DOI: https://doi.org/10.2298/SARH221228095M

UDC: 615.46:616.314-7; 616.31-002-085

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Effect of different demineralizing solutions and
different exposing times on artificial initial caries
lesion formation — an in vitro study

Milena Milanovi¢', Zoran Mandini¢', Jelena Juloski’, Maja Dimitrijevi¢', Biljana Mili¢i¢?,
Biljana Andelski-Radicevi¢?, Vladimir Pavlovi¢*, Milo$ Beloica'

'University of Belgrade, School of Dental Medicine, Clinic for Pediatric and Preventive Dentistry, Belgrade,
Serbia;

2University of Belgrade, School of Dental Medicine, Department for Medical Statistics and Informatics,
Belgrade, Serbia;

3University of Belgrade, School of Dental Medicine, Department for Biochemistry, Belgrade, Serbia;
*University of Belgrade, Faculty of Agriculture, Department for Physics and Mathematics, Belgrade, Serbia

Introduction/Objective Artificial enamel caries lesions are commonly created to simulate in vivo caries
development and to examine the effect of non-invasive and microinvasive approaches in treatment of
initial caries lesions.

The objective of the present study was to compare three different demineralizing solutions and expos-
ing times in terms of the formation of artificial white spot lesions and to evaluate their demineralization
effect through scanning electron microscopy observations.

Methods Twenty intact human premolars, extracted for orthodontic reasons, were thoroughly cleaned,
stored in 0.1% thymol solution at room temperature and cut at the cementoenamel junction before de-
mineralizing process. The specimens were randomly divided into three experimental groups, according
to the used demineralization agent and the time of exposure: Group | (acetic acid; pH = 4.4; 96 hours);
Group Il (lactic acid; pH = 4.5; 120 hours); Group lll (Lactic acid; pH = 4.3; 504 hours) and one control group
(saline). After demineralisation, macroscopic appearance was checked and all specimens were observed
under scanning electron microscope to evaluate the enamel characteristics and caries lesion depths.
Results In Group | and Il enamel subsurface porosity with dissolution of enamel crystals is detected and
the mean depths of white spot lesions were 48.55 um (SD = 1.11) and 43.23 um (SD = 6.74), respectively.
In Group Ill structural integrity of enamel surface was not preserved.

Conclusion Demineralizing solutions used in experimental groups | and Il resulted in artificial initial caries
lesions with satisfactory characteristics and similar appearance on scanning electron microscopy. The
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outcome of demineralizing process which lasted 504 hours were cavitated enamel lesions.
Keywords: enamel; demineralization; white spot lesions; scanning electron microscopy

INTRODUCTION

Dental caries, one of the most common oral
diseases worldwide, represents a major pub-
lic health concern, as confirmed by the latest
report on the Global Burden of Disease [1]. It
is estimated that 2.5 billion people suffer from
caries in permanent teeth, and more than 530
million children suffer from untreated caries in
deciduous dentition [1, 2, 3]. Initial caries le-
sions, also known as white spot lesions (WSLs),
are the earliest clinical signs of enamel caries.
Subsurface enamel demineralization increases
porosity and changes the optical characteristics
of enamel. Consequently, the initial caries le-
sion appears as an opaque white spot, visibly
different from the surrounding sound enamel
due to differences in the refractive indexes (RI)
[3, 4]. In the last decades, the prevalence of
WSLs has increased, and some authors consider
this increase a potential side effect of orthodon-
tic therapy with fixed orthodontic appliances
[5, 6]. If these lesions are not detected in the
initial phase and are not properly managed in

this reversible stage, they might progress into
irreversible cavitated lesions. Additionally,
WSLs might compromise the aesthetics of the
anterior teeth [7, 8]. Contemporary dentistry
established several non-invasive approaches in
treatment of initial caries lesions to arrest car-
ies lesions at an early stage and to improve its
remineralization [9, 10, 11]. Fluoride-based and
bioactive remineralizing agents such as casein
phosphopeptide — amorphous calcium phos-
phate and calcium silicate-based materials are
widely used [12-15]. As a modern, microin-
vasive approach, infiltration of the WSLs with
a low viscosity composite resin, commercially
available as ICON (DMG MORI, Hamburg,
Germany), has been developed [16].
Accessible clinical experience points towards
successful masking of whitish enamel discol-
oration in WSLs when treated with infiltra-
tive resin [17]. However, there is still need for
further examination of its impact on the other
features and its effectiveness (such as surface
roughness and enamel hardness, shear bond
strength, penetration depth) [5]. In vitro studies
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Figure 1. Before immersion
into solutions, the roots of
the teeth were separated at
the cementoenamel junction
with a low-speed diamond
saw under water cooling; to
perform the section, each
tooth was fixed to glass plate
using a sticky dental wax

with resin infiltration of artificial initial caries lesions are
a potential method to achieve this goal. There are numer-
ous demineralization protocols for artificial WSLs which
differ in the demineralization agents, the pH of the solu-
tions/gels and the required time of the exposure to the
demineralizing agent. They can contain lactic acid, acetic
acid, methyl diphosphonate, acidified hydroxietilcellulose
system, and in some of them fluoride might be added. The
recent systematic review and meta-analysis reported that a
duration of demineralization process, which simulated the
formation of WSLs, varied from several to 1200 hours. In
addition, pH of demineralizing solutions varied between
four and five [5].

Developing adequate artificial initial caries lesion is
needed to investigate the characteristics of different remin-
eralizing protocols. Therefore, the objective of the present
study was to compare the effect of three different demin-
eralizing solutions and exposure times on the formation
of artificial WSLs and evaluate their demineralizing effects
through scanning electron microscopy (SEM).

METHODS

The present study was conducted in the Clinic for
Pediatric and Preventive Dentistry and Department for
Biochemistry, School of Dental Medicine, University
of Belgrade and SEM evaluation was performed in the
Department for Physics and Mathematics, Faculty of
Agriculture, University of Belgrade.

The present work was approved by competent eth-
ics committee (Ethics Committee of School of Dental
Medicine, University of Belgrade, no 36/41) and conforms
to the legal standards.

Twenty caries-free permanent maxillary or mandibular,
first or second human premolars extracted upon orthodon-
tic indication were used for this study. The teeth were visu-
ally examined using LED light to ensure that there are no
enamel surface defects or microcracks.

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):652-657

Figure 2. Preparation of the premolar crowns for the demineralizing process: a - pulp tissue was discharged;
b - dentin was etched with 37% orthophosphoric acid; c - after 15 seconds, it was thoroughly rinsed and
dried; d — an adhesive was applied on the dentin surface; e - polymerisation was performed; f - pulp chambers
were obturated with flowable composite; g - the middle area of buccal and oral surface of all crowns was
isolated using adhesive paper, sized 4 x 4 mm; h - the crowns were coated with an acid-resistant nail varnish

Specimen preparation

The selected teeth were cleaned with periodontal curettes
to remove any remaining soft tissue and with fluoride free
prophylactic paste (Cleanic, Kerr, Orange, CA, USA), ap-
plied by a brush mounted in a low-speed hand piece, un-
der water cooling. Subsequently, the teeth were washed in
distilled water and stored in 0.1% thymol solution at room
temperature until further use for no longer than 1 month.

Before demineralization process, roots were removed at
the cementoenamel junction with a low-speed diamond saw
(TIsomet, Buehler Ltd, Lake Bluff, IL, USA) under water cool-
ing (Figure 1). Pulp tissue was removed, and pulp chambers
of the premolar crowns were obturated with flowable com-
posite (Flow-It ALC, Pentron). The premolar crowns were
randomly divided into three experimental groups and one
control group (each group containing five teeth).

All crowns in experimental groups were coated with
an acid-resistant nail varnish (Essence, Cosnova GmbH,
Zulcbah, Germany), except for a middle area of buccal and
oral surfaces which were isolated using adhesive paper,
sized 4 x 4 mm (Figure 2). The adhesive papers were re-
moved after the nail varnish had dried completely at room
temperature. Each crown of the tooth gave two specimens
(buccal and oral half), stored in saline solution at room
temperature until SEM evaluation (Figure 3).

Figure 3. After demineralization, all premolar crowns
were sectioned into two halves (buccal and oral) with
a low-speed diamond saw under water cooling
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Artificial initial caries lesions

The specimens were randomly divided into three experi-
mental groups, according to the used demineralization

agent, and one control group (n = 10):

Group I - demineralizing solution I - acetic acid based;

pH = 4.4; for 96 hours [10, 18, 19];

Group II - demineralizing solution II - lactic acid

based; pH = 4.5; for 120 hours [20];

Group III - demineralizing solution III - lactic acid

based; pH = 4.3; 504 hours [21];

Group IV - control group (stored in saline solution at
room temperature until SEM evaluation).
The composition of each demineralizing solution, its

pH and exposure times are reported in Table 1.

Table 1. Characteristics of solutions used for demineralization

Features Group | Group Il Group Il
Composition | 2.2 mmol/L 12 mmol/L 18 mmol/L
calcium calcium calcium
chloride chloride chloride
2.2 mmol/L 10 mmol/L 7.8 mmol/L
monopotassium | monopotassium | monopotassium
phosphate phosphate phosphate
0.05 mmol/L 50 mmol/L 100 mmol/L
acetic acid lactic acid lactic acid
/ 100 mmol/L 3 mmol/L
sodium sodium azide
chloride
pH 44 45 43
Exposure 4 days /96 5days/ 120 21 days/
time hours hours 504 hours

Each specimen was immersed in 20 ml of appropriate
demineralizing solution in a sterile plastic container. The
pH of demineralizing solutions was checked every day with
a probe to maintain the initially defined values (Mi 150,
pH/Temperature Bench Meter, Martini instruments; Figure
4). If needed, it was adjusted with potassium hydroxide.
In Group I and Group III, specimens were stored at room
temperature [10, 18, 19] and in Group II they were stored
in 37°C incubator (Binder Gmbh Incubator, Tuttlingen,
Germany) [21].

Subsequent to the artificial demineralization, nail var-
nish was carefully removed with oil-free acetone from the
specimens, and they were thoroughly rinsed with distilled
water. All specimens were visually inspected and macro-
scopic appearance of enamel lesion was evaluated.

Scanning electron microscopy evaluation of
artificial white spot lesions

After completed demineralization procedure, all premolar
crowns were sectioned into two halves (buccal and oral)
with a low-speed diamond saw (Isomet, Buehler Ltd, Lake
Bluft, IL, USA) under water cooling (Figure 3). In order to
perform the section, each crown was fixed to glass plate
using sticky dental wax (Galeo, Galenika, Belgrade, Serbia).

From obtained buccal and oral premolar halves, sec-
tions were made through the artificially created WSLs in
experimental groups and from sound enamel in the control
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Figure 4. The pH of the demineralizing solutions was evaluated daily
to maintain the initially defined values

Figure 5. The areas exposed to the demineralizing solution appeared
whitish-opaque on daily light at the end of the process

group. Each premolar half was sectioned in vestibulo-oral
direction, into 1-mm-thick slices with a low-speed dia-
mond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA) un-
der water cooling. Sections were made through the middle
area and two slices were obtained from each premolar half.
All slices were polished with silicon carbide paper (600,
800, 1000, 1200 grit paper) under water cooling, rinsed
with distilled water, dried and etched with phosphoric
acid gel (Gel Etchant, Kerr) for 30 seconds. After abun-
dant rinsing and drying, the specimens were dehydrated
in an ascending ethanol series (25%, 50%, 70%, 90%, 95%).
Drying was performed with oil free air spray. Specimens
were mounted on metallic stubs, gold-sputtered (Bal-Tec
SCD 005 Sputter Coater) and observed under a Scanning
Electron Microscope (JEOL-JSM-6460LV, Tokyo, Japan)
under different magnifications (40, 100, 700, 1000, 1500,
4000) to evaluate the characteristics of initial caries lesions
- demineralization depth and pattern.

RESULTS

In the first and the second experimental group, areas ex-
posed to the demineralizing solution appeared whitish-
opaque on daily light at the end of demineralization pro-
cess. In both groups, visual inspection of the specimens did
not reveal any localized breakdown of the enamel (Figure
5). On the other hand, in the third experimental group
the structural integrity of the enamel was not maintained.

Sound enamel in the control group (Group IV) on
cross-sectional SEM micrograph showed physiologi-
cal enamel rod appearance (Figure 6). The surface of
sound enamel might appear with occasional depressions,
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Figure 6. Scanning electron microscopy evaluation showed physi-
ological enamel rod appearance in the control group

Figure 7. In the experimental group | enamel subsurface porosity with
dissolution of enamel crystals was detected

representing prism ends termination at the surface. These
structures were usually located at the base of perikymata.
The present SEM evaluation showed relatively smooth
enamel without these morphological variations.

In Group I enamel subsurface porosity with dissolution
of enamel crystals was detected (Figure 7). It indicated
formation of caries-like subsurface lesion. The mean depth
of lesion was 48.55 um (SD = 1.11) (Figure 8). In Group
11, the mean depth of the lesion was 43.23 pm (SD = 6.74).
In Figure 9 similar enamel appearance as in the previous
group was found. The appearance of these caries-like le-
sions might be similar to the surface of sound enamel ex-
cept for surface depressions. Furthermore, in both groups
(Group I and Group II), small number of specimens on
microphotographs showed that some surface enamel areas
of the WSLs were eroded while surrounded enamel surface
was intact.

In the Group III structural integrity of enamel surface
was not preserved. Figure 10 presents surface erosion with
prismatic pattern of enamel surface dissolution. Also, this
lactic acid based demineralizing solution resulted in loss of
enamel prism cores with present porosities and preserved
enamel prism peripheries.
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Figure 8. The depth of formed initial caries lesions was evaluated through

scanning electron microscopy observations
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Figure 9. In the experimental group Il caries-like subsurface lesions were ob-
tained; they had similar enamel appearance as in the first experimental group

X180 100um
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Figure 10. In the experimental group Ill structural integrity of enamel surface
was not preserved; surface erosion with prismatic pattern of enamel surface

dissolution can be seen

DISCUSSION

Artificial enamel caries lesions are commonly created to
simulate in vivo caries development. Enamel specimens
are usually exposed to demineralizing solutions and gels
composed of acetic or lactic acid, undersaturated regard-
ing hydroxyapatite, to simulate the plaque fluid conditions
and allow the formation of initial enamel lesions [22, 23].

Freitas et al. [24] used methylcellulose gel. Its high vis-
cosity could compromise the diffusion rate of the acid,
resulting in a reduced demineralization and fewer pores.

Issa et al. [25] concluded that presence of fluoride in the
demineralizing process, especially when gel was used, sig-
nificantly reduced the lesion depth and mineral loss in per-
manent teeth. In addition, typical subsurface lesions could
be formed in the absence of fluoride. So, in the present study,
demineralizing solutions without fluoride were used.

Considering previously mentioned solutions and avail-
ability of solutions’ components, which is an important
contributing factor in selection of demineralization agents
[26], acetic and lactic acid-based protocols were selected
for the present study. pH values of the solutions used in
the study are also in accordance with a recently published
systematic review and meta-analysis suggesting that the
pH of demineralizing solutions should vary between four
and five [5].
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When it comes to duration of demineralizing process,
less consistent findings are present in literature. As pre-
viously mentioned, this period varies from few to 1.200
hours. In the present study, solution used in the first ex-
perimental group lasted 96 hours as reported in several in
vitro experiments [10, 18, 27]. Also, Behrouzi et al. [19]
used solution for the same time, but it was acidified hy-
droxietilcellulose system. Group II in the present study
had longer exposure time (120 hours).

On the other hand, in the third experimental group, it
was significantly longer (21 day / 504 hours), as this pro-
tocol was suggested by Prajapati et al. [21]. These authors
reported the mean depth of formed lesions of 341 pum. In
the present pilot study, initial caries lesion with subsurface
demineralization were not formed by this demineralizing
solution. On the contrary, it resulted in localized enamel
breakdowns with areas of prismatic pattern of dissolution.

The mean depth of artificial initial caries lesions ob-
tained in the present study was 48.55 um in the first group
and 43.23 um in the second group, which is not as deep as
reported in some in vitro studies [10, 21], although there
are similar findings in literature. Magalhées et al. [22] re-
ported mean depth of subsurface enamel lesions between
35 and 52 pm, except for methyl diphosphonate lesions
(86 um).

In the present experiment, WSLs were visually detect-
able on the wet specimens and some authors stated that
WSL was visible on a wet tooth surface when it had pen-
etrated deeper into the enamel surface [28]. They could
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YTUuaj pasnMunTux pacTeopa 3a AeMUHepann3aLmjy 1 BpemeHa usnaraka Ha
HaCTaHaK U KapaKTePUCTUKE NOYETHUX KapujecHUX nesuja rnehu — in vitro cryamja

Munena MunaHosuh', 3opaH ManguHuh', Jenena Jynocku', Maja umutpujesuh’, BurbaHa Munuunh?,
BurbaHa Anhencku-Paguuesuh’®, Bnagumunp Masnosuh*, Munoww benouua’

'YHuBep3utet y beorpapy, Cromatonoluku dakynteT, KnuHnka 3a fieyjy 1 npeBeHTBHY cTomatonorujy, beorpaa, Cpbuja;
2YHneepauTet y beorpagy, Cromatonowwku dakyntet, OJ NHCTUTYTCKI MPeaMETH, HacTaBHM NpeamMeT ViHdopmaTrika y cTomatonoruju,

Broctatnctrka, beorpag, Cpbuja;

3YHuBep3uTeT y beorpagy, CromatonoLuku Gakyntet, OJ MHCTUTYTCKM MPeAMETH, HacTaBHK npepmeT Buoxemuja, Beorpag, Cpbuja;
*YHneep3uTet y beorpaay, MomonprBpenHu dakyntet, Onerbak 3a Granky n matematuky, beorpag, Cpbuja

CAXETAK

YBopa/Llwm MNoueTHa kapujecHa nesuja rehu popmnpaxa y in
Vitro ycnoBrma ce YeCTo KOPUCTY 3a CMUTUBaHE edriKacHOCTU
pasnMunTX CpeAcTaBa 3a peM1UHepanvsaLmjy.

Linmb oBor nctpaxmsara 610 je NCnuTrBame yTuLaja Tpu pa-
311YMTa PacTBOPa 3a AeMUHepanu3aLujy 1 pasnmnymTor Bpe-
MeHa n3naratba Ha popmmpatrbe 6ennx Mpsba, Kao 1 npoLeHa
KapaKTepuCTrKa HacTanx MOYETHIX KapujecHUX Nie3uja rehm
nomohy ckeHnpajyher enekTpoHCKor MUKpOCKona.

Mertope Y oBoMm in vitro uctpaxmsary KopuiheHo je 20 npe-
MoJiapa XyMaHOr NMopeKa Koju Cy n3BaheHn 13 0pTOfOHTCKNX
pa3nora. HakoH fieTasbHor yKnatbaka ocTataka TKMBa, NoTo-
nsbeHu cy'y 0,1% pacTBop TviMona, Ha CO6HOj Temnepatypu. Mpe
npoLieca AeM1Hepanu3aLyje N3BPLUEHO je ofceLiatbe KopeHa y
HuBOY rnefhHouemMeHTHe rpaHuLle. MeTogom ciydajHor n3bopa
pa3BpCTaHu Cy y TpW eKCnepuMeHTasHe rpyre, y 3aBUCHOCTY
0f yNoTpebs/beHOT pacTBOpa 3a AeMUHepanu3aLujy 1 Bpeme-
Ha Y TOKY Kojer Cy 6unu n3noxeHu gejctay pacteopa: lpyna 1
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(cmpheTtHa KucenuHa; pH = 4,4; Tokom 96 catn); [pyna 2 (mneuy-
Ha KucenvHa; pH = 4,5; 120 catu); lpyna 3 (MneyHa KncenuHa;
pH=4,3; 504 caTa) 1 KOHTpOJHa rpyna (Gr3MosOLLKM pacTBOP).
Mpeceuw 3ppase rnehu y KOHTPONHOj rpynu 1 0COOMHE HacTa-
NUX KapujecHrx nesmja rmehy y ekcnepuMeHTanHum rpynama
nocMaTpaHu Cy Ha CKeHrpajyhem enekTpoHCKOM MUKPOCKOTTY.
Pesyntatu Y npBoj 1 ApYroj ekcnepuMeHTanHoj rpynn youeH
je HacTaHak MoyeTHWX KapujecHUx nesuja rnehu, ca noTnoBp-
LUMHCKIM 30Hama AeMUHepanu3aLimje 1 nosehaHe Nopo3HoCTy.
Y Tpehoj eKcreprMeHTanHoj rpynu Huje ouyBaH MHTErpUTET
nospLUMHe rnehu 1 AOLWO je A0 HacTaHKa KaBuTeTa.
3ak/byyak PacTBopy 3a femrHepanvsaLmjy ynotpebrbeHn
y NPBOj 1 APYroj eKCnepUMeHTaNHoj rpynu fanu cy noyeTHe
KapujecHe nesuje CANYHNX 0CobMHa, AOK je ncxog Tpeher pa-
cTBOpa 610 HacTaHak fedekarta rnehu.

KrbyuHe peun: rneh); aemnHepanusaumja; noyeTHe KapujecHe
nesuje rnehu; ckeHMpajyhv enekTpoHCKM MMKPOCKON
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