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Abstract; In order to promote the clinical application of personalized poly-ether-ether-ketone (PEEK) implant formed by
3D printing technology of stereolithography and injection molding process, the assembly safety between PEEK mandibular
implant and bone was evaluated, and then the biocompatibility characterization of PEEK raw material and PEEK injection
molded implant material were tested by in vitro cytotoxicity test. Finally, personalized PEEK total temporomandibular joint
prostheses were manufactured by using injection molding with 3D printed resin mold, and a patient with severe hemifacial
shortness syndrome was successfully treated in combination with digital orthognathic surgery. The results show that, the de-
sign thickness of PEEK mandibular implant should not be less than 2 mm; the PEEK raw material used in the process has no
toxic effect on cells, and no new toxic substances is introduced in the whole process; one operation realizes the reconstruc-
tion of temporomandibular joint, the repair of mandibular defect and the accurate correction of partial jaw deformity; the op-
eration has good effect, operation safety and high patient satisfaction. Therefore, personalized PEEK mandibular implant in-
jected with 3D printed resin mold is an effective method for the treatment of severe hemifacial shortness syndrome, this study

lays a foundation for the wider clinic application of personalized PEEK implants.

Key words : 3D printing; resin mold; polyetheretherketone (PEEK) ; injection molding; clinical application
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Fig. 1 Contact types between the implant and the bone: (a) edge con-

tact, (b) full contact, and (c¢) central contact
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Fig. 3 Photos of some PEEK thin shell samples before bending: (a) b=
1, h=2.3, (b) b=2, h=2.3, (¢) b=3, h=2.3, (d) b=1,
h=3.2, (e) b=2, h=3.2, (f) b=3, h=3.2, (g) b=1, h=
3.7, (h) b=2, h=3.7, (i) b=3, h=3.7

o
s

L [ —

J—
=t T

B2 RSN T
Fig. 2 Model design for bending experiments
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Fig. 4 Photos of some PEEK thin shell samples after bending : (a)
b=1, h=2.3, (b) b=2, h=2.3, (c¢) b=3, h=2.3,
(d) b=1, h=3.2, (e) b=2, h=3.2, (f) b=3, h=3.2,
() b=1, h=3.7, (h) b=2, h=3.7, (i) b=3, h=3.7
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Fig. 5 Results of compression bending experiment of PEEK thin shells
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Fig. 6 Schematic diagram of rupture specimen after pressure contact; (a)

top view, (b) isometric view
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Table 1 Sample number and extract preparation

Materials Fluid
Culture fluid No. aterials u
mass/g volume/mL
Al 0. 359 3.590
Extract of PEEK
xiract of A2 0.355 3.550
raw materials
A3 0.413 4.130
B4 0.293 2.930
Extract of BS 0.318 3.180
PEEK implant ’ ’
B6 0. 340 3. 400
Negative control group:
1.250 12. 500
extract of PE
Positive control .group; 0. 64 100
phenol solution
Blank control ; solution 5 95

with fetal calf serum
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W 5 ’ A L A T Wit P&l Ob ’ BP0 R AL 2 3 Fig. 8 Cell morphology in B4 extracts of PEEK injection molding implant
%E‘%%ﬁ’ ﬁfﬁ’{ﬁ?&xﬁ%, %émﬂﬂé‘ﬁ’ YL 32 B I B material with different dilute degree: (a) 25%, (b) 50%, (c)
TR BEVERIR 75%, (d) 100%
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Fig. 7 Cell morphology in Al extracts of PEEK raw material with differ- Fig. 9  Cell morphology in control groups; (a) blank control group,

ent dilute degree: (a) 25%, (b) 50%, (c¢) 75%, (d) 100% (b) positive control group, (c) negative control group
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Table 2 Comparison of cell survival rate( %)

100% 75% 50% 25%

dilute extract dilute extract dilute extract dilute extract

Al 98. 60 106. 10 99. 60 103.20
A2 96. 60 102.70 103. 60 104. 60
A3 95.20 102.70 90. 40 101. 80
B4 95. 60 98. 60 102. 30 104. 10
BS 104. 40 104. 30 103. 40 102. 60
B6 105. 90 102. 90 104. 30 100. 60
Negative
control group 100. 10%
Positive 0.2

control group
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Table 3 Contact angle measurement results of PEEK injection
parts
Site
Average
1 2 3 4
Contact angle/ ) s 601 60.0  57.5 59.8
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Fig. 10 CT images of the patient’s head and its 3D reconstruction model
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Fig. 11 The simulation of plan (a) and effect (b) of orthognathic surgery
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Fig. 12 Perspective view of mandibular prosthesis ( black part)
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Fig. 13 Design effect of articular fossa prosthesis on the lesion side

Jd 14 AN S0OC T SRR A BT RICR R
Fig. 14 Integral in situ prosthesis design effect for temporomandibu-

lar joint
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Fig. 15 PEEK temporomandibular joint prostheses by injection molding: (a)
PEEK mandible prosthesis, (b) PEEK joint socket prosthesis

16 PEEK 3R &G 5 AR L 4%
Fig. 16  Assembly of PEEK temporomandibular joint prostheses
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Implantation surgery of PEEK temporomandibular joint prosthe-
ses; (a) PEEK joint socket prosthesis installation, (b) PEEK

Fig. 17

mandible prosthesis installation
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