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[Abstract] Objective To explore the feasibility, precision, and clinical value of a personalized primary repair ap-
proach centered on digital design, integrating 3D printing technology with multiple materials such as titanium mesh,
polyetheretherketone (PEEK), and titanium plates, for complex craniofacial bone defects involving the skull, mandible,
orbit, and zygoma resulting from traffic accidents, providing a reference for primary repair of clinically complex craniofa-
cial bone defects. Methods One patient who was admitted in September 2021 with multiple comminuted fractures of
the right craniomaxillofacial region and large-area bone defects caused by a traffic accident was selected. Digital design
was integrated throughout the entire repair process. First, preoperative computed tomography (CT) data were used for
3D reconstruction of the craniomaxillofacial region; then, based on the model, the anatomical contour of the healthy left

side was reproduced via mirroring technology for the defects on the right side. A targeted repair plan was designed: 3D-
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printed PEEK material was used to reconstruct the right orbital floor and zygomaticomaxillary complex, a 0.6-mm-thick
titanium mesh was adopted to repair the right skull defect, and a 2.0-mm-thick titanium plate was applied for rigid inter-
nal fixation of the mandibular fracture. A one-stage repair surgery was completed simultaneously. In addition, a litera-
ture review was conducted on studies related to the repair of complex combined craniomaxillofacial defects. Results
CT examination at 1 week postoperatively showed that the average fitting gap of the implants was 0.3 mm, and the sym-
metry difference of the facial contour was less than 5 mm. At 3 months postoperatively, the patient’ s maximum mouth
opening reached 38 mm, the occlusal relationship returned to normal, and the diplopia symptom completely disap-
peared. During the 6-month postoperative follow-up, no complications such as implant loosening, infection, or displace-
ment occurred; the FACE-Q scale score was 91, indicating a high level of subjective patient satisfaction. The literature
review indicated that digital design combined with 3D printing technology can significantly improve the accuracy of
complex craniomaxillofacial bone defect reconstruction. PEEK material is suitable for the reconstruction of the orbital
floor and zygomaticomaxillary complex. Titanium mesh and plates can ensure the stability of the reconstruction. Multi-
materials combined reconstruction represents an important therapeutic strategy for such defects. Conclusion The indi-
vidualized one-stage repair scheme, centered on digital design and combined with 3D printing technology and multi-

materials (titanium mesh, PEEK, and titanium plates), can achieve precise anatomical reduction and simultaneous func-

tional recovery for complex combined craniomaxillofacial bone defects caused by traffic accidents.

[Key words] craniofacial trauma; craniomaxillofacial bone defect; digital design; 3D printing technology;

polyetheretherketone; titanium mesh; titanium plate; individualized repair scheme; one-stage repair

J Prev Treat Stomatol Dis, 2026, 34(6): 565-575.

[COmpeting interests] The authors declare no competing interests.

This study was supported by the grants from the China Postdoctoral Science Foundation (No. 2023M734255).

A2 T SRR R U T 22 R PR R T A AT B
AR A5 1R AT Ah A A H B ACRE Y Il PR X
A RO A B S R HE A 22 i
Pl DX, AN AN ™ L F T S S W E i 25 S B
sk Z PR A AL AR D RE R A, LA
PN R S I A 40 00 25 s B 2 i B I RAE L
W R B O

LRI BT 0 G50 AT R A5 4 W PR A 52 T 36 E
WA ARERES N TR EEA . BIRERE
A R GF BB S RE ) S H SV A, B 2%
BB bRETT R ABAE ST AR B AR AR R
P DU JE P2 AR A I A 2 A AR R (24 40.0% 1) iR

s ZIRTFAR)EFRRT L N T A b R 4 R
P D TR PP T B0 L R BRI R A | R TR T
(polyetheretherketone , PEEK ) Sz £k #lx 45 , 81 32 i
FHE AR — sk sl LA it J2E 52 2 TR S5 45 1) 2

it 2R B 5 B AR R I AR T L 29 15.8% B
T R F ARG PEEK A A e v i {2 i AR
o B AR e R AR o B A T ) 5 R B ) R
Hrol ey 2 IR R R S R T SR RO i DT
TiC , A ek A A0 155 fifp 2R ) S B ) A

BT AN RHBOR B K R R W% N B AR AL TR
J7 1T B TR CT RS = 4 1 5 B R R R

02 Z20 A O A 350 4 G, AT S ERAE 52 O R I RS R R
4545 3D FTEN 5 f PR LR, AT B 25 42 THE
SRS TR,

AR SR IE 1R RO A B 3K 3 1 2 4
HOp R 2 52 SR, 4 5 BUSCRL BRI | 3D T Bl PEEK
A IACA A BT G [ BRop, 5 B 22 A ) IX
Sl — SR VA 52 T Y A A A 0 P — R -
ME 15 — 1 R 5 gt J A, DR B AT AR OGSOk
B R PRI R W 1l PR AT AT 1, S 52 2 st T 4
13 SR A A — S04 52 o A A A T LB T P S e PR
L

1 R

ASHIEFE AR A S8 R R) B O 4 2 R I
A5 ) o HEHL 2021 4F 9 H i 42 72 5 R 2 5 it
Ja B2 e 1 5T AR FR IR Y 1 1) 38 % MR,
BENEMBCLI T EZ G TR A 2H
2, RARR R Bk T A M PR R IR R
W PRIME 2 by S B 12 W7k T kP 22 4 a0l T i 4T P
JUS B AT A A P R ) BT S LT 2 T L S
TR AR VE RIS S R SR R TR X
BIT . M)A 9 R H IR Z WK E (Glasgow
Coma Scale B &£ 1153 12 43) 16 & T8 5 5% A



OE&REA 20656 £34% H6H

Journal of Prevention and Treatment for Stomatological Diseases, Jun. 2026,Vol.34 No.6 https://www.kqjbfz.com -+ 567 -

et 2 LRSIy, B REAE A , T W] 4% o
PR L

1.1 Rtk & 5 k4

LI &RER S eRAk BH AR A ik
MRS AR, B AR IR, U A I E AR, oIk I
JO7 255 5 UM i FL 25 R 55 15, il L AR 29 3 mm, XD
SCSF IR s DU LT LK I 6 A S S ATAE
o BVAE R 51 i R A B Ml e | % T A5 e 22 2 e iR A5

PRAE s A 4 B RGEAROR WL 5

LR AR B A B AR B, LR A
0 e Jo 30 M T % B AR TR ] UL 3 B AR I R
P A 00 ] B B 5 T L HR ko 3 32 BR 5 A7
P TR T S5 ke 10 A R 2 R (e KK 11 5 249 O 7
AR )0, e G R FEL R TP ROIR A F i O0) nEL ngg
1) 5 AR A K I T H U S T AR (T 1)

a-c: frontal and lateral views showing obvious collapse of the right facial region. Note the debridement scars on the upper lip, right nasolabial

fold, infraorbital margin, and frontoparietotemporal region. Right periorbital swelling, conjunctival congestion, and restricted eye movement

were also observed. A tracheal tube was fixed in situ; d: significant depression of the right cranial vault; e: mild restriction of mouth opening

(maximum mouth opening approximately two finger-breadths ) ; f: malocclusion manifesting as open bite and signs of unilateral mastication

Figure 1  Preoperative physical examination of a patient with complex craniomaxillofacial bone defects caused by a traffic

accident
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a-d: preoperative head and neck 3D CT reconstruction images, showing a large bony defect (approx. 12 cm X 9 ¢m) in the right frontoparietotempo-

ral region, comminuted fractures of the right maxillary body and zygomatic arch with bone loss, absence of the right orbital floor, and an oblique

fracture of the right mandibular body; e: coronal CT scan revealing the calvarial defect on the right side and comminuted fractures of the right max-

illary body and zygomatic arch; f-h: axial CT scans displaying the right front oparietotemporal bone defect (f), oblique fracture of the right mandibu-

lar body with displacement (g), and comminuted fracture of the right skull base (h); i-k: left lateral, right lateral, and anterior views of the 1: 1 3D-

printed skull model (fabricated from photosensitive resin), used for surgical planning and implant pre-contouring

Figure 2 Preoperative imaging findings and 3D-printed skull physical model of a patients with complex craniomaxillofacial bone

defects caused by a traffic accident
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a: original digital reconstruction model of the craniomaxillofacial bones; b & c: anterior and 45° right anterior oblique views of the digital model of

the craniomaxillofacial bones after occlusal relationship reduction; d: mirror reconstruction model (blue indicates the mirror bone window, while

white indicates the original bone window); e: blue annotation indicates free bone fragments to be removed during surgery (affecting the placement

of the PEEK implant); f: design of titanium screws for fixing peek implant (red circles indicate maxillary screw implantation sites, yellow frames in-

dicate flow hole positioning, and blue circle indicate counterbore positioning); g-i: floor of mouth, anterior, and 30° cephalic tilt superior views of

the craniomaxillofacial digital model after PEEK implant placement

Figure 3  Preoperative digital repair design for combined skull-maxilla-orbital-zygomatic bone defects
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a: right lateral view; b: anterior view

Figure 4  Repair and reconstruction model of the craniomaxillofacial bone defects
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a: internal fixation with medical titanium mesh; b: internal fixation with a titanium plate; ¢: PEEK implant placement

Figure 5 Intraoperative scenarios of digital design combined with multi-materials for craniofacial bone defect repair
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a-c: anterior, oblique, and right lateral views of the maxillofacial CT 3D reconstruction 1 week after surgery; d: three-dimensional deviation
analysis of the interfacial fit gap for the PEEK implant reconstructed region ; e: schematic of craniofacial symmetry deviation ; f: maximum mouth
opening up to three finger-breadths 3 months after surgery; g: occlusal relationship returned to normal 3 months after surgery; h: anterior view
of the craniomaxillofacial region, with no depression and symmetrical face 6 months after surgery

Figure 6 Postoperative flow-up and evaluation of digital design combined with multi-materials for craniofacial bone defect repair
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