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Abstract; Objective To investigate the influence from natural and constrained modal of the hip joint on internal
fixation after implantation of hollow screws and locking plates for treating femoral neck fractures. Methods CT
image data of a patient with femoral neck fracture were analyzed, boundary of the hip joint was extracted to
generate a three-dimensional (3D) model of the hip joint, and the assembly of common internal fixation models
and hip joint models was established. Finite element simulation was then conducted, with focus on vibration
characteristics. Results Vibration had a certain effect on internal fixation stability of hollow screws and locking
plates. The occurrence of torsion would destroy the fixation environment of hollow screws and locking plates,
resulting in a small displacement at the fracture end. In a constrained state, the modal frequency range was
lower. Deformation of the vibration shape mostly occurred at proximal end of the femoral head, leading to the
loosening phenomenon of internal fixation and prosthesis. A method for judging the stability of internal fixation was
proposed from the perspective of vibration characteristics, and it was found that the stability of internal fixation
with hollow screws was better than that of proximal locking plates. Conclusions For choosing internal fixation,
influences from natural frequency of the screw and plate should be considered, so as to avoid natural frequency
of the femur, which may cause resonance. The results can be used as a guidance for the selection of internal
fixation materials and the design of structure and configuration.
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Fig.1 Hip joint finite element model and three types of internal

fixation for femoral neck fractures (a) Finite element

model of hip joint, (b) Inverted triangle configuration,

(¢) Rhomboid configuration, (d) Proximal locking plate

TS J3 07 SR A 1) R A SEUAEUJE SR Ak i 50 5 B 1Y

FRAEAE )0 1

[(M][t] +[C][¢t] + [K][t] =0
A (M) [CT K] 5350k Jot 5 2R B oo 0
BELJC A R RRI 2 R R 5 (] (L] (L] 5350 0 o i
(1 o 3t 3 RS Ok A AR SR e A A
NEMERR R B [C] = 0, WA
&
[M][¢] + [K][t] =[0]

Hifgt R {x) =11 =ht), HRNHFRY

FEN
(K] -’ [M][®@] =[0]

NX i G5 L rp SR L 285 70 B O 25 52 B Oy
SOL 103 Real Eigenvalues, @ﬁ?%ﬁé, ey AN
RS XI5 R (0 30 I VERERE Al R, TS 1 BB s &
BER I R B AR I S AT S5 MRS A IR OT o3
Mresh, R B R LB B A S B ], 5 '® Lanczos

{EN 10, RISK A RLA AT 10 B [0 A A3 0 6L R
JITAT W4 floh F) 300 S A ik B AR RS R
5 FCR A

2 #HR

RS I3 38 30 A 45 R 4 R 2R R [ A R
MR AS B 1 [ A e, IR T RE 3 it — b UL B9 25
AR LA SR ARG R %
TN BT &G AT R SRS, b nT LU F
I N AR A AR S 5 | 8 T S A 57 AN 5
PRSI AR IR A A AR R,

X R SR B 2% DAY 1] S BT R [T AT | Y SRS
Mrle e NX G5 2R A B g i & 7 (5 JL 2521 IR0 i
BB IR B AR, 18] 2 Bos 8 = fiE
HEZ 730, Bed AR 6 B [ A RS IR,

l2.]09

e Q@ M 9 & €
:zzs‘i)? ’, ‘,’ |

9%
y
[ A §y I x
I8.184 / / E!
P B a4
\ & €.
(a) ZE1H (b) 28T (o) ZB3B (d) ZB4BY (o) ZB5BY (D) ol
2 B REAEEHTREN ¢ NEGEARE

Fig.2  First 6-order vibration shape of the femur in the
inverted triangle internal fixation configuration
(a) 1* natural mode, (b) 2" natural mode, (¢) 3™
natural mode, (d) 4" natural mode, (e) 5" natural

mode, (f) 6" natural mode
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Fig.3 Deformation at the fracture of the femoral neck fracture

under different internal fixation methods

(a) 1* natural mode, (b) 6" natural mode
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