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Abstract; Objective To evaluate the biomechanical strength of individualized three-dimensional (3D) titanium
alloy short femoral stem prosthesis. Methods A total of 12 adult cadaveric femur specimens were treated with
artificial femoral head replacement with 4 kinds of short femoral stem prostheses: 3D printing group 1 ( prosthesis
A), 3D printing group 2 ( prosthesis B), BE 1 ( prosthesis C) and SMF ( prosthesis D). The deformation,
maximum compressive load, maximum compressive displacement and compressive stiffness of the four
prosthesis models were compared and analyzed through initial stability test and static compression test on the
universal material mechanics testing machine. Results The initial stability test results showed that the
deformation of 3D printing group 1 was slightly lower than that of 3D printing group 2, and the deformation of 3D
printing group 1 was significantly lower than that of SMF group and BE group, but the difference was not
statistically significant ( P>0.05). The maximum compressive load and compressive stiffness of 3D printing
group 1 were higher than those of the other three groups, and the maximum compressive displacement was lower
than that of the other three groups, but the difference was not statistically significant ( P>0.05). Conclusions

The mechanical properties of individualized 3D printing titanium alloy short femoral stem prosthesis are similar to

s B 7. 2022-01-17; 1&[E HHA:2022-02-14
BEE&TH: HFEARREESTHE (61772172) % MTH P& E KW E (ZD201617)
BEEE NZEH, TAEE, E-mail : 1hw27272022@ 163. com



KEE,E. DML 3D TSR G &M B RN EY N FIEN
ZHANG Runze, et al. Biomechanical Evaluation of Individualized 3D Printed Titanium Alloy Short Femoral Stem Prosthesis 1065

those of SMF and BE 1 prosthesis that are used frequently in clinic, and its mechanical stability is good.
Key words: total hip arthroplasty; femoral prosthesis; three-dimensional (3D ) printing; individualization;

mechanical test
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Fig. 1 Cadaveric femur specimens and four titanium
alloy prostheses
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Fig. 2 Fixation fixture for biomechanical test
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Tab. 1 Initial stability test results of four short shank femur

prosthesis
215 {7 #%/mm
3D HTEN 1 4 0.38+0. 08
3D FTEN 2 41 0.27x0.05
SMF #H 0.52+0. 30
BE 41 0.50+0. 27
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Tab.2 Static compression test results of four short stem femoral

prostheses
BOES  PUESRIE/
i e RIEAR A/ N Hjﬁ o -
%/ mm (N-mm™)

3DATEN 141 3 563.38+1754.76  4.35+0.76  784.92+296. 38
3DATEN 241 4 458.56+1244.21  4.76+0.42 957.65+362. 18
SMF 21 2 387.07+349. 56 3.70+0.96  694. 50+288. 66
BE 41 3261.12£1177.54  4.74+0.46 687.05+221. 65
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Fig.3 Comparison of biomechanical properties of four short stem
prostheses (a) Displacement of femur prosthesis after initial
stability test, (b) Compressive stiffness of femur prosthesis after

static compression test
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Fig. 4 Load displacement curves of four short stem prostheses
(a) 3D printing group 1, (b) 3D printing group 2, (c¢) SMF
group, (d) BE group

T BTG 3 MRA, BT A A BB & RR,

3 g

3.1 MERREBBEIET

PR A T A 5 A1 A 174 o1 % 350 2R FH S AR
EBM 4 J& 3D fTEN, 2 Ti6Al4V Sk4 4 b 5 10 52 1k
SEHE WA o 2/3 IR IE N — IR & @ FTENRY 3D
VU TFT A FR4 BT S R 225 4, DL T A ot A 65 ) 11 R 3
K2 mm, SEAEERERT 0.2 mm , W% BB A
T2 g TSR, HALAE R 0.2~0. 6 mm ARG
AR, LB 68% ~72% , IZIMALASH B LIRS N
EA BRI S i L B K AT PR
ARABAAR P14 30T s P A0 00 JRE - 30 i 4 s P 00 e+ 41X

SR W A, A R ROREL B P B B A, AR A
Ev 1/3 BREARAS S H R R E S (i, JC R,
TCIHFLEE R, F T e A B M i/ o 85 s Bz Jo %)
I T A DD BRI & AR R 3D AT Bk
WA A B X SIFE T A A S B A R R B 4 X
ST AW A SR B H KL I [ 4 s DG i 2 R B 1 I
TRZTUESHR , it 70 DL S5 KA (B A4 AR 1) SRy ¥
N FIHE R A, I HLA A N B (A RIS s 174 DE i
i ilia= i OO RN E TANAR I X -
Kl5(a) 1518 B AR AR TN B4 X W) & K
TRV REL I ) A s G %) B, 35 2400 Xof IR 30
Ui MU s 25 R 5 R T B8 2 M AR AAR i
SR AR L IMHBEACE X LAF 2 em B2
[ R PCRE , B[ WL 5(b) 1.

Fa=.il

| 1 1 \)\
(b)ff&B
B 5 3D $TENARGEHTEEREITES
Fig. 5 Structure diagram and design concept of 3D

printing groups (a) Prosthesis A, (b) Prosthesis B
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