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The use of sub-ablative Er:YAG laser irradiation
in prevention of dental caries during
orthodontic treatment

Carlo Fornaini !, Nathalie Brulat !, Giulia Milia !, Andrea Rockl !, Jean-Paul Rocca !
I: Faculty of Demtistry, University of Nice (F)

Purpose: This « in-vitro « study had rwo specific aims: the furst, too test using a universal testing
machime whether sub-ablative Er:YAG laser treadiation prior to acid etching s effective in onho-
dontie beacker bonding and secondly using micro-hardness measurements and Seanning Electron
Microscopy (SEM) observations o investigate the effectiveness of de-mineralization reduction in
enamel treated with sub-ablatve ErYAG laser imadianon followed by fluorde varmdsh application.
Materials and Methods: One hundred and eighty bovine permanent maxillary inclsoss were
selected for shear bond strength testing and microhardness measurements. Sub-ablative ErYAG
laser treadiation was set at a power density of 2.5 Jfem?, a frequency of 7 Hz and air/water spray.
Brackets were bonded with an auto-curing resin paste. The shear bond strength was measured
comparing kaser irradiated and non-irradiated enamel surdface, followed by SEM observation of the
beacker-resin-ename] interface.

Microhardness measurements were made on enamel samples before treatment, after samples
preparation, and after deminesalization.

Results: While the adhesion of othodontic brackets to bovine enamel after sub-ablative EnYAG
laser {rradiation and acid etching is comparable o that obtained after conventiomal actd etching,
the effect of laser wradanon associated with wopleal application of fuorde vamish increases the
microhardness of enamel

Conchosion: Sub-ablatve ErYaG laser iradiaton before the acid etching doesnt reduce the shear
bond whereas when assoctated with fluoride apphcation it may play a role in carles prevention.
Further studies will be necessary to establish the mechandsm by which the protective laser activar-
ed fluoride effect is achieved.
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Introduction

The use of laser in dentlstry began almost immediately
after the development of the ruby laser by Maiman in
1960 1. Following the inital investigation by Stem and
Sognnaes mn 1964, this technology was used to remaove
carious enamel and dentin 2. Other applications such
as cavity preparation, treatment of pits and fssures
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etching teeth for resin bonding have also been investi-
gated 3,

The laser irradiation of dental hard ussue with
sufficlent power leads 1o a varlery of structural changes
tor the ussue surface. These changes depend on irradia-
ton parameters such as wavelength, laser emission
mode (pulsed or continuows), energy density, pulse
duration, sepetition rate, total frradiauon and arget s-
sue properties ¥,

The main factors of enamel de-mineralizaton are
as follows:

Erching performed with arthophosphoric actd
during the direct bonding method before bracket set-
ting tnereases the risk of dental carles and de-mineral-
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lzation ™.

Placement of fixed onhodonuc appliances |5 mos-
mally followed by an increase o oral eolonizaton by
“streptococcus mutans” concomitant with an elevated
1isk of dental caries development. ™

Increased risk in cartes formation is also dee o
ofal hygiene problems: it has been demonstrated that
without a proper oral hyglene and plague contral, clin-
ieally wisible white spot decalcifications can develop
around fixed orthodontie appliances as early as 4
weeks after placement 7

Nutrition facts may play a significant role: the
ercsive potental of diffesent substances such as coke,
sodas and red wine was dernonsteated. 5

Systemic condittons and medical diseases like
gastro-esophageal reflux and anatomic predisposition
im emamel structure Chypoplasta for instance) are con-
sidered to be risk factars ¥,

Sognnaes and Stern were the first to demonstrae
an increased enamel resistanee to de-mineralization as
a fesult of laser rradiation. The treated enamel results
in being mare crystallized and ackd-resistant 1,

On the other hand, the effectiveness of topical
fluoride as a carlous-resistant re-mineralization agent s
well established: topical fluorde incorporated into the
enamel crystals forming a Fluor apatite-like mineral
improves s resistance o the acld challemge. During
the carous process, some of the mineral dissolves, and
this apautically bound fluonde can be released 1w act
on the re-mineralization process 11,

Many authors have examimed the process by
which laser energy, in combination with topdeal fuo-
ride therapies, increases the sesistance of tooth struc-
mure to mineral loss from the oganic ackds involved o
dental caries 12,

This “in witra” study had two specific atms:

T test whether sub-ablauve laser trradiation prior
o actd etching (Er:YAG laser, output power: 80 ml,
frequency: THz, fixed working distance = 30mm Gde-
focused), mirror handplece, theoretical Fluence: 2.5
Jem®) is effective in othodontic bracket bonding as
compared to the tradittonal bonding method Cacid
etching technlque) using a unlversal resting machine.

To tnvestigate the effectiveness of de-mineraliza-
tlon reduction in enamel teeated with sub-ablative
Er:YAG laser irradiaton followed by fluonde varmdsh
application using microhardness measurements
{Vickers hardmess test) and observarions (SEM).

Materials And Methods

Omne hundred and elghty freshly extracted bovine per-

manent incisods of the same age were obtalned from a
local slaughter house and stored an 0.%% chlosamines
solution before the experiment o inhibit microbdal
growth for 1h untll ready for use. They were main-
tained for a maximum of 10 days before the tests in
those conditions and then placed in distilled water
according o 150 standards 1140% (Guidance on testing
of adhesion to woth structure) ' The selected bovine
incisor teeth were free of dental canes. Before the
expertment the teeth were cleaned with ultrasonic scal-
ing, and the labdal surfaces of the crowns were paol-
ished using pumice and water slurry in a mbber cup.
Then the weeth were rinsed with water for 15 seconds
and blown dry with od-free compressed air (Cattand
Compressor). Samples were then assigned randomly 1o
one of the four test groups (A B © D) and the witness
group. (Fig. 1)

Upper central incisor BEKT Tweed 0.022% slot
stainless steel brackets {American Orthodontics,
Sheboygan, USA) were used throughout the study.
Standard edgewtse specifications (0% torque and 07 tipd
were chosen o minimize the implcation of bracker
face and design in the wvanaton of load application.
The average bracket base surface was 12.7 mm?,

Laser irradtanion was performed on soay samples
prior o bracket bonding with an ExYAG laser (Fidelis,
Fotona, Slovenka, A=2040 nim) using 4 non-contact fs-
ror hand plece at a fixed distance of 30 mm.

The wsed parameters were approved by prelimi-
nary pilot expertments and SEM observation made ar
the University off Nice:

MSP mode (100 psec), output power: Blm), fre-
quency: THz, de-focused spot of 2mm diameter, theo-
retical Fluence: 2.5 J.-"cmz. Treaved areas {whatever
technique used) was defined by a ceramic dime (sized
T per Tmm)d which had been adapted to the brack-
et base and the surrounding enamel surfaces

The trradiated and non-irradiated teeth were
etchied with 37% orthophosphosic acid (AXJA-ETCH,
Scieniific Pharmaceutic Inc. USA) for 30 seconds,
nnsed with de-londzed distilled water for 30 seconds
and dred with oil-free compressed air. Brackets were
bonded at room wemperature strictly following the
adhesive manufacturer's suggested procedure, first
applying a primer on the enamel and on the bracket
base and them a bonding resin (Rely-a-bond, Reliance
Orthodontc Products Inc. USA) onio the base of the
beacket.

The brackets were firmly pressed onto the teeth
surface simulating clinical chair-side procedures.
Excess composite was removed with a dental scaler.
After bonding, teeth were stored in de-ionized water
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Fig. I Experimental design

for 48 hours at 3750,

Fluos-Opal Warndsh, a 5% sodium fluoride in a
resin earrles, was applied after bonding on the tooth
enamel around the bracket

Rectangulas (0.018" x 0,025 stainless steel arch-
wire segments with a length of 40mm were inserted
and fixed to the brackets with stainless steel lgaoeres
before embedding the samples in plastc cups filled
with epoxy resin o avold varabdlity in the hosizontal
orentation of the crown.

After trradiation and treatment, the teeth were
embedded in self-curing acrylic resin held in plastic
rings in order o obtain a crown enamel surface as flar
a5 possible.

Shear bond strength was tested for 60 samples
(30 Er-¥YAG laser wradiated and acid etched samples
and 30 acld etched only samples).

The shear bond strength test was carmed our
ustng a Gambaldinl Sun 500 testing machine
(University of Cagliard). The crosshead speed of the
machine was set at | mm/min, which s commonly
used in this type of testing.

Embedded crowns were flxed in the testing
machine with their lablal susfaces perpendicular 1o the
horizonial plane 1o ensure consistency for the polnt of
fosce application and direction of the de-bonding force
for all samples.

A stainless steel wire loop (0.020 inch) was
engaged under the occlusal bracket wings to produce
a force parallel to the bracket hase in a gingival-
occlusal direction. Before the test, the wire loop was
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detected for s physical characeristics and it showed a
resistance of up to 150 Newton of traction load.

During westing, the slowly increasing force Level
was oheerved on the digital display of the machine and
the force at de-bonding was awtomatically recorded.
The machine was connected w0 a computer with spe-
cific software (Test Work Microsoft). The shear bond
strength was measured in Mewton and transformed
inter MPa by dividing the load by the bracket base area.

After bracket de-bonding, teeth were immersed
into a 0.1 M lactic acld buffer solution at 37°C for 48
hours, then rinsed with de-tontzed water and finally
dried with oll-free compressed atr.

Microhardness measurements were made for 60
samples before treatment (witness), after sample
preparation (groups A B © and D¢ one measusement
per tooth, total: 60 measurements) and afier de-miner-
alization (groups A B C and D four measusements per
tooth, total: 240 measurements).

Microhardness measurements were made with a
Vickers Ddamond Microhardness Tester (Buehler
Micromet 5101, obj. lens: 50x} in Vickers Hardness
Units {VHN}. Indentations were made using a 300g
load perpendiculady onentated o the indentation sur-
face for 15 sec.

After shear bond strength testng and msicrohaed-
ness measurements, two samples of each group were
prepared amd dried noan oven ar 37°C for 48 hours.
The surfaces were coated with a thin film of gold (Au)
in a vacuum evaporator (lon Sputter, JEOLY and were
ohserved under SEM (JEOL JSL 5310-LVE
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Statistical Analysis

Mean shear bond strength values and mean microhard-
nezs values were calculated for each treatment and
compared using Kruskal-Wallis west, Sudent -1est and

Levene's test (M3 Excel). Bonferronl corrections for

multiple comparsons were applied to the data. Level
of significance was set at p < 005,

Results

Shear bond testing

To define the significance of the revealed shear bond
strength values, a Smdenti- test was performed.

For groups A and B (30 samples) the mean value
of shear bond sirength measurements was 9.1 MPa as
compared o groups C and I (30 samples) with a mean
value of 8.0 MPa. Differences were not significant (p =
0.05), Whatever the enamel surface treatment, the 5D
was quite wdentieal and it may be considered that both
surface treatments are highly reproducible.

Table 1: Shear bond testng of the groups
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Microhardness measurements

Only well-shaped indentations were considered in this
study.

The mean scores for baseline enamel hardness in
the four groups were VHN 357 (group A) VHN 359
(group B) VHN 360 (group C) and VHN 359 (group
0.

They did naot differ significamly (pe 0.05).

The mean value of micsohardness of acd etched
enamel prior to bracket bonding (group A) was 216221
VHM. The mean value of microhardness after acid
ctching and fluoride application (group B) was 237421,

The mean value of microhardness in bovine
enamel treated sub-ablative EnYAG laser and acid
etching prior o bracket bonding withowt fluordde treat-
ment (group C) was 2091+5 VHN, while with fluoride
treatment (group D) VHN was 245214

1e

The microhardness values after sample prepara-
ton showed significant differences between groups A
and [, B and €, B and D (Tab., 2).

After de-mimeralization, the mean value of odero-
hardness of actd etched enamel prior o bracket bond-
lmg (group A) was 120222 VHN. The mean value of
microhardness after acid erching and fluorde applica-
tion (growp B) was 163221,

The mean value of microhardness in bovine
enamel treated sub-ablative Er-YAG laser and acid
etching prior o bracket bonding withowt fluorde treat-
ment (group C) was 124412 VHN, while with fluoside
treatmwent (group D) VHN was 175219

The microhardness values afier sample de-mines-
alization showed significant differences berween
groups A and B, A and [, B and C, C and D (Tab.3).

The data show that after sample preparation the
decline in microhardness was nearly equal in groups A

Fornaini ©
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Table 2: The microhardness values after sample preparation
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Table 3: The microhardness values after sample demineralizaton
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and C and dn groups B and D In groups treated with mr
Aucride, the microhardness values decreased less than -
in nom-fluoede treated groups. The highest values
were obtained for spectmens after laser and fluoride
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applcation {groups Band [0 showed increased resis- dine Lme
tance to de-mineralization compared with the untreat-
ed specimens (group A and C). Gmpt  Gpal  dopt Goel
There was no significant difference in declne of
microhardness values between groups A and C (Eig. 2). Fig.2: Microhardness mean valees at baselne, afier

sample preparation and after de-mineralization.
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X200 10 ym

Fig. 3: SEM observation of the emamel surface after
ErYAG laser irradiation with 2.5 J/em? (original
magnification: x200)

SEM  30kv X75 10 pm _

Fig. 4: SEM observation of the enamel surface after
acid treatment (original magnification: x75)

Discussion

Many researchers have studied adhesion to enamel and
at present, acid etching is probably the best method of
bonding resins to enamel

Unfortunately, de-mineralization and initiation of

canes around brackets are typical complications of
arthodontic treatment. Laser-induced resistance to

caries would be of interest in orthodontics.

Many researchers have affirmed that adhesion o
hard dental tissues after ErYAG laser etching is lower
than that obtained after conventional acid etching
enamel and dentin surfaces prepared by ErYAG laser
etching only show extensive subsurface fissuring that is

SEM 30kv X150 100 pi
Fig. 5: SEM observation of the enamel mr{au_t after
Er:YAG laser irradiation with 2.5 J/cm? and acid
etching (original magnification: x150)

SEM  30kV

Fig. 6: SEM observation of the enamel surface after
bracket de-bonding (original magnification x50)

adverse 1o adhesion ¥,

Numerous studies on shear bond strength using
laser treadiation at different energy levels (80 mJ to 350
m) output power) for enamel conditioning show that
shear bond strength increases proportionally to the
increase of energy density ©). Goncalves et al * did
not find significant differences in the tensile bond
strength of enamel as compared to acid conditioning
only when treating enamel surface by Er:-YAG laser (at
80 m] output power) followed by acid etching

Different studies have been investigated also the
possible thermal damages caused by laser irradiation
Hoke et al. 19 showed that water/air spray associated
to laser irradiation has no negative effect on ablation

Fornamn C
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depth in dental enamel or dentin, but decreases the
rise in temperanre (< 5°C).

In our research we studied the effects of EnYAG
laser wradiation on enamel stniciure wsing a sub-abla-
tve power density of 2.5 Jiem?. With a pulse duration
of [0 psec coupled with ale/water spray ecoling it s
posaible to prevent the formation of micro-fissures and
cracks in the emamel as well as an adverse temperanire
rise in the pulp chamber 17,

Energles not promoting thermal damages in pulp
and penodontal tissues must be considered o choose
an appropriate rradiation condition for a clinscal appli-
cation. Fach and Cohen demonstrated that increments
of 5.5%C are wlerable by the dental pulp even if above
this threshold the temperature rises are potentdally
theeatening and can result in pulpdtis and pulpal neceo-
sls, while below 2.5°C no histological changes o the
pulp tsswe could be seen.

It was repodted that EnYAG laser without alr/warer
spray is more effective in canes prevention when com-
pared with EnYAG laser with water mist ", Several
theosies have been described o explain the mecha-
nism af an dnceease of enamel acld resistance induced
by laser dsradiation:
L The decrease of emamel permeability due 1o mel-
ing and re-crystallization of ename] surface !9
. The decrease in the enamel's solubtliy due 1o the
formation of less soluble substances such as tetra
calcium di-phosphate monosxide 27
3. The decrease in the enamel's solubility due 1o
changes wn s ultra-strectuee, as the reduction of
water and carbonate contents, the increase in
hydroxyl lon contents, formation of pyrophos-
phates and the decompositon of proteins <17
. Development of micro pores causing a slight con-
wraction of the 4-axis in the apatite crystal because
of a reduction in the water and carhonate content.
It is assumed in this context that dissolved tons are
caught in the micro pores and thus prevent de-
mimeralization 22
The crystallographic changes on enamel are pro-
moted by heating the surface with laser irradiation.
Temperature fses of 100 - 650°C  are reported 0 be
necessary o pramote these changes 23,

The sub-ablative energles applied in the present
study were constdered safe concerning the pulp vitali-
ty. Nometheless the temperature rise s assumed 1o be
high enough o induce a loss of carbomate in dental
enamel, which s reponed to begin at a temperature of
100eC 242,

Topleal flucrdation can be achleved with tooth-
pastes, varnishes of gels. Acidulated phosphate fluo-

(=]

e

The Use OF Sub-Ablatve Er

ride gels containing amine Auorde or sodium fAuonde
reduced cares formation successfully in boah children
and adults 2%, Topical Auoridation with highly concen-
trated fluosde regimes results in an increase of both
KOH-soluble fluoride and structurally bound fluode
i enamnel 20,

Several physical-chemical changes are deseeibed
in Hrerature to explain the mechanisms that oocoor dur-
ing LAF weatment: deposition of caleium fuoride 47
formation of micro-spaces in the dental hard tissue 227,
formation of tr-calelum phosphate 27 and phase trans-
formation of hydrosyapatite to fluoragatice. 2.

Amaechi et al. showed thar de-mineralization of
bovine enamel leads to superficial mineral loss with
formaton of a lesion body beneath, therchy closely
resembling an dmitial cardous lesion. However, ackd
exposure for only 48 hours might prodece carles-like
lesions bur also only a softened or de-mineralized
enamel surface layer 30

Buffer solutions with a pH walue of less than 5
are usually used for this purpose 3 In the present
study a 0.1M lactie-acid buffer soluton was used with
a pH value of 4.7% (.75 mM CaCl12 ZH202, (.45 mM
K H2PO4) 321

Microhardness alterations are direaly assoctated
with mineral changes in superfictal enamel layess 33,
Kiclbassa et al. 3 found a clear relationship berween
microhardness and the mineral content of in-situ-
induced enmamel lestons. Consequently, in the present
study microhasdness vesting was performed 1o evaluare
the capacity of sub-ablative ErYAG laser irradiation
ard fluoride varnish application during ormthodontc
treatment; this to re-harden de-mineralized enamel and
prevent further deminerallzation, as suggested by
recent studies.

Seppa observed that the efficacy of fluonde var-
nish was not propomional 1o the fluorde concemtration
but rather 1o the number of applications on pre-sofi-
ened enamel ¥ while Wiegand et al. showed that pro-
tection from enamel microhardness loss due to a de-
mineralization depends on fluoride concentration of
the gel applied.

In this study, only well-shaped indentations were
considered and spectal atention was given 1o sample
preparation. The indentation can be easily ohserved by
microscope and immediately accepred or rejected
according to the shape they showed.

Microhasdness values achieved by the use of sub-
ablative Er:YAG laser at a Fluence of 25 _|;'¢.'m-'! showed
no notable difference in de-mineralization reduction
compared o acid-etched enamel, which agrees with
the findings in comparable studies 3.
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Conclusion

Microhardness values found in the present study
showeed a significant correlation between lased and un-
lased groups as well as between sample groups with
and withouwt flecrde application. The laser bradiared
and fluoride treated samples (Group D) showed the
least diminution in enamel suface microhardness after
bracker bonding and afier de-mineralization. Our
results did not show a statsucally signdficant diffesence
in microhardness diminution between emamel samples
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