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A preliminary study of three-dimensional printed porous titanium plate integrated implant for the repair of commin-
uted acetabular posterior wall fracture with bone defect ZHANG Yan-chao,Ll Jian-jun™ ,HOU Wen-tao ,ZHANG Hai-
feng,and LIU Ji-hong. Department of Orthopaedics ,Shengjing Hospital of China Medical University ,Shenyang 110004,
Liaoning , China

ABSTRACT Objective:To explore the feasibility of using computer-aided design(CAD) combined with 3D printing tech-
nology to repair and reconstruct the comminuted fracture of the posterior wall of acetabulum with osteochondral defect, to eval-
uate the biomechanical properties of composite titanium nitride bioceramic coatings with porous titanium alloy scaffolds and
steel plate integrated implants. Methods : Based on CT images of continuous tomography , the computer-aided design software
was used to construct a digital model of porous titanium alloy plate implant with a specially open cellular three-dimensional
structure , and the three-dimensional implant was prepared with Ti6V14V powder by using the 3D printing technology , following
by titanium nitride coating on its articular surface. The degree of matching and attachment between the implant and acetabulum
were observed ; Ansys software was used for finite element modeling to analyze the stress distribution, stress conduction and de-
formation displacement of the acetabulum of the normal group, the traditional group and the implant group under the same load
state,and to verify the biomechanical properties of the implant. Results : The porous titanium alloy implant fit well with the ac-
etabular bone defects,the shape of the plate was well attached to the bone surface,and it was rated as excellent according to
the Matta criteria. The Von Mises stress peak of the implant group 13.38 MPa was close to the normal group 13.11 MPa and
smaller than that in the traditional group 15.66 MPa. The Von Mises stress distribution and conduction of implant group were
basically consistent with the normal group,slightly better than the traditional group ;the maximum relative displacement of the
implant was 0.166 mm, according to the finite element analysis. Conclusion : The porous titanium alloy stent plate implant with

titanium nitride coating prepared by 3D technology has excellent matching degree and biomechanical properties ;the anatomi-
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cal reconstruction makes the stress distribution and conduction recovery well, close to normal hip joints,which provides a new

option for the clinical treatment of comminuted posterior acetabular wall fractures with severe bone defects.

KEYWORDS Printing, three-dimensional ;

S L B A W 1 B BT 22 o R o ) 4 R AR
JIPEC, AEAE B R AN e folf A b 5 1 it 2 1 Btk A 7
il 50 P L A R T A A B O TR N B
an , P R B RE B . H RSOk R A
A N ) 1 P B 23R T B IS BE R i v B AT
FFE B B G B3P 5T R B IR A e
Sk PRI 85 1) B A AN BT, AT B I fE R
PEN B, R B R Oy R AT E A Sk 6 Y
i ) T 2 AR A A k] A B IR R 3 L, 3
Aok, 3D FTEREL A AT LAl #5 e A 45+ A Ty B WL 1
Mzl m ik, AOU6e S B 5 5 & SR i
VEfE, i LA R8I i 2 FLAL 75 I R A S
ARG e 1 A R S B [ B A, R o S A i
Wit R, BN TR ZRAZNRMEE RS
B A VAR I RIG YT B AR A TR

A HIF 5T A 0T 52 5 © X% L F S0 Al (electron
beam melting, EBM) $7 R il & 1) ZfLEK & &£ A
J1 e KoE KA AT R4 e uEST H H A
] A A1 1 TG AR S R R W e T I g 4
SRy FH A B GE o R L, B 2016 4F 8 H i, AHESY
ZEERAUZIKGE X BB EAMKEEN
B/ HRCE SRS o B A B — 5 5 R i
Jei BE R W A R B R ), B R R
F EBM AR il 56 Z ALk & 4 SO0/ AR — R AR A
TRERTAT PR, 38 2 A BR T EA A BT e IE— R f A A
PR R, S KR R I 36 7 85 S BE
PRI T B ™ i B R R A 4l
1 #ERE5HE
1.1 S stk

A S 5% ] Ti6AI4V-ELL &7 (1 il 4
= 97 4% B 03 A7 BR A W AE ) A & B K A R
Ti6Al4V 5 K 19 7€ 2 W 47 4 :6.04% Al1,4.05% V,
0.013% C,0.07% Fe,0.13% O, {% F 0.005% f#5 N #i
H, v Ti(OF & A 4 ) RS i b R B 4
J& BIF 5 19T ok BH A L B} 2 [ 5K 52 56 %2 A1 EBM $E R
FIERHI 4%

1.2 IR %R

TERETR e 8 1 J BE Ry R PR 1 3 5 0 ™ i
BFE 5,28 %, B 172 em K5 65 kg, H T
$ Letournel-Judent 438!, J& T )5 BEF 47 [ B, &
Proekwefe, CT R 5 BEH B >40% (& 1a) . 25
FAE R E G WS AR R AR A CT FHRS B
3 A fifk ) J2 T 1 3% S W7 2 A L 9 LA DICOM 4% 2

Finite element analysis;

Acetabulum;  Fractures,comminuted

F7 30 o
1.3 U#ikss

Brilliance 256 )2 82 i CT (PHILIPS, 7 #i i3 &
120 kV, 2 1 mm) Surface pro4 i 8B HL (Window10
¥aAE R 450, Intel i5 40 FE2S ,256 G N1, HD520 2,
8G I 1% ) Mimics 17.0 ( kb A| i} ,Materialize NV) |
Magics 19.0( [t F]H} , Materialize NV) [EBM Hi, F 5 44
Al PR B R R G (g L, Arcam A W], B4 A1) Ansys
16.0(ZE [E ANSYS A7)
L4 eIk

i LR TE CT 3 A5 28 1 mm (1 3% 252 K
ZEME (3294 )2), Ll DICOM #% UL A7 9 5 A
Mimics 17.0 A, 38 828 50 1 73 1) S X 3 4 e 7 B
MR IRIG i SR A B A e EE B E
Xf 45 B2 40 B HEAT = e SR g e, DL STL A% X IR AE
£ Mimics 17.0 B4, 1) a0 558 45 A 22 2 S A R
22 1 BT A5 HE R A0T DSBS 8 5 4 JIT A5 dife i A 7Y
AR G A Magics 19.0 #1173 id F %2
LA, Bt i 2 LA & S8R/ W — IR A A
N R S PN LR N NN & RV E s o i
EHERRET A 7 25 R R BT AU Al R
J2ZHERUN A5 2 — R A AR = 4E sk, G
TE AL 2 B Nl Bl B w4 0 B A T AR R R
2 mm Y EACERIRJZ TAE ARG,
L5 AR

— R AR R B e U BRE A
Ansys 16.0 (3£ [E ANSYS 24 ®)) A R c o Hr k4, %
EIRET S B AWMy, REARFZMNST
600 N 171 iy il ) I8, RS A0L B A ol <7 RS T
F00 ) 1 AR RS L A AR i R 5 Tk
S 32 1 534 K52 AR S AE B, TR 3 B AR AR (1)
SYUIR S AR AL RS, DA uE— R AL A AR 3 11 (1)
GARPERIAT R . A b A A R A A R R TR
— AN 1 Rl TRIES 5 i FH A R TR Sy 35 5]
L R TRME RS RLS KA RS S L 1,

*x1 ERBRA-HARITHIMEEZHEEE
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Fig.1 Digital reconstruction model and three-dimensional solid model of pelvis and integrated implant 1a. Preoperative pelvic three-dimensional CT
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showed comminuted fracture of posterior wall of left acetabulum with bone defect ~ 1b. Digital mode of the integrated implant ~ 1e. Digital reconstruction

model of left acetabulum  1d. Solid model of the integrated implant ~ 1e. Solid reconstruction model left acetabulum
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Fig.2 Finite element analysis of porous titanium alloy plate implant with titanium nitride coating  2a. Distribution of Von Mises stress in the contralat-
eral normal acetabulum (Normal group) 2b. Distribution of Von Mises stress in the acetabulum repaired by implant (Implant group)  2¢. Distribution of
Von Mises stress in the acetabulum repaired by traditional procedure (Traditional group) 2d. Distribution of deformation in the contralateral normal ac-

etabulum (Normal group)  2e. Distribution of deformation in the acetabulum repaired by implant (Implant group)  2f. Distribution of shear stress in im-
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