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! %&!

Aims: The aim of this study was to report the metrological qualities of techniques currently #'!

used to quantify skeletal muscle volume and 3D shape 20!?8/91?4!/0>!@/1?=9=52;/9!:.6;986.  #(!

 #)!

Methods: A systematic review was conducted (IE=6@8E=!HBS%#+")+)#(+)c. PubMed, Web #*!

of Science, Cochrane and Scopus databases were searched using relevant keywords and $+!

inclusion/exclusion criteria. The quality of the articles was evaluated using a customized scale.  $"!

 $#!

Results: Thirty articles were included, 6 of which included pathological muscles. Most $$!

evaluated 9=F8E!92:G!:.6;986a!P/E12/994!=E!;=:@981894!/.1=:/12;!/0>!:/0./9!techniques were $%!

assessed in 10 and 24 articles, respectively. Manual slice-by-slice segmentation reliability was $&!

good-to-excellent (n=8 articles) and validity against dissection was moderate to good(n=1). $'!

Manual slice-by-slice segmentation was used as a gold-standard method in the other articles. $(!

Reduction of the number of manually segmented slices (n=6) provided good to excellent $)!

validity if a sufficient number of appropriate slices was chosen. Segmentation on one slice $*!

(n=11) increased volume errors. The!S83=E:/12=0! =3! /! I/E/:81E2;! T@8;232;!_Gd8;1! eSIT_c!%+!

:81?=>!e0f&c!decreased the number of manually-segmented slices required for any chosen level %"!

of error. Other automatic techniques combined with different statistical shape or atlas/images-%#!

based methods (n=4) had good validitya! T=:8! @/E12;.9/E21286! F8E8! ?25?925?18>! 3=E! 6@8;232;!%$!

:.6;986a![xcept for manual slice by slice segmentation, reliability has rarely been reported.  %%!

 %&!

Conclusions: X?8!E86.916!=3!1?26!64618:/12;!E8<28F!?89@!1?8!;?=2;8!=3!/@@E=@E2/18 segmentation %'!

techniques, according to the purpose of the measurement. C0!?8/91?4!@=@.9/12=06J!18;?02^.86!%(!
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68W)1,!KP7AbL!F),(62!I+,(!F.3/.*!0)HF)3,.,+63!I.0!)G.*/.,)2!+3!4+G)!.-,+1*)0!K\.3H)!N!016-)Q!5@@!

<"V&$Z!F).3!N!016-)Q!"5D5!S5&:M;:M@:"<:"%ULD'(+0!,)1(3+R/)!+3G6*G)0!F.3/.*!163,6/-+3H!63!.!;##!

-)2/1)2!0),!64! +F.H)0:! 46**6I)2!8?!.!B.-.F),-+1!0(.B)V8.0)2! +3,)-B6*.,+63!16F8+3)2!I+,(!.!;#$!

Y-+H+3H! ,)1(3+R/)! +3! 6-2)-! ,6! 68,.+3! .! 0/-4.1)!F62)*! I+,(6/,! /0+3H! ,()! +3,)-F)2+.,)! 0*+1)0!;#5!

S"%:"@UD!d.*+2+,?!I.0!F62)-.,)!,6!H662!16FB.-)2!,6!0*+1)V8?V0*+1)!F.3/.*!0)HF)3,.,+63!K3[<!;#;!

S5&:M@:"<:"%ULD!\)2/1+3H!,()!3/F8)-!64!0*+1)0!+31-).0)2!,()!)--6-!K3[$!SM;ULD!\)*+.8+*+,?!I.0!;#<!

B66-!,6!H662!2)B)32+3H!63!,()!F/01*)!K3[5:!SM@:"<ULD!'()!3/F8)-!64!F.3/.**?!0)HF)3,)2!0*+1)0!;#M!



! &#!

-)R/+-)2!,6!68,.+3!.!B-)V2),)-F+3)2!)--6-!I.0!0B)1+4+1!,6!).1(!F/01*)D!E!*.-H)-!3/F8)-!64!0*+1)0!;#"!

I.0!3)1)00.-?!46-!H*/,)/0!F+3+F/0:!H*/,)/0!F)2+/0:!68*+R//0!.32!+*+.1/0D!;#&!

!;#%!

K&5".'6$&+96&*)'#"09",&6&*+,'&")5,*=$"#';#@!

J6/-! 6,()-! F),(620! ,6! )0,+F.,)! ;P! F/01*)! 0(.B)0! I)-)! )G.*/.,)2Q! 0)F+V./,6F.,)2! .32!;$#!

./,6F.,)2! .,*.0V8.0)2! 0)HF)3,.,+63! S<%U:! +F.H)V8.0)2! .32! 0(.B)V8.0)2! 0)HF)3,.,+63! S5@U:!;$$!

.,*.0V8.0)2!.32!0,.,+0,+1.*!0(.B)V8.0)2!0)HF)3,.,+63!S"&U:!.32!+3,)-.1,+G)V0)HF)3,.,+63!/0+3H!;$5!

0(.B)!B-+6-0!.32!0,.,+0,+1.*!0(.B)!F62)**+3H!S"MU!K\.3H)!N!016-)0Q!<@V&;Q!F).3!N!016-)Q!MMDMLD!;$;!

E32-)I0! ),! .*D! /0)2! .! B-68.8+*+0,+1! 0(.B)! -)B-)0)3,.,+63! 1.**)2! H)3)-.*+f)2! *6HV-.,+6!;$<!

-)B-)0)3,.,+63!,(.,!+31*/2)2!.2W.1)31?!+346-F.,+63!.*63H!I+,(!.!-6,.,+63.**?!+3G.-+.3,!-.326F!;$M!

46-)0,!86/32.-?!2),)1,6-!,6!./,6F.,+1.**?!0)HF)3,!,(+H(!F/01*)0!S"MUD!g+F!),!.*D!/0)2!.3!.1,+G)!;$"!

163,6/-!0)HF)3,.,+63!F),(62!I+,(!.!*)G)*!0),0!.BB-6.1(!,6!./,6F.,+1.**?!)X,-.1,!0/B-.0B+3.,/0!;$&!

F/01*)! 4-6F! .3!9\! +F.H)! S5@UD! ^3H0,-6F! ),! .*D:! /0)2! .! 0,.,+0,+1.*! 0(.B)!F62)*! KAA9L! ,6!;$%!

./,6F.,+1.**?!0)HF)3,!R/.2-.,/0! */F86-/F!S"&UD!P/-+3H! ,()! 4+,,+3H!B-61)00:! ,()!2)46-F.8*)!;$@!

AA9!I.0!1630,-.+3)2!/0+3H!B-68.8+*+0,+1!9\!.,*.0)0D!>)!'-6,,)-!),!.*D!/0)2!.!F/*,+V.,*.0!8.0)2!;5#!

./,6F.,+1!0)HF)3,.,+63!F),(62!,6!R/.3,+4?!,()!G6*/F)!64!,()!R/.2-+1)B0!4)F6-+0!F/01*)!H-6/B!;5$!

S<%UD!d.*+2+,?!.H.+30,!0*+1)!8?!0*+1)!F.3/.*!0)HF)3,.,+63!I.0!F62)-.,)!,6!)X1)**)3,!.32!F60,!;55!

64!,()!-)0/*,0!0(6I)2!H662!G.*+2+,?D!e6!0,/2+)0!64!-)*+.8+*+,?!I)-)!46/32D!!;5;!

!;5<!

A")5,*=$"'3"6#*>*%*&8!KA<!'.8*)L!;5M!

'()!2/-.,+63!64!0)HF)3,.,+63!I.0!)G.*/.,)2!+3!)+H(,!0,/2+)0!S5M:5":<":M":M@:"<T""UD!h0)!64!.!;5"!

-)2/1)2!3/F8)-!64!0*+1)0!,6!68,.+3!F/01*)!G6*/F)!2+G+2)2!0)HF)3,.,+63!,+F)!8?!<:!/0)!64!63*?!;5&!

63)!6-!,I6!0*+1)0!2+G+2)2!0)HF)3,.,+63!,+F)!8?!5"!.32!$M:!-)0B)1,+G)*?!SM"UD!h0)!64!,()!P7Ab!;5%!

F),(62!,6!)G.*/.,)!;P!0(.B)!(.*G)2!,()!,+F)!,.Y)3!+3!63)!.-,+1*)!SM@U!.32!2+G+2)2!+,!8?!$5!+3!;5@!

.36,()-!S5&UD!h0+3H!./,6F.,+1!0)HF)3,.,+63!F),(620:!63)!.-,+1*)!-)B6-,)2!,(.,!,()!,+F)V,6V-/3:!;;#!



! &$!

I+,(6/,!(/F.3!+3,)-.1,+63:!I.0!.86/,!M#!F+3/,)0!B)-!+F.H)!S"MUD!e6!6,()-!0,/2+)0!)G.*/.,)2!;;$!

4).0+8+*+,?D!!;;5!

!;;;!

:*#)$##*+,';;<!

'(+0!-)G+)I!+31*/2)2!;#!.-,+1*)0!I(+1(!B-+F.-+*?!461/0)2!63!0)HF)3,.,+63!,)1(3+R/)0D!],!(.0!;;M!

-)B6-,)2!1/--)3,*?!.G.+*.8*)!)G+2)31)!46-!,()!F),-6*6H+1.*!R/.*+,+)0!64!F.3/.*!.32!./,6F.,+1!;;"!

0)HF)3,.,+63!,)1(3+R/)0!,(.,!)0,+F.,)!F/01*)!G6*/F)!.32!0(.B):!.32!,()!4).0+8+*+,?!64!,()+-!/0)!;;&!

+3!.!1*+3+1.*!6-!-)0).-1(!0),,+3HD!'()!F.W6-+,?!64!0,/2+)0!-)G+)I)2!+31*/2)2!().*,(?!0/8W)1,0:!;;%!

)G.*/.,)2!*6I)-!*+F8!F/01*)0!.32!/0)2!0*+1)V8?V0*+1)!F.3/.*!0)HF)3,.,+63!.0!,()!H6*2V0,.32.-2!;;@!

-)4)-)31)D!i-).,)-!)--6-0!+3!G6*/F)!.32!0(.B)!)0,+F.,+63!I)-)!46/32!,6!8)!B-62/1)2!8?!F),(620!;<#!

,(.,! 0+FB*+4+)2! .32! 0(6-,)3)2! ,()! F.3/.*! 0)HF)3,.,+63! B-61)00D! A/44+1+)3,! )G+2)31)! I.0!;<$!

.G.+*.8*)!,6!0/BB6-,!,()!G.*+2+,?!64!,()!P7Ab!,)1(3+R/)D!E!*.1Y!64!-68/0,!0,/2+)0!F).3,!,(.,!;<5!

6,()-! a/,6F.,+1! 0)HF)3,.,+63! ,)1(3+R/)0! 16/*2! 36,! 8)! G.*+2.,)2! 8/,! ,()! )G+2)31)! 1/--)3,*?!;<;!

.G.+*.8*)!I.0!1630+2)-)2!,6!8)!)316/-.H+3H!.32!4/-,()-!I6-Y!63!,()0)!F),(620!+0! +32+1.,)2D!;<<!

A6F)!B.-,+1/*.-+,+)0!46-!0B)1+4+1!F/01*)0!.32!0)HF)3,.,+63!,)1(3+R/)0!I)-)!(+H(*+H(,)2D!;<M!

!;<"!

<"&.+%+0*)6%'=$6%*&*"#'+3'96,$6%'6,;'6$&+96&*)'&")5,*=$"#';<&!

<6,$6%'#"09",&6&*+,'&")5,*=$"#';<%!

A*+1)V8?V0*+1)!F.3/.*!0)HF)3,.,+63!I.0!,()!F60,!)G.*/.,)2!,)1(3+R/)!8/,!+,0!G.*+2+,?!I.0!63*?!;<@!

)G.*/.,)2! +3! 63)! 0,/2?! K63! -6,.,6-! 1/44!F/01*)0LD!E0! 0*+1)V8?V0*+1)!F.3/.*! 0)HF)3,.,+63! +0!;M#!

I+2)*?!/0)2!.0!.!-)4)-)31)!F),(62:!4/-,()-!0,/2+)0!.-)!I.--.3,)2!,6!1634+-F!+,0!G.*+2+,?D!C+,(!;M$!

-)H.-20!,6!-)*+.8+*+,?:!-)0/*,0!G.-+)2!.F63H!F/01*)0D!'()!/0)!64!2+44)-)3,!G6*/F)!1.*1/*.,+63!;M5!

F),(620!2+2!36,!0))F!,6!1(.3H)!,()!)--6-0:!+32+1.,+3H!,(.,!)--6-0!46/32!8),I))3!F).0/-)F)3,0!;M;!

I)-)!*+Y)*?!-)*.,)2!,6!0)HF)3,.,+63D!'()!R/.*+,?!64!,()!-)0/*,0!I.0!*6I)-!46-!2))B!F/01*)0!0/1(!;M<!

.0! H*/,)/0! F+3+F/0! .32! 46-! F/01*)0! I(60)! 86/32.-+)0! .-)! /31*).-:! 0/1(! .0! ,()! +32+G+2/.*!;MM!



! &5!

F/01*)0!64!,()!R/.2-+1)B0D!]2)3,+4?+3H!,()+-!)X,)-3.*!86-2)-0!.BB).-0!1(.**)3H+3HD!'6!*+F+,!,()0)!;M"!

0)HF)3,.,+63! )--6-0:!I)! 8)*+)G)! ,(.,! +,! +0! )00)3,+.*! ,(.,! 0,.32.-2+f)2! B-61)2/-)0! /0+3H! 1*).-!;M&!

.3.,6F+1.*!*.32F.-Y0!B)-!F/01*)!.-)!2)G)*6B)2!.32!+FB*)F)3,)2!S<"UD!P)0B+,)!,()!4.1,!,(.,!;M%!

4)I!0,/2+)0!)G.*/.,)2!+F.H)!.1R/+0+,+63!F),(620:!,()?!.BB).-!,6!8)!Y)?!46-!,()!*+F+,.,+63!64!;M@!

0)HF)3,.,+63!)--6-0!S&#UD!\)H.-2+3H!,()!0,/2+)0!,(.,!16FB.-)2!2.,.!4-6F!0/8W)1,0!I+,(!().*,(?!;"#!

6-!B.,(6*6H+1.*!F/01*)0:!,()!I).Y)-!-)*+.8+*+,?!46-!B.,(6*6H+1.*!F/01*)0!16/*2!8)!.,,-+8/,)2!,6!;"$!

0(.B)!1(.3H)0!.32!86/32.-+)0! ,(.,!.-)!F6-)!2+44+1/*,! ,6! +2)3,+4?! S"MUD!A*+1)V8?V0*+1)!F.3/.*!;"5!

0)HF)3,.,+63!+0!.*06!,+F)V1630/F+3H:!()31)!+,!1.336,!8)!).0+*?!/0)2!+3!1*+3+1.*!B-.1,+1)D!!;";!

!;"<!

')1(3+R/)0!8.0)2!63!,()!F.3/.*!0)HF)3,.,+63!64!.!-)2/1)2!3/F8)-!64!0*+1)0!-).1()2!H662!,6!;"M!

)X1)**)3,!G.*+2+,?!I()3!.!0/44+1+)3,!3/F8)-!64!0*+1)0!I.0!0)HF)3,)2D!'()!.BB-6B-+.,)!3/F8)-!;""!

64!0*+1)0!G.-+)2!.F63H!F/01*)0D!J6-!F60,:!4)I)-!,(.3!(.*4!64!,()!,6,.*!3/F8)-!64!0*+1)0!3))2!,6!;"&!

8)!F.3/.**?! 0)HF)3,)2:!I+,(! 0*+1)! ,(+1Y3)00)0!64!$#!FF!.32! +3,)-0*+1)!2+0,.31)0!64!M!FF:!;"%!

.**6I+3H!0(6-,)-!B-61)00+3H!,+F):!I(+*0,!F.+3,.+3+3H!.3!.*F60,!)R/+G.*)3,!*)G)*!64!B)-46-F.31)!;"@!

16FB.-)2! ,6! 0*+1)! 8?! 0*+1)! 0)HF)3,.,+63D!\)0/*,0! 1.3! 4/-,()-! 8)! +FB-6G)2! 8?! ,()! 1(6+1)! 64!;&#!

.BB-6B-+.,)!0*+1)0!,6!0)HF)3,!SMMUD!^--6-0!+3!G6*/F)!)0,+F.,+63!1.3!(6I)G)-!611/-!I()3!,()!;&$!

3/F8)-!64! 0)HF)3,)2! 0*+1)0! +0! -)2/1)2! S5":5&:<&:<@:MMUD!C)!I)-)!/3.8*)! ,6!2),)-F+3)! .3?!;&5!

H)3)-.*!-/*)0!8.0)2!63!F/01*)!0(.B)!6-!,()!0+f):!,(/0!4/-,()-!0,/2+)0!.-)!-)R/+-)2!,6!.00)00!,()0)!;&;!

F),(620!+3!F/01*)0!,(.,!I)-)!36,!)G.*/.,)2!+3!,(+0!0?0,)F.,+1!-)G+)I:!)0B)1+.**?!/BB)-!*+F8!;&<!

.32! ,-/3Y!F/01*)0D!>.0,*?:! +FB6-,.3,!2+44)-)31)0!8),I))3!G6*/F)!1.*1/*.,+63!F),(620!I)-)!;&M!

.*06!(+H(*+H(,)2D!J6-!)X.FB*):!,()!163)!F),(62!I.0!+3.BB-6B-+.,)!46-!4/0+46-F!F/01*)0!S5&:<&UD!!;&"!

!;&&!

h0)!64!)G)3!4.0,)-!,)1(3+R/)0:!0/1(!.0!,()!0)HF)3,.,+63!64!.!0+3H*)!0*+1)!I+,(!6-!I+,(6/,!F/01*)!;&%!

*)3H,(:!16/*2!8)!.0061+.,)2!I+,(!.!*600!64!B-)1+0+63D!c)1./0)!64!,()+-!0B))2!64!-).*+f.,+63:!,()0)!;&@!

,)1(3+R/)0!1.3!8)!/0)2!+3!1*+3+1.*!B-.1,+1)!+4!,()!.+F!+0:!46-!)X.FB*):!,6!)0,+F.,)!,()!2)H-))!64!;%#!

F/01*)! *600! +3! 2+0).0)0! ,(.,! 1./0)0! 0)G)-)! .,-6B(?:!I()-)! 2+44)-)31)0! 64!F6-)! ,(.3!$#_! +3!;%$!



! &;!

G6*/F)!I6/*2!36-F.**?!8)!)XB)1,)2D!AB)1+.*!.,,)3,+63!F/0,!(6I)G)-!8)!B.+2!I()3!/0+3H!,()0)!;%5!

F),(620!46-!363V4/0+46-F!F/01*)0D!E*,(6/H(!,()!H/+2)*+3)0!/0)2!46-!,()!1(6+1)!64!).1(!0*+1)!;%;!

I)-)!2),.+*)2!46-!).1(!,)1(3+R/):!,()-)!I.0!*+,,*)!-)*+.8+*+,?!)G.*/.,+630D!],!(.0!8))3!B-)G+6/0*?!;%<!

-)B6-,)2!,(.,!,()!6B,+F.*!*61.,+63!64!F).0/-)F)3,0!1.3!8)!2+44+1/*,!,6!86,(!2)4+3)!.32!-)B-62/1)!;%M!

S"$U!,(/0!,()-)!+0!.!B6,)3,+.*!46-!)--6-0!,6!611/-!4-6F!F.3/.*!=AE!0)HF)3,.,+63D!J/-,()-!0,/2+)0!;%"!

.-)!I.--.3,)2!,6!)G.*/.,)!-)*+.8+*+,?D!!;%&!

!;%%!

@$&+96&*)'#"09",&6&*+,'&")5,*=$"#!;%@!

'()!P7Ab!F),(62:!I(+1(!+3G6*G)0!./,6F.,+1!0)HF)3,.,+63!64!+3,)-F)2+.,)!0*+1)0:!(.2!H662!;@#!

G.*+2+,?! +4! )36/H(! 0*+1)0!I)-)!F.3/.**?! 0)HF)3,)2D! J6-! 363V4/0+46-F! .32! 0F.**!F/01*)0:! .!;@$!

H-).,)-! 3/F8)-! 64! 0*+1)0! (.0! ,6! 8)!F.3/.**?! 0)HF)3,)2! ,6!F.+3,.+3! H662! .11/-.1?D! ]4! ,(+0!;@5!

F),(62!+0!46/32!,6!8)!-)*+.8*):!+,!16/*2!8)!/0)2!+3!.0061+.,+63!I+,(!F.3/.*!,)1(3+R/)0!,6!-)2/1)!;@;!

,()!3/F8)-!64!F.3/.**?!0)HF)3,)2!0*+1)0!.32!()*B!0.G)!,+F)D!J/-,()-!0,/2+)0!.-)!I.--.3,)2!,6!;@<!

2),)-F+3)!I(+1(! ,)1(3+R/)! +0! ,()!F60,!.11/-.,)!.32!4.0,!8),I))3!F.3/.*!0)HF)3,.,+63!64!.!;@M!

-)2/1)2!3/F8)-!64!0*+1)0!I+,(!2+44)-)3,!G6*/F)!)0,+F.,+63!F),(620!.32!F.3/.*!0)HF)3,.,+63!;@"!

I+,(!P7Ab!S5&UD!'()!-)0/*,0!16/*2!2+44)-!2)B)32+3H!63!,()!F/01*)0:!8)1./0)!64!,()+-!0B)1+4+1!;@&!

0(.B)0!.32!*61.*+f.,+630D!!;@%!

!;@@!

'()!G.*+2+,?! 64! ,()! 6,()-! 46/-! B.-,+.**?! 6-! 16FB*),)*?! ./,6F.,+1! ,)1(3+R/)0! .3.*?0)2! K0)F+V<##!

./,6F.,)2! .32! ./,6F.,)2! .,*.0V8.0)2! 0)HF)3,.,+63:! +F.H)! 8.0)2! .32! 0(.B)V8.0)2!<#$!

0)HF)3,.,+63:!.,*.0!8.0)2!.32!0,.,+0,+1.*!0(.B)V8.0)2!0)HF)3,.,+63L!16/*2!36,!8)!1634+-F)2!+3!<#5!

,(+0!-)G+)I!2/)!,6!,()!0F.**!3/F8)-!64!*6IVR/.*+,?!0,/2+)0!1/--)3,*?!.G.+*.8*):!(6I)G)-!+,!+0!<#;!

+FB6-,.3,!,6!36,)!,(.,!-)0/*,0!I)-)!)316/-.H+3HD!'()0)!,)1(3+R/)0!.BB).-)2!,6!8)!B-6F+0+3H!+3!<#<!

,)-F0!64!G.*+2+,?D!a+H(!R/.*+,?:!.22+,+63.*!F),-6*6H+1.*!0,/2+)0!.-)!,(/0!3))2)2!,6!G.*+2.,)!,()FD!<#M!

^.1(! ,)1(3+R/)! (.2! +,0! 6I3! 1(.-.1,)-+0,+10Q! 0)HF)3,.,+63! /0+3H! H)3)-.*+f)2! *6HV-.,+6!<#"!

-)B-)0)3,.,+63!,-.3046-F.,+63!1.3!+FB60)!064,!1630,-.+3,0!I()-).0!2)46-F.8*)!0,.,+0,+1.*!0(.B)!<#&!



! &<!

F62)*0!.32!.,*.0V8.0)2!0)HF)3,.,+630!/0)!(.-2!1630,-.+3,0D!a6I)G)-:!,()!H)3)-.*+f)2!*6HV-.,+6!<#%!

-)B-)0)3,.,+63! F),(62! 1.336,! )44)1,+G)*?! 2)*+3).,)! B60)! G.-+.8+*+,?! .0! .H.+30,! ,()! 6,()-!<#@!

,)1(3+R/)0!.32!,(/0!-)R/+-)0!+F.H)!B-)VB-61)00+3H!.0!.3!.22+,+63.*!0,)BD!'(/0:!06F)!,)1(3+R/)0!<$#!

F.?!8)!F6-)!.BB-6B-+.,)!,(.3!6,()-0!2)B)32+3H!63!,()!F/01*)0!.32!,()+-!B-6B)-,+)0!.32!63!,()!<$$!

1(.-.1,)-+0,+10!64!,()!B6B/*.,+63!K1(+*2-)3:!B)-0630!I+,(!F/01*)!B.,(6*6H?!),1DLD!b,()-!4+32+3H0!<$5!

+32+1.,)2! ,(.,! ,)1(3+R/)0:! 0/1(! .0! -.326FVI.*Y! 0)HF)3,.,+63! S&$:&5U:! I.G)*),V8.0)2!<$;!

0)HF)3,.,+63! S&;U:! 6-! 2))B! *).-3+3HV8.0)2! 0)HF)3,.,+63! S&<U! 0(6/*2! .22+,+63.**?! 8)!<$<!

+3G)0,+H.,)2! 4/-,()-! ,6! 2),)-F+3)! +4! ,()?! 16/*2! B-6G+2)! -.B+2:! .11/-.,):! G.*+2! .32! -)*+.8*)!<$M!

F).0/-)F)3,0!64!F/01*)!G6*/F)!.32!0(.B)!46-!/0)!+3!-6/,+3)!1*+3+1.*!B-.1,+1)D!!!<$"!

'<$&!

J6&5+%+0*)6%'9$#)%"#!!<$%!

9),(620!,6!)0,+F.,)!0Y)*),.*!F/01*)!G6*/F)0!.32O6-!;P!F/01*)!0(.B)0!/0+3H!9\]!2.,.!.-)!/0)2!<$@!

1*+3+1.**?! 46-! 2+.H360+0! S$<U:! ,6! )G.*/.,)! ,()! )44)1,0! 64! ,-).,F)3,! S$5U:! .32! .0! .3! .+2! ,6!<5#!

B-)6B)-.,+G)!B*.33+3H!S$%UD! ]3! ,()!1.0)!64!F/01*)!B.,(6*6H+)0:!1(.3H)0! +3!F/01*)!0(.B)!.32!<5$!

0+H3.*! 611/-! 8)1./0)! 64! F/01*)! 2)H)3)-.,+63:! I(+1(! 1.3! -)32)-! +2)3,+4+1.,+63! 64! F/01*)!<55!

86/32.-+)0!+3!9\]!2+44+1/*,!K2/)!,6!4.,,?!.32!4+8-6/0!+34+*,-.,+63L!S$":$&UD!962+4+1.,+63!64!,()!<5;!

.3.,6F+1.*! *.32F.-Y0! /0)2! 46-! =AE! 0)HF)3,.,+63:! 64! ,)1(3+R/)0! ,(.,! .-)! 8.0)2! 63! 0(.B)!<5<!

4.1,6-0:! .32! 64! G6*/F)! )0,+F.,+63! F),(620! F.?! ,()-)46-)! 8)! -)R/+-)2D! '(+0! +0:! (6I)G)-:!<5M!

1/--)3,*?! /3Y36I3! 2/)! ,6! .! *.1Y! 64! 0,/2+)0! ,(.,! (.G)! )G.*/.,)2! B.,(6*6H+1.*!F/01*)0D! '(+0!<5"!

4+32+3H!0/HH)0,)2!,(.,!0B)1+4+1!F),-6*6H+1.*!0,/2+)0!.-)!-)R/+-)2!2)B)32+3H!63!,()!B.,(6*6H?!<5&!

8)+3H!+3G)0,+H.,)2!+3!6-2)-!,6!.G6+2!F).0/-)F)3,!)--6-0!.32!,(.,!1./,+63!F/0,!8)!.BB*+)2!I()3!<5%!

)X,-.B6*.,+3H!,()!-)0/*,0!64!,)1(3+R/)0!/0)2!+3!().*,(?!F/01*)0!,6!,(60)!I+,(!B.,(6*6H+)0D!!<5@!

!<;#!

N960"'6)=$*#*&*+,'<;$!

'()!9\]!B-6,616*!/0)2!,6!.1R/+-)!+F.H)0!1.3!(.G)!.!(/H)!+FB.1,!63!0)HF)3,.,+63!6/,16F)0!<;5!

S&#UD!'()!0,/2+)0!+31*/2)2!+3!,(+0!-)G+)I!F60,*?!/0)2!'$!I)+H(,)2!0)R/)31)0:!0/HH)0,+3H!,(.,!<;;!



! &M!

,()0)!.3.,6F+1.*!0)R/)31)0!.-)!.BB-6B-+.,)!46-!0)HF)3,.,+63!8)1./0)!64!,()+-!.8+*+,?!,6!B-6G+2)!<;<!

H662!R/.*+,?!+F.H)0!64!,()!F/01*)0:!,6!2+0,+3H/+0(!,()!F.-H+30!8),I))3!,()F!.32!8)1./0)!64!<;M!

,()+-!1.B.1+,?!,6!163,-.0,!863)0!4-6F!F/01*)!S@:5&:5@:"<UD!a6I)G)-!6,()-!0)R/)31)0!16/*2!.*06!<;"!

8)!/0)2!.32!2+44)-)31)0!+3!F),-6*6H+1.*!B-6B)-,+)0!8),I))3!0)R/)31)0!I)-)!0(6I3!+3!63)!.-,+1*)!<;&!

SM@UD! e6! 6,()-! 0,/2+)0! 16FB.-)2! 2+44)-)3,! 0)R/)31)0! +3! ,()! .-,+1*)0! +31*/2)2D! '(/0:! 2.,.!<;%!

-)H.-2+3H!,()!G.*+2+,?!64!,()!2+44)-)3,!0)R/)31)0!.-)!I.--.3,)2!SM@UD!\)H.-2+3H!,()!+00/)!64!5P!<;@!

6-! ;P! .1R/+0+,+63:! 64! ,()! 0)G)3! .-,+1*)0! I(+1(! /0)2! ;P! 0)R/)31)0:! 363)! 0(6I)2! ,(.,! ;P!<<#!

0)R/)31)0! ?+)*2)2! 8),,)-! -)0/*,0! ,(.3! 5P! 0)R/)31)0D! 960,! 64! ,()F! )G.*/.,)2! F.3/.*!<<$!

0)HF)3,.,+63!,)1(3+R/)0D!A+31)!;P!0)R/)31)0!,.Y)!*63H)-!,6!.1R/+-):!(.G)!*6I)-!163,-.0,!.32!<<5!

.-)!F6-)! 0)30+,+G)! ,6! 0/01)B,+8+*+,?! .32!c#! +3(6F6H)3)+,+)0! S&MU:! ,()-)!I.0!36! )G+2)31)! ,6!<<;!

-)16FF)32!;P!.1R/+0+,+63! 46-!F.3/.*!0)HF)3,.,+63D!=63,+3/6/0!0*+1)!.1R/+0+,+63:!.**6I+3H!<<<!

F/01*)! ,-.1Y+3H:! F+H(,! 8)! .3! +3,)-)0,+3H! F),(62! SMMUD! '()! 0+f)! 64! ,()! F/01*)! 0(6/*2! 8)!<<M!

1630+2)-)2! +3!2),)-F+3+3H! ,()! -)06*/,+63! ,6!/0)! ,6!.G6+2!B.-,+.*!G6*/F)!.-,)4.1,0! S<@:""UD!E!<<"!

H-).,)-! -)06*/,+63! +0! 3))2)2! 46-! 0F.**! F/01*)0D!C)! 0/HH)0,! ,()! /0)! 64! .! '$! 0)R/)31):! 5P!<<&!

.1R/+0+,+63!I+,(!163,+3/6/0!0*+1)0!8),I))3!$!.32!$#FF!,(+1Y:!6-+)3,)2!+3!.3!6-,(6H63.*!I.?!,6!<<%!

,()!*.-H)!.X+0!64!,()!F/01*)0:!I+,(!.!-)06*/,+63!,(.,!.G6+20!B.-,+.*!G6*/F)!)44)1,0D!a6I)G)-:!,()!<<@!

B./1+,?! 64! 2.,.! +3! ,()! .-,+1*)0! +31*/2)2! +3! ,()! 0?0,)F.,+1! -)G+)I! 26)0! 36,! .**6I! 0,-63H!<M#!

-)16FF)32.,+630!,6!8)!F.2)D!>.0,*?:!36!2.,.!.-)!1/--)3,*?!.G.+*.8*)!,6!0(6I!,()!)44)1,!64!9\]!<M$!

01.33)-!.32!16+*!,?B)!63!2.,.!.1R/+0+,+63!.32!,()!R/.*+,?!64!F),-6*6H+1.*!B.-.F),)-0:!2)0B+,)!,()!<M5!

4.1,!,(.,!.**!64!,()0)!)*)F)3,0!16/*2!+FB.1,!63!,()!.11/-.1?!.32!-)*+.8+*+,?!64!,()!F/01*)!G6*/F)!<M;!

.32!0(.B)!SM<:"M:&":&&UD!J/-,()-!0,/2+)0!.-)!,()-)46-)!I.--.3,)2!,6!1*.-+4?!,()0)!+00/)0D!<M<!

'()!4).0+8+*+,?!64!9\]!1.3!8)!*+F+,)2!8?!,()!.G.+*.8+*+,?!64!9\]!01.33)-0!.32!,()!160,!64!9\]!<MM!

2)G+1)0! .32! .00)00F)3,0D! '(/0:! 06F)! 6,()-! ,)1(3+R/)0:! 46-! )X.FB*)! /0+3H! /*,-.0636H-.B(?:!<M"!

16/*2!8)!+3,)-)0,+3H!,6!)0,+F.,)!0Y)*),.*!F/01*)!G6*/F)0!.32!;P!F/01*)!0(.B)0!S&%UD!!<M&!

!<M%!

N9-.+D*,0'3$&$."'9"&.+%+0*)6%'#&$;8'9"&5+;+%+08'<M@!



! &"!

C)!8)*+)G)!4/,/-)!I6-Y!0(6/*2!+31*/2)!)G.*/.,+63!64!,)0,V-),)0,!-)*+.8+*+,?!0+31)!I)!46/32!63*?!<"#!

,I6!.-,+1*)0!,(.,!.00)00)2!,(+0!S<%:"5UD!')0,!-),)0,!-)*+.8+*+,?!-)4)-0!,6!,()!)X,)3,!,6!I(+1(!,()!!<"$!

-.,+3H!64!63)!0.FB*)!64!+32+G+2/.*0!8?!63)!680)-G)-!63!,I6!6-!F6-)!0)B.-.,)!611.0+630!/0+3H!<"5!

,()!0.F)!,)0,!?+)*20!0+F+*.-!-)0/*,0:!I+,(!.**!,)0,!1632+,+630!-)F.+3+3H!.0!1630,.3,!.0!B600+8*)!<";!

S;$UD!'(+0!+0!64!(+H(!+FB6-,.31)!8)1./0)!4.1,6-0!0/1(!.0!B.,+)3,!B60+,+63+3H!16/*2!+FB.1,!63!,()!<"<!

.11/-.1?! .32! -)*+.8+*+,?! 64! ,()! F/01*)! G6*/F)! .32! 0(.B)! .0! 2),)-F+3)2! /0+3H! 9\]!<"M!

SM<:"M:&":&&UD!'()! 0)1632! )G.*/.,+63! 64! H-).,! +FB6-,.31)! +3! 4/,/-)!I6-Y! +0! -)0B630+G)3)00D!<""!

\)0B630+G)3)00!-)4)-0!,6!,()!R/.*+,?!64!.!F).0/-)!I()3!0(6I+3H!1(.3H)0!S;5U:!.32!+0!.*06!.!<"&!

G)-?!+FB6-,.3,!R/.*+,?!46-!,()!)G.*/.,+63!64!3)/-6F/01/*.-!2+0).0)!B-6H-)00+63!S$#:$$U!.32!,()!<"%!

)44)1,0!64!,-).,F)3,!S$5:M#UD!C)!I)-)!/3.8*)!,6!-)B6-,!63!,()!-)0B630+G)3)00!64!,)1(3+R/)0!+3!<"@!

,()!B-)0)3,!-)G+)I!.0!+,!I.0!63*?!)G.*/.,)2!+3!,I6!.-,+1*)0D!!<&#!

J/-,()-F6-):! B-)1+0)! -)B6-,+3H! 64! ,()! 0,.,+0,+1.*! .3.*?0+0! F),(62! )FB*6?)2! +0! )00)3,+.*! 46-!<&$!

F),-6*6H+1.*!0,/2+)0D!E0!.!-)0/*,!64!,()!I6-Y!/32)-,.Y)3!+3!,(+0!-)G+)I!I)!-)16FF)32!,(.,!,()!<&5!

46**6I+3H!)G.*/.,+630!.-)!+31*/2)2!.0!0,.32.-2!+3!4/,/-)!I6-Y:!+3!.22+,+63!,6!,()!/0/.*!.3.*?0)0!<&;!

64!16--)*.,+63!,6!+FB-6G)!,()!+3,)-3.*!G.*+2+,?:!63!F).0/-)F)3,!,)1(3+R/)!0,/2+)0!S;#:&@UD!'()!<&<!

4+-0,!)G.*/.,+63!I)!-)16FF)32!+0!F).0/-)F)3,!)--6-D!]3!6-2)-!,6!2)F630,-.,)!,()!-)*+.8+*+,?!64!<&M!

.!,)1(3+R/):!,()!0,.32.-2+f)2!)--6-!64!F).0/-)F)3,:!+31*/2+3H!*+F+,0!64!.H-))F)3,!6-!0F.**)0,!<&"!

2),)1,.8*)!1(.3H)!S;#U:!0(6/*2!8)!Y36I3!.0!,()?!+32+1.,)!I(),()-!,()!680)-G)2!2+44)-)31)!+0!<&&!

2/)!,6!.!,-/)!1(.3H)!+3!F/01*)!G6*/F)!6-!0+f):!6-!+4!+,!+0!0+FB*?!.!F).0/-)F)3,!)--6-D!!<&%!

!<&@!

Q*9*&6&*+,#'<%#!

C()3!1630+2)-+3H!6/-!4+32+3H0!.32!-)16FF)32.,+630:!+,!+0!+FB6-,.3,!,6!36,)!,(.,!,()!0,-)3H,(!<%$!

64!.3?!1631*/0+630!2)B)320!63!,()!R/.*+,?!64!,()!6-+H+3.*!.-,+1*)0!S<;UD!'()!.-,+1*)0!I)-)!-.,)2!<%5!

.0!F62)-.,)!,6!H662!R/.*+,?:!(6I)G)-!63*?!,I6!+31*/2)2!0,.,+0,+1.*!B6I)-!1.*1/*.,+630:!-)2/1+3H!<%;!

,()! 1631*/0+630! ,(.,! 1.3! 8)! 2-.I3! 4-6F! ,()! -)0/*,0D! '(+0! .0B)1,! 64! 0,/2?! 2)0+H3! 0(6/*2! 8)!<%<!

+31*/2)2!+3!.**!4/,/-)!0,/2+)0!+3,6!,(+0!,6B+1D!E!0)1632!*+F+,.,+63!64!,(+0!0,/2?!+0!,()!(),)-6H)3)+,?!<%M!



! &&!

64!06/-1)!F.,)-+.*!+31*/2)2:!+3!B.-,+1/*.-!,()!2+44)-)3,!9\]!B.-.F),)-0!/0)2!+3!,()!0,/2+)0!.32!<%"!

,()! 2+44)-)3,! F/01*)0! )G.*/.,)2! B-)G)3,)2! B66*)2! .3.*?0+0! 4-6F! 8)+3H! 1.--+)2! 6/,! .32!<%&!

16FB*+1.,)2!,()!0?3,()0+0!64!,()!-)0/*,0D!\)H.-2+3H!9\]:!)G)3!I()3!,()!0.F)!0)R/)31)0!I)-)!<%%!

/0)2:! ,()! B.-.F),)-0! -)F.+3)2! (),)-6H)3)6/0! 0+31)! ,()?!I)-)! 2)G+1)V2)B)32)3,D!\)H.-2+3H!<%@!

F/01*)0:!06F)!F/01*)0!(.G)!8))3!,()!461/0!64!F.3?!0,/2+)0:!I(+*0,!6,()-0!(.G)!8))3!3)H*)1,)2D!<@#!

=*+3+1+.30!.32!-)0).-1()-0!0(6/*2!8).-!,(+0!+3!F+32!I()3!/0+3H!.!,)1(3+R/)!,(.,!(.0!36,!8))3!<@$!

B-)G+6/0*?!)G.*/.,)2!46-! ,()!F/01*)! +3!R/)0,+63D!'()!-)0/*,0!64! ,(+0!0,/2?!.-)! ,()-)46-)!63*?!<@5!

-)*)G.3,!46-!,()!F),(620!64!)0,+F.,+63!64!F/01*)!G6*/F)!.32!0(.B)!)G.*/.,)2!8?!,()!0,/2+)0!<@;!

+31*/2)2:!.32!F/0,!8)!H)3)-.*+0)2!I+,(!1./,+63!,6!6,()-!F),(620!.32!6,()-!F/01*)0D!J+3.**?:!,()!<@<!

0,.,+0,+1.*!F),(620!)FB*6?)2!8?!,()!2+44)-)3,!0,/2+)0!.*06!G.-+)2!1630+2)-.8*?!I(+1(:!+3!,/-3:!<@M!

4/-,()-!B-)G)3,)2!F6-)!2)4+3+,)! 1631*/0+630! 4-6F!8)+3H!2-.I3! +3! ,(+0! -)G+)ID!'()!2+44)-)3,!<@"!

0,.,+0,+1.*!F),(620!/0)2!,6!-)B6-,!1631/--)3,!G.*+2+,?!K+31*/2+3H!-5:!]==:!P+1)!A+F+*.-+,?!]32)XL:!<@&!

'.33+F6,6!16)44+1+)3,:!F).3!2+44)-)31)0:!AP:!A^^:!\9A^!.32!B6+3,V,6V0/-4.1)!2+0,.31)L!.32!<@%!

-)*+.8+*+,?! K0/1(! .0! ]==:! F).3! 2+44)-)31)0:! \9A^:! 16)44+1+)3,! 64! G.-+.,+63! .32! 0,.32.-2!<@@!

2)G+.,+63L! *+F+,)2! ,()!0?3,()0+0!64! ,()!2.,.!I+,(!.!R/.3,+,.,+G)!B66*)2!.3.*?0+0D!J/,/-)!I6-Y!M##!

0(6/*2!.+F!,6!6G)-16F)!.0!4.-!.0!B600+8*)!0/1(!2+G)-0+,?!+3!6-2)-!,6!86,(!0,-)3H,()3!-)0/*,0!.0!M#$!

I)**!.0!+FB-6G+3H!,()!H)3)-.*+0.8+*+,?!64!4+32+3H0!.1-600!2+44)-)3,!F),(620D!!!M#5!

!M#;!

?+,)%$#*+,'M#<!

'()! -)0/*,0! 64! ,(+0! 0?0,)F.,+1! -)G+)I! B-6G+2)! .! -.,+63.*)! 46-! ,()! 1(6+1)! 64! appropriate M#M!

segmentation techniques depending on the muscle, the need for precision and the available time. M#"!

Such uses could include diagnosis of a disease, evaluation of a treatment response, monitoring M#&!

of disease progression or measurement for research purposes. Further research is required to M#%!

confirm the validity!64!F.3/.*!0*+1)V8?V0*+1) segmentation and automatic techniques, except M#@!

for DPSO for which there is sufficiently strong supporting evidence. The reliability of most M$#!

techniques in current use also needs to be confirmed, except for manual slice-by-slice M$$!



! &%!

segmentation, which has been shown to be sufficiently reliable (if time consuming). Studies to M$5!

evaluate different 9\]!B-6,616*0!.-)!I.--.3,)2D!AB)1+4+1!0,/2+)0!+3!B.,(6*6H+1.*!F/01*)0!.-)!M$;!

.*06!3))2)2!,6!)3.8*)!,()!B-6B)-!.BB*+1.,+63!64!0/1(!,)1(3+R/)0!+3!-6/,+3)!1*+3+1.*!B-.1,+1)D!M$<!

!M$M!

!M$"!

@)G,+4%";0"9",&#'M$&!

C)! 0+31)-)*?! ,(.3Y! j6(.33.! \68)-,063! .32! j)33+4)-! P.32-).! 7.*),(6-B)! 46-! ,()! ^3H*+0(!M$%!

-)G+0+63D!C)!0+31)-)*?!,(.3Y!^*+0.8),(!c-/?.3,:!A)8.0,+)3!g)-2-.63!.32!d+31)3,!j600)!46-!,()+-!M$@!

()*B!-)*.,+3H!,6!9\]!,)1(3+R/)0D!!M5#!

!M5$!

!M55!

!"3".",)"#'M5;!

!M5<!

$D!! >+)8)-!\>:!J-+2k3!jD!J/31,+63.*!.32!1*+3+1.*!0+H3+4+1.31)!64!0Y)*),.*!F/01*)!.-1(+,)1,/-)D!M5M!
9/01*)!e)-G)D!5###!e6G!$Z5;K$$LQ$"<&T""D!!M5"!
5D!! J/Y/3.H.!':!9+?.,.3+!9:!'.1(+!9:!g6/f.Y+!9:!g.I.Y.F+!l:!g.3)(+0.!aD!9/01*)!M5&!
G6*/F)! +0! .! F.W6-! 2),)-F+3.3,! 64! W6+3,! ,6-R/)! +3! (/F.30D! E1,.! 7(?0+6*! A1.32D! 5##$!M5%!
E/HZ$&5K<LQ5<@TMMD!!M5@!
;D!! a6*f8./-!g\A:!P)*B!A>:!i6*2!i^:!9/--.?!C9D!96F)3,VH)3)-.,+3H!1.B.1+,?!64!/BB)-!M;#!
*+F8!F/01*)0!+3!().*,(?!.2/*,0D!j!c+6F)1(D!5##&Z<#K$$LQ5<<5T@D!!M;$!
<D!! '-.BB)!AC:!'-.BB)!'E:!>))!iE:!=60,+**!P>D!=.*4!F/01*)!0,-)3H,(! +3!(/F.30D! ]3,! j!M;5!
AB6-,0!9)2D!5##$!EB-Z55K;LQ$%"T@$D!!M;;!
MD!! 7630!=:!A())(.3!J':!]F!aA:!c-61(.-2!A:!E*,)-!g^D!A(6/*2)-!F/01*)!.,-6B(?!.32!+,0!M;<!
-)*.,+63!,6!0,-)3H,(!*600!+3!680,),-+1.*!8-.1(+.*!B*)X/0!B.*0?D!=*+3!c+6F)1(!c-+0,6*!EG63D!5#$&!M;M!
b1,Z<%Q%#T&D!!M;"!
"D!! e.-+1+!9d:!9.H.3.-+0!=e:!\))G)0!eP:!=.B62.H*+6!7D!̂ 44)1,!64!.H+3H!63!(/F.3!F/01*)!M;&!
.-1(+,)1,/-)D!j!EBB*!7(?0+6*!c),()02.!92!$@%MD!5##;!P)1Z@MK"LQ555@T;<D!!M;%!
&D!! 9.,(/-!A:!'.Y.+!g7:!9.1+3,?-)!P>:!\)+2!PD!^0,+F.,+63!64! ,(+H(!F/01*)!F.00!I+,(!M;@!
F.H3),+1! -)063.31)! +F.H+3H! +3!6*2)-!.2/*,0!.32!B)6B*)!I+,(!1(-63+1!680,-/1,+G)!B/*F63.-?!M<#!
2+0).0)D!7(?0!'()-D!5##%!J)8Z%%K5LQ5$@T;#D!!M<$!
%D!! >.?)1!i:!d)3,/-)**+!9:!j)63H!^Vg:!\+1(.-2063!\AD!'()!G.*+2+,?!64!.3,(-6B6F),-+1!*)H!M<5!
F/01*)!G6*/F)!)0,+F.,+63!.1-600!.!I+2)!0B)1,-/FQ!4-6F!.8*)V862+)2!.2/*,0!,6!+32+G+2/.*0!I+,(!M<;!
.!0B+3.*!16-2!+3W/-?D!j!EBB*!7(?0+6*!c),()02.!92!$@%MD!5#$<!9.?!$Z$$"K@LQ$$<5T&D!!M<<!
@D!! 9.-163!9:!=+-+,0+0!c:!>./X!=:!e.3f!P:!eH/?)3Vg+F!'P>:!J+01()-!9E:!),!.*D!=-600VM<M!
0)1,+63.*!.-).!F).0/-)F)3,0!G)-0/0!G6*/F),-+1!.00)00F)3,!64!,()!R/.2-+1)B0!4)F6-+0!F/01*)!+3!M<"!
B.,+)3,0!I+,(!.3,)-+6-!1-/1+.,)!*+H.F)3,!-)1630,-/1,+630D!^/-!\.2+6*D!5#$M!J)8Z5MK5LQ5@#T%D!!M<&!
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a b s t r a c t

In the pediatric shoulder, injury and pathology can disrupt the muscle force balance, resulting in severe

functional losses. As little data exists pertaining to in vivo pediatric shoulder muscle function,

musculoskeletal data are crucially needed to advance the treatment of pediatric shoulder pathology/

injury. Therefore, the purpose of this study was to develop a pediatric database of in vivo volumes for the

major shoulder muscles and correlate these volumes with maximum isometric flexion/extension,

internal/external rotation, and abduction/adduction joint moments. A methodology was developed to

derive 3D shoulder muscle volumes and to divide the deltoid into sub-units with unique torque

producing capabilities, based on segmentation of three-dimensional magnetic resonance images. Eleven

typically developing children/adolescents (4F/7M, 12.073.2 years, 150.8716.7 cm, 49.2716.4 kg)

participated. Correlation and regression analyses were used to evaluate the relationship between

volume and maximum, voluntary, isometric joint torques. The deltoid demonstrated the largest

(30.471.2%) and the supraspinatus the smallest (4.870.5%) percent of the total summed volume of

all six muscles evaluated. The anterior and posterior deltoid sections were 43.473.9% and 56.673.9% of the

total deltoid volume. The percent volumes were highly consistent across subjects. Individual muscle volumes

demonstrated moderate-high correlations with torque values (0.70–0.94, po0.001). This study presents

a comprehensive database documenting normative pediatric shoulder muscle volume. Using these data a clear

relationship between shoulder volume and the torques they produce was established in all three rotational

degrees-of-freedom. This study furthers the understanding of shoulder muscle function and serves as a

foundation for evaluating shoulder injury/pathology in the pediatric/adolescent population.

& 2014 Published by Elsevier Ltd.

1. Introduction

Shoulder stability and function are predominantly maintained

by a balance of muscle forces (Ackland and Pandy, 2011; Boettcher

et al., 2010; Otis et al., 1994). As such, congenital conditions (e.g.,

brachial plexus palsy (Kozin et al., 2010) and cerebral palsy

(Abel et al., 2003; Brochard et al., 2012)) can cause muscle imbalances

and skeletal deformities, resulting in functional losses in both the

pediatric and adult populations. Sports related injuries, which have

been viewed as primarily adult issues, are now becoming prominent

in pediatric populations as participation in high-level competitive

sports is taking place at earlier ages (Davis, 2010; Emery, 2006).

Unfortunately, much of the existing knowledge regarding shoulder

function originates from adult cadaver and modeling studies. Since

evidence suggests that children may not be scaled versions of adults

(Neu et al., 2002; Tonson et al., 2008), in vivo pediatric shoulder

musculoskeletal data are needed to enhance the understanding of

typical shoulder function and improve the management and treat-

ment of pediatric shoulder pathology/injury.

Although it is well accepted that an individual muscle's volume

can predict its force generating capacity (Akagi et al., 2009;

Blazevich et al., 2009; Fukunaga et al., 2001), establishing this

relationship for the shoulder presents unique challenges. Specifi-

cally, the largest shoulder muscle (deltoid) has multiple lines of

action, which enables it to generate torques on humerus in opposite

directions (Ackland and Pandy, 2011; Brown et al., 2007; Kuechle

et al., 2000). Specifically, the anterior deltoid segments produce
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F6G)F)3,0!I)-)!(+H(*+H(,)2!63!,()!+FB.+-)2!/BB)-!*+F8!64!1(+*2-)3!I+,(!bc77D!'()!F.W6-!

]3G6*G)F)3,!64! ,()!H*)36V(/F)-.*! W6+3,!I.0! 1634+-F)2! .32! 16FB)30.,6-?!F6G)F)3,0!I)-)!

46/32! .,! ,()! 6,()-! *)G)*0D!9.3.H)F)3,! 64! H*k36V(/F)-.*! F68+*+,?! .BB).-0! .0! .! Y)?! B6+3,D!

=6FB)30.,+630!I)-)!.*06!46/32!63!,()!/3+FB.+-)2!*+F8:!+3!4.G6-!64!.3!6G)-.**!)G.*/.,+63!64!

1(+*2-)3!I+,(!bc77D!!



! $$;!

!

W"8'4+.;#2!8-.1(+.*!B*)X/0!B.*0?:!/BB)-!*+F8:!Y+3)F.,+10:!0B.,+6V,)FB6-.*:!-)(.8+*+,.,+63!!

'

'

'

'

'

'

'

'

'

'

' '



! $$<!

N,&.+;$)&*+,''

!

b80,),-+1.*!c-.1(+.*!7*)X/0!7.*0?!Kbc77L!-)4)-0!,6!+3W/-?!,6!63)!6-!F6-)!1)-G+1.*!3)-G)!-66,0!

K=MV=%L!.32O6-!,()!4+-0,!,(6-.1+1!3)-G)!-66,!K'$L:!/0/.**?!1./0)2!8?!)X1)00+G)!,-.1,+63!2/-+3H!

8+-,(D!'()! +31+2)31)! +0! .-6/32!$DM!B)-! $###!8+-,(0D! ]3! 63)! ,(+-2! 64! 1.0)0:! 3)-G)! -)16G)-?! +0!

+316FB*),)! 6-! .80)3,! K$:5L:! -)0/*,+3H! +3! B)-F.3)3,! +FB.+-F)3,! K$LD! '()! /BB)-! B.-,! 64! ,()!

8-.1(+.*!B*)X/0! +0!F60,!16FF63*?!.44)1,)2:! -)0/*,+3H! +3!B.-)0+0!64!0(6/*2)-!F6G)F)3,0!.32!

)*86I! 4*)X+63! K;:<LD!b3! ,()! +FB.+-)2! 0+2):! .1,+G)! .32!B.00+G)! -.3H)!64!F6,+630! K\b9L!.-)!

Y36I3!,6!8)!*+F+,)2!K<T"LD!!b3!,()!/3+FB.+-)2!0+2)!.*06:!B)-46-F.31)0!.-)!-)B6-,)2!,6!8)!I6-0)!

16FB.-)2! ,6! ,?B+1.**?! 2)G)*6B+3H! 1(+*2-)3! K'P=LD! b3)! 64! ,()! F.+3! H6.*0! 64! ,()! 1.-)! .32!

-)(.8+*+,.,+G)!F.3.H)F)3,! +0! ,6! +FB-6G)! ,()0)!F6G)F)3,0! +3!6-2)-! ,6! +FB-6G)!4/31,+63!.32!

B.-,+1+B.,+63!K&:%LD!!

'()!/0)!64!,(-))V2+F)30+63.*!F6G)F)3,!.3.*?0+0!!(.G)!8))3!-)B6-,)2!+3!1(+*2-)3!I+,(!bc77!,6!

R/.3,+4?!2+44)-)31)0!I+,(!,?B+1.**?!2)G)*6B+3H!1(+*2-)3!K'P=L!+3!/BB)-!*+F8!B60+,+63!2/-+3H!

F6G)F)3,0!K@:$#LD!],!.220!,6!6/-!+30+H(,0!+3!,()!/BB)-!*+F8!F6G)F)3,!B.,(6*6H?!+3!1(+*2-)3!

I+,(!bc77!.32!B-6G+2)!G.*/.8*)!+346-F.,+63!46-!+3,)-G)3,+63!)G.*/.,+630!K$#:$$LD!=6FB.-)2!

,6!'P!1(+*2-)3!2+44)-)31)0!I)-)!(+H(*+H(,)2!.,!,()!H*)36V(/F)-.*:!01.B/*6V,(6-.1+1!.32!)*86I!

*)G)*0!I+,(!2)1-).0)2!H*)36V(/F)-.*!163,-+8/,+63:!+31-).0)2!01.B/*.,(6-.1+1!163,-+8/,+630!.32!

.!F6-)! 4*)X)2!)*86I!B60+,+63! K@T$;LD!a6I)G)-:!.!F6-)!H*68.*!.3.*?0+0!64!86,(!/BB)-V*+F80!

F6G)F)3,0!+0!0,+**!*.1Y+3HD!'6!6/-!Y36I*)2H):!0B.,+6,)FB6-.*!B.-.F),)-0:!I(+1(!1.3!B-6G+2)!

-)*)G.3,!+346-F.,+63!.86/,!/BB)-!*+F8!F6,6-!uB)-46-F.31)v!K$<T$"L!(.0!36,!8))3!0,/2+)2!?),!

+3! 1(+*2-)3! I+,(! bc77D! c),,)-! 1(.-.1,)-+f+3H! ,()! +FB.+-)2! .32! /3+FB.+-)2! /BB)-! *+F8!

F6G)F)3,! 64! 1(+*2-)3! I+,(! bc77! I+**! ()*B! .0! I)**! +3! /32)-0,.32+3H:! .32! ,(/0! .2.B,!

-)(.8+*+,.,+63!0,-.,)H+)0D!!

'()! .+F! 64! ,(+0! 0,/2?! I.0! ,6! +3G)0,+H.,)! I(+1(! 0B.,+6,)FB6-.*:! .32! Y+3)F.,+1! B.-.F),)-0!

68,.+3)2!4-6F!;P!F6,+63!.3.*?0+0!2+44)-)3,+.,)!/BB)-!*+F80!F6G)F)3,0!+3!1(+*2-)3!I+,(!bc77!



! $$M!

4-6F!'P=:!2/-+3H!,()!)X)1/,+63!64!M!4/**!0(6/*2)-!,.0Y0!.32!;!,.0Y0!I(+1(!0+F/*.,)2!.1,+G+,+)0!

64!2.+*?!*+G+3HD!!

b/-! (?B6,()0)0! I)-)! ,(.,! /BB)-! *+F8! 0B.,+6,)FB6-.*! .32! Y+3)F.,+1! B.-.F),)-0! I6/*2! 8)!

2+44)-)3,!8),I))3!H-6/B0!63!,()!+FB.+-)2!.32!/3+FB.+-)2!0+2)0!I+,(!F60,!0+H3+4+1.3,!1(.3H)0!

.,!,()!0(6/*2)-!*)G)*D!!

'

<"&5+;#'

!

#$%&'(')$*&+!

!

P.,.! 4-6F! .3! 63H6+3H! ]\c! Ke.,+63.*! ]30,+,/,)! 64! =(+*2! a).*,(! .32! a/F.3! P)G)*6BF)3,:!

+3,-.F/-.*:!9P:!hAEL!.BB-6G)2!0,/2?!K$&T$@L!46-F)2!,()!8.0+0!64!,(+0!1.0)V163,-6**)2!0,/2?D!

]31*/0+63!1-+,)-+.!I)-)Q!.H)!MT$%!?).-0:!/3+*.,)-.*!bc77:!.32!.8+*+,?! ,6! 4*)X!.32!.82/1,! ,()!

+FB.+-)2!.-F!.,! *).0,!;#wD!^X1*/0+630!I)-)!.3?!6,()-! 0+H3+4+1.3,!3)/-6*6H+1.*!6-!6-,(6B)2+1!

+FB.+-F)3,:!6-,(6B)2+1!0/-H)-?!I+,(!0)1632.-?!+3,)-G)3,+630!K<L:!86,/*+3/F!,6X+3!+3W)1,+630!,6!

/BB)-! *+F80! I+,(+3! "! F63,(0:! +3.8+*+,?! ,6! 46**6I! G)-8.*! 2+-)1,+630D!9)2+1.*! (+0,6-+)0! I)-)!

-)G+)I)2!,6!1634+-F!)*+H+8+*+,?!K4+H/-)!$LD!J/31,+63.*!)G.*/.,+63!/0+3H!9.**),!01.*)!K5#L!I.0!

B)-46-F)2!46-!.**!,()!1(+*2-)3!I+,(!bc77D!J6-!16FB.-+063!B/-B60)0:!'P=!I+,(!36!(+0,6-?!64!

3)/-6VF/01/*6V0Y)*),.*!2+06-2)-0!I)-)!.*06!-)1-/+,)2D!

'()!B-6,616*!I.0!.BB-6G)2!8?!,()!+30,+,/,+63.*!-)G+)I!86.-2!.,!,()!e.,+63.*!]30,+,/,)0!64!a).*,(:!

c),()02.:!9PD!7.-)3,0!.32!1(+*2-)3!+4!B600+8*)!B-6G+2)2!+346-F)2!1630)3,D!

!

,$&$!(-../(&'-*!

'(-))V2+F)30+63.*!F6,+63!64!,()!F.-Y)-0!I.0!1.B,/-)2!/0+3H!.!$#!1.F)-.!d+163!9m!0?0,)F!

Kd+163!96,+63!A?0,)F0:!bX46-2:!hgL!.,!.!-.,)!64!$##!afD!9.-Y)-0!I)-)!B*.1)2!63!,()!,-/3Y:!+3!

,()!.-F:!63!F)2+.*!.32! *.,)-.*!)B+1632?*)0:!63! 46-).-F!.32!63! ,()!(.32! K5$LD!E3!.1-6F+63!



! $$"!

F.-Y)-!1*/0,)-!KE9=L!I+,(!,(-))!F.-Y)-0!I.0!B60+,+63)2!63!,()!4*.,!0/-4.1)!64!,()!.1-6F+63D!

E!01.B/*.!*61.,6-:!B*.1)2!6G)-!,()!.3H/*/0!.1-6F+/0:!.3H/*/0!+34)-+/0!.32!,-+H63/F!0B+3.):!I.0!

/0)2!,6!1.*+8-.,)!,()!01.B/*.!B60+,+63!+3!,()!E9=!4-.F)D!!

!

'()! F6G)F)3,! B-6,616*! 1630+0,)2! 4+-0,! +3! 0,.,+1! 1.*+8-.,+63! +3! -)0,! B60+,+63! ,6! +2)3,+4?! ,()!

.3.,6F+1.*!*.32F.-Y0!K5$LD!e)X,!1(+*2-)3!I)-)!.0Y)2!,6!B)-46-F!M!4/**!0(6/*2)-!F6G)F)3,0!

K4*)X+63:! )X,)30+63:! .82/1,+63:! .22/1,+63! .32! )X,)-3.*! -6,.,+63L! 3.F)2! ()-).4,)-! .FB*+,/2)!

,.0Y0!.32!;!,.0Y0!I(+1(!0+F/*.,)2!.1,+G+,+)0!64!2.+*?!*+G+3H!K-).1(!,6!H-.0B:!(.32!,6!,6B!64!,()!

().2:!(.32!,6!163,-.*.,)-.*!0(6/*2)-L!3.F)2!4/31,+63.*!,.0Y0D!E**!F6G)F)3,0!I)-)!B)-46-F)2!

,(-))!,+F)0!.,!0)*4V0)*)1,)2!0B))2!I+,(!,()!363V26F+3.3,!.-F!46-!'P!1(+*2-)3!.32!I+,(!86,(!

.-F0!46-!1(+*2-)3!I+,(!bc77D!96G)F)3,0!I)-)!0?0,)F.,+1.**?!1.--+)2!6/,!+3!,()!0.F)!6-2)-D!

=(+*2-)3!I+,(!bc77!B)-46-F)2!,()!0),!64!,.0Y0!+3!,()!+FB.+-)2!0+2)!.32!,()3!I+,(!,()!6,()-!

0+2)D! b-.*! +30,-/1,+630! I)-)! H+G)3! ,6! ()*B! ,()! 1(+*2-)3! ,6! B)-46-F! ,()! F6G)F)3,0! +3! .!

0,.32.-2+f)2!I.?!!

!

7.-,+1+B.3,0! 0).,)2! +3! .3! .-F*)00! 1(.+-! I+,(! ,()+-! 4)),! 63! ,()! H-6/32!I+,(! .3Y*)! +3! 3)/,-.*!

B60+,+63!.32!,()!(+B0!.32!Y3))0!4*)X)2!@#wD!a6-+f63,.*!.22/1,+63!I.0!B)-46-F)2!4-6F!F.X+F.*!

(6-+f63,.*!.82/1,+63D!^X,)-3.*!-6,.,+63!I.0!B)-46-F)2!I+,(!,()!.-F!0/BB6-,)2!8?!.3!)X.F+3)-!

.,! @#w! 64! .82/1,+63! 4-6F! F.X+F.*! +3,)-3.*! -6,.,+63D! J/31,+63.*! ,.0Y0! 8)H.3! I+,(! ,()! .-F!

(.3H+3H!4-))*?!.,!,()!B.-,+1+B.3,x0!0+2)D!J6-!,()!-).1(!,6!H-.0B!,.0Y:!.!1?*+32-+1.*!-62!I.0!B*.1)2!

63! .! ,.8*)! .,! )*86I! ()+H(,! .32! .,! .! 2+0,.31)! 3).-! 8/,! *)00! ,(.3! F.X+F/F! -).1(! 46-! ).1(!

+32+G+2/.*D!!

!

,$&$!)%-(/++'*0!

'()!H*)36V(/F)-.*!1)3,)-!64!-6,.,+63!I.0!)0,+F.,)2!/0+3H!,()!4/31,+63.*!F),(62!64!i.F.H)!y!

>.0)38?!K55:5;LD!hBB)-!*+F8!Y+3)F.,+10!64!,()!,-/3Y:!0(6/*2)-:!01.B/*.:!)*86I!.32!I-+0,!I)-)!



! $$&!

16FB/,)2! 46**6I+3H! ,()! ]Ac! -)16FF)32.,+630! K5$L:! /0+3H! G+0/.*! ;P! K=V96,+63:! ]31D:!

i)-F.3,6I3:!9PLD!P6/8*)!1.*+8-.,+63!I.0!/0)2!K5<:5ML!,6!8),,)-!)0,+F.,)!01.B/*.-!-6,.,+630!

2/-+3H!4*)X+63!.32!.82/1,+63!F6G)F)3,0D!P+01-),)!Y+3)F.,+1!B.-.F),)-0!+31*/2)2!,6,.*!.1,+G)!

-.3H)!64!F6,+63!K\b9:!1.*1/*.,)2!.0!,()!2+44)-)31)!8),I))3!F+3+F/F!.32!F.X+F/F!.3H*)0L!

0,.-,!.3H*)0!.32!B6+3,!64!,.0Y!.1(+)G)F)3,!K7'EL!.3H*)0D!g+3)F.,+10!I)-)!16FB.-)2!/0+3H!,()!

E-F!7-64+*)!A16-)! KE7AL:! .! 0/FF.-?! +32)X! ,6! H-.2)! ,()! 0)G)-+,?! 64! /BB)-! *+F8!F6G)F)3,!

B.,(6*6H?:!2)16FB60)2!64!$;!E-F!d.-+.8*)!A16-)0!KEdAL!I(+1(!.-)!1.*1/*.,)2!.0!,()!\9A^!

8),I))3!,()!B6+3,!8?!B6+3,!16FB.-+063!64!,()!W6+3,!.3H*)!64!,()!+3G6*G)2!/BB)-!*+F8!.32!,()!

0.F)! W6+3,! .3H*)! 64! ,()! -)4)-)31)! 2.,.8.0)! K5"LD! J6-! ,()! 4/31,+63.*! ,.0Y0:! 0B.,+6V,)FB6-.*!

B.-.F),)-0!+31*/2+3H!F6G)F)3,!2/-.,+63K0L:!B).Y!G)*61+,?!64!,()!I-+0,!F.-Y)-!KFO0L:!,+F+3H!64!

F.X+F/F!G)*61+,?!K_L!.32!,()!+32)X!64!1/-G.,/-)!K5&L!I)-)!1.*1/*.,)2D!!

'

1&$&'+&'($.!$*$.2+'+!

g+3)F.,+1:! 0B.,+6,)FB6-.*! .32!E7A! 2.,.!I)-)! .3.*?f)2! /0+3H!\! KG)-0+63! ;D<D;LD! A,.,+0,+1.*!

.3.*?0)0!I)-)!F.2)!63!,()!.G.+*.8*)!2.,.D!9).30!.32!0,.32.-2!2)G+.,+630!8),I))3!,()!,-+.*0!46-!

.!0.F)!F6G)F)3,!I)-)!1.*1/*.,)2!46-!).1(!B.-.F),)-D!=6FB.-+0630!8),I))3!+FB.+-)2!0+2)!64!

1(+*2-)3! I+,(! bc77! .32! 363V26F+3.3,! 0+2)! 64! 'P=:! .32! 8),I))3! ,()! /3+FB.+-)2! 0+2)! 64!

1(+*2-)3!I+,(!bc77!.32!363V26F+3.3,!0+2)!64!'P=!KY+3)F.,+1:!0B.,+6!,)FB6-.*!.32!E7A!2.,.L!

I)-)!1.--+)2!6/,!/0+3H!.!9.33!C(+,3)?!h!,)0,D!'()!*)G)*!64!0+H3+4+1.3,!I.0!0),!.,!#D#MD!

!

!"#$%&#'

!

#$%&'(')$*&+!

'I)*G)!1(+*2-)3!I+,(!bc77!K&!86?0:!M!H+-*0:!.H)![!$$D&!KAP!<D5L!?).-0L!.32!$$!'P=!K&!86?0:!

<!H+-*0:!.H)[$#D@!KAP!5DMLL!I)-)!+31*/2)2D!e6!0,.,+0,+1.*!2+44)-)31)!8),I))3!.H)0!+3!,()!,I6!

H-6/B0!I.0!46/32D!!



! $$%!

]3!,()!H-6/B!64!1(+*2-)3!I+,(!bc77:!,()!+FB.+-)2!0+2)!I.0!,()!-+H(,!0+2)!+3!%!1(+*2-)3!.32!,()!

*)4,!0+2)!+3!<!1(+*2-)3D!9).3!9.**),!01.*)!I.0!$MDM:!e.-.Y.0!)G.*/.,+63!I.0!$!46-!;!1(+*2-)3:!5!

46-!M!1(+*2-)3!.32!;!46-!<!1(+*2-)3D!'P!1(+*2-)3!I)-)!.**!-+H(,!(.32)2D!!

!

3-4)$%'+-*!5/&6//*!'4)$'%/7!+'7/!-8!(9'.7%/*!6'&9!:;##!<=!:;##>!$*7!*-*?7-4'*$*&!+'7/!-8!

@,!(9'.7%/*!<A,!@,>!

!

AB.,+6V,)FB6-.*!B.-.F),)-0!K,.8*)!$L!

96G)F)3,!,+F):!,+F+3H!64!F.X+F/F!G)*61+,?!.32!+32)X!64!1/-G.,/-)!2+2!36,!2+44)-!8),I))3!

H-6/B0!46-!.**! ,()!4/31,+63.*!,.0Y0D!P/-+3H!(.32!,6!0(6/*2)-!F6G)F)3,:!1(+*2-)3!I+,(!bc77!

(.2!.!0+H3+4+1.3,*?!*6I)-!G)*61+,?!K$;_!0*6I)-LD!!

!

g+3)F.,+1!B.-.F),)-0!K'.8*)!5L!

=(+*2-)3!I+,(!bc77!(.2!0+H3+4+1.3,*?!(+H()-!E7AV016-)0!16FB.-)2!,6!,()!'P=D!9).3!E7A!

I)-)! -)0B)1,+G)*?! 64! 5<D<! .32! $#D%! 46-!bc77! .32!'P=D!\)H.-2+3H! +32+G+2/.*! W6+3,! .3H*)0:!

0+H3+4+1.3,!,.0YV2)B)32)3,!2+44)-)31)0!+3!EdA!I)-)!(+H(*+H(,)2D!

B&! &9/! ./C/.! -8! &9/! &%D*E:! 1(+*2-)3!I+,(!bc77!(.2! .*,)-)2! -)0,! .32! 0,.-,+3H!B60+,+630!I+,(! .!

0+H3+4+1.3,*?!+31-).0)2!,-/3Y!-6,.,+63!I+,(!,()!+FB.+-)2!0+2)!4-63,I.-2!K2+44)-)31)!"V$#wL!.32!

*)00!*.,)-.*!,+*,!K2+44)-)31)!≅;wLD!C(+*)!B)-46-F+3H!4*)X+63:!.82/1,+63:!.32!,()!,(-))!4/31,+63.*!

,.0Y0:!1(+*2-)3!I+,(!bc77!/0)2!F6-)!\b9!+3!4*)X+63O)X,)30+63!K2+44)-)31)!;V$;wLD!E,!7'E:!

,()?!(.2!*)00!*.,)-.*!,+*,!63!,()!+FB.+-)2!0+2)!46-!4*)X+63:!.82/1,+63!.32!)X,)-3.*!-6,.,+63!,.0Y0!

K2+44)-)31)!≅"wL:!.32!+31-).0)2!,+*,!46-!-).1(!,6!H-.0B!,.0Y!K2+44)-)31)!≅<wLD!'-/3Y!-6,.,+63!EdA!

I.0!+31-).0)2!+3!.**!,()!,.0Y0D!

B&!&9/!./C/.!-8!&9/!+($)D.$:!1(+*2-)3!I+,(!bc77!0,.-,)2!)X,)-3.*!-6,.,+63!,.0Y!I+,(!*)00!.3,)-+6-!

,+*,!.32!F6-)!*.,)-.*!-6,.,+63D!'()?!0,.-,)2!(.32!,6!0(6/*2)-!.32!(.32!,6!().2!,.0Y0!I+,(!F6-)!

F)2+.*!-6,.,+63D!J6-!,()!.FB*+,/2)!,.0Y0!)X1)B,!.82/1,+63:!*6I)-!\b9!I)-)!46/32!+3!.**!B*.3)0D!



! $$@!

E0!.!-)0/*,:!.,!7'E:!,()?!(.2!*)00!B60,)-+6-!,+*,!46-!4*)X+63!K2+44)-)31)!≅$;wL:!*)00!.3,)-+6-!,+*,!

46-! )X,)30+63! .32! .22/1,+63! ,.0Y0! K2+44)-)31)!≅$$wLD! '()?! .*06! (.2! *)00! *.,)-.*! -6,.,+63! 46-!

4*)X+63:!)X,)30+63!.32!.22/1,+63!,.0Y0!K2+44)-)31)!≅$MwLD!\)H.-2+3H!4/31,+63.*!,.0Y0:!1(+*2-)3!

I+,(!bc77!/0)2!H-).,)-!\b9!I+,(!F6-)!,+*,!46-!-).1(!,6!H-.0B!.32!(.32!,6!().2!F6G)F)3,0!

K2+44)-)31)! &V$$wL:! F6-)! -6,.,+63! 46-! -).1(! ,6! H-.0B! ,.0Y! K2+44)-)31)! ≅&wL! .32! F6-)!

B-6O-),-.1,+63!46-!(.32!,6!().2!F6G)F)3,!K2+44)-)31)!≅$$wLD!!

B&! &9/!0./*-?9D4/%$.! ./C/.:! 1(+*2-)3!I+,(!bc77!(.2!.*,)-)2! -)0,!.32!0,.-,+3H!B60+,+630!I+,(!

F6-)!+3,)-3.*!-6,.,+63!46-!.**!,()!,.0Y0!K2+44)-)31)!5&VM;wL!8/,!)X,)30+63:!F6-)!)*)G.,+63!46-!.**!

,()!,.0Y0!K2+44)-)31)!≅!$#wLD!'()?!4+3+0()2!,()+-!F6G)F)3,!I+,(!F6-)!+3,)-3.*!-6,.,+63!46-!.**!

,()!,.0Y0!K2+44)-)31)!5MV"$wL!8/,!(.32!,6!0(6/*2)-D!A(6/*2)-!-6,.,+63!EdA!I.0!+31-).0)2!+3!.**!

,()!,.0Y0D!>6I)-!\b9!+3!,()!,I6!6,()-!B*.3)0!I)-)!46/32!46-!,()!.FB*+,/2)!,.0Y0!KB*.3)!64!

)*)G.,+63:!2+44)-)31)Q!&VM5D"wZ!)*)G.,+63Q!2+44)-)31)!$#V;MwLD!J6-! -).1(! ,6!H-.0B!.32!(.32! ,6!

0(6/*2)-! ,.0Y0:! 1(+*2-)3! 4+3+0()2! ,()+-! F6G)F)3,! I+,(! .! *)00! .3,)-+6-! B60+,+63! .32! F6-)!

)*)G.,+63D!A(6/*2)-!)*)G.,+63!EdA!I.0!+31-).0)2!+3!&O%!,.0Y0D!!!

B&! &9/! /.5-6! ./C/.:! 1(+*2-)3!I+,(!bc77!(.2!.!F6-)! 4*)X)2!B60+,+63! 46-! ,()! .FB*+,/2)! ,.0Y0!

K2+44)-)31)! 55V;;wLD! '()?! /0)2! *)00!\b9! 46-! -).1(! ,6! H-.0B! .32! (.32! ,6! ().2!F6G)F)3,0!

K2+44)-)31)!≅5#wLD!'()?!4+3+0()2!(.32!,6!0(6/*2)-!,.0Y!I+,(!*)00!0/B+3.,+63!K2+44)-)31)!≅;#wLD!

.32! -).1(! ,6! H-.0B! ,.0Y! I+,(! *)00! B-63.,+63! K2+44)-)31)! ≅5MwLD! \b9! I)-)! 2)1-).0)2! 46-!

B-636O0/B+3.,+63! +3! .**! ,()! ,.0Y0! K2+44)-)31)! $%V;%wL! 8/,! ,(-))! K.22/1,+63:! )X,)-3.*! -6,.,+63:!

-).1(!,6!H-.0BLD!!

B&! &9/!6%'+&! ./C/.:! 46-! ,()! (.32! ,6! ().2! ,.0Y:! H-).,)-! )X,)30+63!I.0! /0)2! K2+44)-)31)!≅$5wLD!

968+*+,?!I.0!H-).,)-! +3! ,()! ,I6!B*.3)0!64!F68+*+,?! 46-!.82/1,+63! ,.0Y!.32! +3! +31*+3.,+63!46-!

.22/1,+63D!C-+0,!2)G+.,+63!EdA!I.0!+31-).0)2!+3!&O%!,.0Y0D!!

!



! $5#!

3-4)$%'+-*!5/&6//*!D*'4)$'%/7!+'7/!-8!(9'.7%/*!6'&9!:;##!<F=!:;##>!$*7!*-*?7-4'*$*&!

+'7/!-8!@,!(9'.7%/*!<A,!@,><@$5./!GH!$))/*7'I!G!$*7!J>!

!

AB.,+6V,)FB6-.*!B.-.F),)-0! K,.8*)!$L!2+2!36,!2+44)-!8),I))3!H-6/B0! 46-! ,()! 4/31,+63.*! ,.0Y0D!

E7A!I)-)!0+H3+4+1.3,*?!H-).,)-!)X1)B,!46-!4*)X+63!,.0YD!9).3!E7A!I)-)!-)0B)1,+G)*?!64!$<:"!

.32!$#D%!46-!bc77!.32!'P!1(+*2-)3D!E,!,()!,-/3Y!*)G)*:!*.,)-.*!,+*,0!.32!-6,.,+630!I)-)!-)G)-0)2!

.32!EdA!I)-)!0+H3+4+1.3,*?!(+H()-D!E,!,()!H*)36V(/F)-.*!*)G)*:!1(+*2-)3!I+,(!bc77!(.2!F6-)!

+3,)-3.*! -6,.,+63!.,! ,()!0,.-,!64! ,()!F6G)F)3,! 46-! 4*)X+63!.32!.82/1,+63!K2+44)-)31)!$#V$&wL:!

*).2+3H!,6!H-).,)-!+3,)-3.*!-6,.,+63!.,!,()!0(6/*2)-!*)G)*!K4*)X+63:!.82/1,+63:!)X,)30+63LD!E,!7'E:!

,()?!(.2!*)00!)X,)-3.*!-6,.,+63!46-!)X,)-3.*!-6,.,+63!,.0YD!

!

!

:*#)$##*+,'

!

'()! 8-.1(+.*! B*)X/0! +0! .! B)-+B()-.*! 3)/-6*6H+1.*! *)0+63D! a6I)G)-! +,! 611/-0! 8)46-)! F6,6-!

B-6H-.F0!(.G)!8))3!2)G)*6B)2!4/**?!.32!,(/0!1)3,-.*!2)G)*6BF)3,.*!1630)R/)31)0!.-)!)XB)1,)2!

+3!1(+*2-)3!I+,(!bc77:!*+Y)!1(.3H)0!+3!8-.+3!6-H.3+f.,+63!K5%T;#LD!AB)1+4+1!1630)R/)31)0!63!

,()! 2)G)*6BF)3,! 64! 1)3,-.*! F6,6-! B-6H-.F0! .-)! 0/0B)1,)2! +3! ,()! *+,)-.,/-)! K;$T;;LD! ]3!

B6B/*.,+630!I+,(! 1)3,-.*! 8-.+3! *)0+630! *+Y)! 1(+*2-)3!I+,(! 1)-)8-.*! B.*0?! K$<:;<L:! .2/*,0!I+,(!

F/*,+B*)! 01*)-60+0! K;ML! 6-! 0,-6Y)! K;"L:! F6G)F)3,0! )X(+8+,0! *)00! 0,-.+H(,! ,-.W)1,6-+)0! +3! ,()!

+FB.+-)2!/BB)-! *+F8!I+,(!2+0163,+3/6/0! 0B.,+.*! .32! ,)FB6-.*!F6G)F)3,! ,-.W)1,6-+)0D! ]3! ,(+0!

0,/2?! (6I)G)-:! 36! 1630)R/)31)! I.0! 46/32! 63! ,+F+3H! 64! F.X+F/F! G)*61+,?! .32! +32)X! 64!

1/-G.,/-)!+3!4/31,+63.*!,.0Y0!+3!,()!+3G6*G)2!/BB)-!*+F8!64!1(+*2-)3!I+,(!bc77D!'(+0!4+-0,!-)0/*,!

+0! +3! 4.G6-!64!.,! *).0,! .! -)*.,+G)*?!B-)0)-G)2!F6,6-!163,-6*! +3!1(+*2-)3!I+,(!bc77:!I(6!1.3!

B-62/1)!0F66,(!,-.W)1,6-+)0:!0+F+*.-!,6!163,-6*0:!2)0B+,)!,()!).-*+3)00!64!,()!*)0+630D!'()0)!3)I!

2.,.!63!0B.,+6V,)FB6-.*!B.-.F),)-0!I(+1(!0(6I)2!H662!/BB)-!*+F8!F6,6-!B)-46-F.31):!.-)!+3!



! $5$!

4.G6-!64! ,()!.1R/+0+,+63!64!16FB)30.,6-?!F)1(.3+0F0!.**6I+3H!1(+*2-)3!I+,(!bc77!,6!(.G)!

)44)1,+G)!F6G)F)3,0D!

!

=(+*2-)3!I+,(!bc77!0(6I)2!2+01)-3.8*)!2+44)-)31)0!+3!W6+3,!Y+3)F.,+10!63!,()+-!+FB.+-)2!0+2)!

16FB.-)2! ,6! ,()!'P=!46-!.**! ,()! W6+3,0!.32! ,.0Y0D!P)B)32+3H!64! ,()!.FB*+,/2)!6-!4/31,+63.*!

,.0Y0:!F6G)F)3,0!.,!+32+G+2/.*!W6+3,0!16/*2!2+44)-D!!

E7A!016-)0!I)-)!R/+,)!(+H(!16FB.-)2!,6!1(+*2-)3!I+,(!1)-)8-.*!B.*0?!K$<LD!i-).,)-!EdA!I)-)!

46/32! .,! ,()! 0(6/*2)-! *)G)*! 8/,! .*06! .,! ,()! 6,()-! *)G)*0:! +31*/2+3H! *)G)*0!I(60)!F6,-+1+,?! +0!

B-)0)-G)2D!!

E0!B-)G+6/0*?!0(6I3:!F.W6-!1(.3H)0!I)-)!1634+-F)2!.,!,()!H*)36V(/F)-.*!*)G)*!I+,(!2)1-).0)!

\b9!+3!.**!,()!B*.3)0!K@:$$:$;LD!'()!(/F)-/0!I.0!F6-)!+3,)-3.**?!-6,.,)2!.,!-)0,!.32!46-!.**!,()!

,.0Y0! K$$LD!'()0)!1(.3H)0!1.3!8)!)XB*.+3)2!8?! ,()! +3G6*G)F)3,!64! .**! ,()! 0(6/*2)-!F/01*)0!

K$%:;&:;%L!.32!,()!863)!2)46-F+,?!K$&:;@LD!\)H.-2+3H!.X+.*!-6,.,+63:!,()!+FB.+-)2!H-6I,(!I+,(!

+3,)-3.*! -6,.,+63!163,-.1,/-)0!64! ,()!0/801.B/*.-+0! K<#L!.32! ,()! +3,)-3.*!.32!)X,)-3.*! -6,.,6-0!

+F8.*.31)!.-)! +3G6*G)2! +3! ,()!)X,)-3.*! -6,.,+63! *+F+,.,+63! K":<$T<;LD!J6-! -).1(! ,6!H-.0B!.32!

(.32!,6!0(6/*2)-!,.0Y0:!1(+*2-)3!4+3+0()2!,()+-!F6G)F)3,!I+,(!.!*)00!.3,)-+6-!B60+,+63!.32!F6-)!

)*)G.,+63! 64! ,()! .-F! K$;L:! 0/HH)0,+3H! ,(.,! *)00! .3,)-+6-! )*)G.,+63!F+H(,! 8)! ).0+)-! 46-! ,()0)!

1(+*2-)3D!E,!,()!01.B/*.!*)G)*:!46-!,()!.FB*+,/2)!,.0Y0:!2)1-).0)!\b9!I)-)!46/32:!I(+1(!1.3!

8)!-)*.,)2!,6!,()!2)1-).0)!+3!.FB*+,/2)0!.,!,()!H*)36V(/F)-.*!*)G)*D!J6-!,()!4/31,+63.*!,.0Y0:!

H-).,)-!01.B/*.!\b9!I+,(6/,!H-).,)-!H*)36V(/F)-.*!\b9!I)-)!46/32!+3!06F)!1.0)0:!+3!4.G6-!

64!,()!01.B/*6V(/F)-.*!-(?,(F!2+0,/-8.31)!.32!.!H-).,)-!163,-+8/,+63!64!,()!01.B/*6V,(6-.1+1!

W6+3,!46-!,()0)!F6G)F)3,0!K@T$5LD!!

E,!,()!,-/3Y!*)G)*:!.3!+31-).0)2!,-/3Y!-6,.,+63!I+,(!,()!+FB.+-)2!0+2)!4-63,I.-2!I.0!(+H(*+H(,)2!

.,!,()!0,.-,!8/,!36,!.,!,()!)32!64!,()!F6G)F)3,:!+3!4.G6-!64!.3!+FB.+-)2!B60+,+63!I+,(!B600+8+*+,+)0!

64! 16--)1,+63! .32! 16FB)30.,+630! ,6! .G6+2! +FB.+-)2! /BB)-! *+F8! ,6! 8)! )G)3!F6-)! +3,)-3.**?!

-6,.,)2D!'()!2)1-).0)!64!,()!*.,)-.*!,+*,!(+H(*+H(,)2!46-!,()!.FB*+,/2)!,.0Y0!16/*2!8)!*+3Y)2!I+,(!



! $55!

,()! -)2/1)2!H*)36V(/F)-.*!\b9D!'()! +31-).0)! 64! ,-/3Y! 4*)X+63! 46-! 4*)X+63:! .82/1,+63:! .32!

4/31,+63.*!,.0Y0!16/*2!.+F!,6!+31-).0)!,()!F68+*+,?!64!,()!+FB.+-)2!/BB)-!*+F8!.32!16FB)30.,)!

,()!H*)36V(/F)-.*!+3G6*GF)3,D!!

E,!,()!)*86I!*)G)*:!.0!B-)G+6/0*?!0(6I3:!.!F6-)!4*)X)2!)*86I!B60+,+63!I.0!46/32!I+,(!-)2/1)2!

\b9!K$#:$5:$;LD!\b9!2)1-).0)!46-!B-636O0/B+3.,+63!I.0!)XB)1,)2!8)1./0)!64! ,()!4-)R/)3,!

+3G6*G)F)3,!64!,()!0/B+3.,6-!F/01*)0!+3!,()0)!1(+*2-)3D!A6F)!16FB)30.,+630!I)-)!(+H(*+H(,)2!

46-!,()!-).1(!,6!H-.0B!,.0Y:!2/-+3H!I(+1(!1(+*2-)3!4+3+0()2!I+,(!*)00!B-63.,+63!B600+8*?!,6!I)**!

6-+)3,.,)!,()!+3,)-3.*!-6,.,)2!/BB)-!*+F8!,6!.1(+)G)!,()!,.0YD!!

>.0,*?:!-)H.-2+3H!I-+0,!W6+3,:!H-).,)-!F68+*+,?!+3!,()!0.H+,,.*!B*.3)!I.0!46/32!46-!.82/1,+63!.32!

.22/1,+63!,.0Y0:!,(.,!1.3!8)!+3,)-B-),)2!.0!.3!.,,)FB,!,6!+31-).0)!,()!F68+*+,?!64!,()!/BB)-!*+F8D!!

]3! ,(+0! .-,+1*):!I)! 1634+-F)2! ,()!B-)26F+3.3,! +FB.+-F)3,! 64! ,()!H*)36V(/F)-.*! W6+3,! +3! ,()!

+FB.+-)2!0+2)!64!1(+*2-)3!I+,(!bc77D!E!0B)1+4+1!6-H.3+f.,+63!64!,()!F6G)F)3,!+3G6*G+3H!.**!

,()!/BB)-!*+F8!W6+3,0!I.0!.*06!(+H(*+H(,)2!I+,(!.3!+3,)-2)B)32)31)!64!,()!4/31,+63+3H!64!,()!

W6+3,0D! =630)R/)31)0! 0/1(! .0! .! 2)1-).0)! +3! .FB*+,/2)! 64! ,()! F6G)F)3,0! 6-! 16FB)30.,6-?!

F6G)F)3,0!I)-)!(+H(*+H(,)2!0(6I+3H!,()!+3,)-)0,!64!1630+2)-+3H!,()!I(6*)!/BB)-!*+F8!I()3!

)G.*/.,+3H!1(+*2-)3!I+,(!bc77D!96-)!16FB)30.,+630!I)-)!46/32!46-!4/31,+63.*!,.0Y0D!

!

b3!,()!/3+FB.+-)2!*+F8!64!1(+*2-)3!I+,(!bc77:!*)00!)X,)-3.*!-6,.,+63!.,!,()!8)H+33+3H!64!,()!

,.0Y0!.32!2/-+3H!F6G)F)3,!I)-)!46/32!46-!06F)!64!,()!,.0Y0!16FB.-)2!,6!'P=D!E0!36!1(.3H)!

46-!/3+FB.+-)2!,-/3Y!-6,.,+63!I.0!68G+6/0:!)X1)B,!,()!+3G)-0)!-6,.,+630!.32!,+*,!8)1./0)!64!,()!

16FB.-+0630! 64! /3+FB.+-)2! 0+2)!I+,(! ,()! 363V26F+3.3,! 0+2):!I)! 2+2! 36,! +3,)-B-),! ,(+0! .0! .!

16FB)30.,+63D!E0!1)3,-.*!F6,6-!-)6-H.3+f.,+63!I.0!0(6I3!,6!+3G6*G)!86,(!()F+0B()-)0!K;$L:!

1)3,-.*! -)6-H.3+f.,+63!64! ,()!B60+,+63!.32!F6G)F)3,0!1.3!8)!R/)0,+63)2! +3! ,(+0!1.0):!I+,(!.!

F+--6-+3H!64! ,()! +3G6*G)2!.32!/3+3G6*G)2! 0+2)0D!C)! ,(/0!8)*+)G)! ,(.,!'P=!0(6/*2! 0)-G)!.0!

163,-6*0!46-!4/,/-)!/BB)-!)X,-)F+,?!F6,+63!.3.*?0+0!0,/2+)0!+3!1(+*2-)3!I+,(!bc77!K<<LD!!!

!



! $5;!

=*+3+1.*!+FB*+1.,+630!1.3!8)!2-.I3!4-6F!,()!-)0/*,0!64!,(+0!0,/2?D!'()!F.3.H)F)3,!64!,()!H*)36V

(/F)-.*! +3,)-3.*! -6,.,+63! 163,-.1,/-):! I(+1(:! .0061+.,)2! I+,(! +31-).0)2! ,-/3Y! -6,.,+63! .32!

*+F+,.,+63!64!B-636V0/B+3.,+63!*.-H)*?!2+0,/-8)2!,()!-)0,!B60+,+63!.32!F6G)F)3,!2/-+3H!.**!,()!

,.0Y0!+3!,(+0!0,/2?!+0!.!Y)?!B6+3,D!E0!)X,)-3.*!-6,.,+63!+0!3)1)00.-?!2/-+3H!(/F)-.*!)*)G.,+63:!

+3,)-3.*! -6,.,+63! 163,-.1,/-)! F.?! 4/-,()-! *+F+,! 0(6/*2)-! F6G)F)3,! K<MLD! '(/0:! .! 1.-)4/*!

F63+,6-+3H!64!.1,+G)!.32!B.00+G)!-.3H)!64!F6,+630!+3!0(6/*2)-!-6,.,+630!+0!3)1)00.-?D!96-)!2.,.!

63! ,()! ,-).,F)3,! 0,-.,)H?! 64! +3,)-3.*! -6,.,+63! 163,-.1,/-):! /0+3H! ).-*?! B.00+G)! .32! .1,+G)!

F68+*+f.,+63!+3!B(?0+6,()-.B?!K<"L:!86,/*+3/F!,6X+3!+3W)1,+630!K&L!.32!0)1632.-?!0/-H)-+)0!K<L!

.-)!I.--.3,)2D!!

'()!B-)0)31)!64!)44)1,+G)!F6G)F)3,0!+3!86,(!0+2)0!I+,(!H662!F6,6-!163,-6*!8/,!I+,(!.,?B+1.*!

B.,,)-3!64!F6G)F)3,0!R/)0,+630!,()!,?B)!64!-)(.8+*+,.,+G)!,()-.B+)0!,6!0),!/B!+3!,(+0!B.,(6*6H?D!

h0)!64!,)1(3+R/)0!*+Y)!1630,-.+3,!+32/1)2!F6G)F)3,!,()-.B+)0!K<&L!1.3!8)!R/)0,+63)2:!8)1./0)!

64!,()!H662!B)-46-F.31)0!64!86,(!/BB)-!*+F80D!'()!-+0Y!64!B-)G)3,+3H!16FB)30.,+630!4-6F!8)+3H!

/0)2!.32!,(/0!*+F+,+3H!,()!)44)1,+G)3)00!64!,()!F6G)F)3,!1.3!.*06!R/)0,+63!,()-.B+)0!.+F+3H!,6!

-)0,6-)!.!,?B+1.*!B.,,)-3!64!F6G)F)3,!K<%LD!E3!+3G6*G)F)3,!64!,()!/3+FB.+-)2!/BB)-!*+F8!I.0!

0/0B)1,)2:!4/-,()-!)G.*/.,+630!64!86,(!/BB)-!*+F80!.-)!I.--.3,)2!K<@LD!c+F.3/.*!,()-.B+)0!KM#L!

16/*2!8)!+3,)-)0,+3H!+4!,()!6-H.3+f.,+63!64!,()!F6G)F)3,!8),I))3!/BB)-!*+F80!+0!.44)1,)2D!!

 

'()!*.-H)!3/F8)-!64!0,.,+0,+1.*!16FB.-+0630!1.--+)2!6/,!+3!,(+0!B+*6,!0,/2?!+32/1)!.!(+H(!-+0Y!64!

,?B)!$!)--6-! K06F)!0+H3+4+1.3,!2+44)-)31)0!F.?!(.G)!611/--)2!2/)! ,6!1(.31)LD!a6I)G)-:! ,()!

1631*/0+630! I)-)! 2),)-F+3)2! 8?! 6G)-.**! 16FB.-+0630! .32! I.0! 36,! 8.0)2! 63! 0B)1+4+1!

16FB.-+0630D!J/-,()-!6-+)3,)2!0,/2+)0!+3!.!*.-H)-!B6B/*.,+63!(.G)!,6!8)!1.--+)2!6/,D!]FB6-,.3,!

G.-+.8+*+,?!+3!0B.,+6!,)FB6-.*!.32!Y+3)F.,+1!B.-.F),)-0!-)F.+3!+3!,()!+FB.+-)2!0+2)!64!1(+*2-)3!

I+,(!bc77!16FB.-)2!,6!'P!1(+*2-)3!I(+1(!1.3!8)!+3!4.G6-!64!G.-+.,+630!+3!F6,+63!0,-.,)H+)0!

.F63H!1(+*2-)3!I+,(!bc77D!J/-,()-!0,/2+)0!.-)!I.--.3,)2!,6!+2)3,+4?!F6,+63!0B)1+4+1+,+)0!.32!

B-6B60)!F6-)!+32+G+2/.*+f)2!F.3.H)F)3,0!+3!0/8H-6/B0!64!1(+*2-)3!I+,(!bc77!K@LD!!



! $5<!

!

]3!,(+0!0,/2?:!)44)1,+G)!F6G)F)3,0!I+,(!H662!F6,6-!163,-6*!8/,!I+,(!.,?B+1.*!B.,,)-3!64!W6+3,!

F68+*+,?!I)-)!(+H(*+H(,)2!63!,()!+FB.+-)2!/BB)-!*+F8!64!1(+*2-)3!I+,(!bc77D!=(.3H)0!I)-)!

.*06!(+H(*+H(,)2!63!,()!/3+FB.+-)2!*+F8D!]3G6*G)F)3,!64!,()!H*)36V(/F)-.*!W6+3,!I.0!1634+-F)2!

63!,()!+FB.+-)2!*+F8:!)0B)1+.**?!+3!,()!-6,.,+63!B*.3):!I+,(!+FB.1,0!,()!F68+*+,?!64!6,()-!W6+3,0D!

9.3.H)F)3,!64!+3,)-3.*!-6,.,+63!163,-.1,/-)!.BB).-0!,(/0!.0!.!Y)?!B6+3,!+3!,()!F.3.H)F)3,!64!

1(+*2-)3!I+,(!bc77!,6!+FB-6G)!.**!/BB)-V*+F8!F6G)F)3,0D!!

!

!

!

!

!

!

!

!

!"3".",)"#'

!

$D!! =(./(.3! A7:! c*.1YI)**! Ac:! E3.3,(! =dD! e)63.,.*! 8-.1(+.*! B*)X/0! B.*0?Q! +31+2)31):!
B-)G.*)31):!.32!,)FB6-.*!,-)320D!A)F+3!7)-+3.,6*D!5#$<!j/3Z;%K<LQ5$#T%D!!

5D!! a6)Y0F.!EJ:! ,)-!A,))H!E9:!e)*+00)3!\iaa:!G.3!b/I)-Y)-Y!Cj\:!>.3Y(6-0,!ij:!2)!
j63H!cED!e)/-6*6H+1.*!-)16G)-?!+3!680,),-+1!8-.1(+.*!B*)X/0!+3W/-+)0Q!.3!(+0,6-+1.*!16(6-,!
0,/2?D!P)G!9)2!=(+*2!e)/-6*D!5##<!J)8Z<"K5LQ&"T%;D!!

;D!! G.3!P+WY!ji:!7632..H!C:!9.*)00?!9jD!b80,),-+1!*)0+630!64!,()!8-.1(+.*!B*)X/0D!9/01*)!
e)-G)D!5##$!e6GZ5<K$$LQ$<M$T"$D!!

<D!! 7).-*!9>D!A(6/*2)-!B-68*)F0!+3!1(+*2-)3!I+,(!8-.1(+.*!B*)X/0!8+-,(!B.*0?Q!)G.*/.,+63!.32!

F.3.H)F)3,D!j!EF!E1.2!b-,(6B!A/-HD!5##@!EB-Z$&K<LQ5<5TM<D!!

MD!! j/*Y.! E:! d.32)-! a.G)! g>D! A(6/*2)-! 0)R/)*.)! 64! 3)63.,.*! 8-.1(+.*! B*)X/0! +3W/-+)0Q!

6-,(6B)2+1!.00)00F)3,!.32!F.3.H)F)3,D!j!7)2+.,-!\)(.8+*!9)2D!5#$$Z<K5LQ$;$T<#D!!

"D!! d.3!i)*)+3!d+,-+3H.!d9:!j.0B)-0!\:!9/**)32)-!9:!b/I)-Y)-Y!Cj:!d.3!P)-!A*/+W0!jED!
^.-*?!)44)1,0!64!F/01*)!.,-6B(?!63!0(6/*2)-!W6+3,!2)G)*6BF)3,!+3!+34.3,0!I+,(!/3+*.,)-.*!

8+-,(!8-.1(+.*!B*)X/0!+3W/-?D!P)G!9)2!=(+*2!e)/-6*D!5#$$!J)8ZM;K5LQ$&;T%D!!



! $5M!

&D!! i68),0!P:!c)1Y)-F.3!a:!2)!i-66,!d:!d.3!P66-3V>66HF.3!9a:!c)1()-!jiD!]32+1.,+630!
.32!)44)1,0!64!86,/*+3/F!,6X+3!E!46-!680,),-+1!8-.1(+.*!B*)X/0!+3W/-?Q!.!0?0,)F.,+1!*+,)-.,/-)!
-)G+)ID!P)G!9)2!=(+*2!e)/-6*D!5#$#!j/3ZM5K"LQM$&T5%D!!

%D!! >6/2)3!^j:!c-6)-+3H!=E:!9)(*F.3!=':!>+BB)-,!C=:!7-.,,!j:!g+3H!^=D!9),.V.3.*?0+0!64!
4/31,+63! .4,)-! 0)1632.-?! 0(6/*2)-! 0/-H)-?! +3! 3)63.,.*! 8-.1(+.*! B*)X/0! B.*0?D! j! 7)2+.,-!
b-,(6BD!5#$;!A)BZ;;K"LQ"M"T";D!!

@D!! \/006! AE:! g6f+3! Aa:! n*6,6*6I! PE:! '(6F.0! gJ:! a/*8)-,! \>:! 9.,,063! j9:! ),! .*D!
A1.B/*6,(6-.1+1! .32! H*)36(/F)-.*! 163,-+8/,+630! ,6! F6,+63! +3! 1(+*2-)3! I+,(! 8-.1(+.*!
B*)X/0!8+-,(!B.*0?D!j!A(6/*2)-!^*86I!A/-HD!5#$<!9.-Z5;K;LQ;5&T;%D!!

$#D!! J+,6/00+! J:!9./-)*! e:! P+6B! E:! >..00)*! ^9:! ]*(.--)86-2)! c:! 7-)0)26! E:! ),! .*D! hBB)-!
)X,-)F+,?! Y+3)F.,+10! .3.*?0+0! +3! 680,),-+1.*! 8-.1(+.*! B*)X/0! B.*0?D! b-,(6B.)2+10! y!
'-./F.,6*6H?Q!A/-H)-?!y!\)0).-1(D!5##@!A)B!$Z@MKMLQ;;"T<5D!!

$$D!! P/44!Ad:!P.?.3+2(+!A:!g6f+3!AaD!E0?FF),-+1.*! 0(6/*2)-!Y+3)F.,+10! +3! 1(+*2-)3!I+,(!
8-.1(+.*!B*)X/0!8+-,(!B.*0?D!=*+3+1.*!c+6F)1(.3+10D!5##&!j/*!$Z55K"LQ";#T%D!!

$5D!! a)-+0063!b:!9./-)*!e:!P+6B!E:!>)!=(.,)*+)-!9:!=.F863Vc+32)-!E:!J+,6/00+!JD!A(6/*2)-!
.32!)*86I!Y+3)F.,+10!2/-+3H!,()!9.**),!016-)!+3!680,),-+1.*!8-.1(+.*!B*)X/0!B.*0?D!=*+3+1.*!
c+6F)1(.3+10D!5#$&!9.-!$Z<;Q$T&D!!

$;D!! 960R/)2.!':!j.F)0!9E:!7),/0Y)?!g:!c.H*)?!E:!E82.*.!̂ :!\.8!iD!g+3)F.,+1!E00)00F)3,!
64!,()!hBB)-!^X,-)F+,?!+3!c-.1(+.*!7*)X/0!c+-,(!7.*0?D!j6/-3.*!64!7)2+.,-+1!b-,(6B.)2+10D!
5##<!P)1Z5<K"LQ"@MD!!

$<D!! j.0B)-0!^:!P)0*66G)-)!g:!c-/?3+31YX!a:!g*+3H)*0!g:!96*)3.)-0!i:!E)-,8)*+z3!^:!),!.*D!
'(-))V2+F)30+63.*! /BB)-! *+F8! F6G)F)3,! 1(.-.1,)-+0,+10! +3! 1(+*2-)3! I+,(! ()F+B*)H+1!
1)-)8-.*!B.*0?!.32!,?B+1.**?!2)G)*6B+3H!1(+*2-)3D!\)0).-1(!+3!P)G)*6BF)3,.*!P+0.8+*+,+)0D!

5#$$!e6G!$Z;5K"LQ55%;T@<D!!

$MD!! E*,! 9/-B(?! 9:! C+**k3! =:! A/33)-(.H)3! gAD! \)0B630+G)3)00! 64! hBB)-! ^X,-)F+,?!
g+3)F.,+1!9).0/-)0! .32! =*+3+1.*! ]FB-6G)F)3,! P/-+3H! ,()! J+-0,! '(-))!963,(0! E4,)-!

A,-6Y)D!e)/-6-)(.8+*!e)/-.*!\)B.+-D!5#$;!e6G!$Z5&K@LQ%<<TM;D!!

$"D!! 9.,)6!A:!\68?Vc-.F+!E:!\)+**?!g':!\600),,+!l:!=6**),!=:!\62)!iD!hBB)-!*+F8!Y+3)F.,+10!
.4,)-! 1)-G+1.*! 0B+3.*! 16-2! +3W/-?Q! .! -)G+)ID! j6/-3.*! 64! e)/-6^3H+3))-+3H! .32!
\)(.8+*+,.,+63D!5#$M!j.3!;#Z$5K$LQ@D!!

$&D!! c-61(.-2!A:!96f+3H6!jP:!E*,)-!g^:!A())(.3!J'D!'(-))!2+F)30+63.*+,?!64!H*)36V(/F)-.*!

2)46-F+,+)0!+3!680,),-+1.*!8-.1(+.*!B*)X/0!B.*0?D!j!b-,(6B!\)0D!5#$"!EB-Z;<K<LQ"&MT%5D!!

$%D!! 7630!=:! A())(.3!J':! ]F!aA:!c-61(.-2!A:!E*,)-!g^D!A(6/*2)-!F/01*)! .,-6B(?! .32! +,0!
-)*.,+63!,6!0,-)3H,(!*600!+3!680,),-+1.*!8-.1(+.*!B*)X/0!B.*0?D!=*+3!c+6F)1(!Kc-+0,6*:!EG63LD!

5#$&!b1,Z<%Q%#T&D!!

$@D!! 9.?4+)*2!=a:!g/YY)!Ae:!c-61(.-2!A:!A,.3*)?!=j:!E*,)-!g^:!P.F+.36!P>D! ]3,)-VW6+3,!
166-2+3.,+63! .3.*?0+0! 64! -).1(V,6VH-.0B! Y+3)F.,+10! +3! 1(+*2-)3! .32! .26*)01)3,0! I+,(!
680,),-+1.*!8-.1(+.*!B*)X/0!B.*0?D!=*+3+1.*!c+6F)1(.3+10D!5#$&!j/*!$Z<"Q$MT55D!!



! $5"!

5#D!! 9.**),! jD! Sb80,),-+1.*! B.-.*?0+0! 64! ,()! 8-.1(+.*! B*)X/0D! ]]D! '()-.B)/,+10D! '-).,F)3,! 64!
0)R/)*.)D!7-+6-+,?!46-!,()!,-).,F)3,!64!,()!0(6/*2)-D!9),(62!46-!,()!)XB-)00+63!64!-)0/*,0UD!
\)G!=(+-!b-,(6B!\)B.-.,-+1)!EBB.-!96,D!$@&5ZM%QA/BB*!$Q$""V$"%D!!

5$D!! C/!i:!G.3!2)-!a)*F!J=':!KP+-Yj.3L!d))H)-!a^j:!9.Y(06/0!9:!d.3!\6?!7:!E3H*+3!=:!),!
.*D!]Ac!-)16FF)32.,+63!63!2)4+3+,+630!64!W6+3,!166-2+3.,)!0?0,)F0!64!G.-+6/0!W6+3,0!46-!
,()!-)B6-,+3H!64!(/F.3!W6+3,!F6,+63{7.-,!]]Q!0(6/*2)-:!)*86I:!I-+0,!.32!(.32D!j6/-3.*!64!
c+6F)1(.3+10D!5##M!9.?!$Z;%KMLQ@%$T@5D!!

55D!! i.F.H)!AAah:!>.0)38?!jD!e)I!*).0,!0R/.-)0!06*/,+630!46-!)0,+F.,+3H!,()!.G)-.H)!1)3,-)!
64!-6,.,+63!.32!,()!.X+0!64!-6,.,+63D!j6/-3.*!64!c+6F)1(.3+10D!5##5!j.3!$Z;MK$LQ%&T@;D!!

5;D!! >)FB)-)/-!9:! >)86)/4! J:! c-61(.-2! A:! \6/00),! j:! c/-2+3! d:! \kF?Vek-+0! bD! ]3! G+G6!
)0,+F.,+63! 64! ,()! H*)36(/F)-.*! W6+3,! 1)3,-)! 8?! 4/31,+63.*! F),(620Q! E11/-.1?! .32!
-)B).,.8+*+,?!.00)00F)3,D!j6/-3.*!64!c+6F)1(.3+10D!5#$#!j.3!$@Z<;K5LQ;&#T<D!!

5<D!! c-61(.-2!A:!>)FB)-)/-!9:!9.6!>:!\kF?Vek-+0!bD!'()!-6*)!64!,()!01.B/*6V,(6-.1+1!.32!
H*)36V(/F)-.*! W6+3,0! +3!/BB)-V*+F8!F6,+63! +3! 1(+*2-)3!I+,(!()F+B*)H+1! 1)-)8-.*! B.*0?D!
=*+3+1.*!c+6F)1(.3+10D!5#$5!E/H!$Z5&K&LQ"M5T"#D!!

5MD!! >)FB)-)/-!9:! c-61(.-2! A:! >)86)/4! J:! \kF?Vek-+0! bD! d.*+2+,?! .32! -)*+.8+*+,?! 64! ;P!
F.-Y)-! 8.0)2! 01.B/*.-! F6,+63! .3.*?0+0Q! .! 0?0,)F.,+1! -)G+)ID! j! c+6F)1(D! 5#$<! j/*!

$%Z<&K$#LQ55$@T;#D!!

5"D!! j.0B)-0!^:!J)?0!a:!c-/?3+31YX!a:!g*+3H)*0!g:!96*)3.)-0!i:!P)0*66G)-)!gD!'()!E-F!
7-64+*)!A16-)Q!E!3)I!0/FF.-?!+32)X!,6!.00)00!/BB)-!*+F8!F6G)F)3,!B.,(6*6H?D!i.+,!y!

760,/-)D!5#$$!j/3!$Z;<K5LQ55&T;;D!!

5&D!! a)+2)! j=! G.3! 2)-:! J61Y! j9:! b,,)3! c:! A,-)FF)*..-! ^:! a.22)-0VE*H-.! 9D! g+3)F.,+1!
=(.-.1,)-+0,+10! 64! \).1(+3H! 96G)F)3,0! +3! 7-),)-F! =(+*2-)3! I+,(! =)-)8-.*! 7.*0?D!

7)2+.,-+1!\)0).-1(D!5##M!j/3ZM&K"LQ%%;T@D!!

5%D!! E/)-!':!7+3,)-!A:!g6G.10!e:!g.*F.-!n:!e.H?!J:!a6-G.,(!\E:!),!.*D!P6)0!680,),-+1!8-.1(+.*!
B*)X/0!+3W/-?!+34*/)31)!0B))1(!26F+3.31)|!E33!e)/-6*D!5##@!j.3Z"MK$LQM&T""D!!

5@D!! c/+,)3(/+0! A:! G.3!C+W*)3Va)FB)*! \A:! 7632..H!C:!9.*)00?!9jED! b80,),-+1! 8-.1(+.*!
B*)X/0!*)0+630!.32!1)3,-.*!2)G)*6BF)3,.*!2+0.8+*+,?D!̂ .-*?!a/F!P)GD!5#$5!A)BZ%%K@LQ&;$T

<D!!

;#D!! l.3H!>jVA:!E3.32!7:!c+-1(!\D!>+F8!7-)4)-)31)!+3!=(+*2-)3!I+,(!b80,),-+1!c-.1(+.*!7*)X/0!
7.*0?D!7)2+.,-+1!e)/-6*6H?D!5##M!j/*!$Z;;K$LQ<"T@D!!

;$D!! E3H/)*6G.!id:!2)!d*/H,!^:!d.-2?!Ee:!G.3!nI),!^C:!G.3!P+WY!ji:!9.*)00?!9jE:!),!.*D!
=6163,-.1,+63!F).0/-)2!I+,(!0(6-,V-.3H)!0,+443)00!I.0!(+H()-!+3!680,),-+1!8-.1(+.*!B*)X/0!
*)0+630! B.,+)3,0! 16FB.-)2! ,6! ().*,(?! 0/8W)1,0D! j6/-3.*! 64! c+6F)1(.3+10D! 5#$&! b1,!

;Z";Q$@5T"D!!

;5D!! =6*63! Ej:! d-)2)G)*2! jC:! c*../I! iD! 96,6-! ^G6Y)2! 76,)3,+.*0! E4,)-! '-.301-.3+.*!
9.H3),+1!A,+F/*.,+63!A/BB6-,!a?B6,()0+0!64!=6)X+0,+3H!=)3,-.*!9)1(.3+0F!+3!b80,),-+1!
c-.1(+.*!7.*0?D!j6/-3.*!64!=*+3+1.*!e)/-6B(?0+6*6H?D!5##&!J)8Z5<K$LQ<%D!!

;;D!! c6?*.3!>A:!J6/*.2G.32!9D!P)G)*6BF)3,.*!.B-.X+.!.-+0+3H!4-6F!3)63.,.*!8-.1(+.*!B*)X/0!

B.*0?D!e)/-6*6H?D!5##$!J)8!5&ZM"K<LQM&"T&D!!



! $5&!

;<D!! =(.3H!jVj:!C/!'V]:!C/!CV>:!A/!JV=D!g+3)F.,+1.*!F).0/-)!46-!0B.0,+1!-).1(+3H!+3!1(+*2-)3!

I+,(!1)-)8-.*!B.*0?D!=*+3!c+6F)1(!Kc-+0,6*:!EG63LD!5##M!9.?Z5#K<LQ;%$T%D!!

;MD!! =6-63.!J:!i)-G.063+!^:!=6H()!i:!=6116!^:!J)--.-+3!9:!7./!9:!),!.*D!d.*+2.,+63!64!,()!
E-F!7-64+*)!A16-)!+3!.00)00+3H!/BB)-!*+F8!4/31,+63.*!+FB.+-F)3,0!+3!B)6B*)!I+,(!F/*,+B*)!

01*)-60+0D!=*+3+1.*!c+6F)1(.3+10D!5#$%!j.3!$ZM$Q<MTM#D!!

;"D!! '(-.3)!i:!A/33)-(.H)3!g:!7)-0063!a! 1:!bB()+F!E:!E*,!9/-B(?!9D!g+3)F.,+1! /BB)-!
)X,-)F+,?!B)-46-F.31)!+3!B)6B*)!I+,(!3).-!6-!4/**?!-)16G)-)2!0)306-+F6,6-!4/31,+63!.4,)-!

0,-6Y)D!7(?0+6,()-.B?!'()6-?!.32!7-.1,+1)D!5#$%!EB-!$"Z!!

;&D!! c-61(.-2!A:!E*,)-!g:!P.F+.36!PD!A(6/*2)-!0,-)3H,(!B-64+*)0!+3!1(+*2-)3!I+,(!.32!I+,(6/,!

8-.1(+.*!7>^mhA!7E>AlD!9/01*)!e)-G)D!5#$<!j/*ZM#K$LQ"#T"D!!

;%D!! =()3H!C:!=6-3I.**!\:!=-6/1(!P>:!>+!n:!A./*!g\D!=63,-+8/,+630!64!9/01*)!]F8.*.31)!
.32!]FB.+-)2!i-6I,(! ,6!760,/-.*!.32!b00)6/0!A(6/*2)-!P)46-F+,?!J6**6I+3H!c-.1(+.*!
7*)X/0!c+-,(!7.*0?Q!E!=6FB/,.,+63.*!A+F/*.,+63!E3.*?0+0D!'()!j6/-3.*!64!a.32!A/-H)-?D!
5#$M!j/3!$Z<#K"LQ$$&#T"D!!

;@D!! J-+1(! >a:! A1(F+2,! 7a:! '6-4+3H!'D!i*)36+2!F6-B(6*6H?! +3! 680,),-+1.*! 8-.1(+.*! B*)X/0!
*)0+63Q!.!,(-))V2+F)30+63.*!16FB/,)2!,6F6H-.B(?!0,/2?D!j6/-3.*!64!A(6/*2)-!.32!^*86I!
A/-H)-?D!5#$&!E/H!$Z5"K%LQ$;&<T%5D!!

<#D!! e+Y6*.6/!A:!7),)-063!^:!g+F!E:!C?*+)!=:!=6-3I.**!\D!]FB.+-)2!i-6I,(!64!P)3)-G.,)2!
9/01*)!=63,-+8/,)0!,6!=63,-.1,/-)!J6-F.,+63!J6**6I+3H!e)63.,.*!c-.1(+.*!7*)X/0!]3W/-?D!
jcjAD!5#$$!9.-!5Z@;KMLQ<"$D!!

<$D!! C.,)-0!79:!963+1.!j':!^.-B!c^:!n/-.Y6I0Y+!P:!c.)!PAD!=6--)*.,+63!64! -.2+6H-.B(+1!
F/01*)!1-600V0)1,+63.*!.-).!I+,(!H*)36(/F)-.*!2)46-F+,?!+3!1(+*2-)3!I+,(!8-.1(+.*!B*)X/0!
8+-,(!B.*0?D!j!c63)!j6+3,!A/-H!EFD!5##@!b1,Z@$K$#LQ5;"&T&MD!!

<5D!! a6H)3266-3!A:!G.3!bG)-G)0,!g>j:!C.,,! ]:!P/+W0)30!Eac:!e)*+00)3!\iaaD!A,-/1,/-.*!
1(.3H)0!+3!F/01*)!.32!H*)36(/F)-.*!W6+3,!2)46-F+,?!+3!3)63.,.*!8-.1(+.*!B*)X/0!B.*0?D!j!
c63)!j6+3,!A/-H!EFD!5#$#!EB-Z@5K<LQ@;MT<5D!!

<;D!! 7}?(+~!'a:!e+),60G..-.!lE:!\)F)0!d9:!g+-W.G.+3)3!9b:!7)*,63)3!j]:!>.FF+3)3!E^D!
9\]! 64! -6,.,6-! 1/44!F/01*)! .,-6B(?! +3! -)*.,+63! ,6! H*)36(/F)-.*! W6+3,! +3163H-/)31)! +3!

8-.1(+.*!B*)X/0!8+-,(!+3W/-?D!7)2+.,-!\.2+6*D!5##M!EB-Z;MK<LQ<#5T@D!!

<<D!! C.3H!jA:!7),/0Y)?!g:!c.H*)?!E9:!j.F)0!9E:!\.8!iD!'()!=63,-.*.,)-.*!h3+FB.+-)2!E-F!
.0!.!=63,-6*!46-!hBB)-!^X,-)F+,?!g+3)F.,+1!E3.*?0+0!+3!=(+*2-)3!C+,(!c-.1(+.*!7*)X/0!

c+-,(!7.*0?D!j6/-3.*!64!7)2+.,-+1!b-,(6B.)2+10D!5##&!A)BZ5&K"LQ&#@D!!

<MD!! >/2)I+H!79:!\)?36*20!jJD!'()!.0061+.,+63!64!01.B/*.-!Y+3)F.,+10!.32!H*)36(/F)-.*!W6+3,!
B.,(6*6H+)0D!j!b-,(6B!AB6-,0!7(?0!'()-D!5##@!J)8Z;@K5LQ@#T$#<D!!

<"D!! c+.*61)-Y6I0Y+! E:! g/-*6I+1f! g:! d*.2/0+1! A:! i-+FF)-! gD! ^44)1,+G)3)00! 64! B-+F.-?!
1630)-G.,+G)!F.3.H)F)3,!46-!+34.3,0!I+,(!680,),-+1!8-.1(+.*!B*)X/0!B.*0?D!]3,!j!̂ G+2!c.0)2!

a).*,(1D!5##M!9.-Z;K5LQ5&T<<D!!

<&D!! A.3,.F.,6!E:!7.3f.!J:!\.3+)-+!9:!J+6-)!7D!^44)1,!64!86,/*+3/F!,6X+3!,?B)!E!.32!F62+4+)2!
1630,-.+3,V+32/1)2!F6G)F)3,!,()-.B?!63!F6,6-!4/31,+63!64!/BB)-!*+F8!+3!1(+*2-)3!I+,(!
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9:;:<=>;?@A*+*/+(,.1&B#,*$.(%/.00#,*%/&+0C*)%2,-*6/.%.$.0*

*

,-./012332!4560!78"9(9#!:!8;<=-5<!>??/!4-8&!:!@.AB5/.2!32!@;3!789!4-8)!:!7;.C!@;.21/2.!
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4-8%!:!L;1-;3M!N</612.5!78"'!:!EM3O;/6!D.5C-;.?!789!4-8"9(9#9$!:!;6?!1-2!4P4DQRPS!
@.5<=!T7;./;662!U3/0569!7;?232/62!U03;69!V266/W2.!D;01/269!@/3320!8;<1239!J35./;62!,53/69!7;./56!
823=5619!D.<65!85-/69!7;./2!UB620!@;335M9!X/6C261!@;<1-2.56!E;32F!H;00;6!U3!Y-5<.M9!4;0C;3!
V2-;665!9!7A3;6/2!Y;;09!!P3/O/2.!4.5?-5FF29!7A3;6/2!45.129!U662!@;2332!4M9!H23Z62!
[;<0C2619!!>F/3/2![<F/33M9!Y;1-2./62!E;6C-2\!D;..!9!!,;1-2./62!R.AB</2.9!;6?!4-/3/==2!X/53;0!]!

!

!

"! 42?/;1./C!.2-;^/3/1;1/569!J56?;1/56!_G8`E9!D.2019!J.;6C2!
(! G;^5.;15.M!5W!72?/C;3!_6W5.F;1/56!4.5C200/6B9!_LE>[7!""'"9!D.2019!J.;6C2!
#! 47[!?2=;.1F2619!D.201!,H[a9!D.2019!J.;6C2!
&! 8[,_9!D.201!,H[a9!D.2019!J.;6C2!
)! ,261.2!W5.!,3/6/C;3!_6O201/B;1/56!_LE>[7!,_,!"&"(9!D.201!,H[a9!D.2019!J.;6C2!!
*! [;?/535BM!?2=;.1F2619!-b=/1;3!?c_601.<C1/56!?20!U.FA20!,32.F561QR562..29!D.2019!
J.;6C2!

+! [;?/535BM!?2=;.1F2619!D.201!,H[a9!D.2019!J.;6C2!
$! a6/O2.0/1A!?2!D.21;B62!PCC/?261;329!D.2019!J.;6C2!!
%! ,Ha!4;./0!>01!Q!Hb=/1;3!?d>6W;610!U.F;6?QR.5<002;<:!4;./09!J.;6C2!
"'! Hb=/1;<I!?2!E1!7;<./C29!E1!7;<./C29!J.;6C2!

!
,5..20=56?/6B!;<1-5.!
,-./012332!4560!
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_6!C-/3?.26!j/1-!P^0121./C;3!D.;C-/;3!432I<0!4;30M!T4P4D]9!?262.O;1/56!5W!1-2!0-5<3?2.!F<0C320!

32;?0!15!^56M!?2W5.F/1M!/6!1-2!W/.01!F561-0!5W!3/W29!.2?<C/6B!;C1/O2!;6?!=;00/O2!.;6B2!5W!F51/56!

T[P7]9!;6?!C;<0/6B!;C1/O/1M!3/F/1;1/56g!R-2!;/F!5W!1-/0!F<31/C261.2!.;6?5F/02?!C561.5332?!1./;3!

/0! 15! 2O;3<;12! 1-2! 2WW2C1/O26200! 5W! ^51<3/6<F! 15I/6! /6k2C1/560! TDR_]! /6! 1-2! 0-5<3?2.! /612.6;3!

.51;15.!F<0C320!5W!"(!F561-Q53?!^;^/20!/6!3/F/1/6B!1-2!=.5B.200/56!5W!=5012./5.!0<^3<I;1/56!5W!

1-2!B3265-<F2.;3!k5/619!C5F=;.2?!j/1-!;!0-;F!=.5C2?<.2!F/F/CK/6B!DR_g!R-2!02C56?;.M!;/F0!

;.2!15!2O;3<;12!1-2!2WW2C1/O26200!5W!DR_!/6!T_]!3/F/1/6B!1-2!=.5B.200/56!5W!B3265/?!.21.5O2.0/56!

;6?!#8!?2W5.F/1M!;6?!T__]!/F=.5O/6B!0-5<3?2.!.;6B2!5W!F51/56!;6?!<==2.!3/F^!W<6C1/569!;0!j233!

;0!15!C56W/.F!1-2!1532.;6C2!5W!DR_g!!

+,#-%&.*/"&*/"/01.).*

E/I1MQ1j5!^;^/20!j/1-!<6/3;12.;3!4P4D!;6?!;!./0K!5W!=5012./5.!-<F2.;3!-2;?!0<^3<I;1/56!j/33!^2!

/6C3<?2?g!P63M!1-502!j/1-!;1!32;01!+l!=5012./5.!0<^3<I;1/56!5W!1-2!-<F2.;3!-2;?!C5F=;.2?!j/1-!

1-2!C561.;3;12.;3! 0-5<3?2.!56! 1-2!7[_!j/33!^2! .;6?5F/\2?! 15!562!5W! 1j5!B.5<=0f!mDR_n!;6?!

mE-;Fng!R-2!DR_!B.5<=!j/33!.2C2/O2!DPRPS!/6k2C1/560!;1!1-2!;B2!5W!"(!F561-0!/6!1-2!/612.6;3!

0-5<3?2.!.51;15.!F<0C320!T$a_oKB]g!R-2!0-;F!B.5<=!j/33!<6?2.B5!;!0-;F!DR_!=.5C2?<.2g!D51-!

B.5<=0!j/33!<6?2.B5!.2=2;12?!0-5<3?2.!7[_!;1!"$!F561-0!5W!;B2! 15!e<;61/WM!C-;6B20! /6! 1-2!

=2.C261;B2!5W!=5012./5.!F/B.;1/56!5W!1-2!-<F2.;3!-2;?!T=./F;.M!5<1C5F2]9!B3265/?!O2.0/56!;6?!
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2#-)(.*/"&*&)..,3)"/#)%"*
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R./;3!?;1;^;02g!
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5W!F51/56!/6!C-/3?.26!j/1-!5^0121./C;3!^.;C-/;3!=32I<0!=;30Mg*

R-/0!.;6?5F/\2?!C561.5332?!01<?M!j/33!2O;3<;12!1-2!0;W21M!;6?!2WW2C1/O26200!5W!2;.3M!^51<3/6<F!
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.5510!T,)Q,$]!;6?o5.! 1-2!W/.01! 1-5.;C/C!62.O2!.551! TR"]9!<0<;33M!C;<02?!^M!2IC200/O2! 1.;C1/56!

?<./6B!;!?/WW/C<31!^/.1-g!R-2! /6C/?26C2! /0!;.5<6?!"g)!=2.!"'''!^/.1-0T,-;<-;69!D3;CKj2339!21!

U6;61-! ('"&]g! _6! 562! 1-/.?! 5W! C;0209! 62.O2! .2C5O2.M! /0! /6C5F=3212! 5.! ;^0261T,-;<-;69!

D3;CKj2339!21!U6;61-!('"&:!H52K0F;!21!;3g!(''&]9!.20<31/6B!/6!=2.F;6261!/F=;/.F261!j-/C-!/6!

1<.6! F;M! 32;?! 15! ;C1/O/1M! 3/F/1;1/56! ;6?! =;.1/C/=;1/56! ;0! ?2W/62?! ^M! 1-2! _612.6;1/56;3!

,3;00/W/C;1/56!5W!J<6C1/56/6BTV<3K;!21!X;6?2.!H;O2!('"":!p;W2/./5<!21!40MC-5B/5<!(''$]g!!
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5CC<.!O2.M!2;.3M9!j/1-/6!1-2!F561-0!W5335j/6B!^/.1-TX;6!@232/6!X/1./6B;!21!;3g!('"":!O;6!?2.!

E3</k0!21!;3g!(''"9!(''&]9!;6?!B.;?<;33M!j5.026!j/1-! 1-2!C-/3?c0!B.5j1-TO;6!?2.!E3</k0!21!;3g!

(''":!4212.!7g!i;12.0!('')]g!D56M!;6?!k5/61!?2W5.F/1/20!;.2!C;<02?!^M!1-2!=;.1/;3!?262.O;1/56!

5W!1-2!0-5<3?2.!F<0C3209!j-/C-!.20<310!/6!;6!/F^;3;6C2!5W!1-2!W5.C20!;C1/6B!56!1-2!B3265-<F2.;3!

k5/61! TX;6! @232/6! X/1./6B;! 21! ;3g! ('"":! 4qM-/r! 21! ;3g! ('')]g! _6! =;.1/C<3;.9! 1-2.2! /0! 5W126! ;!

?5F/6;6C2!5W! 1-2! /612.6;3! .51;15.!F<0C320! T,.5<C-!21! ;3g! ('"&:!Y32/^2.! 21! ;3g! ('"#]g!>IC200!

B3265/?! .21.5O2.0/56! /0! 1M=/C;39! ;356B! j/1-! ?2W5.F;1/56! 5W! 1-2! B3265/?! W500;g! R-/0! ;335j0!

=5012./5.! F/B.;1/56! 5W! 1-2! -<F2.;3! -2;?! 15! 5CC<.9! 2O261<;33M! =.5B.200/6B! 15! C5F=3212!

0<^3<I;1/56TX;6!@232/6!X/1./6B;!21!;3g!('"":!O;6!?2.!E3</k0!21!;3g!(''"9!(''&:!75<K5K5!21!;3g!

(''&]g!R-202!?2W5.F/1/20!/6C.2;02!1-2!./0K!5W!2;.3M!?2B262.;1/O2!k5/61!C-;6B20!;6?!=;/6!?<./6B!

C-/3?-55?!;6?!;?<31-55?T4;.1./?B2!21!>?j;.?0!(''&:!Y/.K50!21!;3g!('')]g!UC1/O2!;6?!=;00/O2!

0-5<3?2.!.;6B2!5W!F51/56!T[P7]!;.2!;305!.2?<C2?9!C;<0/6B!;!O/C/5<0!C/.C32!/6!j-/C-!1-2!F<0C320!!

C;6651!C561.;C1!2WW2C1/O23M!^2C;<02!5W!1-2!^56M!?2W5.F/1/20!;6?!;312.2?!32O2.!;.F0!T4212.!7g!

i;12.0!('')]g!R-202!C-;6B20!.2?<C2!1-2!W<6C1/56;3!C;=;C/1M!;6?!e<;3/1M!5W!3/W2!5W!C-/3?.26!j/1-!

4P4DTH<332^2.B!21!;3g!('"&:!Ee</1/2./!21!;3g!('"#]g!!

D51<3/6<F!15I/6! /6k2C1/560! TDR_]!;.2!;!C5FF56! 1.2;1F261! 15! .2?<C2!F<0C32!;C1/O/1Mg!

R-/0!1.2;1F261!/0!F5013M!<02?!15!1.2;1!0=;01/C/1M!/6!C-/3?.269!=;.1/C<3;.3M!/6!1-2!C;02!5W!C2.2^.;3!

=;30MTL5O;K! 21! ;3g! ('"#]9! -5j2O2.! /1! /0! ;305! ^2C5F/6B!F5.2! j/?23M! <02?! /6! C-/3?.26!j/1-!

4P4DT[<C-230F;6!21!;3g!(''%:!@5^210!21!;3g!('"']9!C5F^/62?!j/1-!51-2.!1.2;1F2610!0<C-!;0!

=-M0/51-2.;=M9!5CC<=;1/56;3!1-2.;=M9!5.1-5020!;6?!05F21/F20!0<.B2.Mg!!R-2!?5F/6;61!/612.6;3!
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0-5<3?2.!.51;15.0!;.2!5W126!1;.B212?!/6!5.?2.!.2?<C2!1-2!01.26B1-!/F^;3;6C2!^21j226!;B56/01!;6?!

;61;B56/01!F<0C320!TD.5C-;.?9!U312.9!21!8;F/;65!('"&]g!E1<?/20!-;O2!0-5j6!1-;1!DR_!C5F^/62?!

j/1-!/FF5^/3/0;1/56!C5<3?!.2?<C2!=5012./5.!0<^3<I;1/56!5.!?/035C;1/56!5W!1-2!0-5<3?2.!/6!^;^/20!

j/1-! 4P4DT>\;K/! 21! ;3g! ('"']9! ;0! j233! ;0! /F=.5O2! =;00/O2! ;6?! ;C1/O2! 0-5<3?2.! [P7! ;6?!

W<6C1/56;3! C;=;C/1MT@5^210! 21! ;3g! ('"':! 7/C-;<?! 21! ;3g! ('"&:! E-/6! 21! ;3g! ('"&]g! DR_! /0! ;!

F/6/F;33M!/6O;0/O2!1.2;1F261!1-;1!/0!j233!1532.;12?g!i-26!<02?!=./5.!15!0<.B2.M9!/1!C;6!;O2.1!5.!

.2?<C2!1-2!C5F=32I/1M!5W!0<.B/C;3!02C56?;.M!5.1-5=;2?/C!=.5C2?<.20!T2g!Bg!0<^0C;=<3;./0!.232;029!

3;1/00/F<0!?5.0/!;6?!12.20!F;k5.!1.;60W2.0!]!T>\;K/!21!;3g!('"':!7/C-;<?!21!;3g!('"&]g!U31-5<B-!

1-2!.20<310!5W!01<?/20!5W!2;.3M!DR_!W5.!4P4D!;.2!26C5<.;B/6B9!F501!01<?/20!;.2!.21.50=2C1/O29!

/6C3<?2!0F;33!0;F=320!;6?!?5!651!-;O2!;!C561.53!B.5<=9!3/F/1/6B!1-2!C56C3<0/560!1-;1!C;6!^2!

?.;j6!.2B;.?/6B!;6M!2WW2C10!56!1-2!F<0C<350K2321;3!0M012Fg![;6?5F/\2?!C561.5332?! 1./;30! 15!

2O;3<;12!1-2!2WW/C;CM!5W!2;.3M!DR_!;.2!1-2.2W5.2!j;..;612?g!i/1-!.2B;.?!15!1-2!C561.53!1.2;1F2619!

;! 0-;F! =.5C2?<.2! F/F/CK/6B! DR_! j/1-5<1! /6k2C1/56! /0! 21-/C;33M! F5.2! ;==.5=./;12! 1-;6! ;6!

/6O;0/O2!=3;C2^5!=.5C2?<.2!^2C;<02!5W!1-2!M5<6B!;B2!5W!1-2!C-/3?.26!/6O53O2?g!!

*

DIME*+(,*NO:;>N!E!E*

*

D&1)*

R-2!F;/6!;/F!5W!1-/0!01<?M!/0!15!2O;3<;12!1-2!2WW2C1/O26200!5W!DR_!/6!1-2!/612.6;3!0-5<3?2.!

.51;15.!F<0C320!5W!"(!F561-Q53?!^;^/20!/6!3/F/1/6B!1-2!=.5B.200/56!5W!=5012./5.!0<^3<I;1/56!5W!

1-2!B3265-<F2.;3!k5/61g!!

R-2!02C56?;.M!;/F0!;.2!T_]!15!C5F=;.2!1-2!2WW2C1/O26200!5W!DR_!j/1-!;!0-;F!1.2;1F261!!

/6! 3/F/1/6B!1-2!=.5B.200/56!5W!B3265/?!.21.5O2.0/56!;6?!1-.22Q?/F260/56;3!B3265/?!?2W5.F/1M:!

T__]!15!C5F=;.2!1-2!2WW2C1/O26200!5W!DR_!j/1-!;!0-;F!1.2;1F261!/6!/F=.5O/6B!;C1/O2!;6?!=;00/O2!

k5/61!.;6B2!5W!F51/56!;6?!<==2.!3/F^!W<6C1/56:!T___]!15!;00200!1-2!1532.;6C2!5W!DR_!/6!̂ ;^/20!j/1-!

4P4D:!T_X]!15!2O;3<;12!1-2!2WW2C10!5W!DR_!56!F<0C32!B.5j1-!;6?!W;11M!/6W/31.;1/56!5W!1-2!/6k2C12?!

F<0C3209!;0!j233!;0!F<0C32!O53<F2!^;3;6C2!;.5<6?!1-2!0-5<3?2.9!;6?!TX]!15!?212.F/62!1-2!356BQ

12.F!2WW2C1!5W!DR_!56!W.2e<26CM!;6?!1M=2!5W!0<.B/C;3!/612.O261/560g!!

!

N-6.%7#)#)*

P<.!=./F;.M!-M=51-20/0!/0!1-;1!DR_!j/33!3/F/1!=5012./5.!0<^3<I;1/56!5W!1-2!B3265-<F2.;3!

k5/61!/6!1-2!DR_!B.5<=!C5F=;.2?!j/1-!1-2!E-;F!B.5<=g!!

i2! W<.1-2.! -M=51-20/\2! 1-;1! 1-2! =.5B.200/56! 5W! B3265/?! .21.5O2.0/56! ;6?! 1-.22!

?/F260/56;3! ?2W5.F/1/20! j/33! ^2! .2?<C2?9! 1-;1! ;C1/O2! ;6?! =;00/O2! .;6B2! 5W! F51/56! j/33! ^2!

/6C.2;02?9!;6?!1-;1!6<F^2.!5W!02C56?;.M!0<.B/C;3!/612.O261/560!j/33!̂ 2!.2?<C2?!/6!1-2!DR_!B.5<=!
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!

C5F=;.2?!j/1-! 1-2!E-;F!B.5<=g!R-2! .5^<01!?20/B6!5W! 1-/0! 01<?M!j/33! C56W/.F! 1-2! .20<310!5W!

=.2O/5<0!<6QC561.5332?!01<?/209!=.5O/?/6B!;!01.56B!32O23!5W!2O/?26C2!W5.!DR_!1.2;1F261g!i2!;305!

-M=51-20/\2! 1-;1! DR_! j/33! ^2! j233! 1532.;12?! ^M! 1-2! ^;^/20g!i/1-! .2B;.?0! 15! F5.=-535B/C;3!

C-;6B20!W5335j/6B!DR_9!j2!2I=2C1!03/B-1!;1.5=-M!15!5CC<.!/6!1-2!/6k2C12?!F<0C3209!j/1-!05F2!

W;11M!/6W/31.;1/56!Ti/33/;F0!21!;3g!('"#]!^<1!65!C-;6B2!/6!656Q/6k2C12?!F<0C3209!32;?/6B!15!;6!

/F=.5O2F261!/6!1-2!O53<F2!^;3;6C2!5W!;B56/01!;6?!;61;B56/01!F<0C320![>J!sssg!!

!

M!K>N;KEPK!EIQJ*

*

K#)&H(!

U! .;6?5F/02?9!F<31/C261.29! ?5<^32Q^3/6?9! C561.5332?9! =;.;3323! B.5<=9! 0<=2./5./1M! 1./;3!

j/33! ^2! =2.W5.F2?! TO2.0/56! #9! "+g'"g('"$]g! P62! B.5<=!j/33! .2C2/O2! DR_! ;6?! 1-2! 51-2.! j/33!

<6?2.B5!;!E-;F!=.5C2?<.2g!

!

!%7&$)*

J<33!21-/C;3!;==.5O;3!W5.!1-/0!01<?M!-;0!^226!5^1;/62?!^M!1-2!21-/C;3!C5FF/1122!P<201!"!

5W!R5<.0!;6?!UB26C2!L;1/56;32!?2!EAC<./1A!?<!7A?/C;F261!21!?20!=.5?</10!?2!0;61A!TULE7]g!

R-2!1./;3!-;0!^226!.2B/012.2?!/6!1-2!><.5=2;6!,3/6/C;3!R./;3!?;1;^;02!T><?.;,Rf!('")Q''"&'(Q

#&]! ;6?! ,3/6/C;3! R./;3! ?;1;^;02! TL,R'#"%$+'(]g! U33! W;F/3/20! j/33! ^2! B/O26! ;! j./1126!

/6W5.F;1/56!32112.!?21;/3/6B!1-2!01<?M!;6?!=;.2610!5.!B<;.?/;60!j/33!0/B6!/6W5.F2?!C560261!=./5.!

15!1-2!C-/3?c0!/6C3<0/56g!U6M!F5?/W/C;1/56!5.!;F26?F261!15!1-2!=.515C53!j/33!^2!0<^F/112?!15!

1-2! 21-/C;3! C5FF/11220! ;6?! ULE7! W5.! ;==.5O;3g! UW12.! ;==.5O;39! /6O201/B;15.0! ;6?! 1./;3!

=;.1/C/=;610!j/33!^2!/6W5.F2?!5W!1-2!C-;6B20!^M!32112.!5.!2F;/3g!U33!1./;3!?;1;^;020!j/33!;305!^2!

<=?;12?g!!

!

F#$/2&%1#(%*

R-2!0=5605.!/0!,H[a!D.201g!D;^/20!j/33!^2!.2C.</12?!W.5F!0/I!J.26C-!-50=/1;30!T,H[a!

D.2019!,261.2! ?2![A;?;=1;1/56! =5<.! 26W;61! J3;O/B6MQ0<.Q75023329!Hb=/1;3!L;1/56;3! ?2! E;/61!

7;<./C29!,Ha!E;/61Q>1/26629!,Ha!LtF209!,Ha![26620]9!;33!5W!j-/C-!;.2!0=2C/;3/\2?!/6!1-2!

F;6;B2F261! 5W! C-/3?.26! j/1-! ^.;C-/;3! =32I<0! =;30M! ;6?! -;O2! ;CC200! 15! 7[_g! U33! ?5C15.0!

/6O53O2?!;.2!0K/332?!/6!DR_g!H50=/1;30!j2.2!0232C12?!^M!1-2!01<?M!C55.?/6;15.!;6?!0=5605.!^;02?!

56!1-2/.!.20=56020!15!;!W2;0/^/3/1M!e<201/566;/.2g!_1! /0!=.2?/C12?!1-;1!?<./6B!1-2!(%!F561-0!5W!

/6C3<0/569!;.5<6?!()%'!C-/3?.26!j/33!^2!^5.6!j/1-!4P4D!/6!J.;6C2!T,-;<-;69!D3;CKj2339!21!

U6;61-!('"&]9!5W!j-5F!&**!j/33!32W1!j/1-!02e<23;2T,-;<-;69!D3;CKj2339!21!U6;61-!('"&]g!R-/0!

01<?M!j/33!.2C.</1!"#g)l!5W!1-202!^;^/20!T*(!=;1/2610!5O2.!(%!F561-0]g!R-2!/6O201/B;15.!/6!2;C-!
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!

5W!1-2!0=2C/;3/01!=;.1/C/=;1/6B!C261.20!j/33!/6W5.F!C3/6/C/;60!/6!35C;3!F;12.6/1M!<6/10!;^5<1!1-2!

01<?M9!;6?!W3M2.0!;6?!=5012.0!j/33!^2!?/0=3;M2?!/6!1-2!.2C2=1/56!;.2;0!5W!C3/6/C0!;6?!F;12.6/1M!

<6/10g!,3/6/C/;60!j/33!̂ 2!;0K2?!15!.2W2.!̂ ;^/20!j/1-!PDD4!15!1-2/.!62;.201!=;.1/C/=;1/6B!0=2C/;3/01!

C261.2! ;6?! 1-2M!j/33! ^2! =.5O/?2?!j/1-! /6W5.F;1/56! 32;W3210! 15! B/O2! 15! 1-2! =;.2610g! >I12.6;3!

;?O2.1/0/6B!j/33!;305!/6C3<?2!;!j2^=;B2!56!1-2!D.201!,H[a!j2^0/12g!_W!/6C3<0/56!B5;30!;.2!651!

;C-/2O2?9!F5.2!C2612.0!j/33!^2!;0K2?!15!=;.1/C/=;12g!!!

U!.2-;^/3/1;1/56!=-M0/C/;6!;6?o5.!;!0<.B256!/6!2;C-!=;.1/C/=;1/6B!0=2C/;3/01!C261.2!j/33!

/?261/WM!=51261/;33M!23/B/^32!^;^/20!W5.!1-2!01<?M!?<./6B!.5<1/62!C560<31;1/560g!R-2!=.515C53!j/33!

^2!2I=3;/62?!;6?!=.5=502?!15!=;.2610!5W!^;^/20!^21j226!"'!;6?!""!F561-0!5W!;B2!j-5!-;O2!;!

-/B-!./0K!5W!^56M!?2W5.F/1Mg!U6!/6W5.F;1/56!32112.!j/33!^2!B/O26!15!1-2!=;.2610!T0<==32F261;.M!

W/32]g_W!1-2!=;.2610!;B.22!15!1-2/.!^;^Mc0!=;.1/C/=;1/569!;6?!1-2!^;^M!W<3W/30!1-2!/6C3<0/56!C./12./;9!

-2!5.!0-2!j/33!^2!26.5332?!/6!1-2!01<?M!W5.!+!F561-0g!!

R-2!/6C3<0/56!C./12./;!;.2f!F;32!5.!W2F;32!^;^/20!;B2?!^21j226!"'!;6?!""!F561-0!j/1-!

<6/3;12.;3! 4P4D:! ;1! 32;01! 562! 5W! 1-2! W5335j/6B! ./0K! W;C15.0! W5.! =5012./5.! 0<^3<I;1/56! 5W! 1-2!

-<F2.;3! -2;?f! !"'u! 3200! =;00/O2! 2I12.6;3![P7!5W! 1-2! ;WW2C12?! 0-5<3?2.! C5F=;.2?!j/1-! 1-2!

C561.;3;12.;3! 0-5<3?2.! ;6?o! 5.! ;! 0C5.2! ^235j! *! 56! 1-2! UC1/O2!75O2F261! EC;32! TU7E]! W5.!

0-5<3?2.! 2I12.6;3! .51;1/56! ;6?! ;^?<C1/569! 23^5j! W32I/56! 5.! 0<=/6;1/56:! j-502! =;.2610! 5.!

B<;.?/;60!-;O2!0/B62?!1-2!C560261!W5.Fg!D;^/20!j/1-!^/3;12.;3!4P4D9!F/C.50<.B2.M!5.!0-5<3?2.!

F<0C32! 0<.B2.M!=3;662?!^21j226!"(! ;6?!"$!F561-0!5W! ;B29! ! C561.;/6?/C;1/560! 15! 1-2!<02!5W!

^51<3/6<F!15I/6!T-M=2.0260/1/O/1M! 15!^51<3/6<F!15I/6!5.! 1-2!2IC/=/2610!<02?9!5.!FM;01-26/;]9!

C561.;/6?/C;1/560!15!7[_!T=;C2!F;K2.9!F21;3!/F=3;6109!W5.2/B6!F21;3!̂ 5?M!/6!1-2!2M29!21Cg]9!7[_!

651! =500/^32! /6! 1-2! 4;2?/;1./C! 8;M! H50=/1;3! 0211/6B! ^2C;<02! 5W! C561.;/6?/C;1/560! 15! 1-2!

=.2F2?/C;1/56!=.515C53!5.!5.B;6/\;1/56;3!C5601.;/6109!=;.2610!/6;=1!15!=.5O/?2!C560261!W5.!1-2!

=;.1/C/=;1/56!5W!1-2/.!C-/3?9!5.!=;.2610!<6?2.!1-2!;B2!5W!"$!M2;.09!j/33!^2!2IC3<?2?g!!

*

E%2,-*6/.$#,2/#*TJ/B<.2!"!;6?!R;^32!"]*

U1!O/0/1!"!T^21j226!"'!;6?!""!F561-0!5W!;B2]9! 1-2!=;.2610!5.!B<;.?/;60!j/33!0/B6!1-2!

/6W5.F2?!C560261!W5.F!;6?!1-2!^;^M!j/33!^2!/6C3<?2?g!R-2!=-M0/C/;6!5.!0<.B256!j/33!C;..M!5<1!

;!=-M0/C;3!2I;F/6;1/56!;6?!j/33!C5332C1!05C/5Q?2F5B.;=-/C!?;1;!/6C3<?/6B!-/015.M!5W!4P4D!/6!

;! ^.51-2.! 5.! 0/012.9! 5O2.j2/B-1! 5.! 5^20/1M! 5W! 1-2!F51-2.9! ;6M!F2?/C;3! C56?/1/560! ?<./6B! 1-2!

=.2B6;6CM!T2gBg!B201;1/56;3!?/;^2120]9!1-2!^/.1-!=.5C2?<.2!TC;20;.2;6!02C1/569!O;B/6;3!?23/O2.M!

j/1-!2=/?<.;39!/6?<C1/56!5W!3;^5<.9!/601.<F261;3!?23/O2.M9!0-5<3?2.!?M015C/;9!12.F!;6?!?<.;1/56]9!

^/.1-!j2/B-1!;6?!326B1-9!;6?!U4@U[!0C5.2g!!

X/0/1! (! T;1! ""! F561-0! 5W! ;B2]! j/33! /6O53O2! 7[_! 15! C56W/.F! 1-2! ?/;B650/0! 5W! ^56M!

?2W5.F/1M!T;1!32;01!+l!0<^3<I;1/56!5W!1-2!-<F2.;3!-2;?!56!1-2!/6O53O2?!0/?2!C5F=;.2?!j/1-!1-2!
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C561.53;12.;3!0/?2]g!P6C2!C56W/.F2?9!.;6?5F/0;1/56!j/33!^2!C;../2?!5<1g!R-/0!j/33!260<.2! 1-;1!

563M!C-/3?.26!j/1-!O2./W/2?!B3265-<F2.;3!?2W5.F/1M!;.2! /6C3<?2?9!0/6C2!C3/6/C;3! 12010!;.2!651!

0<WW/C/2613M!0260/1/O2!15!C56W/.F!1-/0g!D;^/20!j-5!?5!651!W<3W/3!1-/0!.;6?5F/0;1/56!C./12./56!j/33!

^2!j/1-?.;j6!W.5F!1-2!01<?M!;6?!j/33!=<.0<2!1-2!<0<;3!F2?/C;3!W5335jQ<=g!R-2!=;.2610!j/33!^2!

/6W5.F2?!5W!1-2!.20<310!5W!1-2!7[_!j/1-/6!"'!?;M0!̂ M!F2;60!5W!;!1232=-562!C;33!W.5F!1-2!.202;.C-!

/6O201/B;15.0g!R-2!.;6?5F/0;1/56!j/33!;335C;12!1-2!^;^/20!15!562!5W!1j5!1.2;1F261!B.5<=0!T2;C-!

j/1-!1-2!0;F2!6<F^2.!5W!^;^/20]f!DR_!B.5<=!;6?!0-;F!B.5<=g!!

X/0/1!#!T"(!F561-0!soQ")!?;M0!5W!;B2]!j/33!/6C3<?2!1.2;1F261!TDR_!5.!0-;F!=.5C2?<.2]g!!!

D51-!B.5<=0!j/33!1-26!;1126?!02O26!W5335j!<=!O/0/10f!O/0/1!&!j/33!^2!C;../2?!5<1!126!?;M0!

;W12.!1.2;1F261!;?F/6/01.;1/569!;6?!O/0/10!*Q"'!j/33!^2!C;../2?!5<1!2;C-!F561-!<61/3!"$!F561-0!

5W! ;B2g!X/0/10! "9! +! ;6?!"'!j/33! /6O53O2! ;! 01;6?;.?/\2?! C3/6/C;3! 2I;F/6;1/56!^M!5CC<=;1/56;3!

1-2.;=/010! 5.! =-M0/51-2.;=/010! ;6?! O/0/10! )9! *9! $! ;6?! %!j/33! /6O53O2! ;! 1232=-562! C;33! W.5F! ;!

F2F^2.!5W!1-2!01<?M!12;Fg!!

a6Q^3/6?/6B!j/33!^2!=2.W5.F2?!;1!O/0/1!"'!T"$QF561-0!5W!;B2]g!J5335j/6B!<6Q^3/6?/6B9!

1-2!^;^M!j/33!;1126?!;! W5335jQ<=!O/0/1!;1!(&!F561-0! 1-26!M2;.3M! W5335jQ<=!O/0/109!;0! /0!<0<;3!

=.;C1/C2g!R-2!;/F!5W!1-/0!/0!15!?212.F/62!1-2!0;W21M!5W!1-2!<02!5W!^51<3/6<F!15I/6!^2W5.2!1-2!;B2!

5W!1j5!M2;.0!T;W12.!j-/C-!1-2.2!/0!;!F;.K21/6B!;<1-5./\;1/56!W5.!C-/3?.26!j/1-!C2.2^.;3!=;30M]9!

;6?!15!C5F=;.2!1-2!W.2e<26CM!;6?!C5F=32I/1M!5W!0<.B/C;3!/612.O261/560!^21j226!B.5<=0!<61/3!

1-2!;B2!5W!"'!M2;.0g!

!

MFI**

R-2!^;^/20!/6C3<?2?!/6!1-/0!01<?M!j/33!<6?2.B5!7[_!5W!^51-!0-5<3?2.0!;1!O/0/10!(!;6?!"'!

T;1!""!;6?!"$!F561-0!5W!;B2]g!U!1-.22Q?/F260/56;39!R"Qj2/B-12?!B.;?/261Q2C-5!02e<26C2!j/33!

^2! <02?g! R-/0! ;6;15F/C;3! 02e<26C2! -/B-3/B-10! ^5620! ;6?! F<0C3209! /6C3<?/6B! ?262.O;12?!

F<0C320TY;F;1-!21!;3g!(''$]g!R-2!C-/3?!j/33!3/2!0<=/62!j/1-!-/0o-2.!;.F0!/6!62<1.;3!;6?!-;6?0!

=.56;12?g!R-2!R"!=.515C53T4560!21!;3g!('"+]!j/33!^2!;?;=12?!/6!2;C-!C261.2!?2=26?/6B!56!1-2!

1M=2!5W!7[_!0C;6! 1-2M!-;O2g!UCe</0/1/56! 1/F2!j/33!^2! 3200! 1-;6!)!F/6<120!=2.! 0-5<3?2.g!L5!

C561.;01!/6k2C1/56!j/33!^2!.2e</.2?g!_F;B20!j/33!-;O2!15!/6C3<?2!012.6<F!;6?!0=/62!F2?/;33M9!1-2!

j-532!?2315/?!3;12.;33M!;6?!1-2!0=/62!5W!1-2!0C;=<3;!;1!1-2!^;CK!?5j6g!4.2F2?/C;1/56!T02?;1/56!

5.!B262.;3!;6;201-21/C]!j/33!^2!62C200;.M!W5.!^51-!7[_!2I;F09!;1!""!;6?!"$!F561-0!5W!;B2g!R-2!

=.2F2?/C;1/56!j/33!̂ 2!;?;=12?!15!1-2!C3/6/C;3!01;1<0!5W!2;C-!C-/3?!;6?!1-2!C<015F0!5W!2;C-!C261.2g!

UW12.!=.2F2?/C;1/569!1-2!C-/3?!j/33!^2!F56/15.2?!^M!;!=;2?/;1./C/;6!/6!1-2!?;M!-50=/1;3!5W!2;C-!

C261.2!<0/6B!;!O;3/?;12?!=.515C53g!!

!

F+(,.1&)+%&.(*6/.$#))*+(,*30&(,&(H*



")+!
!

[;6?5F/0;1/56! j/33! ^2! =500/^32! (&! -5<.0! =2.! ?;M! <0/6B! C261.;3/02?! C5F=<12.!

.;6?5F/0;1/56! ^M! _612.6219! ;CC5.?/6B! 15! 1-2! <0<;3! =.5C2?<.20! /6! 2WW2C1! ;1! D.201! [2B/56;3!

a6/O2.0/1M!H50=/1;3g!UW12.!7[_!C56W/.F;1/56!1-;1!1-2!^;^M!W<3W/30!1-2!.;6?5F/0;1/56!C./12./56!

TO/0/1!(]9!.;6?5F/0;1/56!j/33!^2!=2.W5.F2?!^M!1-2!01<?M!/6O201/B;15.!?<./6B!O/0/1!#!T"(!F561-0!

5W!;B2]g!E1.;1/W/C;1/56!j/33!^2!C;../2?!5<1!^M!C261.2!;6?!^M!F/C.50<.B2.M!=./5.!15!/6C3<0/569!0/6C2!

2;.3M! 0<.B2.M! C5<3?! /6W3<26C2! 1-2! =.5B.200/56! 5W! ^56M! ?2W5.F/1Mg! L2/1-2.! 1-2! =;.2610! 5.!

B<;.?/;609! 65.! 1-2! C3/6/C;3! ;6?! .;?/535B/C;3! 2O;3<;15.0! j/33! ^2! ;j;.2! 5W! 1-2! 1.2;1F261!

;?F/6/012.2?g!R-2!?5C15.0!C;..M/6B!5<1!1-2!DR_!j/33!651!1;K2!=;.1!/6!0<^02e<261!O/0/109!15!260<.2!

1-2!^3/6?/6B!5W! 1-2!2I;F/62.g!U!C261.;3!;6;3M0/0!5W!7[_!?;1;!j/33!^2!C;../2?!5<1! /6!5.?2.! 15!

260<.2!^3/6?/6B!5W!1-2!2O;3<;15.!15!1-2!=./F;.M!5<1C5F2!F2;0<.2g!

*

E%2,-*>/#+%1#(%)*

DR_!=.5C2?<.2!

R-2!^51<3/6<F!15I/6!1-;1!j/33!^2!<02?!/6!1-2!01<?M!/0!DPRPS!TU332.B;6]g!85020!j/33!^2!

/6k2C12?! /615! 1-2!=2C15.;3/0!F;k5.9!0<^0C;=<3;./0!;6?! 12.20!F;k5.o3;1/00/F<0!?5.0/!F<0C320!56!

562!5CC;0/56!TO/0/1!#f!"(F561-0!soQ!")!?;M0!5W!;B2]g!R-202!F<0C320!-;O2!^226!1-2!1;.B21!5W!DR_!

1.2;1F261!15!=.2O261!1-2!=.5B.200/56!5W!-<F2.;3!-2;?!0<^3<I;1/56!;6?!15!/F=.5O2!;C1/O2!;6?!

=;00/O2!0-5<3?2.![P7!/6!=.2O/5<0!01<?/20!5W!C-/3?.26!j/1-!4P4DT>\;K/!21!;3g!('"']g!J5335j/6B!

.2C5601/1<1/569!1-2!15I/6!j/33!^2!/6k2C12?!/61.;F<0C<3;.3M!<0/6B!;!1.;60C<1;625<0!;==.5;C-!j/1-!

<31.;05<6?!B</?;6C2g!R-2!C-5026!?5020!;.2!^;02?!56!?;1;!/6!1-2!3/12.;1<.2!/6!C-/3?.26!;6?!^;^/20!

j/1-!4P4DT@5^210!21!;3g!('"':!>\;K/!21!;3g!('"':!7/C-;<?!21!;3g!('"&]f!;!151;3!5W!!$aoKB!j/33!

^2! /6k2C12?! T(aoKB! /6! 0<^0C;=<3;./09! #aoKB! /6! =2C15.;3/0! F;k5.! ;6?! #aoKB! /6! 12.20!

F;k5.o3;1/00/F<0!?5.0/]g!D2C;<02!1-2.2!/0!65!F;.K21/6B!;<1-5./0;1/56!W5.!1-2!<02!5W!^51<3/6<F!

15I/6!/6!C-/3?.26!<6?2.!1-2!;B2!5W!1j5!M2;.09!1-2!C-5026!?5020!;.2!0F;332.!1-;6!1-2!F;I/F;3!

?5020!;<1-5./\2?!W5.!1-2!1.2;1F261!5W!0=;01/C/1M!/6!53?2.!C-/3?.26!j/1-!C2.2^.;3!=;30Mg!75.25O2.9!

1-2!?5020!C-5026!C5..20=56?!j/1-!?5020!<02?!/6!=.2O/5<0!01<?/20g!U!01;6?;.?/\2?!=.515C53!W5.!

1-2!=.2O261/56! ;6?! 1.2;1F261! 5W! /6?<C2?!=;/6! ;6?!=501Q/6k2C1/56!=;/6!j/33! ^2! 0M012F;1/C;33M!

<02?g! R-/0! j/33! /6O53O2! 1-2! ;?F/6/01.;1/56! 5W! 15=/C;3! ;6;201-20/;! T0<C-! ;0! >7GU]! ;6?!

=;.;C21;F53!T?502!;CC5.?/6B!15!1-2!^;^Mc0!j2/B-1]!562!-5<.!=./5.!15!1-2!/6k2C1/56g!8/01.;C1/56!

12C-6/e<20!j/33!^2!<02?!?<./6B!1-2!/6k2C1/56g!R-2!=;.2610!j/33!^2!/601.<C12?!15!^./6B!.2;00<./6B9!

W;F/3/;.!5^k2C10!^2356B/6B!15!1-2!C-/3?!T2gBg!05W1!15M9!=;C/W/2.9!6<.02.M!.-MF29!F<0/C]g!_6!5.?2.!

15!01;6?;.?/\2!=.;C1/C20!;6?!15!260<.2!F;I/F<F!0;W21M9!01;WW!W.5F!1-2!?/WW2.261!C261.20!j/33!;33!

^2! 1.;/62?! /6! DR_! 5W! 1-2! 0-5<3?2.! F<0C320! <0/6B! <31.;05<6?! B</?;6C2! /6! ^;^/20! =./5.! 15!

=;.1/C/=;1/6B!/6!1-2!01<?Mg!!!

*



")$!
!

E-;F!=.5C2?<.2!

R-2!;/F!5W!1-2!E-;F!=.5C2?<.2!/0!15!F/F/C!1-2!DR_!;6?!15!F;/61;/6!1-2!^3/6?/6B!5W!1-2!

.202;.C-!12;F!;6?!1-2!=;.2610!5.!B<;.?/;60g!R-2!0;F2!;6201-21/C!=.5C2?<.2!j/33!^2!C;../2?!5<1!

;0! W5.! DR_g! R-2! =-M0/C/;6! =2.W5.F/6B! 1-2! /6k2C1/56! j/33! =.2=;.2! ;! 0M./6B2! C561;/6/6B!

=-M0/535B/C;3!0;3/62!053<1/56!"'!F/6<120!=./5.!15!1-2!E-;F!=.5C2?<.2g!R-2!=.5C2?<.2!j/33!^2!

0/F<3;12?!j/1-!<31.;05<6?!;6?!<02!5W!;!^3<61!622?32!T1-;1!j/33!651!=2621.;12!1-2!0K/6]!56!1-2!0/120!

0232C12?!W5.!/6k2C1/56g!U33!0/120!j/33!̂ 2!C5O2.2?!j/1-!;?-20/O2!?.200/6B0!;6?!1/6C1<.2!5W!̂ 21;?/629!

;0!W5.!1-2!DR_g!i/1-!.2B;.?!15!1-2!C561.53!1.2;1F2619!;!0-;F!=.5C2?<.2!F/F/CK/6B!DR_!j/1-5<1!

/6k2C1/56!/0!21-/C;33M!F5.2!;==.5=./;12!1-;6!;6!/6O;0/O2!=3;C2^5!=.5C2?<.2!̂ 2C;<02!5W!1-2!M5<6B!

;B2!5W!1-2!C-/3?.26!/6O53O2?g!!

!

[2-;^/3/1;1/56!;6?!F2?/C;3!W5335j!<=!

R5! 260<.2! C5F=;.;^/3/1M9! 1-2! ^;^/20! /6! ^51-! B.5<=0! j/33! .2C2/O2! (! 0200/560! 5W!

=-M0/51-2.;=M!=2.!j22Kg!U!01;6?;.?/\2?!F2?/C;3!=.20C./=1/56!j/33!̂ 2!F;?2g!U6!/6W5.F;1/56!;6?!

;?O/C2!32112.!j/33!^2!B/O26!15!1-2!=-M0/51-2.;=/010!O/;!1-2!=;.2610!15!01;6?;.?/\2!;6?!5=1/F/02!

=-M0/51-2.;=M! 1.2;1F261g!U?O/C2!j/33!^2!B/O26! 15!=;.2610!.2B;.?/6B!2I2.C/020! 15!C;..M!5<1!;1!

-5F2g!U33!51-2.!F2?/C;3!;6?!.2-;^/3/1;1/56!j/33!^2!C;../2?!5<1!;CC5.?/6B!15!<0<;3!=.5C2?<.20g!!

!

D,'#/)#*#'#(%)*

U?O2.02!2O2610!.23;1/6B!15!1-2!<02!5W!^51<3/6<F!15I/6!

R-2!02C56?;.M!2WW2C10!5W!DR_!;.2!F5013M!F/3?9!12F=5.;.M!;6?!.23;12?!15!1-2!?502!;6?!1-2!

/6k2C1/56! 0/12g!G5C;3! .2;C1/560! 0<C-!;0!C561<0/560!5.!=;/6!;1! 1-2! /6k2C1/56! 0/12!F;M!5CC<.9!5.!

2IC200/O29!35C;3/02?!F<0C32!j2;K6200g!EM012F/C!2WW2C10!;.2!.;.2!;6?!/6C3<?2!B262.;3/02?!;332.B/C!

.2;C1/560! ;6?! 2WW2C10! .23;12?! 15! =.5?<C1! ?/WW<0/56! T.;0-9! 2.M1-2F;9! =.<./1<09! ;6;=-M3;C1/C!

.2;C1/569! W3<Q3/K2! 0M6?.5F29! -2;?;C-209! ?/\\/62009! W2O2.9! 0-/O2./6B9! -M=2.1260/569! ;6?!

;^?5F/6;3!=;/6!;6?!?.M!F5<1-]g!>IC2=1/56;33M9!02./5<0!2WW2C10!-;O2!^226!5^02.O2?9!;!1M=2!5W!

2IC200/O2! F<0C32! j2;K62009! ?M0=-;B/;! ;6?! ;0=/.;1/56! =62<F56/;9! -5j2O2.! 1-202! 5CC<..2?!

=./6C/=;33M!j-26!1-2!.2C5FF26?2?!?5020!j2.2!651!.20=2C12?TD5<.02<3!21!;3g!('"+:!4;=;O;0/3/5<!

21! ;3g! ('"#:!U3^;O2.;QH2.6v6?2\9![5?.wB<2\9! 21! _?.5O5!(''%:!8;-;6QP3/23! 21! ;3g! ('"(]g!R-2!

0;W21M!5W!DR_!/6!/6W;610!<6?2.!1j5!M2;.0!5W!;B2!j;0!0-5j6!15!^2!B55?!/6!;!.2C261!0M012F;1/C!

.2O/2jTD5<.02<3! 21! ;3g! ('"+]! ;6?! 1-2! 1532.;6C2! 5W! 1-/0! 1.2;1F261! ;305! 022F0! B55?! /6! 1-/0!

=5=<3;1/56T>\;K/!21!;3g!('"':!8;-;6QP3/23!21!;3g!('"(:!820/;15!21![/0/6;!(''"]g!R-2!0=2C/W/C!

2WW2C10! 56! F<0C32! 01.<C1<.2! ;6?! 1-2! C561.;C1/32! =.5=2.1/20! 5W! F<0C320! ;.29! -5j2O2.9! =55.3M!

<6?2.0155?g! 75?2.;12! F<0C32! ;1.5=-M! ;6?! W;11M! /6W/31.;1/56! F;M! 5CC<.! W5335j/6B!

/6k2C1/560Ti/33/;F0!21!;3g!('"#:!J5.1<6;!21!;3g!('"":!EC-.52?2.!21!;3g!(''%]g!!



")%!
!

!!J;F/3/20!j/33!^2!B/O26!;!C561;C1!=-562!6<F^2.!15!26;^32!1-2F!15!?/0C<00!;6M!e<201/560!

5.! ?5<^10! .2B;.?/6B! 1-2! 2WW2C10! 5W! 1-2! 1.2;1F2619! 5.! 15! .2=5.1! ;6M! 0<0=2C12?! ;?O2.02! 2O261g!

4;.2610!j/33!^2!e<201/562?!.2B;.?/6B!;?O2.02!2O2610!;1!"'!?;M0!;6?!2;C-!F561-!^21j226!"(!;6?!

"$!F561-0!5W!;B2!<0/6B!01;6?;.?/\2?!e<201/566;/.20!1-;1!/6C3<?2!;33!=500/^32!0/?2!2WW2C10g!!

!

U?O2.02!2O2610!.23;12?!15!7[_!=.2F2?/C;1/56!

R-2! ./0K0! .23;12?! 15! 1-2! =.2F2?/C;1/56! ;.2! 1-2! 01;6?;.?! ./0K0! W5.! 1-2! 02?;1/56! 5.!

;6;201-20/;! 5W! C-/3?.26! TB;01./1/09! ;61/C-53/62.B/C! 2WW2C109! 5IMB26! ?20;1<.;1/569! 2IC200/O2!

02?;1/56]g! R-2! C-/3?! j/33! ^2! 2I;F/62?! W5.! =51261/;3! ./0K0! ?<./6B! ;! .5<1/62! =;2?/;1./C! 5.!

;6;201-21/C!C560<31;1/56g!

!

_6?2=26?261!8;1;!756/15./6B!,5FF/1122!;6?!<6Q^3/6?/6B!=.5C2?<.2!

U6! /6?2=26?261! ?;1;! 0;W21M! F56/15./6B! ,5FF/1122! T8E7,]! C5F=./02?! 5W! W/O2!

/6?2=26?261! F2F^2.0! j/33! ^2! 021! <=g! R-2! =<.=502! 5W! 1-2! 8E7,! j/33! ^2! 15! =.5O/?2! ;6!

/6?2=26?261! 2O;3<;1/56! 5W! ;6M! ;?O2.02! 2O2610! 1-;1! 5CC<.! ?<./6B! 1-2! .202;.C-9! ;0!j233! ;0! 15!

F56/15.!1-2!^262W/1!o!./0K!.;1/5g!!

E-5<3?!;6!;?O2.02!2O261!1-;1!.2e</.20!?/WW2.261!C;.2!1-;6!1-;1!=3;662?!/6!1-2!01<?M!5CC<.9!

<6^3/6?/6B!j/33!^2!C;../2?!5<1g!a6^3/6?/6B!j/33!651!^2!C;../2?!5<1!/6!;6M!51-2.!C56?/1/56g!!

!

:+%&#(%*+(,*:230&$*&('.0'#1#(%*)%+%#1#(%*

! 4;1/2610!j2.2!651!/6O53O2?!/6!1-2!?2O235=F261!5W!1-2!.202;.C-9!;6?!j/33!651!^2!/6O53O2?!

/6!1-2!.2C.</1F261!;6?!C56?<C1!5W!1-2!01<?Mg![20<310!5W!1-2!01<?M!j/33!^2!B/O26!15!1-2!=;.2610!

;W12.!1-2!01<?M!?<./6B!;!F2?/C;3!C560<31;1/56!/6!1-2/.!=;.1/C/=;1/6B!C2612.g!!!

!

;L>G;M!*M!DELF!E**

!

:/&1+/-*;2%$.1#*9%+30#*R@*

R-2!=./F;.M!5<1C5F2!F2;0<.2!/0!1-2!C-;6B2!/6!1-2!=2.C261;B2!5W!=5012./5.!F/B.;1/56!5W!

1-2!-<F2.;3!-2;?!F2;0<.2?!56!;6!;I/;3!7[_!/F;B2!^21j226!""!F561-0!T^2W5.2!1-2!DR_!;1!"(!

F561-0]!;6?!"$!F561-0!5W!;B2!T*!F561-0!=501!DR_]!;1!O/0/10!(!;6?!"'g!45012./5.!0<^3<I;1/56!j/33!

^2!2O;3<;12?!<0/6B!1-2!F21-5?!?20C./^2?!^M!i;12.09!56!;6!;I/;3!7[_!03/C2!1;K26!k<01!^235j!1-2!

C5.;C5/?!=.5C200!TH!Y5\/6!(''&:!G/==2.1!21!;3g!('"(:!4g!7g!i;12.09!EF/1-9!21!V;.;F/335!"%%$]g!

42.C261;B2! =5012./5.! 0<^3<I;1/56!j/33! ^2! C;3C<3;12?! /6! 1-2! W5335j/6B!F;662.f! ;! 3/62!j/33! ^2!

1.;C2?!W.5F!1-2!F2?/;3!^5.?2.!5W!1-2!0C;=<3;!15!1-2!F/??32!5W!1-2!B3265/?!W500;g!U!02BF261!j/33!

1-26!^2!?.;j6!=2.=26?/C<3;.3M!15!1-2!3/629!W.5F!1-2!j/?201!=;.1!5W!1-2!-<F2.;3!-2;?!TU,]g!R-2!



"*'!
!

326B1-!5W!1-2!;612./5.!=;.1!5W!1-/0!02BF261!TUD]!?/O/?2?!^M!1-2!TU,]!02BF261!j/33!^2!F<31/=3/2?!

^M! "''! 15! 5^1;/6! 1-2! =2.C261;B2!F/B.;1/56! 5W! 1-2! -<F2.;3! -2;?g! U! =2.C261;B2! ^235j! )'l!

/6?/C;120!=5012./5.!F/B.;1/56!5W!1-2!-<F2.;3!-2;?g!R-/0!F2;0<.2F261!/0!e</CK!15!C;..M!5<1!;6?!

/0!<02?!/6!^51-!.202;.C-!;6?!.5<1/62!C3/6/C;3!=.;C1/C2!/6!C-/3?.26!;6?!^;^/20!j/1-!4P4D!15!-23=!

=.25=2.;1/O2!?2C/0/56!F;K/6B! W5.! 1-2! 1M=2!5W! /612.O261/56!;6?!=501Q5=2.;1/O2! W5335j!<=TX;6!

@232/6!X/1./6B;!21!;3g!('"":!O;6!?2.!E3</k0!21!;3g!(''&:!4g!7g!i;12.09!EF/1-9!21!V;.;F/335!"%%$]g!

_61.;Q! ;6?! /612.Q.;12.! .23/;^/3/1M! -;O2! ^226! 0-5j6! 15! ^2! 2IC2332619! j/1-! ;! +l! 201/F;12?!

F2;0<.2F261!2..5.!TG/==2.1!21!;3g!('"(]g!7[_!?;1;!j/33!^2!;6;3M02?!C261.;33M!T;1!D.201!,H[a]!

^M! 1j5! 1.;/62?! /6O201/B;15.0! <0/6B! 1-2! 0;F2! B</?23/620! /6! 5.?2.! 15! F/6/F/02! /612.Q.;12.!

O;./;^/3/1M!;6?!15!260<.2!1-2!^3/6?/6B!5W!1-2!2O;3<;15.g!!

!

E#$.(,+/-*;2%$.1#*M#+)2/#)*9%+30#*R@*

@3265/?!.21.5O2.0/56!;6?!1-.22Q?/F260/56;3!?2W5.F/1M!!

R-2!W5335j/6B!7[_!F2;0<.2F2610!j/33!̂ 2!C5F=;.2?!;1!O/0/10!(!;6?!"'!T""!;6?!"$!F561-0!
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