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Tooth preparation trajectory planning and experiment
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Abstract: Dental caries, as one of the three major prevention and treatment diseases of human, seriously affects people’s oral health.
Tooth restoration is an important method for treating dental caries. Tooth preparation is a necessary treatment link in the oral dental caries
restoration process. In traditional tooth preparation process, a large number of repetitive fine adjustments are required, which rely on the
manual operations of doctors with rich clinical experience. In this paper, a robot is adopted to assist doctors for tooth preparation, which
effectively improves the quality of tooth preparation and the effect of oral treatment. Through analyzing the operating characteristics of the
doctor’s preparation process, the specific requirements of the posterior tooth full crown preparation are determined, and the design
requirements of the tooth preparation robot are specified. The constraint conditions of surface patches are constructed using the curved
surface mapping relationship, then the model points on the curved surface of the preparation tooth are determined. The functional cusp
bevel is divided into three curved surfaces according to the adjacent relationship between the teeth and functions. The interpolation of the
three curved surfaces is completed based on the NURBS curved surface. According to the curved model points and characteristics of the
curved surface patches, the tooth preparation trajectory planning of the tooth preparation robot is realized based on the isoparametric

method. The virtual prototype and physical prototype of tooth preparation robot were designed and developed, and the experiment study on
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tooth preparation was carried out. The maximum relative fixed-point errors of the feature points in the X, Y and Z directions are 0. 23,

0. 15 and 0. 97 mm, respectively, and the confidence intervals of the system errors are all within 0. 3 mm, stably. The correlation of the

random errors of the feature points in different directions is weak, which verifies the correctness of the tooth preparation trajectory

planning method and the feasibility of robot tooth preparation.

Keywords : tooth preparation robot; functional cusp bevel; tooth preparation trajectory planning; interpolation method ; NURBS surface;

isoparametric method
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Fig.1 Standardized tooth preparation parameters
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Fig.2 Flow chart of the full crown of the posterior teeth
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Fig.3 Preprocessing flow of standard posterior tooth preparation model
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Fig.4 Preprocessing flow of functional cusp bevel data
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Fig.5 Mapping process
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Fig.10  Curved surface control point reverse calculation flow
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Table 1 Theoretical value of feature points during the functional cusp bevel preparation phase

R, e o 7 5 S5k 1 sy o SR B 2 Ak 2

B 5 T X33 R ik A X3
AebRE I | m v % Vi il VI X X
x/mm 0 2. 14 3.77 5.48 0.35 5.39 0.27 4.96 0.99 3.78
y/mm -1.34 -1.47 -1.44 -1.51 1.01 0.97 -3.17 -3.33 -4.77 -5.05
2/mm 19.94 24. 55 20. 60 21.79 20.25 21.15 20. 86 20.71 20.26 20. 05

HRERFAE 75 3 D b 2 B 2 B, XEALAR A 52 i)
B ARBEATFR LI, 7E B AR v, PR RS 4 FIAL
A N (] ARG B 5 B A A 9 B P A4 7 B A ]

x2

BEMFERIRNELNE

Table 2 Experiment measurement value of feature points

FIRLES N 7R OB 2 U _EARTE R Ak S 2t 470
TERR KU 5 YOFBEFTIC R, P[] IR 3 LA 4 1
2] 50 DIEEBR L, WK 2 PR,

RV
FHIE R

51

55 2 YRl 4

55 3 Rl

55 4 YR

55 5 Wil

|
EAE S T
AT A5 T
RAE AV
FRAE SV
FRAE 25V
EAE VI
A S5V
FHIE AT IX
FHIER X

(0.14, -1.59, 21.45)
(2.26, —1.64, 19.94)
(3.91, -1.38, 20.31)
(6.00, -1.70, 21.92)
(0.17, 0.85, 20.44)
(5.70, 1.24, 21.71)
(0.54, -3.38, 20.72)
(4.72, -3.60, 20.89)
(1.19, -4.57, 20.01)
(3.48, -5.41, 20.24)

(0.19, -1.52, 20.20)
(2.55, -1.14, 19.80)
(3.52, -1.21, 20.30)
(5.67, -1.58, 21.56)
(0.24, 1.29, 20.59)
(5.63, 0.62, 21.59)
(0.48, —3.24, 20.93)
(4.77, -3.16, 20.58)
(0.75, —4.91, 20.45)
(3.51, -5.34, 19.88)

(0.17, -1.10, 21.10)
(2.39, —1.54, 20.09)
(3.43, -1.14, 20.35)
(5.81, -1.71, 21.89)
(0.27, 1.15, 20.81)
(5.83, 1.23, 21.35)
(0.19, -3.90, 21.16)
(5.14, -3.27, 20.83)
(1.06, —4.62, 20.56)
(3.46, —4.86, 20.28)

(0.27, -1.41, 21.68)
(2.28, -1.64, 19.32)
(3.45, -1.82, 20.57)
(5.17, -1.40, 21.53)
(0.22, 0.96, 20.52)
(5.03, 0.78, 21.45)
(0.12, -2.96, 20.59)
(5.07, =3.45, 20.49)
(1.14, -4.80, 20.56)
(3.61, -5.42, 20.30)

(0.16, —1.57, 20. 16)
(2.37, -1.22, 19.74)
(3.39, -1.10, 20.66)
(5.74, -1.37, 21.67)
(0.14, 1.33, 19.82)
(5.15, 1.37, 20.94)
(0.45, =3.13, 21.55)
(4.71, =3.57, 20.95)
(1.18, -4.59, 20.68)
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i=1

Jo 1 PSR AT 1 BTG © BARBRAE
DURFGE 25 1 19 x AR BRAE 4 1, 647 i 22 RSD,
AT F T AR 45 S RS B R | ik

RSD,_. =" x 100% (12)
Xy
s, SRR AT AR R AR
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Table 3 Statistical table of various parameters of system error

24T HEAIE
I
E 314 I 1 Il I\ A\ Vi VI Vil X X
W/ mm 0.18 2.36 3.54 5.67 0.20 5.46 0.35 4.87 1. 06 3.60
&/mm 0.18 0.22 0.23 0.19 0.14 0.07 0.08 0.08 0. 06 0.17
X Jila] - RSD/% 25.34 4.90 5.90 5.42 25.96 6.49 19. 04 4.21 17.12 6.12
o [0.15 [2.29, [3.42, [5.45, [0.17, [5.21, [0.21, [4.73, [0.92, [3.48,
BAE X ]
0.22] 2.44] 3.71] 5.86] 0.24] 5.69] 0.48] 5.02] 1.16] 3.78]
K/ mm -1.43 -1.43 -1.33 -1.55 1.11 1.04 -3.32 -3.40 -4.69 -5.24
&/mm 0.09 0.04 0.11 0.03 0.09 0.07 0.15 0.07 0.14 0.19
YJ7la  RSD/% 14.07 16. 68 29. 40 10. 38 18. 62 31.32 10.75 5.58 3.19 0. 44
K [-1.55, [-1.60, [-1.56, [-1.65, [0.97, [0.80, [-3.56, [-3.53, [-4.79, [-5.38,
5 X |8
" -1.29] -1.27] -1.15] —-1.44] 1.24] 1.26] -3.10] -3.27] -4.59] -5.08]
W/ mm 20.91 19.77 20.43 21.71 20.43 21.40 20.98 20. 74 20.45 20. 11
&/mm 0.97 0.19 0.16 0.07 0.17 0.25 0.12 0.02 0.18 0.05
Z )5l RSD/% 3.37 1.47 0. 80 0.84 1.8 1. 37 1. 80 0.97 1.27 1.10
[y [20.43, [19.56, [20.32, [21.58, [20.15, [21.17, [20.75, [20.60, [20.25, [19.95,
5 H
" 21.38] 19.95] 20.55] 21.83] 20.64] 21.58] 21.26] 20.87] 20.61] 20.26]

FH 2% 3 AN, A NMRRIESSE XY Z T 1) L AR
JR2E e YU 0.06~0.23.0.03~0. 15 1 0. 02~
0. 97 mm FFAF IR 22 FEHIFE 1 mm LA, HLES N REWS 75
IIRe IR i B A HEAR i Ak 31 3 A DXl 45 FREAIE A5
PLSE B TLAS s 46 RSD 7 If, (T D) RE A Ak i 9 R FiF a2
Fie R 21 i AR XA 43 3 A IR AR S B T
BAFEAE SAE Z 7 1) LR X AR R R 25 B (N T
3.5% ), PRIGER o 35198 LA B A T [ 198 A X6 A 1 13 22
FEMSA T X ARFAE AL T I0 I IV A X 1] (4 R X o
IRZETE B 4.90% ~25.34% ,1F Y J5 ) iR E K
10. 38% ~29. 40% ; 7E A R X AR AE 55V VI VI VIR X
7 T B AR ST AR TR 22 W B 4. 21 ~25.96% , 1E Y J5 ] L
KIRZEN 5. 58% ~31. 32% 5 FEIBUAT X IR AFAF 25 IX X X

J5 T AR AR IR 250 17, 12% 1 6. 12% ,7E Y J7 1] %
BRZEN 3.19% F1 0. 44% . & DHERTE X\ Y. Z T |
BB A DX 1) 55 B8 9 143 1 M 0. 07 ~ 0. 48 0. 20 ~ 0. 46 £l
0.25~0.95 mm, TE[R]—AFEAE ST B[R] J7 19 19 B A
X 6] 55 Y RE 2720, 3 mm A Ay, DI T S BES AL i B
BERARIE S R GIR 22 R E B/ IME T,

BEALIR 22 M 56 R BN 4 PR, i 4 /A, &4

0.969, 7 X, Z J7 In] I %) i & PR 50 fE 35 [~ 0. 106 ~
0.773 16 Y. Z J5Ia) b 0y 5 2 v B0 75 B oA 0. 199 ~
0. 903, P i ik 5 35 Pk T L& BUAS AN R 55000 1R 1 ) 1)
BIRFFAELRE R R, SN FRIE S DA R B XY 7
] b i B Y EBUE TG B -0. 608 ~0. 705, 76 X Y J51A] |-
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Table 4 Statistical table of random error correlation coefficients

IR SGAEAN SR o G 20 HT S 6 I 45 R Y R T 1 2 T

E-2 FRAE A
e £ I 1 Il v \ il U VI IX X
) 2 OB 0. 256 0.231 0.778 0. 183 0.277 0. 969 0.713 0.278 0.523 0.324
Xy FHIC R AL 0. 629 0. 655 0.179 0.705 -0. 608 0. 025 0.227 -0. 607 -0.384 -0. 468
, 2 B 0.258 0.813 0. 106 0. 831 0. 495 0.384 0.773 0.79%4 0.348 0.252
I AHIRREL 0. 627 0. 148 0.797 -0. 133 0.397 -0. 506 -0.179 -0.162 -0.511 0. 633
25 OB 0.392 0. 199 0. 685 0.473 0.241 0.378 0. 642 0. 844 0.903 0. 426
e LEESEN o 0.638 0.688 ~ -0.250  0.427  -0.533  -0.635  -0.285  -0.123  0.076 0. 469
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