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HE: 2 AARASIE, THEESE. KEE . REN 3 REAMIE LT BT TRIGAET
MAE £ 7. VA Dicom & X -FA Mimics 20.0 #4FP & 5 BEF = HAA ) +iZ ) Geomagic 5
Solidwork #A4H4E 28 B 47 N B 2 AR, 45 Lk AR 5 N Workbench 2020 #4F F, T 445
M, BT A G BERAT . AR AT 2 A mBAEX, 5T 3 A B A Fedi Ay, £ 600 N ) e A
KT, &2 AEZ R A A (117.4240.07) MPa, 4245 #(0.73£0.11) mm; 4844 W B & A
(117.11£0.04) MPa, 1= #% 4 (0.82+0.08) mm; 4548 W B & & 7 A (117.53+0.03) MPa, 4= #5 4
(0.62+0.13)mm. /£ 30N-mm B ALX T, 464N EE L A #(174.50+£0.33) MPa, 15454
(0.75+0.07) mm; 4£4-4 W B & & 7 #(168.75+0.15) MPa, 4545 #4(0.82+0.16) mm; R454R A & &
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LA MAERIR) TR, HEE RN, o]
ZIRGURET 2L
12 %% E

Fhedr Step #ASEF AR Ansys workbench
2020 B, BEREE AR R 5 P
X5y, W BPrBLRIIA% RS A 3.0 mm, A ] 5
HIRIRE RS 3.5 mm. BPRHEPE 5 PR 3701 5
SHT RN 1 FIF 2.

®1 HRBH

ZFR SEPEREE/MPa  RATAEL  EE/(grem”)
B iy 12 000 0.30 1.2
AR 8 000 0.30 1.2
N 102 040 0.29 4.5
A4 44 800 0.32 2.8
AR 210 000 0.28 7.7

xR2 BIVA
2R BT Rl
JiEE gl 25473 42868
JiES =g 43027 70301
P ] 1904 5637

1.3 ARBRLYREMH

N 1 B A TR A7 S B TS 2 E M SE A 2R,
R A% 600N 4hila JJLLK 30 N-mm 1155
1. WRETILG SR A ISR A R, R RN

0.2, WRET S5HEa MR S 0 E. HERS
B E B2 R SR R, BRI RECh 0.2, B
B RECH 0.3,
1.4 LEIAF

WELEER 4 BB 4 AR 3 FibPR I &
FERITE 2 P I BN A 5IEA%, DL
T B PTRRIN 10 A S5 AS.
1.5 %o

RH SPSS 15.0 AR A TS 4T.

2 4R

2.1 #eymBEXT ARG R FHE

TefhIE] 600N AT, 3 FCREAPEHI N
¥ 5 W S (i ST AR S 25 R L3 3 FIE 1~
3. SR IFNE 1~3 0I5, I e 1 5heH
SRPERT R R E L, TEAS SRR PR B R R L,
HAARERIR ik, YOG4, B68
/N, AHEREN, TSR L (P>0.05). FEAF
MRIN R ETEAS b, SRS EhimR, HUCh KA
&, AEROE RN, 3SHPRAI ZRER, B
AL X (P<0.05).
22 PERBEXTHABRRZHEAFHE

£ 30 N-mm FHAR MBS T, 3 PO ERPEA
[ 5 S5l a) IR AR 4 I 4~6. TR 4 FIlE
4~6 BTG, AEEEN R ERN Sk, HOCOhERS

&3 HEMBENXT 3 R ER A B E R AL

Vx| H R 1/ MPa A I3 %€ B J1/MPa B S /mm P[] 2 % /mm
L= FL 15.87+0.11 117.1140.04 1.24+0.07 0.82+0.08
HREE 15.84+0.09 117.42+0.07 1.13+0.37 0.73+0.11
ANEEEN 16.21+0.10 117.5340.03 0.97+0.23 0.62+0.13

P{E 0.124 0.675 0.036 0.033

LR 1M LERER 153 BT LERY I
B J1 SRR I B 1
KA SN ) RIS g KA SN Ty
Hifi7: MPa M7 MPa Hifi7: MPa
1 1 B i) 1 A1 1

117.530(#% K) 117.440(3% ) 117.020(#% K)

104.480 104.400 104.030

91.425 91.354 91.035

78.373 78.312 78.042

65.320 65.270 65.049

52.268 52.228 52.056

39.215 39.187 39.063

26.163 26.145 26.069

13.110 13.103 13.076
0.057 768(#/N) 0.061 123 (/) 0.082 962(H/N)
(a) A5 (b) Bk& 4 (o) B:8%

1 3 PR [E) 434 A (B RE 1) I B ) = B
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Zh Ay 5 15 Zh Ay 5 153 2Ky 5 15
WA HARTAS 1 WAL
R BASTE A BT R BT
Hifi7: mm Hifi7: mm LAV : mm
i) 1 ) 1 ) 1
0.620 43(H k) 0.769 34(f k) 0.769 34(F: k)
0.556 94 0.684 02 0.684 02
0.493 46 0.598 70 0.598 70
0.429 97 0.51338 0.51338
0.366 48 0.428 06 0.428 06
0.302 99 0.34274 0.34274
0.23950 0.257 42 0.257 42
0.176 01 0.172 10 0.172 10
0.11252 0.086 78 0.086 78
0.049 036 0(35/N) 0.001 460 8(ft/N) 0.001 460 8(F/1)
(a) AEEW (b) A4 (c) 6%
2 3 FAREMERNEEHEEmEE TR E
ZEH# ey AL PRSI LERER 1504
o [ MR
KA SR S A AR JSRY: S5 S
S MP FAf7: MPa §ifii: MPa
A Hf): 1 N - 1
1Rl 15.865(I k) o
18.434( K) 14.102 :i‘?g;(ﬁj‘)
16.386 12.340 12.340
14.338 10.577 10.577
12.290 8.815 8815
10.242 7.052 gy
8.195 5.290 5290
6.147 3.527 3597
4.099 1.765 J 1765
2.051 0.002 134 7(3%/N) : .
0.002 672 6(3/N) l l 0.002 134 7(i/)
(a) AEEW (b) k&4 (c) 6%
3 3 FAEMREITEERMEMNEN S G B
Fz 4 HEMIFEXT 3 AR EA EE YRS AR5 L8
el HT R 1/ MPa PN [i] %2 . J1/MPa B S /mm A I3 %€ {37 4% /mm
A4 25.86+0.12 168.75+0.15 1.13+£0.13 0.82+0.16
®wE4E 21.14+0.22 174.50+0.33 1.07+0.22 0.75+0.07
ANEEEN 24.26+0.45 176.23+0.51 0.984+0.56 0.61+£0.13
P 0.032 0.092 0.066 0.072
LERER T o0 H Zh Ay 353 Zh Ay 5 353
BRI )y AR 3 AR )
AR SR A S T R SN
Hifii: MPa Hifii: MPa Hifi: MPa
H): 1 I 1a): 1 i) 1
176.070(# K) 174.300(3% K) 168.820(3% K)
156.520 154.940 150.070
136.960 135.580 131.310
117.400 116.220 112.560
97.843 96.862 93.812
78.286 77.502 75.060
58.728 58.142 56.309
39.171 38.782 37.557
19.613 19.422 18.806
0.055 790(FR/IN) 0.062 398(#/N) 0.054 099(#R /)
(a) AEEW (b) k&4 (c) 6%

4 3MARMBHEERENNEE
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LER R 1A ZERER T15Y BT LER R T1 57 BT
AT RRAS T MR
HH: ST KA WA KR BT
B mm Hifi7: mm M7 mm
fsf1a): 1 Fif 1) 1 1) 1
0.614 58 k) 0.769 34(IK) 0.891 62(I K)
0.546 56 0.684 02 0.792 74
0.478 55 0.598 70 0.693 86
0.41053 0.51338 0.594 98
0.34252 0.428 06 0.496 10
0.27451 0.34274 0.39722
0.206 49 0.257 42 0.298 34
0.13848 0.17210 0.199 46
0.070 46 0.086 78 0.10058
0.002 447 2(3/1) 0.001 460 8(I%/1D) 0.001701 0(Ht/IN)
(a) AVEM (b) A4 (o) B:6%
53 MRERRA EEAATE S RE
LER 150 BT LER R D150 M LER 150 BT
LEEi] L] e
A SN T R SN A S
Hifii: MPa Hifii: MPa Hi{3: MPa
B ): 1 B ) 1 i 1a): 1
24.213(%K) 21.133(KR) 25.862(I% K)
21.523 18.785 E 22.989
18.833 16.437 20.115
16.142 14.089 — 17.242
13.452 11.741 14.368
10.761 9.393 11.494
8.071 7.044 | 8.621
5.381 4.696 5.747
2.690 2.348 2.874

1.583 Te-5(/)

(a) ANEEW

2.329 3e-5(I /M)

() hEE

1.655 6e-5(I%/N)

(c) B:H4
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BB kR H AR B E R [ € B TIR
7, HiG RS EIEE", A A A A
I

SIEMEL ZECNER B S GRPEREE 102 GPa), AN
PGRPERE 210 GPa)ZERIBER R AR, B BsitE:
Wik 10~18 GPa, i RAYFEPEAE B Sl 18
FHAAWMA S ERE G, 5] %5 78
POV, AR A . IR E SR
B WA E—MRHE R EYFI R, R
PR SRR R R S BT A A R, [ AE
RIFR 2385, B irim s o & i i g AR

RS, BT RAT LU s E A . B A
8, TUENEAE 0.2~2.0 mm ZJH), #5d 2.0 mm N
AHFERE AT

bHE B & m ek & e, 50 il b 1
M, BRI E 5 AR BeEAHRL, A 551
FEC Y SRR ) B, T HL R AR TR Y
BLE, MESTNESHESSE RS AR
Wi, JoFE IR FAREU, AT RERERE.
AR, A SR RES I T
J, B VT DA R RARE I 8 [ 20 2R 5 F7 A R
U Weng 25U Willbold 255 il iz,
REART G T A B & @R 1A, 45 ek
BEN IR G A NA), BVEES S7EH
ARG R i ZR BRI T A b E Y EE R,
H 21250 H BT AR B H Y, A A i
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ZERARER INEMBE G S e B B E h A A
Tt skR%EPZE HAR TR T A4 55
B AETERME S LA [ 2 SMAR P 2 PR 2 5%,
e Hh TR G e 1 W S AT 5 AN DAY ] B AR
(Transoralpharyngeal Atlantoaxial Reduction Plate,
TARP) REGHOR BT, {HRZII5UEAS TARP 258
SRR TR, AREEE BTN T4
PN [ R AR TR R A3

AW LA E b BRI SR 5,
LR RS ST E P EREZ 600N GERNE)
B fle) BT T SRR A AL, TR
PEZ5H(P>0.05). {HETEZRN FHES S EG
& AEWERER, XA R SRR
%€, H 3 FORFEFPEH A E EIEETE 2.0 mm
VI, AW E I @E i msine. e a-ar
A b3z 30 N-mm FHANNFEAGN T BG4 550
T8 AENIERANERAKR, B ERRH
P2 5(P>0.05).

BARER B AN B F2 B A A4 . T B s 1
OBIF TS SR, HR=EEREVN, HI
LR SRS SR AT R BRI AR.
ZEE IS ETmA RS RGBT
PEERUEARERE SN R, IR IRE
BeA N E B BE R AT BES ST RS
BFIAEER. Besh, AWTEER I md AR Tk
OGS RS-SRS IN B ETERE TE T
JrEErERE BRI ZES, Bl TAHAR T I RIRE
EAEAL, 5 MRS 2 LE VR 22 R (I L
P BES BRERE ), IS SATEHERE 4
JERT R RS B A RS AR
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Finite element analysis research of magnesium alloy plate internal
fixation for middle tibial fracture

XU Jingchao', ZHANG Yanru'*", YANG Yue', LI Hao®, LI Jicjie?, YU Jinwei®
(' 1.Institute of Orthopedics, Henan Polytechnic University, Jiaozuo 454001, China;
2.School of Medicine, Ningbo University, Ningbo 315211, China;
3.School of Medicine, Henan Polytechnic University, Jiaozuo 454001, China;
4.Department of Orthopedics, First Affiliated Hospital of Henan Polytechnic University, Jiaozuo 454002, China )

Abstract: The present study was designed to evaluate the mechanical properties of magnesium alloy, titanium
alloy and stainless steel in the treatment of tibial shaft fracture by using finite element analysis method. A case of
high-definition tibia CT data was selected and imported into Mimics 20.0 software in Dicom format. A
three-dimensional model of tibia was established. Both Geomagic and Solidwork software packages were used
to make internal fixation model of tibia fracture. The model was then imported into Workbench 2020 software
with the material attributes specified. Two loading modes, the axial and torsional loading, were given to analyze
the stress and displacement of the two materials. Under 600 N axial loading mode, the internal fixed stress of
titanium alloy was (117.42+0.07) MPa and the displacement was (0.73+£0.11) mm. The internal fixed stress of
magnesium alloy was (117.11+0.04) MPa and the displacement was (0.82+0.08) mm. The internal fixed stress of
stainless steel was (117.53+0.03) MPa and the displacement was (0.62+0.13) mm. The internal fixed stress of
titanium alloy was (174.50+0.33) MPa and the displacement was (0.754+0.07) mm under the torsional loading
mode of 30 N-mm. The internal fixed stress of magnesium alloy was (168.75+0.15) MPa and the displacement
was (0.82+0.16) mm. The internal fixed stress of stainless steel was (176.23+0.51) MPa and the displacement
was (0.61£0.13) mm. The results of internal fixation of three groups of different materials under two different
loading modes were not significantly different. The results show that the mechanical properties of magnesium
alloy internal fixation are similar to those of traditional titanium alloy internal fixation and stainless steel internal
fixation. Moreover, magnesium alloy is better for the human body and may replace the traditional medical metal
materials in the treatment of mid-segment tibial fracture.

Key words: middle tibial fracture; magnesium alloy; titanium alloy; stainless steel; finite element analysis;
internal fixation
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