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Abstract

Objective: Using finite element analysis to compare the biomechanical properties of novel dynamic
cross screw system and cannulated screws in the treatment of different types of femoral neck
fractures. Methods: Collected CT scanning data of the healthy hip from an in-hospital patient with a
femoral fracture, and established a three-dimensional model of the femur using the digital medicine
software. Using SOLIDWORKS 2021, the femur model was segmented at fracture line angles of 30°,
50° and 70° to simulate different Pauwels angles of femoral neck fractures. The internal fixation
model was implanted into the femoral model according to clinically appropriate dimensions and
surgical plans, dividing it into two groups: the FNS (novel dynamic cross screw system for femoral
neck) group and the CS (cannulated screws group). Finally, after performing mesh generation, mate-
rial assignment, and data calculations using ANSYS 2021 software, the biomechanical properties of
the FNS group and the CS group in the treatment of different types of femoral neck fractures were
compared. Results: In the presence of three different fracture angles, the maximum stress on the
femoral head in the FNS group was consistently lower than that in the CS group, indicating that the
FNS fixation results in less pressure on the femoral head; The maximum stress in both groups of
models occurred on the inner and lower sides of the fracture line; The lateral displacement of the
femoral head in the FNS group was less than that in the CS group, indicating that the femoral head
is less prone to displacement when using FNS fixation, which have significant importance for pre-
venting hip internal rotation; The maximum displacement in both groups of models occurred at the
top of the femoral head. The stress peak values in the FNS group were consistently greater than
those in the CS group. However, the peak displacement of the internal fixation device in the FNS
group was consistently lower than that in the CS group, and the displacement distribution was more
uniform. Additionally, the displacement of the internal fixation directly affects the cutout and short-
ening of the femoral neck. Conclusion: FNS demonstrates superior biomechanical stability com-
pared to hollow screws in the treatment of various types of femoral neck fractures, making it a pref-
erable option for internal fixation in such cases.
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KA. | A Pauwels f§ <30°; T17: 30° < Pauwels fi < 50°; III7Y: Pauwels f§ >50°. Pauwels £ &t
K, EirumdEE YK, A TRE, HARGT AN, RJEIHRIERE S[3]. T &E
BRI S T3, O RRET [ AR . REIEA . R E . R E Sk AL SO0 A O I 3
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TRt E @& 5] [6]. FNS DL & 2258, G4/ NI s e Rl B T IR o % T BB 3UE 4 N [ 5E
3 B IE B AL IR, AU X PR A [ E T 0697 A FISE AR SR AT A R oo, DA
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2. HERIMTFSE
21 BN ARTEENET

SRR (OB FHET), %, 35 %, #kHE 75kg, X ZFAH, M Jomsis g B i
RLAF . U O 35 SR A CT P4, BREHJE 120 kV, LI/ 150 mA, 2 E 1 mm. HiKE AR
s b 10 om BB, KR EEELL DICO #RIRF. LU & ArEA, FA
Mimics 21.0, B8 IE MK E BRME, FREE XSG, % a8 7055 ay & 15 UG MR B ALK L SN Ge-
omagic 2021, & E i A%, KRR, G i SR ER B B R R, KR R AR ) N B AR )
2mm [7145 BB FA AL . K Bl R i S B E AL DL STEP kg = A\ Solidworks2021, @id A /Rig
SEBERCAT B IE W ARG BB A A I B S O S ST — AN TR S B — AN D)~ TS R T
JERL 30°, 50°, 70° DAUKARAL, = Fh A i B 47
2.2. REEBRITERREL

8 H Solidworks AR I R EHE 73 AL PR N [ E R A . FNS 4H: B0 EAE: 10 mm KJE: 100
mm; PUICIRET EHAT: 6.4mm; KJE: 95 mm MEEHRM M. T0RETH: 0B B 7.3mm: K

PR 95mm Je 1 A 100 mm. T SEER I B R SIREUIE R, WeRHIRSUR AL AR Lo B RS AR o K I P [ S Ao
RS i R e R L0, 5 7 B AT R

2.3. PIREER
Fe ERPMER G ANSYS EZhAE Mg, MR DY A solid185 Ttk . PIZHAREY A Al A
IS B 1o

Table 1. Number of nodes and elements of two finite element models

* 1 AMERTERENT SR A T

FNS 21 7SO BT 4
IiH
30° 50° 70° 30° 50° 70°
RiP=E 212,321 210,720 209,760 210,911 211,173 209,989
LS 4 128,028 127,042 126,423 126,532 126,825 126,107

24. BB RIAFEH

MR R BB O T B, B AR, AREDERES T AR EIENE. R 2. KB siE i
AR SE B T, PRI Ik B AL R, JF HoB i BEHE R BB 0.2 [7]. BB S IRET 8k

DOI: 10.12677/acm.2025.1541182 2305 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541182

Wt T

X e Ak DX S v B MR RS o Bz BR ) 1 R o AR SCHRIRIE[8] [9], ARSI AE L Sk i
OXESARRR R, ECE Sk LRI 1200 N R S48 T8, DUBHUAT BN FRASZ L) 2 (5 RE I
B ARSLRHT TR EA VIR ARER

Table 2. Material parameters of finite element models
= 2. BRTRERISH

TiH P A diik=e WA B
PR 110,000 16,800 840
ME) Vg 0.33 0.3 0.29

2.5. FEWEIEHR

] ANSYS BEAT TS, 2 AU AN FISRAL B i 37, 3 30 s ke IO 0 PAY [T 2 BB g W
VAR TN O ATV ANPAE So i 2T

3. &R

1) Pauwels | Z4EH7: a FNS 41: B kMl KN 77 20.49 MPa,  fi K478 2.16mm; Py [E 2 k8
170.46 MPa, f Xfifs 2.01mm; Z50MRET4H: i Ml KN /) 38.41 MPa, S KALF% 2.26 mm; P[]
JE RN /) 149.57 MPa, i KAi#% 2.23 mm (WLIA 1, K 2).

2) Pauwels Il Z4 4. FNS 2H: i kM5 KR /) 28.64 MPa, i KA7F% 2.19 mm; P[] 2 f KR 7)
201.73 MPa, # K% 2.04 mm; ZOIRETAH: IR LM KR /) 51.51 MPa, fKAI#% 2.27 mm; K
SE BN ] 152.33 MPa, e KAi# 2.24 mm (LI 3, & 4).

3) Pauwels 11 BUE#7: FNS H: [ kM KR ) 43.28 MPa, i KALFE 2.29 mm; P[] 58 F KR )
213.19 MPa, f KA 2.13 mm: ZOBRETH: R LN KR /) 59.96 MPa, fix KA 2.39 mm: 4
JE i KR /] 158.65 MPa, i K% 2.35 mm (JLKEI 5, [ 6).

4) OIRETH 3 A FEIE B HUE T A N RIS, I B ILE S O IRET R B 1T FNS
IXAE Pauwels | B4 -F $T R oAy B2 82 A B R 5 R BLAE 4T B S U7, LR R B FTA AL B 7 43 A IR 1
R4f.

4. W1ig

ARGV N —Fh 7k, RIAEEN TSR RERIES. TEk, METEIEAR
IR IE, GIRICCBNEY I e E - TR A RIe/ By oy DL 77 5B R yr A i 4 i [
12k Re, SAEGM 1R B, AR IT ] DUE N PR VR4 A3 B Skan 45, S E B R AR
JCAI AT AT CAAE AR S A B (17 100 T HEAT 2 ISR 56

JE B ST BT R PR DL T, BTG 22, A OCHR RE 2 SR R RGN v AR A e P
17, AT WK A= i e R A ™ B g o B B R VG T TR B SR A 3 R O B A P [ VR .
Xt EBE BT IE I, AT R D R HAENR AT RE R I R, R B U E TR
RE B MG RS B A BT B AT . X T8 RIS B A R (e IR | — ekt 47
W% < 65 S E SN “CRRRE [2]) IR A [ E MRS . H AT T R AR Y Py [ e E AT R A
FRILIR[10], ARASRIRAR P [E e 77 3, H A0 AR ) S A6 R R ] g [
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Figure 1. The stress distribution in the proximal femur and two internal fixation methods for Pauwels type |
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Figure 2. The deformation distribution in the proximal femur and two internal fixation methods for Pauwels type |
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Figure 3. The stress distribution in the proximal femur and two internal fixation methods for Pauwels type 11
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Figure 4. The deformation distribution in the proximal femur and two internal fixation methods for Pauwels type 11
4. Pauwels 11 B FH BRI EE &R & Iin( o2 miE R

DOI: 10.12677/acm.2025.1541182 2308 I3 PR [ 27 3


https://doi.org/10.12677/acm.2025.1541182

Wt

)

3.526e7
1.7634e7
7166.6 Min

5.3538e7
2.693e7
3.2193e5 Min

-
e
8
S
5

-
r

&

0050
0025 o015 0025 0075

6.7491e6
97758 Min

Hl
j 0000 0050 l 0000 0050
o025 (3 0025 0075

Figure 5. The stress distribution in the proximal femur and two internal fixation methods for Pauwels type 111
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Figure 6. The deformation distribution in the proximal femur and two internal fixation methods for Pauwels type Il
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R E AT EA[5] [6]. H =M OIRET 2 - T E T MBI Pauwels | BUEdr, T T8 4o A fase,
EBIY) IR BUE A, A O AT I E AR G ICE I4i R, WEDE R, BB ESFRE L IR T
R i [10] - Liporace %5 A 7E— I 58 H 8 FH = AR ET V697 Pauwels LT BUB B 34, 4R BRAE
TERAERAEZES 32%, FEAEREZRN 19%, BE RN 14% [11]. o] WA OERETEIRYT Pauwels
FAFEBUR R B S e AR 0 A A e M DT A LS, AR ARG YT T8 MHRIFFIRI, fE=
FOBEET AT RN 1) [R B AN — MO T BT I 2R 1 25 O MR T (DU MORRAT ) DA 5 By st A e ME[12] . B I FTHR
ERE, BEEIEImEE, 4 SURETTE b 3 MOsgET [ BAA S i e e 1 [13]. (H A B FidE Y
MORET 0 T 9D I R I ARE 23 Harris #0015 VP70 S8 A TS JR A BB AR, WA TR 4 #ig
ETOUH A JEMRAT) I BOR 75 Bkt , DIAE b2 BT, 7E08 = MIERCE P 3 BB ET AR & 90 7 I 3
P “sEEehrdE” [14].

Mir S\ %ET Pauwels ff8 K I T H: A I B 390 4 mT LUASE FH A A0 S F AR ] e T A B 2 b 9 o5 BT
Uiy ) EBY 1) 7y, Hamid o [ Smith-Petersen A B A 245147 5 77 e B P I3 ik [15] . Kunapuli 2554 25
CHZETEE . DHS [EE . 2 0IRET + AIISCHEEINARE 2 . DHS + PN SCHEAMAR [ e DY 2H 53 kA7 1mr 8 -
PR, AIREY]: A 2.7 mm BUEAGEEAT 5 9 5 W A S5 1) SR AT T X IS0 T 83%, A ZE AL )
FaE PRGN 7 35%, LA FH 2 CoMBAETASH I £ JE - 1 2 38 A LA ] DHS S ) 1 v 26% [16]. BIZAS0
BRETIEG N SCHEARAR VA T 75 HE AR I B B0R AT 2E 057 TS A ORI 3 o H P ANAR IR\ TE 8 23 186 K
FARMELE, KT AR, F— BN R, ZEImPRIT BOUH ARG O FFARE T T & kIR 5%
b T A ] (R BE VT SRR o 30 T RERRAET (DHS) 2 o — Rl PR FVa T i S i i [ e 2 B, AT
TLHRET, DHS B KBTI Y) /), Bk T8 37 M BEBCR R W Pauwels N1 B & 315 4. {H DHS
N —HIBET, 5 2MEs DIBET I LLHUIER: 1533 [17]. W FE R BASE DHS LAk 1 n— Mt ieig4T (DHS +
S)rI AR Bt RS e M, HARES T2 ORAT SEAN 5y R N [ 5 2 2% [10] [18]. (HEI T HERMEE SR, TR
PITECOR AIREE— I IA SRR i H R i g R e 28 i 35 r BR 1) 1 DHS £ 1 P4 1 3 FH [10]

FNS s&2f AO WIEEHr2 LEEG (Lower Extremity Expert Group, A% K TAE4L)A5%4: Depuy
Synthes 2~ 7 -G AEA T I B 3T 228 [ 8 T R I — Fo B4 o4 [ e e B . FNS S56 1 AR B A e Il
FAREARWM A, 52 0ERETAH LR AT R Ao SR BT BT 1) ) AR S iR AR g i dese v, HAHRE
THAR A EERR T BN [ e e B AT/ . Stoffel S8 7L KL, FNS 727597 Pauwels 111 24 % 2508 HT I £
EVEE DHS RGuAHA, T2 0 IRET[19]. Tang S5 EUEIEAT 7T FNS 545 0IRET VA I BRI 355 3t (1)
FLHT R W AT 0 MR ET, FNS RISGE IO T DI RER ., B I J B 2906 4 2 AN 2 #5 [20]
T FNS 697 I B0 T A SR B FNS S5R0R3E 155 T 25 O U8ET, 0IRET + ISR AR AL
S SCHEIRET [21] 0 78— T BR G/ H [RIFE R B DHS + DS (FUHEMEAT) B 1 fa e AR T 4 s
BRETFIFNS, 479 AN KA Pauwels 11 AL B S50 TS, DHS + DS 2 iR77 MR E 9 e ik % [22] . TH
XF B SR TN, K2 U SRR T A AT A [ 5 26 B DL AT A [ E e B MRS, kT T SE Y
B OGEHD . — T 250 44 B35 (R BEALG R S0 B 7R B 2508 4 A ] 2 Ja O AN AR 1 o = AR
W [23]e Liu S VCNTERE SIS T @G5, BUH A B 6 & B R %A feme, T BAEAR st i,
P [ 5E FIAAAE 23 (ERA BT EAL, IR BSEA FRIAA 0 B 2 N SR R AE IR SR TS, W RE 2 G N B Sk IAFE T
WLz, BRI ER a8 A G DU WA Y[24]. — BT FE R0, i P I e AE e 2 S 8N T 2 A
TR, AHECT O MRET, FNS FERUH f5 23 B N BRI B TE AN ANERE [25] . X 5 IRATH I KRB S AH 7T
G, EHRR BEHZRBBER . FRRNERE, EREIEITEEEAET AEICH AR RN EY
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