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Abstract

BACKGROUND: Traditional 3D dental segmentation methods usually utilize predefined spatial geometric features, such as curvature and normal vectors, as the
reference information for tooth segmentation.

OBJECTIVE: To propose an algorithm for complex 3D dental segmentation and deeply explore the correlation between segmentation results and application
scenarios.

METHODS: A 3D dental segmentation algorithm based on dual stream extraction of structural features and spatial features was established, and the modular
design of split flow was used to avoid feature confusion. Among them, the attention mechanism on the structural feature flow was used to capture the fine-
grained semantic information required for tooth segmentation, and the Tran Net based on the spatial feature flow was used to ensure the robustness of the
model to complex tooth and jaw segmentation. This algorithm verified its effectiveness and reliability based on clinical datasets including healthy dental jaws
and complex dental jaws such as missing teeth, malocclusion and dentition crowding. The segmentation performance of the model was measured in terms of
overall accuracy, mean intersection over union, and directional cut discrepancy.
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RESULTS AND CONCLUSION: The overall segmentation accuracy of this algorithm in the clinical data set is 97.08%, and the segmentation effect is superior to
that of other competitive methods from the qualitative and quantitative perspectives. It is verified that the structural feature flow designed in this paper can
extract more precise local details of tooth shape from coordinate and normal information by constructing an attention aggregation mechanism, and the spatial
feature flow designed in this paper can ensure the robustness of the model to complex teeth such as missing teeth, dislocated teeth, and crowded dentition by
constructing a transformation network (Tran Net). Therefore, this tooth segmentation algorithm is highly reliable for clinicians' practical reference.
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Figure 1 | Some examples of 3D dental jaw with abnormal tooth shape
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Figure 2 | Computer aided 3D dental segmentation and its application

1 #EFIF5%E Materials and methods

1.1 &t FEAURBIR T =4

1.2 BFIE RS SEOGT 2021 4FE 1 H & 2022 4F 10 HEdLTT
TP R A R R R R AL B S G = ST

13 A BRSBUERIET 3Shape JUR A T AL, A
“5: TRIOS 3 Basic, j“#fi: J}HAFAMIMR, dhif: 3shape.
Wtk T 80 fir 32Xk & 1 80 ANl A Ak, A S o AR
PEALHE LA BRI LA el Hrh 35 60 M R i

Chinese Journal of Tissue Engineering Research | Vol 28 | No.2 | January 2024 | 253



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

HAEZE

ST 20 A R AR S IR SE . AT T T R ISR AT A
(HREREF) AR,

14 ik

1.4.1 AR EE ZHR A b A S R 5 4 150 000 4
= AT AT 80 000 ANTH A o X &6 = A i 4 RAEE] 12 000
A, AR TOARAE B, [FIHOR B IR A ) B g 4 1 1
Lel 43 J 2555 (64 ANsf] ) AR (16 S5l ), Bk
SrLER 1. % B AR B NS EI K 15 S ARF
Gy, B 2 A TYIF (TRLL TLL). 2 MY (TR2.
TL2). 2 AN F (TR3. TL3). 2 A4 1 | B8 F (TR4. TL4). 2
ANEE 2 B EE S (TRS. TL5). 2 NEE 1 BEF (TR6. TL6). 2 NEF
2 BEOF (TR7, TL7), LANFUR (G)o BT RS AL (R bRidi 5 i
[F]— A 50 3= & M A R HEE A 8 o

=1 | FaRBIRMNBEER 2 (n)

Table 1 | Division of dental data set
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Figure 3 | Network structure of this study
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Figure 4 | Visualization of segmentation results of all competitive
methods
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Figure 5 | The segmentation advantages of this study in the missing tooth
position (the teeth with nail filling in the missing tooth position are easy to
be misjudged)
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Figure 6 | Side view of the effectiveness of attention mechanism for
boundary information extraction
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Table 2 | Comparison of segmentation results between the network in
this study and existing competitive methods under 5-fold cross-validation

il SEKEFEME (%) ¥IZZ I (%) Ji ) 2 5 (mm)
PointNet™™ 86.56%1.13 79.17+4.77 0.27+0.09
PointNet++*” 90.22+0.22 82.31+1.65 0.2240.01
MeshNet"™" 84.38+0.83 71.03+2.26 0.78+0.01
MeshSegNet* 93.85+0.51 87.61+1.41 0.190.02
TSGCNet 94.69+0.14 88.84+2.48 0.11#0.01
DArch®! 95.16+0.03 90.84+0.33 0.1540.01
MR TT 97.08+0.07 90.98+2.13 0.06%0.01
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Table 3 | The prosthetic clearance error designed according to the
algorithm in this study
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Table 4 | Modules for effectiveness evaluation of this method
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Table 5 | Evaluation results of algorithm design effectiveness
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tho Forfr, 58I Lo S o B 4 R 5 Se bR B s g R &
BFEEE, J7 R UIE 2 S R A R SR s A R
ERRE.

CEEAA WG UESE T 0, SRR AR T — v
B BB WIRRN A =47 SinE# 25 ©FHD
TR G T AL 45 R R HE AN % (R R VR, X &5 A R AE A
2 ()RR AR AL 43 9l 5 T4 R T WL R A8 46 ) 4% (Tran-Net) 123
BT, A ROMAR Y T A 7 VR A7 K )7 S04 i i B R e A
Xt 82 2 P A BV R 22 1 ). R RV R E T H
R SE b e, AL IER ., e s, Bt o i
SV R A SCIRAE S . B A U e 5 I 3% 5 o R R
MU EEAE RS . KE MG IREIR T LR B, w45 2 2 RE
Br TR — A5 DHIGER, (HARE R 2 8RR
B4 IR Ao FEE AR RS 1 B R B, 3t VR T K R BR BT AE
TG > FCR LB AT R Tl mRENRET
iR, I, FE/NEAKRIC AR S B S R
TESR UL AR F R It A T 1 K N T e 5 11 i ¥
2 2EAH S G AT RTREVERI 7T, M5 Aok 4 IR 11 s f B K SF 1Y)
A R B,

EETTHk: H—FH TR T . REETIRE B34, AR
MAFRRATA, FMHAELAL TR RIBE. Bikfn bty
%, RERGEIE, HAFNLFa)fin e SR TFRT A FF
AR, B AT L F A ke A AR BT R IR R, B A
A R IR A 3B o AT B,

FIZEMEE: LT3R AU, ERMMA L FHE 2T R
BB R,

FEHRENARRE: X 2 — & AR, ARIE (Feifdk F 34T 1)
“EH - WAL - AR 5 XEF 407 FR, ESEIIRGEALT,
AAFAA R Ltk B 69K T RN S kit Ay &, R AT
TR P IR, TR BN, A&, 4790, k. BEBEE LK, HFH
Z TR, AR NSRRI T AT AR R IR,

MR EE L X R AT Ak 5 S B30 5 T U RS A .

HERHSE: LFREETT (FRHRFHEREEZHF 5T
LR RGIEFILY . LF B RAT 2 F b R B) 5 Lk M A G AT
3kEEF, XFLRPFATINF H RWFINE, FATIFBOAN X FHE6H
AT E.
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