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ABSTRACT 

This project sought to examine and critically evaluate current methodologies for 

the analysis and interpretation of osteoarthritis and rheumatoid arthritis within 

palaeopathology, with reference to clinical research. A compartmental recording 

method was developed for osteoarthritis and a distinction between degenerative joint 

changes and osteoarthritis was maintained. This method was applied to the analysis of 

five Post-Medieval skeletal populations from both rural and urban sites from northern 

England. An analysis of the pattern and distribution of osteoarthritis and DJC between 

the sites, including rural versus urban differences, age and sex-specific comparisons, 

and, where possible, a comparison with contemporaneous sites from southern England 

was undertaken. A set of diagnostic criteria for rheumatoid arthritis was developed, 

applied, and tested on potential cases of rheumatoid arthritis within the archaeological 

record. Given this condition’s scarcity within the palaeopathological context, a wider 

geographical and temporal analysis was conducted. 

Results, based on clinical research and differential prevalence rates, indicated 

that DJC and osteoarthritis should be assessed separately. General rural-urban patterns 

were similar for DJC, even when compared with age or sex, which was not the case for 

osteoarthritis. The compartmental approach indicated differential distributions between 

mobile and stable elements of ball-and-socket and between skeletal elements in hinge 

joints respectively, which was explained through osteophyte-development and 

biomechanical analysis. The results were compared with clinical research to explore the 

impact of degeneration on the daily lives of past individuals, while not relying on 

activity reconstruction. 

A foundation for future research on rheumatoid arthritis was created by the 

development of the set of diagnostic criteria and a visual comparative study of the 

erosive lesions between palaeopathological cases. Remarkable similarities were found 

in the expression of erosions in several skeletal elements (ulna, radius and cervical 

vertebrae). By analysing clinical, palaeopathological and historical information this 

project concluded that the disease is not of recent origin.   
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;(B(&'D(%*'B'7E, 4W@'
C"C"' ;(B(&'D(%*'B'7+:(B,;(%%&)8$,+8,H(82,(82,U''%,N&7&8&)(%+'8,A'1D()&2,%',
AB+8+:(B,/&$&():*, 4W.'
C"I"' 3,L0B%+2+$:+DB+8()E,3DD)'(:*,%'P()2$,JGDB(+8+87,%*&,;(%%&)8$,#O$&)K&2,+8,%*&,
38(%'1+:(B,N+$%)+O0%+'8,'9,;(%*'B'7+:(B,[&$+'8$, 4C-'

WCMCAC' :6&'P*##_*-=_;"5K&2']",-2.' IWI'
WCMC?C' 40&'D.2&"1682&.'26&'V&8H' IWY'
WCMCIC' :6&'U,-7&']",-2.' IM?'

WCMCIC,C' :6&'S#<"R']",-2' IM?'
WCMCIC,,C' :6&'>*2&##"3&%"0*#']",-2' IMN'
WCMCIC,,,C' :6&':,<,"3&%"0*#']",-2' IMB'

WCMCNC' /"-5#$=,-7'F&%*0K.'"-'26&'4-*2"%,5*#'),.20,<$2,"-'"3'>*26"#"7,5*#'
G&.,"-.'IMJ'

C"."' U0%0)&,N+)&:%+'8$,9'),#$%&'()%*)+%+$,/&$&():*,+8,;(B(&'D(%*'B'7E, 4IC'

E20#8,&*NH' K'/15//'%(*%6*82,*;088,&(/*.,$08,9*8%*.2,5:08%'9*3&82&'8'/* OUS'
I"!"' 5*&,6+1+B()+%+&$,O&%P&&8,38(BE$&2,(82,;0OB+$*&2,A($&$, 4.M'

MCACAC' )&%"70*16,5'>*22&0-.' IY@'
MCAC?C' D.2&"#"7,5*#';,%,#*0,2,&.'*-='),33&0&-5&.',-'26&'(-=,+,=$*#.'R,26'
F6&$%*2",='40260,2,.' IYA'

I"-"' 5*&,6&%,'9,N+(78'$%+:,A)+%&)+(,3DDB+&2,%',;0OB+$*&2,A($&$, =!M'
I"4"' 3DDB+:(%+'8$,'9,AB+8+:(B,[+%&)(%0)&,%',;(B(&'D(%*'B'7E, =-M'
I"="' 3,a&P,3DD)'(:*,5'P()2$,/*&01(%'+2,3)%*)+%+$,+8,;(B(&'D(%*'B'7E, =-='
I"@"' U0%0)&,N+)&:%+'8$,9'),/*&01(%'+2,3)%*)+%+$,/&$&():*, =-@'

E20#8,&*UH' E%(1$5/'%(/* RMQ'
."!"' #$%&'()%*)+%+$, =-I'

YCACAC' :"')&.,7-'*'Q&R'Z&26"="#"7,5*#'L0*%&R"0K'3"0'D.2&"*0260,2,.',-'
>*#*&"1*26"#"78' N?M'

YCACAC,C' /*-'/#,-,5*#'F&.&*056',-2"'26&'G&.,"-.'4.."5,*2&='R,26'D.2&"*0260,2,.'
>0"+,=&'/#*0,3,5*2,"-'"-'26&,0'F&#*2,"-.6,1'2"'26&'),.&*.&'>0"5&..H'P*.&='"-'26,.X'
(.',2'>"..,<#&'2"'(-3&0'R6&26&0')]/'D55$0.'*.'*'>0&5$0."0'2"'D.2&"*0260,2,.H' N?Y'
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YCACAC,,C' T6*2'*0&'26&'>*22&0-.'"3'D.2&"*0260,2,.'*-=')]/'>0&+*#&-5&'26*2'/*-'
P&'D<.&0+&='R,26,-'26&'),33&0&-2']",-2.H')"'26&.&'>*22&0-.'),33&0'R6&-'
/"%1*0&='R,26';&d'*-='47&H' NIA'

YCAC?C' :"'/"%1".&'*')&2*,#&='>"1$#*2,"-';2$=8'"3'26&'>0&+*#&-5&'"3'
)&7&-&0*2,"-',-'Q"026&0-'>".2_Z&=,&+*#'>"1$#*2,"-.' NI?'

YCAC?C,C' /*-'*-8'),33&0&-5&.'P&'(=&-2,3,&=',-'26&'>0&+*#&-5&'"3'D2.&"*0260,2,.'
*-=')]/'P&2R&&-'26&';&#&52&='F$0*#'*-='90<*-'>"1$#*2,"-.'30"%'>".2_
Z&=,&+*#'Q"026&0-'S-7#*-=H'(.'26,.'>"2&-2,*#'),33&0&-5&'*#."'D<.&0+&=',-'26&'
;&d&.H' NI?'
YCAC?C,,C' T,##'*'/"%1*0,."-'P&2R&&-'26&'>0&+*#&-5&'F*2&.'30"%'Q"026&0-'2"'
26".&'30"%'/"-2&%1"0*-&"$.';"$26&0-'>"1$#*2,"-.'(-=,5*2&'4-8'),33&0&-2'
>*22&0-.H'40&'26&0&'),33&0&-5&.',-'26&.&'>*22&0-.'R6&-'/"00&#*2,-7'26&'F&.$#2.'
R,26';&dH' NIN'
YCAC?C,,,C' 40&'26&'>*22&0-.'"3'D.2&"*0260,2,.'D<.&0+&=',-'Z"=&0-'>"1$#*2,"-.'
),33&0&-2'30"%'26&'>*22&0-.'"3'D.2&"*0260,2,.'*-=')]/',-'>".2_Z&=,&+*#'
>"1$#*2,"-.H' NIN'
YCAC?C,+C' (.',2'>"..,<#&'2"'4-*#8.&'26&'(%1*52'"3'D.2&"*0260,2,.'"-'(-=,+,=$*#.',-'
26&'>*.2'260"$76'Z"=&0-'/#,-,5*#'F&.&*056H' NIB'

YCACIC' :"'/0&*2&'*-='4..&..'26&'9.&'"3'*'/"%1*02%&-2*#'F&5"0=,-7'Z&26"=',-'
>0"+,=,-7'*'Q$*-5&='4-*#8.,.'"3'>"2&-2,*#'>*22&0-.' NIJ'

YCACIC,C' /*-'26&'/"%1*02%&-2*#'F&5"0=,-7'Z&26"='(=&-2,38';1&5,3,5'>*22&0-.',-'
D.2&"*0260,2,.'),.20,<$2,"-'26*2'T"$#='Q"2'<&'S+,=&-2'R6&-'4-*#8.,-7'D-#8'26&'
/"%1#&2&']",-2H')"&.'26&'/"%1*02%&-2*#'4110"*56'L*5,#,2*2&'/"%1*0*2,+&'
4-*#8.,.'R,26'/#,-,5*#'F&.&*056H' NIW'

."-"' /*&01(%'+2,3)%*)+%+$, =4.'
YC?CAC' :"'4..&%<#&'*'/"%1&-=,$%'"3'(-3"0%*2,"-'"-'F6&$%*2",='40260,2,.'2"'
Z*K&'(=&-2,3,5*2,"-'"3'>"2&-2,*#'/*.&.',-'26&'L$2$0&'Z"0&'455&..,<#&' NIY'

YC?CAC,C' :"'/0&*2&'*';&2'"3'),*7-".2,5'/0,2&0,*'3"0'F6&$%*2",='40260,2,.'26*2'T,##'
;2*-=*0=,.&'26&'F&5"0=,-7'"3'26&'),.&*.&'*-='L*5,#,2*2&'26&'Sd*%,-*2,"-'"3'
;K&#&2*#')*2*' NIY'
YC?CAC,,C' :"'4-*#8.&'26&';K&#&2*#'F&%*,-.'"3'(-=,+,=$*#.'R,26';$.1&52&='
F6&$%*2",='40260,2,.',-'D0=&0'2"':&.2'26&';&2'"3'),*7-".2,5'/0,2&0,*' NN@'
YC?CAC,,,C' :"'/0&*2&'*'!,.$*#'/"%1*0*2,+&')*2*<*.&'"3';K&#&2*#'G&.,"-.'"3'
>"2&-2,*#'F6&$%*2",='40260,2,.'/*.&.' NNA'
YC?CAC,+C' :"'411#8'26&';&2'"3'),*7-".2,5'/0,2&0,*'"-'26&'>$<#,.6&='
>*#*&"1*26"#"7,5*#'G,2&0*2$0&' NNA'
YC?CAC+C' :"'4..&%<#&'26&'F&#&+*-2'/#,-,5*#'G,2&0*2$0&',-'D0=&0'2"'Sd*%,-&'26&'
),.&*.&'30"%'*'>*#*&"1*26"#"7,5*#'>&0.1&52,+&'*-='4..&..'(2.'>"2&-2,*#'
411#,5*2,"-.'2"';K&#&2*#'F&%*,-.' NN?'

YC?C?C' :"'P0,-7':"7&26&0'26&'F&#&+*-2'S+,=&-5&'3"0'F6&$%*2",='40260,2,.',-'D0=&0'
2"'S#$5,=*2&'26&')&<*2&'"-'26&'D0,7,-.'"3'26&'),.&*.&' NNI'

."4"' [+1+%(%+'8$,'9,%*+$,5*&$+$, ==4'

."="' A'8:B02+87,/&1()Z$, ==@'

E20#8,&*GSH' C'V$'%)&0#2<* RRQ'

411&-=,d'4C' C$0(W*.,1%&9'()*?%&:/* PSO'

411&-=,d'PC' ;&,/,&408'%(*D,4,$/*.,/5$8/* PGS'

411&-=,d'/C' A%80$*F0:#$,*.,/5$8/* PGR'
A"!"' 5&1D')'1(82+O0B(),T'+8%, @!='
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A"-"' 3:)'1+':B(K+:0B(),T'+8%, @!W'
A"4"' SB&8'*01&)(B,T'+8%, @!I'
A"="' L&2+(B,JBO'P, @-M'
A"@"' [(%&)(B,JBO'P, @--'
A"W"' JBO'P,T'+8%, @-='
A"C"' H+D,T'+8%, @-@'
A"I"' L&2+(B,;(%&BB'9&1')(B, @-C'
A"."' [(%&)(B,;(%&BB'9&1')(B, @-.'
A"!M"' ;(%&BB'9&1')(B,T'+8%, @4!'
A"!!"' L&2+(B,5+O+'9&1')(B, @4-'
A"!-"' [(%&)(B,5+O+'9&1')(B, @4='
A"!4"' 5+O+'9&1')(B,T'+8%, @4W'

411&-=,d')C' A2,*E0&#0$/L*X0(9/L*A0&/0$/*0(9*?,,8* PON'
N"!"' 5*&,A()D(B$, @4I'
N"-"' 5*&,L&%(:()D(B$,^;)'G+1(B,J82_, @=M'
N"4"' 5*&,L&%(:()D'D*(B(87&(B,T'+8%$, @=!'
N"="' 5*&,;)'G+1(B,`8%&)D*(B(87&(B,T'+8%$,^H(82$_, @=-'
N"@"' 5*&,N+$%(B,`8%&)D*(B(87&(B,T'+8%$,^H(82$_, @=4'
N"W"' 5*&,5()$(B$, @=='
N"C"' 5*&,L&%(%()$(B$,^;)'G+1(B,J82_, @=W'
N"I"' 5*&,L&%(%()$'D*(B(87&(B,T'+8%$, @=C'
N"."' 5*&,;)'G+1(B,`8%&)D*(B(87&(B,T'+8%$,^U''%_, @=I'
N"!M"' 5*&,N+$%(B,`8%&)D*(B(87&(B,T'+8%$,^U''%_, @=.'

411&-=,d'SC' E%&&,$08'%(*C,8-,,(*3),*0(9*F,"*'(*82,*F,#0&08,*F'8,/* PPS'
J"!"' 5&1D')'1(82+O0B(),T'+8%, @@M'
J"-"' 5*&,3:)'1+':B(K+:0B(),T'+8%, @@4'
J"4"' SB&8'*01&)(B,T'+8%, @@@'
J"="' L&2+(B,JBO'P,T'+8%, @@C'
J"@"' [(%&)(B,JBO'P,T'+8%, @@.'
J"W"' H+D,T'+8%, @W!'
J"C"' L&2+(B,;(%&BB'9&1')(B,T'+8%, @W4'
J"I"' [(%&)(B,;(%&BB'9&1')(B,T'+8%, @W@'
J"."' L&2+(B,5+O+'9&1')(B,T'+8%, @WC'
J"!M"' [(%&)(B,5+O+'9&1')(B,T'+8%, @W.'

411&-=,d'LC' 3(08%:'10$*K'/8&'V58'%(*%6*;082%$%)'10$*D,/'%(/* PQG'

411&-=,d'eC' 399'8'%(0$*.,/5$8/*Y;,&*F'8,Z* PQN!
'
'
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D>FA*7?*?>[\.!F*
?')5&,*MHG*?')5&,*090#8,9*6&%:*+,4'88*YMSSTL*MTZ*#&,/,(8'()*0*1%(1,#850$*:%9,$*6%&*82,*#082%),(,/'/*

%6*%/8,%0&82&'8'/H*Y399,9*V<*82,*0582%&=*,82('1'8<*0(9*(58&'8'%(ZH* OU'
?')5&,* MHM* ?')5&,* 090#8,9* 6&%:* J%2(/%(* 0(9* X5(8,&* YMSGRL* QZ* #&,/,(8'()* 82,* #%8,(8'0$* &'/W* 6018%&/*

#&,9'/#%/'()*6%&*%/8,%0&82&'8'/H* RS'
?')5&,*MHO*>:0),*%6*X,V,&9,(]/*(%9,/*08*82,*9'/80$*'(8,&#20$0(),0$*^%'(8/*0(9*C%5120&9]/*(%9,/*08*82,*

#&%"':0$*'(8,&#20$0(),0$*^%'(8/H*>:0),*6&%:*1%::%(/H-'W':,9'0H%&)L*088&'V58,9*8%=*_X,V,&9,(`
3&82&%/,_* V<*K&02&,)SG* `*7-(*-%&WH* D'1,(/,9* 5(9,&* EE*Ca`F3* OHS* 4'0*b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=X,V,&9,(`3&82&%/,HJ;[dc:,9'0c?'$,=X,V,&9,(`
3&82&%/,HJ;[*YE%(/5$8,9=*GNcSRcMSGPZH* RG'

?')5&,*MHR*.09'%)&0#2*%6*)$,(%25:,&0$*%/8,%0&82&'8'/e*%/8,%#2<8,/*YV$01W*0&&%-Z*%(*82,*'(6,&'%&*&':*%6*
82,*2,09*%6*82,*25:,&5/*0(9*)$,(%'9*6%//0e*/1$,&%/'/*Y-2'8,*0&&%-Z*%(*82,*)$,(%'9*6%//0H*>:0),*
6&%:*1%::%(/H-'W':,9'0H%&)L*088&'V58,9*8%=*_F2%5$9,&7/8,%0&82&'8'/_*V<*J:0&12(*`*7-(*-%&WH*
D'1,(/,9* 5(9,&* EE* Ca`F3* OHS* 4'0* b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=F2%5$9,&7/8,%0&82&'8'/H#()dc:,9'0c?'$,=F2%5$9,&7/8
,%0&82&'8'/H#()H*YE%(/5$8,9=*GNcSRcMSGPZH* RO'

?')5&,* MHP* .09'%)&0#2* %6* &09'%10&#0$* 0(9* G/8* 10&#%:,8010&#0$* %/8,%0&82&'8'/H* A2,* -2'8,* 0&&%-/*
'(9'108,*/1$,&%/'/L*^%'(8*/#01,*(0&&%-'()L*0(9*%/8,%#2<8,/H*>:0),*6&%:*1%::%(/H-'W':,9'0H%&)L*
088&'V58,9*8%=*_7/8,%*%6*82,*20(9_*V<*J0:,/*X,'$:0(L*@K*`*7-(*-%&WH*D'1,(/,9*5(9,&*EE*Ca`F3*
OHS* 4'0* b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=7/8,%f%6f82,f20(9H^#)dc:,9'0c?'$,=7/8,%f%6f82,f2
0(9H^#)*YE%(/5$8,9=*GNcSRcMSGPZ* RO'

?')5&,*MHT*@.>*%6*W(,,*%/8,%0&82&'8'/H*A2,*V$01W*0&&%-* '(9'108,/*%/8,%#2<8,/L* ^%'(8* /#01,*(0&&%-'()*
0(9* /1$,&%/'/H* >:0),* 6&%:* 1%::%(/H-'W':,9'0H%&)L* 088&'V58,9* 8%=* _[%(0&82&%/,`
g(%&#,$056V&0512_H* D'1,(/,9* 5(9,&* EE* Ca`F3* OHS* 4'0* b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=[%(0&82&%/,`
g(%&#,$056V&0512H^#)dc:,9'0c?'$,=[%(0&82&%/,`g(%&#,$056V&0512H^#)*YE%(/5$8,9=*GNcSRcMSGPZH
* RR'

?')5&,* MHQ* 3H* X,09* %6* 82,* &')28* 6,:5&L* 0&&%-* '(9'108,/* ,V5&(08'%(e* CH* .')28* 9'/80$* 25:,&5/e* 0&&%-*
'(9'108,/*$0&),*1,(8&0$*%/8,%#2<8,*'(*82,*%$,1&0(%(*6%//0e*EH*X,09*%6*82,*&')28*5$(0L*,"0:#$,*%6*
^%'(8*1%(8%5&*120(),e*KH*X,09*%6*82,*$,68*6,:5&L*-2'8,*0&&%-*'(9'108,/*:0&)'(0$*%/8,%#2<8,/*0(9*
V$01W*0&&%-*'(9'108,/*#%&%/'8<*Y;2%8%)&0#2/*V<*KH*E&0#/ZH* RP'

?')5&,*OHG*E%::%(*9'/8&'V58'%(*%6*#082%$%)'10$*6,085&,/*'(*&2,5:08%'9*0&82&'8'/*Y9&0-'()*V<*KH*E&0#/ZH
* QQ'

?')5&,*OHM*K&0-'()*%6*0*^%'(8*066,18,9*V<*&2,5:08%'9*0&82&'8'/e*0&&%-/*'(9'108,*V%(,*,&%/'%(/*Y9&0-(*
V<* KH* E&0#/* V0/,9* %(* 0(* ':0),* 6&%:* h6&%:* 288#=cc---H0&82&'8'/&,/,0&125WH%&)c0&82&'8'/`
'(6%&:08'%(c1%(9'8'%(/c&2,5:08%'9`0&82&'8'/c-208`'/`&2,5:08%'9`0&82&'8'/H0/#"e* 1%(/5$8,9*
GPcSOcMSGGZH* QU'

?')5&,*OHO*>:0),*%6*5(8&,08,9*&2,5:08%'9*0&82&'8'/*'(*82,*20(9H*>:0),*6&%:*1%::%(/H-'W':,9'0H%&)L*
088&'V58,9* 8%=* * _.2,5:08%'9*3&82&'8'/_*V<* J0:,/*X,'$:0(L*@K*`*7-(*-%&WH* D'1,(/,9*5(9,&*EE*
Ca`F3* OHS* 4'0* b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=.2,5:08%'9f3&82&'8'/HJ;[dc:,9'0c?'$,=.2,5:08%'9f
3&82&'8'/HJ;[H*YE%(/5$8,9*GNcSRcMSGPZ* NS'

?')5&,* OHR* .09'%)&0#2* %6* 0* 20(9* 066,18,9* V<* &2,5:08%'9* 0&82&'8'/H* K,6%&:08'%(L* ,&%/'%(/* 0(9*
9,:'(,&0$'/08'%(*%6* 82,*V%(,* 0&,*%V/,&40V$,H* >:0),* 6&%:* 1%::%(/H-'W':,9'0H%&)L* 088&'V58,9*
8%=*_.2,5:08%'9,3&82&'8'/3;_*V<*C,&(9*C&i),$:0((*C&0,),$*@'8*6&,5(9$'12,&*[,(,2:')5()*4%(*
K&H* @0&8'(* F8,'(2%66* `* 7-(* -%&WH* D'1,(/,9* 5(9,&* EE* Ca* OHS* 4'0* b'W':,9'0* E%::%(/* `*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=.2,5:08%'9,3&82&'8'/3;H^#)dc:,9'0c?'$,=.2,5:08%'9
,3&82&'8'/3;H^#)H*YE%(/5$8,9=*GNcSRcMSGPZ* NS'

?')5&,* OHP* A<#'10$* 9,6%&:'8',/* '(* &2,5:08%'9* 0&82&'8'/* YK&0-'()* V<* KH* E&0#/L* V0/,9* %(* h*
288#=cc---H:,&1W:0(50$/H1%:c2%:,cV%(,f^%'(8f0(9f:5/1$,f9'/%&9,&/c20(9f9'/%&9,&/c20(
9f0(9f6'(),&f9,6%&:'8',/H28:$e*GMcSOcMSGGZH* UG'

?')5&,*OHT*E0(%(*j0(*K,&*;0,$,*'(*#0'(8'()*V<*j0(*!<1W*_A2,*j'&)'(*-'82*82,*E0(%(_H*Y>:0),*(%*$%(),&*
5(9,&* 1%#<&')28e* 6&%:*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=J0(f40(f!<1WfA2,f@09%((0f-'82fE0(%(f40(f9,&f
;0,$,H^#)e*1%(/5$8,9=*MScSOcMSGGZH* UM'
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?')5&,* OHQ* J01%V* J%&90,(/* _A2,* ;0'(8,&k/* ?0:'$<_H* >:0),* (%* $%(),&* 5(9,&* 1%#<&')28e* 6&%:*
288#=cc,(H-'W'#,9'0H%&)c-'W'cJ01%VfJ%&90,(/dc:,9'0c?'$,=A2,f?0:'$<f%6f82,f3&8'/8fV<fJ01%V
fJ%&90,(/H^#)e*1%(/5$8,9=*MScSOcMSGGZH* UO'

?')5&,* OHN* ;H;H* .5V,(/* _A2,* A2&,,* [&01,/_* Y>:0),* (%* $%(),&* 5(9,&* 1%#<&')28e* 6&%:*
288#=cc5#$%09H-'W':,9'0H%&)c-'W'#,9'0c1%::%(/c825:Vc6c6PcA2,fA2&,,f[&01,/LfV<f;,8,&f;
05$f.5V,(/Lf6&%:f;&09%f'(f[%%)$,f!0&82H^#)cTOS#"`
A2,fA2&,,f[&01,/LfV<f;,8,&f;05$f.5V,(/Lf6&%:f;&09%f'(f[%%)$,f!0&82H^#)e* 1%(/5$8,9*
MScSOcMSGGZH* UP'

?')5&,* OHU* @0&',* 9,* .0V58'(`E20(80$L* :0&B5'/,* 9,* Fl4')(l* >:0),* (%8* 5(9,&* 1%#<&')28e* 6&%:=*
288#=cc5#$%09H-'W':,9'0H%&)c-'W'#,9'0c1%::%(/cRcRVc[&')(0(`@0&B5'/,f9,fFl4')(lH^#)e*
1%(/5$8,9*GTcSOcMSGGZH* UQ'

?')5&,*OHGS*;',&&,*35)5/8,*.,(%'&*066,18,9*V<*,0&$<* &2,5:08%'9*0&82&'8'/L* /,,* &')28*20(9* Y>:0),*(%8*
5(9,&* 1%#<&')28e* 6&%:* 288#=cc5#$%09H-'W':,9'0H%&)c-'W'#,9'0c1%::%(/cVcVPc.,(%'&Lf;',&&,`
35)5/8,LfV<fK%&(01LfC+?f[0$$'10H^#)e*1%(/5$8,9*GTcSOcMSGGZH* UN'

?')5&,*RHG*@0#*%6*[&,08*C&'80'(H*A2,*/'8,/*,"0:'(,9*'(*82'/*&,/,0&12*0&,*2')2$')28,9*'(*82,*/B50&,*0&,0*
Y>:0),*9&0-(*V<*KH*E&0#/ZH* GSP'

?')5&,*RHM*j',-*%6*F8*;,8,&]/*E25&12L*C0&8%(`5#%(`X5:V,&*Yh*#2%8%)&0#2*80W,(*V<*KH*E&0#/ZH* GSN'
?')5&,*RHO*@0#*%6*+%&82*0(9*F%582*F2',$9/=*7&9(0(1,*/5&4,<L*6'&/8*/,&',/L*GNTOL*:%9'6',9*V<*0582%&*Yh*

j'/'%(* %6* C&'80'(* -,V/'8,* 6&%:=*
288#=cc---H4'/'%(%6V&'80'(H%&)H5Wc:0#/c/,&',/m"E,(8,&nOMUONNRHRUGUPo<E,(8,&nOGQPTGTHRO
SUNo/10$,nTOOTSo4',-F10$,nQMPTTUHTNOMo:0#D0<,&n('(,8,,(82o/5VD0<,&n6'&/8f,9'8'%(o8'8$
,n7&9(0(1,pMSF5&4,<pMS0(9pMS7&9(0(1,pMSF5&4,<pMS%6pMSF1%8$0(9pMS?'&/8pMSF,&',/o
9%-($%09n60$/,Z*1%(/5$8,9=*MGcSUcMSGOH* GGS'

?')5&,*RHR*3(*,()&04'()*V<*b'$$'0:*@'$$,&* YGQUT`GNNMZ*V0/,9*%(*0(*%&')'(0$* /859<*V<*A2%:0/*3$$%:*
YGNSR`GNQMZ=*!"#$%&'()&*"+$%&*%,-.)/0&$'1-(&2#"3&$%-&#"41/&(-'#&56(-3"+$%* YGNOM`OPZH*Y>:0),*
-'82%58* 1%#<&')28* 6&%:=*
288#=cc1%::%(/H-'W':,9'0H%&)c-'W'c?'$,=+%&82f0(9fF%582fF2',$9/f,()&04'()fV<fb'$$'0:f@'$
$,&f068,&fAf3$$%:H^#)ZH*E%(/5$8,9=*MGcSUcMSGOH* GGG'

?')5&,*RHP*J%/,#2*@0$$%&9*A5&(,&H**%,-.)/0&"(&$%-&7,8-#&56(-H*GNMO*YK04'9*C$0<(,<*C&%-(L*qE2&%(%$%)<]L*
K,1,:V,&* MSGML* '(* K04'9* C$0<(,<* C&%-(* Y,9HZL* 9:;:<:& 5+#(-#=& *1-$4%>""1/0& ?#'@,(A/& '()&
<'$-#4"."+#/L* K,1,:V,&* MSGML* 288#/=cc---H808,H%&)H5Wc0&8c&,/,0&12`#5V$'108'%(/c^:-`
85&(,&c12&%(%$%)<`&GGSUMMUe*1%(/5$8,9*GQcSRcMSGPHZH* GGR'

?')5&,* RHT* A2,* 3$V,&8* V&'9),* %4,&* 82,* &'4,&* >&-,$$L* @0(12,/8,&* '(* GNPR* Y>:0),* (%* $%(),&* 5(9,&*
1%#<&')28e* 6&%:*
288#=cc5#$%09H-'W':,9'0H%&)c-'W'#,9'0c1%::%(/c1c16c3$V,&8fV&'9),f:0(12,/8,&fGNPRH^#)e*
1%(/5$8,9*GQcSRcMSGPZH* GGT'

?')5&,*RHQ*!"8,(/'4,*,V5&(08'%(*%(*82,*$08,&0$*/5&601,*%6*82,*$,68*9'/80$*6,:5&*0(9*82,*$08,&0$*/5&601,*%6*
82,*$,68*#08,$$0*Y>:0),*V<*KH*E&0#/L*C0&8%(`5#%(`X5:V,&*FWH*GSZH* GMO'

?')5&,* RHN* !"0:#$,* %6* :0&)'(0$* 0(9* 1,(8&0$* %/8,%#2<8,/* %(* 82,* 9'/80$* 6,:5&H* Y>:0),* V<* KH* E&0#/L*
C0&8%(`5#%(`X5:V,&*FW*GUGZH* GMR'

?')5&,*RHU*3H*!"0:#$,*%6*:01&%`#%&%/'8<* '(* 82,*01,80V5$5:*Y>:0),*V<*KH*E&0#/L*?,-/8%(*FW*SNSZH*CH*
!"0:#$,*%6*:'1&%#%&%/'8<*'(*82,*9'/80$*6,:5&*Y>:0),*V<*KH*E&0#/L*E%&%(08'%(*F8&,,8*FW*UUNZH* GMP'

?')5&,*RHGS*!"0:#$,*%6* ^%'(8*1%(8%5&*120(),H*+%8'1,*2%-*82,*/5#,&'%&*#0&8*%6* 82,*8&%12$,0&*(%812* '/*
(%&:0$* '(*/20#,*0(9*/'r,L*2%-,4,&*82,* '(6,&'%&*#%&8'%(*-'82*82,*1%&%(%'9*#&%1,//*20/*V,1%:,*
-'9,&*0(9*6$088,&*Y>:0),*V<*KH*E&0#/L*K5&20:*E'8<*j'/'%(*1%$$,18'%(ZH* GMT'

?')5&,*RHGG*A2,*9'66,&,(8*/80),/*%6*8,:#%&%:0(9'V5$0&*^%'(8*9,),(,&08'%(*'(*82,*:0(9'V5$0&*6%//0*0/*
%V/,&4,9* '(* 82'/* &,/,0&12* #&%^,18* 0(9* V0/,9* %(* .0(9%* 0(9* b0$9&%(* YMSGGZH* 3H* @'(':0$L* CH*
@%9,&08,L*EH*?$%&'9H*Y>:0),/*V<*KH*E&0#/ZH* GMU'

?')5&,*RHGM*3*/W,$,80$*9'0)&0:*5/,9*'(*1$'('10$*/,88'()/*6%&*82,*0//,//:,(8*%6*82,*9'/8&'V58'%(*%6*^%'(8/*
066,18,9*V<*0&82&'8'/H* !/#,1'0$$<*(%8'1,* 82,*20(9/*0(9* 6,,8* '(* 82,*9'0)&0:/*0/* 82,<* 6%&:,9* 82,*
V0/'/*6%&*82,*&,1%&9'()*/</8,:*5/,9*6%&*,012*#20$0("*'(*82'/*&,/,0&12*YK&0-'()*V<*KH*E&0#/ZH* GOS'

?')5&,*RHGOKH*A2,*#20$0(),0$* ^%'(8/*%6*82,*&')28*6%%8H*3H*A2,*9%&/0$*4',-*%6*82,*9'/80$* 6%%8H*CH*K%&/0$*
4',-* %6* /,#0&08,* 6%%8* #20$0(),/* EH* A2,* #$0(80&* 4',-* %6* 82,* 9'/80$* 6%%8H* KH* ;$0(80&* 4',-* %6*
/,#0&08,*6%%8*#20$0(),/*YK&0-'()/*V<*KH*E&0#/*V0/,9*%(*b2'8,*0(9*?%$W,(/*MSSPL*MNNL*OSGL*OSMZH
* GOO'

?')5&,*RHGR3oC*K&0-'()/*V0/,9*%(* 82,* &09'%)&0#2/* '(*3$8:0(*0(9*[%$9* YMSSQL*3R`3QZ* /2%-'()* 82,*
9,),(,&08'%(* %6* 82,* 9'/80$* '(8,&#20$0(),0$* Y3Z* 0(9* #&%"':0$* '(8,&#20$0(),0$* YCZ* ^%'(8/H* A2,*
90&W,&* /209,9* 0&,0/* &,#&,/,(8* /1$,&%/'/* %6* 82,* V%(,L* ^%'(8* 1%(8%5&* 120(),/* 0(9* %/8,%#2<8,*
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6%&:08'%(H*A2,*(%&:0$*^%'(8*'/*&,#&,/,(8,9*%(*82,*60&*$,68*0(9*82,*1%:#$,8,$<*9,),(,&08,9*^%'(8*
'/*%(*82,*60&*&')28*YK&0-'()/*V<*KH*E&0#/ZH* GOR'

?')5&,*PHG*74,&4',-*%6*82,*(5:V,&*%6*'(9'4'950$/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*/5V9'4'9,9*V<*0),*0(9*
82,(*V<*/,"H* GRR'

?')5&,*PHM*;,&1,(80),*#&,/,(1,*%6*82,*:0^%&*^%'(8/*8208*-,&,*,"0:'(,9H* GRP'
?')5&,*PHO*;,&1,(80),*#&,/,(1,*%6*82,*-&'/8*V%(,/H* GRP'
?')5&,*PHR*;,&1,(80),*#&,/,(1,*%6*82,*:,8010&#0$*V%(,/H* GRT'
?')5&,*PHP*;,&1,(80),*#&,/,(1,*%6*82,*0(W$,*0(9*80&/0$*V%(,/H* GRT'
?')5&,*PHT*;,&1,(80),*#&,/,(1,*%6*82,*:,8080&/0$*V%(,/H* GRQ'
?')5&,*PHQ*;,&1,(80),*#&,/,(1,*%6*82,*20(9*#20$0(),/H*3n*@,8010&#%#20$0(),0$* ^%'(8/e*Cn*;&%"':0$*

>(8,&#20$0(),0$*^%'(8/e*En*K'/80$*>(8,&#20$0(),0$*^%'(8/H* GRN'
?')5&,*PHN*;,&1,(80),*#&,/,(1,*%6*82,*6%%8*#20$0(),/H* GRN'
?')5&,*PHU*K'/8&'V58'%(*%6*9,),(,&08'%(*'(*82,*&5&0$*0(9*5&V0(*8,:#%&%:0(9'V5$0&*^%'(8/*V,8-,,(*82,*

/,"*108,)%&',/H* GPO'
?')5&,*PHGS*K'/8&'V58'%(*%6*5('$08,&0$cV'$08,&0$*9,),(,&08'%(*'(*82,*8,:#%&%:0(9'V5$0&*^%'(8*V,8-,,(*

82,*/,"*108,)%&',/H* GPO'
?')5&,* PHGG*K'/8&'V58'%(*%6* 9,),(,&08'%(* '(* 82,* &5&0$* 0(9*5&V0(* /0:#$,/* '(* 82,* 8,:#%&%:0(9'V5$0&*

^%'(8*V,8-,,(*82,*0),*108,)%&',/H* GPP'
?')5&,*PHGM*K,),(,&08'%(*'(*82,*01&%:'%1$04'15$0&*^%'(8*YKJE*0(9*%/8,%0&82&'8'/Z*1%:#0&,9*-'82*/,"*6%&*

82,*&5&0$*0(9*5&V0(*#%#5$08'%(/H* GPU'
?')5&,*PHGO*K'/8&'V58'%(*%6*9,),(,&08'%(*V,8-,,(*82,*0),*108,)%&',/*'(*82,*01&%:'%1$04'15$0&*^%'(8*'(*

82,*&5&0$*0(9*5&V0(*/0:#$,H* GTG'
?')5&,* PHGR*K'/8&'V58'%(* %6* &%808%&* 1566* 120(),/* 0(9*KJE* 1%:#0&,9*-'82* /,"* '(* 82,* &5&0$* 0(9* 5&V0(*

/0:#$,/H* GTT'
?')5&,* PHGP*K'/8&'V58'%(*%6* &%808%&* 1566* 120(),/* 0(9*KJE* 1%:#0&,9*-'82* 0),* '(* 82,* &5&0$* 0(9*5&V0(*

/0:#$,/H* GTN'
?')5&,*PHGT*K'/8&'V58'%(*%6*KJE*0(9*73*V,8-,,(* 82,*/,"*108,)%&',/* '(* 82,*:,9'0$*,$V%-* ^%'(8* '(* 82,*

&5&0$*0(9*5&V0(*/0:#$,H* GQM'
?')5&,*PHGQ*K'/8&'V58'%(*%6*KJE*0(9*73*V,8-,,(*82,*0),*108,)%&',/* '(* 82,*:,9'0$*,$V%-* ^%'(8* '(* 82,*

&5&0$*0(9*5&V0(*/0:#$,H* GQR'
?')5&,*PHGN*K'/8&'V58'%(*%6*KJE*0(9*73*V,8-,,(* 82,* /,"* 108,)%&',/* '(* 82,* $08,&0$* ,$V%-* ^%'(8* '(* 82,*

&5&0$*0(9*5&V0(*/'8,/H* GQN'
?')5&,*PHGU*K'/8&'V58'%(*%6*KJE*0(9*73*V,8-,,(*82,*0),*108,)%&',/* '(*82,*$08,&0$*,$V%-*^%'(8*6%&*82,*

/,#0&08,*/'8,/H* GNS'
?')5&,*PHMS*\('1%:#0&8:,(80$*0(9*V'1%:#0&8:,(80$*9,),(,&08'%(*%6*82,*,$V%-*^%'(8/*1%:#0&,9*-'82*

/,"*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GNO'
?')5&,*PHMG*\('1%:#0&8:,(80$*0(9*V'1%:#0&8:,(80$*9,),(,&08'%(*%6*82,*,$V%-*^%'(8/*1%:#0&,9*-'82*

0),*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GNO'
?')5&,*PHMM*KJE*0(9*73*9'/8&'V58'%(*1%:#0&,9*-'82*/,"*'(*82,*2'#*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/0:#$,H

* GNQ'
?')5&,*PHMO*\('$08,&0$*0(9*V'$08,&0$*9,),(,&08'%(*1%:#0&,9*-'82*/,"*'(*82,*2'#*^%'(8*'(*82,*&5&0$*0(9*

5&V0(*/'8,/H* GNN'
?')5&,*PHMR*KJE*0(9*73*1%:#0&,9*-'82*0),*'(*82,*2'#*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GUS'
?')5&,*PHMP*KJE*0(9*73*1%:#0&,9*-'82*/,"*'(*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*

/'8,/H* GUR'
?')5&,*PHMT*KJE*0(9*73*1%:#0&,9*-'82*0),*'(*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*

/'8,/H* GUT'
?')5&,*PHMQ*KJE*0(9*73*1%:#0&,9*-'82*/,"*'(*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*

/'8,/H* GUU'
?')5&,*PHMN*KJE*0(9*73*1%:#0&,9*-'82*0),*'(*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*

/'8,/H* MSG'
?')5&,* PHMU* \('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 1%:#0&,9* -'82* /,"* '(* 82,*

#08,$$%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* MSO'
?')5&,* PHOS* \('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 1%:#0&,9* -'82* 0),* '(* 82,*

#08,$$%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* MSR'
?')5&,*PHOG*KJE*0(9*73*1%:#0&,9*-'82* /,"* '(* 82,*:,9'0$* 8'V'%6,:%&0$* ^%'(8/* '(* 82,* &5&0$*0(9*5&V0(*

/'8,/H* MSN'
?')5&,*PHOM*KJE*0(9*73*1%:#0&,9*-'82*0),* '(* 82,*:,9'0$* 8'V'%6,:%&0$* ^%'(8/* '(* 82,* &5&0$*0(9*5&V0(*

/'8,/H* MGS'
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?')5&,*PHOO*KJE*0(9*73*'(*82,*$08,&0$*8'V'%6,:%&0$*^%'(8*1%:#0&,9*-'82*/,"*'(*82,*&5&0$*0(9*5&V0(*/'8,/H
* MGO'

?')5&,*PHOR*KJE*0(9*73*'(*82,*$08,&0$*8'V'%6,:%&0$*^%'(8*1%:#0&,9*-'82*0),*'(*82,*&5&0$*0(9*5&V0(*/'8,/H
* MGP'

?')5&,* PHOP* \('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 1%:#0&,9* -'82* /,"* '(* 82,*
8'V'%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* MGN'

?')5&,* PHOT* \('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 1%:#0&,9* -'82* 0),* '(* 82,*
8'V'%6,:%&0$*^%'(8*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* MGN'

?')5&,*PHOQ*K'/8&'V58'%(*%6*KJE*'(*82,*$,68*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*/,"H* MMM'
?')5&,*PHON*K'/8&'V58'%(*%6*KJE*'(*82,*&')28*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*/,"H* MMO'
?')5&,*PHOU*K'/8&'V58'%(*%6*%/8,%0&82&'8'/*'(*82,*$,68*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*

/,"H* MMR'
?')5&,*PHRS*K'/8&'V58'%(*%6*%/8,%0&82&'8'/*'(*82,*&')28*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*

/,"H* MMP'
?')5&,*PHRG*K'/8&'V58'%(*%6*KJE*'(*82,*$,68*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*0),H* MMT'
?')5&,*PHRM*K'/8&'V58'%(*%6*KJE*'(*82,*&')28*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*0),H* MMN'
?')5&,*PHRO*K'/8&'V58'%(*%6*%/8,%0&82&'8'/*'(*82,*$,68*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*

0),H* MMU'
?')5&,*PHRR*K'/8&'V58'%(*%6*%/8,%0&82&'8'/*'(*82,*&')28*^%'(8/*'(*82,*&5&0$*0(9*5&V0(*/'8,/*1%:#0&,9*-'82*

0),H* MOS'
?')5&,*PHRP*A2,*9'/8&'V58'%(*%6*120(),/* '(*82,*)$,(%'9*6%//0*0(9*82,*2,09*%6*82,*25:,&5/*6%&*0$$*82,*

/'8,/* Y(5:V,&/* &,#&,/,(8* %($<* 82,* 066,18,9*V%(,/L* (%8* 0$$* 82,* V%(,/* 8208*-,&,*#&,/,(8* '(* 82,*
/0:#$,ZH* MRR'

?')5&,*PHRT*A2,*9'/8&'V58'%(*%6*120(),/*'(*82,*)$,(%'9*6%//0*0(9*82,*2,09*%6*82,*25:,&5/*6%&*82,*&5&0$*
0(9*5&V0(*/'8,/*1%:#0&,9*-'82*/,"H* MRR'

?')5&,*PHRQ*A2,*9'/8&'V58'%(*%6*120(),/*'(*82,*)$,(%'9*6%//0*0(9*82,*2,09*%6*82,*25:,&5/*6%&*82,*&5&0$*
0(9*5&V0(*/'8,/*1%:#0&,9*-'82*0),H* MRP'

?')5&,*PHRN*A2,*9'/8&'V58'%(*%6*120(),/*'(*82,*01,80V5$5:*0(9*82,*2,09*%6*82,*6,:5&*6%&*0$$*82,*/'8,/*
Y(5:V,&/*&,#&,/,(8*%($<*82,*066,18,9*V%(,/L*(%8*0$$*82,*V%(,/*8208*-,&,*#&,/,(8*'(*82,*/0:#$,ZH
* MRT'

?')5&,*PHRU*A2,*9'/8&'V58'%(*%6*120(),/*'(*82,*01,80V5$5:*0(9*82,*2,09*%6*82,*6,:5&*6%&*0$$*82,*/'8,/*
1%:#0&,9*-'82*/,"H* MRQ'

?')5&,*PHPS*A2,*9'/8&'V58'%(*%6*120(),/*'(*82,*01,80V5$5:*0(9*82,*2,09*%6*82,*6,:5&*6%&*0$$*82,*/'8,/*
1%:#0&,9*-'82*0),* MRQ'

?')5&,*PHPG*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$*25:,&5/*0(9* 82,*2,09*%6* 82,*5$(0* 6%&* 0$$* 82,*
/'8,/* Y(5:V,&/* &,#&,/,(8* %($<* 82,* 066,18,9*V%(,/L* (%8* 0$$* 82,* V%(,/* 8208*-,&,*#&,/,(8* '(* 82,*
/0:#$,ZH* MRU'

?')5&,*PHPM*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$*25:,&5/*0(9* 82,*2,09*%6* 82,*5$(0* 6%&* 0$$* 82,*
/'8,/*1%:#0&,9*-'82*/,"H* MPS'

?')5&,*PHPO*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$*25:,&5/*0(9* 82,*2,09*%6* 82,*5$(0* 6%&* 0$$* 82,*
/'8,/*1%:#0&,9*-'82*0),H* MPS'

?')5&,*PHPR*A2,*9'/8&'V58'%(*%6*120(),/* '(*82,*$08,&0$*25:,&5/*0(9*82,*2,09*%6*82,*&09'5/*6%&*0$$*82,*
/'8,/* Y(5:V,&/* &,#&,/,(8* %($<* 82,* 066,18,9*V%(,/L* (%8* 0$$* 82,* V%(,/* 8208*-,&,*#&,/,(8* '(* 82,*
/0:#$,ZH* MPG'

?')5&,*PHPP*A2,*9'/8&'V58'%(*%6*120(),/* '(*82,*$08,&0$*25:,&5/*0(9*82,*2,09*%6*82,*&09'5/*6%&*0$$*82,*
/'8,/*1%:#0&,9*-'82*/,"H* MPM'

?')5&,*PHPT*A2,*9'/8&'V58'%(*%6*120(),/* '(*82,*$08,&0$*25:,&5/*0(9*82,*2,09*%6*82,*&09'5/*6%&*0$$*82,*
/'8,/*1%:#0&,9*-'82*0),H* MPO'

?')5&,*PHPQ*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$* 6,:5&*0(9* 82,*:,9'0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
Y(5:V,&/*&,#&,/,(8*%($<*82,*066,18,9*V%(,/L*(%8*0$$*82,*V%(,/*8208*-,&,*#&,/,(8*'(*82,*/0:#$,ZH
* MPR'

?')5&,*PHPN*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$* 6,:5&*0(9* 82,*:,9'0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*/,"H* MPP'

?')5&,*PHPU*A2,*9'/8&'V58'%(*%6* 120(),/* '(* 82,*:,9'0$* 6,:5&*0(9* 82,*:,9'0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*0),H* MPT'

?')5&,* PHTS* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
Y(5:V,&/*&,#&,/,(8*%($<*82,*066,18,9*V%(,/L*(%8*0$$*82,*V%(,/*8208*-,&,*#&,/,(8*'(*82,*/0:#$,ZH
* MPQ'
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?')5&,* PHTG* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*/,"H* MPN'

?')5&,* PHTM* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* #08,$$0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*0),H* MPU'

?')5&,* PHTO* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* :,9'0$* 6,:5&* 0(9* 82,* :,9'0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
Y(5:V,&/*&,#&,/,(8*%($<*82,*066,18,9*V%(,/L*(%8*0$$*82,*V%(,/*8208*-,&,*#&,/,(8*'(*82,*/0:#$,ZH
* MTS'

?')5&,* PHTR* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* :,9'0$* 6,:5&* 0(9* 82,* :,9'0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*/,"H* MTG'

?')5&,* PHTP* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* :,9'0$* 6,:5&* 0(9* 82,* :,9'0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*0),H* MTG'

?')5&,* PHTT* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
Y(5:V,&/*&,#&,/,(8*%($<*82,*066,18,9*V%(,/L*(%8*0$$*82,*V%(,/*8208*-,&,*#&,/,(8*'(*82,*/0:#$,ZH
* MTM'

?')5&,* PHTQ* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*/,"H* MTO'

?')5&,* PHTN* A2,* 9'/8&'V58'%(* %6* 120(),/* '(* 82,* $08,&0$* 6,:5&* 0(9* 82,* $08,&0$* 8'V'0* 6%&* 0$$* 82,* /'8,/*
1%:#0&,9*-'82*0),H* MTO'

?')5&,* THG* ;&,/,&408'%(* %6* 82,* V%(,/* '(* '(9'4'950$* KEjGS* FWGML* ;&,/,&4,9* V%(,/* 0&,* /209,9* 0(9*
0&&%-/*'(9'108,*#082%$%)'10$*$,/'%(/H* MTQ'

?')5&,*THM*.')28*%11'#'80$*1%(9<$,L*08$0/*0(9*0"'/*066,18,9*V<*,&%/'4,*$,/'%(/*YKEjGS*FgGMZH* MTN'
?')5&,* THO* 3H* D,68* #&%"':0$* 5$(0H* CH* D,68* 9'/80$* 5$(0* 0(9* 9'/80$* &09'5/H* EH* .09'%)&0#2* %6* 82,* $088,&*

/W,$,80$*,$,:,(8/*YKEjGSFWGMZH* MTU'
?')5&,*THR*Y3Ge*3Me*CGe*CMZ*.09'%)&0#2*%6*&')28*20(9*V,$%()'()*8%*'(9'4'950$*KEjGSFWGMe*/%:,*%6*82,*

,&%/'%(/*0&,*'(9'108,9*V<*-2'8,*0&&%-/H* MQO'
?')5&,* THP* ;&,/,&408'%(* %6* 82,* V%(,/* '(* '(9'4'950$* ?37US* GGPGH* F209,9* ,$,:,(8/* -,&,* #&,/,(8L*

/B50&,/*0(9*0&&%-/*'(9'108,9*$%108'%(*%6*$,/'%(/H* MQP'
?')5&,*THT*3H*D,68*#&%"':0$*2,09*%6*82,*5$(0e*CH*D,68*9'/80$*5$(0e*EH*K'/80$*&09'5/e*>(9'4'950$*?37US*GGPGH

* MQT'
?')5&,*THQ*3H*.')28*9'/80$*25:,&5/*0(9*#&%"':0$*5$(0*0(9*&09'5/e*CH*A2,*0(8,&'%&*0(9*#%/8,&'%&*4',-*%6*

82,*&')28*9'/80$*25:,&5/*Y?37US*GGPGZH* MQQ'
?')5&,*THN*A2,*&')28*#&%"':0$*5$(0H*3H*@,9'0$*4',-e*CH*;%/8,&'%&*4',-e*EH*F5#,&'%&*4',-*Y?37US*GGPGZH

* MQN'
?')5&,*THU*A2,*&')28*2,09*%6*82,*&09'5/H*3H*@,9'%`$08,&0$*4',-e*CH*F5#,&'%&*4',-H*Y?37US*GGPGZH* MQU'
?')5&,*THGS*3H*D,68*8&0#,r%'9*V%(,e*CH*;&%"':0$*4',-*%6*&')28*/10#2%'9*0(9*$5(08,*V%(,e*EH*K'/80$*4',-*

%6*&')28*/10#2%'9*0(9*$5(08,*V%(,/*Y?37US*GGPGZH* MNS'
?')5&,* THGG* 3H* @,9'%`$08,&0$* 0(9* /5#,&'%&* 4',-/* %6* 82,* 2,09* %6* 82,* $,68* 6'682* :,8010&#0$* V%(,e* CH*

3(8,&'%&*0(9*#%/8,&'%&*4',-*%6*82,*&')28*6'&/8*:,8010&#0$*Y?37US*GGPGZH* MNG'
?')5&,*THGM*.')28*#&%"':0$*20(9*#20$0("L*/,1%(9*%&*6%5&82*Y?37US*GGPGZH* MNM'
?')5&,*THGO*3H*D,68*6'&/8*:,8080&/0$L*CH*D,68*6'&/8*#&%"':0$*6%%8*#20$0("L*EH*D,68*6'&/8*9'/80$*6%%8*#20$0("*

Y?37US*GGPGZH* MNO'
?')5&,* THGR* 3H* @,9'0$* 0(9* #$0(80&* 4',-* %6* 82,* 2,09* %6* 82,* /,1%(9* :,8080&/0$e* CH* A2,* $,68* /,1%(9*

#&%"':0$*#20$0("*Y?37US*GGPGZH* MNR'
?')5&,*THGP*3H*D,68=*K%&/0$*4',-*%6*$,68*82'&9*@A*2,09L*:'99$,=*D08,&0$*4',-*%6*$,68*82'&9*@A*2,09L*&')28=*

/5#,&'%&*4',-*%6*$,68*82'&9*@A*2,09H*CH*D,68=*K%&/0$*4',-*%6*$,68*82'&9*#&%"':0$*#20$0("L*&')28*8%#=*
#&%"':0$* 4',-* %6* $,68* 82'&9* #&%"':0$* #20$0("L* &')28* V%88%:=* 9'/80$* 4',-* %6* $,68* 82'&9* #&%"':0$*
#20$0("H* MNP'

?')5&,*THGT*3H*K%&/0$* 0(9* /5#,&'%&* 4',-*%6* 82,*9'/80$* 2,09*%6* 82,* $,68* 6%5&82*:,8080&/0$H*CH* A2,* $,68*
6%5&82*#&%"':0$*6%%8*#20$0("L*9%&/0$*0(9*#&%"':0$*4',-/*Y?37US*GGPGZH* MNT'

?')5&,* THGQ* 3H* .')28* 6%%8=* ,&%/'4,* $,/'%(/* 0&,* #&,/,(8* '(* 82,* :,8080&/%#20$0(),0$* ^%'(8/e* CH* K'/80$*
0&8'15$0&* /5&601,/* %6* 82,* 82'&9* YCGZ* 6%5&82* YCMZ* 0(9* 6'682* YCOZ* :,8080&/0$* 2,09/e* EH* ;&%"':0$*
0&8'15$0&*/5&601,/*%6*82'&9*YEGZ*0(9*6%5&82*YEMZ*#&%"':0$*#20$0(),/*Y?37US*GGPGZH* MNN'

?')5&,*THGN*C%(,/*#&,/,(8* '(* '(9'4'950$*F.;UN*OSUGSH*F209,9*0&,0/*0&,*#&,/,(8L*0&&%-/*0(9*/B50&,/*
'(9'108,*$,/'%(/H* MUS'

?')5&,*THGU*.')28*25:,&0$*2,09L*40&'%5/*4',-/*YF.;UN*OSUGSZH* MUG'
?')5&,*THMS*D,68*82'&9*:,8010&#0$L*40&'%5/*4',-/*YF.;UN*OSUGSZH* MUM'
?')5&,*THMG*.')28*(04'15$0&*V%(,*YF.;UN*OSUGSZH* MUO'
?')5&,*THMM*3*@,9'0$*/'9,*%6*82,*$,68*6'&/8*:,8080&/0$e*CH*@,9'0$*/'9,*%6*82,*&')28*6'&/8*:,8080&/0$*YF.;UN*

OSUGSZH* MUO'
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?')5&,*THMO*.')28*6'682*:,8080&/0$L*$08,&0$*0(9*/5#,&'%&*4',-/*YF.;UN*OSUGSZH* MUR'
?')5&,*THMR*C%(,/*#&,/,(8* '(* '(9'4'950$*F.;UN*GGOQGH*F209,9*0&,0/*0&,*#&,/,(8L*0&&%-/*0(9*/B50&,/*

'(9'108,*$,/'%(/H* MUP'
?')5&,*THMP*A2,*$,68*0(9*&')28*:0(9'V5$0&*6%//0,*0(9*1%(9<$,/*YF.;UN*GGOQGZH* MUT'
?')5&,*THMT*j',-/*%6*82,*&')28*)$,(%'9*6%//0*0(9*82,*$,68*0(9*&')28*25:,&0$*2,09/H*YF.;UN*GGOQGZH* MUQ'
?')5&,* THMQ* 3GoMH* A2,* $,68* 0(9* &')28* 9'/80$* 25:,&'e* CH* A2,* $,68* #&%"':0$* 5$(0e* EH* A2,* $,68* 0(9* &')28*

#&%"':0$*&09'5/*YF.;US*GGOQGZH* MUU'
?')5&,*THMN*A2,*&')28*0(9*$,68*#&%"':0$*8'V'0,H*YF.;UN*GGOQGZH* OSS'
?')5&,* THMU* 3H* K'/80$* $,68* 0(9* &')28* &09''e* CH* A2,* $,68* 9'/80$* &09'5/e* EH* A2,* &')28* 9'/80$* &09'5/* YF.;UN*

GGOQGZH* OSG'
?')5&,*THOS*3H*D,68*:,80&10#0$/*0(9*#20$0(),/e*,&%/'%(/*0&,*#&,/,(8*'(*82,*#&%"':0$*0(9*9'/80$*,(9/*%6*

82,*:,8010&#0$/*0(9*82,*#&%"':0$*,(9/*%6*82,*#&%"':0$*#20$0(),/e*CH*;&%"':0$*0(9*9'/80$*,(9/*
%6*82,*6'&/8*:,8010&#0$*V%(,/e*EH*K'/80$*#0&8*%6*82,*2,09*%6*82,*/,1%(9*:,8010&#0$*0(9*#&%"':0$*
,(9*%6*82,*/,1%(9*#&%"':0$*#20$0("*YF.;UN*GGOQGZH* OSM'

?')5&,* THOG* 3* .')28* :,8010&#0$/* 0(9* #20$0(),/L* -2'8,* 0&&%-/* '(9'108,* 82,* $%108'%(* %6* /%:,* %6* 82,*
,&%/'%(/e*CH*A2,*&')28*#&%"':0$*,(9*%6*6'&/8*:,8010&#0$e*EH*9'/80$*,(9*%6*&')28*/,1%(9*:,8010&#0$e*
KH*;&%"':0$*,(9*%6*&')28*#&%"':0$*#20$0("e*!H*;&%"':0$*,(9*%6*&')28*'(8,&:,9'08,*#20$0("*YF.;UN*
GGOQGZH* OSR'

?')5&,* THOM* C%(,/* #&,/,(8* '(* '(9'4'950$* C5X* MQGGH* F209,9* 0&,0/* 0&,* #&,/,(8L* 0&&%-/* 0(9* /B50&,/*
'(9'108,*$,/'%(/H* OSP'

?')5&,*THOO*CG`OH*F5#,&'%&*0(9*'(6,&'%&*4',-/*%6*08$0/L*0(9*0*&09'%)&0#2*%6*82,*08$0/e*CG`OH*F5#,&'%&*0(9*
0(8,&'%&*4',-/*%6*0"'/*0(9*O&9*1,&4'10$*4,&8,V&0L*0(9*0*&09'%)&0#2*%6*82,/,*,$,:,(8/*YC5X*MQGGZH
* OSQ'

?')5&,*THOR*3G`OH* A2,* /'"82*0(9* /,4,(82* 82%&01'1* 4,&8,V&0,*s* &09'%)&0#2e*CG`OH* A2,* 6%5&82*0(9* 6'682*
$5:V0&*4,&8,V&0,*s*&09'%)&0#2*YC5XMQGGZH* OSU'

?')5&,*THOP*3H*D,68*01&%:'%(*#&%1,//L*CH*$,68*0(9*&')28*2,09/*%6*82,*25:,&5/*YC5XMQGGZH* OGS'
?')5&,*THOT*3H*D,68*9'/80$*25:,&5/*0(9*#&%"':0$*5$(0*0(9*&09'5/e*CH*D,68*9'/80$*25:,&5/*s*&09'%)&0#2e*EH*

D,68*0(9*&')28*5$(0*s*&09'%)&0#2*%6*82,*$,68*5$(0e*KH*D,68*#&%"':0$*&09'5/*s*&09'%)&0#2*YC5X*MQGGZH
* OGM'

?')5&,*THOQ*3H*A2,*$,68*9'/80$*&09'5/*s*&09'%)&0#2e*CH*A2,*&')28*9'/80$*&09'5/*s*&09'%)&0#2*YC5X*MQGGZH
* OGO'

?')5&,*THON*3H*A2,*$,68*20(9e*-2'8,*0&&%-/*'(9'108,*82,*$%108'%(*%6*,&%/'%(/e*CH*A2,*&')28*20(9e*-2'8,*
0&&%-/* 0(9* /B50&,/* '(9'108,* 82,* ,&%/'%(/e* EH* ;&%"':0$* 0&8'15$0&* /5&601,/* %6* 82'&9* 0(9* 6'682*
:,8010&#0$/e*KH*X,09*%6*82,*82'&9*:,8010&#0$*YC5X*MQGGZH* OGP'

?')5&,*THOU*3H*D,68*82'&9*#&%"':0$*20(9*#20$0("e*CH*#&%"':0$*,(9/*%6*#&%"':0$*&')28*20(9*#20$0(),/e*EH*
K'/80$*,(9/*%6*82,*&')28*#&%"':0$*20(9*#20$0(),/e*KH*#&%"':0$*,(9/*%6*&')28* '(8,&:,9'08,*20(9*
#20$0(),/*YC5X*MQGGZH* OGT'

?')5&,*THRS*3GoMH*.')28*15V%'9*V%(,e*CH*.')28*(04'15$0&*V%(,e*CH*?'&/8*15(,'6%&:*V%(,e*KH*.09'%)&0#2*
%6*&')28*80&/0$*V%(,/*YC5X*MQGGZH* OGN'

?')5&,*THRG**3H*D,68*6%%8e*CH*.')28*6%%8e*EHG`O*D,68*:,8080&/0$/L*#&%"':0$*/'9,*0(9*82,*2,09/e*KH*;&%"':0$*
,(9/*%6*82,*&')28*:,8080&/0$/e*!H*D,68*0(9*&')28*2,09*%6*82,*6'&/8*:,8080&/0$/e*?H*X,09*%6*82,*&')28*
6%5&82*:,8080&/0$e*[HGoM*;&%"':0$*/'9,*0(9*2,09*%6*82,*&')28*6'682*:,8080&/0$e*XHG`O*.')28*6'&/8*
#&%"':0$*#20$0("L*#&%"':0$*/'9,*0(9*2,09H* OMM'

?')5&,* QHG* A2,* A;./* %6* KJE* '(* 82,* ?,-/8%(L* C0&8%(`5#%(`X5:V,&* 0(9* 5&V0(* YX0()'()* K'812L* E%012*
D0(,*0(9*E%&%(08'%(*F8&,,8Z*#%#5$08'%(*/0:#$,/H* OOQ'

?')5&,*QHM*A2,*A;./*%6*%/8,%0&82&'8'/* '(* 82,* &5&0$* Y?,-/8%(ZL* &5&0$c5&V0(* YC0&8%(`5#%(`X5:V,&Z*0(9*
5&V0(*YX0()'()*K'812L*E%012*D0(,*0(9*E%&%(08'%(*F8&,,8Z*#%#5$08'%(*/0:#$,/H* OOQ'

?')5&,*QHO*7/8,%0&82&'8'/* 9'/8&'V58'%(* '(* 82,*9'66,&,(8* ^%'(8/* 6%&*:0$,/* 0(9* '(* 82,*(%&82,&(* &5&0$* 0(9*
5&V0(* #%#5$08'%(/L* '(* F8* @0&<]/* 0(9* F8* @'120,$]/L* C%-]/* C0#8'/8* 0(9* F2,,(]/* V5&'0$* )&%5(9*
Y5&V0(L*D%(9%(ZH* ORS'

?')5&,*QHR*7/8,%0&82&'8'/*9'/8&'V58'%(*'(*82,*9'66,&,(8*^%'(8/*6%&*6,:0$,/*0(9*'(*82,*(%&82,&(*&5&0$*0(9*
5&V0(* #%#5$08'%(/L* '(* F8* @0&<]/* 0(9* F8* @'120,$]/L* C%-]/* C0#8'/8* 0(9* F2,,(]/* V5&'0$* )&%5(9*
Y5&V0(L*D%(9%(ZH* ORG'

?')5&,* QHP*74,&4',-*%6* 82,*:%/8* 1%::%(*2'#*:')&08'%(* #088,&(/* '(* 1$'('10$* &,/,0&12H* ?%&* ,012L* 82,*
:%/8* 1%::%($<* 066,18,9* /,"* 0(9* 9'/8&'V58'%(* '/* /2%-(* Y3V2'/2,W* 0(9* K%2,&8<* MSGOL* GGNSe*
.,/('1W*0(9*g&0(/9%&6*MSSPL*OQQ`UZH* OPR'

?')5&,*QHT*[&04,*:%(5:,(8*%6*J%/,#2*K0&(V&%%W*0(9*2'/*-'6,*@0&<*'(*82,*1,:,8,&<*%6*F8*@'120,$*0(9*
F8* D0-&,(1,]/* 125&12L* ?,-/8%(H* Yh[&020:* +,-V<* Y#2%8%)&0#2,&ZL* ':0),* &,#&%951,9* -'82*
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#,&:'//'%(*%6*E20&$,/*F0$,*0(9*[&04,/8%(,*;2%8%)&0#2'1*.,/%5&1,*-,V/'8,H*[;.*)&04,*(5:V,&*
RSOON*t*':0),*(0:,*SGUTZH* OTM'

?')5&,*QHQ*3H*.')28*0(9*D,68*01,80V5$'*%6*'(9'4'950$*OSQL*?,-/8%(H*e*CH*.')28*)$,(%'9*6%//0*0(9*2,09*%6*
82,*25:,&5/*6&%:*'(9'4'950$*OSQL*?,-/8%(H* OTO'

?')5&,*QHN*31&%:'%(*:%&#2%$%)<H*Y0Z*A<#,*G*6$08L*YVZ*A<#,*M*15&4,9*0(9*Y1Z*A<#,*O*2%%W,9H*YK&0-'()*V<*
KH* E&0#/L* V0/,9* %(* ':0),* 6&%:=* h* 288#=cc---H0&82&'8'/&,/,0&125WH%&)c2,0$82`#&%6,//'%(0$/`
0(9`/859,(8/c&,#%&8/c8%#'10$`&,4',-/c8%#'10$`&,4',-/`0585:(`MSGSH0/#"e* 1%(/5$8,9*
SQcSNcMSGRZH* OTQ'

?')5&,* QHU* 3H* A2,* )$,(%25:,&0$* ^%'(8e* CH* A2,* $')0:,(8/* 0(9* :5/1$,/* /5&&%5(9'()* 82,* )$,(%25:,&0$*
^%'(8e*EH*A2,*2'#*J%'(8e*KH*A2,*$')0:,(8/*0(9*:5/1$,/*/5&&%5(9'()*82,*2'#*^%'(8*YK&0-'()/*V<*KH*
E&0#/ZH* OQP'

?')5&,*QHGS*3*A2,*:5/1$,/*0(9*$')0:,(8/*%6*82,*2'#*^%'(8e*CH*A2,*9'66,&,(8*6%&1,*4,18%&/*8208*018*5#%(*
82,*2'#*^%'(8H*YK&0-'()/*V<*KH*E&0#/ZH* OQQ'

?')5&,* QHGG* 3* A2,* :5/1$,/* 0(9* $')0:,(8/* %6* 82,* )$,(%25:,&0$* ^%'(8e* CH* A2,* 9'66,&,(8* 6%&1,* 4,18%&/*
&,$08,9*8%*82,*:5/1$,/*8208*018*5#%(*82,*)$,(%25:,&0$*^%'(8H*YK&0-'()/*V<*KH*E&0#/ZH* OQN'

?')5&,*QHGM*K'/8&'V58'%(*%6*#082%$%)'10$*$,/'%(/*'(*82,*/W,$,80$*,$,:,(8/*%6*82,*)$,(%25:,&0$*0(9*2'#*
^%'(8/*'(*?,-/8%(H* OQU'

?')5&,*QHGO*K'/8&'V58'%(*%6*#082%$%)'10$*$,/'%(/*'(*82,*/W,$,80$*,$,:,(8/*%6*82,*)$,(%25:,&0$*0(9*2'#*
^%'(8/*'(*C0&8%(`5#%(`X5:V,&H* ONS'

?')5&,*QHGR*K'/8&'V58'%(*%6*#082%$%)'10$*$,/'%(/*'(*82,*/W,$,80$*,$,:,(8/*%6*82,*)$,(%25:,&0$*0(9*2'#*
^%'(8/*'(*X0()'()*K'812H* ONS'

?')5&,*QHGP*K'/8&'V58'%(*%6*#082%$%)'10$*$,/'%(/*'(*82,*/W,$,80$*,$,:,(8/*%6*82,*)$,(%25:,&0$*0(9*2'#*
^%'(8/*'(*E%012*D0(,H* ONS'

?')5&,*QHGT*K'/8&'V58'%(*%6*#082%$%)'10$*$,/'%(/*'(*82,*/W,$,80$*,$,:,(8/*%6*82,*)$,(%25:,&0$*0(9*2'#*
^%'(8/*'(*E%&%(08'%(*F8&,,8H* ONG'

?')5&,*NHG*A2,*$,68*9'/80$*&09'5/*0(9*5$(0*%6*KEjGS*FgGM*Y;2%8%)&0#2*V<*KH*E&0#/ZH* OUO'
?')5&,*NHM*A2,*$,68*9'/80$*5$(0*Y3Z*0(9*$,68*9'/80$*&09'5/*YCZ*%6*?37US*GGPG*Y;2%8%)&0#2/*V<*KH*E&0#/ZH

* OUR'
?')5&,*NHO*A2,*$,68*Y3Z*0(9*&')28*YCZ*9'/80$*&09''*%6*F.;UN*GGOQG*Y;2%8%)&0#2/*V<*KH*E&0#/ZH* OUR'
?')5&,* NHR* A2,* $,68* Y3Z* 0(9* &')28* YCZ* 9'/80$* &09'5/* 0(9* 5$(0* %6* '(9'4'950$* MQGG* C0&8%(`5#%(`X5:V,&*

Y#2%8%)&0#2/*V<*KH*E&0#/ZH* OUR'
?')5&,* NHP* [&09,/* %6* &09'5/* ,&%/'%(e* 8%#* ':0),/* 0&,* 1%&%(0$* /,18'%(/* 0(9* V%88%:* ':0),/* 0&,* 0"'0$H*

D')28*)&,<*'/*V%(,*0(9*82,*90&W,&*)&,<*1%$%5&/*&,#&,/,(8*)&0950$*V%(,*$%//*YK&0-'()/*V<*KH*E&0#/*
0(9*V0/,9*%(*':0),/*6&%:*h!^V^,&)*,8*0$H*MSSPL*'OT`'OQZH* OUP'

?')5&,* NHT* A2,* $,68* 10&#0$/* 6&%:* KEjGS* FgGML* 6&%:* $,68* 8%* &')28=* /10#2%'9L* 8&0#,r'5:L* 10#'808,* 0(9*
20:08,*Y#2%8%)&0#2/*V<*KH*E&0#/ZH* OUT'

?')5&,*NHQ*E0&#0$*V%(,/* 6&%:* '(9'4'950$/*?37US*GGPGH*3H*D,68* 8&0#,r%'9*V%(,H*CH*.')28*/10#2%'9*0(9*
$5(08,*V%(,/*Y#2%8%)&0#2/*V<*KH*E&0#/ZH* OUT'

?')5&,*NHN*[&09,/*%6*:,8010&#0$*2,09*,&%/'%(e*8%#*':0),/*0&,*1%&%(0$*/,18'%(/*0(9*V%88%:*':0),/*0&,*
0"'0$* /,18'%(/H* D')28* )&,<* '/* V%(,* 0(9* 82,* 90&W,&* )&,<* 1%$%5&/* &,#&,/,(8* )&0950$* V%(,* $%//*
YK&0-'()/*V<*KH*E&0#/L*V0/,9*%(*@.>*':0),/*6&%:*h*E%()020(*,8*0$H*MSSPL*'GT`'GQZH* OUN'

?')5&,*NHU*.')28*:,8010&#0$*2,09/*0(9*#&%"':0$*#20$0(),0$*0&8'15$08'%(/*6&%:*'(9'4'950$*KEjGS*FgGMH
* OUU'

?')5&,*NHGS*D,68*:,8010&#0$/*0(9*#&%"':0$*#20$0(),0$*0&8'15$08'%(/*6&%:*'(9'4'950$*KEjGS*FgGMH* OUU'
?')5&,*NHGG*.')28*6'&/8*:,8010&#0$*Y3Z*0(9*$,68*6'682*:,8010&#0$*YCZ*6&%:*'(9'4'950$*?37US*GGPGH* OUU'
?')5&,*NHGM*?&%:* $,68* 8%* &')28=* 82,* $,68*:,8010&#0$/*0(9*#20$0("*0(9*82,(*82,*&')28*:,8010&#0$/*0(9*

#20$0(),/*6&%:*'(9'4'950$*F.;UN*GGOQGH* RSS'
?')5&,*NHGO*A2,*$,68*0(9*&')28*20(9*%6*'(9'4'950$*MQGG*6&%:*C0&8%(`5#%(`X5:V,&*Y;2%8%)&0#2/*V<*KH*

E&0#/ZH* RSS'
?')5&,*NHGR*3H*KEjGS*FgGM*D,68*#&%"':0$*5$(0e*CH* ?37GGPG*D,68*#&%"':0$*5$(0e*EH* ?37US*GGPG*.')28*

#&%"':0$*5$(0e*KH*F;.US*GGOQG*D,68*#&%"':0$*5$(0e*KH*C0&8%(`5#%(`X5:V,&*MQGG*D,68*#&%"':0$*
5$(0H*>:0),/*V<*KH*E&0#/H* RSG'

?')5&,* NHGPh*@1g'((%(*,8* 0$H* MSGO=* ?')5&,* ML* #HGMO=*.')28* 0(9* $,68* 5$(0,L* #2%8%)&0#2*V<*.H* C0$9&<H*
;,&:'//'%(*8%*&,#&%951,*82'/*':0),*6&%:*!$/,4',&L*$'1,(/,*(5:V,&=*OTGGNMGOPQSSPH* RSM'

?')5&,*NHGT*h*7&8(,&*0(9*\8,&:%2$,*GUNGL*?')5&,*OL*#HMT=*D,68*0(9*&')28*#&%"':0$*5$(0,H*;,&:'//'%(*8%*
&,#&%951,*82'/*':0),*6&%:*J%2(*b'$,<*0(9*F%(/L*$'1,(/,*(5:V,&=*OTGGNOSGQOSTQH* RSO'

?')5&,*NHGQ*KEjGS*FgGM*5##,&*1,&4'10$*&,)'%(*0(9*%11'#'80$*1%(9<$,/*066,18,9*V<*,&%/'4,*$,/'%(/H* RST'
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?')5&,*NHGN*C0&8%(`5#%(`X5:V,&*MQGG=*3H* >(6,&'%&*0&8'15$08'%(/*%(*EG*066,18,9*V<*,&%/'4,* $,/'%(/H*CH*
F5#,&'%&*4',-*%6*EM*-'82*,&%/'4,*$,/'%(/*066,18'()*V%82*0&8'15$0&*/5&601,/H*EH*j',-*%6*EM`EO*-'82*
9,6%&:'8',/*#&,/,(8*08*82,*9,(/H* RST'

?')5&,*NHGU*K&0-'()*%6* $08,&0$*08$0(8%`0"'0$*9'/$%108'%(*YV<*KH*E&0#/L*V0/,9*%(*C%512059`E20V%8*0(9*
D'%8l*MSSML*GROZH* RSQ'

?')5&,* NHMS* D,68* :,8080&/0$* V%(,/* 6&%:* '(9'4'950$* ?37US* GGPGH* 3H* F,1%(9* @AL* CH* A2'&9* @A* 0(9* EH*
?%5&82*@A*Y;2%8%)&0#2/*V<*KH*E&0#/ZH* RSN'

?')5&,*NHMG*.')28*6%%8*%6*'(9'4'950$*?37US*GGPG*Y;2%8%)&0#2/*V<*KH*E&0#/ZH* RSU'
?')5&,* NHMM* D,68* :,8080&/0$* V%(,/* %6* '(9'4'950$* MQGG* 6&%:* C0&8%(`5#%(`X5:V,&H* >(1$59,/* 82,* 6'&/8L*

/,1%(9L*6%5&82*0(9*6'682*:,8080&/0$*V%(,/*Y;2%8%)&0#2*V<*KH*E&0#/ZH* RSU'
?')5&,* NHMO* @,8080&/0$* V%(,/* 6&%:* '(9'4'950$* F.;UN* OSUGSH* 3H* D,68* 6'&/8* :,8080&/0$L* CH* .')28* 6'&/8*

:,8080&/0$*0(9*EH*.')28*6'682*:,8080&/0$*Y;2%8%)&0#2/*V<*KH*E&0#/ZH* RGS'
?')5&,*NHMR*[&09,/*%6* &09'5/*,&%/'%(e* 8%#* ':0),/*0&,* 1%&%(0$* /,18'%(/*0(9*V%88%:* ':0),/*0&,*0"'0$H*

D')28*)&,<*'/*V%(,*0(9*82,*90&W,&*)&,<*1%$%5&/*&,#&,/,(8*)&0950$*V%(,*$%//*YK&0-'()/*V<*KH*E&0#/*
0(9*V0/,9*%(*':0),/*6&%:*h!^V^,&)*,8*0$H*MSSPL*'OT`'OQZH* RMM'

?')5&,*NHMP*[&09,/*%6*:,8010&#0$*2,09*,&%/'%(e*8%#* ':0),/*0&,*1%&%(0$*/,18'%(/*0(9*V%88%:*':0),/*
0&,*0"'0$H*D')28*)&,<*'/*V%(,*0(9*82,*90&W,&*)&,<*1%$%5&/*&,#&,/,(8*)&0950$*V%(,*$%//*YK&0-'()/*
V<*KH*E&0#/*0(9*V0/,9*%(*':0),/*6&%:*hE%(0)20(*,8*0$H*MSSPL*'GT`'GQZH* RMO'

?')5&,*NHMT*D%-,&*)&09,/*%6*$5(08,*0(9*10#'808,*,&%/'%(/e*8%#*':0),/*0&,*1%&%(0$*/,18'%(/*0(9*V%88%:*
':0),/* 0&,* 0"'0$H* D')28* )&,<* '/* V%(,* 0(9* 82,* 90&W,&* )&,<* 1%$%5&/* &,#&,/,(8* )&0950$* V%(,* $%//*
YK&0-'()/*V<*KH*E&0#/*0(9*V0/,9*%(*':0),/*6&%:*h!^V^,&)*,8*0$H*MSSPL*'RS*o*'RMZH* RMO'

'
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D>FA*7?*A3CD!F*
A0V$,*MHG*F5::0&<*%6* 82,* 1$'('10$* /<:#8%:/*0(9* /')(/*%6*%/8,%0&82&'8'/* Y7k.,'$$<*0(9*K%2,&8<*MSSOL*

#HGUQZH* ON'
A0V$,*MHM*74,&4',-*%6*%/8,%0&82&'8'1*120(),/*%V/,&4,9*%(*&09'%)&0#2/H* RM'
A0V$,*MHO*7/8,%$%)'10$*6,085&,/*%6*%/8,%0&82&'8'/*'(*#0$0,%#082%$%)<H* RP'
A0V$,* MHR* A0V$,* %6* &09'%)&0#2'1* %/8,%0&82&'8'/* #&,40$,(1,* &08,/* 6&%:* ;,&,'&0* ,8* 0$H* YMSGGZH* ?%&* ,012*

^%'(8*82,*#&,40$,(1,*&0(),*YpZ*'/*)'4,(H*b2,&,*%($<*%(,*#,&1,(80),*'/*)'4,(*82,&,*-0/*%($<*%(,*
/859<*'(*82,*0&8'1$,H* PR'

A0V$,*OHG*A2,*#082%$%)'10$*0(9*&09'%)&0#2'1*/')(/*%6*&2,5:08%'9*0&82&'8'/*0(9*82,*120(),/*4'/'V$,*%(*
9&<*V%(,*YC0/,9*%(*.,/('1W*0(9*g&0(/9%&6*MSSPL*#HMSUZH* QU'

A0V$,*OHM*;0'(8'()/*'9,(8'6',9*8%*204,*#%8,(8'0$*&2,5:08'1*20(9/*YK,B5,1W,&*GUQQL*GUUGZH* US'
A0V$,*OHO*;0'(8'()/*V<*;,8,&*;05$*.5V,(/*/2%-'()*20(9*0(9*-&'/8*9,6%&:'8',/*Y3##,$V%%:*MSSPL*TNG`

TNMe*a,0#*MSSUL*ORR`ORPZH* UR'
A0V$,*OHR*E2&%(%$%)'10$*%4,&4',-*%6*#5V$'/2,9*#0$0,%#082%$%)'10$*10/,/*%6*&2,5:08%'9*0&82&'8'/H* GSS'
A0V$,* RHG* 74,&4',-* %6* 82,* 12&%(%$%)'10$* /80&8* 0(9* ,(9* 908,/* 6%&* ,012* 1,:,8,&<* '(1$59,9* '(* 82,*

%/8,%0&82&'8'/* &,/,0&12* #&%^,18H* 3$$* 908,/* 0&,* 0##&%"':08'%(/L* 0/* (%* ,"018* 908,/* 1%5$9* V,*
#&%4'9,9H* GST'

A0V$,*RHM* F0:#$,*%6* 095$8* '(9'4'950$/* 0(0$</,9*V<*E066,$$* 0(9*X%$/8* YMSGSL*GQ`GNZ* 6&%:* 82,*?,-/8%(*
#%#5$08'%(H* GSQ'

A0V$,*RHO*3),/*#&%4'9,9*V<*!()$'/2*2,&'80),*9080V0/,*6%&*82,*/,$,18,9*'(9'4'950$/*6&%:*C0&8%(`5#%(`
X5:V,&H* GSU'

A0V$,*RHR*3),*0(9*/,"*9'/8&'V58'%(*0(0$</'/*%6*82,*E%012*D0(,*#%#5$08'%(*#&,/,(8,9*'(*82,*,"10408'%(*
&,#%&8*YD0()82%&(,*MSGML*RP`RTZH* GGO'

A0V$,*RHP*3),*0(9*/,"*9'/8&'V58'%(*#&%4'9,9*'(*82,*,"10408'%(*&,#%&8*6&%:*F%582*F2',$9/*Y.0<(%&*,8*0$H*
MSGGL*RPZH* GGP'

A0V$,*RHT*74,&4',-*%6*82,*10/,/*8208*-,&,*/#,1'6'10$$<*/,$,18,9*6%&*,"0:'(08'%(* '(*82'/*;2K*&,/,0&12*
#&%^,18H* GGU'

A0V$,*RHQ*A2,*-%&W'()*9,6'('8'%(*6%&*82,*9'0)(%/'/*%6*%/8,%0&82&'8'/*0(9*9,),(,&08'4,*^%'(8*120(),H*GMO'
A0V$,*RHN*74,&4',-*%6*82,*^%'(8*/5&601,/*0(9*V%(,/*8208*204,*V,,(*&,1%&9,9*6%&*82'/*&,/,0&12H* GMQ'
A0V$,*RHU*!"0:#$,*%6* 82,* &,1%&9'()*:,82%9*5/,9* 6%&* 82'/*#&%^,18* 6%15//'()*%(* 82,*01&%:'%1$04'15$0&*

0(9*)$,(%25:,&0$*^%'(8/H*3c;=*3V/,(8*%&*;&,/,(8e*!C=*!V5&(08'%(e*E7=*1,(8&0$*%/8,%#2<8,/e*@7=*
@0&)'(0$*%/8,%#2<8,/e*@01&%*;7=*@01&%*#%&%/'8<e*@'1&%*;7=*@'1&%*#%&%/'8<e*JEE=*J%'(8*1%(8%5&*
120(),e*73c*KJE=*7/8,%0&82&'8'/*%&*K,),(,&08'4,*J%'(8*E20(),H* GMN'

A0V$,*RHGS*A2,*(5:V,&/*&,#&,/,(8*,012*%6*82,*6'(),&/L*0(9*82,*$,88,&/*&,#&,/,(8*82,'&*#%/'8'%(*%(*82,*
&0<H* GOS'

A0V$,*RHGG*A2,*/,8*%6*9'0)(%/8'1*1&'8,&'0*6%&*&2,5:08%'9*0&82&'8'/*'(*#0$0,%#082%$%)<H* GOU'
A0V$,*PHG*K'/8&'V58'%(*%6* '(9'4'950$/*V,8-,,(*82,*/,"*108,)%&',/* '(* 82,*/,#0&08,*/'8,/* YC5Xn*C0&8%(`

5#%(`X5:V,&e* XKn* X0()'()* K'812e* EDn* E%012* D0(,e* EFn* E%&%(08'%(* F8&,,8e* (n* (5:V,&* %6*
'(9'4'950$/ZH* GRM'

A0V$,*PHM*K'/8&'V58'%(*%6*'(9'4'950$/*V,8-,,(*82,*0),*108,)%&',/*'(*/,#0&08,*/'8,/H* GRM'
A0V$,*PHO*74,&4',-*%6*82,*(5:V,&*%6*'(9'4'950$/*'(*,012*/,#0&08,*/'8,*/5V9'4'9,9*V<*0),*0(9*82,(*V<*

/,"H*+n*+5:V,&*%6*'(9'4'950$/e*pn*;&,40$,(1,*YC5Xn*C0&8%(`5#%(`X5:V,&e*XKn*X0()'()*K'812e*
EDn*E%012*D0(,e*EFn*E%&%(08'%(*F8&,,8ZH* GRO'

A0V$,* PHR* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
8,:#%&%:0(9'V5$0&*^%'(8H* GRU'

A0V$,*PHP*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
8,:#%&%:0(9'V5$0&*^%'(8H* GPS'

A0V$,*PHT*F808'/8'10$*/')('6'10(1,*8,/8*%6* 82,*8,:#%&%:0(9'V5$0&* ^%'(8*&,/5$8/*5/'()*82,*?'/2,&]/*!"018*
8,/8H*A2,*E&0:,&]/*j*8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GPS'

A0V$,*PHQ*F808'/8'10$*/')('6'10(1,*8,/8/*%6*&5&0$*0(9*5&V0(*8,:#%&%:0(9'V5$0&*^%'(8*9,),(,&08'%(*5/'()*
?'/2,&]/*!"018*8,/8H*A2,*E&0:,&]/*j*8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GPG'

A0V$,* PHN* +5:V,&* %6* 10/,/* Y+&Z* %6* 9,),(,&08'%(* YEZ* 0(9* 8%80$* /0:#$,* 6%&* 0(0$</'/* YAZ* 0(9* A;./* YpZ*
1%:#0&,9*-'82*/,"*Y@n*@0$,e*\n*\(W(%-(*095$8e*?n*?,:0$,Z*6%&*82,*8,:#%&%:0(9'V5$0&*^%'(8*
'(*82,*/,#0&08,*/'8,/H* GPM'

A0V$,* PHU* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* 0(9* 8%80$* '(9'4'950$/* 6%&* 0(0$</'/* YAZ* 0(9* A;./* YpZ*
1%:#0&,9*-'82*0),*6%&*82,*8,:#%&%:0(9'V5$0&*^%'(8*6%&*,012*/'8,H* GPP'

A0V$,* PHGS* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
01&%:'%1$04'15$0&*^%'(8H* GPQ'
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A0V$,*PHGG*+5:V,&*%6*10/,/*Y+Z*%6*KJE*0(9*%/8,%0&82&'8'/*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*
6%&*82,*01&%:'%1$04'15$0&*^%'(8H* GPQ'

A0V$,*PHGM*>(9'4'950$*/'8,/=*01&%:'%1$04'15$0&*KJE*&,/5$8/*6&%:*82,*?'/2,&]/*!"018*8,/8H*A2,*E&0:,&]/*j*
8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GPN'

A0V$,* PHGO* F808'/8'10$* /')('6'10(1,* %6* KJE* '(* 82,* 01&%:'%1$04'15$0&* ^%'(8* '(* &5&0$* 0(9* 5&V0(* /'8,/H*
E&0:,&]/*j*8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GPN'

A0V$,* PHGR* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*01&%:'%1$04'15$0&*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GPU'

A0V$,* PHGP* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*01&%:'%1$04'15$0&*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GTS'

A0V$,* PHGT* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* %6* 82,*
)$,(%25:,&0$*^%'(8H* GTM'

A0V$,*PHGQ*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
)$,(%25:,&0$*^%'(8H* GTO'

A0V$,*PHGN*F808'/8'10$*/')('6'10(1,*6%&*KJE* '(*82,*)$,(%25:,&0$* ^%'(8* '(*82,*/,#0&08,*/'8,/H*E&0:,&]/*j*
8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GTR'

A0V$,*PHGU*F808'/8'10$* /')('6'10(1,* 6%&* &%808%&* 1566* 120(),/* '(* 82,*)$,(%25:,&0$* ^%'(8* '(* 82,* /,#0&08,*
/'8,/H*E&0:,&]/*j*8,/8*&,/5$8/*0&,*V,8-,,(*V&01W,8/H* GTR'

A0V$,*PHMS*F808'/8'10$*/')('6'10(1,*V,8-,,(*0),*%&*/,"*0(9*KJE*%&*&%808%&*1566*120(),/*6%&*82,*&5&0$*0(9*
5&V0(*#%#5$08'%(/H* GTR'

A0V$,* PHMG* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*)$,(%25:,&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GTP'

A0V$,* PHMM* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*)$,(%25:,&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GTQ'

A0V$,* PHMO* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
:,9'0$*,$V%-*^%'(8H* GTU'

A0V$,*PHMR*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
:,9'0$*,$V%-H* GQS'

A0V$,*PHMP*F808'/8'10$*/')('6'10(1,*V,8-,,(*0),*%&*/,"*0(9*KJE*'(*82,*/,#0&08,*/'8,/H* GQS'
A0V$,*PHMT*F808'/8'10$*/')('6'10(1,*V,8-,,(*0),*%&*/,"*0(9*KJE*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GQG'
A0V$,* PHMQ* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*

A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*:,9'0$*,$V%-*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GQM'
A0V$,* PHMN* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*

A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*:,9'0$*,$V%-*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GQO'
A0V$,* PHMU* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*

$08,&0$*,$V%-* GQP'
A0V$,*PHOS*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*

$08,&0$*,$V%-*^%'(8H* GQT'
A0V$,*PHOG*F808'/8'10$*/')('6'10(1,*V,8-,,(*0),*%&*/,"*0(9*KJE*'(*82,*$08,&0$*,$V%-*'(*82,*/,#0&08,*/'8,/H

* GQT'
A0V$,*PHOM*F808'/8'10$*/')('6'10(1,*V,8-,,(*0),*%&*/,"*0(9*73*'(*82,*$08,&0$*,$V%-*'(*82,*/,#0&08,*/'8,/H

* GQQ'
A0V$,* PHOO* F808'/8'10$* /')('6'10(1,* V,8-,,(* 0),* %&* /,"* 0(9* 73* '(* 82,* $08,&0$* ,$V%-* '(* 82,* &5&0$* 0(9*

5&V0(*/'8,/H* GQQ'
A0V$,* PHOR* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*

A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*$08,&0$*,$V%-*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GQN'
A0V$,* PHOP* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*

A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*$08,&0$*,$V%-*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GQU'
A0V$,* PHOT* +5:V,&* %6* 10/,/* Y+Z* 0(9* #,&1,(80),/* YpZ* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$*

9,),(,&08'%(*6%&*/'8,*/#,1'6'1*A;./*6%&*82,*,$V%-*^%'(8H* GNG'
A0V$,* PHOQ* +5:V,&* %6* 10/,/* Y+Z* 0(9* #,&1,(80),/* YpZ* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$*

9,),(,&08'%(*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*,$V%-*^%'(8H* GNM'
A0V$,*PHON*F808'/8'10$*/')('6'10(1,*%6*5('$08,&0$cV'$08,&0$*9,),(,&08'%(*'(*82,*,$V%-*^%'(8/*-'82*/,"*0(9*

0),*'(*82,*/,#0&08,*/'8,/H* GNM'
A0V$,*PHOU*F808'/8'10$*/')('6'10(1,*%6*5('$08,&0$cV'$08,&0$*9,),(,&08'%(*'(*82,*,$V%-*^%'(8/*-'82*/,"*0(9*

0),*'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GNM'
A0V$,*PHRS*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*/'8,*/#,1'6'1*A;./*6%&*82,*2'#*

^%'(8H* GNP'
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A0V$,*PHRG*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
2'#*^%'(8H* GNP'

A0V$,*PHRM*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*2'#*^%'(8/*-'82*/,"*0(9*0),*'(*82,*/,#0&08,*/'8,/H
* GNT'

A0V$,*PHRO*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73* '(*82,*2'#* ^%'(8/*-'82*/,"*0(9*0),* '(*82,*5&V0(*0(9*
&5&0$*/'8,/H* GNT'

A0V$,* PHRR* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*2'#*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GNQ'

A0V$,* PHRP* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*2'#*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GNU'

A0V$,* PHRT* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
:,9'0$*#08,$$%6,:%&0$*^%'(8* GUG'

A0V$,* PHRQ* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* &5&0$* 0(9* 5&V0(* A;./* 6%&*
9,),(,&08'%(*'(*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8H* GUM'

A0V$,*PHRN*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*
'(*82,*/,#0&08,*/'8,/H* GUM'

A0V$,*PHRU*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*
'(*82,*&5&0$*0(9*5&V0(*/'8,/H* GUO'

A0V$,* PHPS* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GUR'

A0V$,* PHPG* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GUP'

A0V$,* PHPM* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
$08,&0$*#08,$$%6,:%&0$*^%'(8H* GUQ'

A0V$,*PHPO*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
$08,&0$*#08,$$%6,:%&0$*^%'(8H* GUQ'

A0V$,*PHPR*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*'(*
82,*/,#0&08,*/'8,/H* GUN'

A0V$,* PHPP* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* GUU'

A0V$,* PHPT* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* MSS'

A0V$,* PHPQ* +5:V,&* %6* 10/,/* Y+Z* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 0(9*
#,&1,(80),/*YpZ*6%&*/'8,*/#,1'6'1*A;./*6%&*82,*#08,$$%6,:%&0$*^%'(8H* MSM'

A0V$,* PHPN* +5:V,&* %6* 10/,/* Y+Z* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 6%&* &5&0$*
0(9*5&V0(*A;./*6%&*82,*#08,$$%6,:%&0$*^%'(8H* MSM'

A0V$,*PHPU*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*#08,$$%6,:%&0$* ^%'(8/*-'82*/,"*0(9*0),*'(*82,*
/,#0&08,*/'8,/H* MSO'

A0V$,* PHTS* +5:V,&* %6* 10/,/* Y+Z* %6* 9,),(,&08'%(* 0(9* #,&1,(80),/* YpZ* 6%&* /'8,* /#,1'6'1* A;./* 6%&* 82,*
:,9'0$*8'V'%6,:%&0$*^%'(8H* MSP'

A0V$,*PHTG*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*
:,9'0$*8'V'%6,:%&0$*^%'(8H* MST'

A0V$,*PHTM*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*:,9'0$*8'V'%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*'(*
82,*/,#0&08,*/'8,/H* MST'

A0V$,*PHTO*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*:,9'0$*8'V'%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*'(*
82,*&5&0$*0(9*5&V0(*/'8,/H* MSQ'

A0V$,* PHTR* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*:,9'0$*8'V'%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* MSN'

A0V$,* PHTP* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*:,9'0$*8'V'%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* MSU'

A0V$,*PHTT*F'8,*/#,1'6'1*A;./*'(*82,*$08,&0$*8'V'%6,:%&0$*^%'(8H* MGG'
A0V$,*PHTQ*+5:V,&*%6*10/,/*Y+Z*%6*9,),(,&08'%(*0(9*#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*

$08,&0$*8'V'%6,:%&0$*^%'(8H* MGG'
A0V$,*PHTN*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*$08,&0$*8'V'%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*'(*

82,*/,#0&08,*/'8,/H* MGM'
A0V$,*PHTU*F808'/8'10$*/')('6'10(1,*%6*KJE*0(9*73*'(*82,*$08,&0$*8'V'%6,:%&0$*^%'(8/*-'82*/,"*0(9*0),*'(*

82,*&5&0$*0(9*5&V0(*/'8,/H* MGM'
A0V$,* PHQS* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*

A;./*YpZ*1%:#0&,9*-'82*/,"*6%&*82,*$08,&0$*8'V'%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* MGO'
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A0V$,* PHQG* +5:V,&* %6* 10/,/* YEZ* %6* 9,),(,&08'%(* YKJE* 0(9* %/8,%0&82&'8'/Z* 0(9* 8%80$* /0:#$,* YAZL* 0(9*
A;./*YpZ*1%:#0&,9*-'82*0),*6%&*82,*$08,&0$*8'V'%6,:%&0$*^%'(8*'(*82,*'(9'4'950$*/'8,/H* MGR'

A0V$,* PHQM* +5:V,&* %6* 10/,/* Y+Z* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 0(9*
#,&1,(80),/*YpZ*6%&*/'8,*/#,1'6'1*A;./*6%&*82,*8'V'%6,:%&0$*^%'(8H* MGT'

A0V$,* PHQO* +5:V,&* %6* 10/,/* Y+Z* %6* 5('1%:#0&8:,(80$* 0(9* V'1%:#0&8:,(80$* 9,),(,&08'%(* 0(9*
#,&1,(80),/*YpZ*6%&*&5&0$*0(9*5&V0(*A;./*6%&*82,*8'V'%6,:%&0$*^%'(8H* MGT'

A0V$,* PHQR* F808'/8'10$* /')('6'10(1,* %6* 9,),(,&08'%(* '(* 82,* 8'V'%6,:%&0$* ^%'(8* -'82* /,"* 0(9* 0),* '(* 82,*
/,#0&08,*/'8,/H* MGQ'

A0V$,* PHQP* F808'/8'10$* /')('6'10(1,* %6* 9,),(,&08'%(* '(* 82,* 8'V'%6,:%&0$* ^%'(8* -'82* /,"* 0(9* 0),* '(* 82,*
&5&0$*0(9*5&V0(*/'8,/H* MGQ'

A0V$,*PHQT*E$0//'6'108'%(*%6*^%'(8/*066,18,9*V<*KJE*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*0(9*5&V0(*
/'8,/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZH* MMS'

A0V$,*PHQQ*E$0//'6'108'%(*%6*^%'(8/*066,18,9*V<*%/8,%0&82&'8'/*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*
0(9*5&V0(*/'8,/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZH* MMS'

A0V$,*PHQN*E$0//'6'108'%(*%6* ^%'(8/*066,18,9*V<*$,68*KJE*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*0(9*
5&V0(*:0$,/*0(9*6,:0$,/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZH* MMG'

A0V$,*PHQU*E$0//'6'108'%(*%6*^%'(8/*066,18,9*V<*&')28*KJE*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*0(9*
5&V0(*:0$,/*0(9*6,:0$,/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZH* MMO'

A0V$,*PHNS**E$0//'6'108'%(*%6*^%'(8/*066,18,9*V<*$,68*KJE*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*0(9*
5&V0(*/'8,/*9'4'9,9*V,8-,,(*82,*0),*108,)%&',/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZL*Y3*$'/8*%6*
82,*0VV&,4'08'%(/*5/,9*6%&*82,*^%'(8/*'/*#&%4'9,9*08*82,*/80&8*%6*82,*0##,(9'"ZH* MMT'

A0V$,*PHNG*E$0//'6'108'%(*%6*^%'(8/*066,18,9*V<*&')28*KJE*V0/,9*%(*82,*1%:V'(,9*A;./*6%&*82,*&5&0$*0(9*
5&V0(*/'8,/*9'4'9,9*V,8-,,(*82,*0),*108,)%&',/*YGn*:%/8*066,18,9*t*GSn*$,0/8*066,18,9ZH* MMQ'

A0V$,*PHNM*KJE*0(9*73*'(*82,*$,68*10&#0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H*(n*(5:V,&*%6*10/,/H*A;.*YpZ*
012',4,9*V<*9'4'9'()*(cAuGSSH* MOG'

A0V$,*PHNO*KJE*0(9*73*'(*82,*&')28*10&#0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOM'
A0V$,*PHNR*KJE*0(9*73*'(*82,*$,68*:,8010&#0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOO'
A0V$,*PHNP*KJE*0(9*73*'(*82,*&')28*:,8010&#0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOR'
A0V$,*PHNT*KJE*0(9*73*'(*82,*$,68*20(9*#20$0(),/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOP'
A0V$,*PHNQ*KJE*0(9*73*'(*82,*&')28*20(9*#20$0(),/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOT'
A0V$,*PHNN*KJE*0(9*73*'(*82,*$,68*80&/0$*V%(,/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOQ'
A0V$,*PHNU*KJE*0(9*73*'(*82,*&')28*80&/0$*V%(,/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MON'
A0V$,*PHUS*KJE*0(9*73*'(*82,*$,68*#&%"':0$*:,8080&/0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MON'
A0V$,*PHUG*KJE*0(9*73*'(*82,*&')28*#&%"':0$*:,8080&/0$/*'(*82,*&5&0$*0(9*5&V0(*/0:#$,/H* MOU'
A0V$,* PHUM* KJE* 0(9* 73* '(* 82,* $,68* 6%%8* #20$0(),/* '(* 82,* &5&0$* 0(9* 5&V0(* /0:#$,/* Y3n*

:,8010&#%#20$0(),0$*^%'(8/e*Cn*#&%"':0$*'(8,&#20$0(),0$*^%'(8/e*En*9'/80$*'(8,&#20$0(),0$*^%'(8/ZH
* MRS'

A0V$,* PHUO* KJE* 0(9* 73* '(* 82,* &')28* 6%%8* #20$0(),/* '(* 82,* &5&0$* 0(9* 5&V0(* /0:#$,/* * Y3n*
:,8010&#%#20$0(),0$*^%'(8/e*Cn*#&%"':0$*'(8,&#20$0(),0$*^%'(8/e*En*9'/80$*'(8,&#20$0(),0$*^%'(8/ZH
* MRG'

A0V$,*PHUR*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*)$,(%25:,&0$*^%'(8*1%:#0&,9*-'82*/,"*
%&*0),*'(*82,*/,#0&08,*/'8,/H* MRP'

A0V$,*PHUP*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*2'#*^%'(8*1%:#0&,9*-'82*/,"*%&*0),*'(*
82,*/,#0&08,*/'8,/H* MRN'

A0V$,*PHUT*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*:,9'0$*,$V%-*^%'(8*1%:#0&,9*-'82*/,"*
%&*0),*'(*82,*/,#0&08,*/'8,/H* MRU'

A0V$,*PHUQ*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*$08,&0$*,$V%-*^%'(8*1%:#0&,9*-'82*/,"*
%&*0),*'(*82,*/,#0&08,*/'8,/H* MPG'

A0V$,*PHUN*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*:,9'0$*#08,$$%6,:%&0$*^%'(8*1%&&,$08,9*
-'82*/,"*%&*0),*'(*82,*/,#0&08,*/'8,/H* MPR'

A0V$,*PHUU*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*$08,&0$*#08,$$%6,:%&0$*^%'(8*1%&&,$08,9*
-'82*/,"*%&*0),*'(*82,*/,#0&08,*/'8,/H* MPQ'

A0V$,*PHGSS*F808'/8'10$*/')('6'10(1,*%6*$,/'%(/*'(*82,*V%(,/*%6*82,*:,9'0$*8'V'%6,:%&0$*^%'(8*1%&&,$08,9*
-'82*/,"*%&*0),*'(*82,*/,#0&08,*/'8,/H* MTS'

A0V$,*PHGSG*F808'/8'10$*/')('6'10(1,*%6* $,/'%(/* '(*82,*V%(,/*%6*82,*$08,&0$*8'V'%6,:%&0$* ^%'(8*1%&&,$08,9*
-'82*/,"*%&*0),*'(*82,*/,#0&08,*/'8,/H* MTM'

A0V$,*THG*A2,*/,8*%6*9'0)(%/8'1*1&'8,&'0*0##$',9*8%*82,*#%8,(8'0$*&2,5:08%'9*0&82&'8'/*10/,/*,"0:'(,9*
2,&,*Yjn*#&,/,(8*0(9*vn*0V/,(8ZH* OMO'
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A0V$,*THM*E20&018,&'/8'1/*%6*82,*9'/,0/,/*5/,9*'(*9'66,&,(8'0$*9'0)(%/,/L*V0/,9*%(*'(6%&:08'%(*6&%:*D,,*
E%82&0(*0(9*@0&8'(,r* YMSSRL* NQ* 80V$,* QHGZL*[$09:0(* YMSSNL* G`GRZL*7&8(,&* YMSSOZ* 0(9*b0$9&%(*
YMSSUL*MSGMZH* OMR'

A0V$,*QHG*K'/8&'V58'%(*%6*9,),(,&08'%(*V,8-,,(*9'66,&,(8*^%'(8/*'(*0*&0(),*%6*#%#5$08'%(/* OOP'
A0V$,*QHM*E%:#0&'/%(*%6*82,*8&5,*#&,40$,(1,*&08,/*%6*%/8,%0&82&'8'/*V,8-,,(*82,*#%#5$08'%(/*&,1%&9,9*

Y&5&0$L* &5&0$c5&V0(L* 5&V0(Z* -'82* %82,&* 5&V0(* /'8,/* 6&%:* 82,* F%582* %6* !()$0(9H* ?%&* 82,*
#08,$$%6,:%&0$* ^%'(8* 82,* #,&1,(80),/* 6%&* 82,* $08,&0$* #08,$$%6,:%&0$* ^%'(8* -,&,* 5/,9* 6%&* 82'/*
1%:#0&'/%(H* OOU'

A0V$,* QHO* A2,* 9'/8&'V58'%(* %6* 5('$08,&0$* %&* V'$08,&0$* 8'V'%6,:%&0$* %/8,%0&82&'8'/* Y&,)0&9$,//* %6*
1%:#0&8:,(8/Z*'(*82,*/,#0&08,*/'8,/L*1%:#0&,9*-'82*0),*0(9*/,"H* ORT'

A0V$,* QHR* A2'/* 80V$,* '(9'108,/* 82,* /,"* 108,)%&',/* 8208* 0&,* :%/8* 1%::%($<* 066,18,9* 01&%//* 82,*
8,:#%&%:0(9'V5$0&*^%'(8*1%:#0&,9*8%*82,*%82,&*/,"*108,)%&<*-'82*0(*vL*-2,&,*V%82*/#01,/*0&,*
$,68*V$0(W*82,&,*-,&,*(%*10/,/*&,1%&9,9H*Dn*D,68L*.n*.')28L*KJEn*K,),(,&08'4,*J%'(8*E20(),L*73n*
7/8,%0&82&'8'/L* @n* @0$,L* ?n* ?,:0$,L* C`5`Xn* C0&8%(`5#%(`X5:V,&L* XKn* X0()'()* K'812L* E7Dn*
E%012*D0(,L*EFn*E%&%(08'%(*F8&,,8H* OPS'

A0V$,* QHP* A2'/* 80V$,* '(9'108,/* 82,* /,"* 108,)%&',/* 8208* 0&,* :%/8* 1%::%($<* 066,18,9* 01&%//* 82,*
01&%:'%1$04'15$0&*^%'(8H* OPG'

A0V$,* QHT* A2'/* 80V$,* '(9'108,/* 82,* /,"* 108,)%&',/* 8208* 0&,* :%/8* 1%::%($<* 066,18,9* 01&%//* 82,*
)$,(%25:,&0$*^%'(8H* OPM'

A0V$,*QHQ*A2'/*80V$,*'(9'108,/*82,*/,"*108,)%&',/*8208*0&,*:%/8*1%::%($<*066,18,9*01&%//*82,*:,9'0$*
0(9*$08,&0$*,$V%-*^%'(8H* OPO'

A0V$,*QHN*A2'/*80V$,*'(9'108,/*82,*/,"*108,)%&',/*8208*0&,*:%/8*1%::%($<*066,18,9*01&%//*82,*2'#*^%'(8H
* OPR'

A0V$,*QHU*A2'/*80V$,*'(9'108,/*82,*/,"*108,)%&',/*8208*0&,*:%/8*1%::%($<*066,18,9*01&%//*82,*:,9'0$*
0(9*$08,&0$*#08,$$%6,:%&0$*^%'(8H* OPT'

A0V$,*QHGS*A2'/*80V$,*'(9'108,/*82,*/,"*108,)%&',/*8208*0&,*:%/8*1%::%($<*066,18,9*01&%//*82,*:,9'0$*
0(9*$08,&0$*8'V'%6,:%&0$*^%'(8H* OPQ'

A0V$,* QHGG* A0V$,/* '(9'108'()* -2,82,&* 82,* 2<#%82,/,/* 10(* V,* 011,#8,9* YjZ* %&* &,^,18,9* YvZH* 3* wmx*
'(9'108,/*8208*82,&,*-0/*'(/566'1',(8*'(6%&:08'%(*8%*1%(6'&:*%&*9,(<*82,*2<#%82,/'/H* OPN'

A0V$,* QHGM* E%&&,$08'%(/* V,8-,,(* 9,),(,&08'%(* '(* 82,* &%808%&* 1566* 0(9* 82,* :,9'0$* 0(9* $08,&0$*
1%:#0&8:,(8/*%6*82,*,$V%-H* OTT'

A0V$,*QHGO*3//%1'08'%(/*V,8-,,(*82,*$,68*0(9*&')28*&%808%&*1566*9,),(,&08'%(*1%&&,$08,9*-'82*0),H*Sn*
(%*120(),/L*Gn*9,),(,&08'%(*#&,/,(8H*C%$9*(5:V,&/*0&,*V'$08,&0$*10/,/*%6*82,*9'/,0/,H* OTQ'

A0V$,* NHG* A2,* (5:V,&* %6* :0$,/* 0(9* 6,:0$,/* 066,18,9* V<* &2,5:08%'9* 0&82&'8'/* '(* #5V$'/2,9*
#0$0,%#082%$%)<* 10/,/* 0(9* 82,* 10/,/*,"0:'(,9* '(* 82'/* &,/,0&12*#&%^,18*9'4'9,9*V<* ),%)&0#2'1*
&,)'%(H* OUG'

A0V$,*NHM*;5V$'/2,9*10/,/*%6* &2,5:08%'9*0&82&'8'/*0(9*82,*&%-/*/209,9* '(*)&,<* '(9'108,*82,*/,$,18,9*
10/,/*6%&*/,8*%6*9'0)(%/8'1*1&'8,&'0*0(0$</'/H* RGG'

A0V$,*NHO*F,8*%6*9'0)(%/8'1*1&'8,&'0*0##$',9*8%*#5V$'/2,9*10/,/*6&%:*@1g'((%(*,8*0$H*MSGOe*g01W'*MSGOe*
g':*,8*0$H*MSGGe*E'&0(('*,8*0$H*MSSMe*>(%5,*,8*0$H*GUUUHYjn*#&,/,(8*0(9*vn*0V/,(8Z* RGM'

A0V$,*NHR*F,8*%6*9'0)(%/8'1*1&'8,&'0*0##$',9*8%*#5V$'/2,9*10/,/*6&%:*C$%(9'05"*,8*0$H*GUUQe*X01W'()*,8*0$H*
GUURH* RGO'

A0V$,*NHP*F,8*%6*9'0)(%/8'1*1&'8,&'0*0##$',9*8%*#5V$'/2,9*10/,/*6&%:*.%82/12'$9*o*b%%9/*GUUGH* RGR'
A0V$,*NHT*F,8*%6*9'0)(%/8'1*1&'8,&'0*0##$',9*8%*#5V$'/2,9*10/,/*6&%:*g'$)%&,*GUNUe*.%82/12'$9*,8*0$H*GUNNH

* RGP'
A0V$,* NHQ* F,8* %6* 9'0)(%/8'1* 1&'8,&'0* 0##$',9* 8%* #5V$'/2,9* 10/,/* 6&%:* D,9,(* ,8* 0$H* GUNNe* 7&8(,&* o*

\8,&:%2$,*GUNGH* RGT'
A0V$,*NHN*39^5/8,9*/,8*%6*9'0)(%/8'1*1&'8,&'0*6%&*&2,5:08%'9*0&82&'8'/H* RGU'
'
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D'/8*%6*3VV&,4'08'%(/=*

3c;* 4<.&-2'"0'>0&.&-2'
31&*E$04* 450"%,"5#*+,5$#*0'f",-2'
C5X* P*02"-_$1"-_U$%<&0'
E* Q$%<&0'"3'5*.&.'
E0$1* /*#5*-&$.'
E0#* /*1,2*2&'
E0/,*>K* /*.&',=&-2,28'
ED*c*E7D* /"*56'G*-&'
E7* /&-20*#'".2&"1682&.'
EF* /"0"-*2,"-';20&&2'
E5V* /$<",='
G/8*E5(* L,0.2'/$-&,3"0%'
M(9*E5(* ;&5"-='/$-&,3"0%'
O&9*E5(* :6,0='/$-&,3"0%'
KJE* )&7&-&0*2,+&'f",-2'56*-7&.'
K'/8*?'V* ),.2*#'L,<$#*'
K'/8*.09* ),.2*#'F*=,$.'
K'/8*A'V* ),.2*#':,<,*'
K'/8*\$(0* ),.2*#'9#-*'
!C* S<$0-*2,"-'
?* L&%*#&'
[$,(*X5:* e#&-"6$%&0*#']",-2'
X0:* U*%*2&'
XK* U*-7,-7'),256'
JEE* ]",-2'5"-2"$0'56*-7&'
D* G&32'
D08* G*2&0*#'
D5(* G$-*2&'
@* Z*#&'
@01&%*;7* Z*50"'1"0".,28'
@E* Z&2*5*01*#'
@,9* Z&=,*#'
@'1&%*;7* Z,50"'1"0".,28'

@'(c@%9c?$%&* Z,-,%*#'c'Z"=&0*2&'c'L#"0,='56*-7&.',-'26&'2&%1"0"%*-=,<$#*0'
f",-2'

@7* Z*07,-*#'".2&"1682&.'
@A* Z&2*2*0.*#'
+04* Q*+,5$#*0'
+&* Q$%<&0'"3'5*.&.'
73* D.2&"*0260,2,.'
;08`?,:* >*2&##"3&%"0*#'f",-2'
;'/'* >,.,3"0%'
;&%"cK'/8cC%82* >0"d,%*#'c'),.2*#'c'P"26'f",-2'.$03*5&.'
.* F,762'
F10#* ;5*16",='
.%8E566* F"2*2"0'/$33'56*-7&.'



 27 

A* :"2*#'
A0$* :*#$.'
A'V`?,:* :,<,"3&%"0*#'f",-2'
A@J* :&%1"0"%*-=,<$#*0'f",-2'
A;.* :0$&'10&+*#&-5&'0*2&'
A&0#*G* :0*1&g,$%'
A&0#*M* :0*1&g",='
A&'B* :0,^$&20*#'
p* >&05&-2*7&'
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E20#8,&*GH 3*I5,/8'%(*%6*>:#%&80(1,=*J%'(8*K'/,0/,L*

;0/8*0(9*;&,/,(8*
Joint disease covers a wide array of disorders that are both erosive and 

proliferative. The study of joint degeneration has long been a significant focus of 

palaeopathological research due to its common occurrence and its potential for 

reconstructing past activities (Burt et al. 2013, v; Ortner 2003, 545; Waldron 2012, 514). 

In this project, two of the most common joint diseases in modern society have been 

chosen for a palaeopathological re-evaluation: osteoarthritis and rheumatoid arthritis 

(Arden and Cooper 2006, 1; Maradit Kremers and Gabriel 2004, 1, 3; Resnick and 

Kransdorf 2005, 226; Roach and Tilley 2007, 1; Roberts and Manchester 2005, 132). 

While osteoarthritis is the quintessential proliferative joint disease, rheumatoid arthritis 

is erosive (Waldron 2012, 514).  

 While the palaeopathological appearance of osteoarthritis and rheumatoid 

arthritis is significantly different, debates concerning the osteological expression of both 

diseases continue. Authors like Auferheide and Rodríguez-Martín (1998, 94, 101), Burt 

et al. (2013, 6-8, 33-34), Jurmain (1999, 33), Ortner (2003, 546, 562-563), Rogers and 

Waldron (1995, 45, 63), and Waldron (2009, 34, 52) have all provided guidelines for 

the identification of osteoarthritis and rheumatoid arthritis. However, with osteoarthritis 

there is disagreement regarding whether to consider only eburnation for diagnosis, 

rather than a combination of lesions, such as osteophytes, porosity and joint contour 

change. Case studies have been published on rheumatoid arthritis, yet a comprehensive 

and synthetic review of the disease from a clinical, historical, and palaeopathological 

perspective has not been attempted before.  

The first primary aim of this project is to develop and evaluate methodological 

approaches to the analysis and interpretation of osteoarthritis and rheumatoid arthritis in 

the past. The second primary aim assesses how modern clinical advances can influence 

the interpretation of osteoarthritis and rheumatoid arthritis in palaeopathology and 

attempts to improve congruence between clinical research and palaeopathological 

results. While these are the primary goals of the project there are five secondary aims 

that will be discussed below. 
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GHGH 7/8,%0&82&'8'/*
Osteoarthritis is defined in modern clinical research as a group of different diseases 

with variable causes, but similar outcomes. While its cause is still unknown, research 

has been conducted regarding its multifactorial aetiology, the associated symptoms, and 

the radiographical expression of the disease (Flores and Hochberg 2003, 3-5; O’Reilly 

and Doherty 2003, 197). In palaeopathology the skeletal expression of osteoarthritis has 

been recorded in a variety of ways. Eburnation is considered to be pathognomonic for 

osteoarthritis (Rogers and Waldron 1995, 45; Jurmain 1999, 30) and this has led to the 

suggestion that only eburnation should be used in the palaeopathological identification 

of osteoarthritis (Jurmain 1999; Molnar et al. 2011; Weiss and Jurmain 2007). Research 

has shown that eburnation is a late feature of the disease, which occurs once the 

protective cartilage has worn away (Rogers and Waldron 1995, 44; Ortner 2003, 35; 

Waldron 2009, 34). However, a study by Rogers and Waldron (1995, 45) suggested that 

in the absence of eburnation, two of the following criteria should be used for 

osteoarthritis diagnosis: marginal osteophytes, central osteophytes, porosity, or joint 

contour change. The relationship of these lesions to the development of osteoarthritis is 

not clear and contradicting reports have come from palaeopathology and clinical 

research on their usefulness in recording the disease (Flores and Hochberg 2003, 3-5; 

Jurmain 1999, chapter 2; Mastbergen and Lafeber 2011, 2562; Menkes and Lane 2004, 

S53; Rothschild 1997, 529; van der Kraan and van den Berg 2007, 237). This has 

created debate in palaeopathology and has led to the use of both classification methods 

in studies. The first secondary aim of this study is to design a new methodological 

framework for osteoarthritis, which will build upon a pilot study from the author’s MSc 

dissertation (Craps 2011) and will record the observed changes as either osteoarthritis 

(eburnation) or degenerative joint changes (osteophytes, porosity, joint contour change) 

and examine the pattern of expression in terms of joints affected, compared with age 

and sex. The questions related to this goal are the following: 

- Can clinical research into the lesions associated with osteoarthritis provide 

clarification on their relationship to the disease process? Based on this, is it 

possible to infer whether degenerative joint changes (DJC) occur as a precursor 

to osteoarthritis? 

- What are the patterns of osteoarthritis and DJC prevalence that can be observed 

within the different joints? Do these patterns differ when "#$%&'() with sex 

and age?  
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The latter question will also lead to the examination of a hypothesis, which is based on 

clinical research (Felson 2003, 9; Huffman and Kraus 2012, 604; Lajeunesse and 

Reboul 2007, 24; Nevitt 2006, 27; Resnick and Kransdorf 2005, 358-9): 

- Males are more affected by degeneration in the young adult and middle adult 

age ranges, whereas females are more affected in the old adult age range. 

 

The majority of the osteoarthritis research in this project focuses on five skeletal 

collections from the Post-Medieval period (AD 1500 – AD 1900) in the north of 

England. This period is underrepresented in both archaeology and palaeopathology 

(Cherryson et al. 2012; Kase Tancock 2014; Petts and Gerrard 2006). However, several 

skeletal collections have been excavated in the past few years, which allow a 

comparison of health in rural and urban populations during this period. The rural 

population of Fewston, North Yorkshire is unique, being the only rural skeletal 

population available for analysis from the north of England. Barton-upon-Humber, 

North Lincolnshire, is a small, mainly rural, town, with some urban elements. The urban 

populations include Hanging Ditch (Manchester), Coach Lane (North Shields, Tyne-

and-Wear), and Coronation Street (South Shields, Tyne-and-Wear). Barton-upon-

Humber is the only one of these sites to have been previously examined for the presence 

of osteoarthritis. This research therefore represents a new addition to the knowledge 

concerning osteoarthritis prevalence in Post-Medieval northern England. The second 

secondary aim of this research project is to compose a detailed population-study of the 

prevalence of degeneration in northern Post-Medieval populations. This research will 

not focus on activity reconstruction, but will examine how modern clinical research can 

contribute to the historical reconstruction of the effect of osteoarthritis on past 

populations. The questions relating to this aim are the following: 

- Can any differences be identified in the prevalence of osteoarthritis and DJC 

between the selected rural and urban populations from Post-Medieval northern 

England? Is this potential difference also observed in the sexes? 

- Will a comparison between the prevalence rates from the northern populations to 

those from contemporaneous southern populations indicate any different 

patterns? Are there differences in these patterns when correlating the results with 

sex? 

- Are the patterns of osteoarthritis observed in modern clinical populations 

different from the patterns of osteoarthritis and DJC in the examined Post-

Medieval populations?  
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Following on from these questions another hypothesis will be tested: 

- The distribution of degeneration between males and females is similar in the 

Post-Medieval sites from this study, contemporaneous Post-Medieval sites and 

in modern clinical studies. 

Finally within this second secondary aim another question will be analysed: 

- Is it possible to analyse the impact of osteoarthritis on individuals in the past 

through modern clinical research?  

 

Palaeopathological and clinical research has stated that it is important to consider 

the different joints of the body separately, as osteoarthritis disease manifestations can 

differ between them (Nevitt 2006; O’Reilly and Doherty 2003; Pereira et al. 2011; 

Resnick and Kransdorf 2005; Weiss and Jurmain 2007, 439). Clinical research has also 

shown that the risk factors, which predispose a joint to developing osteoarthritis, are 

different for each joint in the body (Johnson and Hunter 2014, 6). This means that in 

palaeopathology the analysis of osteoarthritis and its implications on the examined 

skeletal population must be conducted first on a joint-specific basis after which a 

comparison of prevalence rates between the joints can be conducted. Several authors 

have suggested that the use of a compartment-based method for recording osteoarthritis 

would be beneficial to analysis (Burt et al. 2013, 10; Jurmain and Kilgore 1995, 444; 

Rogers and Dieppe 1994, 612). The third secondary aim consists of creating and 

assessing the use of a compartmental recording method in providing a nuanced analysis 

of potential patterns. The questions related to this aim are the following: 

- Can the compartmental recording method identify specific patterns in 

osteoarthritis distribution that would not be evident when analysing only the 

complete joint? Does the compartmental approach facilitate comparative 

research with clinical studies?  

 

GHMH .2,5:08%'9*3&82&'8'/*

Rheumatoid arthritis is the most common erosive joint disease in the world today 

(Burt et al. 2013, 29; Maradit Kremers and Gabriel 2004, 7; Resnick and Kransdorf 

2005, 226); however, in palaeopathology it is considered to be a relatively rare 

condition. At present the published palaeopathological record on rheumatoid arthritis 

consists of a number of case studies (discussed in Chapter 3) with only a few attempts 

to provide guidelines for the identification of the disease (Aufderheide and Rodríguez-
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Martín 1998, 99-100; Burt et al. 2013, 29-37; Ortner 2003, 561-569; Rogers and 

Waldron 1995, 55-63; Waldron 2009, 46-49). The expression of rheumatoid arthritis is 

not well understood and no visual comparison of cases on dry bone has ever been 

attempted. The fourth secondary aim of the study is to assemble a compendium of 

information on rheumatoid arthritis to make identification of potential cases in the 

future more accessible. The questions relating to this aim are the following: 

- To create a set of diagnostic criteria for rheumatoid arthritis that will standardise 

the recording of the disease and facilitate the examination of skeletal data. 

- To analyse the skeletal remains of individuals with suspected rheumatoid 

arthritis in order to test the set of diagnostic criteria. 

- To create a visual comparative database of the skeletal lesions of potential 

rheumatoid arthritis. 

- To apply the set of diagnostic criteria to the published palaeopathological 

literature, which will allow a more standardised comparison of the published 

cases with the cases examined for this project. 

- To assemble the relevant clinical literature in order to examine the disease from 

a palaeopathological perspective and assess its potential applications to skeletal 

remains*!

 

The sites that were examined for the osteoarthritis section of this research were also 

studied for potential cases of rheumatoid arthritis. However, given the rarity of the 

disease in palaeopathology, a much broader geographical and temporal scope was 

employed in order to refine diagnostic criteria and evaluate the extent and severity of 

cases in the past. Other skeletal collections examined for this project belonged to the 

Medieval and Post-Medieval periods from London. The published literature examined 

includes cases from Prehistory until the Post-Medieval period and ranges 

geographically from the Americas to Europe and Japan. 

A debate that surrounds research into rheumatoid concerns the history of the disease. 

There are currently three theories that debate the ‘origins’ of rheumatoid arthritis: the 

Recent Origin theory, the Ancient Origin theory and the New World to Old World 

theory (Entezami et al. 2011, 1). While many studies have discussed the debates or 

delivered potential evidence for the antiquity of the disease, the fifth secondary aim of 

this research project will bring together the relevant evidence for rheumatoid arthritis in 

order to elucidate this debate. The questions related to this aim is the following: 



 33 

- Is it possible to elucidate the debate on the ‘origins’ of rheumatoid arthritis by 

assembling the relevant medical historical, art historical, palaeopathological and 

modern clinical evidence, and thus presenting an informed discussion on the 

three origin theories?  

 

GHOH A2,*F')('6'10(1,*%6*82'/*;&%^,18*
Rheumatoid arthritis affects 1-2% of the world’s population, while osteoarthritis 

affects approximately 10% of those over the age of 60 years (Alamanos and Drosos 

2005, 133; Edwards and Cooper 2005, 1; Cooper et al. 2013, 145). The impact of these 

diseases on modern society (economical and social) cannot be underestimated, and thus 

it is important to also understand the antiquity of these diseases and whether there were 

fluctuations in the prevalence of these diseases over time. The expression of each 

disease should be subjected to a re-evaluation, with the creation of a new methodology 

that aligns more closely with the clinical literature. This will allow a more detailed 

examination of potential patterns in palaeopathology and facilitate clinical comparisons.   

Recent studies by Weiss and Jurmain (2007) or Waldron (2012) have provided 

guidelines to the rigour of studies of joint disease within palaeopathology. However, 

most of the published literature continues to provide crude overviews of prevalence of, 

for example osteoarthritis, or focuses simply on activity reconstruction. Through a 

compartmental approach for recording osteoarthritis and by providing a set of 

diagnostic criteria for rheumatoid arthritis, this research will aim to improve the 

congruence between clinical research and palaeopathological results. It will also assess 

modern risk factors and their potential influence on past societies, which will allow a 

more informed reconstruction of the impact of osteoarthritis or rheumatoid arthritis on 

the past.  

Clinical research into these two diseases has not halted; every month new 

discoveries are made and articles are published. It is thus necessary for 

palaeopathologists to examine this information and analyse the implications for skeletal 

recording and interpretation. This research will bring together the relevant advances in 

modern clinical research and will interpret them from a palaeopathological perspective. 
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Chapters two and three are literature reviews, providing background information 

on osteoarthritis and rheumatoid arthritis respectively. The terminology, clinical and 
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palaeopathological definitions, relevant clinical research, historical research, and finally 

the relevant palaeopathological studies are critically assessed. Chapter four presents the 

materials used for the osteological analysis of osteoarthritis and rheumatoid arthritis, 

including historical background information on the different sites. A detailed 

explanation of the methodological techniques and methods of analysis employed for 

this research is also presented. Chapters five and six present the results of the 

osteoarthritis and rheumatoid arthritis research separately. Chapter seven provides an in-

depth discussion of the results for osteoarthritis and contextualises them in relation to 

clinical, palaeopathological, and historical information. Chapter eight discusses the 

results from the research on rheumatoid arthritis and presents a visual comparative 

study of skeletal lesions, the results of the application of the set of diagnostic criteria to 

published cases, and a re-assessment of the debate on the history of rheumatoid arthritis. 

Finally, in Chapter Nine the conclusions of this research project will be discussed and 

the aims and questions will be addressed.  

The thesis has been divided into two volumes. Volume I has chapters one through 

five and volume II contains chapters six through ten. A CD-Rom with the appendices 

has been provided at the end of volume II. 
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This chapter is divided into three main sections. The first section examines the 

terminology, the difficulties related to defining the condition within both modern 

clinical and palaeopathological research and the risk factors. The second section focuses 

on the clinical research, with a critical assessment of identifying the early stages of the 

disease, the modern prevalence and suggestions regarding new approaches to the 

application of modern medical research to palaeopathology. The third section examines 

the, sometimes difficult, relationship between osteoarthritis and palaeopathological 

research. A brief history of the disease will be presented, followed by a critical analysis 

of using osteoarthritis as a method of determining occupation and activity. Then a 

review of population and joint-specific palaeopathology studies will follow. The 

introduction of the biomechanical approach and potential ways to take osteoarthritis 

research forward in palaeopathology will conclude the chapter. 
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This section will explore the complex disease that is osteoarthritis. Firstly the 

terminology of the term will be explained, followed by an examination of the various 

modern medical definitions of the disease and the risk factors related to its 

multifactorial aetiology. The difference between idiopathic and secondary osteoarthritis 

will also be explained, followed by the radiographic definition of osteoarthritis within 

clinical research, and the osteological lesions in palaeopathology will be discussed. 

Finally a new classification of osteoarthritis in palaeopathology will be suggested. 
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Osteoarthritis, osteoarthrosis, degenerative joint disease and arthrosis deformans 

are some of the many names used to describe this common condition, yet each term has 

problems and none have been universally accepted. For a long time osteoarthritis was a 

term used with caution, because the suffix (-osis or –itis) indicates an inflammation and 

in the past this was not considered a part of the disease process (Resnick and Kransdorf 
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2005, 357). Clinical research now accepts inflammation as a characteristic of the 

disease, thus the term osteoarthritis can cautiously be accepted (Dequeker and Luyten 

2008, 5; Flores and Hochberg 2003, 1; Mankin et al. 1986, 1132; Weiss and Jurmain 

2007, 437). Osteoarthritis is a term commonly used in the United States and the UK, 

while in the rest of Europe osteoarthrosis or arthrosis is more common (Jurmain 1999, 

12).  The term osteoarthritis will be used in this thesis. 

 

B:C:C:,,: ?-2,(,$,"(&

Prior to 1986 there was no official clinical definition for osteoarthritis and it was 

simply known as an affliction of the articular cartilage and subchondral bone, of 

unknown aetiology, which also affected the synovial membrane (Flores and Hochberg 

2003, 1). In 1986 a clinical workshop focussed on the pathophysiology of osteoarthritis 

and sought to provide clarity with an “ultimate” definition: 

“Definition of OA (osteoarthrosis, degenerative joint disease): OA is a degenerative 

joint disease of the cartilage of joints. It is of diverse aetiology and obscure 

pathogenesis. Clinically, the disease is characterized by joint pain, tenderness, 

limitation of movement, crepitus, occasional effusion, and variable degrees of local 

inflammation, but without systemic effects. Pathologically, the disease is characterized 

by irregularly distributed loss of cartilage more frequent in areas of increased load, 

sclerosis of the subchondral bone, subchondral cysts, marginal osteophytes, increased 

metaphyseal blood flow, and variable synovial inflammation… . Biomechanically the 

disease is characterized by alteration of the tensile, compressive, and shear properties 

and hydraulic permeability of the cartilage; increased water; and excessive swelling. 

These cartilage changes are accompanied by increased stiffness of the subchondral 

bone. …. Therapeutically, the disease is characterized by a lack of a specific healing 

agent.” (Mankin et al. 1986, 1132) 

The 1986 definition shows that the exact cause and progression of the disease is 

unknown. It identified several clinical symptoms that can inform palaeopathologists on 

the symptoms with which a person living with osteoarthritis in the past might have been 

confronted. Caution must be employed here, as symptoms do not affect each person 

equally and bone changes do not always equate to pain (Loeser 2013, 109; Nelson and 

Jorden 2012, 1; Vincent and Troeberg 2013, 1171). The pathological description of the 

1986 definition incorporated some osteological changes that can also be observed by 

palaeopathologists such as: sclerosis of subchondral bone (radiography), subchondral 

cysts (radiography) and marginal osteophytes (macroscopic analysis). More importantly 
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the definition also recognised the fact that there is no healing, once the joint has been 

affected. 

The definition has evolved under the influence of advances in clinical research, 

which led to a more recent description stating that arthritis could be an amalgamation of 

conditions: 

“Osteoarthritis is a group of overlapping diseases, which may have different etiologies 

but with similar biologic, morphologic, and clinical outcomes. The disease processes 

not only affect the articular cartilage, but involve the entire joint, including the 

subchondral bone, ligaments, capsule, synovial membrane, and periarticular muscles. 

Ultimately, the articular cartilage degenerates with fibrillation, fissures, ulceration, 

and full thickness loss of the joint surface… OA diseases are a result of both 

mechanical and biologic events that destabilize the normal coupling of degradation and 

synthesis of articular cartilage chondrocytes and extra-cellular matrix, and 

subchondral bone. Although they may be initiated by multiple factors, including genetic, 

developmental, metabolic, and traumatic, OA diseases involve all the tissues of the 

diarthrodial joint. Ultimately, OA diseases are manifested by morphologic, biochemical, 

molecular, and biomechanical changes of both cells and matrix which lead to a 

softening, fibrillation, ulceration, loss of articular cartilage, sclerosis and eburnation of 

subchondral bone, osteophytes, and subchondral cysts. When clinically evident, OA 

diseases are characterized by joint pain, tenderness, limitation of movement, crepitus, 

occasional effusion ad variable degrees of inflammation without systemic effects.” 

(Flores and Hochberg 2003, 1)  

This definition recognised the disease as a group of different conditions with 

variable causes, but similar outcomes, which can explain the difference in risk factors 

between the joints or the distinction between generalized osteoarthritis (GOA), 

idiopathic and secondary osteoarthritis. An important point was that the disease process 

affected the joint and its surrounding tissues as a whole, and was thus not solely related 

to cartilage degeneration. The cause was still unknown, but the importance of intrinsic 

factors such as genetics, development and metabolic influences was recognised. 

Extrinsic factors like trauma were now also included in the causation process. 

Osteological degeneration like sclerosis, eburnation, osteophytes and subchondral cysts 

were noted as important expressions of the disease on the bone. The similarities within 

these clinical definitions were summarised by O’Reilly and Doherty (2003, 197) and 

have been transcribed in Table 2.1.  
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Current clinical research defines osteoarthritis as a progressive disorder that 

affects the whole joint (cartilage, subchondral bone, ligaments, and other surrounding 

structures) and it is the result of failed attempts, by the joint, at repairing itself, usually 

following abnormal intra-articular stresses. As of 2014 the treatment of osteoarthritis 

has improved but there is still no approved way of halting the structural damage caused 

by the disease and its cause is still unknown (Hochberg 2013, 139; Johnson and Hunter 

2014, 6). 
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The aetiology of osteoarthritis is multifactorial and clinical research has been 

able to identify both intrinsic and extrinsic risk factors that can predispose an individual 

to developing the disease. These risk factors tend to be variable, joint-specific and are 

the result of a complex interaction between biomechanical, cellular and biochemical 

factors that eventually result in osteoarthritis (Arden and Cooper 2006, 2; Nevitt 2006, 

26; Johnson and Hunter 2014, 6; Roach and Tilley 2007, 1-2). Identified risk factors are 

sex, age, genetics, obesity, diet, occupation or physical activity, injury, muscle strength, 

and malalignment (Johnson and Hunter 2014). Palaeopathologists have tended to adopt 

a ‘one-size-fits-all’ approach to interpreting the patterns and prevalence of joint disease 

in the past, irrespective of joint type, but the clinical literature suggests that this is 

simply not appropriate (Felson 1994, 63; Felson and Chaisson 1997, 671; Johnson and 

Hunter 2014, 6).  

There are several theories on how risk factors predispose joints to the 

development of the disease and in the following paragraph two of these theories are 

discussed.  Figure 2.1 presents an overview of the way in which the systemic factors 

first increase the susceptibility of a joint to osteoarthritis, which is then followed by 

local/mechanical influences that determine the site where osteoarthritis will occur and 

how severe the disease will be (Nevitt 2006, 26), but this is not the only suggestion for a 
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risk factor classification. Johnson and Hunter (2014, 7) presented a modified and 

nuanced scheme (Figure 2.2). The mechanical, or modifiable local risk factors influence 

a joint’s susceptibility to degeneration, whereas the systemic factors, divided into 

modifiable and non-modifiable factors, predispose specific individuals to degeneration 

and it is the combination of joint susceptibility and individual predisposition that 

eventually lead to osteoarthritis (Figure 2.2). In palaeopathology it is impossible to 

control for all of these factors when examining causation of disease, as there is not one 

factor that predisposes to osteoarthritis, but rather a combination of factors.  
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Once the disease has been defined, there is then the problem of classification. In 

clinical examination the initial differentiation is made between the idiopathic and 

secondary variants of the disease. Idiopathic usually signifies that there is no clear cause 

for the disease to occur and it can manifest itself as localized (one joint) or generalised 

(three or more joints affected, usually including the hand) (Flores and Hochberg 2003, 

1). Further differentiation within the idiopathic type of osteoarthritis is related to 

specific joints, such as the knee, hip, hands, glenohumeral joint, etc. It is interesting to 

observe that within this idiopathic type of osteoarthritis, the disease is considered a 

different pathological entity at each joint site and this should be stressed and applied 

more within palaeopathological research (Altman and Lozado 2007, 1703; Flores and 

Hochberg 2003, 2; McGonagle et al. 2010, 279).  

In both clinical and palaeopathological research it has been suggested that there 

is no such thing as primary osteoarthritis, because many cases are proven to be caused 

by mechanical factors and should thus be classified as secondary (Jurmain 1999, 18; 

Resnick and Kransdorf 2005, 357). More recent classification attempts suggest that 

primary osteoarthritis should be subdivided into three different subsets: genetic, 

oestrogen hormone dependent and age-related subsets (Herrero-Beaumont et al. 2009, 
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71). Unfortunately the latter division is not applicable to palaeopathology, but an 

alternative will be suggested in section 2.1.4.  

Generalised osteoarthritis (or GOA) is a type of primary arthritis where at least 

three or more joint sites are involved, including the hands, where Heberden’s and/or 

Bouchard’s nodes are formed (Kellgren and Moore 1952, 187; Figure 2.3). These nodes 

are formed by osteophytes and swelling of the joint capsule, Heberden’s nodes occur at 

the distal interphalangeal joints and Bouchard’s nodes occur at the proximal 

interphalangeal joints in the hands (O’Reilly and Doherty 2003, 216; Melvin 2003, 326). 

GOA is difficult to define, as, even in 2014, there is no standard definition (Abhishek 

and Doherty 2013, 1176). Nelson et al. (2014, 4) argue that until there is a standardised 

definition a different term should be used, such as multiple joint or polyarticular 

osteoarthritis, and an exact statement must be made concerning which joints are 

examined in generalised osteoarthritis. 
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Secondary osteoarthritis occurs when there is an apparent underlying cause for 

disease. Causes can include trauma, congenital, metabolic, endocrine, calcium 

deposition and other bone and joint diseases (Abhishek and Doherty 2013, 1182; Flores 

and Hochberg 2003, 1; Resnick and Kransdorf 2005, 357). It is possible to question 

whether the clinical classification of secondary osteoarthritis can be applied accurately 

within palaeopathology. Obvious trauma to the bones can be discerned easily, but 

congenital defects can be obscured by the osteoarthritis itself. Metabolic disease could 

have been present but not have left visible marks on the bones. It is difficult to 
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determine with any certainty which secondary factor influenced the osteoarthritis 

development. 
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The radiographic changes can contribute to the understanding and identification 

of osteoarthritis within palaeopathology, and a selective use of these criteria has been 

applied in the past (Mays 2012, 287). Kellgren and Lawrence (1957) published a guide 

illustrating the grading system for assessing radiographic severity of osteoarthritis. A 

revision was published by Altman and Gold (2007) that provided a template for grading 

osteoarthritis changes using radiography which can be used to examine the osteological 

changes that occur in different joints. However, caution must be employed when using 

radiographic changes to determine osteoarthritis. A study by Rogers et al. (1990, 367-8) 

comparing radiographic and visual scoring of knee joints indicated that macroscopic 

examination of the bones identified more changes than were observed on radiographs. 

The main osteological features on radiographs are: eburnation, subchondral cysts, 

osteophytes, joint space narrowing, buttressing, intra-articular osseous bodies, 

deformity and malalignment (Table 2.2; Flores and Hochberg 2003, 3-5; Figure 2.4; 

Figure 2.5).  
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With the advancements of imaging techniques, the definition of osteoarthritis 

has also evolved. Magnetic Resonance Imaging (MRI) is known to provide an accurate 

representation of the bones and can inform both clinicians and palaeopathologists 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































