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Finite Element Comparison of Retrograde Intramedullary Nail
and Locking Plate for Fixation of Periprosthetic Supracondylar

Femur Fracture

Student : Hsiao-Wei Chang Adviser : Dr. Chinghua Hung

Department of Mechanical Engineering
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ABTRACT

Periprosthetic supracondylar. femur. fracture is an uncommon
complication that occur .in"0.3-.to 2.5% of . patients with total knee
arthroplasty. If fracture happens, the operation will be difficult because of
the geometrical constraint of artificial knee. There are many choices for
surgical treatment of periprosthetic supracondylar femur fracture, and the
most common use are intramedullary nail and locking plate. Resently, a
new attempt which combined the use of locking plate with allograft was
proposed clinically. However, there are not sufficient data exist
concerning the effects of the three surgical treatments for the
periprosthetic supracondylar femur fracture. The purpose of this study is
thus to use finite element method to explore the differences between
locking plate, intramedullary nail, and locking plate combined with
allograft in treating the above mentioned fracture with different fracture
angles and loading conditions. The study is also focused on the different
conditions of osteoporosis for elderly patients who sufer most from the

above fractures.
iii



The results from the analysis revealed that the stress of locking plate
is larger than that of the intramedullary nail, while the stress on the
locking plate combined with allograft is the smallest. The stiffness with
locking plate is greater than that of the intramedullary nail, and the
stiffness with locking plate combined with allograft is the maximum.
Although the relative micro motion of locking plate and intramedullary
nail is of no significant difference, the locking plate combined with
allograft still has the minimum micro motion. Therefore, Locking plate
combined with allograft is recommended to be used in periprosthetic
supracondylar femur fracture.

Keywords: locking plate, allograft, intramedullary nail,

periprosthetic supracondylar femur fractures.
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A4

SR P EENE
2.1 B A B N P Sl

FIFRTHD A RE AL PRI REFLS S B0 F §
FRABBDLE et FRAIREAL PRI RS F R
AR R A A IR ARE AR BT R Y b AR
M BoiB T [19] 0 Fpt AFT Y MR A 1R F R FHFEFE R

A IR 2 A 1 A F R E R A S & T (Vashon)
e Sawbone = # £2 « L ¥ 7 3 (Pacific Research Laboratories) 7%
B2 &2 F (B 2-1) 0 B A 1 AJE g 3 BoA ot §UF Ap it &
AR Ag s {3 AR A kg ER (£ 2-1 %E d) <
HE 1355 150 Bz B Flpt GBS 8 EH/ B T2 L 2y
%z 23 H# | (Medium Left fourth - Generation Femur) ; 2 & 5% %5 2
3403 » £ B % 530 % £ [19][20] -

o s B s acA el B # (Cortical bone)®_i2 * E A 33
4% et (E-glass-filled Epoxy) » %L & ¥ (Cancellous bone)tt 5 &_*
it %A B % fa(Solid rigid polyurethane)@ = > ¢ B ¥ iz % BRI T 7 -

¥ BEp) Y2 (Intramedullary canal) o & <} 4o 2-1 #7577 o
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%\' 2'1‘ &ls)trg;r{“—f

ST ?

a 455 mm
b 45 mm

c 31mm

d 135degrees
e 27mm

f 74mm

g 13mm

Bl 2-1~ 2 A @& v XX 1
Ry Tk §F sl AT ERT 236mm £ & iy T 4 (F]
2-2); ek F R R B R 47 E S S 10mmo AR P FBEP 450

gy - RowiE?* B 10mm £ B 240mm oF B 47 (R 2-3)

"

Tk BHE L EAFFAARE fRE - WEY LR QL

50mm~60mm > *# 7 RIEH L R 60mm R $F K87 HE o

Titanium Distal Femur LISS Plates, left

Holes Length (mm)
422.341 5 156
422.345 9 236
422349 13 316

Bl 2-2~ FHFRR
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Distal Femoral Mail
Implants

Nails

Short and long, for standard lodking and
spiral blade locking

Solid: (% 9.0 and 10.0 mm

Cannulated: & 12.0 mm

- Long Nail (451.705-711, 725-731, 825-831)
Lengths: 300, 240, 380, 420 mm
Prosimal locking:
1 dynamic hale AP
1 static hole ML
1 static hole AF

— Short Nail (451.701-703, 721-723, 821-823)
Lengthe: 160, 200, 240 mm
Prowimal locking:
2 static holes ML

Proximal locking

Locking Bolts &2 4.9 mm, saif-tapping
(459 260-680)

Lengths: 26 to 68 mm

Standard locking
For mon-osteopornotic bone and simple supracondylar fracture
maorphology.

Locking Screws ¢ 6.0 mm, self-tapping
(450.862-872) (turquoise)
Lengths: 50 to 100 mm

End Cap for Locking Screw o 6.0 mm {451.898)
(turquoise)

Rl.2-3 ~ F 4T

Gl g 4 B oAt B AT He¥k 45 (CT scan

system) > B~{F 3% 2. CT B F AL > 4o B 2-4 #757 o #-{F Flend @ %

& - ¥re 2. & F % #5x(Cortex bone profile) 2 £4 & F #5 Br(Cancellous
bone profile) o £ #-% %7 $h e fpd=k > @ & 4 K F b 5 A
BEFEEA "~ T 4R P 0 (CAD ) = IGES #2 & 4 ## >
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Amira

iy R
RfapidformFEl

SolidWorks

G SRR
ANSYS

Bl 2-5 > {042

T LS ER AT AR Amita A TR F B B o b T MG E g
BCDed P 25821 f8 ) - BT OAITHR BT R4
RS & o

oA 1 2 CT R F A% » Amira {8 > F W3 & serud i
SR BREEC L TR S RUE R 3N A engR (st ) TR 0 4o Bl 2-6 #7

oo X H-ATHE PlERT R~ 1 % 1 f20 48 Rapidform ¢ iE 74 1 2

N
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Bl 2-6 - B3 F A

Rapidform & 2 483 w3t @ sienif e 1 428000 > Bienig o 1

S FAEY BEFH A NG H AN 2 A A

»

Rapidform Rl 39 2 % 45d BF TR AL 6 (0B 2-7 #77 ) Fla
8T A B e A o SR E 2 B %= ~ 7] SolidWorks
Fpedh = FE RPN o B AR g MR ) IGS £ T

"E2 %~ F 'R F A 47808 ANSYS Workbench ® 0 i 7 4p B K 4
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B 2-7~ = v ¥ F REs)

* 7

-~

Sl

R

AEE T AT % #:#8 5 ANSYS Workbench > - &t 48 e

e
~mbe

FERLR ERRE D PFECEE A s e Ffon k
ot chge et s b RS 0 QB ST § G AT )

B o AFT 7 20 A 1R F Son R B ) o ArE] 2-8 S o

B 2-8~ = A 1 h ey
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d Bl 29 BB 2-10 ¥ U HERRTF AT 2 e g

(Node) & % > i2fEif 1 HgRA TP NE F 12 3 4o eV

300,00 {mm) o 150.00 300,00 (mm)
I

75.00 225.00

Faefeicdl (%)

30 ()

B 2-10~ 4 74 257+ &2t

BTAPRGF A R F RSB TR E @

* SolidWorks 2= Hi it 482 1 21 48 < F 47 (R 2-11)~ % 8P 47(R 2-12) »
22



WSk WA > P EHAISL L Zimmer 5780-08 4 1 v R & o

EAE A 1B A (B 2-13)50z g A o 2t AP Y E R 60mm
HiE 17mm poE 10mm sl k i g R A doB) 2-14 577 o K
AR AR 0 A 1R & KR PR BOAI(R 2-15) 0 2 18
e~ 42 4 (B 2-16) ~ 2 L% REp 40 (B) 2-17)~ & B4 T F HF 4

3B (B 2-18) -

B 210 g e = ey

Bl 2-12 ~ # 8P 7= B d
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B 2-13 -~ A 1 %R & = aHd

Bl 2-15~ A 1% 8 & B 507
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PRl g 2 R

Bl 2-17~ X 21 %R & % e is e~ F Bgp 4603
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Bl 2-18 ~ 4 1% BOH B Heisdior 802 74 B B AL F B0

2.3 Jx ekl

Wt ok iodicyy ¢ A 2

2R (Stlffl’lGSS ’ {#ﬂ*”?ﬁﬁ#mfi‘@’] E9g B oo

B i &I FPieimi 3 UL F i
R R R P T e R LI I E ARV B I S

X A e
TERZPRAYTESE -
Teg it s 47ie * % % (Intact) #03) 0 % #3877 % [22]
A B T

€_% full bonded F J i 1% » + = 25 4c [000N 2 4 » @
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FREHE > EERT FMPR ) e R PR R G R {1
EHEFOBREFLED FRERBAT R HUF SN RERET
S HHRPERA R R R PR B AT - AR E
SRR R S ST AT o

AT RFp R R AR 22 rE 0 A 2-2 ¢ AR dkp &
TR B hlichy S Jeard (B 2-19) 0 d & 222 2-19 ¥ v A
SR e acds B S A A 1225 3 1235N/mm 2 > R HR A &3 7
Smm AT o d M RERFRERFTEFFAY L FM AL R
AR 8l AR ETE > EERERGA S dmm F5 AT

B P e BR T RO Sl B - @

22 RHBAEDAZM G

Mesh Size(mm) stiffness(N/mm) Element number
8 1234.78 14964
7 1233.24 17868
6 1229.24 22172
5 1228.02 28757
4 1226.87 42609
3 1225.76 72129
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1240

Stiffness(N/mm)

1220 T I . 1

mesh size(mm)

Bl 2-19 ~ Jeacd &

2.4 WA %z

BTORE 17 E v e Bm R en R SRR o v L AR
DR L FRES LA AR R A o R M R
B e T F] 2-20 f7 o dUBLY VAo HEAR R S Al Rk R L 2

N FIM T G U A T A e
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1600

1500

1400

1300

1200

1100

Stiffness(N/mm)

1000

900

800

700

H Koval[22 ]

SRS

2.5 HHK

Bl 2-20 s PR M b iR B 2 vt )

-

(‘H

2.5.1. AR

fgﬁ%%iAl)&%*ﬁ@]\@}\;r‘iﬁ’*};\%g@g‘ A a1k RE & e

RS AL S a E RRCTHR Rl 0 o R 2-3 97T o

fo 23 HEAH LT

R S R ¥ AL1BME T FFE PP
g RA(&E &)
5 AT S 12400MPa 104MPa 210000MPa 110000MPa
I O 0.3 0.3 0.3 0.3
FE®AR 1.7g/cm”3 0.27g/cm”3
R 600MPa 800MPa
=R 4 896MPa 900MPa
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252, #Rhigi

AR OE R EE S G o SR el iE et 2 AR R
(23] feo A A 1§ 2o T RS2 W endh g pE £ 4R R Y full
bonded #% % o H 7 S Bcdp @ BB § ¢ RAF O AP M o FUL 4T
Btk 2 B AL ARSI e kTR full
bonded % o A4 T F AR SRR IR o 57 BORA TR 5
£ T E T T o 4t * full bonded GF 2 o 3 At RN 4
W el iE R %Y Grant[24]50F B R W T4 L £ B 4
Y eni b A d tadich 0.080m o BARD B X Risid » BRE o
oA e i SR MRS RR[25THR R G B e 0.3 0 F)
iR PR g TR AR MR R YR AT S R R G

Bripitalics: 0.8 MR i B> m i AFe R 2 R o

Fow lom 23 BORBCERTRA & ok Al F AT o AL Ok T
TR A EABAERRARHG - BARME L F > T - B L
PoRdsi g ende 4 o L 34 2 5 #oF 2 S00N 20 5 4 o g
g dE 2 A e B 2 RR[26] T8 40 E PRl 60%(300N)(4 ]
2-21(2)B 2z d # 58 #r77 )~ b ] § JF 1k 40%(200N)(4c ] 2-21 (2)A

LGRS 1 REEN =2 R R c R g S A A SUEA

30



Pl el HAMRIE 2 T 5 AHY wdE s o AR RiT
TE s R AR LD o R ARRIT OB T AR AR
CHREG R 0 heT B 2-22 1R o dz 3G RUdRAR B pR([27]0
- B EREF TR TS g4 5 6Nm o w5  6Nm 2.3z 4
LR B rE Ao B 2-21 (%)9ToF o R F iTeE i R 5 2 % full bonded 5 4

B 2-21 ¢ BT o

. Superior
Anterior

220~ (2) A4 i (1) 4 e
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Superior
A

g > Posterior

Bl 2-22~ A RBfE2E ¢ 5 bRl 2 & [33]

2.6 ¥74] & B
Tkt AEAIBBESEO RS E TS A I BH S R

I I NPy S-S0 R A R R S R N7 Y
B A Ry A RIpR (B] 2-23)0 w1 TRA P AR A 1 RM S
BRI RBREH L S 2 F RPN IT AP T R R
¥ A Aenkon s ¥ 0 24 lom 2 F W ORERTRR R
Al E o2 2 DR A 1R &SR Er(R] 2-24)8 A ¥z H ) (B
2-25) o FHF ARG T F B RETE AR T E B DKUY 2
FA(TP)(B] 2-26 = )& A ergy = ¥ 4+ -7 (OP) (B 2-26 ) B H T
PR DI S B AT HECAI(TN) (B 2-27 =) ~ &8 F B 47503 (ON)

(B 2-27 %) ~ %72 W 53 (TP-A) (B 2-28 = )& AL 47 88 F #-7

(OP-A) (Bl 2-28 %) -
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Bl 2-23~ A 1B & B HE 1SR

Bl 2-24 ~ Ford P74 1B & B FE (e A
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B 2-25 ~AEr 47 A BB S B HE S T

Bl 2-26 ~ (2)F 4 F 372 4 T 0] TP(E )AL ¥ 372 4F =%

# 13 OP
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B 227~ ()8 %7 % 372 BBy A0 IN(L)A %8 372 F Bp

&3 ON

Bl 2-28 ~ () 878 372 BB F H03) TP-A (L)A %% 472 B 4y

¥ #-73] OP-A
35



2.7 % FEnRlix i

ER Y SRR U St B R S E L r R AR R
bR R E A LR AL T & 0 R W RE 2 ek
P AT R e TR d A & BFACEE £ 02 b St
- HgRFRRER ARIEFET F AT L FH o

Carter[28]#-4# gg K 5 5 3 4L > @ * 100 B Rl b # 1%
WA F% J FRERE FSIVEHE N ETFEHFEY R NiR
Fre®: stV RE R RLY L BN G2 S o (E= 2875p3
MPa > p @ g/em’) o

FRAR R B S RET R 2 AT S ik
(Young’s modulus) * #3587 fe A2 & o B 5 RL[28][29] > o ¢ L B # 2
oA et SR T R LPANEE S0 97 B P AR
BRAF T A RIATE LR FRAR L0 R RS
BRI IR AT BRI 2 BT R AT
B TR pe [30]7 DEXA REEF P E&EBLL AT T
BR¥EcE Bip RBREF » it 2 BRI Gl %3 N8
FE e EER D8l R TR R Lt TR 7381 R

Foakim b 247 X fhdie s dode 2-4 9777 o
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2 248l b2 A THRY S ik

=3 FPERAR AR S i(MPa)
81 0.89 2027

AT HAFREHG 2 AR X4 KT it et g
BT R G s B AT R R4 WA R A B

W Bt BT g iRk T FIER .

37



LR
3.1 4 28 52 b REp A0l
XAt oaEiEid
BRI » ks 4 0 T AT B4 % & von-Mises stress
BEFBRERA AGER Rt EMS R AR RS Hede o
Bl 3-1 £t [T g st &4 &
Te o vt B0 BT i ST L 4 (TP)hf 4 & 498.82 MPa > v i %7
FA3EPR £ (TN) 4 331.04MPa < > @ &4 2 % = (OP)s g 4 &
502.86 MPa » +t & &7 B 47(ON) e # 235.04MPa = > &1 4 &
iR 354 T o B R AR o g R 4% o R A
"R 4 (Yeld stress) o FAGN &7 4 B) 27 e fRIE T R B 47
g et A g EFE RS RN g RE
Gt hichBERETBREP TR &0 F 5 400 2 TR
PG HEAEF L RAMEEL R Tt A A - R F AT
1% B o
Bl 3-2 2 2454 fimiEE™ » TP & TN Z22+ A~ H > B ¥
Baagr e b FE R B ez TRM GRS ARG
o B 335 A4S fFIEET S OP & ON S5+ A G H > B
PR TR FERS B RIS T RN AR A TR
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0 REROE P et ST G P T R ap ¥ icE 0 4 = B

fe i BB 8T G Scds o SUR BRG] E B TR G BN Rl Bn
Z $hi A £k & 7 4p 85 lcds o Aol 3-6 Pt o Bl 3-7 5 A4 iE
7 TP g2 TN #fo fede » & A7 EH e FEEsE] o f B4 7 %
Ao BEER < o B¢ o TP 2 INEP RURSEE @335 5 TP ¢ ]
BB TN 0 RIEREER G2 TN ¥ 3R E <3 TP BRGE -

2

2

2
fu

M2 287 % o F 3-8 5444 (52T OP &2 ON 5 s

B¢ AT N RIE4E OP 2 ON - @ * fg] ON hid 5%
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A
¥

)
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3

BAgE EREWZ ZRE773 % od R RF T BFFLLDE >
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3.12. 4 f gt

Bl 39 s f T o gatpatgpr sz iRk
4 Bl B TP i 4 5 230.63MPas v TN éhf 4 128.97MPa
% ;@ OP 4 5 208.08MPa> »* ON ¢hji+ 127.99MPa + - &F
FN AR RO P R FEARE LS £ R £ o B
3-10 2424 f FiE2 ™ TP & TN %2254 A G B > Y &7 % 5
Gt R R F IS o B 3-11 344 fFiEE T OP & ON %%
Bt AT E o B OETFRER R R ey

EPE A P HARSEEERARPZ T B REEE
WR O RE SRR ERARS T EREROFHNTA - B 3-12 L

bpd TR AN FORY MY F R AR
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300 27 Z%
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324 b FEa T b AR B
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Bl 3-15 848 » P enbe < 54 % 0 BlY BT K 94 LK 4 (TP)
4 5 498.82MPa vt $7 B 88 (TP-A)ih s 138.64MPa « » @

Lgrgy w4 £ (OP) e 5 502.86MPa > £ 44 ¥ (OP-A) e
4 161.46MPa = > B Mg » BRF RS T g T FERS § R
3-16 2 A 454 f it 2T TP &2 TP-A S+ A G R > B¢ A7 5
R RE T LR A F Y oR 317 5 A F4 faRiR T OP
22 OP-A %224 A~ 1 Bl R BT 3 4c BREE 7 1] & 7 e 4
g9 o

Bl 3-18 5 £ra8 T Aok WP Bion TP-A 22 OP-A eh@ & % %
TP £ OP> P 34 A W v RFFHUD R B 3-19 5 254 T TP
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» X454 T OP &2 OP-A g ficds vt o> Bl ¥ 7 OP-A cBRIFE

FOL A OP > S H e B AR R U EH B 2 B ehjicds o

48



AR o N T

600
500
400

< 300
200
100

a

&

7
TP TP-A OP OP-A

Bl 3-15-A 84 f gt Frafpabprae 20t oi b

0.039542 Min

B 3-16~ L 484 f =™ TP &2 TP-A 34 A %

49



B 3-17~ L 454

Bl 3-18~ A 4 T g b gt e B BaH cnffag s

Bovt i

50



o i
2 .
1.5 8 TP
E 1 B TP-A
0.5
0
Lateral Middle Medial

Bl 3-19~ L4 § 7T TP 82 TP-A e fed 1t i

1.8 |
1.6

1.2 -

# OP-A

0.8
0.6 -
04
0.2 -

o 772 )

Lateral Middle Medial

DA

N

%

A

Bl 3-20~ £ 4+ f 7T OP &2 OP-A et fieds 1 i

322, 4 f i
Bl 3-21 B tded §AFiE T A R F S B S B AE P~ d B
<A v B¢ BEor TP g4 5 230.63MPa s v TP-A g 4

112.91MPa < ;@ OP e 4 5 208.08MPa- +* OP-A 7 4 103.07MPa

51



~oRg N dRkadzd P TR PFEARLDRS i dEr BRF < o
Bl 3-22 5424 f =T TP & TP-A E»c g A~ Bl B® Bgr 34 B
WMy R PR > R4~ FAEF - ko B 3-23 5424 f ik
27T OP % OP-A 322 » GH > BP o THE P F oD
B4 o B A FARE - K o

Bl 3-24 R e f i THTFFEH T4 BHE D
EERG S R BlP TP-A 82 OP-A % < TP & OP » B 4 % B 4%
Trs EHSRE B 325 ek TR TF
ek BAEF i pedeol g > B2 TP-A 27 OP-A i & B % ] %

TP 22 OP > 7% 4c & B A0+ ¥ R S5 B enjieds -

TP B

250

200 -
2 150 -
= 100

50

NN
A\

=
&
>
e
o
e
"o
>

Bl 321 274 [T b Fpagatpad 8T O P

LR

52



A B A

B 3-22- 44 £ T TP T

|
|

Bl 323424 {57 OP £ OP-A $+cfi4 A 1

53



FH®R
: 7 U
.

Bl 324 84 T e b Fag e bl B OFEND AR

1L ﬁi

%R M
1.2

0.8
Q

o
& 0.6

04

0.2 -

NI

TP TP-A oP

o
P
>

Bl 325 4 f 5T 4 2 4 a b e s B B A E it s

L ﬁ;

54



33 % mm;‘a&}m B e RN A R

Bl 3-26 54484 2™ 81 et Fonfiinpr 4 ¥
SEMEFDE PRSP R R T TP g4 S
452.37MPa> +* TN 15 4 406.52MPa = ;@ OP e # % 464.52MPa >
. ON shfg 4 254.71MPa = - Bor & ¥ Fanfimm? o gt
AL A RN AR e R R TR A RRT 248
- RO I MMAALNE R LS B 327 R A fEERT 81 RF
FiBiiiRz. TP & TN S22+ A Bl BY Fr4ztFrt g
BETH G oHIT o B REPM AT RG9S - B 3-28 L A F4 fiE
T 81 Fh Fangiiiea OP &2 ON £+ » F W 0 iRk T 4
THF RS P AW G R RN SR s 2T .

Bl 3-29 A 4454 it ™ 81 A¥ Fenfi w4 2 F 4
SHRHNEAOEHED RV R B T AEHBRE G 4t Fa
DRGFREN 4L B A A o] 3-30 L A4 fARiEET 81 & F s
RfipE 2 TP & TN %75 ficds > B @ B TP ehp RIURGEE Y TN <
TP vk i & SRR 45 TN chvh ] R W sk 4 > 2 TN o 36 &+ TP
Bipg L ¥R FHAEGCT 2485 - & o Bl 331 5 284 f
iEiE T 81 A FEn R OP 22 ON %7 ficds » Bl ° o7 P i)

55



@‘{ﬁiﬁ OP <3 ON - @ ¢t i ON e 38 & < »> OP mfiﬁ”ﬁi ;b

AR T RAFRT 24 - R oo

TRNECE A
™y %
< 300 /
200 % 7
103 - é %

B 3-26~ A 454 foir T 81 A Har BTz 4 8 4 2 ke

R S A

56



B 32744 f A R EL T 2. TP 22 TN & 2o 4

Bl 328~ 2454 T 81 & ¥ Taififiiiz OP & ON % sk

5 i
57



300.00

150.00

N/mm

0.00

FHIR

A\

D

TP

TN

OP

ON

Bl 3-29~ A 454§ m 81 & F Far R 4 2 F 2k R

GRS RV R
o Mg
2.5
1.5 BTP
E BTN
05

-0.5 -

Lat

-

Middle

Medial

B 3-30~ £ 4F4 T 81 & FarElie TP & TN %

58



2.5
2

1.5 1 / £ OP

g %

05 Latd  Middle  Medil

-1

B 3-31~ 244 ™ 81 & F Fenftiinz OP & ON %7a fig

i

332, =4 firiFit

Bl 3-32 244 f g™ 81 REFeiiinprz g 2 F &
FREN dreifi » P h A 4 oY B TPens 4 % 149.01MPa »
W TN e 4 132.08MPa + ; @ OP ehfg# 5 177.93MPa- +* ON &
f&+ 12223MPa < - &gom L F Ferfopn? 4 TF R Pk §
R RN AT LRSS R TR AT 2485 - &k o §] 3-33
Sl FERET SLAE TRl TPE TN 2%+ » 5 B>
Ble fgor PP 4 R T3 > Bl 3-34 S84 T 81
Fd Tergiiiz OP ¥ ON $2cj54 & F B > b AT F 8N 4

Y LT R IER

59



Bl 3-35 A4 fmigir™ 81 k¥ Famiiinp e fFs
FREN rerii B B B4 VR BY Ea g e R e R SRR R
AR %o 3-36 544 fariEiT 81 & Fan R 4 b

8 R gk

—1\
)1\“%

Bl o B YRR el FER RUpmaE T b A 4

EE R Rk e i

orBob

200

150

100 -

Mpa

50 -

DI
N

= I

B 3-32~F4 f T 81 k¥ Fonfiin g 2 b m e F R 4

CECRNETE AR T Y

60



g] 3-33 32 4 =
4T 8 w2z TP ¥ TN E22g4 A~

3_ N T3 3 =3
Bl 3-34~ 44 f T 81 & ¥ Fasfiliwz OP & ON % ¢k 4

A i )
61



FHPR

160

120

80

Nm/ra

40

- Hin
. I

TP TN

B 33544 firT 81 s R 4 2 F 2 B 4

SRR R B

%@ fcd

TP TN 0] ON

B 3-36 44 firT 81 A Wanfiim 4 2 e f Bep 4

ST

62



34 % TPk T e b e e bEa s 2T
23

B 3-37 5 A4 fFEET 81 A% Fenfima g at
HMACRBWEF e » B~ B4 o Bl° & TP g4 5 498.82MPa >
vv TP-A 5 # 235.36MPa < ;@ OP g4 5 502.86MPa: +* OP-A
s 4 249.08MPa % o B J Bt R ECR R T M4 BARE 0 0
Hr o pH > PESEIFTFTRAFRZAESR - K o B
338 5 A4 f i & TORY A b Rt R 2 TP 2 TP-A ¥ > fi 4

GRCEY T AT e RER TR T R S B o
Bl 3-39 5 2454 .81 A F WamgHieT 2 OP & OP-A %%k

B 340 5 5444 fimigir™ 81 A gl mpr 4 2 ¥
FEg TR B FEES R R BlP B TP-A &2 OP-A
b Ry <2t TP & OP > P & Faiflmm™ > M4 R HF ¥ 3
BEMTE B 3-41 ZAHFA iR T 81 R F FaREiRmEL
TP £ TP-A h¥ra picd » Bl® &1 3 TP-A m@‘{ﬁﬁl A TP 22 > B
BRI FFTRASRT LABE - R o B 342 LAY fFERT

63



SRR ] % OP »

600
500

400

a

(=¥

S 300

200
100

4

B 3-37~ 245+ far ™ 81 R E HER R 2 4 T F 4 B

i x) PN b S N 28

64



Bl 3-38~ £ 454 f T 81k FEn gl w2 TP 22 TP-A % 22 iy

52

/

Bl 3-39~2 454 f 4w 81 &k F Fargtirinz OP &2 OP-A ¥t jf

)
65



150.00

100.00 |

N/mm

50.00

DA\
M\

0.00
TP

TP-A (0)

o
o
>

B 3-40~ 2 454§ T 81 A W ER R 45 2 4F g B 4 B

A R B R

TR pc
2.5
2] 7 TP
E 1.5 % 5 TP-A
o
e
Lateral Middle Medial

g]341‘)»%4éj\—:‘—r81%%?—3n7ﬁ4} W2 TP-,‘Z';-’TP—AE{”%&%

S

LW gis

>.\

D

6




BT & i H
2.5
2 2 OP
1.5 ? ‘
@ OP-A
: 7 / 2.
Dy
0.5 7
05 Lateral Middle Medial

Bl 3-42~ 2454 § T 81 & FasftiFinz OP & OP-A i

o f e

342, 424 f sl

Bl 3-43 544 fimiE AT 8L Ak TR B 4 2 F
GEHFSE R RS RI R Bl o TP a4 5
149.01MPa- +* TP-A i+ 136.47MPa % ;@ OP cofis 4 % 177.93MPa »
b OP-A g4 137.46MPa + » B 2t Wi fmm e o 4 2k
FARL S Er R R R B A R T RAN
T2 ABEI- 3 o B] 344 Sz 4 fFEE T 81 A F FaREERL
TP 2 TP-A %5+ A G B B ¥ 37 b Fonfm T #4c B a0t
At A GLBA A 345 544 f AT 81 A

FELT2 OP & OP-A $»cfi+ » B > WY Br ot Fenfibm

67



TR BT B R W R RS0 o RH LR L o

Bl 346 544 farie ™ 81 b Fan R 4 2 e
HTHF g AT OFRP R RBY TP-A & OP-A % < TP
2 OP B ik FHEFRET » 4 BT T URTERDA - F
347 G4 famiE T Bl R R RN e b e R
Fendre e b OBl Y e bR R B R A R Y] A

ﬁé}\’ﬁ‘ oAl BHE VRS ETe B aukd o

- -,
-

Bl 343 424 f T 81 b TenSiHiR 2 4 T F 23 4 B R

LEEI R R Nl TR J8

68



Bl 3-44~4=4 f T 8

Bl 3-45~324 f /=™ 81 & F Fanfiirinz OP &2 OP-A ¥4

A i ]
69



180
160
140
120
100
80
60
40
20

Nm/rad

ERD AR

DD

TP

TP-A

OP

DA\

o
e
>

Bl 3-46~ =4 [T 81 A% Fanfiiima g4 2 g 2k 7

B R MR R R

1.2

0.8

o
% 0.6

%o e

04 -

0.2 -

DA\

TP

TP-A

= DO

o
">
>

Bl 3-47 ~ =4 f T 81 &K Fanfiiima g4 2 g 2k 7

70




3.5 Fe it

Fentoro o e Faokt R )& 5 R FH K
FhoFBEREDFRAF g IMNFL 2 A0 RAEL S G H
2EFEBAMEELR TR b P HE S - R ITDE
HgTEPFErEE TR L PR R ELFEFROE 4
Hhirpsragirahm P& HRIF ol B0
FRAEPRESOLE ) CEAEN RSN LR gt
PRI ETRAE&T I UREPORORRI TS
BEHER - md e} BRED AR T UP S D 3 5%
Bl e D R e ke G PE AR Bt AR
ied o A iRAR e 2 F A B2 A e o

el FEARET PN AR RS TR R o
}'@4 - z*gag?ﬁji E,\:,:—r7 i\zigb._ = n&g;\i& 54 J‘}@g s F] gL
Tkt WmT LR A TR EREORE o n AR A TR
TMEFL DR H 7 FRGTHFEH - ¥ Fomdpm™ > T

PA G ETF LG TF AR BT 5T 0 4R

5
3
2
o=

¥ cfE
WOR 270K FHEN 44 b sy T 4 W e
P TR RORE B L R TR S 6 T R 4
THAFDLIEF o a T h 4l BT 5 R TR M o

71



g Fantmy i b RS OTR RHTHER
BOBET TR RS B A BREF BRI AT R
- A T A TR e R AT EFRY RROR
RH G BHE LIV RS T RS AR 4 ST o

ok ¥ A TiEARY o 4 T 4 (TIGAITND) 2 HRE M F 4% * 4
[34]2 ¥ 2%k Bcdy  £-¥4x & £ (Ti6AITND) &7 § FH R ¥
Bl HAPEFEMF L 1044 (Hz) B4 v 5 0.1 Hikearid
* 2 L SN b MAeB] 3-48 Frm o WoERATiF 2 & & (Life) Bt ¥

d_,/\}ﬁl'\ln;’;{» EE‘J ;le}ijj%’}\ﬁi,‘:/\;ﬁagl ‘J_

NDEE R AT TIL Sn 2 BRRAER > 470 HT
EEC IR W R & & A

()T&'}% ﬁ“‘wl%‘ﬁﬂﬂ—‘-& J &7 F'&,F\F‘] gg‘;," /‘J’;&”";’»J‘E‘ﬁ

L

S 12T TV BRSPS

—

-5

ST % BRRARPE 0 A L HRE A R § AL R

§ R ¢

72



500

475

]

[-™

=

o 450

-]

b

&

a2

=

=

=

400

75

360 —
e Lsers  3Teds  Ses  G2esd Tl Lesb

Cycles

Bl 3-48 ~ ## i@ * 2 Ti6AITND S-N o &

i * grt8 2 ANSYS Workbench ¥ 2o & it » 3% chF_ AR
4 gk % (Stress-basesd ) 3 > Hip# 303t H g & > o fro b2
& # 3= t5( Amplitude load )~ /& # +“(Ratio load)%* 1 #L 4 +( SN curve ) °
dHHLS R T Ao b SOONALS TH RAFZ B b5 Lenn 2 B
A AR 349 T o AT FH IR F LR B AR FERAR o
SORERFFRYF IO > AT 00 600N it 4 BT 0 d
Bl 3-50 7 3 R4 TF F AARTET A T eIl 0 X TR R
A TR LI 2 BRIk A2 BE S BT TF R A
600N 2.4 enffFRT - FPN T T F % o FEFT TOON 2584 3

w0 B 351 KT AR P NI R0 pR AR RN g AL

|

}ﬁ%,&i;%,%\,-ﬁ: ’lf_|.‘700N7 Nimt /K‘T&é L'g‘*ﬁ‘ _;I-P\ ﬁ‘é‘

RERH D U BET AN AMERG p LY o B RF RS

73

".‘El\‘*\



| A2 64 B FVNEF R RS ArE e T o JRIT TR S

o

ot FRe R BT A ERERY g ¥
BT iea @ h i A - o A g T ek B sy 2k
T2 FZ T 5o Bk T Ain G HERS PR LT

CELY SRS EE LTRSS TS L i

le6 Max
lefi Min

B 3-49 ~ 500N &+ = OP £2 OP-A 2. ¥ & ¢
le6 Max
0.2105e5
8 A634es
807075
751425
6.0081e5
6.5136e5
6.0645e5
5646365
5.257e5 Min
B 3-50 ~ 600N &+ * OP £2 OP-A 2. ¥ & ¢

74



lefi Max
7.286e5
5.3086e5
386705
281825
205335
1.4961e5
1.095
79421
57866 Min

<—

B 3-51 ~ 700N 4,4 T OP 22 OP-A 2 p ¥ % &

75



S
s
ik
T

3\

%
S
po
o

Friypie ks A TR Fdrmsr 2R ifEr 7 kR
FAXE-F R HG &R 3 P P ERT  FH AN FLE D
Bl sk > @ AT 2 % 005 TR FEFEAT 1Y R RPN & BT
POl B0 BT A B E Tl £ o

HEFFADPRES G B FREN £ A R4 2 5 73 F RN &

R

I RE R T T RN P Y SRR 1)

e

T

FE AP EREFRITIE ERBELAFT LEFH T F
ERRTORKLEA AT LEFH PN 4o

HEFFH PP ST RS RSP R R BT
Flb AR F E R R B E AT RRT > dod a Rl A 4 R IR R
AL ETIr v gt Fal BRF MR NEELF D
AN GRS B BT SEATOL T N L LR F A
BT A I TR N ,u,ksf»F?F PRFLRY LR SR
JOEEAEERE S AT G UA B RS S e s
Afe s VIO R AR RERAL DR DEHBREFRED BT

76



4.2 4| ¥ &

BT HEF L Rl TR Y 0 U R R
TR A E
AR IR 5 AR RE AR H TR A4 iR s Ep 2 B en
b om bl e R d 0 R R e ke

%mev’ib 3 /}é‘ﬁié_i iﬂmmfﬁ,?\ » 1B

:ﬂ
ET
\>‘_
-~
o+
A

Fiatbigp gt rag e Pl B8P A4 R O
T4 e B g s BRI SR F e £ E o T
BRI B AR ¢ A2 g ik a2 I full bonded i # kR
M5 B2 RO SRR g b e S S R
SOOI % T AR TR Rt e

2. AT REE B ALY B

%

TR LR ITIS RS 2 F
Flpb BT 0 B B F R0 M IE R RR IR BT R M A R TR R

FAB A AL L REHRE B TR B R R 5

s

AL PR BFL S T R

EENFCEER I e T

—\

S 30 A E B 4
T FEH TP FESE BRI 2R BT RS ERR
RN

77



BRI R S AR S SRR R SRR - g )
ARG RDTFEHET ERF AR TRAE L KT 2 LT AP 2

HTEFEF A E 7NN O T AR

L=

L S S

B AR A BRSSPI R RS A MR
Tyt b RgEp Fenio o A g RN IRERT MY TS
T s iehA PR REET 2 BRI LLB’L‘*‘[F’F, AR F ALY (T o

R RVER LTI S I Y =k BV TR R g

T,
~

PR AP AR AT T A R Y TR S £ 4
PR F M 0 B g oL BT A RT 10t 2 i A F FTeh 4
R TR R TR R A 2 =T e

FehEi S A AAZ R EBEY AR BEREFE T AF T ® Y
FREFAAFLEFY - 2 g hizd MEHATE iR g

A{ﬁ-rg— IT%%mF%}%;};tﬁ:rmP’?EiF"" » by %%mxaﬁ OP/EEED U

AR RS LA B OF R BRI e 7

78



[1]
[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

54 <
BEHSF “RATFE EBE DEA > 1998
Cain PR, Rubash HE, Wissinger HA, McClain EJ. Periprosthetic femoral fractures
following total knee arthroplasty. Clin Orthop 1986; 208: 205-214.
DiGioia AM, Rubash HE. Periprosthetic fractures of the femur after total knee
arthroplasty: a literature review and treatment algorithm. Clin Orthop 1991; 271:
135-142.
Moore TJ, Watson T, Green St, Garland DE, Chandler RW. Complications of
surgically treated supracondylar fractures of the femur. J Trauma 1987; 27:
402-406.
Schatzker J. Fractures of the distal femur revisited. Clin Orthop 1998; 347: 43-56.
Butt MS, Krikler SJ, Ali MS. Displaced fractures of the distal femur in elderly
patients. J Bone Joint Surg 1995; 77B: 110-114.
Wu CC, Shih CH. Distal femoral nonunion treated with interlocking nailing. J
Trauma 1991; 31: 1659-1662.
Delpott PH, Van Audekercke R, Martens M. Conservative treatment of ipsilateral
supracondylar femoral fracture after total knee arthroplasty. J Trauma 1984; 24(9):
846-849.
Sochart DH, Hardinge K. Nonsurgical management of supracondylar fracture
above total knee arthroplasty. Still the nineties option. J Arthroplasty 1997; 12(7):
830-834.
Chen F, Mont MA, Bachner RS. Management of ipisilateral supracondylar femur
fracture following total knee arthroplasty. J Arthroplasty 1994; 9: 521-526.
Leung KS, Shen WY, So WS, Mui LT, Grosse A. Interlocking intramedullary
nailing for supracondylar and intercondylar fractures of the distal part of the femur.
J Bone Joint Surg 1991; 73A: 332-340.
Ostrum RF, Geel C. Indirect reduction and internal fixation of supracondylar
femur fractures without bone graft. J Orthop Trauma 1995; 9: 278-284.
Bolhofner BR, Carmen B, Clifford P. The results of open reduction and internal
fixation of distal femur fractures using biologic (indirect) reduction technique. J
Orthop Trauma 1996; 10: 372-377.
Farouk O, Krettek C, Miclau T, Schandelmaier P, Guy P, Tscherne H. Minimally

invasive plate osteosgnthesis: does percutaneous plating disrupt femoral blood
79



[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

supply less than the traditional technique? J Orthop Trauma 1999; 13: 401-406.
Brumback RJ, Uwagie-Ero S, Lakatos RP, Poka A, Bathon GH, Burgess AR.
Intramedullary nailing of femoral shaft fractures — Part II: Fracture-healing with
static interlocking fixation. J Bone Joint Surg 1988: 1453-1458.

Althausen PL, Lee MA, Finkemeier CG, Meehan JP, Rodrigo JJ. Operative
stabilization of supracondylar femur fractures above total knee arthroplasty: a

comparison of four treatment methods. J Arthroplasty. 2003 :834-839.
Kumar A, Chambers I, Maistrelli G, Wong P. Management of Periprosthetic
racture Above Total Knee Arthroplasty Using Intramedullary Fibular Allograft

and Plate Fixation. The Journal of Arthroplasty 2008: 554-558.

Bucholz RW and Jones A. Fractures of the shaft of the femur. J Bone Joint Surg
Am. 1991; 73: 1561-1566.

Heiner AD, Brown D. Structural properties of a new design of composite replicate
femurs and tibias. Journal of Biomechanics 2001; 34: 773-781.

Cheung G, Zalzal P, Bhandari M, Spelt J K, Papini M. Finite element analysis of a
femoral retrograde intramedullary nail- subject to gait loading. Medical
Engineering & Physics 2004; 26: 93-108.

Dong SS, Kunwoo L, Daniel K. Biomechanical* study of lumbar spine with
dynamic stabilization device using. finite element method. Computer-Aided
Design 2007; 39: 559-567.

Koval KJ, Kummer FJ, Bharam S, Chen D, Halder S. Distal femoral fixation: a
laboratory comparison of the 95 degrees plate, antegrade and retrograde inserted
reamed intramedullary nails. J Orthop Trauma. 1996; 10(6): 378-382.
FRE-FIISNZ X EI P Bt R DFPHECERFIRL -
AR 94 & 127 26p o

Grant JA, Bishop NE, Go“tzen N, Sprecher C, Honl M, Morlock MM. Arttificial
composite bone as a model of human trabecular bone: the implant-bone interface.
J. Biomechanics, 2007; 40(5): 1158—1164.

Chen WP, tai CL, Shih CH, Hsieh PH, Leou MC, Lee MS. Selection of fixation
devices in proximal femur rotational osteotomy: clinical complications and finite
element analysis. Clin Biomech (Bristol, Avon). 2004; 19(3): 255-262.

Completo A, Fonseca F, Simdes JA. Experimental validation of intact and

80



[27]

[28]

[29]

[30]

[31]
[32]

[33]

[34]

implanted distal femur finite element models. Journal of Biomechanics 2007:
2467-2476.

DesJardins JD, Walker PS, Haider H, Perry J. The use of a force-controlled
dynamic knee simulator to quantify the mechanical performance of total knee
replacement designs during functional activity. J Biomech 2000: 1231-1242.
Carter DR, Hayes WC. The compressive behavior of bone as a two-phase porous
structure. J Bone Joint Surg Am. 1977: 954-62.

Rho JY, Zerwekh JE, Ashman RB. Examination of Several Techniques for
Predicting Trabecular Elastic Moduls and Ultimate Strength in The Human
Lumbar Spine. Clinical Biomechanics 1994: 67-71.

Clark DI, Crofts CE, Saleh M. Femoral neck fracture fixation: comparison of a
sliding screw with lag screws. Bone and jointsurgery 1990: 797-800.
http://okok.org/forum/redirect.php?fid=45&tid=126248 & goto=nextoldset
http://products.synthes.com/KYO US/kyo us_trauma/home/pdfframeset.asp?ME
DBODYRGN=DIStal.%20EEMUR&MEDPRODFAMILY=INTRAMEDULLAR
Y %20NAILS&MEDPRODNAME=TItaNIUM%20CANNULATED%20RETRO
GRADE/ANTEGRADE%20FEMORAL%20NAIT.%20-%20EX

http://www.imaios.com/en/Media/Images/e-anatomy/Anatomical-terms-of-locatio

n-position-motion/Standard-anatomical-pesition-Anatomical-terms-of-location-en
WP g e AR FHFEL RS A PR E2 128 )
AR93 & 10 2 o

81



