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Abstract

Objectiye: To investigate the finite element analysis of femoral neck dynamic cross pinning system
(FNS) and its clinical effect in the treatment of femoral neck fracture. Methods: A total of 60 young
patients with femoral neck fracture who received internal fixation treatment in Qingdao Municipal
Hospital from December, 2021 to December, 2022 were selected and divided into surgical groups.
30 patients in the hollow compression screw (CCS) group received CCS fixation treatment, and 30
patients in the FNS group received FNS fixation treatment. Perioperative relevant indexes of the
two groups were observed. Postoperative radiography and hip CT were used to evaluate frac-
ture healing and ischemic necrosis of the femoral head. Postoperative clinical efficacy was eva-
luated by Harris score of hip function. SolidWorks was used to establish the femoral neck model,
Ansys workbench software simulated and analyzed the stress situation and characteristics of FNS
fixed femoral neck fracture, and explored the mechanical mechanism of FNS in the treatment of
femoral neck fracture through the above finite element analysis technology. Result: 1) There was
no statistical significance in gender, age, BMI level and operation time between the two groups (P >
0.05); The difference of hemoglobin before and after operation, operation time, fluoroscopy times,
blood loss and incision length in FNS group were all lower than those in CCS group, with statistical
significance (P < 0.05). 2) The fracture healing time and Harris score of patients in FNS group were
better than those in CCS group at 6 months after surgery, with statistical significance (P < 0.05). 3)
The incidence of postoperative complications in FNS group was 6.67%, lower than that in CCS group
by 22.22%, with statistical significance (P < 0.05). 4) In the analysis and study of mechanical index-
es such as Young’s modulus, Poisson’s ratio, volume modulus, shear modulus, tensile yield strength
and tensile ultimate strength, FNS components are superior to femur. Conclusion: 1) For young pa-
tients with femoral neck fractures, CCS and FNS internal fixation surgery were used, and the analy-
sis of the results showed that FNS internal fixation treatment was more in line with the concept of
minimally invasive surgery, less surgical trauma, less fluoroscopy times, simple operation, and
conducive to rapid postoperative recovery. 2) FNS internal fixation can reduce the incidence of
postoperative complications. 3) FNS fixation therapy has a more significant effect on restoring the
hip function of patients, and can provide early functional exercise and better improve the quality of
life of patients. 4) FNS internal fixation materials can meet the functional needs of the human body
and can be used as a reliable internal fixation method for clinical selection.
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1. 5]

BB #E PT (femoral neck fracture, FNF)&Ifi R+ —Fh & WHIE T, A5 55T 3.6%, SHEE
HTI 53% [1]. ZAF B T8 BUGAA I R R, R i) 4 203t nT s R UK AR B AT, 1T e e i 2k A
FEEER AR A SE o N &=, HUA R E BB MB N2 2], HEl, AR T s
HUE AT EEERABOMRFFEARGIT 3], BT HER AR NS EEFT ), N TREMREFRE. HEE
BER, #OTX o BEERBETARITEN, EHNIMEARES—FOEW, RN EERIT4], B
FEOREA B W Sk o (HHTRE IV SIF T M MR S50 PIRR IR I, AR B T A6 97 4
B, R EEINEE ARG EAE B ERE SRR SEEA R I RIE R [5]. MAEFAREITH, W
[i5] 5 e B AN 7 BARIE B ARG AV T FRE . BT g mmizse, [FIRGE R A 2 R r&E i
AL, SRR R A ] SCRERCR, DD 0 B Sk M A RBR ,  SE A (R R S5 B8 47 i 1)
aE, BIORE KRR LGRS B AN EFEA I RAE RS [6]. FEITFRImK A e, anfi s r
HE T R R ST R, BON T ER— N E A7 18 B RTAE IR AR AN & F 8250 i e iR AT
(cannulated compression screw, CCS). 2/ JJ#i4%4] (dynamic hip screw, DHS). £ IR [l 2 AR Hil
WET RGEETTVET]. BIRXETTIRIIECA M, (B2 I RORE, WHRET . B AESE. bl 4
BRI SE TSR — MR . O T R T R RS SUE i) S, EE Depuy
Synthes A H] 4546 CCS 5 DHS BIMLH, WA 7 —Fop 84 i [ e 3 B —— i 2180 /138 X AT & 4i(femoral
neck system, FNS), BEfGIAE N [FIR) 3 B i fa et X A EEFa e (8], FNS HARKIH I & FEH I &
FIRAUH AR SN, AT CCS e+ A, FNS [Ew B A E N RIGMRENE9]. AN 2021
12 ~2022 5 12 A JBEGR IR E SUE It 5 60 61, 8T FNS BT AR

A R JG# (finite element analysis, FEA)E B RHidek B 8 1 A9 22 7 TR, 2IGIRETIT e 4
WA PR REAS I . SRR F TS IRIE () L EILFI[10]. FEA £ —FhEre@snik[11], kFEEIaEmfsT
AU, BEETEENBR AN KR, HABOBE R T AW %5 #8005 K il 7454938, Brekelmans
S5 H1 Rybicki 67 1972 45 0% FEA B T-HRHNAEY 12858, Aik)E FEA fFE B RHREBEE 14
B[ 12]c E & AV T 5 LA, FEA 72— Fhid FH TR 52 A G54 vh 5 — SO R g B B3R (R ST 13 ]
I CT SR FHEARTATEAE, 85 R v BNV N A B B8 bR A 2 2% B T LT AR (350 23 B e 21
T3, FECAMOA AR H bR A T LIRS AL, PR AN BRI RS, IR AR AR R LR,
TER = AR AT, B e I T A BB e 8 SR RN R 25 A, NI IEAT 308 2 A ROt
FAFSE[14]. ££ B AR RE S 4T A BDEBRIT T ARITE S, FNS AR Mo AL & 3508 9 9 [ 2 V697
RH, N TWHFRHMRE R e, AT A & NS A i€ RGEATH BRI 4, DAWFST FNS
BI85, FFSIRRSEIRAHSE A, 28T FNS IIRRRCR, S48 N H T H 52 B & #d 3 67

2. MRMREE
2.1. MR

A 2021 & 12 F~2022 4 12 A BB RS 60 BIEH K& SE I B, AL FES4H, CCS
2H 30 5. FNS 24 30 {5, PHHEEEHE—RTRLILE 1,
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INFBRAE: (1) BEVIISTE] > 12 D H 5 (2) NI RERR 18~65 %5 (3) AEIBEAT & 20 H- 31 A [ E T
ARIGIT: (4) B IFPHELHE A T (5) SRR BB iiZ NBESE T (6)
SREBUNE B SE s (7) EHARE I

HEBRPRAE: (1) BF AR URRBDAE R S, JRE i CT B X & i, $RR#iR T KB 7 s
(2) SZRE NI EST: 3) ZIRE ARG IEZN : (4) SZAREKIAMG L (5) MBI 3T
s (6) BEVIGTRIAERE R, RILBEMIBE Y 8 (7) 2 RUIEE: (8) DinrEm AR AEEE,; 9) &
PRS2 HL b R 259 SR 6 B

2.2. IIGERSCLE

2.2.1. ¥
KT R B 30080 1158 X5 &4t H1 DePuy Synthes 23 A4, 25001 FRURET B 251 B 77 A w144t

2.2.2. RATESR

ARHGHTA BB IEALR) X ks, 17 CT FHREA=4EENE, 70 TMEET
PO oL BT SRR S . MR SR R A GIR, W E 4~5 kg 5 HE, HAERHE RS
IETRARTES,  FLARSRIA R 3k G 4 e S8 e, TR RS Bl — b4 & e Sk s . 5835 & 0k &, s
il CT P4 L. DAFERHE. FREMEES . My . Bnhs. mEk. mE e, R
BERGFREER, WEPHAT A X T AR BT SE AR BN PRAS 2 A7 8 A 14 0K 7 R XU (1) 1]
RS TXPREIRTT, TR B NS4 TR F IR RS Pisas7 o ARHT 30 min 45 7 &8 LA
BEAT TR PEIRTT , TR GL (0 R A o SR 25 BEL s JOR I 425 - 5 L4/ BEL o JRR e 8 4 B SRR, K8 DU B
15 C BUEHL X BN G T AT FARIEIT
223. FRGZ

1) IENS 41

BERBH RS, B EFREERIELIR b, 785040 I e 5 A R B, A £ SR A fe
WHEATIE E, HERAR P, B e TRET, R TR . X e SE AT A R
B, W R A AT SM R AN AL 72 51 b BESE B, TEHEAT NI R, R C ZYRBEHL X 42 F L8R ¢
RS, BE IR IR BRI, B S AL TR MRS Al
H C BUEPITEE AT SR, (ERARS N ERBH RGN “S” MLLME, U EEMEEMR
Ufo ST RAL 3 IRARIERI AR R B3, KIU DAA NN PR AL . H AU 340 AT, S4B
BOREEEJ7 0] HEEE RUSEAE A — MOw IREFTEM AN T I R JeAT VG B AL, 4ERE S i 2 5 IR I A
W, BATER BN AR AT Ee, NTEMREFEE, WSO 4G 2~3 em A,
i —ANK 4~5 cm BIPAT R JBEVI LT, ¥ 1 MCEAR 2.5 mm BRI HE 50 BB BB 3500 b/ 38, TEAL I 5
B3R, DA ks, 1E 130 M# 515 N EAYIG A, BAIGE S T E S
SR By RENIERE R S mm A7 MR TR IERE RS, A S B AT R e K . A
O B EEIIG S A T B FL R BRI AL, 8T 22 T BBl A 200 2 2 b nANAR 2 b TR AT Y S A T AT
N, I AN E AR E TR B AN T VR R B N 1 R U T S A S A R T
R, AT E DGR . B 8EALFE, K FNS Zh bR ENE, {3 F Roh 28 B FNS 3 0 B NG A IRTE .

2) CCS 4

ARBG TR FNS 4, FARYIOALER FNS 4, ZBESENN. BEE, w8RiEinmky, T
NG B R S i SR 4 B AN — AL ELAR 2.5 mm 15T IRER, DR E B SR AT A, JREd
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BN FEALE, (R FAT T e E 5 BT B SEr AL E, o BN SE, BERTE KR 5 mm,
£ C RUEHUE T B A BEAIREE, HEEAEE T 5 mm 4k, fEIEMCSEWRER, 275N
Mgl TRMIREE . FF-4% CCS BTN, MBS, £ C RUBEHL X 2 A @ T F RS 3 K AL
B BT ESE, WORICR)E, RIS, E B TR AR AL ORI N —Hea DR TR
H, ggafin, R,

2.24. RGE

RIGHTH BEY 24 h WERBUER, TBIARE VI DB R A . RIGESS TR0 PR FES,
e G A BT ] FM R IG I0 T Ji R AR K LA T BORURS: , RDEAT VA iy b9 #MRSEIRYT . [FIR, RJE 1 d 18T
BFATIK LS s 3 s ST Tha sk, A fiE. RE 1 d EEMEFEM. CRP. MPTEAH KL
WERR, AJG 1~2 d X EE BMEOCT AT IEMIAL X 28R s, 0 BF T CT PR A =4 =i,
TR EIEAR G EARAT BRI WEEMERT BRI AR HRAEERPEE X F ¥ EREE
MR R REWARFEREIRTIN, EEERNNES T, PRI £35S HahiIg. B
FE SN TRV ENZR. B G e & B EEEE . REHESXRE
IEFRATA G B, SRR FEIE . B ARG HEMOE DB AN, SREHE SR EEFRE
SIEFNE, B, B BRI AT B IR, AR R R RS, B N RULA I EE S, HRIE AW
BB FRKTT HEIERE . FNS ARG 1~2 FIRZ AT PSS, V5 BRI sk Bh T 2850 B0
177, BEREBMEAEE R E, CCS ARG 6~8 FERER EEN, "iESIESE FHigs), EEEE
FEXR S BT ARG B R AT, BB AR . WAL EARS 3~6 N HRIETIZBEUIE R, R
W E WA, EEITAL LSS T e e E, KRB AR i =4 A5 H R E X,
TERIMEZEARE 6 MH. 9NMH. 12 AR E K, WHIEI e R &arEE, KR5S an %
SKEAARESE R, BEEFTES, FEB=HE8 K. WABREHIT 12 4 H BT ERE .

2.2.5. YEIGHR

AT AR, BFEFARARME. RTAEMILEAMZEME. FAREIE. JOKE,
FARAPBIRE RIS E . R B P A N S, BE S0E @& HWsdE: (1) Sheele:
ETIHARGHE TEAEM T, BE AT 3 min DL EMGELATE, H HATEDEA T 30 28 [FIN, X¥
BT 1 AESENE, BT RBIIREER. Q) BELT X LA, BRI 4 ks
B, B W AR AR B N . (3) AT B SOV B IRk S A R IR AN R, I HL
KT REWES . (4) B CA @, TR FHhaanE. EEAREN 1 REFIIRAE
AR EARGEREVIRHC R IFACRETE O, RGBSR WEEMRB . BAE. B kI, IR
FRK AR S . B WO DR R A Harris VE0 AT VA, &S0408 100 7, Z(E 8K e A DR T D) el 4
A B RIS 6 H I Harris VPE N PEA FE AR o
2.3. HRFTS
2.3.1. #%

CT BRI T Bl mi L BERe e, HIEEE @ BERAE 55 1t e C Ul FNS I E VR I7 I 8
CT B A Bon R o HARR AL S8, B PR R AT SLIRBI 7 SR E 5 ST & AH 56 2
TR,

2.3.2. ¥
SolidWorks. Ansys workbench.
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2.3.3. Ik
B, BAEM SolidWorks FHHE N EIEH IE CT, #5210 E R 12 B N FNS J& (1)
g AL, dnfA 1.

100.00 (mm)

Figure 1. FNS finite element model
1. FNS BIRTiEE

FIF Ansys workbench R fFREAELIE & 3k ST DL K FNS 72 [ 2 515 300 Hrist (1052 31 0 Sk o Bk
HEHMREAMES 75 Kg, M FALFRRH TR EN S, EFRE T XGRS, SR
SORAS, HmAES T, AR N2 IR E S EEN N, EIER ESLE T, BN T
(152 J18iN 367.5 N, At 1th, BATTLERERY hoiis A (5 4R 3l 37 s ) =8 3 fi Ak it Z B 65 140 i 400 N5 77,
[Fi B B B o T S i A 20 TR
2.3.4. WEIEHR

(1) s AR BN )53 A B VB : (2) FNS P4 [ 78 3 5 (1 B ) 40 A JUEAE s (3) MRl IR RL %
(4) FNS Py [E] 78 %8 & AR 200

24. GFERE

82 SPSS23.0 BAFHEAT B M, A IEZS 0 AR I THRBURI LA x £ 5 o, RAMSIFREA t 45565 i1
HGORER A ROk /R BBER A Cochran Q a5, AP <0.05 AZEFA LI L.

3. &5
3.1. FABE—RIIROH

PR PER] . SR, BMI K. ZAGEF R A ZEFA TR L, T4t 5E (P > 0.05). VEI
# 1,

3.2. LLBIAAEFARIER

SMTE R, FNS HEBEARATARG MAEAZAE. FARREL, BRXE. Kilg. VIOKEEERY
KT CCS 4, AgitE L (P<0.05). FILE 2,
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Table 1. Compares the general data of the two groups of patients

= 1. PR EE AR

TiH FNS (n = 30) 7250 4T (n = 30) P
TR (B/ 40 16/14 18/12 0.45
BMI (kg/m?) 22.13 +1.89 2220+ 1.972 0.89
(%) 44.29+10.28 43.87+8.016 0.86
ZAETFARIECR) 2.03+1.35 2.00+ 1.39 0.93
Table 2. Comparison of perioperative indexes between the two groups
2 2. PLAEFAREAIRIRLLER
iH FNS (n = 30) 250 4T (n = 30) P
IM41.78 A %18 (mmol/L) 15.39 +7.29 21.97+5.19 <0.001
FARI (5351 58.06 + 8.23 80.65 + 10.06 <0.001
BAIREKR) 1532+ 1.536 20.71£2.70 <0.001
R AL (ml) 4823 +16.76 80.97 + 11.36 <0.001
P B (cm) 4.00 +0.78 5.52+1.21 <0.001

3.3. KERAREREFRL

Mt N, FNS HEENEHIEENEEARE 6 AN HEZ2H Harris 1230 TF CCS H, AARiT4E
X (P<0.05). VEWZE 3.

Table 3. Compared the postoperative rehabilitation of the two groups

3. ERREAREREFR

TiH FNS (n = 30) 2 0%] (n = 30) p
HITEARTER) 3.32+0.46 3.84+0.44 <0.001
Harris V4> 92.48 +2.32 88.00 + 3.04 <0.001

3.4. LBFAAREH LTS

iR SR, FNS HHEERE HFKIERER 6.67%. KT CCS A EE I KA 22.22%, HSitH¥#E XL
(P <0.05). VW 4.

Table 4. Compared postoperative complications between the two groups

4. WRAREABEREHLRE

#H5) n maiehn  WEERD BAE RESKISE O REKE RAER
FNS 30 1 1 1 3/30
TLET 30 2 2 1 2 7/30
P 0.167
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il 1. EFEERLE, 2, 40 %, B “HERUIE A BIEAOR 2 /NI AR, 18] 2 i R AR
JETHS 6 A TP X &7, AT X 2R A MBS, TABEER 3 RSN BH AR
WERAT “LEMBCE S EITAERANBEAR” - K5 1E X LA RRETEE BRI, WEERETRE).
WL, ToMCH RIBE I SR 45 S5 I RORE B -

Figure 2. Image data of FNS patients
B 2. FNS BEG TR

Wil 3. BEARRI, &, 60 %, WEMBELBRBEIES, Uifs 2 MR, RET X Z305:
B IE: EEMIAEE, T8 2 RERRTT “Z0BESE 2 Oh IR W B EAR”
K3 RIZEERBETR, RPARE 1T A 6 A 1 E X &iR: B@a RE, BELESIER,
RIS IR X RR I SE I, WM DR IRET LB R AF, R ILIRET . W4T
IR -

-

Figure 3. CCS patient image data
& 3. CCS BERGHN
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3.5. ELBRRE & FNS BRIt o4

JE B AR IR IR AL, RAFEIC A i~ e T b, AL EEONRA R, W E AR
0.83 mm, AJRAZBEATE, BBNWEIRER, B S ERELT, Bama R e, EEzR
(3 R I A S A R A RSB R, WA EIEAN 2 B 5 EA i s L,
gER AN S e A W R BRI 2 I 25 M) B IR ER . B Ansys workbench BRI, X BB R H S IE LT,
PRI R A 4y 1# 5 PR

200.00 (mm)

Figure 4. Maximum stress point of femur

4. RERANIIS

4

100.00 (mm)

Figure 5. Maximum stress point of FNS
5.FNS R AR 1=

B 35 5h 11758 AT R GHIMEAT M RN Ti-6AL-TNb, 7ER G, A58 2B E 7RI & 454 .
TESFN FNS AfFfE, SR B AEE N, TEB BRI YEAT b= B 8RR LS, T KB
411.95 MPa.

LR FRATTR e B2 FNS A A Jy 54 bs, IERT LU 3 2 I ARl aR E, A3 345 Ran T~
#5:
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Table 5. Material comparison of femur and FNS

% 5. BRE5 FNS BRIt

MK E ARk A AR A By oz Ao o IR T oz e AR PR 5
s 12 GPa 0.25 8 *10° Pa 4.8*10° Pa
FNS 105 GPa 0.35 1.1667 * 10" Pa  3.8889 * 10" Pa 816.6 MPa 933.2 MPa

4. Wig

FARIGITH, SZIRT R SRR A BRAR ) 2 54, BT RAEE TG, BP0 it il R S8 52 5%
NPEE IR, SECEEE AL, —EREEWA G IS, GRS B KA E I RE K
S, WENAERES, BEENFARLGR, BHEMEFERAREM15]. BFREREGIEFIE, H
FURFIR I G5 R W o i gkl , 77 I LA B BE 0 T AT 4 P i AN 2, S BURE SE A
B TP T D J At A5 BT A K [ 1610 FEF- LA b LA BRI R 0, BB S50 417 AH Eb DU JBE Fe A 7 (1) B 47 7
BT B AR

TR ESE T B E R IR ERAE 18 B & 65 BN HFEN, MILTZENR, HHFEARE
JBEH S P R AR [ 17]. i 4F o R R RO 2z, T H S ThRE TR, a2 55, WHH
OYREER RS, GG R E SRR, 4G R Y AR i Sk, B AT IR B R E AL,
B 22

T, FARIGITHMLE T, SEOUE BT Wm ARSI S AL, IR R RE AR 530 Ja] Bl R 2 2R A
TN MABOR, (ARG EIHPE S, MEF TR IKE18]. X F, BB S 1w
SEIRYT 238 CCS [E5E . FNS [EE, Wifh e 7 NE A IHHE, WA T B g 77 g s R 47
E— 4l Hh CCS [Em AR/ EE RIGFHAEMAI G, 4 3 MBS O SR EN, HIRSRE
AR N I Sk, TSRS B AT AR IR [ E AR . RGP SR E AR, S0t e BEAE
I IRET RO P PEAT A . SSIRRRIIE 7 AL sfE R R, Rt B oA e 1)
. FIR, ZFARGGEN VN FAREAER AR . R iS5 AR, AR T 455 b R
TR AEIES, AR T REETTRE, BT R AR, RIERIETT I SE 4 ) EEZ e —.
ESRETAR T /N T, 3N 7 N4 AR [19]. [FIRFEEXT ERRATGE BT, CCS FEIE ARG 5
LI E R SRAT . T S-EBL[20], X PR A ] JEE IR RF R A Frmdsoe . P9I e S 9K
FERAE . HITRBEE KRR, WEHE TGS RIS EAFFE . FNS [ E RS R —MH a7
i, HETMERENEE RS, MOBEEI, FNS B EgeT . g s AN, HH
T E HERE 3 BRI, N HAR LR IR el 2RI REE 21 BTk, At
FF AT IRSEES, 45 E R, FNS AEEFARTEMRE. HiE. FARNK., FHr@En SRR
KT CCS (P < 0.05), FNS AHEH ARG HLMERKAER 10%. KT CCS HEH I RAE 23.33% (P < 0.05)
YL, N TR HUE TR, RELFNS [ ERTT, TR IRTFEARGIGH, (RitEiEs, RS
BIRE . 2081, FNS FAREAER UL —NFARYIO, KD FARRNEERAE, BRI 5 i 2o
WAL, M RGMBIR, ARG EEARAEEIRY S5 AR, H FNS [ e 75 L 5T R N R H
PURETHHATHE, WK B B 1. RBEN | MCRE IR, B KFE B PR AR R AR X #R 3l ik
I, REHEREMPOERE, HEEEERE: EORERGIFFREEI T, FNS [ v 5 &b i
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