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Effects of CO, Laser on Human Dentin:
A Confocal Laser Scanning
Microscopic Study
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In this study, the effects of dentin ablation using a CO; laser at 10.6 um were visual-

ized using a fluorescence technique and confocal laser scanning MiCroscopy. Thirty
extracted human teeth showing no clinical signs of caries were 1n}iesl|g;11ed._All !'cctg
were horizontally sectioned to approx. 200 pm thickness and sections were irradiate
at different parameters as follows: 3W [0.01s pulse duration (p.d.)]. 4W (0.01s p.d),
and 0.3W (0.1s p.d.) using CO, laser. After laser irradiation, samples were treated
with sodium hypochlorite, stained using Rhodamine 123, and observed with confocal
laser scanning microscopy followed scanning electron microscope_prpccdure. Surface
images obtained using confocal laser scanning microscope were s!mllnr to those ob-
served with scanning electron microscopy, but subsurface imaging to a depth of
approx. 60 pm which were different from surface ones was achieved using confocal
laser microscope techniques. Small effects of laser irradiation were also obsc_rvable
using CLSM easily. This fluorescence technique offers a useful new alternative for
visualization and quantification of laser-induced dentin ablation.

Keywords: Dentin tubules; Laser dental ablation; Fluorescent _dye; Tooth ablation;
Rhodamine 123; CO, laser; Confocal microscopy; Fluorescent microscopy
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INTRODUCTION

Several papers have been published concerning the changes in dentin
resulting from irradiated with the CO, laser (Cooper er al.. 1988:
Kantola, 1973; Nelson et al., 1986a). In sound dentin. the high
absorption of the CO, laser irradiation gives rise to a temperature
increase which, after evaporation of water. causes the combustion of
the organic material and the fusion of the hydroxvapatite (Nelson
et al., 1986b). Early investigations revealed that this irradiated dentin
recrystallizes while cooling to form a structure similar to that of
normal enamel (Kantola, 1973). Little is known about thickness or
characteristics of the surface melt zone. The sealing cffect of the
laser may be of interest in rendering dentin less susceptible to demi-
neralization (Nammour et al., 1992).

Since the development of a scanning confocal optical system for
the microscope in 1957, this device has been extensively modified and
applied in many fields (Inoue, 1990). In the dental ficld. scanning
confocal microscopy has been used for a wide range of applications
(Kodaka er al., 1993; Torabinejad er al.. 1993; Watson, 1989; 19904:
1990b; 1991a; Watson er al., 1991: 1992: Watson and Wilmot. 1992).

Confocal laser scanning microscope (CLSM) systems can scan a
laser beam over stationary samples (Watson, 1991b). Surface images
obtained using the confocal microscope are similar in character to
those provided by scanning electron microscopy (SEM), but subsur-
face imaging is also possible. Furthermore. confocal microscope
images can be three dimensionally reconstructed (Carlsson er al..
1985; Watson, 1991b). Conventional dehydration and gold-coating
methods utilized for SEM have several disadvantages when compared
to sample preparation for CLSM: dechydration and heating can da-
mage specimens and cause a variety of artifacts such as cracking or
“bubbling”. Tooth samples can be visualized using the confocal laser
scanning microscope either by lightly metal-coating the surface. or
by using fluorescence techniques.

A variety of dyes and fluorescence staining techniques have been
developed to achieve maximum imaging depth and resolution in
healthy dentin (Kimura er al., 1996; Watson, 1990a; 1994).

The purposes of this study were to investigate the surface and
subsurface changes in dentin after ablation using the CO, laser,
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and to compare observations obtained using CLSM and SEM
techniques.

MATERIALS AND METHODS

Sample Preparation

Thirty extracted human teeth showing no clinical signs of caries,
stored in demineralized water with 0.01% (w/v) thymol, were hori-
zontally sectioned into thin slices (approx. 200 pm thickness) using a
low speed saw with coolant (Isomet, Buehler, IL, USA).

Laser Device and Irradiation

This study was performed using a XANAR CO; laser XA-50 System
(Johnson & Johnson Company, USA). This laser emitted at a w'ave—
length of 10.6 um and used an articulated arm delivery system with a
focusing handpiece. The parameters used were 40 mlJ/pulse [4W,
0.01's p.d.. energy density (ED) 41.6J/cm?], 30mJ/pulse (3 W, 0.0ls
p.d.. ED 31.2J/cm?) and 30 mJ/pulse (0.3 W, 0.1s p.d.. ED 3].2J/cn?‘).
ples were clamped during

and the spot size measured 0.35 mm. All sam -
adiation.

laser treatment and exposed to one pulse only of laser irt

Staining Procedure

After pretreatment with sodium hypochlorite (NaOCI) (5.25% by
Wt, Darrow Comp., CA, USA) for one hour under vacuum and
ultrasonication, samples were stained using Rhodamine 123 (Eastman
Kodak CO., NY, USA) at a concentration of 107°M in pholsph.ate
buffer saline (PBS) for one hour under vacuum and ultrasomca.tlon
(Kimura er al., 1996). After staining, sections were washed 2-3 times
with PBS, blotted and fixed to slide glasses with cyanoacrylate glue.

Confocal Laser Microscope Device

Stained samples were examined using an LSM 410 inverted Zeiss
laser scanning microscope (Carl Zeiss, Oberkochen, Germany). Stacks
of thin optical sections were obtained for each sample. The objective
lens used was the Plan-Neofluar 100 x bright field, n.a.1.3, oil
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immersion (Carl Zeiss, Oberkochen. Germany). The laser wave-
length of 488 nm was used for fluorescence excitation: emission was
isolated with a long pass 520 nm filter. The distance between optical
sections was 2 or 4pm on the Z-axis. Overall depth of acquisition
ranged from approx. 30 pm to 116 pm depending on depth of pene-
tration of Rhodamine 123 into the sample. The information obtained
was stored on | GByte optical disc (Panasonic, Japan) and 3-dimen-
sional images were generated from stacks of stored images using
original LSM 410 software.

SEM

SEM was performed to identify the surface structural effects of laser
irradiation on the dentin surface. After observation using CLSM,
the samples were dehydrated in a graded series of aqueous cthanol
(:7)0, 50, 70, 90, and 100% ethanol) for 10 minutes at each concentra-
tion, mounted on stubs using colloidal silver liquid (Ted Pella, CA,
USA) and gold coated on a PAC-1 Pelco advanced coater 9500 (Ted
Pella, CA, USA). Micrographs of the dentin surface were taken on a
Philips 515 (Mohawk, NJ, USA) SEM.

RESULTS

Figures 1(a,b) show surface effects seen by SEM after irradiation at
3W (0.01s p.d.). The residual surfaces showed ablation and melting,
b.ut some dentinal tubules appeared patent (a,b). Figures 2(a,b) de-
pict surface effects viewed by SEM after irradiation at parameter
4W (0.01s p.d.). The surfaces of irradiated areas were ablated and
melted, but some dentinal tubules in these spots were still open
(a,b), with a similar appearance as in Fig. 1. Additionally, a white
marginal frosted zone was evident around the periphery of the irra-
diated area (a), which was barely recognizable in Fig. I(a). Cracks
in the samples irradiated at 4 W was more extensive than in samples
irradiated at 3W. Figures 3(a,b,c,d) show the CLSM images of
samples irradiated at 0.3 W (0.1s p.d.). The changes in the marginal
frosted zone and irradiated area were observed easily at low magni-
fication using CLSM techniques (a,b). On the surface, no ablation,
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FIGURE 1 SEM photographs of samples irradiated at 3W (0.01s p.d.). (a) at a
magnification of x 170, and (b) at a magnification of x 1010. The scale represents
0.1 mm (a), and 10 pm (b).
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FIGURE 2(a)

FIGURE 2 SEM photographs of samples irradiated at 4 W (0.01s p.d.). (a) at a
magnification of x 203, and (b) at a magnification of x 1010. The scale represents
0.1 mm (a), and 10 pm (b).
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FIGURE 3 CLSM images of samples irradiated at 0.3W (0.1s p.d.). (a,b) at a
magnification of x 100, and (c.d) at a magnification of x 1000. (a) is a series of 4 pm
sections, (b) is the 3-D lateral view (angle 70°), (¢) is a series of 2 pum sections, and (d)
is the 3-D lateral view (angle 70°). The scale represents 50 um (b) or 5pm (d).

melting, or closure of dentinal tubules was apparent in this area. In a
3-D lateral view (b), dye penetration in the irradiated spot was almost
same as other non-irradiated area, but small crack-like lesions were
observed and areas of localized staining appeared around the dentinal
tubules at 2—8 pm depth at high magnification (c). Figures 4(a,b.c.d)
show CLSM images of samples irradiated at 3W (0.01s p.d.). On the
surface, a few dentinal tubules in the irradiated area appeared open,
but subsurface most dentinal tubules were closed at (c,d), and dye
penetration in these areas was poor (a,b) (within 10 um) compared
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FIGURE 4 CLSM images of samples irradiated at 3W (0.01s p.d.). (a,b) at a
magnification of x 100, and (c,d) at a magnification of x 1000. (a) is a series of 4 um
sections, (b) is the 3-D lateral view (arfgle 70°), (c) is a serics of 2 pm scctions, and
(d) is the 3-D lateral view (angle 70°). The scale represents 50 um (b) or 5pum (d).

with non-irradiated area (within 60 um). The marginal frosted zone
which was barely visible in SEM photographs was recognized dis-
tinctly in the CLSM images (a,b). However, most of dentinal tubules
in this zone were still open (b), but dye penetration into this zone
was less than that into the non-irradiated area. Figures 5(a,b,c,d)
show CLSM images of samples irradiated at 4 W (0.01s p.d.). The
white marginal frosted zone in CLSM images (a,b) was more marked
than in Figs. 4(a,b), or in Fig. 2(a). Dye penetration into the irra-
diated area was poorer than in Fig. 3, or Fig. 4.
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FIGURE 5 CLSM images of samples irradiated at 4W (0.0ls‘p.d.). .(a‘b) at a
magnification of x 100, and (c.d) at a magnification of x 1000. (a) is a series of 4pum
sections, (b) is a 3-D lateral views (angle 70°), (c) is a series of 2pum sections, and
(d) is a 3-D lateral view (angle 70°). The scale represents 50 um (b) or Spm (d).

DISCUSSION

In this study, the surface and subsurface effects of laser-induced
ablation of dentin were investigated using SEM and CLSM. In this
investigation dentinal tubules on the surface appeared patent using
SEM techniques. However, according to Nammour et al. (1992),
most surface dentinal tubules were sealed after CO; laser irradiation.
Perhaps these differences can be attributed to the far low energy
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densities and single laser pulses used in our investigation. which will
have generated lower temperatures than the higher parameters inves-
tigated by Nammour. However, in our samples. dentinal tubules in
the subsurface layers appeared closed or sealed using CLSM techni-
ques. It might be due to subsurface heat accumulation. The thermal
diffusion of the CO; laser in enamel is such that one would expect @
temperature rise just below the surface (approx. 10 pm depth) (Stern
et al., 1972). Laser-induced ablation at 4 W scemed almost same as
that at 3W as to recrystallized dentin, amount of surface ablation
and morphological effect by SEM photographs except that the mar-
ginal frosted zone and cracks were more pronounced. Similar results
were observed by CLSM.

Compared with SEM, the magnification provided by confocal
microscopy is low (maximum x 1000). However, within this range.
CLSM allows surface and subsurface visualization in three dimen-
sions using a fluorescent dye. Dimensional quantification is casy and
accurate: thus we were able to follow and measure the course and
dimensions of dentin tubules easily using marker systems on the
computer screen (Watson, 1991b). Our investigations of fluorescence
staining techniques for ablated dentin showed that laser effects in
the subsurface layers were very different from those on the surface.
which resembled closely those observed using SEM photographs.
The white marginal frosted zone around the irradiated spot which
Was not readily apparent using SEM was easily observed by CLSM
and fluorescent staining. This white zone might be related to its
crystal structure. Further study about this will be needed.

Disadvantages of CLSM techniques include its lack of suitability
for clinical Iinvestigations, as relatively thin sample sections are needed.
However, the high-frame speed of the TSM enables real time exam-
ination of teeth in vivo (New et al., 1991; Watson, 1994). In conclu-
sion, the surface and subsurface visualization of laser ablated dentin
was achieved in this study. This technique promises substantial im-
provements in our capacities to observe laser effects in hard tissues.
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