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ABSTRACT

DEVELOPMENT OF A NOVEL ENDOPROSTHESIS FOR CANINE LIMB-

SPARING USING A FINITE ELEMENT APPROACH

Osteosarcoma is the most prevalent bone tumor in the canine populatithre and
distal radius is the most commonly affected site. To date, anguthds been the
preferred treatment option among veterinarians for distal raditepsarcoma. However,
with the advent of better chemotherapy protocols and the subsequeasimgrgurvival
rates, interest has now turned towards saving the legs of ddgesteosarcoma. The
current endoprosthesis used for limb-sparing is associated Vhifphafailure rate, and
hence, the design of a novel endoprosthesis is warranted.

To aid in the development of a new endoprosthesis for canine limb-s@aring
finite element model of the canine forelimb was generated. Acuraechanical
properties of soft tissues are essential to build a relialite £lement model. Since no
data exists regarding the mechanical properties of camirmalcligaments, six primary
stabilizing ligaments of the canine carpus were identified lagid inechanical properties
were investigated by uniaxial testing in a materials testing machine.

Convergence and validation are two crucial steps in the developmeriindea
element model. Convergence was investigated by generating threesmwiel
increasing mesh resolution. For the purposes of validation, eight aamime forelimbs

were tested in a materials testing machine. The limbs wsteimented to record bone



strains and relative displacements. The acquired data were aistidate the canine
forelimb model.

The current endoprosthesis was evaluated to determine the methanica
underpinnings of clinical failures associated with these implasiag the canine
forelimb finite element model. The implant failure locations prtedi by the model were
similar to those observed clinically. The use of a locking plate in place ofittentnon-
locking plate was also investigated. Several stress redistmbgtrategies were also
examined.

A novel modular design was developed in collaboration with the Colorade S
University’s Veterinary Teaching Hospital oncology surgeons. Tesign was
extensively evaluated with the use of the validated and convergezl diement of the
canine antebrachium. The design was modified and improved based on the resul
Significant stress reduction was achieved within the proxinaédlracrews and the distal
metacarpal screws. Off-axis loading of the construct was @lisninated. The final
design was approved for prototype development, biomechanical testingadaderic

evaluation.



Acknowledgements

I would like to thank my advisor Dr. Christian Puttlitz for all the help and guidance |
received throughout the course of my PhD and for not being satisfied with medilbcrit
could not have finished this project without his constant support.

Thanks to my committee members Dr. Susan James, Dr. Paul Heyliger andridorBra
Santoni for providing me with the necessary tools to successfully complete toyatioc
dissertation.

Thanks to Dr. Stewart Ryan and Dr. Nicole Ehrhart for providing me with anexicel
clinical perspective on canine distal radius osteosarcoma and helping with tireafesi
the endoprosthesis.

| would like to thank all my colleagues (Dr. McGilvray, Dr. Ayturk, Kevin, Ben, Devi
Cecily, Amy, Dr. Womack) at the Orthopaedic Bioengineering Researchdtabpfor
their support and making my time in Fort Collins fun and enjoyable.

A special thanks to Ketan Malhotra for his help with testing the canine camualigs.

Thanks to Dr. Robert E. Lee and Mr. Dennis Madden for providing all the canine
forelimb specimens required for this study.

Special thanks go to my father (Sharadkumar Shetye) and mother (Shilpa Shetye) for
funding my education and for their untiring support as | struggled through graduate
school.

And finally, thanks to my wife - for everything.



This dissertation is dedicated to my loving and beautiful wife, Runzun.



$
% & '
w( ) +
% +
% % ,
9% -
- #0 *

3 ) ! $ 4
x %.
% *! 567 R ! * %.
%% * ! 5%67 * P I # %.
%-*1 56 toox ! #* %
%'* 1 567 o "l L
| # %
(" )+ ! * %%

- 8 %%



9*

%-
%+

%4

+%

+4
+4



8 8%=

0 I #
%0 # " # %
-0 * # < %
'0 * # ; * > ?7< -
3@8 [ S < rPerr #l "
" "+ " ! 2A( * #
+
+0/ " I # ,
10 ! 4
,0 * wox n# ! 0 * ;<
# ! 0 1<
40 * " #0* # * # | #0
<7 # B;< # C *B;< # C
L | (R * " : < * ] * < '
0:< * " * * < * | # "
* " 3
0% ; < * o * ! " +
%0 * 0 I -+ * ; < ,
o" * I ; < "o >
* "o ; <19 < %'
'0O( D7 Peomre + %1
30( D7 oot "+ %,
+0 ! # (8 --
10" P Fo# " " -
,0 * 0 * Co< —+
40 " #" *k -1
%.0 O I 0 * ! "o * #
9* -
%0 * -4
%%0 * * 1
%-0) * "
%'0) * % '

%30) * - -



%+0 !
%,0 !
%40 !

#9<

9*

3-08 *
3307 "
307 " F
3+0

A/

. %3

33

33
3+

31



**

310 o *

3,0
340" * *

+.08 *

+0 (

+%0 (

+0 (

+0 (

+30 (

++0 (

+10 (

+ O * | *
C’ ** <
+40/ " #
1.0 9

10#

*%

1%

,%



>

9

c# "

C# C #"C
! n
! n
#
* n
# * # 8082

*C



# <>?

%



n > 0 n
A)f) * 9 | " non

" C " *
! " non
>-?

" # * 9 nmonnon n
! n 1]

G "ok
9 L# g >

! C " "
oLty

n | . won
- C H% < >37 4 9



( *

*

8#

#

* non

8802 " * ot

non

*9 non

non *

*# C

e * C



4 * o S
19 " - ! < "
>2 "% * | # " "
kg "k g * 1 * 888C 82 2 8
" *Q * E * “ror"
P "% "ok wx g 1" *x E
(C <tror
s E C " * # F
! #ooo# " * L
’ — * g #G * C!
" * C #G " o
I A " A
x * # o> 37
"ok * 1 c " * * )< "ox
)=< 0 * " * 09 1" E >4?>
N " "on * H " Il
v * # "o *O#
.- « oy o * "ok mQ
" %0 * E " * >47 "
y x oy *082;(082<  C!
; x #C " * 082 # "
% 02 :(02< " X022 # > 37



>47?

¥

> %

*

*

1 #

_? 1]

1 #



*n

! $ * 1"
.03..K >7?/ #
11" >
>3? L # #
* 1 C# # #
#
"o * I # #
9"#C" C" 9
>C 1C /)?
o T #
* # >?
# *H# |
- *
" * * |
! #
C * > 40%%?
"o >%-7?
| *
L# # !
I # "

| non

! %.1 "

? 4.0431 ' " "

A

I <

" # # 9
"y

non n # nn

#
* *oH |
# | " * |
* "
# " # F

.0 >'C %7



Collagen
molecule

Collagen

Collagen fibril

fiber

Bone
Crystals

1 nm
Microstructure Nanostructure
Macrostructure Sub-microstructure Sub-nanostructure
(. ]
L M | 30%. $) >%3? # # o O9"# * 5007 "
I * 1 T "
! >06 2
¥ # # " % N
>06+? " G # # " #C"
G I # " "
xxk ¥ # > %+0%4? N * >0647
moo # o # F G
# F "9 moo "o
# F #
C * " E
* 1403 C .0%.I 30.1 1+ # "



P ! " E
*1 " oG | *1 non |
! ! C* cr
n | F n
Articular Surface
—m o et = A = L - Syperfical
VBN IVONGUBSLOS VeSO, Tangential
)@% &W‘g W
‘ o) @@qg 497Q  Zone
e | ZapISiE B g S
Deep %ﬂ@ﬁ%@a@@@%@g@% {_Tide Mark
%ubchondrol_.' . X \ ”‘ _ '—%grllgified
one SEUR IpmE S, °°°"°°§>3‘§]u°
S AR IIOZWIPARES u%lnl@r?gm\%n ®
Cancellous
-bone
1 +
" *
* % C" "o
[ B L e x n
# # >-? c " * * n |
g * #( >0? "
>-0p? " "7 * I
n * ! * " #
>--? " * ok I
L . < 1 30'() >'C-3?
)" #



>-+2C

;+301.1 ! "<

* I1# Cl# C # C!

non

>-?



! P # 8 cC 9

* "G " # # """l
Failure load Ultimate ;
tensile
- strength
— o
Z g
= =
8
(7]
) Displacement (mm) o Strain
A
0 %
&
* #" S | #
#0" # " * 1" 0!
" c *# " 9 " A *ox !
*
I n #

C < H I , -
>.2 8 I # " " >0
'%? (" oo " ! ) * !

>C'%?/ C " ; oox 9

>'%7? 8 oomm # " # ;

! >'00? " * ! # :
e I c "I # 1 ! # >.?) O#

oo ! * 9 O# >'-?



n

! >"C '3? 8

>|.? n " "% C * 1]

E A O O

* *

>'4C 37

3C3%? / C " !

* >3%7?

* * f "

>1?/ C"

n "oy

%



# # 1 ! #0*
*
n # | *
* C n "
! "
* #0* R Y
I #0*

"* >.C 37 C

*
cC #0* " F
* * >3%? " ol
mon "o
" # #

# 1 ! [
"H#
* >3+7? > 4C 20

C # !
n E n *
P I
# 1 # * "
N =
c r" # B
>'? 7 #0 *
n O *
I E "
woom |
>33? I !

H# |
# G "
IC x o
;< "
n # n



' >3+? " E # | ! ! # " o

# R 4 " o * *

! L # " *# >3+7?

12
% 3 "4 & "5 4 "5 6
% /7



8 %

2

>31?

*



$% &

>3,C 347 "

*1 ]

*%

" n # *%*

n F non

>+17?

N # 10



" "# *#$ >+-? 9 *

" 8 C Pl ; "
! " ! " # "
# *1 # >4+42 " " "G * #0
!
$
# " # * "L M
;< .0%. 3) ) M OA. %0 .'>+.C +-C +3C +,?
" # # " # # "
A.0..() >C%? OA %0.'>+.C +-C +37? " O#
* " * * I # # >'C 1.7?
" * "AQ0,() OA.-0.'4>+C
+-C +3? " 0o "
" H# " c"*
0 0 * >+3C 17 " "
* " | >0
" " ! ! # *
-+ +2 "t# " #0
# 1o ( -+
"t9H # * -+ >1%? -+
< +72" " L9 +.0 >1-? -+ "
"1443() + 2" " 1143() >1-? " !
" * 0% * !



A * eenrooor
x I+ 2. 3.0< |
" %0 < # >1-C1?/ C"!
L# Y # > 1?2 (e it
S >1-2 " " * ok " 9
" 0p " * 0 | -+
+43() ;L "<

So0rt

0.0001 0.002
% C 7
$ (
| * [ " * |
# (" # oo
) >13C 1+? " "9 C
" " " * | " * |
n ' n # * 8 * "



>11?C " C * 9* R I

* o I "o lo*
*k 4+>17 " [ " ol
C " CG ! # G "
43.M I " I I "
! S o !
" L 9 " P Prx x o  >147
c " | # > ? F " P
"o el # 113! e
" * g oo " H# # o#
> ? " ! "o c"! # I

# * P * >,%0,1? / >,'"?



%.



| * +, &'

9 " *

#0*

%

1] 1] F C n



* **O

( 2 0

T *
" EC! C9
" I G *

" " # C *
v | E >
* P C #0* " #

* * !
x % m (
A7 * o 8" # "
# ! "9 "c""
* om *
>3+? # " >31?
P # " !
! P * 0
" *9 #C""
c
I mox on #
n_— "
w % | G
; C C ¢C < "
* * P >+

102 *0

0 4456

C " C
* " g *
# *
1!7 8 "
| *
!
#0O * *
LI =R
# 19 |
#0*
" #
! 11}
B *
* 1 *
#
3C +,?

%%

" >3+C



n # * " % I

I >+4? | C C * ] * |
| ow x g v " % " .o
A < ! " B
"k g # Px o !
* " # " * [ * F
" * * |
; * < "ok x
s I e me
* 5472/ C!I o9 # ot #
P >+?B " I C " # g9 *
C I *# X o * P
x| * L Ct o HE L n x
# o Lo 0 * 0
mk oo " ! # % | *
| # "
@ 09 * P I -
D 7<# " 1" L + < %,1D3+4 "
"B "
@ 9 ! - (082C (02C) C)=C
'F C + TR
S "t E I'F :Q
%.R < Cl! # " B ;

0%-



# 0 o# ** ;" . I # " P

<C ** F . 4 < C Q%.R

: "H O 04 ** LD (G

#C" O P # ! 0
*k " "o > -2 *
ok "0 c"" * I, %() >-4?

prre 19 C 0

%I



0
*  H# |
* S <
/
n *
n **
119
% " 19
*%*
9 1 v
3
7
#
"C
# n
u< "
n * | n

I ")Cc(C

)(
o*
|
H# |

F #

%3

E n
Hox*
*%
"%
*ll
* |
R K
n * "
# -0
C 11}
# n
+oIF< #
n ( C n
T n
# 11}
"
0 * 8
. CL M

2

[

(



LA L G oo e
C "C 0 * "
* # ! 0 2 " 0 ON !
* * I !
* | " # [ -
*6 " ( >(082 (02?C " 0 >) )=?C
nk o w >S( ?7< 2 | V..3 !
2
( ! P > P
T A. %<# (082 (02 "
(082 o D 7< ! "
13+.+D +41()C! # " (2 " 1-%-, D
3.0 oo 4 ")= ) :
3+< # " ; A4+ 2 ] 1l
I : V.. < "o * I I P
( D7 1 1 ! ; A. .43
! * < "(1%+3D .,+ S <C + .D-."% S <C) ;,.%.D
"% S<C)=4'1.D'-S<C (082:1 %--D '++ S < (
m o r" (02 '3+ D'4" S < ! ; A
! xoogmnomm " (! .
( ;D 7<! Il ! ; Al
! * < " (082 ;'%+ 3D .14 <C( ;4% '3 D -%+ <C

)=;"++D 1% %4 <

%+



Modulus (MPa)

*ITI_IT ”
AMC4dV AMC-V PR PU McC LC
I+ <93 ( * 0 - \
) > 888
%+ $) %+ ) 5 - ? 5 +
@) > 888 ' %+ $) A)
* 888 : %+ ) B) > 888
2 C) * 8 88. : - )
*8 88! -
D
( @& - ) }
( @ +
3 9
= 1
1
3 : -
D *0 = ( 5 E

%1



Ultimate strength (MPa)

a0
80
70
60
50
40
30
20

10

AMC-IV  AMC-V

"+ <03

)

* 8 88!

%+ )

B)

%+ 9$)

> 888

F
*888

")

+.%3' D +3 %% <

A .

" (082

(

?

V...

+4< #

A)

%+ )

<

PR

>888

> 888

19%--

* 88l

D n

%,

%+

+8.9#

|

MC LC

*88
$) C)

*88!

G)

;' 4%1 D +,+ <



I C- "# C % "I "# 0
"+ > 37 !
N * 1 C
" - * | C "
# " (082 (02 ; A.3-<C# "
A.4%<C # ") )= ; A.41<( 0
P " W D
%++,D - %B " ! : A..%4 !
" x  omom P ( D O
:14-D o 1 c x v
% (082 :+4+D 4, % C# I
N R L% D%+3 & (02;%%4D,1%
( 0 ! ")C)=C (0
# #ox "C "o C
x | " < % om
I " E E /| C moo
* ! ! Lo
" ! + ek g .
>4? 8 " LA c oo no
c * " " I

%4



#E

*

<

*

*

" C non

*

C n n

C**

C %, ;3,-I< !

"# 0

" (02

C

;%0% 41< "

*

n *%

"# 0

**



n
* C #
" " *
! !
" *% *
| *
| o
* n | *
P I

#0

l# "

; <9

A A



G # 9 "*9

rtog
1'% 1 *
" I c!
*E PO
# 0

o!

-%

= 8 :
TR
" >?/ C!
E "
# #0010
# **  C
1ol |
e I
nkom g
-



" x n | ! #0
c ! T # " * *
o
(9 %+$-%
"o o I #] #
" CG rrr #l N
4 "oy a _ ".39.3
;0% < " "

! ;82 8 C8C 7 C <> +7?



*n

*
- H*
x
)
H*
*
L]
.‘....
By
= .».——a-”“‘”’"‘%
' DN
u ©)
I+
*
+ o

00

"8.0"

*

*

=<

)

*n

3-.0% .4 /

#

*1

*n

C

*

>J

(8



*

?

Cu

$87 ;WLX

9

/

C

(8

C <C

||9||



0/

* Lo# I # 9
# # * >
Lo 38 ) Mo Lol M
#o# -0 ) M - *
L # # # #o#
* 0 HOH xx

-+



(0 " > 47
I * # % " " [ *
7 " " " "
" ** Q9 # 30 " #
M " >-3C 4% ? 9 "o
" * " * * I " *
mn mn n ! mn mn
*1 * *% * L)
6 &
3
0.+ 0. b 03 L% 4
0.
03
0%.
0%3
0-.
0-3
0"
16
3
- %%() % 3() I+
+ 3




* # F #C" # ! 9
I 0 * ! 9 C
*% * > %.? "
9 *
*%* * n *
I 1 A.... S < * 9 I !
+,
-' Vi
%. //
v " / o _(
.- + P / _)_
//// —)
" / —_— Y2
e Y 82
0%. % ' +
7 * ;<
86
" C7) ! -+ "L M

4$) ") M Loar



! n n n $
p= " # ! 13 1,3 %+ " # |
' 9% 3-%. 3,4-+1>
% ? ( 9 n mn n * n
* 9 # *9 > ?2C 0 * > %7
> _? I n n *II > I? ! mn <
> %l?C n n E * I n
* g " * %% * I
* mn n n n n | *
%_C %IC %3 %+ ! mn n n mn
n n .I
3. .
3.
!
9
/ 9 / 9 / 9 19 & )
(9 ( (9 ( (9 ( (9 ( 7 * 7
) * ) * ) * ) * ) ) * ) * ) * (
141 %++ | 03,1 0+ 41 |-l 33l 44] -BI 0.1% 0 [+ 1.3

%




# < " 1%

1.3l

C n n




% 3.0




%

/II

$1 0 (

| "% % 1
* n
1o
Pall C < " >

**

(D

%17

%12 " ! * 88082




5:*&

5 *



Tt 19

*% ] | # >31 ? > %,? " #

uon ] n

g . 3

<19  >42 ( oo
o . g | " * 0888 #

" | * non

E >+C+%C+3C+2?/ C !



I'G

o"!

%4 '9' !

non

5-)

>4'7



"% n *
1. -
+. 4
3. m(
v m 9
x  %. -
o -
% -
$
1
8 C ! 9 * =
n n C n n * * n
o N O ! ! " E
n * ' n * # # n n
P og* ! * '3 !
D7 # " D 33




—~01..

= (

%..

(9

m8




non

>31?7 G O

non

*

* *

# 1

' mn 11}

' n *
n * *

n

*

*

n

n *



" %

< 9

>4-?2 | C " T7) * .

" -2
x> -%? 7)> :







g™
> 37 >
| |

non g% 1

* 0888 #

n*g

* . %3 >4+

*# C"

%



TR ok
*oH > -17?
G '.! -N
)! & & 2
9 ( 1'3-0
" w9 8
PR " "
1 %.() * o
* " #3340 >
W " %,() >
40> '?2" 9

-4?

*

3%

||*9

.10 >

|%? 1]



n n

5. Mises
[Avg: 75%)
+4.053e+02

ll“'

18" +:

5. Mises
{Avg: 75%)
+5.500e+02

+2.205e-01

%

*

%

L % () >

%t %() >

: "1+

2

n?



5. Mises
(Avg: 753%)
+1.280e+02

+2.137e+01
+1.070e+01
+4.378e-02

S, Mises
[Avg: 75%)
+7 669e+0]1

+8.4259e-05

0+:

%

%



33

%

%



" non * " 9 ( * !
"ok g " -4 1() * © 0
" o] " " 131I() <" 9

W x # %.() 141

%44 4() -.0< " 9 t s "

#0019 ’ o

3+



0 <

(9

ik

: I
)

<
& ‘6\@%\" Q(J
&> 3
&>
2
! + 7 7
9 ( A3340< ¥ w0
I # ;9 ( A'3()<
o " I |-+ "o
%..() ! >1I? ! "% non
* [ * 0 " cC " * 9
C ! -+ 1 +43)C " " #
** n 9 * n # | ' n
*9 ! A "ol

31



# “"# 0

|+? n

"% %

*%

1 41< |/

*%

Cll

"# 0

*
;310 <
# n
"t #

*

*

# *
*

1" 7) #

*%*

# %+l /

# %, "
C

/[ C"

“0</ C



C [T TINT]

#

I(J

34

%

n



L omx
/ Cc-" "
4ox %
*x o !
Lo* #
nof ok " I
* * =1
O# * *
9 * O#
x mawx 3¢ "
R vy 0% |
vougx %
#0 * "
>41C 42C " "
IS * % " C347 [
F * 11 #
. "
x cmon G *
"G+ # B"
! x %0

= 2
* # * * "
c xv
* mn
" %
# >3+7C
EL " 1" 9 |
" !
* *
>417? R
* nn
* | #0
9 19 "
" "G G "0
* 7 * |
* n

>4,7 "



" O* 9 19 G*
9 (:#
0 * *
Lo * * o >447
Lo "ok Of
G %...0- P !
* >.C.?2" o# o
0 >A4? 7 0ttt ox
0 * " | * *
# * *
" c -
0 N -
* x w "
| #
* % # :
P # <" Il 19 >44C
o "
>447? * " "
O# P

0#



*% I x4 " * % * "

! # V%l <" oo
" I " H ! P
| x 19# V.1 <
N # "o I >.C
| X % # N >.3?
" S ;o c”
s E % o< * F o "+C">
TR *  H "o E * <

*x # 1 ! E
* * )< ) # " 0
* >.%C .-C +?" B A
"> 17< ! *r 7)<
v 0 < _ ! !
# X >.,?2 "
S too# T
x moComn 0 # "
19 - # ! *
! * # > +7?

+%



" #C "C"

o9



" Ul 5%< " " *9

* * "okk n "
. C # ! o !
9 " * *k " [
" " | " | " E 1
# " # " P
EIL " C E * " *0 *

E " "

b7 FC 7 7 "

# "l # # 7 ) F< 7
nn n * * " n

<*



%

+3

*1



<119 v x % "3

- " x 8 * %
"k g |
/ 2
"o > 3%? ! !
4 g oo I .44
" | * 1g = " *

++



n n *9

"o+ 443() <
*

+1



" 32 E

"132



% "7

91% - 2

# FC

non

O*

LI I

>

+4

g |

33?7 " *9

n
*
*
*
"on
n



o *

3+?

+2

*%



||*9

**

32

1?

*

n*9



n * L 9 *% *

F oI 0

1%



) r o
C t# 9 o

" " C" " * LU "*!")

II1$ '
% % & 3% $%

1]
! ! 1] % * " "% | nwon

"o " 109 e omnmn

# * 0 . 9 |




9%

%

%

*0#0 * %

* 0* *n

* ;!"( *

7 noa

non

** *

L

g " "

*%*

1 1]

1|

"%

*



# 6
8 ** *
% 7 *%* *

3 s

. -

4 R

oo L)
* [

) Mo
.S " o
9%2
= " L
%+4() * "

( o 0c
> 42

non |

! # "
" I I . %3 >4+7C
Il Il G
"L M | 4-$)
LI Il
3..
9 ( !
S w w

13



%
@ + .

n "*9 C n
9 16.3%() #

* 9 > 47
( 1430 * |

/

%
(" + -

# '%3() > +%7?
" *
n 9 (

# + "9 ( *
n n > -?
31 () *

1+



") 34--() > +'? 14 - ()
( "y 3'+%() > ++

"y 7" 9 (

(
? -3
'+.()
%
%

11



+2

%

%



« + 32 % ; " (4

o " P " # "7

* # +1 8 " *

! n ' n*g * * n

n ( * n nox 9 "ox *

" Cct C""# # " #

14



%3.

%.. -
3. -
| ! !
3- | .7 *%
m= *k
© o
I & &«
& ’b&o ®é® ¢
& N
Q¥ ” N
(. 7' +
] - 5
©, '
(- (+
9%-
n E I n
# ! ! ! ! " % o
! ! l m *
! 9 >3+? "

*x N
*
n [ L



# cF< | ¥

** |

! # "% Q

# " !
n * 9

- 1% * /1 C

* non %



( bo# o " -+ c"n"

%0 . 0C M <

%



%..1

! 9

8%

r"v

*%

! "% # "

* 19,4+ () J"
! 1

*H# "rCc*"* *

<!



: %+ 0 ;

LI 0* *% " #

#" " " g ¥ 9

* n

©

&
I

*

11.0< /

[ *

nogn #

"y n F "



I
<

>47 x 1 "

# | " "o * |

F ! ]** " # *

||C non #



>
9?++%-LM $63$6J9 N ?D?-2 OM-P

) " 1 ;S <C 'S %C | . < I

"ok % | "

! * ! n 1]

2 P * # | #

< "ox Fool 1109 " E !

*% * " *% n |



(U I
v ox
* 9
;<
T

!
#0O*

non 9*

%.. () <

Cc!



%

"C&LC N"O*

(

(C2cC C

(C7CcC C

%

C7 C &

CI!’*

( CX7C$

C 44%

( CX7C(

"o

C

C

)

&2

) X *C

C 44, 8 ;%<6 * 4%0 .%

&

# 1]

C%.3 ((;

C (

;%<6 * -%40-'

C 4,4,%'3<6* %-0-%

N C C/$ #"C

Jn

#

C

/

C $C& 70C

N &"

& ( C )
# C%..1
& [/ C
2 C 444
C
C 444
& "
0" ;%<6* 1-0,

" C 4, 8

<6* -%03

" %.'C

(;+<6* '++0,

0;<6* %30-.

18;%<6* %,0-+

;<6* 1-0,

44-C )"

68 )

%

%

*' 6



% J C&& c o+ % &

2 ( C%. | :+<6* +101'C +3
- J Cc 3 #C ' &C 44%

(;-<6* ,140,3
) c & = 7% L C

& * '

%..4C = C%.4*9 C %%C +

3 $C&NC& C [ "C & ! &

C 4+ 11 6* -%30-
+ c/cC " C ()*C ! "

C 443 . ;<6* 304
1 c7 J I C ! *
& & C 411 "1;1<6 * 43'0+%
, "c&LC " C | C - #
' & "C 44 (%<6* 04

4 cC7cC |/ cC 2/ C ! & 'C

41' .:-<6* %1 03
%. "CNC @

/[, & "C 44. . <6 *

-0-

% C(&C CO "
0% .

" & "* C 44 1;3<6 * +1'0,%



%% c/C7 C (( C + -

& & C 41+ "0;<6* %0+
%- J"C ( J I C ! *
" ( C 41+ I +<6* +10,.
%' / C C C * )
' * " C <C%.., ;%<6* -30'+
%3 "C&LC L C $() C 0

" C 441 0:;%.<6* -%30-.

%+ N"C& C C '

" & "C44 ;%<6 * 430 .1
%1 N CPCL/ C C
& ( ( (C 44, 1;3<6 * %+-01

% ) CC C
C%.3 !;<6* 1
%4 N *C &C ( C C &
" / |

441 ;3<6 * ' 40%-

. (cC2 /I C 1, -
%.3C)" * C)6 * J :J *
- FC) 2 (cC 2
P!
"C 41+  1,<6* 3'03%
% cJ(C& /C 2 (C + " *
& " C44 -<6 * %'303,



"%

CcC7(C Cc ! " "

& "* C 444 . ;<6* 3.0,
#C(C( C & C
3 * & & C 44' (%<6 * - 30
4
"EC7 " C I # #
% * " ;91 <C 444 0:%<6 *
%'0-%
Jcc Cs 3 %
& "* C%., (,<6* . 04
JC LcC C , ! 4 5 |
6 $ 0 ! 6 " C 4%
1:-<6* -410',

“CcC C C (

&2 C%.4 .8;<6* .%+0-.

c7rC CO 7
" & "C 4 . 5,<6* 31404+
J" C & $ ( C 8 ! - %.. C
> *M6J 9 C1,*
E C C & ' 3 "
& 8 C 4++ (;+<6* -1083.
CscC C $ C 9 3

2 &C 44, "( ;<6* -04



# C& C 2)#C ) | C 3

Y <<=5>>? & 2 ( C

%.1  ;1<6* .1+0,.
J"c&C C & (

C 44 :%1.<6* 340+,

( CccC "C N 0/ FC & "
C%..1 . ; <6* 330+
( C C C "
C%.. 1;'<6 * '%%0'
J"C & 2(/ "C 2* #
C 414 1 -<6* --%C --'
C & J" C 4 " *
2 " ) C 44+ (;<6* -30-

( C$C cC & ! "
% y
(C 4, :<6* 110,
C &C C @
.
<<<5>>= & 2 ( C%.., ;.<6* 3.0.
c&C C! * "
, "55 <A <<> & 2 (

88; %<6 * %..30,

4%

N

&2 8

|r)>

C 44%



3%

33

3+

31

34

" C7 C C6
1
N FC C Cc4
X 2
( C C C
A
cC C c |
* C&(C C&
* 1
7 2
* C&(C C&
*
" 00<6* 3.0+.
cJCcl/Jd) C
3
/| C L "C
&
CcC 7C C (
C 77 7
%

n *
8 & )" C 44, 0;+<6* -30
C 44, . :3<6* " 10%%
%
& ) C%.. I ;%<6* +0+
& "* C44% 8;-<6* '-'04
*
C%..+ " ;+<6* 3,0--
, 7 2 C %..+
& 1IC + * "
"*  C 41% I :3<6*-.01
+ n n L}
"C 4,- (;+<6* -,30.4
C %..- +<6* 1,0%3
C + , "
*  C 443 (;<6* -0+



+%

+3

++

+1

+4

* "x  C 443 (;<6* %.04
$ C(NC C +
* ) 8 (" IC%.4 11<6 * 40+
$C &LC C , noo
. w3 . _
%..4 " +<6* 4'04.%
CN (7$# C 2,
! " & "C%.1
3
= 'c7C @ " ,
&, & "C 444  <6* %O,
C7C7 C 2N$ C + oo
&/
L 1<6* +04%
$CWCL C X( CO
" () C%.4 %<6 * ,,04'
cec I/ Cc 7 C 6
& "C%.- (;%<6* ,-10"
Cc =( = 7% N
(
4B 4C %..1C =
*9C4.

18;<6* +1.0

C%.%

C%.1



1 "C = 7* e C (

3 %..,C =  C%., *

4,
1% F Cc&7d 3 % "

" g %...C C6 )
- (Cc Cc cC + " * & "* C

%.. " 1<6* '404
1 c(c ) 8 & |

C%.1 1:+<6* 44%0 ...
13 & C NJ oC +
& " C%.1 1 :+<6* ,4,04.-
1+ I C)CJ #C (N CD
/
& " C%.- "o *

-0,

11 2 Cc(C cCc o "
". C <C%..3 8:3<6* '30'
1, ceact " 7 * " g C
C 4+ ( 6* -.0-
14 7 C C7 C C ) 7
" "E F | * &

7 C 411 0;<6* -30+
. #C Cc( 2 C J 0 C) "

*3 ! &2 C41 10;+<6 * 4 30,

43



&2

#C C C G
C 443 "(;.<6* %130,.
,% cC C C H

44+ ", ;1<6 * 4++01

o &2

- 7 * C C H

C 44- "l ;'<6* +%10-'

*3 &2 C%.- (1;3<6* +401

+ "1rc C C H "
&2 C 44, "1;+<6* +,.03
1 "C C C 6 ;
" 2 &C %..1. ;%<6* -1-0,

" )y ¢ C$ C )YJc + (, 6 *

C?& 2 C 4, 8,<6* -30-
4 C (C c 4,
C44 1";,%<6* 1-0"
4. # C/IC cC 8
44% " ;'<6 * -+401+

4 "C C ( C

" "C=N6 " 2

4+



4% 7"C C Cc + 3 % "

, & " C%.% | ;-<6* %1-0,.
4- ) Cc7C$ C 7 *C 3. . )Y# 3
' 96.4C C (6
S
4 ci/ic c 9 7"

& "C 443 0;<6* -40"
43 cC& C C & / " ,
& "C%.% " ,;,%<6* +110,-

4+ #CC&( C N ; <C "H# 3 3

%..'C 8 ) 6 L * 9C%+4-*

41 CCcC Ca@ / |
" - ) ,
C%..- ;<6 * +4014
4, &"C Cc C! Lpox .
2 C
%..1 (;'<6* -%'0--'
44 CNC C 3 * & "* C%.
0;<6* ',04-
) C(C o0 !
& C%.%  0!;<6* .4-0 .

41



( C7 $ C + 3

C <C
%..1 ;.<6* .'40+%
% $ C(&C c o 3 &
& C%..+ 004<6 * 4+%01
- CcC C C 9* 3 % J BN
& "* I ;-<6* +-04
S J C(C K 4& 8E C%..- !9 6*
-0'%
3 NCNC C 4&,, * " 3
8E C%..- !9 6* 04

A+ # C&JC C 3 '

3 *

&/ C%..1 ;1<6 * 41 03
1 c(cs "*Cc )s C + 3
4& x (&
& "* C%.., ;9%0<6 * % 03
., XC(C % C (" C ) * &
"C 4,- (;3<6* -.30
A4 +7 +" @ # ;2 +4 %<
" CW ())NC 0 ) O 1 7 8 L )
4 ) & K+ 3 * "
I' C%..+6* 4



