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Department of Mechanical Engineering

National Chiao Tung University

Optimization of Screws Arrangement in Treating

Undisplaced Femoral Neck Fracture

Student : Chihchia Lin Adviser : Dr. Chinghua Hung

ABTRACT

Undisplaced femoral neck fracture is,a common senile injury. Pinning
in situ for the fracture site rtemains,the. gold standard of treatment. The
fracture site is located in the hip joint,’so nonunion and avascular necrosis
of femoral head usually develop if sufficient fixation can not be provided
by the implant.

The implants used in treating undisplaced femoral neck fracture
include multiple screws, dynamic hip screw, and dynamic hip screws
associated with an enhanced screw. The mostly chosen one is three
screws. Although there exist well-documented principles of screws
configuration: 1. screws should be inserted parallelly; 2. screw threads
should pass across the fracture to provide fracture compression; 3. screws
should be spread apart to maximize fixation stability, few literature has
discussed the optimal screw arrangement that fixes the fracture site most
effectively.

The aim of the research is thus to perform biomechanical evaluation on
undisplaced femoral neck fracture model fixed with three screws by finite
element analysis. Feasible screws configurations have been arranged into
four models and the optimal models have been found according to several
conditions, such as the angle between the fracture plane and horizontal
plane and various Young’s modulus of bone. The results of this study may
act as a reference for surgeons’ treatment on undisplaced femoral neck
fracture.



Keywords: finite element analysis, screw, undisplaced femoral neck
fracture, optimization of screws arrangement.
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4021~ F B IR G TR

Risk factors for hip fracture

Genetic: family history; higher incidence in Caucasians
Increased age and osteoporosis

Sedentary lifestyle

Impaired nutrition

Smoking

Excess consumption of alcohal

Mental impairment and confusion

Medications (e.g. tranquillizers, hypnotic, anticonvulsant drugs,
corticosteraids)

Osteamalacia (due to deficiency of vitamin D, malabsorption,
liver disease, renal disease)

Cardiovascular disease and cardiac arrhythmias

Impaired vision

Impaired neuromuscular coordination and neurclogical diseases
(e.g. hemiplegia, Parkinson's disease)

Undetlying bone disease (e.g. Paget's disease, bone tumours,
secondary bone tumours)

Endocrine abnormalities thyperthyroidism, hyperparathyroidism
or hypercortisalism)

- L 1896

Possible causes of hip fracture

Bl 2.1~ 3 F 472 R F
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Hip joint
capsule
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B2 (B 3.1) B3 A 2 A3 anE H B F Ap it &
A At oA Az Amb o n b AR (£ 3.1 % d)

A I35 R D 150 R2 B Fh g JHEERASE S T4 2
Bl % = 2% ¥ | (Medium Left Third - Generation Femur) ; o S5

RS E S s ES &

x\“\

%3303 £ 8 % 530 &£ [14][15] -
H_i¢ * EF| gk 33 8% M Af 7 (E-glass-filled Epoxy) » £ & ¥ (Cancellous
bone)+ B H_* % ik A F & fig(Solid rigid polyurethane) # = » ¢ ¥ #

iF %32 R ¥ 3 — F &P 9Z(Intramedullary canal) © ® 4% 3.1%757 o
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% 3.1~ A1 F e+

S5 <

a 455 mm
b 45 mm

c 31mm

d 135degrees
e 27mm

f 74mm

g 13mm

LATRR L @ hd D ME St 9B T 7.0mm- £ A 4
70-90mm = + > 4e@] 1.5 957 0 Flp AL R e s 4 1R F T Ao
F % anf 8T 5% (A5 1 1146-90 > 7.0mm thread diameter > 90mm length >

l6mm thread length ) > 4- B] 329757 o #1738 * et FL 2 % ik

SS316LVM ( Stryker) °
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A R E RS A B R AR SR D E R A
(von-Mises stress ) & Jf 7 iy AZiB ™S KE R E 0 k2 TR L AP
SN T 2o e B (Stiffness ) A7 R Bl S enBc E i 0 B (S 4

HHRBSEEFRY AR B NE T A2 RFARZ =8

] P &p;{j@ﬁi\:‘ :iZ,-g [P TRV B I
Lok chz g WECE 5 &t s v priicdp ot 3 o

2. B ARETH G TR F IR SR E L RE RS A F o

3.0 g ek o v RE RS A o

4, HFIBSGEFTRSY A 7.0

5. B &R ePETH GITeshl A 8 R 5 S N @ e fE 5|
AR RS A

6. At RS T T ISR EREFT I R o

HRARR AR 33977 0 A W FamE RN T AL E o

R
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3.1 = {4

B s 4 BiERNA B AT He¥k 45 (CT scan
system) » B~{E I 2 CTR G AL » 4Bl 3.4 #7om o R-18 3| eh¥r k 3
BB L 1 2 AR U 08 Amira 0 R F & - ¥ra
2. 4 B % % Br(Cortex bone profile) 2 £t 5 # #5 Bz (Cancellous bone

profile) o £ #-2 ¥7a e fpde k> A A 4 W F b o BBt BF R

L

W~ T ea ek 3t 30k (CAD) 3 S IGESH: 11 & 2 % 4F - 2 1
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d B 3.9 BR300 UG EERRTFEA TR L pefE g
(node) % i § {4 > 2FEH HRA TR NE 12 H 4 il anv |

B o
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F1#* ANSYS Workbench £ # 21 % 8% 55 = ‘a3 #H#73] > 4o®] 3.11

om0 F E e d LR 55 4o Bl 1S Ao o FRIEKyleE A [5]4 0 BT LR
SRR Y T o MR RE N O F IRER R H 1T AN Se s b 4R Sk e
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FEEZ Wena & HN R AT B2 B BE A 4 F Rl RmA bA
FAE ¢ BeAe s it o ) i 2R RO LR Sk 2 B s
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25 AT 3R RAR T A A R F R YR 2 R R Y ity
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3.2 | #ip

Fla 2 PR R TR, Al g A2 EFL R 20
P VA F AT 2 Fock* (von-Mises stress ) ~ J& % ( von-Mises

strain) Bci 5 570 0 Mg 7 TR R HEAI R R BB 2 Jracli A i o
A (A e A dR ) T A

*x
BEAFEE  EFRRERARE SRR N2 ks R e B

Wo i s AR

4o 312477 o 4l *at § (Intdet) 3% ¥ 38 F 4 H 75k
B[17] > e R DR RBR Fd BRET FRERAT RIES ¥
L RSP AR R R R R F R

B RAS - R ER  ER S EOR R L B Y

B 312‘1§§lu+z-—
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Fla AT AT B 3T R o b Ik T R T
LE- B B EFRERPAIACERARZR - PR BT
Fit o 4e®l 3030 R 3044757 o HFR S R dod 32975 3454 3.2
AR P B4 el i e aed SU(H 3.15)d & 32
B 3.15°¢ 7o B4 Edcacdt Bl 9L 12 3 14MPa2 >
PR A6 13mmz Fd MERAKK L > @ B2 Joard RAET
Mo EAped AR E A BEEEL A P FEPFF LY L
T AT R AR KD ELSPTEREFE T > R ERRERRA

Smm it 5 kAT § RO G AN Wk B8 T kiR Rl Mg

o @R R ARG R g

Equivalert {von-Meses) Stress
oy
Mt 1761 eH02

2007111 16045
176,136

B] 3.13 ~ meshsize = Smm 2. £+ & F
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B] 3.14 ~ meshsize = Smm 2. 3R ¥ L

F 32 RRBPRERE RREZHM

24
LA

Mesh size (mm) | Stress (MPa_.)_ .., Strain Element number
11 12.805 1.6849¢003 9764
10 12928 1.7011e003 10706
9 13.664 1.7974¢7003 11918
8 12.917 ~ " 1-1.6997e 003 13167
7 12.804 1.6848¢7003 17041
6 12.961 1.7054¢~003 21590
5 12.456 1.6389¢7003 27183
4 12.309 1.6193e7003 39189
3 12.019 1.5815e7003 61758
2 10.259 1.3499¢7003 130678
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(MPa) & et 23T 1
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: 1+ == d
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x10~3 0.6
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Li]
| 2 4 -] B 10 12 14
M FE R (um)
AP AT

Bl 3.15 - fcach &

3.3 A H WA HE

33.1 HEET

ALK AR B B RRTIR g0 A F Sk 1

AL B R 3R Weldon % A [18]2 #3LEF » 4o 3.3#77% o
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33 WAHERT

P T R ¥ 43 5
1 ~ % #c(Young's modulus) 12400MPa | 104MPa 193000MPa
i ¥+ (Poisson ratio ) 0.3 0.3 0.3
B £ % & (Mass density) 1.7g/cm3 | 0.27g/cm3
% R4 (0.29 proof stress) 1215MPa
1%L #  (Ultimate stress ) 1602MPa

3.3.2 R 2

Rt AR SRR T PRSI TRA L R 5 F T2 ) (W] 3.16)
e~ A R R 2 F 4T 5 (%I 317 ~ B 3.18) &iFishk o
62 e T F I RELES & Wi P B SELR AL F L 5
iy %R RS (Lgsser trachanter)év’ﬂi% I R S
39 5% B 2R la%fpf/%@féf]vSmeBnVlr'n z%g} 3.19%7 7% » B fé F 1 5%
ARG A TR R (R ) 4oB 320977 o Gt
EAET o FATETG A 5T Ap M BCEL Y pR(19]5 Y LG BT i 0.3

S == SUENIE  V IE RPN TR TEOE WL WOR R YR R

N

Pl STtk R E[20]27 % ’v}];k:‘ PRI WA AN RIS g ol
E 4% * bondedif 2 pF > H P S Bcdp & BB G v AR AP R o
Flpt gt B % 2 & & ERE U R R A R e o A i
full bondedif it > ot T ¥ & I 4E » Z 13 F PR 520 = B

-HIJ o
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B 3.16 ~ % F Fgh 72 £ 4 3

CURRENTLY USED CONFIGURATIONS

TRIANGLE WITH TRIANGLE WITH
SUPERIOR SINGLE SCREW INFERIOR SINGLE SCREW

TRIANGLE WITH ANTERIOR TRIANGLE WITH POSTERIOR
SINGLE SCREW SINGLE SCREW

B 317w 487 b & 48 555 = B [8]
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anterior
posterior

Apex-proximald Apex-distale Apex-anteriord Apex—pasteriow
O gy Q
oXe) O “o o

Bl 308~ = {24 W5 @ e fap s N

B 3.20 ~ 45 et L R R RGBT ¢ )
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BHCERf T AR TS G0 T R R %#T%)ﬁjbmﬂ*\ﬁﬂ
Al & 2B 0T 0 F R 2004 & Selvan® A [8]2 #8 ¢FE R
= HoER A, TR AT o S 2 ) F(Inclination) 20 B 0 B itm 22k T G
kS0 R & o AR FIREE A R UF|EIRT o AIREFw U LD B T 2 P
% B 4 (Axial compression) * 4cB] 3.16%77 > @ *&4c 2 fhe BB+ < )

4o £ 349757 o

F 3.4~ R ER T A2 phe B4 /] [8]

Configuration Peak load (mean in Newton)
Proximal single screw triangle 1360
Distal single screw triangle 1110
Anterior single screw triangle 1050
Posterior single screw triangle 908

333 #Al%#E

BT Rz A TR R R S e Rk %&[8]&3:47?

TH R TR AT G T s R A A B A o R
A AL PN PR T S U A R R A

BB AT FRAcE R AL AR LA YRR - ST g AR
R FEAE S R ERITE T R RS BRAP M EAEE Sl B

# F R R MR e} U A R AR R AL B R T
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B e I R VS 54T B 321977 o d BlP ¥ Ao R

Bh D AMARRAREL 2P o FP AT BSE U R RG] f

ARA AL R FIF G et R AR © pR[8]ATAE  en k2 Bk

=
2

FARGI0RE AT TE* 2 A2 RF(RFFERIZSR)
FATAR o ARG R AR 120 B A1 %F 2 CTHRE
DAL P AFTERA IR (RFFER ISR ) 2P R
Fra T 3 R A 2 xR ATt R R 5 A R 120 R 2 BT
SRR AT 2 v R Bk RS AR S i RS2 PR

Bt Pt CRHCHE L F RN S
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displacement(mm)

22

20

18

16

14

12

10 B Selvan[8]
8 B

6

4

2

0

apex-proximal apex-distal apex-anterior apex-posterior
Bl 3.21 ~ BB W R 2 vt i)
. L
f B ~?&_'ﬁ%%%??%4%ﬁﬁ%i%
ay B Eial il L .-fﬁ
i | 8 ’;ﬂf}:—g_-f '-n
;E%ﬁm»o&?%%ﬁs-T Ei Bﬁﬁﬁwwﬂﬁﬁ b
g 185

PR o B A A

%

IR EFR RGBT BB W R4 e AT 20 ¢
ARREFHRE FIMHRF LGN oo e P4 g %t e
Rt BREEET o T - PRLFTRT R R MY 7R 4
* 2004 & Seral ¥ A [10]2- 77 F #icdp BV 3738 = ) & 5 X T e

PR RS YRS > Hep p YT F At o
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Y3 fRA Rk RZFH
4.1 74 s 2 i A 1

AT R K A FREEOT R B 3T R 505 4 e

4o g 2004 # Seral ¥ A HT § BAR[10] 0 4oB] 4.1 A1T

=i
)

Bigd (B) Apg 8 FRanZ G ie® 0 f i o kg
KOS RBERRE R 6B AE @ IEr 4 L] gL 2460N o T b E
SR 4 (C) AIF* X fEF o Apg R P2 g o o
( Gluteus maximus ) ~ A ¢ 3% (Gluteus. medius ) foA%-]- "~ ( Gluteus
minimus ) W R4 o it 4 BEdkged 24 B B2 kg &
Boadirsr 4 1 G5 1700N A Ei@gs=BiFr 4 (D) 23]
B h o AP E S ERR - F vop (Psoas-iliac muscle) s i g4 0 H
Er 4 kG Al BB AR L2680 L EF 4 Al g% TTIN
TR BRI A AL (A) -

PR P2 R R kG o HAEE A e (e )
Z_ % &4cT (B 4.2):

(1) &G @ T ~ 183 2 B A A 5 2~ 48 WA A I
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(2) m4a (~ fika ):

SLPARL SR HE s s bR T

’ Ay \I_vi 2,
T Z s+ 3 e B ARG ST~ (8D

(3) 5 | FHE ARHEdhLE > BAPEE P L~ T3 IML

AR TSR JR10)5

1+FT7%3_¥§EP{£,$?+‘”}§K

¥ 332 §% TG AR 2 i

TR R E B E 332 & 9TA
~FEM Y AL SR RS A

Gt £ HE TR TR 5 0 HOER 4

WEie R RAR SR IR BRI - KB GBI AR KR
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A e AT 2R B

MR ey ﬁ#pfaévg&%iﬂbfﬁ Yo B

e

FRB o BBk E RSB AECR 07 arte 2 A2 R E

4o @) 4357 o
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B 4.1 ~ Seral & 4 2 % ¥ 3] 228 B 1% 2 [10]

r] 4.2 ~ &rgﬁﬁ T‘;’I
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A
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b
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3
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o rufls? A DB U~ #0312 RS R (Stiffness ) > 45 )

b sghivh i s G|y o

VS

B 44 %56 4R E-LER 2304 w508 ~708 (d 23 +)

421 2%

P REHS AR 308508 70 BT hE fE A A
BoOHEBRE S RAIE 45 -8 4.6 B 47957 o AT 2 P

LRSI SR LR A RS T AR AL 4 TR

BLRL A2 B R (N/mm) > F %% FhEE € F]— 2460N:h7h 4 T
LORLHTRET L RS B R ERE - BB

Ao d BEESE Ty WA AR S 308 50 BP0 H R AR SRS
= ;% % apex-proximalsfg w4 (PR ) &M > & 70 RpF > H F 435

B3> 3% 5 apex- anterior=ifE TR & 4 o
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Bl 45 %M &R 30 R 47 7 Ful s

Bf 5 A B30 K

71
70
W stiffness
68
67
66 -

apex-anterior

B hi (Nfmm)

apex-| posle rior

O

BpEX-| proxlmal apex-distal

O
oo oo 0

BZPR

75
74
73
72
71

70

BHEHN/mm)

69
68
67

1]

Bi % A 50K

I I E a

apex-proximal apex-distal apex-anterior  apex-posterior
O C O 0 9]
00 Q O
< O 0O

Bl 4.6 %3 & & 50 & &7 7 LR S5
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Bt R AET0E

71 +
70~
69 ~
68 W stiffness
67
66
65 -

HHE(N/mm)

3P ex-] proxlmal apex-distal apex-anterior  apex-posterior
fo¥e) 0 O
foxe 0 o
O 0 8

B 47 %4 &R T0RET 2B R NPEH-E 2 TR

422 4

‘l-\..__ i’
= - .

Y

d R ER AT :P%La‘rél & g ~ BT SRS

AR R R AT i w& %*
REA R g R T R @mi&ﬁ[M] &r%} 4.8575 o P pEILH -
Rlg 45y For A 4 2 a4 > @ AP ¥ uen- RIF &8 £ < 3 5
PR A AR LB AUTH AR TR ATIEZ E 2k 4 (von-Mises
stress) [ > 4c® 49 -~ @B 410~ B 4.11%77 - & 30 B ~50 Bz %
et BY B RY A AT G e T FIt RS B
Poafp B e d R 5B © § - 19pF(Apex-proximal) > H & TR
o770 B2 &4 BP ER4 B¢ =% Pliime T {8 R (Posterior) -

Flptp EF Rt B S kE R - T
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20h s QTR LA A R 50 R PF > #7258 % apex-distal
2 A U35 IR e s F 0 H sk e R4 (1215MPa) -

FI A LR SHEE N A A BLET 0 4] 41297 o BT BRI 2 18

B RSGE FR Y AR L § AL R YRS BB 4T

T EFA, 5 AR R Y 44 § e INEE T o

B 4.8~ % A I e i 4 [22]

Bl 49~ %4 & & 30 B2 g B
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B 4.10 ~ %72 & & 50 B 2 £ 55k B

B 411~ %72 & B 70 B 2 S0+ B

Bl 412 FIRSEp Nk 4 AZEE R B
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%77 & B 30 B apex-proximal#t 7| N T HETH G B4 A F heR)
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PR A B TR0 Y UE G L S B 2

TR E R

Bt R e a6 B RSS2 F 41340

Bl 413~ F 47455 5 2 %2 4 B

43 ¥ FE AT 2 B R R SRS

EiRk bRV U RF AR FEITORLUG ELE L
SR R FER AR E A LR £ H AR A AT A
FXL 3R FmECEA TRA L o F Faiord A L B 2R

2R S g - H g R bR M AXIIEFT 4L 5
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DEXA(Dual energy X-ray absorptiometry)if]di = £ # 5% & > =
- RERE R R T BAREY N Glka R RS
(E = 2875p3) -

§ VR RIS R A RR T 2L T R S e
(Young’s modulus) k ¥4t % I A2 & cnf Far £L[23][24] s~ 4718
AAr A FHA Y R R AT 2 RS T RR A
B FEERAESEEE MEFI T RARE S ik 447
RS A £ TR R M E R R KRR ) s

FERS LR P SO F AL CF P TR SRR ¥ R
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EETHEES A PRSI TRART D -

431 %%

T&&Q}%a [25]71* DEXAGREEF 2 FE2# K mL 2 L TF§
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FfE o B R AR Rl Aok 41977 o d AT 2
elich— SFRTCRTER 2P RGEES T 9F B T ARkt
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65 years old

I I E B

apex-proximal apex-distal apex-anterior apex-posterior
@, G Q O
Q0 @) Q @]
0O O

Bl 41565 fip ™3 F4£5]2 DR

B hi (Nfmm)

148
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= e
e R
P oeob

138
136

132

71 years old
I I E B
apex- prommal apex-distal apex-anterior apex-posterior
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O o

Bl 41671 fip T3 B2 2R
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81 years old
12.2
12
E 11.8
=
- 116
4
HH‘I‘ 11.4 M ctifness
11.2
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108
apex-proximal apex-distal apex-anterior apex-posterior
O 00 0 O
o0 O 0 O
0 O

Bl 41781 fip T3 F4£5]2 2R

EETH AR SO R - 70@% ’ﬂ:%{’g{gﬁ‘ CERE DE-EF- W

.ﬁ’)gﬂ
%(65%;@&)71\9%»%{(@%[*5% p #2540 B 4.18~ B 4.19

50 B pF o HoF B Sk 7]) 3 38 L apex- -proximal § fE TIL £ > L UTH &

B 70 B pE o H R 5] N L apex- anterlor—ﬂ TP L o
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e
E 70 H stiffness
lm.l. 69
68 -
67
66 -
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O o le) Q O
00 Q O
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dﬂ 148 B stiffness
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146
144 —
14.2 -
Bpex- proxlmal apex-distal BREN- anterlor apex-posterior
.5 O
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72
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"E 69
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da 68 B stiffness
HEII 67
66
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