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Abstract

BACKGROUND: The proximal femoral nail antirotation is the preferred treatment for reverse osteoporotic intertrochanteric fractures. Bone cement
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enhancement can reduce the probability of proximal femoral nail antirotation cut-out and cut-through, but there are no relevant biomechanical studies
demonstrating the effect of bone cement content and location on the stress and displacement of the fracture end.

OBIJECTIVE: To investigate the effects of different contents and locations of bone cement in cement-reinforced proximal femoral nail antirotation on stress,
strain, and displacement of reverse osteoporotic femoral intertrochanteric fractures in the elderly by finite element analysis.

METHODS: A healthy adult female right femur model was extracted by Mimics software and smoothed in Geometric software. Five types of internal fixation
methods of proximal femoral nail antirotation (cementless, cephalic spherical 1 mL, cephalic spherical 2 mL, cephalic spherical 3.4 mL, and cylindrical 5 mL
around spiral blade) and femoral intertrochanteric fracture (AO subtype 31-A3.1 type) model were established in Solidworks software. After assembly, the total
stress distribution, peak stress and displacement of the five models of implants with the femur were compared in Ansys software.

RESULTS AND CONCLUSION: (1) The peak stresses of proximal femoral nail antirotation with head-end spherical 1 mL, head-end spherical 2 mL, head-end
spherical 3.4 mL, and cylindrical 5 mL enhanced proximal femoral nail antirotation around the spiral blade respectively were 571.07 MPa (located at the
junction of the spiral blade and the main nail), 495.45 MPa (located at the junction of the spiral blade and the main nail), 467.20 MPa (located at the junction of
the main nail and the distal screw connection), 642.70 MPa (located at the junction of the main nail and distal screw connection), and 458.58 MPa (located at
the junction of the spiral blade and the main nail). (2) The maximum displacements of proximal femoral nail antirotation with head end sphere 1 mL, head end
sphere 2 mL, head end sphere 3.4 mL, and with cylindrical 5 mL enhancement around the spiral blade were 9.260 5, 7.589 1, 7.316 8, 6.790 7, and 6.615 7 mm,
respectively, all of which were located at the proximal end of the femoral head. (3) These findings revealed that for reverse femoral intertrochanteric fractures
treated with proximal femoral nail antirotation, the bone cement enhancement had significant mechanical stability compared with no enhancement, and the
enhancement of the spiral blade 5 mL around the perimeter was the best, which is more preferable for aged unstable intertrochanteric fractures.
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femoral nail antirotation
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Table 1 | Materials and properties of models
T H R PR T > ke
HKMEFE (g/em®) 1.8 0.2 4.43 1.18
FPERIE (MPa) 15000 105.2 110 000 220000
N \
1| R Mimics BRI R EEE AL il ot 0 o2
Figure 1 | Normal femoral model separated by
Mimics software FT2 | EBEBTHS
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Figure 2 | Model assembly and biomechanical analysis
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Figure 3 | Femoral displacement distribution of models from each group
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Figure 4 | Internal fixation displacement distribution of models from each
group
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Figure 5 | Equivalent stress distribution of the femur of models from each
group
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Figure 6 | Equivalent stress distribution of internal fixation of models

from each group
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Table 3 | Stress and displacement of implants of models from each group
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3 111 Discussion

B 2 B B B I B e T A R AR R R AR
Tt DAR B GRS R R R W s, P9 [ E R R AN
BB, RN E T 1R E AT AR O VR R P [ AR B U THI R
AEEAR Z 4. 5% R TR M 18 P I 1 7K V0 T DARR 9 & PRl 24 5%
ERIETE, Be¥SIA Rt Bk Ay, JLAEM s R,
AR HE, (HWAEAEP G AR Ral ik
RAEERIE . AW IR, B K Ue Y B 2 2 10 1 4%
A I B 30 i B e A 9 TSR oA I B g, R R
DY R R A R R IR e B e I i v o e e P AT A
B A FARR SIS, e ks s
LSt PR A1) AR R 4 P R BE DR 24, TR A T G 7
HIRGAAZEN T BLIE] BATSRN B, 4h i o
DAFR [l (0453 2K o B 7K 8 18 i 25 5 0 i 77 @ 08 M) T [ B 485
T PEAAERNAG A, R R R 3 S 977 E R PN AT R D) E

B IME . SCHUETZE 25 % [l FRIF ST 0, 140 J 15 30 ok
B e BE N AT J) R — Rl A 7, B KBRS S AR
JEIFRREBAE T2 o i 7K e 304 5 20 i 30 i 9 e A P 4T [
FARI7E: e ) v AR ks, Skim iR ig ) f R
ZALEE, AW IR ARIE JT P FR A A R S R A B
KR, AEE KR o AT TE A FLURE J) A 1 Y &) Bl sk it »
KA 2 UGB R E KA B IEH, A5 (B 7). SR,
WA HRE T BE LT A, AR KRB IR BT, R,
REEMINEA FLF BB KEA RN ZE A . EEH
HIKVEZ I, A% IR 2 AT A EE BT bt (B IRk

) =3

Pelids: A D 30 o e B A 4T AR s 8 B g I 30 i 7 e i P 4T 7
SEARST s C A vt B e 8 P T W e T AT N KRR S X SR B

7 | BAKRIGR B R B IR e T B E F AR A

Figure 7 | Operation methods of bone cement-reinforced proximal
femoral nail antirotation fixation
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