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Fig. 2 Three-dimensional composite images of ablation craters in hard tooth tissues irradiated by laser. (a)—(d) Ablation

crater in enamel; (e)—(h) ablation crater in dentin

1507105-2



R

# 49 % £ 15 #1/2022 £ 8 A/ E M

GRE/NF 5 pm) , RBER DI E AL, BLET, 20 NEEAS
HUA 1 Ab 5F Rl s (5960 Al 2 &b 28 A 5 (10 %6) 10 22 A AR
T Eh T R R AR T 80% . BEE A EE A B N,
Rl S5 AR AR E A T — & 3m, il 2(d
(W) TR M BEHE % B 6. 14 /cm® BE, TR 5 F A
J % T BT R AR IR, 20 N EEAS R 18 &b
TR 90 %6) 1 19 &b AR BT (95 %6 I %E g B2 T il
TR R 80% ., ZE F,9.3 pm CO, #OEXT F R
J 55 5F A B R B AE 5. 05~6. 14 ]/cm” Z 18],
H b3 5256 5 B4 FH 48 1 344 (SPSS 24. 0) 1

@)
1.0 A —A
A
0.8
2
= 0.6
3
=)
£ 04t
=9 A
ablation threshold:
02k 6.07 J-cm™
0 I A
1 1 1 1 1 1 1 1

40 45 50 55 60 65 70 75 80
Energy density /(J-cm2)

WEA T RE AT 1] U5 43 07, K4S A &L 3 R 1 9 Al R
ARG R, BB 3 AT AL 9.3 pm CO, BOEXT
Filt S5 % T il B (B R 6. 07 J/em”, Xt S AR 5 1 91 Al
fHA 5.76 J/cm®, $OGHE B8 25 Bl 5 AY T4 (A K
T L B A T T Rl L X R Rl R R
W i LG 95 %00, B 4 T PR AR I R R W UK
AV AR By 25 B 0T A R A s T AR
Jo B 4 I R T AR (e 70 %0)  HL 25 i 6
ZALVE T A ARTNE R AR T R ) w2 B
T il 1 A X A

(®)
Li0:F
0.8 A
=
2 06F
3
e}
£ 04
~ ablation threshold:
02 5.76 J-cm™
0 /
1 1 1 1 1 1 1 1

40 45 50 55 6.0 65 70 75 80
Energy density /(J-cm™2)

3 9.3 pm CO, WOGHRE IR T 8 202U b A2 A A e 118 . () ZF Bl B 5 () 2F A B

Fig. 3 Statistical charts of occurrence probability of ablation of hard tooth tissues irradiated by CO, laser with 9.3 pum

wavelength. (a) Enamel; (b) dentin

3.2 HITREERSM

FOELL 106,10 J/em® 1Y fE 5t %5 F 5 IR 2P 4 4 410
A T RS T ORI L = S  E an  4
i N =2 < I AT RS 1 L Ve e s VN E = T
T Ze s NIRNALIEIR & #2035 B, BB it 5
JA A2 ih Sy . AR S R A 9.3 pm BOGR
fiE 1 7 A T T b 5 v oA B b B i g R . PO R R
38 K, v () DX JR e e % R M A R AR L, L)

VA 4 il BRI B T . SO 38 A 7 A
T LU S5 Ot B0 T T P 2 /I SO T O
T 2l I 3 8 PR R R A R G 7
R P 3 5K B A B % LT A7 7E . R Dl
RS0 S P OIS (5~ 25 pus) /T 2F B 20 80 3
A 90 T 5 A2 A0 R 26 Al A 5 5 2 4 5
P R TSP SO ok e 0 0 L2 25 il o i o 4
YU LTINS 2 AL %

B 4 BOERL 106,10 J/cm® 1Al 2 25 15 45 IR F 5 26 27 20 0 T Al S 5T A IRF AL 1B L = 4 & B e B 1 . Ca) ~ (o) F AR L
()~ ) F Rl 5

Fig. 4 Top views, three-dimensional composite images, and cross-sectional views of hard tooth tissues ablation craters

irradiated by laser with energy density of 106.10 J/cm®. (a)—(c) Dentin; (d)—(f) enamel
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Fig. 5 Variation of geometric size of ablation craters produced by laser irradiating hard tooth tissues with energy density.

(a) Variation of ablation depth with energy density; (b) variation of ablation diameter with energy density
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Fig. 6 Variation of ablation efficiency of laser-irradiated tooth hard tissues with pulse energy density. (a) Enamel; (b) dentin
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Abstract

Objective Laser ablation effect can be used to cut and grind the hard tooth tissues, thereby offering several advantages
over traditional instruments. As a result, laser ablation technology is applicable to various dental procedures. The ablation
effect of lasers on hard biological tissues is highly dependent on wavelength. As is well known, the erbium-doped yttrium
aluminum garnet (Er: YAG) laser is the most frequently used dental laser because its wavelength is close to the strong
absorption peaks of water and hydroxyapatite. However, this wavelength laser has a low ablation rate and must be used in
conjunction with water spray. According to previous research, the 9.3 pum CO, laser has a higher absorption coefficient for
apatite than the Er: YAG laser and offers a number of unique advantages when it comes to biological hard tissue ablation.
For example, irradiating teeth with a CO, laser at a wavelength of 9.3 pm can improve their acid resistance, increase the
anticaries effect of fluoride on teeth, and strengthen the bond between composite resin materials and teeth. However,
there is currently no systematic evaluation report on the ablation characteristics of this wavelength laser on biological hard
tissues, and data on the ablation of human dental tissue is also sparse.

Methods Experimental samples were randomly assigned to the A and B groups. In group A (the quantity of samples n =
20), without spraying water, a single laser pulse irradiated the dentin and enamel on each sample with energy densities of
4.23, 4.61, 5.05, 5.56, 5.84, 6.14, 6.83, and 7.69 J/cm’ to determine the dentin and enamel laser ablation
thresholds. In group B (n = 20), to investigate the ablation characteristics of various energy densities, a single laser
pulse irradiated the dentin and enamel with energy densities of 9.73, 37.14, 65.43, 88.42, and 106.10 J/cm® under
water spray ( water flow rate of 0.25 mL/s) and non-water spray conditions. Following laser irradiation, the
experimental samples were observed and photographed using a digital microscope. We defined the ablation threshold as the
energy density that corresponds to 80% of the ablation probability, the ablation efficiency as the depth of ablation per unit
of energy, and the ablation rate as the volume of ablation per unit time. Due to the relatively large time measurement
error associated with a single pulse, the ablation rate in this study was expressed as the ratio of the measured volume to
the elapsed time represented by the line scan (line length is 0.9 mm, scan speed is 60 mm®/s, and frequency is 500 Hz).

Results and Discussions Due to the composition and structure of dentin and enamel, the ablation threshold of the
9.3 um CO, laser is greater for enamel (6.07 J/cm®) than that of dentin (5.76 J/cm®) (Fig. 3). Additionally, we
discovered that the energy density of the pulse has a significant effect on the ablation characteristics of hard tooth tissues.
On the one hand, as energy density increases, both the geometric size of the ablation crater and the rate of ablation
increase (Fig. 5, Fig. 7). Moreover, the dentin and enamel laser ablation rates reach their maximum values when the
energy density reaches 106.10 J/cm’ and the frequency is 500 Hz, and the maximum values are (0.308 * 0.026 ) mm®/s and
(0.510 £0.032) mm®/s, respectively. The crater created by the 106.10 J/cm” laser energy density is inverted cone-
shaped and noncarbonized, but the surface morphologies of dentin and enamel are different (Fig. 4). On the other hand,
the mean value of laser ablation efficiency of dentin decreases as the energy density increases, whereas the mean value of
laser ablation efficiency of enamel initially decreases and then increases as the energy density increases (Fig. 6).

Conclusions To the best of our knowledge, this is the first study to investigate the ablation characteristics of hard tooth
tissues (enamel and dentin) using a 9.3 pm CO, laser. In this work, we determined the ablation threshold of enamel and
dentin exposed to the wavelength of the laser and subsequently investigated the relationship between ablation crater
geometry, ablation efficiency, and ablation rate as a function of energy density. The experimental results indicate that the
ablation threshold of 9.3 pm wavelength laser-irradiated tooth enamel is greater than the ablation threshold of laser-
irradiated dentin. Additionally, the ablation depth, ablation diameter, and ablation rate of irradiated dentin and enamel
increase in direct proportion to the energy density. Moreover, when the energy density is 106.10 J/cm® and the laser
frequency is 500 Hz, the ablation rate reachs its maximum, with no obvious sign of carbonization. The research findings
will contribute significantly to a better understanding of the biohard tissue ablation mechanism, and the ablation threshold
and photodosimetry characteristic parameters obtained from our study will thereby serve as a foundation for promoting the
clinical application of this technology.
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