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

VYTunaj pa3nuuuTUX pacTBOpa 3a JeMUHEPATU3allljy U BpeMeHa h3jarama Ha

HacTaHaK M KapaKTePHUCTHUKE MMOYETHUX KapHjecHUX Jyiesnja riehu — in Vvitro crynuja

SUMMARY

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 exposing
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
demineralizing 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 I (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 An Group I'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 I 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 outcome of demineralizing process
which lasted 504 hours were cavitated enamel
lesions.

Keywords enamel; demineralization; white spot
lesions; scanning electron microscopy

INTRODUCTION

CAKETAK

¥YBoa/Llnss [TouerHa kapujecHa siesuja raehu pop-
MHpaHa y in Vitro ycrmoBiMa ce 4ecTo KOPHUCTH 38
UCIIUTHBabe ePUKACHOCTH Pa3IMYUTHX CpejcTaBa 3a
peMuHepaIu3anyjy.

L{wb oBOT HCTpaKUBama OMO je UCITUTHBAGE YTHIIA-
ja TpH pa3nuyunTa pacTBOpa 3a AEMUHEPANIN3aIHjy 1
pa3IMYUTOr BpEeMEHa M3jarama Ha popMupame be-
JIMX MpJba, Kao U IIPOICHA KapaKTCPUCTHKA HacTa-
JIMX TIOYETHUX KapHjeCHUX Jie3rja riehu momohy
CKCHHHT €JIEKTPOHCKOT MEKPOCKOIIA.

Mertoae Y oBOM INVitro ueTpakuBarmy KopHIhieHO
je 20 mpeMosiapa XyMaHOT TIOpeKJia Koju ¢y u3Bale-
HH U3 OPTOJOHTCKUX- pasiora. HakoH neraspHOT yK-
Jamarma ocTaTaka TKUBa, motombenu cy y 0,1% pac-
TBOp TUMOJI, Ha cOOHO] Temmepatypu. [Ipe nponeca
JICMUHEPAJII3allHje U3BPIICHO je OJICEIalkhe KOpeHa y
HHUBOY IJIehHOLIEeMEHTHE rpanuie. MeToaoM cirydaj-
HOT M300pa pa3BpCTaHU Cy Y TPH €KCIEPUMEHTAIIHE
IpyTie, y 3aBUCHOCTH OJ] YIIOTPeOJ-EHOT pacTBOpa 3a
JIEMIHEPAI3aIHjy  BpeMeHa Y TOKY KOjer Cy Omim
W3JI0KEHU JIejCTBY pacTBopa: ['pyma 1 (cupherHa xu-
cenmHa; pH = 4,4; Toxom 96 catn); ['pyma 2 (MinedHa
kucenuHa; pH = 4,5; 120 catn); I'pyna 3 (minedna
kucenuHa; pH = 4,3; 504 cati) u KOHTpOJIHA TpyHa
(dusmosormku pacteop). [Ipeceru 3apase riehu y
KOHTPOJIHOj TPYIH U OCOOMHE HACTAIMX KapUjECHUX
ne3uja riiehu y eKCIIepUMEHTAIHUM rpyIiaMa mocMa-
TpaHH Cy Ha CKEHUHT €JIEKTPOHCKOM MHKPOCKOITY.
Pe3ysratu V 1pBOj U JpyTroj EKCIEPUMEHTAIHO]
TPYyTU YOUEH je HaCTaHaK IMOYETHUX KapHjeCcHHX Je-
3uja riehu, ca NOTIOBPIIMHCKAM 30HaMa JIeMHUHepa-
nu3anyje u nosehane noposzHoctu. Y tpehoj excre-
PUMEHTAIIHO] TPYIH HHj€ O4yBaH HHTEIPUTET IIOBP-
mmHe riehu 1 TomuIo je 10 HacTaHKa KaBUTETa.
3akmbyuak PacTBopu 3a geMuHepann3ayjy
YHOTpeOJbEHH Yy IPBO]j U APYTOj eKCIEPUMEHTAIIHO]
IPYIH JaJK Cy MOYETHE KapHjecHe Jie3hje CIMYHHX
ocobuHa, oK je ucxox Tpeher pacTtBopa 6o HacTa-
Hak nredekata riehu.

Kibyune peun riel); nemunepanusanyja; nodeTHe
KapujecHe Jie3uje riehn, CKEHUHT eJIEKTPOHCKH
MHKPOCKOTI

Dental caries, as one of the most common oral diseases worldwide, represents a major

public health concern which is confirmed by the latest report of Global Burden of Disease [1].
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It is estimated that 2.5 billion people suffer from caries of permanent teeth and more than 530
million children suffer from untreated caries in deciduous dentition [1, 2, 3]. Initial caries
lesions, also known as white spot lesions (WSLSs), are the earliest clinical sign of enamel caries.
The subsurface enamel demineralization increases porosity and changes optical characteristics
of enamel. Consequently, the initial caries lesion appears as an opaque white spot‘visibly
different from the surrounding sound enamel due to the difference in the retractive indexes (RI)
[3, 4]. In the last decades, the prevalence of WSLs has increased, and some authors considered
this increase as a side effect of orthodontic therapy with fixed orthodontic appliances [5, 6]. If
these lesions are not detected in the initial phase and they are not managed properly in this
reversible phase, they might progress into irreversible cavitated lesions. In addition, WSLs
might compromise the esthetics of the anterior /teeth [7, 8].

Contemporary dentistry established several non-invasive approaches in treatment of
initial caries lesions to arrest caries 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 phosphate and calcium silicate-based materials are widely used [12-15].
As a madern, microinvasive approach, infiltration of the WSLs with a low viscosity composite
resin, commercially available as ICON (DMG, Hamburg, Germany), has been developed [16].

Accessible clinical experience points towards successful masking of whitish enamel
discoloration in WSLs when treated with infiltrative 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
with resin infiltration of artificial initial caries lesions are a potential method to achieve this
goal. There are numerous demineralization protocols for artificial WSLs which differ in the
demineralization agents, the pH of the solutions/gels and the required time of the exposure to

the demineralizing agent. They can contain lactic acid, acetic acid, methyl diphosphonate
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(MHDP), 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 1.200 hours. In
addition, pH of demineralizing solutions varied between 4 and 5 [5].

Developing adequate artificial initial caries lesion is needed to investigate the
characteristics of different remineralizing protocols. Therefore, the objective of the present
study was to compare the effect of three different demineralizing 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
Scanning Electron Microscopy evaluation was performed in the Department for Physics and
Mathematics, Faculty of Agriculture, University of Belgrade.

The present work was approved by competent ethics 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 orthodontic indication were used for this study. The teeth were visually

examined using LED light to ensure that there are no enamel surface defects or microcracks.

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), applied by
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a brush mounted in a low-speed hand piece, under 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 (Isomet, Buehler Ltd, Lake Bluff, IL, USA) under water cooling
(Figure 1). Pulp tissue was removed, and pulp chambers of the premolar crowns were obturated
with flowable composite (Flow-It ALC, Pentron). The premolar crowns were randomly divided
into three experimental groups and one control group (each group containing 5 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 mm x 4 mm (Figure 2). The
adhesive papers were removed 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).

Artificial initial caries lesions
The specimens were randomly divided into three experimental groups, according to the
used demineralization agent, and one control group (n=10):

Group | — demineralizing solution | - Acetic acid based; pH=4.4; for 96 hours [10, 18,

19]
Group Il - demineralizing solution Il - Lactic acid based; pH=4.5; for 120 hours [20]
Group 111 - demineralizing solution 111 - Lactic acid based; pH=4.3; 504 hours [21]
Group IV — control group (stored in saline solution at room temperature until SEM
evaluation).
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The composition of each demineralizing solution, its pH and exposure times are reported
in Table 1.

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 | and
Group 11, specimens were stored at room temperature [10, 18, 19] and in Group Il-they were
stored in 37°C incubator (Binder Gmbh Incubator, Tuttlingen, Germany).[21].

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

evaluated.

Scanning Electron Microscopy (SEM) evaluation of artificial WSLs

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 Bluff,
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, sections were made through the
artificially created WSLs in experimental groups and from sound enamel in the control group.
Each premolar half was sectioned in vestibulo-oral direction, into 1-mm-thick slices with a
low-speed diamond saw (Isomet, Buehler Ltd, Lake Bluff, IL, USA) under 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

DOI: https://doi.org/10.2298 /SARH221228095M Copyright © Serbian Medical Society



Srp Arh Celok Lek 2023 | Online First November 7, 2023 | DOI: https://doi.org/10.2298/SARH221228095M 7

Etchant, Kerr) for 30 seconds. After abundant 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‘exposed to the demineralizing
solution appeared whitish-opaque on daily light at the end of demineralization process. 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 controal group (Group IV) on cross-sectional SEM micrograph
showed physiological enamel rod appearance (Figure 6). The surface of sound enamel might
appear with occasional-depressions, 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 | 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 um
(SD = 6.74). In Figure 9 similar enamel appearance as in the previous group was found. The
appearance of these caries-like lesions might be similar to the surface of sound enamel except

for surface depressions. Furthermore, in both groups (Group | and Group I1), small number of
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specimens on microphotographs showed that some surface enamel areas of the WSLs were
eroded while surrounded enamel surface was intact.

In the Group Il 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.

DISCUSSION

Acrtificial 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 regarding 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 viscosity 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, significantly reduced the lesion depth and mineral loss in
permanent 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 availability 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 arecently published systematic review and meta-
analysis suggesting that the pH of demineralizing solutions should vary between 4 and 5 [5].

When it comes to duration of demineralizing process, less consistent findings are present

in literature. As previously mentioned, this period varies from few to 1.200 hours. In the present
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study, solution used in the first experimental group lasted 96 hours as reported in several in
vitro experiments [10, 18, 27]. Also, Behrouzi et al. used solution for the same time, but it was
acidified hydroxietilcellulose system [19]. Group Il 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 protocol was suggested by Prajapati et al. [21] These authors reported the mean
depth of formed lesions of 341 um. 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 lesionsobtained.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. Magalhaes et
al. [22] reported mean depth of subsurface enamel lesions between 35 and 52 um, except for
methy| diphosphonate (MHDP) lesions (86 um).

In the present experiment, WSLs were visually detectable on the wet specimens and some
authors ‘stated that WSL was visible on a wet tooth surface when it had penetrated deeper into
the'enamel surface [28]. They could be described as whitish areas with rough enamel surface
enamel.

Avrtificial WSLs induced in this experiment (Group | and Group Il) demonstrated intact
surface layer with subsurface prismatic demineralization and an enlargement of the prism
sheaths. In some specimens, two types of enamel surface involvement were described: areas of
erosion and other areas apparently intact, when compared to the sound enamel surrounding
them. These two distinct sites of the WSL also presented diverse levels of enamel dissolution.

Eroded areas showed irregular patterns of surface destruction, and, by some authors, they

DOI: https://doi.org/10.2298 /SARH221228095M Copyright © Serbian Medical Society



Srp Arh Celok Lek 2023 | Online First November 7, 2023 | DOI: https://doi.org/10.2298/SARH221228095M 10

indicated an advanced stage of the dissolution of the enamel promoted by the carious process

[29].

CONCLUSION

Based on the results of this study it could be concluded that different demineralizing
solutions produce artificial initial caries lesions of variable features and depths. Demineralizing
solution based on acetic acid of pH value 4.4 and 96 hours exposure time and solution based
on lactic acid of pH value 4.5 and 120 hours exposure time provide artificial WSLs with
satisfactory characteristics. The outcome of demineralizing process which lasted 21 days were

cavitated enamel lesions.
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Table 1. Characteristics of solutions used for demineralization.

Features Group | Group Il Group 111
Composition 2.2 mmol/L 12 mmol/L 18 mmol/L
Calcium chloride Calcium chloride Calcium 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 Lacticacid
/ 100 mmol/L 3 mmol/L
Sodium chloride Sodium azide
pH 4.4 4.5 4.3
Exposure time 4 days/96 hours 5 days/120 hours 21 days/
504hours
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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 sticky dental wax
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Figure 2. Preparation of the premolar crowns for the demineralizing process: a — pulp tissue
was discharged; b — dentin was etched with 37% orthophosphoric acid; ¢ — 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
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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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Figure 4. The pH of the demineralizing solutions was evaluated daily to maintain the initially

defined values
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light at the end of the process
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Figure 6. Scanning electron microscopy evaluation showed physiological enamel rod

appearance in the control group
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Figure 7. In the experimental group | enamel subsurface porosity with dissolution of enamel

crystals was detected
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Figure 8. The depth of formed initial caries lesions was evaluated through scanning electron

microscopy observations

DOI: https://doi.org/10.2298/SARH221228095M Copyright © Serbian Medical Society



Srp Arh Celok Lek 2023 | Online First November 7, 2023 | DOTI: https://doi.org/10.2298/SARH221228095M 29

1‘ =
20kv  X1,000 10pm 20kV  X1,000 10pm

DOI: https://doi.org/10.2298/SARH221228095M Copyright © Serbian Medical Society



Srp Arh Celok Lek 2023 | Online First November 7, 2023 | DOIL: https://doi.org/10.2298/SARH221228095M 23

20V X100  100pum 206V X40  500pm

Figure 10. In the experimental group 111 structural integrity of enamel surface was not

preserved; surface erosion with prismatic pattern of enamel surface dissolution can be seen
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