vllrl'U 23-25 i'J'Cl~!:JJ\911) 

0 "' "' 91,11 d d "' i 91 i d '1 91 
'ffl'Y! 1'UUU TVll'Jfll))flfdl~lJlt'J'Vl:JJ'ClflEJW~ flH1:1'1 1-:Jfl~ 'Yl 'Clflfl'HJ:;:;U '[1:;:; ! 'U'Y'I U 1 

'" 

'3J d I ~ 12-11 ..:!I Q.l ... ~ d I d. dt 3JlfJ ,...<l( n':f 0 

!!'Cll'il~:JJBt'J 2 l1i . fltl fll)'il~l"'U!'VW'Jtlt'Jl'J!~t'Jl!'V'Itl!lfl !'UllUJ'Yllfl111:1''Ul'~UU'Cl:;:;tll'V'I11-:J'fldllJ 
'" u 

~~Ufl~'UB'J im-:J1:1'~1-:J'lllm1 1m 11' (camouflage) U'Cl:;:;fll) 1l~'l'h! ~l:JJrl'Ufl11 ~Wl~ (orthognathic 

surgery) !v1Bun'1 'llifty'Yllfl11 1:1''U.WU!!'C1:;:; i m -:J 1:1'~1-:J'lllm 11m~ ~~1Jn~ if 'il'ilt'J~ 1 '11'11 1 ~flB'U m1 

VI 'il11 w 11~ Bn11j mTf mn ~ m m~ 1:1':JJ rl1'Y! i'u ~1] lt'J 1 ~w) rl' n EJ w ~ u -r1 ~ r1 11m u u H 'lJ B -:J r1 ll:JJ '" . 
d "' ~ "~ 91 II)" I 91 '1 !)A '0'1, I ~ "~ 91 I IJL I 91 
'Vltllfl'tlfl11!fl'CltlUl"'U'Y!Ul'UU !lJ'Vll'J~lU !fl'Cl)lJHlllfl (labial) !!n~!flntlUl"'U'Y'IUl'Cll'J !ll'Vll'J~lU 

~ 

'lllm1lm'UU (maxilla) !!rl~m~~fl'lllm1lmcil-:J (mandible) fl11i'mn~ltJTitJ'il~n1:JJ1~rll'Y'Ii''U 
'" 

I 14 
lJlflflll 

'1 I ,~ 91 II) 91 i 91 91 'J 91 91 91 d OJ OJ a' I 

!U1:1'lU'Utl'Jl"'U'Y'IU11:1''U !'Ul fllllJ fl'J!dl'Utl'J !'U'Y'IUl~lU'Ul'J !!n~fl11:JJflll:JJ1:1':JJ'V'IU1i1~'Y'Ill'J 

i11u rnl -:J'UB-:J~:JJNUlfl'UU!W:;:;.Wu'Y'I U l'UU ~U BtlflrJlUfl~ v\'1 '1 ll!!~U fll'j i' fl'El l~m:JJ 1~ 1:1':JJ 1:11'11 i'u 

~11 ltJ~i''Ufl11i'flEJ 1 i ~ tlfl11 ,)~.WU!y; ti'Je:Jfll'J!~tll flB fl11 !fl~ B"v.! .Wu 'Y!t.J' 11JUlJ1 'Vll 'J ~ TU 'i1 U 111 'C1:;:; 'C1 'J 
'" ' ~ 
'3) I e!i ~ "'~ '3) I 'J} 9) C:. 0 9 3) 

~lU'Cll'J (forward and downward) !!n~'Y!1Bfl11!fl~BUl"'U'HUl'Cll'J!'lllmUnU !!n~fl11'Vll !'VI 

II) I II)" I 91 "' ~ 9111) "~ 91 II) 91 0 

'lllm) !m'Cll-:J'Y!J,IU !ll'Vll'J~lU'Y!n'J (clockwise rotation of mandible) !'V'Itl!!fl !'Ul"'U'Y'IU11:1''U !'Ul 'Vll 

'l 91 "' "' a' I 0 I "' '0'1" I "~ 91 d ~ i 91 91 
'VI fllllJ 1:1':JJ'V'IU 1i )~'Y!ll-:J\91111 'VI U 'J'Utl'J1:lJHlJ lfl'UU!!n~l'~U 'Y!tJ l'UU ~'UU !! 'Cl~ 'Cl~flll:JJ fl'J!dl'U tl'J 

~ 

'l 91 91 91 ,"f OJ II) 91d 91}1 d/ d/ 'J 91}1 I d i 'l 91 
'U'Y'IUl~lU'Ul'J ll'il'IJ'UU ~~mltJ'JlU~lllti!!'Cl~fll)fl'flEJl'Y'I'CllfJfll)fl'flfJl !U~llltlfl'CllJU ~t'J '1$ 

q 'lJ 'lJ q 



3 

o93J~ ;J) 9 1.:::::. 'j) 

t!rl~'Vll! l'Hfl~f11~rl~rl1tl'lJ'O-:Jm~~fl'illfWll'W ! 'W'O'Ofl'trN1m ~~fl~l'W'W 'Ofl (undermining resorption) 
~ ~ ~ 

'illfl flU ri -:J~qjqjlW ~l'W !CJfrl ~fl ~~ ~fl (osteocytes) l U'Vll-:J'll '0-:J! Vi rl 1~ '0 ~~ 'W! if '0!~'0~ ~ Vill-:J !CJfrl ~ 
m~~fl (interstitial bone fluid) ~'O~l'Wm'Wlilfll[l (canaliculi) !lrl~'Ofl'tr~nfllCJf~ [llfl'Wl 

cu cu <U cu 

IlL 1 ')) 9 '))"' ')) 16-17 ')) "' "" 9 
(osteocyte lacuna) 1 lJ m ~ I'.)'W 1 l'Hfl~ m~ rl~ mtJm ~~fl'Vll-:J ~ 1 'W 'W '0 fl 'tr'O ~fl rl '0 -:J fl1J f11Ht'flm 1 'W 

Q.J rl 18 Q..l 19 .d_ I d d 

'tr\911'Vl~rl'O-:J'IJ'O-:J Fuhrmann fl1J Steiner !!rl ~ Pearson '1'1~ 1J 11 :JJ m~ 'trill! 'trtl'll'01Jfl1 ~~ fl 
~ u ~ 

(marginal bone) !!rldJm~ !fl~~'Oti!tl~!!tlfl'IJ'O-:Jfl')~~fl (dehiscence) mf-:J 'illflVf'WlJf11~ !fl~'O'W!!1J1J 
')) "' "' "' ')) n~ liJ n I 0' O '1 ')) "'> "' I 

[I :IJ! '0 tJ -:J !! [I~ fl1 ~ -ey tlJ! 'tr tJ tJ '0 ~Vi~ '0 '1J '0 1J m ~ ~ fl! 1J 11"1 'W ! lJ fll 'il '])' fl 'I-ll ! Vi! fl ~ !Vi-:J '0 m 'W (gingival 

recession) 11'iiu~~tl~tll1 20- 21 

')}nil 22 .d"' '1 ')) c:j liJ 
'illfl11ti-:Jl'WrjlJ1tl'lJ'O-:J Janson !!C1~fllli~ 'Vl:JJf11~ !'ll't!1J~fl!fl\91 (bracket) ~~1J1J Ill 

1 rlv Q.J r <V ~ d w lf) ;J) 

!'OVf-:Jfl'll''W'Wrl (Biofunctional system) ~1:1Jfl1Jf11~~-:Jtll-:JU~~~f1'Vl'Vl 3 (class III elastic) 'il~'tr-:J!fl\91 ~~ 

11 mtJM ~-:Jm~i'mnVfu m!11J'W EJ-:Jfl\llJf11~ !fl ~ 'O'W ~!! 1J1J~:JJ !~ti-:J t'!fut~ tJ1tl1Jf11~ ~mll'll'O\l Lin 

23 d c:t 9 9J Q Q ... I Q rl 
!!rl~ Gu 'Vl:JJf11~ !'ll'!'Vlfl'Wfl'VllJ!'O'll' (Tip-Edge technique) !!rl~!'Vlfl'Wf1!1Jflfl (Begg light wire 

technique) ~1:1Jtl1Jf11~~-:Jtll-:JU~~~f1'Vl~ 3 (class III elastic) ~1ti!!H'1J'W1~!1Jl (light force) 'll'U~ 

~m~'O-:J'IJ'Wl~ 50-60 ni':JJ ~~1J11 t1~-:Jm~i'mnVfum!11J'W~EJ-:JlJf11~ !fl~'O'W ~!!1J1J~:JJ!~tJ-:J!'!funu 

'illflm~ 1 '*u ~ -:J'IJ'W 1~1m 1 u m~ !fl~'O'W Vfu t1 u 11J'W v\'1 1 li'!Jl'trl:JJ 1JT:I1J'Ofl Nrl 'IJ '0-:J fll~ 1 '*u ~ -:J'IJ'W 1~!1J 1 

1 u m ~ 1 f1 ~ 'Ou fr u t1 u 11Ju 11 'il ~)J f1 1 l:JJU [I '0 ~fi t1~ '0 m ~ ~ m 1i' 1Vfu u \91 n ~ 1-:J 'ill nn1~ 1 '*u ~ \] 'IJ u 1 ~ 
~ 

mechanic) 
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OJ -~ ,; 0 "' -· "' 'l v llJ -· .d fll'HlYil"'l!!'YHlfll'VfiHfl1llJf.IYiufWI'UM!fi'J,Hl'H~'lllm'J H1'Ju'J~Iil'fl'fl 3 (Class Ill Camouflage) 

1rl'W m11fl'El 1'1'11-:J'\Jl'W ~mn1\l~Vf'W 1'1h1~ -:J~ 1 ~m1 lfl ~tJ'WVf'WIVieJ-:JtJVNI~en 1~t1 

II nt 'IJ U qJ '\11 fll 'J ~ 'lJ Vf 'W ~ ~ tJ fl ~II rt ~ fl1 'i"l 'J 1 'l f111 :JJ ~ ~ tJ fl ~ 'IJ tJ 'l i f1 'J 'l ~ j 1 'l fl 'J :;:; i '\1 rt fl fY 'J 'EJ ~ II rt ~ 

1 um!1~ ~~tJn~tJ 'J~Ill 'Vl~ 3 1-1' m1 1i1 tJfl ~U1EJ~ m m~ ~mh'l11unn 1 nm~ 1EJ1'TI61 tl'W ~ -:J~ 
"" 

ff1fltyl'i"l 'J 1~ I tJ 'W'lj 11 \f EJ'\1 ~ 'l ~ lJ Vlrt ~ tlf111 :JJ'i:'Yll~ 11 'IJ tl 'l fll'J 1 fl'Ell Proffit II rt ~ Ackerman
24 

t ~ 

vl1fll'Jftfl'Ellllrt~t1l!~'W tJ "envelopes of discrepancy" ff1'111'1J lrl'Wiml! q{'Utlflm :J.Jltl.!fl1 'J I f1 ~ tl'W Vf 'W 

~ ~1m1 t1 vl'1 1 ~~ 1EJfll'J \l~Vf'W 1 Vi EJ-:JtJV1 -:JI~ EJ1 i ~ EJ11~ m:JJ n m f1 ~ tJ'W Vf'W m! 1'1J'W m'Vl H ~ 1'W ~ :JJ 

1JtJ1n 1~1:J1n'W 2 iJr~~~:JJ~'j ur~~~fl~tJ'WVf'W'l1u1ri1-:J 1 tl'V11'l~1'W 'lm~'i'W 1~1:U1n'W 3 iJr~~~:JJ~'j ~'l 

1tl'W'Ii't1~1n~ i1'111fll'i'tJ-:J m1 uti'! 'llf111:JJ~~tJn~1 'W ~U1EJ~ ij i m -:J~j 1-:Jm :t~fl'll1m 11m ur~~m1 
"" "" 

fl~ i '\1 rtflfr'J'EJ ~Uri~ l 'lJ '\1 U 1~ ~~ tJ fl~tJ 'J :till 'Vl~ 3 ~1'\1 :J.Jl:t ~:JJ ff1'111 'lJ fll 'J 1 fl'EJ 1 i ~ elfll'J \f ~Vf'W I Vj EJ'l 

mh-:JI~EJ11~t~unt 'll1ftuml1tJ-:JVf'W'l1U1~'lJ t 'll1 f111lJ~1f111:JJI'l1~tJ:JJII'W 111'1J~ t:Uin'W -5 iJrt~I:JJ~'J 
" 

d I I & 0 9) Q.J ')) ~d' 0 d lfJ 'J) 

Urt:t:J.Jf11:JJ:JJ ANB :J.Jlflfl11 -4 tl'lfl'111'l11:t'Vlll'\1fll'J'Jfl'EJ1~1EJ11i'W'l.J'J:t~'Uf111:J.Jml111 ~~ 
q 

" ' ' 9) d, I d I 'j) ... ':f 9) d, 0 I I ~ d .c:!. 

u uur~ :JJWEJ-:J ur~:;:;m 11 11:;:; ~ -:J VJrtl ~EJ~t~m:;:;~mu 1l"''W 'll1-:JifleJ-:J11 1m1 1 -:Jm:;:; 'VlWlB'\1 'W 1EJ'i"l'W 'V1 'Vl:J.Jlfl 
"" 

I I 3/ 'j} I 

lfl'W 1 tJ~-:J!!~11:tlJfll'J 1 'lf'm 'l'IJ'W1~Yimm:;:;~:JJ 1 'Wfll'J lfli1tJ'WVf'W vl'1! M-:J1'W1\lv~'WU ~'W 'l11i111:t 1 '15'!!1 -:J 

'IJ'W1~!'1J1l 'Wfll'Jlfl~tJ'WVf'W'l1U1'lJ'W!~tl!!nt 'IJVlh!'\1U1~'lJ, 'll1 ~'lll H'IJ'W1~!'1J1 ~tl II H~lJ'IJ'Wl~U tlel 

ni1u1 -:J'U'W 1~mm:t~:JJ mm1 t1vl1l M!n~fll'J lfl ~tJ'W ~'IJtJ-:JVf'W u r~:;:;m:;:; ~n ~ 1 tJ-:J1 uVf'W 1 iJ'I"lj tJ:J.Jn'W 
"" 

1~w~~ihvlJf111:JJ!~iJtJ1~!!rl~~iln1~~iJleJ~uewfl11 vllt M!~lJfll'Jvll'll'W'IJBWlfrll'l (cellular 
"" "" " ' ' 

activity) 'Utl'l!Utl!~tl'U~!1U! 'JtJ'lJ'l (surrounding tissues) llrt~rl~f111:JJ!~V'l~tlfll'J!fl~'J1flVf'W r~~meJ 
" ' ' 26 "' 9 'J) <V 

0 9 'J) "' "" -?I' "' "' (root resorption) 'Wtlfl111fl'W fll'J ~'lH!H'IJ'W1~1'1JleJ'l'V11 ~'l11fl~fll'Jiflrttl'Wl'~'W!!'lJ'lJ'Vl:J.Jfll'Jrt~meJ 



-
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"" 91 I 91 'l 27 1 ~I "" 
(l :;;mvm :;;~ fl 'il lfl N'J~ l'U '\..HJfl ~~ l'W 1 'W (frontal bone resorption) 1 ~ m IJ'W fl1 'J (l ~ mv N1fl1 ~ ~ fl 

91 d 911 I "'9111J.I.-l 'J91 
(lamina dura) 1J'U ~l'U'\11\)flfl~ (pressure side) L'Ul~m ~~flff'J'U 1l~L'Ul ! IJL'Jtltl"l U(l~fll'J !'lHt'J ~ 

'U'U l~biJ lbfl ~ ti'U V1u l '1j\cr1J ~ l Till ~Lfl VlJfl 11~1fln ~ ltlti'U cJ~ ff1 ~ 1 'J 1l Ylli rflf1~ fll'J ff~ 1~ fl 'J ~ ~ fl 
<u <u 

'J ,j .~ I If) I d "'! I ~~ I "'' 29 If) 91 
I'Ufll'Jbfl(lti'U1"t'U'\J'Ul~l'Vll I'H'J'Vl1ltl1ll1J'Ubb'J~'U'Ul~L1Jl b'15'U fll'JFI'fl'hll'Utl~ Melsen U(l~fl'ill~ ~~ 

1M''Il'mffu mtudlm'Ji~ilu l'illl'U'W 1~u 1 ~~1 'lf'1 u fll'J tfl~t~uVfwlluu 1 ~'U'W l~t1Jl'Hjtlu'J ~~mfl 
" ' " 'il~ tJ 'J ~til 'U 'ill flfll'J \91 t11J ff'W tl~ 'Uti~ tl'l tiLVtl'ln r1 u 191' (periodontium) 1J ~ nrn 'J tliJ "1 t vht! u tJ 'J ~ fltliJ 

tl1Jfll'J ftfl'hllb'hu 1 m1iY11i u bYWJ'Vl~(ltl~ t'lfu 'H u 'Hj t1 ffu 'U ~~trlml1mt Viv1a llu u Ht ~t11 'lf'1 u u <u q 

vllfll'J flfl'hlll uVfu fl'Jl~'Utl~ 'Vi 'U 1 ~Vt ViViJ'\J'U 1~'\Jtl~vr 'U fl'J 1~ 'Uti~~ 'U'hl VlllJ 'U 'U 1~ 1 'H WflllVf'U 'H 'U cu q u cu 

iJ"J~mrn 50 tvh rW'Jl~'i!~Juu'J~~1'lf'iu~u'hlvm'J'il~mnn11~1'lf'iu'HuiJ"J:;;mrn 50 tvh ~~'il~ 
q <u 

U\91fl~l~'illflfll'Jftfl'hll'Utl~ Spyropoulos LW~ Tsolakis
31 ~'WiJll'U'Ul~U'J~ 60 fl~~ ~1'lf'1ufll'J 

tfl~t1uVfum1~1 'U'H'WtViviJ !~niJ'U'Wl~m ~ 480 n-f~ 1uVfum l~'Utl~lJ'W'hl v ~~tViV1Jll'U'W 1~u1 ~~ 
<u q 

1'lf'1u~'U11Vm1tllu 8 rvil'Utl~~1'lf'1u'H'U 
q <u 

" " " 1'1~11 u ~1u :'J:ij'vfl-f ~u~~Ol~B~m~1rn '\J f.l~ tt 1 ~ 'U'W 1~t1J 1 'il 1 n fll'J ftfl'hll'Utl~ Iwasaki 

32 "'' 33 d I 'l 91 "' d ~I 
U(l~fl'ill~ U(l~fll'JFI'fl'l:ll'\Jtl~ Yee U(l~fl'ill~ 'Vl'W1J11 fll'J !'l1U'J~'\J'Ul~ 18-50 m~ 'VlliJ'UU'J~'U'Ul~ 

I 'j/ 'j} I I u tiVfllltt 'J ~ 'U'W 1~m m~ ff~ 1 u fll'J tfl~ti'W Yrut~ V11J'W mm1 11vh 1M' Vfu t~V'JlJfll'J tfl~ti'W Vi! tJ 

m~~l'W tfl(lflm~ !~~1VfJ\91'Jlfll'J tfl~t~uVfuiJ"J~mrn 0.8 lJ(l~t~l'l'J~eH~ti'W ~~ !~~1~ 'illflfll'J 1 'If' 
I 'J) I 'j) 

UH'U'Ul~t'Vim~ff~ tllm1lmtmV1JtViV1Jrl1J'U'Ul~~'UViN1'JlflVf'W (root surface area) 'Ut1~V1w~v1 
1 I 'J) I I 

1J u Vio1~ B~ m~ m1 ftfl'hll'U t1 ~ Lee
34 

tfi v1n1J 'U'W 1~ 'U t1 ~~u Vi N1'J 1nVfu '\J t~~Yru G\1~1~"1 rl1'Vi ~ 1Jfll'J 
1 I 'iJ 3J I 

"'! "'1 9} Q,l 1 ~~ .;:::j ~ ~ .Q ~ ro?t' 
lflflti'!.J'j!J 'Wl!'WTI1'W1'11fl~ (antero-posterior movement) 'W1J1ln'Wt'UV11JtW'U'Wl~'W'W'j!JN'J')1fln'W 

" ' 
iJ1 :;;mrn o. 75 \91l'JlW'lf'W~h~\91'J t'W'Jl~l!~t!u 'il~vh 1M'!~ 11m ~'U'W l~t1JlbYl'H ~1Jfll'J tfl~t~uVl'u 1 u 

U'U'J'J~'UliJ (horizontal force) lJ~ltlrll'U'!f'J\1 24-66.7 (18x0.75 U(l~ 50x0.75) fl'f~~ti\911'Jl\l 
<u 

t9f'W~t~m U(l~trlml1mf11u 1m mm ~'U'W l~t1JlbYl'H~iJVfu m! 11J'W 4 ~ rl1'Vi~1Jfll'J tfl~t~uVfu 1 u 
' " ' uu 'J'ViU l'Vi~'IViiJ'U'Ul~~u Vi N1'JlflVfu·n~rvhn1J 1.8 \9111 l\lt9f'W~t~ I'll" '\l:;; !~ -:l1u 1 ~'U'W l~tm1 u 

U'U1'J~'Ul1JlJ~lmi1u'lf1'11h~mru 43-120 fl~~ ~'J'U'llhnrutt'J\It'W~\1 (vertical force) ~L~'WU'J\1 
<U 

'U'Ul~L1JlbYl'H'f1Jfll'Jbfl~ti'WVf'U'ViU1 4 ~ '\l:;;Ol\IB\I'illflfll'Jftfl'I:Jl'Utl\1 Reitan
35 ~'WiJll mmtuUH~ 

I I 'J) I 

1'lf'1um'Jtfl~t~uVfut~t~fl'illflm~~mu1Vl'u 1 CJi !~m1tfiu 25 n-r~ t'W'Jl~'Q~uum\11uuu1~~ 
<U 

rll'Vi'f1Jm'Jtfl~t~uVfu'Hu11J'W 4 ~1uV1FI''Vll\ltlt~fl'illflm:;;~mul'Vrunm'Jt~tfiu 1oo (25x4) n~~ 
<u 
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9J 'I 9) ,~ 9) ci ... d 9) 9) 9) I <5/ 
u 1 flfl 1 l:U\91 eJ.;j fl1 1 ~ '11l"''U '11 'U lU'U lJ fl11 lfl rl el'U 'Vl:IJl 'VJl.;j I'll 'U '11 'U lU rl ~ M l'll'U m .;j u .;j 

l~llfl11~WJ'U ll'Vlfl~ mY1111'u 1 ~1 'U fl11 tfl~ el'U Vf'W m! lU 'U ll'lf.J 1M~el ll tfl~ eJ.;j~eJ .ijl'lVf'W H UU~I'l 

mh.~m,:n-fTu ~~n~'i11nmnlllmJmcl' 3 tJ~l,wU'1~1m1u ~tJ m1~~tt111mn\91tt111lt'Vlf1~rrvnnv . ~ 

" UUU~'U 

t'Vlfl~fi'VlUlf.J 1vJt~W'Vlf1Ufl~nm1~1'luu1mn\9lm'Wl~u~nwVf'Wmfl 4 ~ ur1~~~'~ 
~ 

uu~m~\91'11jeJlrhJ'fleJflfl'lVf'W (band) ~Vf'Wml:u~~ 1 J.;j 2 'll'1.;j 11'lm~'Wt'Vlf1Ufl~n1h~ 1CJ'ln1mn 

' ' " 
rw e1 .;j u 1n1 ~.;j 1 'W ~ 1 CJ N'1hmH u 191 1t '1!' 1nu m 1 ~ l'lt f1 j e1 .;j iJ e1 u u u iJ I~~ u r1~ m m HI f1 1u fi:U m 1 

~ . 
lfl~eJ'UVf'U 1 'Ull 'U 111 .w 111 ~.;j ~~el~l.;jntJ1 ~~'VIi fll'W 1 1:u ~.;jyJl'U 1 vVirr'VJl.;jfll1 lfl ~ el'U ~'lJ eJ.;j~'U ~~ 

I 36 <5/ 37 d "-' 'I 9J ""> J "'I c'q 9JlfJ ,~ 9J 
U'U'Uel'U ulflfl11fffl'EJl'lJeJ.;j GU U'fl~f!Wg; lfl(J1fl1Jfl11 ~'lH'Vlfl'Ufl'VlUlCJ m1 ~'Ufl11Ufl ~'lJl"''U'I1'Ul 

~ 

'ffU l 'lli'tmf.JUt~CJ1Jfl1Jfl11 1 ~'11Ulfllfl (reverse headgear) 'WUll fl11 1 ~t 'Vlfl~ fl'IJUlC! 1 vJH 1:1Jfl1J 

fl11fll'l 'fl'dl'll~'U t1 'J.;j~tJ\9] 'd~~h '11 f 1J fl'U V!''U '11 'If lU 'U (advancing loop) 1 'U r1 1\Pll '11 ~ flfl rl'1l1' 'ffU lJ 

(stainless steel) 'U'U 11'1 0,016 if d 'ffll11111Unl 'llifty'I11VI''U '11Ul'ff1J I 'lli'1~1 'U m :IJlW ~1 nrl't~(J.;jfl1J 
fl11 1 ~'11 'If lfllfl 11'1 CJfll'J 1 ~m flU fi'VlUlCJ 1 vJ{ 'ffll111 lit tJ~ CJ'UU 1J'fl.;jftlf11l:Ull1 ~ eJ:U u 'U 11 lU ~~ 5,2 

~ 

lJ'fl~t:U\911 'lJW~~fl11 1 ~'11Ulfl1fl'ffll1111itl.l~mmtJ 'fl.;jftlfl11 'ffum ~eJ:UU 'U 111u ~~ 6,5 lJ'fl~t:U\911 

~.;j 1JJnml:UU\9lfl~l.;jeJ~l.;jtJf.JbllrltlJ'Vll.;j'fffl~ U'fl~ 1li'WUfl11~'U n~u (relapse) 'llmrllfl11 'ffum~mJ 

u 'U d 1 11J 1 'UN 1hCJ~ f fl'EJ 1 ~1m 'Vl fl iJ fl 'VlUl (J 1 vJ { ~ .;j U\91 fl ~ l.;j eJ ~l.;j n tT mhfi UJ 'VJl.;j 'fftl ~ nu fll'J 1 ~ 
~ ~ " 

'11U lfllfl~ n fl1 1 'fl~ 'fl.;j 'lJ eJ .;j rll f1 111H '11 ~ el:U u 'U 11 lU L2 iJ r1 ~t:U\91 1 u lfl fl11 ~ ~ \9ll:U N'fl fl11 f fl'El lt ~ 'U 

~ I lf] d QJ d 'j) I 

1~v~nml.l1~mw 12 tl'leJ'U eJCJl.;j ~mm:u ulflfl11'ff.;jtfl\9lfl11tl.lr1CJ'UU1J'fl.;j'lJeJ.;jVf'U'I1'WlU'U'WU11 

'j) Ql d d d 9} d I d 'j) ~ .J Ql 

Vf 'U '11 'U lU 'U (J.;j fl.;j lJ fll'J l fl rl el'U 'Vl U 1J 1J rl:U tel (J.;j u 1 fl fllfl 'dl:U l El (J .;j 'U EJ.;jVf 'U '11 'U lU 'U l 'W lJ 'U 'U fll CJ'\1 'fl.;j 

..::S 0 G) 'j),.:::i _d o 'j) 'j) .J Cl.l \/] I d 6/ d Ql 

fll'Jfffl'Ell 'Vll ~'11:U1Elfll'ff'Vlu~'Vll1'11Vf'U'I1'Ul1J'Ullflfll'l'U'UU'tl~f.J.;j !:U:Ufl11fffl'Elltfl(J1fl1Jfl11 
~ 

I 1 3) T 

tl.l~CJ'Utt t.Jr~.;jl'llu 11 'tJ.;j'lJEJ.;jVJ''U'I1u 1u'U 1 'Uu 'U 'J~.;j fl.;jtr'U ~ .;jnu 'U 1~1'11lu~~EJ.;jnm111:UmAilA D'U 

l .u 11 tJ r~m~:u r~e1 ~ 'i)~ 'ff1m 111 'Vl 11l1'tnl'l m1 lfl ~ El'U vr 'U '11 .w 11 'U u 'U 'J~.;j 1 1:u ~ 1v ~El m1 ~.;j f.J1.;j 

' " 
1J1~tfi'Vl~ 3 UUU~'U (short class III elastic) 

<5I "I d "' 'I 9) <5I I "~ "' 
fll1\Pl.;jf.JNu1~lfi'Vl'Vl 3 (class III elastic) flel fl11 ~'lff.J1.;j\Pl.;j1~'111Hv~'U'\1rl.;j1J'UUrl~ 

Vfu 11'!! 1ri1.;j !u N'1hv~n nn 'ffUVflJ tl~l.ln~l.l1~ tfi'Vl~ 3 i ~'~ m~f.J1f.J1.;j~\9l~'UEJVf'W m1:uu'U ~u 1 n 
~ 

'11'jell~'Ufl'J1:UU'U~~ 2 :U1~\9l~'UEJ'lJEJ.;jU1J1flt~\9l'lJEJ.;jVf'Wl~f.J1ri1.;j '11'jel\9l~'lJel 1f11JlCJ1:Jf~~l'l~l'lfl1J 
d "~ 9) I d 9) .k 0 'I 9) ""' ... "~ 9) lfJ" I 9) 9) <5I "~ 9) 

U 1J 1 fllfl \91 'lJ EJ.;jy~ 'U '11 'U 1m .;j GJf'lJ N CJf .;j u ~ 'Vl1 ! '11lfll'l H 1 ~ lfl r1 El'U l'~'U '11 'U 11J 'U w 'Vll-:J I'll 'U '11 'U 1 1'1 -:J l'~'U '11'U 1 

ri 1-:J 1l1'tfl ~El'U ~ 1 l.l'Vll-:J ~ 1'U '11 ~-:] u [I~ 'Yll !l1'tn~ fl1 1 l fl ~ El'U ~ 'U El-:] vr 'U m 1:U Ul.! eJ elfl 'i) 1fl m ~ 1'1 nnY1Vf 'U 
~ 

I d 0 I ,d1 '3) 'j)l ~I~ & 
!!\91 '111 fl! 1Jtwu I'll!! '11 'W \J 'IJ B\J f11 Hl\J Ell \J 1-J 1111 \J\911 tJ H 'W WI B Y1 'W fl 'HlJ 1J 'W :IJ lfl 'IJ 'W ! 'Jf'W 1J 'H 1 ru fl\J fl n 1\J 

" ' ' 
'VJ1.;j~1'W ~:U 1JlJ1fl'UeJ-:JVfl.!!~f.Jd1Jl.! 'il~'l'l1ll1' Nrll 'Ufl11 !fl ~ el'U Vf l.! m 1:U 1J 'U l 'U U 'U 'J~.;j rl~ri-:J U~ u~ n Nrl 
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0 '] ')} "> '] .d I n?l' ')) ~ 0 '] ')) '] .d .,!, ~ <V ~ 
'I'll !'H!fWIUH !'WU'Wl~~~tll1'W11'Wl'!J'W:IJ1fl'U'W U~::::'Yll !11'\J'Wl~'Utl~U'J~ !'WU'Wl~~t'I"J:lJ'U'W ~~'W'W 

1rlm l:lJfll'J~~uu"Jmn~~lti!'Yl'fl'Wfl'Yl'lJltlll"', f11'J~~m~t ~mh~'Jl.Jvi1mh11 fml'uVlu u~::::m'J 
~ ~ ~ 

' " ~~tll~l.J'J::::tfl'Yl'Vi 3 u uu ~'W t 'lil~lvnmhu:::: mm'J t11 i'ufi'1 'UV!'W m! 1~u 1 'lllr~v'Vl11 ,rtn~nu 

QJ ,::::! Q.l ,::::! 9) 9) .,:g 

U'Yl'Wfll'\"JH~l~rl''J'hl::::~l'W'Ul~ (lateral cephalometric radiograph) t'\"J'Jl::::'illflrl'fl'hll'Utl~ Wehrbein 

u~ ::::fl tu::::
38 

'j"j 'lJ --;h flU l.J 'J:::: til 'W fl1 'J ~~ ~ ~ 'Utl~m:::: ~ fl! UlVl 'W (alveolar bone) 11~ tl u 'W lm ::::~ fl 

l.J'J::::m'W (symphysis) lU~l:IJl'Jtll.J'J::::til'W l~'illflf11'J:lJtJ;j!~'W ~lti\Olltl.Jri1 (macroscopic inspection) 

q 91 cv .::! Q.J .:::::! '31 '3J ~ ~I ..::::-. ~ o q 9J 
U~::::f11'J !'lffll'\"JH~l~rl''J'hl::::'Yll~~l'W'Ul~ t'WtJ;j'iJlfl!U'Wfll'\"J 2 :lJ\91 (two-dimensional view) 'I'll !'Vi 

\9\'lu ml~'Utl~t'\"J~l'Wtt~:::: u u 1l.J 'J:::: ~l'W fl 'J:::: ~ fl~ 1 ~ 'illflfll'J ~ ltlill'\"J f ~ ~ij 'IJ u 1~ ~ ni1 ;j flllfl 11:w 1 ~'W 
~ 

'il ~ ~ ri ~ N~ Vi 11 ,r ~1~ l ~ij fl'Jl:lJfl m~tfl ~tl'W (error) u ~::::Vi 11 ,r 'li tllqj ~~ l ~ij f1 l l:lJ \] fl~ tl~ (accuracy) 

1:1 ~H'l ~ U~111fll.J 'J:::: til 'W 'ill flfl 1'J ill'\"J f ~ ~ril'W vl ~ tl1 fttlfl tl:lJ v:/ lt\91 tl { 'il:::: 1 ,r fl l l:lJ tl fl~ tl ~ :lJlfl flll 
~ 

t~tl~'illfl'illflf11'Jftfl'hll'Utl~ Fuhrmann u~::::f1tu:::: 39 
'\"J'!Jll f11'J 1 i'm'I"Jf ~~ril'Wvl~mfttlfltJ:lJv:llt\OltJ{ 

'] <V ')) ,?f' 0 I l1] ')) ')} .d l1] I"' 

! 'Wf11'Jll'lflll:lJ11 'W 1'1Jtl~m::::~fl!'U1Vl'Wttl:l::::\9l'J l'il111\911U 11 'W ~'Jtl ti!Wfl'UtN m:::: ~fl 'il:::: ! \PI 'Utl\J ~'1'1 !:lJ:lJ 

" ' " flll:lJtt\9lfl~l~tl~l~lJtJtlfflfl1lJ'Y11~ ~G~fl'!Jf11'J\9l'Jl'il'Yll;jtU tl!Vtll'Yl til (histological) ~~U'W f11'J 1 i' 
ill'\"J f ~ ~ri1u vil'l tJ lfttlfl t~:wv:l lt\91 t~{ t ~tJ 11'1 fll 'J t l.J~ vu t t l.J ~ ~ 'IJ t1 ~ fl 'J:::: 1'1 fl t U' wi u ~ ~ i1 till ii f1 11 :w t1 fl ~ t1 ~ 

~ ~ 

' I"""'"'~ 

m fl m 1 Tfi t1 u 



~ 0 ~QJ 

3. fl"Hl1JH'W1fl~fll~'Yil1iltJ 

1 off! f1 ~ tJ ~ :i'i tJ 1) ~ Yl' 'W!! 1J 1J ~ ~!! u 'W 

m~ ri1'W ~ 1l1'u 1 ~ 'U ~~ 1~!1J1 

1 'W m 1 1r1 ~t~ 'W Yr 'W 11u 11J 'W 

1 'J) I I I 

1. !.Wt~ftnm~n'l=lru~'Ut~~m ~~fl'U1m 1! m, YI''Wu ~~!'w mvt~~t~'W Vi1'1.J~v'W u 'I.J~~! 'I.J1 'W 
'U 

QJC!QJC! '3) '3) 

lll'Vl'J ~{1'1~fl''J11 ~~1'W'U1~ 

2. r~'eJftfl111m'J 1'1.J~ mm 'I.J~~'Ut~~m~~m u1YI''W 'Vl1~~1'W 'l mn :u 'tl'I.J1mm~ 'l nn'!'Vl~1'W 'Ut~~ 
'U 

YI''W 11u 11J'W \11fli11'Vli' ~~ri1~1 i~mft'vfl'eJ:uVi1!\9lt~ 1 

8 

i11ti'M ~~m'J 1 '*u 'J ~'U 'W 1~ 1 1J 1 ~1'W !1'1~ tl~ :i'i'eJ rD' ~Yr 'W u 1J1J ~ ~~~ 1-1 'W 1J 1~ ri1'W 1 ~ tl!! n! 'UYI''W 11 tt 1 



9 

1. m ~ H'u H 'lJ 1-Jl\OH m ~ l'W t fl ~ eJ ~ ij eHJ \PI VI' u mJ'lJ ~\PI u 1-1 u m ·Hi' 'Jl-.1 m m ~ o1 i'1 u m m ti'! 'lJ 
n?l' 'l) IIJ ~ 'l) 1 0 9 'lln?j' 'l) "" dt d 'l) 'l) 'l) I 

Y'lhl '111-Jl t'Y'U ! 'lJ'd !\PI \PIIJ'Vll ! '111'~1-J '111-Jl'U h! :lJfll~ lfl i:'Wh! 'Vl:!Jl'Vll~\Pilh! '111-Jl!![l::;[l~fllh! m~ 

d ~ r-m 1 M'fl'dl:JJ ff'mfu £ ~::;1111~~:u 1hhmuu[!::;VJ'u wu1uu lj~ 11mrt~ tJ~~1u n~ m1:u 

OJ OJ o' IIJ I ""Ji OJ 9 'l) 'l) 'l) 

tY:JJ'Y'Ih! 'li'lleJm::;fln'lllm~ !m'Uh!U[l::;m~fl'llh! tt[l::;[lmHu::;! 'U'I1l-ll'Vll~fllh! 'lJH'lJCJ~ 
"' 

2. m~ 1 i'u H'lll-llflt 'Ul~lh!!fl ~CJ~ij m) f~Vlu ~\PI u 11 u m~ ff'dh! mm~ flfl~ml:JJMl-ll!! i:"1::; 

fl 'dl:JJtY ~'ll eJ~m::;flm U'1Vlu 'Vll~~ 1u 1 mf~:u 'tlu1mt [1::; 1 n~t'Y'Ifllhl 'll eJ~V!'u 11 u 1uu 11M 
"' "' 



' ""' U'YI'YI 2 

~ 9 dJio e:!i ~Q.I .<:::!o t 9J 9 r1 
fl1 ':i ftfl111 ~hi 'V1 'U! 1J hi fll':i ftfl1111'il til 'If ,;j 'V1 ~HHJ ,;j 'IJ hi \91 hi ~hi :JJ'tf!HJ (Pre-experimental 

dl II) !J)OJ cl 
design mm one group pretest posttest only design) Glf,;j !~':i1Jfi'Jl:JJ!'I1hl'lf'Cl1J'illflfiW~m':i:JJfll':i 

'il1 V'li':i':i:JJ 1 hi fll':i 1'iJv fiW~llhl l'lU 'W'VltJftlbY\91{ :JJ1111'V1Vl~ VbY ,;j'IJmhl fl1hl 'Vl{ 

I QJ "'I 0 .d2 41 
fll'IJ'CJ,;j\9l'JUu':ifll'Hhl~'illflfll':iftflEJl'IJ'CJ,;j Ning Url~fiW~ 

' ' - - ,.:9 I I .<:::! I I .:::::!9} I Q.l 

X
2

- X
1 

fltl '\Jh!l~fi'Jl:JJU\9lfl\9ll,;j'IJ'C),;jfll!'QrltJ':i~'H'Jl,;jfl~:JJ'Vl\9leJ,;jfll'j\9l'j'J'iJ'W1J!'Vllfl1J 2.1 

' ~ I .<:::! I I I 9) I I QJ a diff fleJ bY1W1JtJ,;j!1Jhi:JJll'l':i'illhi'IJeJ,;jv.JrJ\9ll,;j!!l'lrl~fi'IJeJ,;j'IJV:JJr~ 2 nr~:JJ !'Vllf11J 2.6 
~ cu cu q 

' ~ QJQJOQJO ..:::::! 

U fltl ':i~~1JhltJbYlfltyfll'Hhi~'Vl 0.05 (Z = 1.96) 

B ft'CJ l'CJfllbY~~~bYl:JJl':itl\9l':i1'il'W1Jfi'JllJU\9lfl~Ntll'Hhl~~ 20% (Z = 0.84) 

' "' 
'il ~I~~ lhl 1hl n ci:JJ 191 1eJ rlnVi 'il ~ ~ eJ ,;j 'V\' 1m ':i ftflEJ 1 'l'f,;j 'H :JJ ~ 12 ':i 1 v 'V\' 1 fll':i f1 ~! ~ eJ fl 

q 

nci:JJI'11eJVN 'illfl ~1hv~mi'1Jfll':i i' flEJl'Vll,;jllhl l'lm':i :JJ 'il~Vfhl w :JJ rn1'Vl v1~ VbY ,;j 'll mhl fl1 hi 'V1 { 1 ~v . "' 
a..:::i a( I QJ I d d'OJ 'j) .d2 
'J'Ii fll':i !ri'Clflfl~:JJI'l'JtltJl,;jU 1J1J! 'ill~ 'il ,;j (purposive sampling) 'V1 l'l':i ,;j\9Jl:JJ!flW CVl':i 1J! 'Ulftfl111 (inclusion 

"' criteria) i,;j~'CJ I UU 

1. ~thV'HlJ~fll':i!'il'1ty!~1J l\91!!~1 (non-growing patient) l~VU':i~!ilhl'illfl~U~H'IJ'CJ,;j 
~ QJ.QJ. 

m~~mlfl (Cervical Vertebral Maturation Indicators, CVMI) 'illflfll'WHbY1)9lft':iEJ~ 

9) 9) .d9J ell QJ ' rp ' 9) 
~lhi'\Jl,;j'V1\9J'CJ,;jlJfll'IJ'CJ,;jeJ\9l':ilbY1hl fl 111J bY ,;j'IJ 'CJ,;j'IJ 'Cl1J'H hi lbY~ (Y) \91 'Clfl 111Jf1'Jl,;j'IJ'CJ,;j'IJ 'CJ1J "' . 

"' ' 
cin~~ (X) 'IJ'CJ,;jfl':i~~flfltl~hiVj 3 (C3 ratio) :J.Jlflflll'H'1B!Yhtl1J 0.93 Url~fll'l':iTtlJhl lO 
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I ~ I Q.l 

(C4 ratio) lJlflf111'11'HH'Vllf11J 0.90 

"'1 'J} 1 "' 'I 'J} ~I d 1 "' I "' "' <I 
2. :IJ !f!Hfi''Jl\lfl~ !'l1~flfi''J'l:J~U~~ !'U'l1'WlU'J~lfl'Vl'Vl 3 !~V:IJfllfl11:1Jfi':IJ'I"''W1i'\JtJ\If)'J~~f) 

'\Jlf)'J'Jlm1J'Wll~~m~~f1'\Jlflntmcil\11'Wu'W1'11Ul'l1rl'\l (ANB) mi"J~Wll\1 0 ll~~-4 
~ ~ 

tl\lfl'l (-4 < ANB < 0) 

3. JJ~UU 1J1Jf111l'll1tyl~1J l\911 'Wll'W l~\ll~'Wll1J1JUf1~ (nonnodivergent pattern) l~WJJ'fll 

l,J:IJ~lfl~'illm~'W11J SN 19f~tl1J'J~'W11J GoMe tl~'J~Wll\1 29 ll~~ 35 tl\lfl'l (29 < SN­

MP < 35) 

4. JJVf'W '11U11:'1'1J l 'llii 'W \9\'lll'l1U \lf1111:'1'1JVf'W 1 'Wfl''W ~(centric occlusion) ~~ VJJ~ lf1111:'1'1J 
~ 

~ I I Q ,& .<::\ 

l'l1~tl:IJll'W1111J (overjet) tl~'J~'l1ll\l\9l~~'IJ 5 11\1 0 (-5 <overjet < 0) ll~~:IJUr--.l'Wfll'J 

"' 'I 'Jlll] ~?!' 'J} II] :Y1 "' ~?!' 'J} 'J} 'J} 
'Jf)'l:Jl !'Wfll'Jllf1 !'Ul"''W'\1'W11:'1'1J !'U1 l~Vfll'Jlfl~tl'Wl'~'W'l1'Wl1J'WlJl'Vll\l~l'W'l1'WlU~~~\I 

'J} I 

~l'Wm\1 

5. !1J]Jmm1'111Bmm"Ju1:'1'~\I'Ufl\lfl'fl11~m'Vl'WI'l5m1:'1'u 

6. !1J]Jhfl'Vll\11~1J1J~\IlJr--.l~~tJm~1Jl'Wf11'JU~1J~U (remodel) '\Jfl\lf)'J~~n l~Url fl11~ 
~ .Q d ?f ) d d '3) Q.l r ll] <J) r 

'IJ1~1\9ll:IJ'W~ (vitamin D deficiency), lu'W !'Jfl'Vllf1V1'\Jtl\lf11J'J~1J1J\9ltl:IJ !'J'Vltl 

I I ll] tf o <J) 

(endocrine problems) l'lf'W fl11~\91B:IJ l'Vl'JBV~'Vl1\11'W'WBV (hypothyroidism), fll'd~ 

~ tJ :IJ 1 #11:'1' :IJ tJ \II'\' 1 \11 'W U tJ V (hyp op i tui tarism), fl1 1 ~ ~ tJ :IJ 1 #11:'1' :IJ tJ \II'\' 1 \11 'W :IJ 1 f1 

(hyperpituitarism), fl11~m~~f1'1"11'W (osteoporosis) 

7. !1J!~~1J v1~ ]Jr--.~~~ flm ~ 1J l'W m1 u~1J"J U'IJ t1 \1m~~ n !~uri fl B f~tflfl'l\91 tJ"J BV~ 
~ qj 

(corticosteroid), V1f1~:1Jl~'W-lfi''Vl (NSAID-Non-steriodal antirheumatic drugs), v1#11'W 

mmt'~v (antimalarial), Vlt'W t'VlB'W (phenyltoin), t\91\911'1tGb'flil'W (tetracycline), ufl' 

vJ tJ 1:'1' 1 vJ l 'W \91 (bisphosphonate) 

8. !1J]Jiftym.u'tJ~tJm~~n'IJ1m"J !m 

9. !1J]Jilb1vl'i'1\11'W'Wtlf1'11U1~ (parafunctional habit) l~llrl ilb1vn~1:JJNU1f1 (lip biting), 

ilb1vmm~'Wl!1J1Jif'W~'WVf'W (tongue thrusting swallowing), ilb1vn~lft1J (nail biting), 

ilb1'V'IJ1JlU'Wl~'W (clenching), 'WB'Wtl~Vf'W (bruxism) 

o Q.l ~~ Q.l & ... I 3J 
1:'1'1'11 'J1Jlf1W CVlfl~BBf1'illf1f11'Jfl'fl'l:ll (exclusion criteria) u 1~ fltl1J~ 1V 

1. N1hv~JJf111t'il1rut~1J l\9lrlB'W'l11tJ"J~'l111\lf111l'il1rut~1J l\911:'1'\11:'1'~ 
qJ u u 'U q 

"' 'j'f)'l:Jl 

" 3. '11 rl'\1 'il 1n'IT'W \91B'W m1U~1J"J ~~1Jll(l~ ~ V\IVf'W 'il'W Vfw1 V\1 ~ V1Jll ~1 '1"11J11 N1hvJJ~11:'1'1J 
'" 
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' ' ' c:l 4 o I ~ o 1 V t:!:l ~ V .... ~ ~ I I 

'i~£J~'fl 1 fll'iftfl'lHWl'iM (Pilot study) !'VW'fll 'H!fl'itl·UJtl~Yin'W!!'U'UVIYI!!'W'W'UNtl1'W 

tTltn'ifl 1-M!!'i ~'Uu lYI !'U 11u nn !fl ~tJu Yfu 
' ' ' 

'il1flfll'Jrhu 1ru Vi 1~i1u H'Uhll~lmrhVi ful'fl~enrv:fu 11'!! nn.1 4 911 uu u 11 1'1J 'il~ 

nfinJ'J~mru 43-120 flf :IJ Urt~'U'W1~U'J -:J~1 'J1'1 'W fll'J l'fl~tl'W'v:f'W tltlfl 'il1flfl'J ~~nnJ'Tv:fu t:Jm'J lfl'W 
<\) 

uuurt~'U'W1~'Ut1-:JtJNrl1'11f'lJ~-:Jm-:J1h~ul'l'l~ 3 ~'il~ 1 M'm -:J'U'W 1~lm~l9l't1-:Jfll'J 1~tJ'l'l1fll'Jftmm11 

~a-:J1uM'anJfi~m11'W 2 rhu ~a fll'J'l'l~blt1'1JUH'il1flfll'Jrt1~rl111fu~m\fu11'1f1 (JD~ 1) ur~~ 

(universal testing machine) 

rl111 f'IJ fll'J'\'1 ~bltl'IJU H 'iJ 1flrl1~ rl111 f 'lJ ~'W'v:f'W 'VI 'If 1 'iJ ~ l'l1fll'J'l'l~bltl'IJ 1 'W rt1~ 4 

~ d 3)'1)~ 'l)v 'j)l if e£ 
D'J~Ul'l'l'fltl rt1~l'VIrtflflrl11'Jrl''W:IJ (stainless steel) 'Vl'Wl\9l~flrl:IJ 'U'W1~lbl'WN1ft'Wtlflrll-:J 0.016 'W1, 

<\) 

m~l'lJ~11'l'lmrutJ:IJ (TMA) 11uw1~nrt:11 'Uhll~l~'W~1ft'Wvnm-:J 0.016 if1, rt1~ihnrt1'l'll'l'l!'Wti:IJ 
<\) 

'J} Q.l 9} I rl ~ ~ .<:::). 1I) .c! 'J) Q.l 

(NiTi) 'Vl'Wl\9l~flrt:IJ 'U'W1~lbl'WN1ft'Wtlflr!N 0.016 'W1 Urt~rt1~'Wlflrt !'l'll'l'll'Wti:IJ (NiTi) 'Vl'Wl\91~ 
<\) 

d d Q.J ~ d rp 11]31 .<:::). 'j) 1IJ .c! 0 

bll'VIrtti:IJ'ill'l'Jbl 'U'W1~ 0.016X0.016 'W1 rl'l~l'VIrlflflrll !'Jbl'W:IJUrl~rl'l~l'lJ\911 !'l'l'l'l1l'Wti:IJ 'il~flfl'l'llfll'J 
• <\) 

bl-:JD'J~mru 5 ilrt~l:IJI'l'J rv1a1:J111'lfl~'fi11:1J11mtu~mft1-:JD1flbh'W'Wtlfl (vestibule ofthe mouth) 
<\) u 

' ~ 

ur~~n'fi11:1J~~m]u (flexible) 1 'W fll'JDfurwa1 M'u H (activate) ri1u rt1~Ulflrt 1 'l'll'l'll'Wti:!Jl'l-:J bltl-:J . 
0 Clo Q.l CJ 'j} Q.l ~ 9) Q 'J} I I 'j} 'J) 

'U'W1~'il~'l'llfll'JI'l~\911'Jt1-:J'J'lJrll~ 1 'fl-:]'iJ~'Vl'W (crimpable stop) mblt1-:J~1'W 'IJ'J nru 'Vl'W 1\9ltl'l'ltl'U1-:JUfl:IJ 

~~~mi'lJ'WUfl'lJf~.ij'~'v:f'W (band) 'IJ'W'Vl'Wm1:1JU'ti''IJ'WCJ}~ 1 J-:J 2 .u'1-:J 1~tJ191'1U'VIU-:J~l'l1fll'J~~I911 
<\) 

'Jt1-:Jf'!Jrt1~ 1 fi'-:J .ij~'v:fu 'il~ l ~u \9\' 1u 11 u -:Jl~t11tl'IJ 'il~ iu bY~ 'U t1-:JM 1-:J'JDI91'1tJ~i~uu r11~m ~flfl~1 1 ~ 
q q qj qj 

bYU:IJUrt~ rt1~l'IJ~l 1 '1'1'\'lll u ti:IJ rt1~U~rt~l ~u 'il~lJfl:U'~~~ tl'!Jll~U t1~'fl1 ~fl (acrylic) ~-:Jvl1'11 '!!1~ 
U'l'lU'v:fu'Vl'lf1'lJU 4 C)} ~1tll~Urt1~:J~.ij~'v:f'W (ligature) 'lrirt1~U~rt~l~Urt-:J1uvimYNun:IJ~'v:f'W 

I I !iJ I 

fl'Jl:IJu'ti'uuGliVi I '1'1-:J 2 oU1-:J lUU'lJ'lJ~1rtV-:JNflDfiu1lm-:J'I'lul'lm'J:IJ (typodont) (JDll2) vl1fl1'J 

'l'l~bltJ'lJll'J -:J~ 1~'illnm~u~rt~l~u 'il1flfll'J 'l i'uvi-:J lrt'Vl~'l'l'J -:Jm~uann~ 1 LJ~r~1~ 1~ml'111U~'J~tJ~ 

........... , .,.,.:,.~,.,~ ... -
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'Ui'J~f)l':ifWlm~H'Ylltl'U 1 lJ¥;HH:JJ\9l':ihH1fHtr'W [11~U~[I~'lh~!fl'Vl1l~tlfl'Vl~ftl'J'UUH~1'W1'W 10 !tr'W 
q ~ 

'j) I I I 

ltr'W[I~ 3 flf~ U'WVlflUHYi1~'l'Wf11'jfl~[I1~U~[I~!tr'WU[I~U1:J.Jl'\11~1!'~~~£J ~~Uft~~l'W\911';i1~Yi 1 

"" <:1 0 , ~ m~ 
'l1 'W VI 'U tl~ t11VI 't1 't1l fl1 'l 't1VI tftl'U fll!'iltlf.l'Utl'IH'l 'i't1 'l1 flVIt11VI 

!iJU'l~f.l~'t1N ti1tli:Jl'J.J~'j (fl-r'J.J) 

oj 9) 1"' co, 9) "-' 9) I <J' 
82.2:.!:: 20.8 m~m-n flflm 1 ft'W:JJ'Vi'W1\9l~fl[I:JJ 'll'W 1~1 ff'W N1'Wfl''W£Jflm~ 

~ 

" 
0.016 U1 (Highland®) ~~~~'Wl,h~~iJI'11~'U'W1~fli'1~ 3 

: lJ[I[I!:lJ\9l';il![I~{Y~ 5 lJ[Ii1!:JJ\9l'j 
~ 

9) 1 .<:::::! 9) Q.l 9) I rf 
• m~!'U\911 'Vl'Vll!'W£J:JJ'Vi'W1\9l~fl[I:JJ 'U'W1~!ff'WN1'Wfl''W£Jfl[IN 38.4 ± 4.0 

~ 

I 

' " 
: o.o16 u1 (Ormco®) ~~~~'W'th~1iJI91'1£J'U'Wl~fli'l~ 3 

~ ~ 

I Q co, ""' ""' 
1 :Jj[I[I[:JJ\9l'j!![l~ft~ 5 :Jj[l[l!:l.J\9l'j 
' ~ 

: [11~U!fl[ll'Vl!'Vl!oW£J:JJ'ViU1191'~n[I:JJ~iJI'1111'J~fu-n1~ 11'1'~~~ I 83.1 ± 7.7 

" 
Vl'W 'U'Wlmtr'W~ll'Wtl'WVflm~ 0.016 U1 (Highland®) 

[11~ U'tn[lt Y1 m t .W £J:JJ'Vi t! 1 tft 'Vi~ £J:JJ 11\91 f r;y~iJI'111 1')~ f 'lJ [11~ 126.5 ± 11.4 
q 

" 
I 

1ft'~~~Vl'W 'U'Wl~ 0.016X0.016 U1 (Highland@) 



l 
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tJ1~mw 38.4 ± 4.0 ni':JJ 

m ':i'Vl~-n'ti'!J u 1 \l~tn~ 'illflfll':i ~\l !'ll\l tJ':i~tfl 'Vl~ 3 u uu iu 'il~tilt~n'i'llfll':i'Vl ~ -n'ti'!J 

~ ,t "' "' "' ® .J c:l d :J) ..; !'Utll\l'IJ'Ul~ 5116 'U1 (8 :JJ~HH:JJ~':i) 2 tltl'UCJ1 (oz) (Ormco R) 91\l!'U'U'\J'Ul~tll\l'Vllmt':i\l!fl'fltl'UfJ'U 

l! t1 tl~ -n'~ ~iJ 1 u fl ~'11 m1 u l'lm 1 :JJ 11 ~VJ u fl w~ '1'1 u \91 U'Vl 'V1 tlfl'l -n'\91 { mni'Vl til~ t1 -n' \I'll m u fl ~'U 'V1 { • 
I I ;J} I 

tl1'11'U~~1U'I1U\lll'il~~\ltl1\ltJ':i~!fi'Vlll 3 U'!J'!J-cr'U !'U'Ulfl':i':ilfl':i'!J'U'illflM1\l (helix) lltlrl'!J'U'fl'J~ ., 

! '!J~ll 'Vl'VlltlJti:JJ'lJ~ t 1w ~\lflm\ll'i'lu ~:JJNiJlfl'lltJ\lfJ'U!~ ti1'!J'U m~l'i'1u 1m1'nm\l'll tl\l flu '11 u 1ri N ~~ 
2 ~\l':itJ~ 3 ., 

I I 'j) I 

"l'tHi 3 U-n'~\l~1!!'11U\l !'Ufll':i~\ltll\liJ':i~!fi'Vlll 3 U'!J'!J-a'U 'illflM1\llltlrJ'lJ'U'fl1~!'lJ~ll 'Vl'Vll!lJti:JJ 
~ ., 

.::::::. & '}) ~ d d d 3) 9) 'J) I dd 
'!J':i t 1w fl\lfl'flN~l'U 1 :JJNiJlfl'llt!\lVl'Ut 'Ut11'!J'U m'Vl~l'U 1 fl'flfl'fll\l'llt!\lVlu '11'U 1'fll\l91'Vl 2 

11tl 'Vl'!J';ll fll':i~\l tl1\lU'lJ'lJ~\lflri11'il~'\'l1 1 M'tn~!! H~UI'Ifl~ 1\ltl'U !~tl\l 'illfl ~lhtl!!~'fl~ ':i ltl'il~iJ ':i ~ tl~ ., 
I ~ & 'J) .::::::.d J' d'J) Gl 'J) 9) I dd 

1 ~ '1111\l u 1 nw fl \l fl m\l mu 1 :JJ NtJ lfl'IJ tl\l VJ u t 'Uti1'!J u m'Vl mu 1 fl'fl fl m\l'll t~\lVlu '11 u 1m \l CJ1'Vl 2 
I j} I I 

l !l'lfl~Nnu i~tl'll'U 1~'\Jtl\lU Hlltn~~'U 'illflfll':i~\ltll\l 'il~mil1tJ1~ mw 25-40 ni' :JJ u'fl~:JJ :JJlltn~ 'illfl ., . 
fll':i~\ltiNm~'\'ll~tl':i~'U l'!Jfll':i-n''!Jfl'U (occlusal plane) niJfi11:JJ!!\91fl~1\ltl'U1 'U~lhti!t~'fl~':iltl i~tl 

nfil:JJ:JJt~rJ':i~ri'Jl\l 30 ~ 45 tl\lfl'l trltllJ1lll~l'U1W'I11'\J'U1~'\Jtl\lUH~!fl~'illflfll':i~\ltl1\ltJ':i~!fi'Vl~ 3 . ., 
~ ~ rio '3) li]9J doG)31.:::::::. ~ G) 

tl'!J'!J-n''U'IJ'Ul~ 5/16 'U'J 2 tltl'UCJ1 'ill'U'J'U 1 !-n''U 'il~ !~UH'Vl'Vll !'YI!fl~fll':i!fl'fltl'UfJ'U !'UU'U'J':i~'Ul'!J 
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" ' "" i .<:::::to~ j/ .... '1 d & 0 9) 9) 'j} 9) Q,l d lf1 'j} 
'\JH hlflt'lhlf1~1J1CJ'il~lJfl11~\ltll\l'illhl1hl 2 !t'l'hl ~1Wlfltl!!t'l~~lhi'U11!Vl11~'Q~hlhi!!H'I'l ~~'illf1fl11 

" 
' " ' 

~nh~tfl'l'lli 3 !!'lJ'lJ~hlff1'11~'lJfl11!flile:Jhi'Whlihlllhl11~h!l'lJ'il~lJfl11.h~lJ1W 36-68 f1~lJ !!t'l~!!H 

ihlllhl1~\llJfll'lh~lJlW 26-56 f1~lJ 
" ' i\!Uhl 'illf1frf1EJ l'thi e:J\1 i hll1 e:J\11.Jfiu1\nn vl1 i 111 ~~ e:Jt'1'11.Ji1 tfl ~ e:J\1 {/ o ,J~'W 'Wl!'lJ'lJ 

~~~~ 'll hi 'lJ1\11:hhl ~ 1.J 1~f1e:J'lJ~1tlfl11 i~ t'l1~!~hl 11 1\111.Ji 1tlff1'11 ~ uihl 'Whl '11 11'1 fl11 i '11'1 ~hi t'l1~ 
" " 

9) l.t] d 'J) Q.l 'j} I t/ ~ 9) ~ ~ 
!'lJ\911 ~'l'l'l'll!hiCJlJ'\1hl1\9l~f1t'llJ 'Uhll~!t'l'hl~l~hi(Jf)t'll\1 0.016 hl1 'Uhll~f111\l 3 lJ't'lt'l!lJ\9ll!!t'l~~\l 5 

iJ't'l ~ tlJ \911 ~vl1nn 1.J ~ u t'l1~ i t1 111\1 'ill n~ lhl 'Ue:J\1 u u 1 m~\91 'U o \I'W hi '11 U' l'lJhl 1h ~ lJ 1 ru 1 iJ t'l ~ t:JJ \911 
I 'J) I 'J) I 

!!t'l~ n11 ~\ICJ1\11.J1 ~ !fl 'l'lli 3 11 uu ~hi 'illnu ~ 1 1ru n\1 nt'll\1 ~ lhl ~lJ 1l1.J 1n'U o\l.whl ~~ t11'lJhl lJ 1li~ lhl 1 n l1 

nm\I'Uo\I'Whl'l111'1ri1\l;~ 2 ~1tltl1\l~iJrff'hl~lhlfthlvnm\l 5/16 d1 'Um~ 2 oohl9f 'il~v111t1'tn~u'j\l 
" 

1hluhl11~mutvhf1u (36-68) + 38 = 74-106 n~lJ !!t'l~tn~tt1\11hltthl1~\ltvhf1u 26-56 n~lJ ~\ltl.J 

!flhi!!H'Uhl 1~!'lJ1~fllhi1W L~ (!! H'Uh!l~!'lJ11 'U!! hi 11~h!l'lJff1'11~ 'lJ!fl~e:Jhi'Whl'l111' l'lJhl 4 cir1 hill hl1 

'1111'1mf\l'il~iifi11.J1~mru 43-120 n~ll !!t'l~'Uh!l~!!1 \1~1 '11'1 hlfl11 tfl~e:Jhi'Whl oom1nm~~mD1'Whl 

11.Jfl11!flhl 100 f)~lJ) 

~1J1tl~f1lltl'il~\Jf1~~!!'lJ1f1!n\9l (pre-adjusted edgewise fixed appliance) (Ormco, 

3M) ~'Whlm!luhl 4 cir ~1mtu1mn\9l'll'W1~ o.o22xo.o28 d1 ~h'W'W'Wmllluhlcir~ 1 1rit~hlvio'li'1\l 
!!OlJ 'Uhll~ 0.022 ~1 1 hi'W'Wri1\l'il~vllfl11~~!!'lJ1f1!~\9l'l'lncir~1mt 'lJ1f1!~\9l'Uhl 1~t~t11nu~ ~~ 

q 

" ' " u~ nru'Whl '1111' l'lJ'W 'illf1U hi vl1m11.J~u1 ~iu !!t'l~t1 ti\I'Whl 1 hi 'W'W '11 U' l'lJ 'W 4 C\1 !! t'l~ 1 'W 'Whl ri 1\1 'l'i'\1'11lJ ~ 
.. ~ ,::::~ ~I d & d i.1 ll] 9J ..:::::. 91 Q.l .d d ~ 'j) ..:::! ..:::! 

'il'W 11 'W! 1 tl\1! lJ 'W 1 ~! 'lJ tl'lJ T;) \1 t'l1~ m t'l f) f) m ~ 1 t'l''W lJ '11 'W 1\91 ~ t'l'!'\1 t'l tllJ ~'W ~ 1 (rectangular) 'l'llJ 

vf'W~m!1~~ 0.021x0.025 if1 11'lJ (coligate) 'W'W'I111'1'lJhl 4 Gtrit1't~'Wf1~lJ!~tl1fl'W~1tlt'l1~:J~,]~ 
'W'W (ll.J~ 4) 

. ···············-· ·····- .ggz 



16 

" 0 

lff(l1\Pl!U~1l'Vl'Vmuvll'l1UW1~P~mnJ 'llt.!11Pllff''W~1fl't.!Vflm~ 0.016 ih ilijm1~1P1 
'U 

rn~P~!llm·h~111~1tJ'r:Yl'l1'fu~u~u'l1U1 'U'W11Plfl~1~ 3 :iJ"i'l!lll'l'H!(l::;ff~ 5 :iJ"i'l!lll'l'i u"::;ij'l11~ 
'U 'U 'U 

" . 
ff1'11 f u~~m~u 1 nw IP1'1u 1 ml'1ll 'N11 1fl'Ufl~~w ~ tJ1U'W !litJ1 -ff"11Pl!~1l 111 u vlfl~Nuti'l!'U fl~~'W 

31 d d 0 • 31 9 31""> ~I. I I ~ ~ 31 
m 1lJU 'VlU'W ttf'Vl 1 \P11U '11 'W ~'Ufl~(l1\Pl'V11~\Pl1'W ! fl(ll lJ HlJ1fl 'i)::; '111~ 'il1fl~ 1'W 'Ufl~U 1J 1 fl!fl\Pln'W '11'W 11J'W 

111::;mw 1 :iJ(li'l!lll'l'i Yru11mtJ'fi1\Pl (cinch back) 'Vll~IP1'1'W'l1~~'Ufl~vlfl~1~Uti'lJ'Ufl~~'Wm1llU~U'W 
I I ';j) I I I 

G}fV] 1 11 ~ fftJ ~ ~ 1~ 1 Vi m'l tJ~ nu m 1 ~~ tJ'W '11 (I \PI 'U tJ~" 1\Pl tJtJm 1 nvi tJ~ H u ti'm::; w:i 1 ~ V1~ ~ m ~ ff1n 1'1 • 
11i n1 1 ~ ~ v 1 ~ ~ ~"::; 1 t1' ~ il 1 v" f)~ Y11 ~ El ~ 'i) u fl ci f)~ f) n u 1 v ~ 1" 1 ~~f)~~~ v 1 ~ 11 'i)::; ~f)~ Y11 n1 1 ~ ~ v 1 ~ 

'U 

'11 U 1ci1~'U 11~ fl1 'Hfl ~ fl'W ~ 'U fl~~'W '11U 11J'W 'il1flfl11ij fll'i {1'1J!'l1 ~flll U 'W 1~~ (over bite) 'tl::;ijfllH~ll 

flflll hHlltJ{Glf!lJ'W~'lfU\Pl'Q1tJUff~ (light cured compomer cement) (Band1ok", Unitek, 3M) 1rilu 

fl1lmU~'UtJ~~'Wmlllci1~~~ 1 tt1ientl~P~m~H'1'1J~'W ~~111~ 5 
'U 
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' ' ' 
_l<:l ' -1 "' "' "' ~ "" ' ' ""1 ;J) JU't1 5 !! 'fffi'HlTU 1J 1 ~flfJ'U'Utl\l!fl':i tl,t!JeHWIY'I'U!! 'U'UI'lfl!! 'W'W 1Jl,H1'1'\.n1 11!! H'IJ'W 1fl!Ul Uri~ fll'j 

I 'j/ 1 I 

!1lflm1 'fftJVl'W J1JClnn 1 rift ii:JJ i VH:JJ t~{Cl1!:JJ'W l'l''lfuflmm!'ff \1 i1Jl1'W 'Ufl!liiCl1~'W n1 l:JJ ri w1fi1 

d_l "" _ld & -1"' ,; "' & ' i "'"" o' 
! l 'W 111 'lJ 'VllJ tl\91 ( 1 1J 'V1 6) 'il \1 '11 Clfl fl1 1 1J 1 'U! m tl\1 :JJ flU rl~ '11 Clflfl \1 Cl1\l m t1 'ff1'W 'IJ tl\1 fl ti:JJ 'YH:JJ m Clf!:JJ 'W \91 "' . . 

I 'j/ I ' 

'liD }PI jJ ltll!'ff \!Yi~ l'I.J 'lJ}P)!~EnVh.J tl5l jJ ~1\1 <11Yi l f)f)fl Otl'W ri \1 ~1J1Cl, iJci 1 Clf11'YI i' \1 fflflftHJ ~ Jl1'U ,)' 1\1 
"' 

0 ' ~ ;J) Ill ;JJd "" ;J) Ill "" ;J) "' ;J) ' 
l[ "'~ fl\1\911!!'11 'W \I'Utl\ll"l 'W '11 'W 1'U'W ~ 1'Vl !fi:JJ fl1Clrl1fl! 'lJ \911- ~ 'Vl'V11! 'W Cl'\1 'W 1\91 fl flri:JJ 'IJ'W 1fl!'ff'W ~1'W 

" ' ' 
n'W 6 n -n1 '~ o,o 16 u 1 i1 iJ m 1 ~ f1 1 ~ 'W 1-h '~ 1 iJ 1'11 Cl 1:1111 i' tJ ~ u Vl u m! 1 u tJ tJ 1 JJ iJ u 1 '~ m ~ l11 i1 Vl 'W 
" "' "' 
(passive) ! ~ 'W !1m 4 ~~f) 'W ! ~ f)'j f), ,r fl'j ~ ~ nii fl1 'j iJ i' 'lJ t D39 

0 tl'W ri \1 ci 1 (Jfll'YI i' \1 ffff1'W l'lfl f)1 ft(J 

rw:JJ.W1!\91tl{ lf'IClL'W'lfl'l 4 l~El'\.J~':iEJf1"i~l'lnllm'JiJjm'li'il~iJm1111'lH1l1Cl'Vlfl 1 ~~EJ'\.J t~tll~'U 
qj '1.1 'U q 

Vllj 'J} 

llfll'Ullrll 



-
:§=_ 

-aU~ 6 UbY~~~H'I'Ut!~fll'j 1 ~t'fl~t~~:Ot~'i!U t#l'~1fll<ji1'1Jt'l1~t!lHtU1'j11J~'JJn~ U'i:l~'f1~~1U'I1U~V!u 
'1.1 

" ' 
m!1uu#l'1tl'i:l1~tul9nt'Vl'VlltUtJlJmh'1~n'i:llJ'IJUl~tffw·hufl'u6nm~ 0.016 ib ViiJm'j 

'U 

~~t ~u 11 1n'JJI'11tJi:Y1'11 fu~u Vlu '11 u 1u uu !~iJu 'j ~m ~ l11~VIuu'1:1~'11 tJ~t~tJ1tJ1~ 
'U 'U q 

'JJ II] 'JJ , tl, I 
'11UlbYU l'U1\9ltl u 

.. jJ 

fll'a!fl1J'U8l.Jil .. 

' " ' 
1 unn1~m'jt'JJ~vuu'JJ'1:1~'1Jt~~m~~n'll1m'j 1m. Vlu'I1U1H'i:l~ti'tm£im)Bu 

'U 

" o I QJ .c:!W d 9) 9) 0 Q.l ~ 

'il~'Vllfll'jflltJfll'WHi1'1~fl''jEJ~~1U'IJ1~ 'il1U1U 2m~ 'fltl 

' ' " 
I ""' "' <!I ~ 'J) <!I 'J) 'J) ,'I 'I ""' I 

- flt!Ut 'jlJfll'j 'j fl'hl1 (T 
0

) l'Wtlt1JU 'IJ tllqJ'i:ltUtl~\91U 'Utl~~u'dtJU'i:l~u'j~flfJUfll'j'W'iJ1'jW 111 

NU1tJiJ'flw i1'lJU~\9l'j ~mlJmw ~fut~1ftfl'hl1'11jt~1~ 
'U q 

- ml~'il1flt'fl~t!UV!t..l'I1U1UUlJl'Vll~#J1U'I1U1'ilUt#l'~1ill'jbY1Jt'l1~tllJUU1'j11J~'JJn~ (T1) 

tftm~U~tllJ'1:1~1 ~1 U fll'j1JtJflH'i:I'Utl~ill'j 1 ~t'fl~ tl~:}jtl 
'U 

" 

18 

'l u nn ci1t1fll'W f ~ i'Y1~fh'hl~ #1 1u ~ 1 ~'Vln'flf ~ 'il ~ iJ nn.U~~ 1tm u ~'Uti~ N'u 1v'l1X 
q 'U 
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Q.J ~ QJeiQ.J,:::i GJ~ ..:::::., 
fll'HJ'U'Vlfl'Hltlfll'WHb1'119lfl'1'1:1~ (cephalometric tracing) 'il~ ~'lffl1~\Pll'l:ltl~clH\9l'Vl 

(acetate paper) ·h:IJfl1J~'Ub1'tl'lJ'Ul\91 0.3 iJ~~t:lJ\911 fll'Vi'U\91~\PleJ\~~.:J (reference point) ~'il~l'lf'l'U 

~ ~ ~ 
'Vi'Ull'llfl (Naso-frontal suture) 1J'U1~'U11Jfl.:Jflm.:J11'Ul (Midsagittal) 

~ I d 'J) d I 

S (Sella): ~\Plfl.:Jflm.:J'1Jtl.:Jb1'1'U'Vlfl11-:J'Vl'eyl91'1ltl.:J'lfrNm~~fl (bony crypt) 'lltlWli~m 
~'J) & 'J) 

!'VltlCJifll (Sella turcica) !!'U1n.:Jflm.:J'Vi'Ul (Midsagittal) 

2. 'il\Pll'U'lllfl11lfl11J'U 
q 

<'I "-' ,?f 91 I 

A (Subspinale): ~\Pl~fl'eyi911J'U'1Jtl1Jm~~mt:J~11Jl"l'U'Vi'Ul1J'U (alveolar process) tl~ 

1~W.il.:J~\Plb1'l1hT~ (Spinal point) !!~~'W1tlb1'l'Vltltl'U (Prosthion) 

ANS (Anterior nasal spine): ~19li.lmtl'eyl91'1ltl.:Jfl"i~~fl'lllfl11lfl11J'Ubi'1'U11ll'l1'U!t'U1 
~ '1 91 
mnm.:J ~1J'Vi'Ul 

<=! I V 

PNS (Posterior nasal spine): ~\Pl'Vltl~'Vi~.:J'ey\Pl'lltl.:Jfl'j~~fl!'W\Pll'U 

"1 91 91 "' ,?I' 91 d 
Is (Incision superius): ~\Plumtl'eyl'l!!~~'Vi'Ul'ey\Pl'lltl.:J'lltlll\Pll'U\91\Pl'lltl.:Jl"l'U 'Vi'U lCJiflm.:J 

'' ' "'"" "' 1J 'U 'Vl tl 'U 'Vl b1' \91 
q 

Is. (Apical point): ~l'li.lmtl'eyl91'1lt:J.:Ji.lmtl1lflVf'Umfl~flm.:J1J'U~rl'U~'eyl91 

3. 'il\Pll'U'1Jlfl11lfl1~1-:J 
q 

<!I 91 91 V ,?f 91 I 

B (Supramentale ): ~\Pl~fl'eyi911J'U '1Jtl1J\Pll'U 11 'U l'lltl.:J m ~ ~ m t:J.:J11Jl"l'U 'Vi'U lm.:J 

Pg (Pogonion): ~\Pl~tl~11'!.J'l'eyl91'1ltl.:Jfl1~~fl'lllfl11l m~l.:J 1 'U!!'U 1~-:Jflm.:J l1J11tf1 

Me (Menton): 'il\Pl~mJ~lb1'191'1Jtl'l1t:Jtli.l1~b1'1'Ufl1~Pifl'lllfl11lm~1,1 (Mandibular 
q ru q ru 

symphysis) 

Go (Gonion): 'ill'l11~-:Jb1'1'l~lb1'1'1'1J'tl.:J1JlJfll~l'lfl'lllfl'i 11 fl'J~l.:J ti'ICH~'U 'ill'llill'l'll'tl.:J!'11'U 
q q q q <u q 

mJ.:J'fl~ .:Jl;jll1~WJ1-:J1~'U 11J! 1lJb1' (Ramus plane) lill'lflil1~'U 11J'll 1m 1l m ~1-:J 

(Mandibular plane) 

.---.-.•.. ·'·'"·'"·'~·-·'" ......... ··~·-··············- ···· .............. ·············--·--···~·--········ 
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I I 1 I 

.I .I .?!' 91, "'"'"'"' Ii. (Apical point): ~\PilJTill'Jcyi'I'Ufl\llJTiltT:ilflrfW'Y!'Wlm\IGJf'VH.J'W'Vlcyl'l 

" ' V "" 'l I "' "' I .I 91 
<iJVI61-HH nHf1'l.U'U6!ti666'U 1J1~tlfl1J\PI1l'J 

91 ""' ':'I. 1 q dl q 91 
Ls (Labiale superius): ~\PI11'Wlcyi'I'1Jfl\IHJH1Jltl1J'W ~'WU'W1tl\ltlm\l !1J'I1'W1 

91 ""' ':'I. 1 ' q di q 91 
Li (Labiale inferius): ~\PI11'Wlcyi'I'Ufl\IHJH1Jltlm\l !'WU'W1tl\ltlTil\l !1J'I1'W1 

G (Soft tissue glabella): ~\PI~~'W~cyl'l'lJfl\111UWlltll'WU'W1~\ltlm\ll1J111!1 
Sn (Subnasale ): 'il\PI~fl1~ 'Y!'Jl\l'U fl1J~1\1'1Jfl\l'illJtltl1Jbl1'W !~:JJI'i' 'W 'U fl \1 ~ :J..t~tJ ltllJ 'W ~ U 'W 1 

q "' 

dl '1 91 
tl\lm'll\1 ! 1J11'W1 

Pg' (Soft tissue pogonion): ~\PI~~'Wcy~P~11'1ml~m!l~J'IPI'Ufl\lfll\ll'WU'W1~\ltlm\ll1J111!1 
Sts (Stomion superius): ~1'1~1-eyl'l'Ufl\l~:JJ7hJ1mJ'W 

Go 

Pg' 

____ M_e _ __./ 



' ' 
NSL (Nasion-sella line): ':i~'W11J'tlmm~hJm~lrh:~•iWl N W:l~'il~ s 

q q 

' ' d at I 

':i~'Wl'U!l"l~l'W (Palatal plane: PP): ':i~'Wl'U'Vl't'llfH'IHJm~·w:~l-:J~~ ANS !!~~~~ PNS 

':i~'Ul'Utll':iff'UVJ''W (Occlusal plane: OLp): 'J~'Ul'U~'t'llfl~l'Ut'Jtl~~lJ (cusp) 'UtJ-:JVJ''U 

mllJLL~~vrumllJut~v 
' ' 

21 

ll] I .c::! .a( I 

':i~'Wl'U'Ulfl':i':i !fl':i't'll-:1 (Mandibular plane: MP): 'J~'W1'U'Vl't'llfH'lftlm~'I11N~~ Me U~~ 

'il~ Go 
q 

S-horizontalline: Sh 

Occlusal plane: OLp 

~ fl Q.l .d, Q.l .d, 0 Q.l 

fll':i 1! fl ':i 1~ '11 flll"l H ff1~ i'l''JEJ ~ (cephalometric analysis) 'il ~ 'Vl1 fl1 ':i 1~ fl1 ':i 

1 u~ vwtu~-:~ 'l 'W ~1'W 'Ut~-:~fl11lJ v11 (linear) 'IJ t~-:~ ~~B'1-:~ ~-:~ ~-:~ t ~ 'W n m ':i ~JJ-5 u m 'illnm':i f1nm'Ut~-:~ 

Pancherz 
44 u~~~l'l.jll (angular) ':i~1,d1-:~'lf1-:~nm T0 !!~~ T 1l ~tJ'l 'W fl1':i l~fll':i !U~tJ'WUU~-:!'IJt!-:1 

91"" ')91 91"" 91 "" 91 dt"' 
f11llJt'J11'1JfJ-:J'il~tl1-:JfJ-:I'il~ !'lf':i~'Wl'Utll-:itl-:1 (reference grids) 2 !ff'W fit! !ffti Sv !l"ltl1~fl-l':i 

q 

L ,j~ t'J'WUD~ -:i'Utl-:l'il~Bl-:1~-:1 'l 'WU 'W 1'U tl'U !!~~! ~'U Sh !.yltll~fll ':i !U~t'J'WU ,j ~-:J'IJ tl-:1 'il~Bl-:1~-:1 'l 'U 
- q q 
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I I I I 
..::::., )' 9J C). Ql I t:::!lf1 'J) 1 Q../ ..:::::! Q.J d 9) 'J) d Q.J .<:!:! 

m.rJ~\1 ~~m~'W11.Hll\IV\I~\If1m1'Vl ~~'il1f1fll'VH1lm\1{1'1~fl''JEJ~~1'W'\J1\I'Vlnm T
0 
'il~\)fll'l~rtvmvw 

1111 1J1 ~t~ 'W 'J ~'W 1'l.JB1\I ~\I I 'W nn 1~nn t'l.J~v'W tt iJ rt\1'\JV\1 'il~ Bl\1 ~\l'l.J'W ll1'Vl ri1vf \1 ~1~fY'JEJ ~ . 
~1'W'Ii'1\l~nm T 1 t~vuvnnnt'l.J~v'Wu'l.Jrt\l~tn~~wYivununm T0 1~'1f~t'il'W~'W ~1~!~l'Wfl1'J 
"' <I • 1d • 1 "' d "' d 91 91 • 1 91 
1 L 1'1 'J 1 ~ 'YI f11 'J L ll rt V 'W L L ll rt \1 '\J tl \lll1 'Vl 'J \1 {1' 1 ~ fl''J 1:l ~ ~ 1 'W '\J 1 \Ill 'J ~ f1 V 'lJ ~ 1 V 

(A-Sv) 

- ~1U{Y~\I\9ll!l'Y!lJ\I'\Jtl\lfl'J~~f1'\J1fl'J'Jlfl'Jri1\l: l~'J~V~'J~W:i1\l'il~ Pg ~\I'J~'W1'l.J S-"' . 
vertical (Pg-Sv) 

S-vertical (Is-Sv) 

- ~1!l{Y~\Ivl1!l'Y!l.l\I'UV\1Vl''Wm!1f11:11\l'l.J'Wl'W!l'W1~\I: l~'J~V~'J~WJ1\I~~ Is ~\I'J~'W1'l.J S­

horizontal (Is-Sh) 

- ~1!l{Y~\Ivl1tml.l\I'UV\IV1''Wrt'l!1f11:11\lci1\ll'WU'l.JJ'WV'W: l~'J~V~'J~WJ1\I'il~ li ~\I'J~'W1'l.J • 
S-vertical (Ii -Sv) 

I 0 I 9) I G) ~ Q.l I e:9 
- l'lltt{Y~\I\9ll!l'YI'W\I'\JV\1Vl''W'YI'W1f11:11\ll:ll\l !'W!l'W1~\I: 1~'J~V~'J~'YI11\I'il~ Ii f\\I'J~'W1'l.J S-• 

horizontal (Ii-Sh) 
' ' 1 ~ lJ1 9) I I d 0 I ... ~ 'J) 

- mm'J {Y'l.Jm r~mm 'W 1'J1'l.J: ~~'il1f1Vlrt\911\I'\JV\Im'Vlu {1'~\J\911lt'YI'W \1'\JV\Jyj'J..J 'YI 'W 1'l.J'W!lrt~ 

Vl''W'l1U1ri1'll'W!l'W1'WV'W (OJ) 

- ~1fl1'J{l'Um ~ mm 'W 1~\1: l~'il1f1Vlrt~1\I'UV\I~ 1~u {1'~\lvl1!l 11 u \1'\Jt~.:JVl''W t1 u 1'l.J'W!lrt~Vl''W 
V!U1ri1'll'W!l'W1~\I (OB) 

- ~1!l{Y~\Ivl1!l'YIU\I'\JV\I~:JJNiJ1f1'l.J'Wl'Wtt'W1'WV'W: l~'J~V~'il1fl'il~ Ls ~\I'J~'W1'l.J S-vertical . 
(Ls-Sv) 

- ~1!l{Y~.:Jvlllt'YIU.:J'lJV.:J~liN1l1nril.:~l'W!l'W1'WV'W: l~'J~CJ~'illfl'il~ Li ~\I'J~'W1'l.J S-vertical • 

(Li-Sv) 

- ~1!l{Y~.:Jvl1!l'YIU\I'UV\I~:JJN1l1n'l.J'Wl'W!l'W1~\I: l~'J~V~'il1fl'il~ Sts ~\I'J~'W1'l.J s-• 

horizontal (Sts-Sh) 

- ~1U{Y~.:Jf111:JJ-fi:JJ~'W £ 'J~'Yil1\lvl1lmu .:~'Uv.:~~ :JJ 'NiJ1nut..~ur~~Vl''W t1U 1u'W: 1~'il1f1rlrt~ 1.:1 

1~ril1\1~1~U{Y~.:~vl'1u 11u \1'\Jt~\IVl''W 'YIU 1'l.J'W nu~1~u {1'~\lvl1U t1 u .:J'UV.:J ~:JJNiJlfl'l.J'W t 'W 

!l'W1~.:1 (Sts-Is) 
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S-verticalline 

Occlusal plane 

• ,ld ,I ~ 
fiUllJ (tl\lfl'l) ('J1J'Vl 10) 1J'J~tlti'!JI'l'1£J . '" 

m:;;~tl'Ultl'J'Jttll'!J'Wl'WU'W1'11UT!1rl''l (Maxillary position) 

'lJ'lJ SNB ~tl 'lJ'lJ~lfll'l'illm:;;'WlU SN vll'ltlU'J:;;'W11J NB !~'W'lJ'lJ~Ut!tl~'l\9\'lU'HU\l'IJel\l 
q q q 

m:;;~n'IJ1tlntmril'll'WU'W1'11U1'11rl''l (Mandibubr position) 

'lJ'lJ ANB ~tl 'lJ'lJ~lfll'l'illm:;;'Wl'!J SN vll'lrl'!J~~'l.!l'!J AB ~'ill'l N l~'W'lJ:l.J~Ub'l'l'l\1 
q q q q 

(Sagittal jaw relation) 

'lJ'lJ SN-MP ~tl 'lJ'lJVitfll'l'illfl'J:;;'Wl'lJ SN vll'lfl.U'J:;;'Wl'!J GoMe !~'W'lJ'lJ~Ub'l'l'l\l 
q q q 

fnl'lJrl''lJ~'Wi'L'WU'W'J~\l (Vertical relationship) 

~ d "" ,?!' ~ "' 'lJ'lJ UI (!b'l''W'Vli:lltl'illtl'ill'l Is t:l\l'il\91 Is Ub'l'l'l\lU'W1Utl'Wl'~'W'l1'W11J'W) -PP flel 'lJ:IJ'IJel\l 
q q q a q 

U 'W '1Utl'W 'Utl\l~'\.J'HU lcfftlm'l'!J'W rlU'J:;;'WlU l'WI'll'W (Maxillary incisors inclination) 

'3) d .dJ ~ '3) I ~ 
'lJ'lJ LI (!b'l''W'Vli:lltl'illtl'ill'l Ii tl\l'ill'l Ii !!b'l'l'l\l!!'W'Jlltl'Wl~'W'H'Wlrtl\l) ··MP flel 'lJ'lJ'IJV\l 

q q q a q 

inclination) 
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... I 9J 'J) 9J d~ 'J) d v Q.J QJ 

lJll~1J'I1'W1~1'W'IJVI (Profile angle): lJll'I'Hfl~1:11fHbl''W'Vlmmnn~~ G flU~~ Sn Vl~fl'U 

9) d Q.l 

!bl''W'Vlmfl1l1fl~~ Sn flU~~ Pg' (FCA) 

---------~ 
/ 

vt:::l' v v .Q. c! 
ilT¥1 1-3 inl1'1-A Ill Yl e 1 rUJ fl eil't'l1tlil e1 

H' 1J 1 CJ 1:1 ~ 1 ~ 1 'U fll'J G 1 CJ .fl1 ~ 1 ~ ~~hh 'W vl ~ tl1 fl CJ f1 tJ lJ v:J 1! VI tJ f ~ 1 CJ! fl i tJ ~ 
'" 

Veraviewepocs J Morita MPG (80 kv, 5 rnA) !~D1'lf'1'Wfl11l!fi'J1~Mfl1'J!tl~CJ'W!!tlfl~f111lJ'I1'Wl 
3J .~ ~ 3J -~ 3J 9 ~ ~1. I 3J '1 3J 

'Utl~fl'J ~~fH'Ull"''W'Vl~'YilJ~ fl11lJ'I1 'W1'1JtJ~fl'J~~fH'Ull"''W 'Vl1~~1'W 1 flf11lJ vm1fH!f1~~1'W 1 flf1!~~1'W 
'" '" 

; 1~CJ1l~'Vl1m"Jt~u~mJfl 2 flf~~tJ mf~'Vl1m"Jtl1u"J~~u!!rJ~:a1e~~vru (CT0) llf1~'11~~1l1mtfi'L'Il 

Yl'u mf 1bl'U 1 'IJ i' 1:1u 1~~ 1m1 bl'u m ~tJJJ!! 'W 11 1u~ tJ n~ 1 ~'Wnm 4 !~tJ'W ( CT ,) 1 'W m 1 ci 1CJ.fl1~ 1 ~ ft 
I Q.J QJ ~ tf 9)...'1 .dl d GJ 'J) IG] 0 I ~ .ci 9) 9) .<:::::., 'J} ~ 

b1'1'WVI~tllf!'CJfltllJ~1!Vltl'Jf:Jl11CJ1l~\)flVIHf1"J'EJ~ !'Y!tl~ !'WVI1!!'11'W~!~lJ !!fl~lJ!bl''Wtll~tl~ 2 !bl''W fleJ 

t~'W 1 'W!!'W 11~u 1Uttfl~t ~'W 1 'WI! u1~~ t~'W vf1n1'11'W V1~1!! ml ~lh'El ~Vfl'Vll~'YI ~~ m~1 ~ftft1'Wvl~ 

tllflCJfltJJJv:i1tVltJf~ 1~ 1l~flfl1'~~1CJ 1 tl"J !!fl'JlJ One volume viewer ~~r111lJ'I1'W1~1'~ 1~ 1:1 1fl 
'" 

"' 
1 tJ 1 ttn"JJJu 1:1~ t vi 1nu f111lJ M'W 11:1 ~ ~ 'IJD~n'J~~nt 1f 1Vfu in 1'~ 1:1 ~ 1 'lf'1'% n11 ~~ CJ1nu n11 ftn'EJ 1'\J t1 ~ 

'" 
39 45 d '1 3) 3) .g ' ' "' <!! .?I' 

Fuhrmann !!fl~flW~ llfl~ Sarikaya llfl~flW~ 'Vl !'lHbl'Wlf~mm1fl'JtJCJVltl'J~'I111~H1lflfltl'Ul"''W 

!!fl~ ~h!fl~tl'U11flfr'W (cementoenamel junction) 'V11~~1'W 1 mnJJ 1Jtl1fl!!fl~ 1 mi't~m'W !~'W!~'W 

~1~8~i~JJ1'i''W 1 um11'~11~rJ~flf ~ 1~CJ1l~'Vl1m"J1'~f111:JJ'I1'Wl'lltJ~m~~mlf1Vf'W~ 3 1~~u ~~~fl~ 
'" 
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'j~~u1l~th~n'W 3 iJrJil!:JJ\9l'j ~~111~ 11 ~f) 
'U 

d Q.l d ~ Q.l I '3) 'j} ~ ..;. 'j) 

1~~U 1 (S 1) dJ'W1~191U'I'l\9l~~lfH1U!!'W1!!f1'WVI'W!!rl~'\11~1llf1!ff'Wtll~tl~!1:JJ\9l'W 3 

'" ' 1~~u 2 (S
2

) ~~'W1~~uYil'l~mnnuu'W1un'WVI'WurJ~'',i1~1llf1lff'WeJl~il~l1:JJI'l''W 6 

" 
1 'W!!~rJ~'j~~u 1l~l'llm11191ml:JJ'I1 'W l'UeJ~m~ 191f1!U1VIm1~'11:JJI91 (T) 1 'WU 'W 11 n~ 

'U 

"' ~~-I "' ~ 1 "' ~ "' di ~ 1 :JJ HlJ lf1 ! f1 rJ! 'V'j 1911'W (labio-palata1) ! 191 tl1191 fl11:JJ f11N U 1 !JW f1~ f1 rJ1 ~ fl rJ tl~ 11 f1TI 'W (root canal) 

'UeJU m ~ 191f1 #J l'W 'W eJ f1ffl91 'I'll~ #J l'W 1 n~1 :JJ 1JtJ 1nnu! fl ~ eJU1 1 nVI'W u rJ ~ fl11 :JJ '11 'W l'U eJ~ n 1 ~191 f1! u 1VI 'W 
'U q 'U 

' " 9J9j.J 0 Q,l 'J)e:::! Q.l Q,l 9) 'j) 

'1'11~1911'W ! f1rJ!'V'jl91l'W (P) 1l~'l'llf111 11911 ~ti~'Um!ff'W 'l'lrllf119l~~ lf1f1U'U flU m ~ ~ f11911'W 'W tlf1~191 '1'11~1911'W 

l f1~!'V'ji911'W tlU!fl~eJU11f1VI'W ~~1tl~ 12 
'U 

' " ' -atJfi 11 uffl91~11im1nl'I1'WI911~~u1'Wm11191ml:JJ'I1'Wl'UeJ~m~l91mulVIm1~ 3 1~~u tl91tJt~!ff'WYi 
~ 'U 
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. ~ 

ri1'W f11'J 1~f11'J l tJ~ V'Wll tJr~~fi11:JJ 1:l ~'\Jtl~ Vtl~fl'J ~ ~flliJ1VJ'W ll ~'Yl1 'l ~ 1 'W l f1 ~~ tJ 
"' "' 

~ . . 
l ~'WI'l ~ Q 1 nn Ul ~'W ~1 ~ ~,rYi l~mn ~ rrh~ 'J tlV~ tl'IJ tl~ ~hlfl ~ mJVJ 'W u r~ ~ N 1l fl ~ mJ 'J 1nVl 'W '1 u f1 ~ 

31 .:':'! 31 9 !ll"" ~u 9 !ll .1 d 
~~~~'i!~'Utl~Vtl~m~~mUll"''W'Yl1~~1'W lfl[l';i:JJH1J1f1Url~ lflrll'Vl~1'W ('llJ'Vl 13) 

(HP) 

rh11'W ~ 'il~ur~~m'J 1~ur~~'l11fll'J Lli'um~>n ~ 1'W'Utl~~1~ fltl'W l~:JJ'l11m 'J 1~ 'il~ ~ f11'Vli' ~iYu~rl~fl w1 
q ~ "' 

~ ~ 

'il~1lf1'11'WYimt~vm'Vlur~~'l11m'J1~ h1~Bflfli' ~ 1~vih~v~rh~'il1flfli'~mntl'J~:lJlw 4 a'Ll~1rf' 
"' 

-
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Method error = ~ L:d2 
/2n 

• >I 

d fttl ~1'fl11:JJUI'lfll'il'l'Utl~U\Oi~~~l'Vllfl'fl'illflfl11l'fl 2 'fl~~ 
~ 0 .cS. Q.J 

n 'fl'tl 'ill'W1'W'U'tl~fll'V'l'Yl1'fl 

~1'fl11:JJ'flm'flt'fl~Du~1'flt~'il~~D~iJ~11lJtnu o.59 iJ~~t:JJ\911 ~~~~'W~l:JJ1\911~1'U 
I 'J} I I 

I ~ Q.l .cS. &:::1. Q.l d. \f) g) .di 48 
'Utl~'fll'fl11:JJ'flm'flt'fl~tl'W'Vl~'Vi:JJ'fl'YHfl'fl'il1flfl111'fl'Vl !'fl'il1flfl11fl'flf:I1'Utl~ Trpkova !l~~'flill~ u~~ 

ll'fl'tl'tl1J'fl11:JJU11~-eJGtl'Utl~ ~l'fl1 ~'Vi 11~ntl'WU ~~'Vil:'l~m1 l'flJ'~ 'tl'tl ~'fl f ~ (internal reliability) 1 'fltl 'l .){ 
. 

.::::! Q.J Q,l 0 Q.l 

Paired-t test 'Vl1~'fl1J'Wtl'tl'1'fltu 0.05 .., 

'Vi'1fl11l'flfl11fl1~'il1ti'Utl~,Y'tl:JJ~ (normality of data) ~l'fll~ 'il1flfll'V'l~ ~ii'l'flft1f:l~ .. . 
'j/ 'j) Q.l .<::::! I Q.l QJ ~ ~ 9) ~ ~ ~..::::::t.d 

f11'W 'U 1~ !l~~fll'V'l1 ~ 'tl''tl'1'W l'l'fl tllfl'tl'fltl:JJ'V'l1l\91tl1 'fl1tlfll 1 'Vl'fl 'tl'tl1J Shapiro-Wilks l'V'ltl ll'Hl fl 'tl'fl\91 'Vl 

'l 
..::::::t, r/ I 9} Q.ld,Q.Id 3} 9) I 

t '11:JJ1~{1':JJ 'Wfl111l'fl11~'Vifi11:JJ!l\91fl\911~'Utl~'Utllq!~'il1flfll'V'lH'tl'1'flfl'1f:l~'fl1'W'U1~1~'Vi 1N T0 U~~ T 1 

! t n~ itm 1~tl'fl11:JJHI'lfll'i 1~ 'll D~m1:JJ'Vi'W 1'UD~m ~'flm uTVf'W 'il 1flfl1'V'l ~ ~ ii'ri1u i'fl D1ftemmn~ 11\91 e:J{ .. 
I ctd 9) 9) I d. 'j} 

1~'Vi11~ CT
0 
u~~ CT

1 
mtu'Vl'Vl'fl'tl'-eJ1Jfl11fl1~'il1ti'UD~'lltl1JmW1'V'l1J11 :JJfl11m~'il1ti'UD~'llD1J~ 

tt1J1J1.Jfl~ (normal distribution) 'il~i'*fl11'Vl'fl'tl'tl1JYWI'i1~1~'Vi11~~1m~tl 2 th~'lf1fl1!l'll1Ji1J~ 
(Paired-t test) 'l 'W fl11 l!'fl1 1~tl 'fl11:JJ !ll'lfll'i1~1 ~'Vi 11~ n'tl'W!l~~ 'Vi 1:'1~ fl11 'l '*!'fli -eJ~iJ-eJ Hl'imn,Ytllq! ~~ 
l'fll~lJfl11 m~'il1ti'Utl~,Ytl:JJ~!l1J1J !lJ,Jn~ (non- normal distribution) 'il~\~tlfl 'l '*fl11 'Vl~'tl'tl'lll~'fl .. 

OJ 'l ~ <I 1 0 I OJ 

tlflCJf'W (Wilcoxon Signed- Rank for match paired) 'Wfll')Jl'fl1'l~'Vi!!'Vl'il !~tlfll'Vi'W'fl'fll'Utl~)~'fl1J 

Wt1~1flty (significant level)~ 0.05 Hl'i!~tl~'il1fllJvl1U'lh~'il~'Vi'1fl11l'fl'Vimtlvl1'Vi'1'lMiJ1e:Jfll{l'!fl'fl 
I I 'J} I 

"'~ _ I "" OJ OJ '"~ "' o _,I 1 "' 49 "'~ - I OJ 

fl11:JJ'flm'fl!'fl~tl'W1J1~!fl'Vl'Vl 1 ~~'W'W'il~:JJfl11'Vll1Jtl'W!l"'tl !1'W (Bonferroni adjustment) !'V'ltl1J11J 

t1 1'Utl~1~im!v~1fl'ty ~~ 'il~'Yi'1 'l 1X1~~1'Utl~1~im!v~1fl'ty~1'Vi ~1J 'l '*i u m1itm1~11'm1~!1\91 nl'i1~ 
I I I 'J} 

'UtJ~~1m ~tl'll-eJ~,r-eJ:JJ~Vi ~~ 'il1flfl11 1~m'V'l~ ~ 1i-1'flfi'1f:I~~1'W,r1~ViiJm1 1~i1H11H1~M:JJ'fl 20 1'11 .. 
q,j1 iJ~1 p < .0025 H~~~1'l1Dn~im!v~1rl11J~1'Vi~1J 'l '*'lu m1i1m 1~tY'fl11:JJUI'lfll'iN'll-eJ~~1! Q ~v 
'UD~,r-eJ:JJ~~ ~~ 'il1flfl11 1~m'V'l~ ~ii'ri1m1'flm~ml-eJ:JJVl1!\91-eJ{~iJm1 1'fli'm 11nf~M:JJ'fl 1 1 i1mJ1 .. 

d I 

ll~:JJ'fll p < .0045 



' "" 1J'tl'tl 3 

~ ~ ' 

-:J 1 'W ~),) tl fl ~ -:J thll fl1 1ft fl'l:ll ttH.f th tl 'ilTU 1 'W 1 0 1 1 tl ll JJ fl UHHJ ml \91 H \911 l-HfHU en 
'" q 

fl11~Ut'li'lfrflfll mhtlJ'Wt'l"lft'VitlJ-:J~l'W1'W 8 11tiU~:tt'\"lft'lfltl~l'W1'W 2 11£! tll£Jt'Q~tlt'Yllfl1J 21.4 ± 
" q 

Q.Jt::!QJ.d, 'j) 'j) tqj}t I Q.l 

.tll'\"'H'i:1'1~ft1'l:J:t~l'W'Ul-:J 'il:t ~~fll C3 ratio U~:t C4 ratio t'YllflU 0.93 + 0.08 U~:t 0.90 ± 0.09 

l'll:JJrll~U ~-:JutJm-1~ 1~il~il1ti'Ylmlv1lirlm1 t'il1tut~u 1m!~142 

'" q " 

t!:l I ~I d G] ~G] '"' I Q.l (1.1 d I Q.l ~ 
11.7 ± 2.1 t~el'W UU-:Jt1J'W1:t£J:tnm'Yl ~'lf ~'Wfl111J11J1:t~UU~:tt1ti-:Jl1'Wt'Yllfl1J 6.9 ± 1.7 t~el'W U~:t 

1:t v:t nm~ 1 '*1 u m1 u til 'Ul1 u 11 t! 11:Yu 1 'Ill' 'il'W 1~ ~ lfl 1l:JJ m ~ e:JJ u u 11 1u~tl n~h vilnu 4.9 + u 

' ' ~ G ~ Q.~ Q.l • 

N~fl1~1!i'l~l:t'Yii'I1UJi'l~l~!iU18'W't'UfW11llflfll'fJ~ (Measurement error analysis) 

0 Q.l :g Q.IC!Q.J.<::! 'j} 9) Q.IC!I QJ Q.l 

'illflfl11 'Yllfl11 1~ 9fl'IJ el-:Jill'\"1 1 ,:j 1:1'1~f'l'1 'l:J :t ~ l'W 'IJ 1 ,:j u ~ :t.fll'\"11 ,:j 1:1'1:1'1'W \91~ ellfttl 

i'ltllJVl1tl'leJ11 ~ tlll1:ttl:tti N 'illflfl111'~fl f -:J u 1 ntJ1:t mw 4 'fitl ~ 111' t ~tl'Vilfl 11:JJflm~ tfl~tl'W ~tn~ 
'illflfll'J'J~~1t11%'1JeJ-:J Dahlberg 

47 
'l"'Uil fl11lJflm~tfl~tl'W 'illflfl111'~m'l"l~ -:J~1~ft';iEJ:t~l'W 'll'N 1 'W 

I Q.J Ci I I QJ I QJ d I I QJ 

1:1''1'W'Uel-:Jfl11'1~~lJlJflll'YllflU 0.5 el-:Jf'l'l (0.0-1.0 el-:Jf'l'l) ffTU'Uel-:Jfl11'1~1:ttl:t'Yll-:JlJflll'YllflU 0.5 

fi(l~l:JJ\911 (0.0-1.0 fi(lm:JJ\911) fl'lllJ!fl~eJ'W 'illflfl111'~m'l"l~ -:J~ri'l'W i~ mfftlfltllJVl'lt\91 eJ1~ttlu 

1~tl~m-:Jrl~ll'vhnu o.I3 fi~(l!lJ\911 (o.oo-0.69 fi(l~l:JJ\911) ~-:J1litf1u o.59 fi(l~l:JJ\911 ~t~u~1 

t ~ el'Yl ~ i:YelUfl 11lJ ffllJ U til 'W fl1 1 1'~ J1 'IJ el -:J fi llJ lJ U ~ :t 1 :t tl:t 'Yl1 'l 'IJ el -:J Nl 'iJ t1 ~ ';i :t~ mf t1 bll fl UJ 0.05 
q '" " 

'\"lUll 1liJJfl1llJU\91fl~l-:Jelcil-:JJJUtlbYlflUJ'Yll-:Jfffl~'Uel-:Jfl11 1~ J1 1 ~ '1111-:J rlel'W u n :t 'Vi ~-:J ~ -:J 1:1'1 tJ 1~11 
" q 

28 
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.<:::.'!, rl 'J) Q.J .<::! Q.l d '3) 9) Q.J d 

'il1f1fl111tfl':i 1:i;11fl11 U 'ilf1U 'il\I'Utl\I'UtllH'l 'il1f1fl1'V'l1 \1 b1'1\Plfl'HJ:i;\Pl1'U 'U1\IU~:i;fl1'V'l1 \lbl' 
'U 

rhu il'ltllftCJfl tlll'Wt\91 tJ{ 11'1 Vfl11 '1'11'1 b1'ti1J Shapiro-Wilks 'V'l1J 'J1 .u' tllqj ~~I ~ii fl1 m 'il nu 'il\1 u 1J1J Uf1 &1 

" ' ' 
~\I'I.J'U ~\I I .U Paired t-test I 'U fl11 '1'11'1 b1't!1Jfl 11'JJ U\91 f1~1 \I'll tl\1~ 1m ~vVi ~~ 'il 1f1 fll'V'l~ \1 ~11'1\htJ:;; 

~1'W'l1'1n:;;11i1\l T0 ~~~:;; T1 u~:;;~1m~v~l~'il1f111'lm'V'l~\l~{h'Wil'lmftvflt!lJVl1!\91tJ{1:;;11i1\l CT
0 

u~:;; CT1 

sN-MP rvhnu 34.7 ± 3.6 t~\lfl'l (~1un&ltvhnu 29.0 ± 6.0 t~\lfl'1) Vfum!1uuiifl11lJt~v\1~1u11~\l 

'il1f1~1l;jlJ UIPP ~ii~1rvhnu 115.1 ± 7.9 t!\lfl'1 (~1Uf1&1tll1fl1J 119.0 ± 2.0 t!\lfl'1) t'lf'I-H~CJ1tl1JVf'W 

mf1ci1\l~lJfl11lJtBCJ\1~1'W11~\I'il1f1~1l;jlJ LIMP ~ii~1tll1fl1J 86.4 ± 6.0 t!\lfl'1 (~1un&ltl11nu 97.0 

± 5.0 el-:Jfl'1) nwumf1mHY1Jt'Ufil'ltln~1fi11:1J!'I1~mH!'U1111J !Ylltl1J -1.7 ± 0.9 Uf'l~l:IJ\911 (~1 

1.Jn~tll1fl1J 3.0 ± 1.0 U~~t'JJ\911) U~:i;fl11lJ-amfu£1:;;11i1\ll'i'1uml\I'UeJ-:J1:1J1JiJ1f11J'\-HW:i;Vf'Umf1 

uuii~1Umlfli11.Jn&l (IsSts-Sh) tll1fl1J 1.4 ± 1.3 u~~t:IJ\911 (~l'dn~n'hnu 2.9 ± 1.8 u~~t:IJ\911) 

f11'HU~ti'Wl!Uil..:J'llB..:Jm:;;~ft'Ulfl'j'j1m (Skeletal change) (\91111\1~ 2) 

11 ~ \1 f)l'J u f{l 'lJ vr 'U wW' 1 b1' 1J I 'U i 'iJ 'U I~~ 1 fl 11 :1.1 t 11 ~ eJ :1.1 ~ 11 f)~ (T) 'V'l1J i 1 

fl11lJ-alJ'Vf'U£'Ut~\lf1'J:;;~n'U1f1'J1 lmuuu~:;;ci1-:JlJ~ln~lJ~'W mh\liJUCJiYltlqj'l'l1\lb1'tl~ (ANB, p < 

.0025) !OI'l'il1f1f1'J:i;\Plf1'U1m1lmci1-:Jnm111:1J'U\911:1J!~:IJ'W1'Wfl1 (clockwise rotation) vh'lt1'1'11umJ\I 
'U q 

tleJtiliJm\1~1'W11~-:J (SNB, Pg-SV, p < .0025) tt~llJ'V'l1Ji1~fl11tiJ~ti'UUiJ~\I\9\'lu11U\I'UtJ\If1'J:;;~n 

"LJ1f1'J1lf1'J1J'U (SNA, A-SV, p ~ .0025) trlt~tmtllHViCJ1Jtl1Jtlfl'Wf111fmn (T0) bf1'Uf111 

tiJ~CJ'UuiJ~-:Jl'UU'U1~-:J 'V'l1Jl1 ~ll;j:IJ SNMP ~~l!~:IJ~'U!~f11!t~CJiJ1:;;1Jlru 0.8 B-:Jfl'1 (p ~ .0025) ;-:J 

tOI'l'illf1fl1111:1J'W'Utl\lm:;;l'ln"Ll1m1 !mril\1 1 1.Jm\l~l'W11~\It'lfut~CJ1fl'U 'Vl1 'l Mfi11:1Jb1' \I'Utl\1 'lumf1 
q 'U 'U 

rhuri1\l (ANS-Me) !~lJ~'WiJ1:;;mru 1 iJ~~!lJ\911 (p ~ .0025) 
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m·mJ~£J'kiHUtN'IJ6'1ff'kl (Dental change) (~11NYi 2) 

.fllti'YI ~\lfll'J uti! 'll¥f'W 'Yitfl-n"U 1 'Ul 'V'l'Ull fllfi11:JJ!'YI ~tl:JJU 'W11 lUUrll!yt:JJ~'W'illfi 
-2.0 ± 1.1 t~u 2.5 ± 0.7 iJ"~~:w~1 (p < .0025) 1~wtnf1'illn¥fum!luuiJm1tfl~e:Ju~1u'Y11\I~lu 
~ 3-'=> ~1. I J1 I .d "' J1 . I "" "" -~ 31 I "" 
~nm:JJI'wlfi:JJlfi'U'W 'illfifll ls-Sv 'Yl!'l"l:JJ'U'WlJ'J~:JJltw 2 :JJ[l[l!:JJ~'J (p < .0025) U[l~y~'W'YI'Wlm\I:JJfll'J 

d! .d II] • I 31 'I 31,£ "' J1 I .d "" "" 
tfl[ltl'W'Yl ~1J'Yl1\lf11'W ~fi[l[l'W!'I"l:JJ'U'W 'illfifll Ii-Sv 'Yl[lf1rt\IU1~mw 1.5 :JJ[t[l!:JJ~1 (p ~ .0025) 

0.1 dt d "~ 3) ,..~ 3) I .t::::\ ~ _.d '3) .,::1 I d 
[In El tw ~ n 1 1! fl [I tl 'W 'Y1 'IJ tl \1 Y'j 'W 'Vi 'W lU 'W!! [I~ Y'j 'W 'Vi 'W 1 [I 1 \1 :JJ n 1 1 ! fl [I tl 'W 'Y1!! U U ":JJ! tl t1 \1 'il 1 n fll UIP P 'Y1 

tvt:JJ~'WU'J~:JJltw 6.8 tl\lft'l~\1Ufi11:JJU~f)~l\ltl~l\1Utltl~lflqj (p < .0025) Url~fll LIMP ~Ufll 
[lf1[1\IU1~mtw 3 tl\lft'l (p ~ .0025) ri1'Wfl11!U~vuuU"\11uuu1~\I'Ue:J\I¥f'W'YI111uu '\"lUll ¥fu'YI111 

d dt .d 'j) I I de! I d J Q .:::::. 

U'W:JJfll'J!fl[le:J'W'Yl:JJl'Yll\lfll'Wm\1 'illfifll Is-Sh 'Yl:Wfll!'l"l:JJ'U'W 1.0 ± 0.6 :JJ[l[l!:JJm (p < .0025) 

'I .d.~ 31 I .:! d! .d 31 II] ~ 31 J1 I .d.:! I d. J1 
~'W'Utw~'Ylyj'I.J'Jli'Wlm\l:wm'Jtfl[te:J'W'Ylt'Ul ~u ~um~f1mul¥fumn'llu 'illnm Ii-Sh 'Yl:wmt'l"l:w'llu 

<u 

u1~mw o.7 iJ"~~:w~1 'Yl11li'f11fl11:wt'YI~e:J:wttu1~\liJf11tvt'IJ~ut~nt!e:Jvu1~mw 0.1 iJ"~~:w~1 (p 

~ .0025) trim ill tiU! yj tJUtlUntl'W fll'J uti! 'U¥f'W'YI,! Trt'U 1 'U-J' 

. " . 
. 1"" .I "'~ "'~ ' "' fll'a!u'il£J'k1Hu'il'I'IJ6'1!'kl6!£1666'kl (Soft tissue change) (~111\I'Yl 2) 

'YI~\I'illn¥fu'YI111ffu1'Uit1mtn1'llt!~1 '\"lUll f11:wmu'Y1111~1u'll'1\l (FcA) iJf11 
<u • <u 

• J1 <l • II] 

rw:u'Uuu1~mw 2 e:J\Ift'l'illn 3.8 ± 6.1 ttlu 4.7 ± 5.2 e:J\Ift'l (p ~ .oo25) 'il1nm1Yim~~n'U1m1 tm 

cil\1Um1'YI:wu 1 um\l~lu 'YI~\1 ~:u"tlu 1nuuiJm1 tfl~e:Ju ~ 1 il'Yl-1\l~lu 'YI t! 1 (Ls-sv) u1 ~mw 1.3 • 
"' "" J1 31 • I "" "" > <ll :JJ~mlJ~';i (p < .0025) U[l~'U'Wfll'WU'WlJ1~:JJltw 0.5 :JJ[l[l!:JJ~1 (p _ .0025) !1J'WH[l:JJ1'iJlfif111 

!fl ~ tl'W ~'IJ tl\1 ¥f 'W 'Vi t! lU 'W :JJ 1 'Yll\1 ~ 1 'W 1 f) m :JJ 1-lu 1 f) fll u f(f] \1 fl J 1 :JJ ff:Jj vfu .fi 'j ~ 'Yill \1 \9\' 1 !! mJ \I'll tl \1 ~ :JJ 
~1. I -~ 31 "' I "' J1 • I "" "" "" "' HlJlfiU'W!![l~yj'I.J'Jli'WlU'W (IsSts-Sh) :JJfll!'l"l:JJ'U'WlJ1~:JJltw 1.4 :JJ[l[l!:JJ~Hlfi 1.4 ± 1.2 :JJ[lrt!:JJ~'J 

!~'W 2.7 ± 1.2 i'J[t~t:JJ~1 (p < .0025) ~\l!flf1'illfifl11~¥fu'Yit!TuuiJm1lfl~tlu~m'Yll\l~l'W~l\l ~fl 

~~u ~e:Jv"~u1~mw 10 ~1:wnu~:u"tlu1nuuiim1 tfl~e:Ju ~ 1 um\l~lt! uu ~flt~u ~tlv"~ 30 ri1-w 

m1 tu~vtmu"\I'Ue:J-l~:w'Nulncil\1 'l"lu'i1 iJm1t1e:Jt1 1 um\l~lu 'YI~\1'\Je:J\1~ :w'Nu1nci1;J U'I~:~-nw 0.4 
I I I 'J) 

n~ ~~lJ~';j ~llJ¥f'W 'Yit! lci 1\1 Yi !fl ~ tl'W Yi i U'Yll\1 ~ l'W 1 f)~~ 'W !l~ ll~ fJ flll:JJU~ n~ 1\1 mh-liJtT tJ ~lflqj'Yll \1 

{'(~~ (p ~ .0025) 

.fllti'YI ~-,:) f11';j 'l ~u ';j -;)'U 'W lfl! 1J1 Hl 'W! fl~ tl \1 lJtl :U f1¥f'W u uu ~f) u t1 'W 1J1-;j b'h'W ! ~ tl!! n1 'U ¥fu 'Vi t! 1 flU 1 'U 1 
'il'W 1~f11ml:JJ!'YI~tl:JJU'W111U~t~uun~u~1 '\"lUll fllfl11:wff':wiu .fi'Ue:J-;Jm~f1fi'lllm1 1 muuur~~ 

<u 

cil-;)Ufl1! ~lJ~ 'W 'iJ 1f) f11';j ~'ll 1 f)'j ';j 1 f)'j ci 1--:)U f11';j 'YilJ'W 1 u 'Y11-;J ~ 1'W 'Vi~-,:) ri \1 H" vl11li'f11:JJlJ ';j u 'Vi t! 1 
• • <u 

'j) 'j) d J I QJ Q.l c{q d lf) 'l 9} I I d I 

~1'W'lJ1\I~'lJ'W 'fi1Uf!f1\lfl11lJfflJ'W'W'Ii ! 'WU'W1f1-;J'Utl\I'U1fi';i1 ! m Url~fl11lJ~ \I'Utl\1 'l.J'YI'W 1ff1'W[ll\llJ'fll 

~~:w~u ri1u f11f!11:wm ~e:J:uu u11 1uiJf11un~'il 1nm1 tfl~e:Ju ~'Ue:J-l¥f'W 'YI t!1u u 1 U'Y11\1~1u 'lnm :w 
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~~- I -~ !J) I "' d IIJ- I !J) Q/ 'i ~I "' d !J) "" -~ !J) "" 
HU1flU't'l~l"'U '111-.1 1i:n~!'fHHJU'VI ! U'VI1~~1U'\1't'l~ t~I'J!uU fll'J l'fHHJU 'VI!! 'l.J'l.J't'llJ!tli'J~ ll't'l~l"'U '\1 U 1'l.JU lJ 

fll'Jl'fl~'UU~ l tJm~~1U ci1~~11J~'JI'J 1'11111'~1!! 't'l'~~'fl 11ll-ff'm~u 1f1"~ '1111Wll!! M'tl ~'l.l'U~~ lJNtJ1fl'l.JU 
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(>ll'H3~ 2 U~~~fill'il~V, ff1'WL~V~L'lJ'\.UJ1\9l1i1'WU~~tl11LllivutYivufi1~l~L~111f1.fll'Vlf~~-)~ 
C! 9) j) , Cl.l Cl.l ~ Vl j) ij)' a 
fl'Hl~~1'W'tl1~f1ti'Wf1111f1fl1 (T0) U~~'Vi ~~ 111f1Lfl~tl'W 'W 'Vi'W l'lJ'W 1l'W ~fllf'ld11H'Vi~tlll 

U'W111'lJ~Uf1~ (T1) (n = 10) . 
•-- ... .::1··-"' 

fl1'v,lfJVIf:)11 
-. ,. 

t,l~~;¥nittl~'~-

1 9.1 "' 'WU'W 'J'Vi'Wl-11 ~~ 

SNA (t!~fl'l) 84.0 4.0 81.9 4.5 81.9 4.8 0.0 0.4 1.000 

SNB (tl~fl'l) 81.0 4.0 83.0 4.8 82.3 4.7 -0.7 0.4 .001 * 

ANB (tl~fl'l) 3.0 2.0 -1.0 0.9 -0.3 0.9 0.7 0.4 .001 * 

A-Sv (lJ~~Lll\911) 75.6 4.1 75.6 3.8 -0.1 0.5 .758 

Pg-Sv (lJ~~Lll\911) 86.7 6.5 85.6 6.9 -1.1 1.2 .021 

UIPP (tl~fl'l) 119.0 2.0 115.1 7.9 122.0 7.1 6.9 3.4 <.001 * 

LIMP (t!~fl'l) 97.0 5.0 86.4 6.0 83.4 4.8 -3.0 4.3 .055 

Is-Sv (lJ~~Lll\911) 84.5 5.6 86.7 5.1 2.2 0.8 <.001 * 

li-Sv (iJ~~Lll\911) 85.9 5.3 84.4 5.1 -1.5 1.5 .013 

OJ (lJ~~Lll\911) 3.0 1.0 -1.7 0.9 2.5 0.7 4.2 0.9 <.001 * 

Ls-Sv (lJ~~Lll\911) 97.6 6.8 98.9 6.3 1.3 0.9 .001 * 

Li-Sv (lJ~~Lll\911) 98.0 5.0 97.6 5.1 -0.4 0.2 .005 

FCA (tl~fl'l) 9.0 4.0 2.7 5.4 4.7 5.2 2.0 1.6 .004 

'l 'W U'\.Jd ~ ~ 

SNMP (eJ~fl'l) 29.0 6.0 34.7 3.6 35.5 3.9 0.8 1.3 .101 

ls-Sh (iJ~~Lll\911) 62.0 7.4 62.9 7.1 1.0 0.6 .001 * 

Ii-Sh (ii~~tllm) 60.5 7.3 61.2 7.1 0.7 1.4 .138 

OB (lJ~~Lll\911) 3.0 1.0 1.6 1.3 1.6 0.7 0.1 1.5 .836 

Sts-Sh (lJ~~Lll\911) 60.5 6.8 60.0 7.0 -0.5 0.6 .023 

IsSts-Sh (lJ~~Lll\911) 2.9 1.8 1.4 1.2 2.7 0.6 1.4 0.8 <.001 * 

ANS-ME 71.3 5.3 72.5 5.0 1.2 1.0 .005 

(lJ~~Lll\911) 

*p < .0025; NS, not significant 

t Paired t-test ·hml'u Bonferroni adjustment 
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'il1f1f11'J 1Lm 1~11' flTvrJ' ~ffff1'WI'l~re:nl1vfl mJVl1!\91 u{ 'J~'Yi -:h~'Yirl'~nntJ-J''lJ'J ~~'lJ 
"' -~ "' :!'11) -~ 'J) IIJ 'J) IIJ 'J) I ,j d. I "" 'J) 

U~~!'Jtl~l"l'W (CT0) U~~'Yi~~'il1f1Uf1 ~'IJTI'W'Yi'W1b1''lJ ~'IJ1'ii'W ~\91fllf1111J!'Yi~U1JU'W1'J1'lJ'Yl1Jtl\91Umfl~ 
~ ' IIJ 'J) <!f I 'J) 'J) .~ <V .~ 'J) d I 'l I 

b1'fl1Yl !1 4 !\91U'W (CT1) Yl'lJ11 f1111Jtl11~'\JU~tl'J~~tl!'lJ1TI'W'Y1~'111J\91'\JU~TI'W'Yi'W1'lJ'W 4 C1f b1'1'W 'Yity 

ii~1~191 ~~L~m! uvmv'YI~~'il1nm'J Hril 'llVf'W m! 1LY'lJ 1 'lll''ii'W 119i'~1f1111Jm~u1Ju 'W 1'J1'lJ~tJn~ H~ 

tl.JJJf1111JU\91tl~NUth~iJi!mhfl'ty'Y11~b1'~~ (p ~ .0045) ~~Ub1'191~'l'W1911'J1~~ 3 

I I 'J} 1 

~ I .:::! 'j} 'j) ... ~ Q.l ,...~ 'j} .::::1 - ~ e:::! 

VI11H'YI3 Ub1'\91~fll!'iWtlf1111Jtl11~'\JU~tl'J~~tl!'lJ1TI'Wm'I11J\91'\JU~TI'W'Yi'W1'lJ'W 4 C1f U~~!lJ'Jtl'lJ!'Yltl'lJ 

~1m~ti'IJU~m11J'YI'W1'\JU~m~~m~w.h~'YI~~m'JtJ-J''lJ'J~I91'lJu~~~ti~Vf'W (CT
0

) tl'lJ'Yi~~ 
~ -~ 'J) IIJ 'J) IIJ 'J) I ,j d :;:ll • I "" 'J) IIJ 'J) <!I 

!!tl ~'IJTI'W'YI'W1b1''lJ ~'IJ1'ii'W ~\91fllf111:iH'Yi~U1JU'W1'J1'lJ'Yl!lJ'W1Jtl\91Umfl~b1'fl1Yl !1 4 !\91U'W 

Sl 

fl~114ni\~"u~m~tlntll1'li'Wn~l'lll~ .. {T) 

Vfu ... t 
7~~'11 C:Io CTI GT1- CT0 

M~an .. S:I? Mean· SD !'{¢an SD p-v1:1lue 

S1 7.53 0.80 7.50 0.79 -0.04 0.15 .602 
vr ... 'J) 'J) 

'W\91\91'\J1~'lJ'W \911'W'IJ11 S2 7.40 0.88 7.32 0.98 -0.07 0.12 .182 

S3 7.40 0.79 7.33 0.84 -0.07 0.09 .072 

S1 7.81 0.92 7.67 0.81 -0.14 0.19 .101 
vr ... 'J) 

'W\91\91tlm~'lJ'W \911'W '1111 S2 7.84 0.60 7.79 0.56 -0.06 0.12 .253 

S3 8.07 0.65 7.84 0.34 -0.23 0.38 .153 

S1 8.06 0.75 8.02 0.71 -0.04 0.19 .618 
vr ... 'J) 'J) 

'W 1'1\91tlm~'lJ'W \911'W Clf1tl S2 7.99 0.57 7.98 0.70 -0.01 0.22 .866 

S3 8.40 0.74 8.22 0.53 -0.18 0.44 .291 

S1 7.29 0.91 7.28 0.86 0.00 0.17 .967 
vr ... 'J) 'J) 'J) 

'W\91\91'\JN'lJ'W \911'W Clf1tl S2 7.15 0.92 7.15 1.09 0.00 0.33 .975 

S3 7.11 0.79 6.98 0.87 -0.14 -0.21 .103 

Significant different p < .0045 

t Paired t-test ·:h1Jtl'lJ Bonferroni adjustment 
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d I 'J} "~ 'J} 9 !~-"' ~I" I "~ 'J} d 
!'WI'll'W (191111-:l'Vl 4) 'W1Jl1 fllllJ'Y!'Wl'Utl-:lfl1~\Plfl!1Jly~'U'Vl1-:ll'l1'W ~fH'l':ilJH1Jlfl'Utl-:l~'W'Y!'W11J'W 4 Clf 

"' 
ci'1u 1 'Yl uiiiu 'W 11 11' lJ!~lJ~'WfllCJ'Yl J:l-:~Yru 'Yl 11' 1~1J 1 'llltlfl!!tll 'Ill! ~l !!~tliiifi11W!\91 n~ 1-:~mh-:~ii 

... "' 

't!mhfl'tym-:~~~~ (p ~ .0045) ci'1'Wfi111J'Y!'Wl'IJB-:lm~~m1f1Yrum-:~~1'W1n~!'WI'l1'W 'W1Ji1 ci'1u 

1 'Yl ill ii ! ! 'W d 1 11' lJ ~ 1'1 ~ -:1 fll CJ 'Yl tf -:1 Yr 'W 'Yl 11' 1 ~ 1J 1 'U 1 () fl ! ! til 'IJ ! ! ~ 1 ! ! ~ ~ 1 ll 'W 1J fi111J ! ! \91 fl ~ 1-:1 tl v 1-:1 ii 
... "' 

4 ~'illflm'Wi'-:~~ci'lu ;l'ltllffCJflt!lJVll!l'lBf 'W1Ji1 !liiifi111J!!\9lfl~1-:IBV1-:~ii't! mllfltlJ'Vll-:1~~~ (p 

'J} 'J} "~ ~ 'J} "~ 'J} 9 !lA 
~.0045) 'U t:J-:1 fl lllJ fl 11-:1'\J t:J-:1 m ~~"~ m m ~'W 'Vl-:1 'YllJI'l fi111J 'Yl u 1 'll B-:1 m ~ 1'1 m 1J 1 Y~ u 'Vll-:1 I'll u ~ n ~ 1 lJ 

"' "' 
1Ju1mt~~~1u 1 n~t'WI'll'W 1llJG-:!fl11lJ ~ -:~'llt~-:~ CJtJI'lm ~ l'lm 1f1Yru 'Vll-:!~l'W 1 n~ lJ"Nu 1mw~ 1 n~ 

"' "' 
!'WI'll'W trlmmCJ1J!'ViCJ1J'j~'Yli1-:!fltl'W (CTO) !!~~'Y!tf-:1 (CT I) fll'j util'UtirtmU1b1'1J l'Ul'il'W ~~fllfi111J 

m~tJlJ!! u l111J~Ufl~~1CJfl11 1 ~u 1 -:1'\J'W 11'1!1J1~1'W!fli tJ-:~litJ 'iJI'ttir'W ~I'll! tl u m-:~ ci-111 



I 
=~---' -----~--~"~ -----~--·"~---~~--·" ----- -- --

I I I I 

.... I "" ~n ~ ""1-hJ ~ n ~ "" m "" I "" ~l'H~'fl 41!n'~~flWiHWfl11'lJl1Ul'UtNfl'.i~~fH'IJl U'YIN~lU':i'lJ lf11!t'l~~lU!'Vl~lU'UU~ Ul'!Ul'lJU 4 GJf l!t'l~! ':i!'.I1J!'YI!'.I1Jfllmrt!'.I'UU~fl11'1Jl1Ul'UU~fl'.i~~fl 

~n 0.0 'llo.o ... "" ~ ... ... ~, -w ~ , ~ ,~~ "' d~ 'll ... ~ ,~ "' !'Ul Ul'lt'l~fll':i ':i1J':i~~1JI!t'l~!':i!'.l~ U (CT
0
) fl1Jl1t'l~illfH!fl 'U Ul1Uln'1J 'U1ilU ~fllfl1l'lJ!l1t'IU'lJI!U1':il1J'YI! U fl\9ll!t'l1fl~n'nl'Vl 1 4 !~UU 

(CT
1
) (n=lO) 

.... Sl ""1h.l fl11 :IJ'¥1'\Jl 'lltNfl1~.~t;llliJ \'11-:lill'\J"ll 10 (L) 
Cll II 

t111lJ'I'f'W1 'US >2 t1 ~~ t} fi'VJU 'Vl1.:1tl1'\JL'WJJ1'tl {P) 

W'W 
... CTO CT CT

1
-CT0t CT0 cr1 c:r-c:rt 

':i~fl]j 
1 1 0 

Mean SD M~tut SD Mean SD p-value Me:an SD Mean SD Mean so p~value 

S1 0.44 0.42 0.59 0.27 0.15 0.34 .343 0.40 0.26 0.49 0.26 0.10 0.21 .313 

Yh..!!fitl'lj'N U'l-.l'fi' 1'1-J'lJ'Jl S2 0.13 0.19 0.15 0.17 0.20 0.23 .840 1.25 0.40 1.15 0.24 -0.10 0.38 .524 

S3 0.13 0.31 0.18 0.25 0.06 0.25 .586 2.79 1.08 2.29 0.52 -0.50 0.81 .191 

S1 0.59 0.47 0.62 0.44 0.03 0.11 .489 0.88 0.46 0.80 0.36 -0.08 0.24 .399 

iJ'l-.llfiflflt'IN U'l-.l'fi' 1'1.-.l'lJ'Jl S2 0.37 0.19 0.60 0.31 0.23 0.21 .029 1.86 0.57 1.44 0.63 -0.42 0.36 .022 

S3 0.34 0.35 0.70 0.65 0.36 0.45 .078 3.16 1.02 2.60 0.86 -0.57 0.64 .057 

S1 0.78 0.59 0.96 0.71 0.18 0.18 .028 0.71 0.47 0.61 0.42 -0.09 0.27 .354 

VJ ., II II 
'1.-.l<;Jflflt'INU'l-.lfll'l-.lqj'l ~ S2 0.51 0.21 0.87 0.54 0.36 0.49 .079 1.64 0.70 1.34 0.81 -0.30 0.37 .053 

S3 0.66 0.41 1.06 0.58 0.40 0.53 .072 3.03 0.95 2.38 0.88 -0.65 0.57 .015 

S1 0.48 0.47 0.47 0.48 -0.01 0.19 .888 0.36 0.22 0.54 0.20 0.18 0.28 .109 

VJ"II II II '1.-.l<;ltl'lJNU'l-.lfll'l-.lqj'l ~ S2 0.04 0.07 0.28 0.33 0.25 0.35 .082 1.21 0.53 1.00 0.33 -0.20 0.54 .328 

S3 0.03 0.07 0.16 0.17 0.14 0.18 .070 2.43 0.70 2.05 0.57 -0.37 0.50 .071 

Significant differentp < .0045, t Paired t-test ~1'1Jfl1J Bonferroni adjustment w 
Vl 



II 
IIIII 

~c----~-. ---·----.... ~---·...,..------••-•-----·"·---

, ----------

I ' • • 
.... I d. 'JI ~ 'JI """:!1~1 'JI ~ 'JI d. -1"' Q I Q 

PJl'jH'YI 5 Uff~\ltlWiHH.Jtl111Jlj \l'll~·Hnl~fl'j~~m 'lJ ln'U 'VI N~l'U 'j1Jfi1Jlf1Un~~l'U!~~l'U 'll~\1-n 'U l1'U l'U'U 4 G)j' Un~!1J 'jfJ'lJ!'VlfJ'Ufll!il nfJ'll~\lt1111Jlj \I'IJU\Itlfl~ 

'JI ~ "' -1"' "' "' ~ "' "' ~ ~ 'JI llJ 'JI llJ 'JI I ..,; ..,i .:II -1 "" 'JI llJ 'JI 
fl'j~~m'Ul-n u l1n\lfll 'i1J'i'U 'i~~'UUn~! 'i£1\ll'~'U (CT 

0
) fl'Ul1n\l'illm!fl l'lln'U l1 u lff'U !'ll1'il u ~~mt1111J!l1n~1J!! 1.11 'il'U'Vl!1J'U 1Jfl~Un1t1\lfffll'rl 11 

4 ~~~'U (CT
1
) (n=lO) 

ft1lll\1~'ll6~ na~ me~rmT TW'tJ111~~1'1J1llflrlln (Hq ·fl'Jlll~~'UB~ tJt)fln:r:~ fl rUloW'W'Vl14tri'n.!L'Wfl1'tJ '{liP) 

w'W 
CTO CT1 CT{CT0t CT ·'() CT1 CT1:-CT0t 

Mean so Mean SD Me!:!ll SD p~value Mean SD Mean SD Mean SD p·val]fe 

~ 'Wifi' fl .ij H 1J 'W.,; 1 'W 'lJ 11 2.07 0.60 2.01 0.59 -0.05 0.53 .401 2.04 1.40 1.69 0.51 -0.35 0.95 .064 

~'Wifi'~ f1 {;ll ~ lJ'W.,l'W'lJ'Jl 1.95 0.78 1.16 1.34 -0.78 1.30 1.59 1.81 0.58 1.76 0.73 -0.05 0.52 .807 

~'Wi~n f;lHlJ'W.,;l'W~l u 1.79 0.44 1.65 0.44 -0.14 0.22 .118 1.80 0.60 1.66 0.57 -0.14 0.17 .052 

~ ~ ~ ~ ~ 
'W'il~ 'llNlJ'Wm'WCJSl rJ 1.91 0.81 1.93 0.83 0.02 0.11 .590 1.75 0.78 1.59 0.71 -0.16 0.41 .308 

Significant differentp < .0045 

t Paired t-test ~11Jfl'U Bonferroni adjustment 

w 
0\ 



' <:1 

1Jflfl 4 

" " ' fll'Jfrfl'hllr11'~i1iH191m.h~~ ~rl't~tHle:Jfl!!'lJ'lJt'Vlrlilrl1 rnhh111'1J 1 '11'1 'W m1 wll 'lJW'W 
q 

"1 'j) .. ~ 'j) ci ~ d 'j) 'j) 3) I QJ ~I 'j) Q.J Q.J ~ 
1 'Yfl"l'W '11 'W l'lJ 'W :w fll'J t r1 r;'le:J'W 'Vl m m~m'W '11 'W l!!r;'l ~ r;'l ~\91l'W m~ e:J'W 'il ~ tu 'W m 1 ~1 1 ~ wn :w ~:w~ 'W TI 

1~w:l1~~1u mJ ~'lle:J~1:w7lulfl'lJ'WUr;'l~W'W mf l'lJ'W 1 M'~~'W ~~tll'W U'il ,Jcm~ ~~ 'il~ ri ~t~1:w 1M' N'1hv ., 
,£ d 9) ~ 1 d"' 9) 

CJ:IJl '11 'W W'W '11 'W l'lJ 'W :lJ 1 fl'lJ 'W ! fl CJ'Vl (J~ ~l:IJ l'J tl rl ~rl1l:IJ'I1 'W l'U e:J ~ fl 'j ~fl fll 'lJ lW 'W!! (;'! ~ rl1l:IJ ~ ~ 'lJ e:J~ (J D fl ., ., 
9) "~ 9) "" ~I" I '1 9) "" ~ I '1 9) I 

fl'J ~~ fll'lJ ll"l'W 'Vl Hfll'W 'J :lJ HlJlfl ! 'Yffl ~lfi:IJ 'illfl ~(;'! fllHl'fl'hl 1 ~'lJJl flU ! 'If!! H'U'W lfll 'lJ 1 ~1 'W 

trl~e:J~llm.f'W \91fl'J'J :wu 'lJ'lJ~f!u u 'W m ~ri1'W mm1 t1 '1'1'11 M'Vf 'W mf l'lJ'W JJfll'J t r1~ e:J'W ~ :w 1''111 ~~ l'W mf 1 

9) I I!] 9) 0 '1 9) I "' "' ., I 0 I "" ~I J "~ 9) d ~ 
!!(;'!~(;'! ~fll'W (;'11~ ! fl 'Vl1 !'11 rllf11l:IJ ~:IJ~'W 'fi 'J ~'111N\911!! '11 'W ~'UB~ 1 :lJ H1 1 fl1J 'W U (;'! ~ Y~ 'W '11 'W l'lJ'W l~ :IJ'lJ 'W 

'il'W 1 n ~t fi v~ tl'lJ fi 1 u n ~ u r;'l ~ m:w 11 t1 r1 ~ r111 :w '11 'W l'U e:J ~ n 1 ~ f! n Vi 11 u (;'! ~ r111:w ~ ~ 'U e:J ~ C.Je:Jfl n 1 ~ f! m u 1 
~ ~ ~ 

I I 3) I I I 

iim1 tfl ~B'W Viu 'lJ'lJll~ 9fVl'W u~ii m1 t r1 ~ e:J 'W Vi u 'lJ'lJ ~:w t~ v~ '1'111 M' fi 1r111 :w t~ v~ 'lle:J ~vr'W mf l'lJ 'W iifi 1 

.J. ~ d 'j) .:::\ dt d 'J} ci ~ ci ~ 
l~:IJ:IJlfl'lJ'W fll'J 'VlVf'W 'Yf'Wl'lJ'W :IJfll'J lrll:l e:J'W 'VlU'lJ'lJrt:IJle:JCJ~'W 'W :lJ ~ll'Yf \91:1Jl 'illfl 2 U 1 ~fll'Jfle:J 

q 

1. U H ~ 1 11'1 'W fl1 'J l rl ~ e:J'W W'W llJ ~1 'W 'il f1 ftWJflm~ rl1l:IJ vi' l'W 'Vll'W (center of 
q ., 

"~ 9) jQ .,& 0 I of 9) 9 "~ 9) d I 

resistance) 'lJe:J~l"i'W'Yf'Wl'lJ'W CJf~\911U'Yf'W~'lJe:J~'ilflft'WC.Jfl(;'!Nfl1l:IJ\91l'W'Vll'W !'Wl"l'W'Yf'Wl'lJ'W 4 CJf 'il~DCJ q ., ., 

I I I 1 

d ~ ,dl ~ T n~ Q.l n~ Q..l 'J} ~ 'J) 'j) 

'Vl'lJ'J l1W rl'J ~'Yf'W ~'lJ e:J ~'J ~ CJ~ 'I'll~ 1~ '111NY~ 'W \91fl fl(;'ll~ U (;'!~ Y~'W \91 fl 'lJ l~l:IJ e:J:IJ e:J~ 'illfl 'Vll~f!l'W 'lJ 1~ (lateral 

view) Ul:l~'lJ1t1W~~flJ:ll~t~fll'W'J~'Yfil~~~fll:ll~'JlflVf'Wiflflm~'lf'lmtl:l~'lJ11 U\9l~lU'Y!U~~!!1~'illfl 

1:11flfl'J~Yll~BVf'W mf l'lJ'Wl~B~~fl1 M'Vf'W '11 u l'lJ'Wlrl~B'W l U'VlN~l'W'Y!U l'il~e:J ~~'lJ1! 1W!! 'lJ 'j mn\91~ ~ ., 

mJ~ 1ni1 'ilflft'W vnm~ r111:wvi'l'W 'Vll'WUJ:l ~u 1 ~ 'illflfll'J ~~C.Jl~U'J~ !fl 'Vl~ 3 'il~ ~l'W '11 ~~ !!(;'! ~~lfl i1 'ilfl cu q qJ q 

of 9) oq9l d.,~ d! "' ~ "'>"" oq9J 9) "" 

ft'WC.Jflm~ml:IJ\91l'W 'Vll'W 'I'll 1 '11 'J~'lJ'lJ!! 1 ~'Vl!flfi'U'W 'illmm e:J~:IJB'Vl ~ ~B~ '!f'W f! :w ~u'Vll m Vf'W '11 'W l'lJ'W :w ., 

37 
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I I I 3} 
I d. .-.?f' 9) d. Q.l ~ d. '3) d. Q.J \rj I lf] 9} I 0 'l 'J} Q 

U\91 f11 1 'Vll"l'W 11 'W 11J 'W lH'l f)EJ 'ill~ fll'H 'fH'lel'W 'VH!1J 1J [llJ !fl tl\l'W 'W ! lJ ! \91 ff \l N[l 'Vl1 11l f) 1'1 

f)l)ffill!~tltfell'l m ~ l'lf)l D1~'W 'Vl1\l #l1'W 'l f)~lJ1JU1f) I u !'i"l) 1 ~ trl B!m ti1J! Yi ti1J1'111lJ ff \j'IJ eJ\j tlell'l 
'tl u cu '\1 

"' -~ "' 'l ~ ';;II. I ' ' "' ~ -~ "' IIJ "' ' IIJ '"' m~~f1l1J11"l'W'Vl1\ll'l1'W f)[l)lJH1J1f))~1111\lf1el'WU[l~11[1\lUf) !'Ul"l'W11'W1ff1J !'U1 'i"l1J11 !lJlJ1'111lJ 
'j) ';j) I f 

U\91f1~1\IBV1\lihTvrl1flt!J'V1NffG~ (p < .0045) vl\1Utl111l'WB\l111niim1 'l i'u H'IJ'W 11'1!1J1 hm1111'l~B'W 
-~ 'J) 0 'l 3)& 31 .... ~ 'j) ~ ~ d 'j} d. d ~ ~ 
1"l u 11 'W 11J 'W m 11 t1 \l UlJ 1"l u 11 'W 11J 'W 11 ~ tnl'l m1 !fl [1 e~u 'Vl u 1J1J [llJ! e~ tJ\l u 1 \l 'Vl [1\J 1J 11 1w tJtll'l m ~~ m 1J 1 

~'W~Ilimmn'W 11'Wvl1 'l M!nl'lm1 mv'llawlfm1u1J1J lli~l'l~~a u[l~!nl'lm1 [1~ [11tJ'IJ f)\j val'lm~l'l n 
'U 

rl1111' 1Jm1 u i'1Jfl11lJ 1a t~\1'\JB\l~mnf 11J'W 'l ,rii~1 'l n ~~~ v\l n1J~ 111 n~mn~'W 'l 'W m v11 ~'~ ~ '~ 11 ~ 
ri \j N[l ~~ 'fl! ff~ ()).f) 1'\Al 'IJ tl\l 1911 !! 'Vi u \j 'IJ tJ \j~ 'W 'Vi u 11J 'W .f) 1 ti'Vi ~\j f1111' f)EJ 111 1f) f) 11 ~ ii~ 1fl11lJ !D tf\j'IJ tJ \j 

Vl'W~1n~!~CJ\l~1un~ 
I I I 'j} I I I 

ri1'W VI 'W 11 u 11J'W Yi tJ\l ii nn 1 fl~ a 'W Yi [1 '~ lJ 1'Vl1 '~ #l1'W ri 1 \l vl\l Yi ii nn 1 fl ~B'W Yi u 1J 1J ~ lJ 

"' di • o 'l 'JJ "' ~ ~ ~I ,j "' 9 "'"' "" !tJtJ\lClf\l'W 111~'Vl1 11~'W11'W 11J'W t~nnl'l'IJ'W'W 'W m11 11 ~~ 1J'W N[llJ111 1nm1 tJ a m1 1J 1J 1m a \I J.JtJ 1 11J.Jf1111'l '~ 
'U 

d ~ 0 G) 9)d. G) ._d ~ I & d <::::\ d. I d d. 

tll\IU1~!.f1'Vl'Vl 3 U1J1Jff'W 'V11 !'VllJUH !'WI'l\llJlf)'IJ'Wf111f1111'l\ltJ1\lU1~!.f1'Vl'Vl 3 !!1J1JUf)\91 tlf)ff1'U'VllJ 
' ,; ' 

N[lri'l! ff1JJ 1 M!fll'l N[li'l nri11 ;{tJ nur\'111'W 191\9\'1u 11u \l 1 'Wf111~\l t11\IU1~ !.n'VlYi 3 U1J1Jfl'W Yiiim1 

e~tJn!! 1J1J 1 Mii n11 ~ \ICJ1\l 11 1f1M1\l ~tJV1J 'W [111'1! ul'i' 1 I 'Vl 'Vl1!U tJJJ1J1 1 1w ~'~ n [11\l #l1'W 1JJ 1Ju1n'U tJ\l~ 'W 
'U 

!~CJ11J'Wm~#l1'W 1n~nm\l'\JtJ\lVl'W'VIU 1ri1\l;~ 2 ~\lf111~\ltJ1\li:ln£Jw~ i'lnri 11 'WBn 111n 11~v111 ,r 

1nl'lm '~ 1 'Wu 'W 1~\l~mn~'W!!~1tl'\l!~'W l911!mu '~~t!r11 n~n1J~'W 11 u 11J'W v\'11 Mm '~ 1 'W u 'W 1~\l~!nl'l ~'W 
'U 



39 

"' 'j) • ~~i:J''UtlfHl1\l'fi11:JJ~1'U'Y11'U 

'lltl\l~'Urn!11J'U 4 ~ 

_Jd o I ~ ;j) ~ j) d d ~ 
~u't114 Uff~\l~1U'l1'U\l'lltl\l'\J~ff'UtlfH'11\l'fi11:JJ~1'U'Y11'U'lltl\ll"''U'l1'U11J'U 4 Glf U'fi~'J~1J1JU'J\l'Yllfl~'\11fl 
~ q ~ 

' " ' 
m~\Olm ul'l1ml'fl~fll')~\ltl1\llh~!fi'Y1Yi 3 u 1J1Ji:lul1mdh~t!~'U ww' 11J'U 

~ ~ 

.::i I d .c! 0 Q..l d 0 G) 3)~ 3/ d d. d fj} I ~ 
ll'fl~ tlflff1'U 'Yl:JJ fl11:JJ ff1flUJ'Yl 'Y11 !'111"1 'U '11 'U 11J'UJJfll'j !fl 'f1 ti'U 'Y1 'fl\l:JJl~l'I.J 'fll\1 fl tJ ... 

fl11:JJ~h:JJi1t~'ll t~\1 H'u 1t11 u fll'J ~'~ t11\l ~'~ H'u 1t1'Yl m 1t1~! if ri 1m1u 111 t1Uf111:JJ j 1:JJ i1t~ 1 u nu ~'~ t11\l 
~ ~ q 

trlu mh'l~ 1~t1U1~tilu 'il1flf111D'U Yinm1 1 '*tiN'llt~'IH'u 1t1~1 ,r vhnwuu Yinnu 1 '*t11\ll ~ t1~~ 1 u~ 
~ 

ff1'11 of1J l'l'fl 'll tl\lfll'J 1 '*u 1 \l'li'U 1~!1Jl~1Wfl ~t~'li1m1u~m 'JJJ~~ml u 1J Nff1'U~ t1 

m"Jtu~vuuu'f!\l'llt~'lm~~n'll1m1 im 'W1J':h tfl~t~'li1t~ iui~vh 1 ,r1n~m1 tu~vuuu'fl'l'llt~'lm~~n 
~ ~ 

'll1m1 tm1Ju u~vh 1,rtn~m"Jtu~vuuu'f!'ltu'W1~ 1 'Uff1'U'llt~'lm~~fl'll1m1 1nnh'l~\lt1Ju!'l'f!l~t1 
~ 

fl't~:JJ '\1 1 flfll'J ~ Yl 1l ,r! n~ f11 'J '11 :JJ'U 'll tl\1 fl'J ~ ~ fl'll tl\lfl'J 'J l fl'J ci H 1 U 'Y1 H~ 1 'U '11 ~ \1 ff\ll'l'fll ,r 
q 'U 

m1:JJi:lm~'W1h~w:iNm~~fl'll1m11m1J'UU'fl~'ll1m1imri1'l~~'U 11JJ~'IYi11,rm1:JJ 1fi''lt11'lltl\l 
~ 

11Jmr 1'fl~'fl'~ u'fi~Yi11 ,rf111:JJff \l'llt~\l11Jm!1t~:JJ~u 1 uu~mw ~~~mr t~v trlmu1 ti1Jtl1v1Jn1Jnt~u 
~ 

I I I I I 'j/ 1 

!flilt~ufi'llt~\l~'U m 1:JJ1J'U ~fil :1Jl'Y1N~1'Uri1'1 '\11fll'l'fl'lltl\lfll'J~\lt11\lU'J~!fi'Ylfi 3 U1J1JJ:l'U fit ,rUH 
I I 'jJ I I I 

1 uu u 1~\ll~:JJ~'U ~\lu~ -:h~ 1u 11 u 'IYi~ \!tiN 'il~ftti'U if1'1:1Jl'Y11\l~'U 11 ti' 11J u u~ m 'ill i1 B\1 '\1 1mi 1'1Yi1 '* 
!~tl1tl1\l mJ'f!1~! 1J1'i' 11 'Y1 !'Yl! il tiJJ~V~~~tl'm1 t~if1'1 Utl:JJ'lltl\l~'U m 1:JJU VI~~ 1 'i 1JJtl1J m1'W1Ju m t1 

'" 



r. 

40 

m~ 'Vl1 i ri'u1-:~ 'h..1u'W 1~-:~~tn~~'W 'illn~-:~vNe:n'iln r-nrvh i ri'Vfu n·n:lJu ~1J'W ~~ 1 nnntfl~eJ'W~:IJl 
'1'11-:J~l'W ci1-:~ ~lll~lvu r~~'Vl1 i ri'tn~nWHll'W 'UeJ-:Jm ~~fl'U1m':i 1m ci1-:~! tl 'Yl1-:J~1'W 'Vi rl'-:~i-:~nci11 

• 'U 

"" ' 't1'W1Jl1 fll'j 

ttl~ V'W u tlr~-:~ fl l1llt B v-:~ '1J ti-:1 Vf 'W 'Vi t! 1tl ':i ~ mw 1 o eNft'1 'il ~ ij r.~rt 'Vl1 i 'Mt n~ n n 1 tl~ v 'W u tl rt-:~ ~ 1 u ml-:~ 

'Utl-:!'il~ A Urt~'il~ B 'il1flfl1':i~lJfl1-:itl1'1J-:itl~N'Utl-:Jm~~mJ'1ntu'il~ A Urt~'il~ B \911llfl1':i 
q q Ill 'U q q 

' " ' 
ttl~ v 'W t ttl r~-:~ ~ 1 t t 'Vi tl-:~ 'U tJ-:~ tl rt 1 v 1 1 n 'U tJ-:~ Vf 'W 'Vi t! 1 u 'W tl1 'ilt i'1 tJ '~ll 1 'ill n tl'1ll 1 w fl 1 1ll 1 B v '~ 'U tJ '~ Yl' 'W 

'V!t! 1~ttl~V'WU tlrt-:J l tlij~1t!tJVfll1fl1':iftmJ 1'\Jtl-:1 Abdwani i~owi 'WVf'W 'Vi t! 11J'W ij~ 1fld1ll!BV-:J'U tl 'I 

d~ ' 3/lt::il d (;,./~-.::9 
Vf'Wt'Wll'U'W 6.8 ± 3.4 tl-:!ft'1 {l'l'WVf'W'VI'W1rt1-:Jllfllfl11ll!tl(J-:J'1Jtl-:JVf'Wrt~rt-:J 4.6 ± 2.4 tl-:!ft'1 ~'l'Wl.-!'il-:1 

rl'1 tl!~ 11 m1 i ~tn -:~'U'W 1~tm ~1UtflitJ-:~llm1ul'1m':i ll~~mi 'U m-:~ ~hu hi !~n r-~m11 'llitn~m 1 

ttl~V'WU tlrt-:J'Uti-:Jm~~fl'Ulm':i l f)':i1J'WUrt~ ci1-:1 i~V\91 ':i-:! ~-:~mlt1~lJfl1':i! tl~V'W!l'lJrt-:~ 'Utl-:1 fll1WDV'l 
'U 

dt ~Q.I ~~'j) e:Q & dt .c:!id ~ 1.<:::::. 

l 'W tl ~ '\) 1 f)~ 1 'W d '\) (J fl 'j ~ 'W \9) tl-:1 fl1 'i ft'f) 'I:J 1 tl ~ r-1 rt 'U tl-:1 l fl 'i tJ ~ lJ v '1'1 tl tl f) u 1J 1J 'U l.-1 \9) tl '1'1 ft' 

<!\ d n~ 9} 9 9JII] n~ 9} )'I 9} 4 d 9 9}d 

'Yl1-:Jfll':i!flrttll.J'Yl'Utl~-n'W'Vi'W11J'W ~'Wfll':i!!fl ~'1J-n'W'Vi'W1rt'1J 1'1J'J 'il~llfl1':il1-:!Ur.ll-J. ~'Villfl1':ifi11JfJll 

h!i ri'tn~m':i ttl~ V'WU tlr~-:~~ 1u 'Vi tl-:~'UtJ-:JVf'W 'Vi t! 1ci 1-:1 'il1fl r.Jrt'U tJ-:J m':i ~-:~ r.m tl 1 ~ !fl'Yl ~ 3 ~ tJ1 'il 'il~ ij N n 

'\'11 ir1'Vf'W 'V!t!1ci1-:JlJfll'i !fl~tl'W~ l tl'Yl1~~1'W in~i'W i~Vfll':i i ~n1~m~flfl~1l r {l'U ll'Vi t! Wl~t 'Vi ~Vll 
'U'W 1~ o.021x0.025 if 1 ~lJ'U'W 1~ i m:u!fitJut~ ll fl l1ll 'il 'Uli-:J ~ tJ-:J'U tJ-:Ju u~ mnVJ u~ 'il1fl Nn'U D-:J " . 
fl l'iftfl'I:J 1!~Vltl1J fl 1'i ttl~ V'WU tlrt ~fl l11H 'Vi~ tlll U 'W l':i 11J mf'li'W 'll l1 Vf'W 'Vi'!! 1 rt'1J l '1J -)'~ tl flU fil 'U 'il 'W 

"' 
~~~1fll1llm~mm 'W 11 11J~trl'W tln&JJ'W rh'W 'Vi rt ~ttl 'W Nrt:~-J 1 'illn iim'i! fl~ tJ'W ~ 'Utl-:Jl1'W 'Vi '1!1 ci 1-:11 ~1 
l tl'Y11~~1'W i n~i'W ~ lll ~lV ~-:! {1'1!'Vi \91tl1'il!fl~ 'il1fl r.Jrt'U tl-:!fl ulJ 1 'WIll tJfCJ$tll 'W ~ 'l5U ~u 1 Vtt {1'-:! ~ 1 ~ • 

i/ I I I 

'Yl1~~1'W u~t~ vl'UtJ-:~Yl''W m 1llri 1-:~Cl$-vi 1 i tJ 1 ~'Vi 11-:~ fll':i uri! 'UVf t..! 'Vi t! 1{1'1J 1 '1J i' t ~ tJt:J 1 r1' Vf'W 'Vi t! 1 ci 1 '~ 

'Ul1~fll'j !fl~ tl'W ~'U tl-:!Vl''W 'Vi'!! 11J'W i 'W fll'i !fl~tl'W~:IJl'Yl1-:!~1'W 'l nm :IJ 1ltl1n ~nm-:) m ~'\'11 'l r1'Yr 'W 'Vi rl'~ 

ri1~ t1 nn~ t'lY 1 ~m ~ ~mtr 1Vl't..1u r~ :;;~ll 1 tl '1'11~ ~ 1'W 'Vi rl'~ tn~ m 1 'Vi :IJ 'W 'U tJ-3 'i:;; 'W 1u m'i {1'1JYl' tJ ri 1-:1 u u u 
"U cu <u q 

c:l "'> 4 9 9}n~ 9} ' "'> 9} 9} IIJ n I 9} 

'Yll'W!'1Jll'W1Wfl1 (counter clockwise rotation) Urt:;;~-:~ !'Vil'1'Wl1'W1rt1-:!!fl~fll':irtlJ\911ll!'U1 ~u'Yl1-:J~1'W 

9J" 

inrt~'W 
d ' IIJ n I 9} ' 9 9} ' <!\ "! <V n~ "'> ' 

!!rt:;;'\J 1 fl'l'l flrtll t uU rtll1fll'i ~ '15!! 'i ~'U'W 1~! 'iJ 1 H1'W !fl'i tl-:!WJ 'il~-n tm 1J1J \91 ~ !! 'W 'W 

' " m~ril'W l:Jl~lJNrt'\'11 'l r1'tn~fll'i ttl~VtH!tlrt-:J'1Jfl~m:;;~f)'1J1f1':i 'i "l m1J'UUrt:;;ri1-:J i~V\91':i\J \ol-:~u'W Hrt 
"' 

I I 3J I 

~l'W Nrt '1J tl~ fll'i 'l ~! fl~ tl~ iJ tl~ tlfll':i ttl~ V'W mJ rt -:1 'U tl~ t i'J tl !Vtl~ tl'W 'W 1J l1 fl1 V'Vi rl'-:! 

m':i1n'l:l1rrthvnfll1ll iA-:~ti'1'UtJ-:~ium!1r~~r~~ ~-:~tnl'l'il1flfll':it'lJ~v'Wutlr~-:~'1JtJ-:~ 3 ~l'W~tJ'1ll1hhn 
"' 
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11'W ii flll" t fl ~f) 'W ~ lJ 1 'I'll~~ 1 'W '11 u lit !;'I~ 1JJ 1J'JJ lflri 1~ ii flll" !fl ~f) 'W ~! 'li'l ~ l'W 1 'W 1911JJ flll"! fl ~f) 'W ~ 'U f)~ 

YTu 'HU111'WUI;'l~Yl'u'HU 1ri N Uf;'l~flll"'HJJ'W'Ue:J~'lllml" 1 mri1~ 1 tl'l'll~~ 1u 11 ~~'Y11111'1'11u 11 u ~fl Nii 
q 

" . 
nll"fle:J(J 1 'l.J'1'11~~1u 11 ~~1911JJ 1 'JJ~ 1fJ u e:Jn 'ill nil 'U lfll"') 1 nl" ri 1~ Yi ii n11 11 JJ u 1 'JJ 'I'll~~ 1u 11 ~~ ir~ ri ~ V.J(;'l 

q 

'Y11111' mlJJ fJ11'U e:J~ 11111 u Tthu ri 1 ~~vi JJ ~u 'JJ 1 ~ mw 1.2 iJ ~ ~ !JJ 191l" u~ td e:J~ 'illl" w 1'1'11~ fl i1 14 n 'il ~ 
1 ~ tr.h 11.! 'Yl11Mt ~ u m1 1 viJJ ~'W'u eJ ~ fi11JJ {1 ~ 11111 u 1 ri1u ri 1 ~ ~i'l'l 1 'il u tT n 1h ~ n e:J11 n 11 vr1h fJ ~ 

~ ~ 

ft'i1:1~ ~ 1u .U1 \Jill n m 'i 1;$ H'i \l'lll! WI !'U 1 Nll!!fl ~e>\lil e>.u'vi'WU H'l.J'U ~ 1>1 m-lu 'lJ 1 \ltl1U n'U Al! u ~m.J n ~ 

'lJB\lfll!,'Yir.l (191111~~ 6) 

'lllml" tmril~'llfl~fi'W 1 'l'lfJ !GJf'W!~fJ1fl11 fll~t{ll'l~fl11mYm;h.nh~'Hll~m~l'ltl'lllflT:i 1 fl':i1J'W!!~~ 
~ 

riN~'W11l1 mEJ'H ~~m1 wi't 'UW'W 11U 1{1'11 t 'lli'il~'Y111Mfil~~n ri 11!~JJ~uu~~iJ~u eJ EJflllfl 1 ~ ~ n r11~ 
m ~EJ~!!{ll'l~fi11JJam~mh~'Hll~m~l'lfl'lllml" tm'lJuun~ril~ ~~u'l.Jf;'IV.J(;'l 1~11 fi11JJamfu £ 

~ 

II] ' .,.,% "'-' ""<V l ';) II] J d I 

'Ue:J~m~l'ltl'lllm1 ~m11'W!!I;'l~m~l'l'll'W!!191EJ~fi~JJI;'ltl£JW~ ~f11~{ll"l~'ll1m1 ~m1 1~!fl'l'1'1'1 3 {1'1'W 
~ 

'JJ1~JJ1W 0.5 fl~ffl 

m1 1 'JJ~ EJu ~t 'JJ 1;'1 ~ 1 u ri1u 'lJ eJ ~vr u 'W 1111 YT u 11 u 111 u ii fi11JJ 1 ~ EJ~ 'lJ e:J~ YT u m nn-i1 

u~~vru 11u lril~iifl11lJ!~fJ~'Ufl~Yl'u u e:JEJn-i1 1dmu1 v111YifJ11n1Jfi 11 u ~ v'JJ n~~ 11 {1'\91 ~fi11JJ ~~v~'Ue:J ~ 

YTu 11u 111 u 11 (;'l~Yl'u'H u 1ri1~'U e:J~flu 1 '1'1 fJ ~~~e:J! ~ u1i e:J~'l.Jn~'Ufl~ n11-r n£J 1'1'11~ vl'u 191 nl"l"JJ ~l'lwu 

u1111Bl'W11~fi11JJ~I'l'l.Jfl~'llfl~ 1m ~{1'~1~'\Jlfln 1 m1h~!fl'Vl~ 3 ~uri'! 'UUqJ'Yllfl11{1'11Yl''W~1fJtl11 

~l'lwu 1wv~e:Jv1~ ~~ (J1 'Y11111'!1-lii V.J(;'l v\'1 'll1'1n1'1 n11 1'JJ~vu !!1Jrl,~'Utl~ 1 fl 1 ~{1'~ 1 'ln 1 ~ ~ n'll 1 n1 11 n1 

!!1;'1~~1v~n£Jw~ 1 fl'j ~{1'~ 1~'lllfl1 11 n1~ ~l'l'l.Jn~llli~~~~~~JJ~ u 'Vll 'll'i'wtJ 11U 111u ~ e:J~iifi11JJ!~CJ~ 
<V o?l' ,% 3 ';) I ';) "" "" <V o?l' ';) d! 

'lJ eJ ~ 19111"1 u m n 'lJ u u 1;'1 ~ l"' u 11 u 1 1;'1 N 'il ~ 191 eJ ~ JJ fi11JJ !e:JCJ~ 'll 'fl ~ 1911-v~ u u eJ v e1 ~ m eJ 'lfl'l 1 'JWm ~ ~ n 

'lllm1 tm11uul;'l~ri1~~ 11-lamfu£nuul;'l~ 11-l!~uri'l 'll 
! 3J I I 

ri1u n11 1'JJ~ vu1t 'JJI;'l~'Ue:J~! ue:J!ve:Jae:Ju 95~ 'JJ l ~~i!u 'ill nfi llJ JJ 11111 u 1~1 u '1i' 1~ 'W 1111 
q 

fi 1~ 11'1l ~ 'illflfll'j ftnmcl ii fi llJ lJ! ~ JJ~'W !!~ er~ fl ~.w f)(Jflllfl l!Q ~(J'Ue:J~ u fl~'U f)~ fl 'W hw .r~ cl !'W 'j 1~ 
q 
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J I ';j) I 

m-av.rn 6 u 'ff~~ml" till vtHVi vul"~rd1~~1Vi1'~ !1Pi'~1nml"~hnnw nu~1m ~ v'l.Jn~'UB~fi'W 1 vw~1n 

. 
r-=tcv 

fll'Vl1~fl11 

nJ~v'WmJ~~ 

'1 'J) "' t'WU'W1'11'W1-'11'tN 

SNA (B~fl'l) 

SNB (tNfl'l) 

ANB (B~fl'l) 

UIPP ('eJ~fl'l) 

LIMP ('eJ~fl'l) 

OJ (iJrlil!:JJ\911) 

FCA ('eJ~fl'l) 

SNMP ('eJ~fl'l) 

OB (iJt'1il!:JJ\9ll") 

~lm~m.Jn;l 
'U f)~ fl 'W, 'Vl (J 

Mean SD 

84.0 4.0 

81.0 4.0 

3.0 2.0 

119.0 2.0 

97.0 5.0 

3.0 1.0 

9.0 4.0 

29.0 6.0 

3.0 1.0 

. " . 
fi1Vi1'~!~,,t1ml"fim,nu fi1Vi1'~ '1~111nm1fim:n 

rl B 'Wfll 1 w"! 'U 

Vf'W'I111'1ffU lu1' 
Mean SD 

81.9 4.5 

83.0 4.8 

-1.0 0.9 

115.1 5.6 

86.4 5.3 

-1.7 5.0 

2.7 5.4 

34.7 3.6 

1.6 1.3 

" umvmf~um'U 

Vf 'W '11 tf 1 ff'IJ, 'U 1' 
Mean 

81.9 

82.3 

-0.3 

122.0 

83.4 

2.5 

4.7 

35.5 

1.6 

SD 

4.8 

4.7 

0.9 

7.1 

4.8 

0.7 

5.2 

3.9 

0.7 

_ ~ e:::i CV e:q 'Ji d d G) 9} ~ ~ n I 
\llflflll"!ul"f.J'IJ!'YW'IJfl'IJflll"fl'fl111'1J'eJ~ Lin Url~ Gu-· 'Vl:JJflll" !'Jf!'Vlfi'Wfi'Vlu!'eJ'lH!rl~ 

t'VlfiUfltum) ·h:unum'j~\lt~l-nh~tfl'Vl~ 3 1~vnn'li'uH'l.l'Wl~tmur1~~m~'eJ\l'l.l'Wl~ so-6o n~:u 

t~'e"Juft!'l.ltftumrf'Wm!l'ff'IJ! 'l.ll '\Al1lll Vf'WliUlut.JiJml"tfl~'eJ'W~uuu~:ut~v\l vh 'l ~fll:JJ:JJt~eJ\l'l.l'eJ\l 
u q 
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~ !ll ... ""~ !ll 11) !llll) !ll... !llll) !ll ' d d ... 
'Utl'JTI'U'I1'Ul'IJ'U 6.8 ± 3.4 tl'Jfl'l fllt:J'\1{l'J'YJTI'U'I1'Ul{Y'IJ !'U1 !~';i'!Jfll'H!f1 !'U!!(l1 {1'1'Uii-l(l'Yl!f1V1f1'1J 

nn! u~ V'U!! u (1-:J 'Utl'J~ 'U '\1'U l'IJ 'U, 'U!! 'U 1~ 'J ~ii li-l(l ~ tlfl1llJ~lJ~'U .fi 'j ~ w:il 'J I'll!! '11 u 'J'U tl 'J ~ lJ NU1f1 

uuu (I~ ~u '11 u 1u uu(l~ li-l(l ~ii~ am~~ m ~1~u 'Yll .:J~l'U 1 nll~ :u 1-lu 1 n 1llf1f11'j ~~u ii nn !fl~ au~ 
"' 

" 3) e:::1 l.l]•ll}ilo~ G) 1 .:::!~,, o .... l..:::::s d Q.l 

!!'IJ'IJ(llJ!tJV'J Lin !!(!~ Gu !ll !~'Yllfl'f1'hll !'U{1'1'U'U1l'J lJ{Yll.JlHl'Ull.Jl!u';it:l'IJ!'Ylt:J'IJf1'1Jii-l(l'Utl'J 

3) 'J} Q.l Q.ld,Q..Id 3) 'J) I I Q.l Q.l G) 
a a:u 111 nm 'j u {1'~ .:J m'V'l CJl'tJ'U 'Yl 'IJ'U t:J.:J m 'V'l 'j .:J {1'1~ fl'HJ ~ ~ l'U 'U 1-:J 'j ~ '1111-:J n au u (I~ '11 (I .:J nn m£11 ! u 

f1Uflf1Ell'Utl.:J Lin U(l~ Gu 'V'l'Ulll'11t!~HH'1bv~ull.Jl!!{Y~.:Jl:J'V'lum';i!U~V'U!!U(l.:J\911!!'11U.:J'Utl.:J 
"' 

" " Q,l Q.l 9) d. 0 .c::t. & d. 9) Q.l & . 
!!(l~'\1(1-:Jfll'j'jf1£ll (!{Y'U{Y'Ul!'J'U) 'Utl'Jfll'jfl'f1Ell'U (CJl'lt:J) f1'1Jfll'jfl'f1Ell'Utl'J Lm !!(!~ Gu 

c m1) !~ a~m'j! u~ vuu U(l .:JI'11u '11 u 'J'U a.:J ~ u '11 u l'IJ'U 1 u u u 1~ 'J !!(I ~fl1ll.J ~:u~ u .fi 'j ~ '11 i1.:J 
"' 

~u '\1U 1u'Uu(l~~:u1-lu1nuu~!u~vuu U(l'J 1 u 

f11';i!U~V'IJ!'ViV'IJii-l(l~JJ~tlm~~f1'Ulm';ilm 'V'l'Ull f11'jfff1Ell'Utl.:J Lin !!(!~ Gu ii 
"' 

f11'j !fl ~au 'Utl'J 11~ A m'Yl N~ l'U '\1U 1~-:J~l.:J 11 lf1f11'jffnmd ~ i:J'V'lum'j! u~ vu u U(l'J'Utl'J1l~ A . . 
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1~uu !u 1 tJ~-:H-li\n!r~~-:nJnum':i~~!'ll~'th~m'Vl~ 3 tvlmlfi't 'UV!'U rn! wru hrf hw~tJ~fll':i 111'~'W 
'11U lU'U iim1 tfl ~tl'U ~uuu~~CJ} 'VlU11 ~'U '11U lU'U iim1 tfl ~ tJ'U ~uuu ~ :IJt ~CJ~ t 'lf'W n 'U 1 ~ viJri lfldl:IJ 

t~ v~ 'U t1 ~~ 'W 11 U' ll'~:IJ ~'U 12.9 tJ~ fl'l~ ~ tft:JJ ~'U :1Jlflfl11m 1 ~fl'hll rl 'W t1m11 fl rltri t1 ~mn fll'Vl 

~tl'U 'f1 U 'illflfll'Vl~ ~ ~l~fi'J EJ~¢1 l'U 'li 1~ till CJU t Vi CJU':i ~ '1111 ~rltl'Uttrl ~ '11 rl'~ fl1 ':i -r fl'EJ 1 ~'VlU 11 ~ 'U '11 U 1 

.<:::! d. d. 'j/ .<:::! & I 0 'j/ Q.l Q.l if I 0 I ~ 
U'U :JJfll':i tfl rl tl'U 'VlllU U ri:JJ ltJCJ~ tt rl~tlfl fl~'U'U b1" ~ l'lri'Vllt '11 f111:JJ b1":JJ'Vl'U 1i ':i ~ '111N \911ll '11 'U ~ 'U tl~':i :IJ 

<U 

1J U 1 flU 'U tt r1 ~ Vf 'U '11 U lU 'U ttrl r1 ~ fll CJ '11 rl' ~ fll ':i -r fl EJ 1 

1:11 U 'illflfll':i till tiUt Vivu Hrl fll':i -r fl'EJ 1¢1 1tltf11 tl~lJ tJ 1J ~ Vf 'UttU 11~~ tt 1J 'U U 1~ bY1'U ~ 

1 ~ll H'U'U 1~! U ltlUtf11tl ~ iJ tJ 1 'U fll':iftfl'EJ lg'U 'VlU11 Vf 'U m! lU'U iJ fl1 ':it fl~ tl'U ~ llUU ~ :JJt ~tl ~ ~~ 

~ N tl'U tt~ l'lrl'Utl~ tf11 tJ ~ lJtJ~l'l1 U tJfl11fl1 ':i ftfl'EJ lg'U ~ tJ fll':i 'I'll 111' Vf 'U '11 U lU 'U iJ fll':i tfl ~ tl'U ~rl ~:JJl 
'J) I II] I ~ "' dl .,; 0 ~ 'J) OJ OJ <I I "' '::'I, I ,?I' 'J) 

'Vll~~l'U rll~ ~:JJtl flfl~ 'U'Ul'I1:1Jtl'U fll':ifl'fl'EJ ltl'U 'V11!'11 f111:1Jb1":JJ'Vl 'U 1i ':i ~ '1111~ ':i :JJ F-lU lflU 'U ttrl~-n 'U '11 'U 1 
"' 

"" ~ I OJ ~ 'J) ~ .,; 0 ~ 'J}d/ 'J) I 'J) "" .,; d 
U'U ~ 'U'U ':i 1:1J flU fl1 ':i ~ 'lHl ':i ~ 'U'U 1 ~ tUl ~ 'U fl1 ':i tfl rl tl'U ~ 'U 'V11 ~ '11 tl ~ tt:JJ 11Vf 'U '11 'U lU 'U 'il ~ :JJ fll':i tfl rl tl'U 'V1 

m~~m'tf1Vf'U'V11~¢i'l'W 1:JJ1Ju lfl l fl¢i'mv'l1rl'~fln-rfl'El 1 tJVN l ':i~\911:JJ 5~iJ'litJ~ltl~'UtJ~fl1nlll'lrl 
<U 

'Utl\lfll':iftfl'Ellrlt 11till tiUtVitiUtlUfll':iftflEJ lg'U ! ~ tl~ 'illfl Hrl 'U tl\1! f11 tJ\IlJ tJ 1 'U fll':i ftfl'EJ 1 g'U 'l 'il~! ~ 'U 

l'lrl ~!1.f1 tiU!Vi tiU':i ~'1111\1 rltl'U fll':i -r fl'EJlllrl ~'11 rl'\1 'illfl~'U b1"~fl1 ':i -r fl'EJl!!~ 1 vl1111' Hrl ~ l ¢i' 'ill fl fll':i 1 ~ 
q 

lq'3J.<:::! 1 .<:::! ~ ~ tX rcl '3Jll]d.~~9 cl,£ <l.l 

l 'U 1!'Vl tl~ tJ til~!~ ti1!'11:JJ tl'U fll':i fl'fl'EJ l'U ll\91!1J'U Hrl':i 1:JJ fll':i ll fl l 'U 'Vl!fl~'U'U ~ 'U ':i ~ tl~! 1:1"1 'ilb1"'U fll':i':i fl'EJ 1 

(finishing phase) ¢11tl 

I '3J 1 I 

'illfl m 1 u 11 f1 ~ t1 \1 iJ tJ'l5u ~rw 1111 ~1 'W m 1 ftflEJ 1 'VlU 11 iJ ~~Vi~ t1 ~ 'Yl1m1 11-r u u 1\1 

' ' " 0 9 3/n':f' 'jl .<:::! ~ .<:::! 'jl I Q..l 'jl Q../ ~ 

1. m H ~ 'Vll ~ '111'~ 'U 11 'U 1u 'U :JJ m1 t f1 r~ tJ 'U 'Vl:JJl 'Vll\1 ~ l'U m \1 'U 'U 'il ~ l'ltJ~ mfl'vm 1 ~ \1 

til~ U':i~ !fl'Vl~ 3 llUU a'U \PlnT 'U if 'il '\) tl~ 'il~! 'lilmii Hrl vl1111' Vf'W '11 U' 11J'U ~ fl1 'j !fl~ tl'U ~~ ~'U, U\911:JJ~ 
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~\WN~hnn ~'lvlllli' Nrl fll';i 1 mmre:Jfl:IJ Wll:IJ ~fll~fll'HUl l' en 1l 1l ~! ~ eJ 'l:IJ11l lfl rru --;w~! ~1~ 1:1JHW 
"' 

1'\lm~u rru1v~'llJT111lJ{l''W l11~1l~v\'1m';i i'mJ 11 ~ue:J~l'lmn u~l11ntll!fl~ e:J'lrie:J'lfiJ ~~1 ul ~'ll'W 
"' " ' ' 

11'1 'l'Vll'lf!~iJnm11 11~ 1:J hi'Nr~~l:IJU 1tle:J'l1l 1n 1:J {l'llJl';i t1 Yi 11 ~u'j ~ 1:iJ u T1 11:1J ~ 1:1J r1 e:J'll eJ 'l rru 1vu~r~ ~ 
"' 

'j 1 v 1 ~'If~~ 1:1 u inT u ~ 'l1J~ 1 ~ u m 'j ~ n11l11fl1J ~ ij fll'j t1WJ u 11 f)~ eJ 'l r1 e:J'lfil ~ rltli' m:IJ 1 'j t1 v11ll1'1 f1 ~ 
dt n?t' S} ')) ')) ')) ' 1 d ll] ' ')) <V O "' '))}I ')) 

fll'j !f!rlti'W -n'W l1 u 11J'WlJTVll'l~l'W l1 u l!!rl~ r~ 'l~ l'W m'l 1 ~ V'Vl t:IJ\91 e:J'l eJ lrWf! 11m 1:1J:IJ e:J'IJ eJ 'l NlJ 1m 'IJ 1 

d ')) 
:IJl!fl£)1'\Je:J'l 

"' 

2_ fll'j ~ l'i' eJ 'l n1'j eJ t~n 1111111 ~'~ ~ t~'l r1 eJ ll1'ij n1 'j 1 ~'~ ~ eJ u ~ u l1 tJ' 111 u ~ 1 v11 'j 'l'll u 1~ 1111 

v11ll1'~1~~ul'i'e:J'll ~r~1~11JI'i'1 1 'Vl'Vll!u vlJ'JfiJ~l11fw1~nr~lJ 'll'W 1~!bY'uvhf1uunm'l o.o 16 if 1 ~ijnn 
"' 

i~ r~ 1~ 1 ~ u 11 1'lJ u\91 1~rl1l11'11i u ~u l1 tJ' 111u 1 ~ 'j 1~ 11 1nn1 'j ftn'l:l 1 t11 ~ e:J'll u l1' e:J'lu fi111in1 'j ~1J 11 

{l'llJlHllli'm 'l'll'W1~!1J1\911:1J~vi'o'lm';i 1~ !rlolJfll'jUi'1Jm~!fio lli'u H!~'W 'j~£J~'Vll'l 1 :iJr~~!lJm 

~~~ 1llflfll'jU1 1 ul ~ 'll'W 'Vll'lfl~iln ~1111 1l~ijnnl1 vou '1Jo'lm~~ 11\9111 'Vl 'Vlllii v:IJ l u ';i::; l111'l ~ij m 'j 

~'l£Jl\IU';i::;!.fl'Vl~ 3 v\'1ll1' tl11ll~£J'l~Ofll';i !fl~fll'j i fl'IJ O'l r~ 1~ 'j ::;11 11'lfll';i l ~ 'll u ~ 'l ~ l!~'W vi't~'l ij fll'j 

"" ~ ')) Sl)i "' "' ~ "'~ "" "' "" ~ ~ ')) '))}I "" "' 01i 1J1 £J ! l1 NlJ 1£J';i ~ :IJ~ ';i ~ 1'l ! 'W flU ~'l Vl'l l!r!::; l11fllJfl U l1 fl'IJ 0 'l rl 1~lfl ~ 'IJ 'W ! l1 NlJ 1£J';i 1Jfl ri1J:IJ 1 
"' "' 

3. l 'W mw ~ij~lf!JllJ!li~tllJ!l'W 1~'l1l::;vi'o'lijfll'j l ~fltl:IJ 1 ~l:IJ0{91!:1J'WI'l'lfil~u 1£J 

!!1,1' 'l 'l ri11'1 nw ~u m1:1J~l'lll ,.rCJ}~ 1 1fimil ~ fll'j {1'1J~'W l1:J'll1'~ u l1tJ 1~ l'l 'IJ 11'1 fll'j 1 fl ~ ou ~'IJO'l~'W 
S} Sill] n?t' ')) ll] sJ ..II 0 '1 ')) "" n"'' n?t' ' 0 ' d '1 ' 1 <J' 

l1'W11J'W'IJW::;un &'1l-n'Wl1'W1{1'1J &'IJ1 GJf'l'Vll &'11lfl~lJtyl11-n'WmllJ'i:ll'l\911lll1'W'l'Vl &{l'fiO:IJ &'Vll:IJO'j 

91!:1J'WI'l'lfil ~u 1vu {l''lflflfl~l~l 1 ul u m::;~mul~'W ri 'lNrlvllll1'!n~m';il1lJ'W'IJe:J'l';i::;'u11Jfln{l'1J~'W 
"' "' q 

' ~ <V d "" 0 ~ '))n?f' ')) ' <=! ')) ')) ')) ~ '))~ ~ 0 ~ ')) 

r~N 1 u r~n'l:l w::;'Vl1'W l'IJ:IJ u 1Wmu r~::;'Vll 1 l1-n'W li'W lrll'l:IJ fll'j ri:IJ! 'IJ llJl'Vll'l ~1u 1 n r~ r~ u lJlfl'IJ'W 'Vll 1 l1 

1:Jmm';it1U';i ::;d:Ju Nri'IJO'llfl~ o'lrlo~e:Jfll'j !U~vuu Ur!'l'lJO'l~'W l1tJ 1~1'1 1~1 ~£J\91'j 'l 
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9.1 9.1 '1 9.1 " I "" "" ""~ "'~ 23 ""~ 
~1'U'IJN H'Vl'Ufll':i !'lHJ1~Vl1:J.Ju{J'Vl'U (Chronological age) l'YI:J.Jtl'Ufll':ifl'fl1J1'1Jtl'l Lin u~:;:; Gu 'Vi':itl 

... I ~ v .e.:~..:!:t 9J ~ 9 ... 1 ~ 
fl1 ':i u ':i:;:; t:JJ'U 111fl fl1 'V-l H tr:JJ tJ U ~:;:; 'IJ tl:JJ tJ (Hand and wrist radiograph) 1 'U fll':i u ':i:;:; t:JJ 'U fll':i 

t11'1 rut~u 1Vl'll tJ'l NU 1tl t'V-l':i 1:t 111flfll':i ftfl1J1'Vi mt~nu ftfl1l1 ~ vhu m'V-lu 11 m ':i u ':i:;:; tilu nu " .. 
tU~ti'U u u~ 'l':i u1 1'l'll V'lm:t ~ flfltl mmHll i'tilu 1'111i 'l;':i:;:; ti:tfll ':i t11'1tut~u 11'1 'IJ tJ'l m :t~fl'll tJ'l 

~ ~ u ~ 

" " ' j Nflltll 'U 'IJ w :tt!'U ':id:JJ 'l'f'ltr1:JJ1Hl U':i:;:; til'U u1 :Jj 1 w fll':i t 11'1 rut~ 1J 1 Vl'IJ tJ 'l m:;:; ~ flll m ~ tJ tJ ~tltl 'U " .. .. 
" ~'U tr~fll':i t11'1 UJ!~U 1Vll 'U tl'U 1f1Vl hf 1~ tl 11J1J fl 11:JJ HVlfl~ N tJ ~NlJt!tirY1flUI'Vl1 'l {]'~~flU fl1 ':i . " " 

VI~ n1 ':i u ':i:;:; t n u n1 ':i t 111 rut~ u 1 Vl 'U v 'l N u 1 tl ~ y.j u 11 n v u t~ :Jj n1 ':i -r n111 N u 1 tl 'VI n ':i 1 tl 'Vi :Jj ~ n1 ':i 
u ~ ~ q 

t11'1rut~u 11'1 u~1 ~'lJu VI~ nuf1mJ 1~ 1~1 u m':iftfl1l1rl~'l t ilu VI~~ tn~ 111nm':i 1 i'tfliv'liimVlt~'l 
" 

tl~1'lt~tl1 1ll1~ii VI~ 111flfl1':i t 11'1tut~U 1Vl'U tl'JNU1t11 1:JJ~1tl 
" '" 

2. nu 1 i'fl1Yl-r 'l ~-chu l'l~mft't~fl v:J.Jv:i 1tVl v{ :JJ 1u':i :t tilu m ':it u~ t~u u u ~ 'l 'U v'l 

9.1 .~ "~ 9.1 "' '1 9.1 .,; "'! 0 '1 9.1 '1 9.1 
fl':i:t~fltUTr~'U 'Utl'll"''U 'Vi 'U 11J'Ufllti'Vi ~ 'lfll':i ! 'JH fl':i'CN:JJ tJ 'Vl1 ! '11 {l'l:J.Jl':i flU tlfl VI~'IJtl'l fll':i ! 'JfU H'IJ'U 1~ ... 

I 9) 9) li) 9) <V ~ ~ I d/ 21 d d 

l1J1Vltlfl':i:t~m1Jl~'U'Utl'l~'U'H'U11J'U t~'lf~t11'U'IJ'U CJf'lVlN111flfll':ifl'fl1l1'1Jtl'l Lin tl~:t Gu · 'Vl:J.Jfll':i 
'" 

l i'u ':i 'l'IJ'U 1~ t 1J 1l 'U fl1 ':i wi'l 'UVf 'U mf 1 {1'1J 1 'Ult GJf'U tl'U H~ 11J lJ fl1 ':i U ':i:;:; tiJ 'U fl1 ':i l U~ ti'U H U ~ 'l 'IJ tJ 'l 

m:;:;~mlf1~u 11:JJ~-w U':i:tfltJUtlU111flfll':iftmn~~1'U :JJ1 38
-
39 

'V-lUl1 fll':i 1 i'm'V-l-r 'l~ri1ul'l~mftt1 
'" 

fl tJ:J.Jv:i'dt\91 v{ t lJu 11j ~ tr1:J.Jl':i til i'u ':i:t tiJ'U fll':i t U~ ti'U H U ~ 'l 'U tl'l m:;:; ~ flt Jf 1~'U 1~1 ~ tllJfl 11:JJ 
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