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— Abstract

PHYSICAL MODIFICATION AND ABLATION THRESHOLDS OF DENTIN
INDUCED BY ND : YAG, HO : YAG, AND ER : YAG LASERS

Sang-Ho Lee D.D.S., M.S.D., Ph.D.

Department of Pediatric Dentistry, College of Dentistry, Chosun University

Laser application to modify healthy permanent dentin to improve microhardness and
caries resistence has been previously reported but the physical modification and ablation
thresholds of carious and sclerotic dentin has yet to be identified. This study determined
the energy density required by modify (physical modification threshold, PMT) and remove
(ablation threshold, AT) infected carious, affected and selerotic dentin compared to healthy
permanent dentin. 1+ 0.25mm thick dentin sections(n=272) from extracted human teeth
were used. Smear layer was removed 0.5M EDTA for 2 minutes. Utilizing three pulsed
fiberopitc delivered contact lasers with different emission wavelengths(1.06um=Nd : YAG,
2.10pm=Ho ! YAG and 2.94umEr : YAG). The energy density(J/cni) was incrementally inc-
reased and the resulting tissue interaction classified on a scale from 0—6. A minimum
of 5 repetitions/energy density were completed. Light microscopy(10—25X) was used to
verify the physical modification(scale=3) and ablation thresholds(scale=4) of the various
forms of dentin and the data were analyzed by logistic regression at the 95% confidence
interval.
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PMT and AT by the laser and the dentin types were -

PMT(J/cai) AT(J/cnt)

Dentin Nd :YAG Ho:YAG Er:YAG |Nd:YAG Ho:YAG Er:YAG
Infected 20 19 41 44 31 9
Affected 165 37 54 304 52 12
Sclerotic 152 39 5.6 206 53 13

Sound 207 42 59 356 5.8 13

of dentin.

PMT and AT was lower in infected dentin than in sound dentin for all lasers. PMT
and AT induced by Nd : YAG>Ho : YAG>Er : YAG for all forms of dentin. Microhardness
was increased in sound dentin at PMT. Morphology of crater examined by light microscopy
showed Nd : YAG was safe and effective for removing carious dentin and Er ! YAG was
effective for removing sound dentin. The PMT and AT for YAG lasers are different as
a function of dentin type which may be utilized for selective modification and removal
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Table 1. Laser modes and parameters using in this study

Laser modes Lasers Nd : YAG Ho © YAG Er® YAG

and paramelters
Emission mode Pulsed Pulsed Pulsed
Emission wavelength(um) 1.06 2.10 2.90
Delivery system Fiber/contact Fiber/contact Fiber/contact
Diameter of beam(um) 500 500 650
Frequency(Hz) 20 10 3
Energy density(J/ci) 16~154 16~128 15~28
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Table 2. Logistic regression analysis of the physical modification and ablation thresho-

1ds
Laser fvpe |Dentin t Observed frequency Threshold (J/cm)
P o pe Above Below Individual Combined
Affected 290 60 NA 54
Infected 267 53 NA 41
Er: YA

0 YAG | ind 315 95 NA 59
Sclerotic 222 97 NA 5.6
Physical Affected 255 79 NA 37
modification . Infected 250 10 NA 19
theshold Er- YAG Sound 291 100 NA 42
Sclerotic 206 114 NA 39
Affected 232 392 160 165
. Infected 261 10 NA 20
Er-YAG | g ind 135 728 207* 207*
Sclerotic 137 165 162 152
Affected 259 91 12 12
Infected 222 98 10 9

Er:
ToYAG o ind 957 145 14 13
Sclerotic 174 145 14 13
Affected 223 111 51 52
Ablation Infected 211 49 46 31

Er:
theshold | =% 20 | sound 957 134 52 53
Sclerotic 164 156 52 53
Affected 79 545 206 304
Infected 251 20 47 356

Er:
poYAG o nd 30 833 239 356
Sclerotic 84 218 208 206

NA ! Logistic regression model was unable to converge on a solution
* ! Used as “gold standard” for determination of other thresholds

T ot e 37HA] Heol A A7 S8
HE 2 HAGA Aot 7 AA Jehe

2R FolA 7Fd & & ol
&t} (Table 3).

Ho]x]

2. OHEE £H

9% W3 FANAM9] Koop "AAEE
7 FolddA Nd : YAGZ} 7%, Ho: YAG
7} 6%, 2183 Er : YAG7H 4% 2 242t 94
(P<0.05) A F7HAch. 28y o8 4

958

obd, ZFFeld, aEla A AFolAdMe
NAZE7 23818 ZAsAY AU S8R
At FATGH O FoEut 3 Aol AT
(Fig. 3).

3. E&n|d &

Nd : YAG #o]#9] B¢ &3 3
el WIFF AHARI BEEIIA
AR getde] B8 HPIAZ A3
ol Fotd, 7+ ol T Aold ¥

)

o i

Iid
14

= o) o 18
2 o H X



The SAS System
Variable=M] Low threshold 17 17 Sunday,
July 9, 1995 9

|
S0 Univartiate Procedure Schematic Plots
! 0
350 +
|
l
| |
300 + | | | | |
J | ] | | |
| i tem——e + | R T el
I | | | | ! | | !
250 + | | | | | | | |
| | | | | o |+
| | | I | | | { |
| | | i 0 | 1 | ] 1
200 + 0 LEER TR 0 | 4o + [ |
| | | | | | | |
| | | ! | | | | |
| o + Ao + | I et + | 0 o +
150 + | | | | | | | |
| | i | | | | | |
| | | | somoo- . [ | | |
. LR ‘ L. * e * l ‘ ;
100 + ! | I | | | !
| | | | | | | | |
| | | Fommm + | | DT +
| pemoo- v { [ [ *
50 + ] ! | | t
‘| i ' 1 T
|
0
LOW below above below above below above below above
DTYPE a a i i s s sc sc

Figure 1. Schematic box plots of the physical modification and ablation thresholds
by univariate procedure(Low threshold). Vertical lines cover 95% of
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Table 3. Physical modification and ablation thresholds by types of the lasers and the den-

tins
PMT(J/cui) AT(J/cal)
Dentin Nd : YAG Ho:YAG Er:YAG [Nd:YAG Ho:YAG Er:YAG
Infected 20 19 41 44 31 9
Affected 165 37 54 304 52 12
Sclerotic 152 39 5.6 206 53 13
Sound 207 42 59 356 58 13
(%) 10 £
Knoop *
hardness *
increase m -
5 1 *
* Indicate

Nd:YAG Ho:'YAG

Dentin type D D .

Sound Affected

g 2ol thEA JEbdtH(Fig. 4).
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B A2 cracke] #2HAJH(Fig. 6). Er:
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significant{P<0.05)
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Explanation of figures

Light microscopic view with reflecting light(X25)

Physical modification threshold(207/J/cti) induced by Nd : YAG laser on sound
dentin. Same energy density(207]/ci) was given to affected, infected dentin. Infec-
ted and affected dentin were ablated.

Light microscopic view with reflecting light(X25)

Ablation threshold(356]/cil) induced by Nd : YAG laser on sound dentin. Same
endrgy density(207]/cti) was given to affected, infected dentin. Craters showed
carbonization.

Light microscopic view with transilumiation light(X25)

Physical modification threshold(37]/ci) induced by Ho : YAG laser on affected
dentin.

Lifht microscopic view with transillumiation light(X25)

Ablation threshold(58]/cn) induced by Ho : YAG laser on sound dentin. Craters
were narrow, deep, and carbonized. Margins of craters were irregular.

Light microscopic view with reflecting light(X25)

Physcial modification threshold(5.9/ci) induced by Er : YAG laser on sound dentin.
Light microscopic view with reflecting light(X25)

207]/cti energy density of Er : YAG laser was given to affected, infected dentin
dentin. Infected and affected dentin were ablated.

Light mocroscopic view with reflecting light(X25)

Ablation threshold(12]/cri) induced by Er : YAG laser on affected dentin. Craters
were round and. Margins of craters were clear.

Light microscopic view with reflecting light(X25)

Above ablation threshold induced by Er ! YAG laser on affected dentin. Craters
were smooth and round. Margins of craters were very clear.
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