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Abstract

Aim: The purpose of this study was to analyze and compare the micromorphology of the hybrid layer and the dentinal surface when the
dentin was prepared with an Er:YAG laser or burs, and to find if there was any difference if the time of application of the self-etching
primer on the dentin prepared with an Er:YAG laser was doubled.

Materials and methods: Fifteen freshly extracted human teeth with preserved crowns were selected. Three cavities were prepared on
each extracted tooth. Two of the cavities were prepared with an Er:YAG dental laser, and the third with burs. A self-etching adhesive
system was applied. The primer of the adhesive was labeled with Rhodamine B, and the bond was labeled with fluorescein prior to
application. The teeth were sectioned mesiodistally through the cavities and the cavity of each sample was examined using a confocal
laser scanning microscope. The infiltration and micromorphology were determined qualitatively on ninety samples.

Results: The dentinal surface in the samples prepared with burs was smoother and with shorter resin tags than the surface prepared
with an Er:YAG laser. When using an Er:YAG laser for preparation, crater-like irregularities of the surface were observed. In five of the
samples prepared with burs, no resin tags were found. We could not detect any difference in the hybrid layer when the time of applica-
tion of the adhesive system was increased.

Conclusions: The clinical significance of the tag length and quality, as well as the infiltration ratio, needs to be further studied.
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INTRODUCTION

chanical bond between dentin/enamel and the composite
material.'2) While bonding to enamel has been demon-
Composite materials in restorative dentistry require the strated to be easy and reliable, bonding to dentin can be
use of adhesive systems. These systems create a microme-  quite challenging!® because of the great morphological and
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physical variations of dentin (variable tubular structure,
high organic content, and fluid flow).l*! Adhesion to the
tooth substrate implies an exchange process which involves
two phases: in the first, calcium phosphates are removed,
exposing microporosities at both the enamel and dentin
surfaces; the second phase involves infiltration and sub-
sequent in situ polymerization of resin within the created
surface microporosities.l’) One of the leading manufac-
turers in the market manages to implement in its adhesive
systems the so-called MDP monomer - 10-methacryloy-
loxydecyl dihydrogen phosphate (10-MDP), which per-
forms both micromechanical and chemical bonding.!®! The
10-MDP functional monomer has a chemical structure
that allows better binding, but also forms MDP salts that
protect the collagen fibrils.[”!

Lasers are high-tech tools that have been successfully
used in dentistry for numerous manipulations.!®!! Classic
rotary instruments remove hard dental tissues mechani-
cally, lasers interact with water and hydroxyapatite and
cause them to evaporate.['>14 The nature of operation of
classic rotary instruments and dental lasers is different and,
according to many studies, leads to differences in the sur-
face of the prepared dentin. When using burs, smear layer
is present and plugged dentinal tubules are detected, and
with Er:YAG lasers - rougher surfaces, no smear layer, and
many open canals.®157] Furthermore, treating dentin
with Er:YAG lasers leads to an increased acid resistance.!!®!
The use of adhesive systems on laser treated hard dental
tissues has not yet been well studied.[')

Confocal laser scanning microscope (CLSM) allows in-
depth observation of the surface, which makes it a good
choice when studying the hybrid layer and its penetration.°!

AIM

In the present study, we aimed to analyze and compare the
micromorphological structure of the hybrid layer and the
dentinal surface when the dentin was prepared with an
Er:YAG laser or with burs, and to find if there would be any
difference if the application time of the self-etching primer
on the dentin prepared with an Er:YAG laser increased two
times.

MATERIALS AND METHODS

Using visual inspection, we selected 15 freshly extracted
human teeth with preserved crowns and no carious and/or
non-carious lesions and fillings; these teeth were stored in
a 0.2% aqueous-alcoholic solution of thymol at a tempera-
ture of 2-6°C. In this study, we used the Clearfil SE Bond 2
adhesive system (Kuraray, Japan) which contained 10-MDP.
The primer was mixed with Rhodamine B and the bond -
with fluorescein, with both dyes used at a concentration of
0.1%. Their emission peaks are different, which makes it
possible to examine them simultaneously with CLSM.

Three cavities were prepared in each extracted tooth un-
til the middle zone of the dentin was reached - one on the
occlusal surface, one on the mesial surface, and one on the
distal surface. All cavities were box-shaped having five walls
and one open surface. Random two cavities were prepared
with an Er:YAG dental laser (LiteTouch, Syneron, Israel)
with the manufacturer’s recommended sapphire tips and
settings. We used burs in the preparation of the third cavity.

The prepared surfaces were wiped thoroughly with a
cotton pellet soaked in 3% hydrogen peroxide, then with
a cotton pellet soaked in 70% alcohol, and finally dried
gently with air from the dental unit. The cavities prepared
with the Er:-YAG dental laser were randomly divided into
two groups. The adhesive system was applied to the cavi-
ties of group 1 in strict accordance with the manufactur-
er’s instructions (self-etching primer for 20 s, air-drying,
bonding, and light-curing); the cavities of group 2 were
prepared by applying the adhesive system twice as long
as specified by the manufacturer (self-etching primer for
40 s, air-drying, bonding, and light-curing). The same
adhesive system was applied to the cavities prepared with
burs according to the manufacturer’s instructions (group
3 - controls). Using a diamond saw, all teeth were split
along the longitudinal axis in the mesiodistal direction
simultaneously through the three cavities.

The adhesive system and the prepared dentin in the
area of shear were examined with a confocal laser-scan-
ning microscope (Leica TCS SPE DM2500) with optical
magnification 10x and the possibility of additional digital
magnification using software Leica Microsystems LAS AF
- TCS SPE. The size of the observed field at 10x magnifi-
cation was 1100x1100 pm with the possibility of chang-
ing the resolution. The areas of interest were scanned and
saved as digital images.

RESULTS

The infiltration and the micromorphology were deter-
mined qualitatively on ninety samples. Only the fluorescent
dyes added to the adhesive system were visualized on the
images obtained by CLSM. The primer was displayed in red
and the bond - in green. When a superimposed image of
the two dyes was created, the areas where they coincided
were colored in yellow.

What are visualized are the primer and the bond. An im-
age of the relevant area is seen as a strip that depicts the ad-
hesive system on the dentinal surface and resin-tags, which
are in the form of cones entering the dentinal tubules. In five
of the samples prepared with burs, no resin-tags were found.

Analysis of the images in group 1 (Fig. 1) revealed
well-defined fine stripes of primer and adhesive, respec-
tively, and a high degree of overlap was observed on the
superimposed image. The reason for the discontinuation
of the strips of primer and/or adhesive in some areas is
the unevenness of that surface, which does not allow it to
be observed by CLSM in the respective section of slices.
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The dentinal surface prepared with burs appears to
be smoother than the dentinal surface prepared with the
Er:YAG laser. It is noteworthy that the images of the fluo-
rescent primer do not completely match the areas of the
fluorescent adhesive. This is very clearly seen in the super-
imposed image (Figs 1, 2, 3).

We could not find a significant difference in the hybrid
layer when the time of application of the adhesive system
was increased (Figs 1, 2). They had similar thickness and
similar distribution.

In the control group, both the primer and the bond cre-
ated a dense, uniform layer (Fig. 3). When superimposed,
the images visualizing the primer and the bond coincided
with each other and a very good matching between them
was noticed.

In some of the specimens prepared with an Er:YAG
laser (group 1 and group 2), a more uneven surface and
deeper areas resembling craters were found, which were
filled with the adhesive system (Fig. 4). We noticed very
wide tags at the bottom of the craters.

By using digital magnification in the CLSM software,
we were able to perform a more detailed study of the mi-
cromorphology of the fluorescently labeled objects, which
was particularly useful in the control group. Fig. 5 is a
scan of a sample of group 3 with a selected area of high
digital magnification.

Micromorphology of Dentine after Er:-YAG and 10-MDP

DISCUSSION

Several studies have examined the specifics of working
with Er:YAG lasers both in terms of dentin and enam-
el.2123] Since the adhesive is visualized, we analyze the
dentinal surface it covers. The dentinal surface created
using burs was smoother than the dentinal surface pre-
pared with an Er:-YAG laser, confirming the findings of
other authors.[®1%1517) According to the literature we re-
viewed, CLSM is less commonly used than SEM for as-
sessing dentinal surfaces after preparation with an Er:YAG
laser. Lack of tactile sensation in the performed prepa-
ration with the Er:YAG laser is probably the reason why
‘craters’ filled with the fluorescently labeled adhesive sys-
tem formed (Fig. 4). The thin, uniform hybrid layer in the
control group was also observed on the smooth dentinal
surface and described by other authors.?*!

The craters visualized in our study are also found by
Yamada et al. in a preparation with an Er:YAG laser in the
dentin without the presence of carbonization of the colla-
gen structure.”)

The micromorphological structure observed with CLSM
in our study in the samples from groups 1 and 2, show-
ing increased roughness and the presence of craters and
long resin tags, could be considered as a favorable factor
for increasing the strength of the adhesive bond, despite

Figure 1. CLSM image of a sample (group 1). Images of channel 1 (primer in red), channel 2 (bond in green) and superimposed image

between them (in yellow) (x10).
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Figure 2. CLSM image of a sample of group 2. Images of channel 1 (primer in red), channel 2 (bond in green) and superimposed image
between them (in yellow) (x10).

Figure 3. CLSM image of a sample from group 3 (controls). Images of channel 1 (primer in red), channel 2 (bond in green) and super-
imposed image between them (x10).
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Figure 4. “Craters” CLSM image of a sample from group 1. Images of channel 1 (primer in red), channel 2 (bond in green) and super-

imposed image between them (x10).

the report of some studies of other authors. According to
Ceballo et al., Er:YAG lasers create a laser-modified layer
that adversely affects dentin adhesion, so it is not an alter-
native bonding strategy to conventional acid etching. Acid
etching of dentin, according to them, gives values of shear
bond strength, which are significantly higher than those
achieved only by laser ablation or laser ablation in com-
bination with acid etching.?®! In our study, we do not use
devices to assess the strength of the adhesive bond and, ac-
cordingly, we can only indirectly evaluate it by visualizing
the created sealing surface.

We noticed extremely thick resin-tags at the bottom of
the “crater” (Fig. 4), which are probably not in the dentin-
al tubules, due to the large diameter, and are cracks in the
dentin. That may be the reason for the weak adhesive bond
described by some authors.[?*) According to the findings of
Lohbauer et al., the length of the resin-tag does not affect
the strength of the bonding.!?”)

CONCLUSIONS

Based on our morphological study and the analysis of the
dentinal surface performed with CLSM, we conclude that
regarding dentin infiltration and hybrid layer formation on
teeth prepared with Er:YAG laser, dentin has surfaces that
are rougher than those prepared with metal burs. Shorter

Figure 5. Image of a sample of group 3 (controls). A) Visual-
ization of superimposed image from channel 2 (bond in green)
(magnification x10); B) area further enlarged digitally. Resin-tags
are indicated by arrows.
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resin-tags were observed in the control group. When using
Er:YAG lasers for preparation, crater-like irregularities of
the surface were observed. As the application time of the
self-etching primer increased twice, we could not detect
a noticeable morphological change in the formed hybrid
layer compared to the samples in which we applied an ad-
hesive system according to the manufacturer’s instructions.
The clinical role of the length and quality of tags as well as
the ratio of infiltration must be further investigated.

Funding

This study was funded by the Medical University of Plov-
div - Doctoral and postdoctoral projects 2020-2021;
DPDP:12/2020.

REFERENCES

1. Nakabayashi N, Kojima K, Matsuhara E. Promotion of adhesion by
infiltration monomers into tooth substrates. ] Biomed Mat Res 1982;
16:265-73.

2. Van Meerbeek B, Inokoshi S, Braem M, et al. Morphological aspects
of the resin-dentin interdiffusion zone with different dentin ddhesive
systems. ] Dent Res 1992; 71(8):1530-40.

3. Van Meerbeek B, Yoshihara K, Yoshida Y, et al. State of the art of self-
etch adhesives. Dent Mater 2011; 27(1):17-28.

4. Perdigdo J. Dentin bonding - variables related to the clinical situation
and the substrate treatment. Dent Mater 2010; 26(2):24-37.

5. Manuja N, Nagpal R, Pandit I. Dental adhesion: mechanism, tech-
niques and durability. ] Clin Pediatr Dent 2012; 36(3):223-34.

6. https://www.kuraraydental.com.

Carrilho E, Cardoso M, Ferreira MM, et al. 10-MDP based dental ad-
hesives: adhesive interface characterization and adhesive stability-a
systematic review. Materials (Basel) 2019; 12(5):790.

8. Stefanova VP, Tomov GT, Tsanova ST. Morphological study of border
area of pulp-capping materials and Er:YAG laser prepared hard dental
surface. Folia Med (Plovdiv) 2015; 57(1):49-55.

9. Stefanova V. Laser light for diagnostics and treatment in operative
dentistry and endodontics. Plovdiv: Mirtani; 2020.

10. Stefanova V, Tsanova S. Clinical applications of lasers in operative
dentistry and endodontics. Sci Work Union Sci Bulg Plovdiv 2017;
20:236-9.

11. Convissar RA. The biologic rationale for the use of lasers in dentistry.
Dent Clin North Am 2004; 48(4):771-94.

12. Coluzzi D]. An overview of laser wavelengths used in dentistry. Dent
Clin North Am 2000; 44(4):753-65.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

LiZZ, CodeJE, Van de Merwe WP. Er:YAG laser ablation of enamel and
dentin of human teeth: determination of ablation rates at various flu-
ences and pulse repetition rates. Lasers Surg Med 1992; 12(6):625-30.
Hibst R. Lasers for caries removal and cavity preparation. J Oral Laser
Appl 2002; 2(4):203-12.

Tsanova ST, Tomov GT. Morphological changes in hard dental tissues
prepared by Er:YAG laser (LiteTouch, Syneron), Carisolv and rotary
instruments. A Scanning Electron Microscopy Evaluation. Folia Med
(Plovdiv) 2010; 52(3):46-55.

Cvikl B, Lilaj B, Franz A, et al. Evaluation of the morphological char-
acteristics of laser-irradiated dentin. Photomed Laser Surg 2015;
33(10):504-8.

Contreras-Arriaga B, Rodriguez-Vilchis LE, Contreras-Bulnes R,
et al. Chemical and morphological changes in human dentin after
Er:YAG laser irradiation: EDS and SEM analysis. Microsc Res Tech
2015; 78(11):1019-25.

He Z, Otsuki M, Sadr A, et al. Acid resistance of dentin after
erbium:yttrium-aluminum-garnet laser irradiation. Lasers Med Sci
2009; 24(4):507-13.

Stefanova V, Simeonov N. Lasers and dental adhesive systems. Sci Res
Union Sci Bulg - Plovdiv Ser B Nat Sci Humanit 2019; 29(2):181-5.
Simeonov N, Stefanova V. Confocal laser scanning microscopy for vi-
sualizing the adhesive hybrid layer - pilot study. Sci Work Union Sci
Bulg Ser G Med Pharm Dent Med 2020; 25(ISSN 1311-9427 (Print)
ISSN 2534-9392 (On-line)):360-3.

Rodriguez-Vilchis LE, Contreras-Bulnes R, Sanchez-Flores I, et
al. Acid resistance and structural changes of human dental enamel
treated with Er:YAG laser. Photomed Laser Surg 2010; 28(2):207-11.
De Andrade LEH, Pelino JEP, Lizarelli RFZ, et al. Caries resistance
of lased human enamel with Er:YAG laser - morphological and ratio
Ca/P analysis. Laser Phys Lett 2007; 4(2):157-62.

Rodriguez-Vilchis LE, Contreras-Bulnes R, Olea-Mejia OF, et al.
Morphological and structural changes on human dental enamel after
Er:YAG laser irradiation: AFM, SEM, and EDS evaluation. Photomed
Laser Surg 2011; 29(7):493-500.

De Oliveira MT, Arrais CAG, Aranha AC, et al. Micromorphology
of resin-dentin interfaces using one-bottle etch and rinse and self-
etching adhesive systems on laser-treated dentin surfaces: a con-
focal laser scanning microscope analysis. Lasers Surg Med 2010;
42(7):662-70.

Yamada MK, Uo M, Ohkawa S, et al. Three-dimensional topographic
scanning electron microscope and raman spectroscopic analyses of
the irradiation effect on teeth by Nd:YAG, Er:YAG, and CO, lasers. ]
Biomed Mater Res - Part B Appl Biomater 2004; 71(1):7-15.
Ceballos L, Toledano M, Osorio R, et al. Bonding to Er-YAG-laser-
treated dentin. ] Dent Res 2002; 81(2):119-22.

Lohbauer U, Nikolaenko SA, Petschelt A, et al. Resin tags do not con-
tribute to dentin adhesion in self-etching adhesives. ] Adhes Dent
2008; 10(2):97-103.

458

Folia Medica | 2023 | Vol. 65 | No. 3



Micromorphology of Dentine after Er:-YAG and 10-MDP

Mukpomopdronorua n aHasin3 NOBEPXHOCTU AEHTUHA
nocsne npenapuposaHua Er:YAG nasepom n HaHeceHus
camMmonpoTpaBnuBaloLleil aareauBHoi cuctembl ¢ 10-
MDP. NccnepgoBaHue ¢ npuMmeHeHUeM KOH(poKasibHOro
Nla3epHoOro ckaHupyroLuiero MUKpockona
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Pe3tome

Lienb: Ienpio faHHOTO MCCTeROBaHNMS GbUIO IPOAHATU3UPOBATD Y CPABHUTD MUKPOMOPGOIOINIO TMOPUFHOTO C/IOS U TIOBEPXHOCTH
[eHTUHA, KOTJa JeHTUH mpenapupoBamy ¢ momombio Er:YAG-masepa win 60poB, U BBISICHUTD, €CTb /1M KaKasg-1ubo pasHUIlA, eCiu
BpeMs1 HaHeCeHNs1 CaMOIIPOTPABINBAIOIIETO [TpajiMepa Ha JeHTHH, ITOTOTOBIeHHOM /asepoM Er:YAG, 6bi1 yiBOeH.

Martepuanbl n metofibl: Beuto oTo6paHo 15 cBeXXeyaIéHHbBIX Ye/IoBeYecKMX 3y0OB ¢ COXpaHMBLIMMUCA KOpoHKaMy. Ha kaxzmom
yHaZ€HHOM 3y6e IIpemnapypoBay IO TPY HOIOCTU. [IBe HOIOCTH ObIIM MOATOTOBICHBI CTOMATONOrYecKM nasepoM Er:YAG, a tpe-
TbsA — 60pamMu. HaHOCH/IV caMOIIpOTpaBIMBaIoIyIo aiTe3UBHYI0 cucteMy. IIpaiiMep kiest 6511 moMedeH PojamuHoM b, a cBsA3ka 6bl1a
oMedeHa (IyopecLietHOM Iiepeli HaHeceHyeM. 3yObl paspe3ayt Me3sMOfMCTANIbHO Yepe3 IIOMOCTH, U IIOIOCTh KaXK/I0To obpasiia uc-
CTIe[IOBA/IM C MIOMOIIbI0 KOH(OKAIBHOTO JTa3¢PHOTO CKAHMPYIOIIEr0 MUKPOCKOMA. VIHGMIbTpanuio u MUKpOoMOPQOIOTriio onpeens-
JIV Ka4eCTBEHHO Ha JIeBAHOCTa 00pasliax.

Pesynbrathl: IloBepxHOCTD AeHTMHA B 06pasiiax, MOATOTOBIEHHBIX C ITOMOIIbI0 60POB, 6blTa 60/mee rIajKoil 1 ¢ 60/I1ee KOPOTKUMM
CMOJIAHBIMM METKaMI, YeM IIOBEPXHOCTD, IIOATOTOB/IeHHasA ¢ nomourbio nasepa Er:YAG. IIpu ncnonbzoBanunu Er:YAG-nasepa mis
[penapupoBaHyst HAGIIOAAINCh KpaTepooOpasHble HEPOBHOCTH MIOBEPXHOCTH. B 1siTi 06pasiuax, mOAroToBIeHHbIX 60pamu, He 610
06Hapy>I<eHo CMOJISIHBIX METOK. Mpzr HEe CMOIIn O6Hapy)K]/ITb pa3HI/II_U)I B I‘I/I6pI/II[HOM Cl10¢e HPI/I yBeHI/I‘{eHI/II/I BpeMeHI/I HaHEeCEeHUA

aJire3VBHOM CUCTEMBI.

3akntoueHne: Heobxonmmo fanbHeiliee nsydeHne KIMHNYECKOI 3HAYMMOCTH UIMHBI ¥ Ka4eCTBa METKI,  TAKXKe CTeleHN NHQUIb-
TpaLun.

KnwoueBble cnoBsa

KOH(OKaJIbHBII Ta3ePHBIIT CKaHUPYOLMit Mukpockoll, Er:YAG, rubpuznHsii cnoit, MDP, cMonsiHble METKI
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