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Biomechanical properties of Gyroid structured titanium bionic bone scaffolds for repairing segmental
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Abstract

BACKGROUND: Porous structures based on triple periodic minimal surfaces are one of the most promising orthopedic biostructures, among which the Gyroid
structure is characterized by high specific surface area, high permeability, and zero mean curvature.
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OBJECTIVE: To screen the wall thickness interval of TC4 bionic bone scaffolds with 4 mm single-cell Gyroid structure matching the elastic modulus range of
cancellous bone of the mandible through finite element analysis combined with mechanical compression test testing.

METHODS: The finite element model of the 4 mm single-cell Gyroid structure with different wall thickths (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 mm) was
established. The equivalent elastic modulus of the Gyroid structure was analyzed, and the wall thickness interval of the Gyroid structure matching the elastic
modulus range of the maxillary resinous bone was selected with different wall thicknesses of 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 mm, respectively. According to finite
element analysis screening results, the material selected was Ti6Al4V. Selective laser melting was used to prepare 3D printed Gyroid structure specimens. The
surface treatment was carried out by large-grained sand blasting and acid etching. The elastic modulus and compressive strength of the specimen were tested
by mechanical compression experiment.

RESULTS AND CONCLUSION: (1) The finite element analysis results showed that the equivalent elastic modulus of the Gyroid structure increased with the
increase of wall thickness, and the equivalent elastic modulus of the Gyroid structure with wall thickness of 0.2—-0.7 mm was within the range of the elastic
modulus of the spongy bone of the mandible (1.5-4.0 GPa), which was used for 3D printing of the Gyroid structure specimen. (2) The mechanical compression
test results showed that the elastic modulus and compressive strength of the Gyroid structural specimen increased with the increase of wall thickness, and the
elastic modulus of the Gyroid structural specimen with wall thickness of 0.3-0.5 mm was within the range of the elastic modulus of the cancellous bone of the
mandible. The compressive strength of the Gyroid specimen with 0.3-0.7 mm wall thickness was consistent with the mechanical properties of the mandible. (3)

The results show that the Gyroid structure of 0.3-0.5 mm wall thickness is compatible with the range of elastic modulus of the mandible.
Key words: segmental bone defect; Gyroid structure; 3D printing; selective laser melting; finite element; mechanical property
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Figure 1 | Constructing the structural model of Gyroid with different wall
thicknesses using the offset surface method
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Figure 2 | Finite element condition setting of Gyroid structure
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Figure 4 | Equivalent stress distribution and equivalent stress-strain
curves of Gyroid structures with different wall thicknesses
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Table 1 | Actual wall thickness before and after surface treatment of
Gyroid structures with different wall thicknesses
Wi BEE SPREEE (mm)
3D 4T EA f-BE 5 R UL 8 120 12 e = B J 2
0.2 mm 0.241 0.212
0.3 mm 0.351 0.311
0.4 mm 0.446 0.398
0.5 mm 0.538 0.508
0.6 mm 0.647 0.613
0.7 mm 0.744 0.709
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Figure 6 | Process in mechanical compression test of Gyroid structure
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Figure 7 | Stress-strain curves and elastic modulus of Gyroid structures
with different wall thicknesses
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Table 2 | Elastic modulus and compressive strength of Gyroid structures
with different wall thicknesses
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0.2 mm 1438.41+218.92 70.89+1.79
0.3 mm 1917.814£292.05 110.84+1.14
0.4 mm 2942.74+418.03 151.48+0.60
0.5 mm 3030.25+694.97 172.45+27.36
0.6 mm 4011.41+369.12 276.29+1.55
0.7 mm 4792.11+416.97 344.21+5.89
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BLER, JFHIEE A E kbR 2, Al e b B
TEARAER BT A B M50, 1% 5 2 3 1 ) — 20
Reghit, (AERICRMA N NAR N 20 B 456 7= A,
E— DR AL B G AR R BB s A B T R BUE LR R O
BRI 2 R B M 2 AR TR 7R 20 0 DK UKL 8 D
AL FR S, B 7RI TSR KRR L KRS R RS I 2 2
RALBR & A A, S B 1 B 452 02 £ Rhinoceros %144 i
THH Y Gyroid S5 M bR HEAFRE R o

I KA F iz F A R G i 43 B BE JE 6 Gyroid 4544 75 %
PEREMIRZ I, 1925 PERIE 5 Gyroid S5 BE R 1K &,
R It A B JE (%) T v 12 2 A A ) SR AR Bt B 2 T
If HEEJE 4 0.2-0.7 mm Gyroid 4544 i {1 f) 3 VE AR B A2 R
AUUERA B IR S A VG N (1.5-4.0 GPa). BT PR JT
3 BT 2 J T R B A0 AL P T V0t B S B R G AT
L, SCRBE AT T 75 R 45 52 50 06 A BR 76 7 #r 4 SRk
AT I o

SR W TR W], Gyroid &5 #y 5 M 4 B 1) g 2 S 56
E A R e FAE #A EE  20% W 218, 7N
Gyroid &5 P4 45 25 P A% B AH ZE O B R 36 B 51 A Y 45
P2 ) S S 20 M T T Rk LA el 222 TR DR AR o
b HAFAE HAh R 22 SR A

BEVRBIF FE 1) 7752 R 48 S 30 50 E 45 SR .7k, Rhinoceros
SRR LTI P o A S R P A i 0 5 R T WO o
FT B AR b A A 580 P A B S 2 (AR R R 22, R
Wz ot 36%, T HmZE R OBEMRE: 2
TEA B ICIE D T 6 2 BT 51 NI, DR AN AT G i ik
AIRTCA BT R ARSRIEZ)E BRI H I, i R ae i i e ok
B B RSB R @B HUbiRZE: 5 LTSRN &
BRI e R A, Bon ST LR A R 73 77 N % @ik
BEPEBOGIE BB AT B T2k B2 A /2 LS5 Rhinoceros
BAF B O FRAEAE & 20 R RO . A PR e B S B
AR ZTOVE T IE IR, B 22 ] LUl i ok A R
TOA M BB BT SR R kN IX TR 25, b an 4
e L O PR RV DX 250 PR i /N T B 7 TR (4% 22 5 7
TG R M WO A B FT B T2 RS AN 2 5 SR IR R 22 1 5K
565 HP AR X T 4

T T A OG T /N B 07 5 M BRI K & SCHRAS
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BN B0 B M AR O 1.5-4.0 GPa, it [k 5 B N 25—
244.55 MPa. IR 9T /)% 25l R 40 S IR SRk 45 SRR B,
0.3-0.5 mm K& 5 Gyroid Z5 4 {1 7 & T Al S P AR B R 4t
JERRFEJEH, 5N R AUE FA TR 15 MR (1.5-4.0 GPa)
VLHC; 0.2 mm BEJE Gyroid 4584 (4T s 58 AR T N R Al
POESRE, A& EAENEE T AE T Bt a5 4k
YA, HEERA L, Gyroid 45 R B S it i R
PRSI G R Eb HE A 1 P 2 S 2 IR TR AR E R
iZe, M%7 S BN R AT — D Ik, P
SEELI S AL E S RE L a gA P BSR4 R
MIEL B AR 2, HAHFFH 0.3-0.5 mm EEJE Gyroid 45 #)
(1 PR AR AR T HAE N S S B Y Bl P, i B T DA 3o 6
Gyroid 45 4 B 5 2 $dh 47 1R BSR4 il AN 20 () o 1k A B R
PUESRRE, BEGAE N AU T B S I6TT H B T T B i
SR DR B B O AN A SR I, IR R
Y-8 FpRG, sk i) A K B AL, Sk
DB - B RS, AR %R A P a1y B
PEERAIATT r (1% ] A7 S e

I R FEAN 8 T A PR TG 43 B K T 5 TR A S5 56 IE
4 mm I Gyroid 25 ¥ AN A BE JEAREAE SR AE (1) ) 2 P
RESE T AHILAD, 2 N KoK I A P A1 2B P AH 75 P S50 SR R
7t 0.3-0.5 mm E¥JE Gyroid 4514 2 FLEKT AL B SCHL A )
M, REARTESHEANDNZ B EA S5, 2
TR DAE N AR B SR AR 18 5 i SRS 5 )0 MG PR
FHT .

£510: 3D FTENZXHY N Gyroid 45 FBE R, K RURLIGE b
PR b 2 T Ak BRAS S HR (1) J5LFE 51 43235 T Rhinoceros ¥ it H )
Gyroid & # bR fEAT. LA IR eIk & 1E K Gyroid 45 #4 b
AR S5 R AR B 1 SR G B M O AR R T B Gyroid
SER R A P A e SB[ E ORI 22, e K 2
B LATIE 36%. I BR G HT S ) R e SR A
0.3-0.5 mm E¥ JE Gyroid 25 f4) I 3 M A5 15 T R 380 A5
G FEAHIE N, A s AT AUE B s e 2,
FLAE AR 130 75 AR P AP S8 HEAT HE— D IGHIE .

EETE: £2FBATERET, SREADEERS. FRR, &
Bort Ak A 3\ FHa . REUR, FRPICEA § ek, 4545, 4, £E2HRL,
EXNE A E

FIEHRZR: LTy tEH B9, ERMAR AL FHREILP R
H AR,

FFHGRERARA: R — B AGRIRIFE, #H3E (iR 5T L)
“E 4 - AL - AR XL F 4.07 ok, AR AELT,
AAFAA T LtE B 69K T RIA RS E. AEfY &, RN AT
TR PR, FTH. EN. Fi, 3T, k. BEBEEZHK, HHh
Z s &3], ARG MASIER L CIEMEERE,

MRARERIL: L F AT AR # b R 3 A E T LA A X

HRME: ZXFREEFTTEREFHIAHEERL (FAHR

T HREFEFHF5EES L RGRFIE) . LFHRT 2T+
R B G I BRAE M A ST 3R B E, XFLNRATIF ERRFIF
AT BUA D LFEH A HFIAARE .
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