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ABSTRACT

  본 연구에서는 재광화 재제로 개발된 casein phosphopeptide stabilized amorphous calcium phosphate(CPP-ACP)

와 베타 삼인산칼슘(fTCP)으로 처리한 법랑질 병소가 재탈회 되었을 때 추가적인 산의 침투에 대한 병소의 저항

성을 평가하고자 사람의 소구치를 이용하여 법랑질 시편을 제작한 후, 탈회용액에 넣어 법랑질 병소를 만들고, 

재광화 제재를 도포하여 인공타액에 보관한 후 추가적인 탈회를 실시하였다. 시편을 표면에 수직으로 잘라 형광

색소로 염색하고 공초점 레이저 주사현미경을 이용하여 재광화 처리 후 및 2차 탈회 후의 병소의 깊이를 측정하

였고, 주사전자현미경을 이용하여 병소의 표면형상의 변화를 관찰하였다. 2차 탈회 후 fTCP 처리군에서는 재광화 

후와 비교하여 병소의 깊이가 증가하지 않았고, 재광화 처리를 하지 않은 대조군과 CPP-ACP 처리군에서는 병소

의 깊이가 증가하였으나 CPP-ACP처리군에서 깊이의 증가량이 유의하게 작았다. 재광화 처리군의 표면에 형성된 

무기 침전물은 fTCP 처리군에서는 2차 탈회 후에도 잘 유지된 반면, CPP-ACP처리군에서는 2차 탈회 후 부분적

으로 탈락되어 산의 침투에 대한 적절한 방어벽을 형성하지 못한 것으로 보였다.

KEY WORLDS : Enamel lesions, Further acid attack, Lesion depth, Remineralizing treatments, Surface 

configuration 

서  론          

  Dental caries is a dynamic process and deminera- 

lization can be reversed if the pH is neutralized and 

there are sufficient calcium and phosphate ions avail- 

able in the immediate environment (Reynolds, 1997). 

The non-invasive treatment of early carious lesions by 

remineralization with an increased resistance to further 
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acid challenge has the potential to be a major advance 

in the clinical management of the disease. To date, 

fluoride therapy has remained the most popular of all 

caries prevention and fluoride is considered to be the 

gold standard active agent for remineralization (Geiger 

et al., 1992). However, since fluoride cannot be effective 

in promoting remineralization without calcium, many 

remineralization agents have been designed to pote- 

ntiate fluoride by elevating oral calcium concentrations, 

either directly, by delivery into enamel lesions, indirectly, 

by elevating concentrations in plaque and saliva, or 

both (Lynch and Smith, 2012). Recently, novel calcium 

phosphate-based remineralization delivery systems have 
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been developed for clinical application. 

  Anticariogenic mechanism of casein phosphopeptide 

stabilized amorphous calcium phosphate (CPP-ACP) 

involves the incorporation of nanocomplexes into dental 

plaque and onto the tooth surface (Rose, 2000). It 

has been claimed that CPP acts as a delivery vehicle 

to colocalize calcium and phosphate ions, which 

results in increasing the level of the ions at the tooth 

surface (Reynolds et al., 2008) and supragingival 

plaque (Reynolds et al., 2003). The ions are freely bio- 

available to diffuse down into enamel subsurface lesions 

by concentration gradients, thereby effectively depressing 

demineralization and enhancing remineralization of the 

lesions in animal and human caries models (Reynolds 

et al., 1995; Reynolds, 1997; Cai et al., 2003). Addition 

of fluoride (0.2% NaF) to CPP-ACP, resultant CPP-ACPF 

showed marginally more amount of remineralization in 

enamel subsurface lesion than CPP-ACP only because 

of the added benefit of fluoride (Jayarajan et al., 

2011). 

  Beta-tricalcium phosphate (β-TCP) is a known pre- 

cursor to hydroxyapatite (HA) formation because it 

appears as a transitional phase in HA conversion (Amiad, 

1998). It has recently been introduced to dental 

products and manufacturers claimed that it is able to 

remineralize white spot lesions. Since calcium fluoride 

(CaF2) can be rapidly formed when calcium pho- 

sphate and fluoride are introduced together in a 

dental material due to the high reactivity of bio- 

available fluoride and calcium (Kawska et al., 2006), 

β-TCP was modified with ionic surfactant, sodium 

lauryl sulfate (SLS) using mechanochemical ball milling 

process (Karlinsey and Mackey, 2009; Karlinsey et al., 

2010) to produce functionalized β-TCP (fTCP). There 

have been several reports on the benefits observed 

through a combination of low level of fluoride and 

fTCP to produce greater mineral recovery and reduce 

the lesion depth by building stronger, more acid- 

resistant mineral relative to fluoride alone (Karlinsey 

et al., 2010; Mathews et al., 2012; Mensinkai et al., 

2012). However, despite the numerous studies have 

shown that calcium phosphate-based remineralization 

regimen can reverse the demineralized early carious 

lesions, it remains unknown whether the remineralized 

incipient lesions would be still resistant to further acid 

attack. 

  Therefore, the aim of the present study was to 

evaluate the ability of topically applied remineralizing 

agents in inhibiting the progression of artificial enamel 

lesions treated with commercially available reminera- 

lizing agents and further exposed to a deminerlaizing 

solution in vitro. Confocal laser scanning microscopy 

(CLSM) was utilized to measure the mineral change of 

the lesions because it allows an accurate quantitative 

analysis of surface and subsurface areas, providing 

estimation of lesion depth (Gonzalez-Cabezas et al., 

1998; Behnan et al., 2010).

MATERIALS AND METHODS

1. Preparation of an artificially demineralized 

specimen

  Twenty four human premolars with no caries and 

restorations which extracted for orthodontic reasons 

were collected with informed signed consent obtained 

under a protocol approved by the Ethics Committee 

of School of Dentistry, Kyungpook National University. 

The teeth were cleaned, disinfected in 0.5% chloramine 

T, and stored in distilled water at 4°C until use. Each 

tooth was sectioned longitudinally from buccal to 

lingual into two halves to give a total of 48 enamel 

slabs (approximately 3×4×3 mm3) using a low-speed 

diamond saw (Isomet, Buehler Ltd., Lake Bluff, IL, 

USA). The specimens were embedded in a 10 mm 

diameter cylindrical silicone mold using an orthodontic 

resin (Dentsply Caulk, Milford, DE, USA) and the 

surfaces were wet polished in an automatic polisher 

(Metaserv 250 Grinder-Polisher, Buehler Ltd.) with 600- 

and 1200-grit SiC papers, followed by a final polishing 

using 3000- and 4000-grit lapping film (3M ESPE, St. 

Paul, MN, USA) (Paris et al., 2006). The specimens 

were then covered with acid-resistant nail varnish leaving 

a window (2×3 mm2) of uncovered enamel to make 

a reference point for measuring lesion depth. The 

schematic illustration of the test procedure is shown 

in Figure 1.
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Figure 1. Schematic illustration of the test procedure.

Table 1. Test materials used in this study and application methods

Remineralizing agent 
(code)

Active ingredients Manufacturer (Lot #) Application protocol

ClinproTM Tooth 
Crème (CL)

tricalcium phosphate, 
NaF (0.21%, 950 

ppm)

3M ESPE, St. Paul, 
MN, USA (10042)

1. Rinse the specimens with deionized water for 15 s.
2. Apply the paste on the surface of the specimens with a 

microbrush and leave them undisturbed for 2 min.
3. Remove all the remaining paste with cotton balls. 
4. Immerse the specimens in 5 mL of artificial saliva. 
5. Repeat the application step three times a day for 10 d.

Tooth Mousse Plus 
(TM)

10% casein 
phosphopeptide- 

amorphous calcium 
phosphate, NaF 
(0.2%, 900 ppm)

GC Corp.,
Tokyo, Japan 

(110512S)

1. Rinse the specimens with deionized water for 15 s.
2. Apply the paste on the surface of the specimens with a 

microbrush and leave them undisturbed for 3 min.
3. Remove all the remaining paste with cotton balls. 
4. Immerse the specimens in 5 mL of artificial saliva. 
5. Repeat the application step three times a day for 10 d.

 To create artificial enamel lesions (approximately 100- 

150 μm in depth) in the uncovered areas, the speci- 

mens were immersed in 5 mL of demineralizing 

solution containing 2 mM CaCl2․2H2O, 2 mM KH2PO4 

and 75 mM acetate buffer (Sigma-Aldrich, St. Louis, 

MO, USA) at pH 4.3 for 14 d at 37°C (Trairatvorakul 

et al., 2008). The solutions were changed every other 

day.

2. Application of remineralizing agents 

  After demineralization, the specimens were randomly 

divided into three groups according to surface treat- 

ments: 1) Control: no treatment; 2) CL: reminerali- 

zation with fTCP (ClinproTM Tooth Crème, 3M ESPE); 

3) TM: remineralization with CPP-ACPF (Tooth Mousse 

Plus, GC, Tokyo, Japan).

  Test materials used in this study and application 

procedures are listed in Table 1. The application time of 

each material was decided according to the manufa- 

cturer's recommendations. For group CL, specimens 

were rinsed with deionized (DI) water for 15 s and 

ClinproTM Tooth Crème was applied on the surface of 

the specimens with a microbrush. The specimens were 

then left undisturbed for 2 min. After the treatment, 

remaining paste was removed with cotton balls and 
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the specimens were immersed in 5 mL of artificial 

saliva solution, which containing 5.36 mM KCl, 6.84 

mM NaCl, 6.16 mM CaCl2․2H2O, 4.42 mM (NaH2PO4) ․
2H2O, 0.02 mM (Na2S) ․9H2O, and 16.06 mM urea 

(Sigma-Aldrich) at room temperature, neutral pH (Liu 

et al., 2011). The artificial saliva solutions were 

changed daily after the last treatment of the day. The 

test material was applied on the enamel surface three 

times a day for 10 d to simulate the normal 

recommended daily oral prophylaxis. Specimens in 

group TM were treated with Tooth Mousse Plus, in 

the same way as for group CL, but with 3-min 

application time. For the control group, specimens 

were stored in the artificial saliva for 10 d at 37°C 

without any treatment after the lesion formation.

3. Second demineralization

  With the exception of the specimens for scanning 

electron microscopy (SEM), one half of the treated 

surface of the specimens was covered with nail varnish 

perpendicularly to the previously vanished lines, in 

order to compare the lesion depth before and after 

the second demineralization (Figure 1F). Subsequently, 

the specimens were reexposed to the demineralizing 

solution for 14 d at 37˚C (Paris et al., 2006). The 

solutions were changed every other day.

4. Scanning electron microscopy (SEM) 

  For SEM analysis of cross-sectioned surfaces of the 

specimens, two specimens per group were cut vertically 

to their surfaces and dehydrated in ascending grades 

of ethanol: 25% for 20 min, 50% for 20 min, 75% for 

20 min, 95% for 30 min, and 100% for 60 min. Prior 

to SEM examination, the specimens were dried by 

immersing in hexamethyldisilazane (Sigma-Aldrich) for 

15 min, then placed on a filter paper inside a covered 

glass vial for at least 24 h. The FE-SEM observation 

with a S-4300 (Hitachi, Tokyo, Japan) was made after 

platinum/gold sputtering on the samples at 15 kV.

5. Confocal laser scanning microscopy (CLSM)

  In order to evaluate the progression of the artificial 

caries lesion after the application of the remineralizing 

agents, the specimens were cut perpendicularly to the 

surface using a low-speed diamond saw (Isomet, Buehler 

Ltd.), providing two parts, one for after reminerali- 

zation and the other for after second demineralization 

(Figure 1H). For staining of the demineralized areas, 

the specimens were immersed in 0.1 mM rhodamine 

B solution (Sigma-Aldrich) for 1 h. The specimens were 

then thoroughly washed in DI water and observed 

using a confocal laser scanning microscope (LSM 700, 

Carl Zeiss, Oberkochen, Germany) in fluorescence 

mode at 50× magnification. The excitation light had a 

maximum wavelength at 555 nm. Images were recorded 

with a size of 1279.10 × 1279.10 μm2 and a lateral 

resolution of 1024 × 1024 pixels.

  The images were analyzed using ImageJ software 

(NIH, Rockville Pike, MD, USA). Lesion depth was 

defined as the distance from the reference on the 

surface of the specimen to the point where the red 

value clearly changed to grey one, measured at three 

points per image, and the mean value was calculated. 

For each specimen, lesion depths were measured on the 

exposed surface (after the second demineralization) as 

well as on the varnished surface (after remineralization).

6. Statistical analysis

  Lesion depths after the remineralization and the 

second demineralization among groups were analyzed 

with one-way ANOVA and Tukey's tests. A paired 

t-test was also used to evaluate the lesion progression 

after the second demineralization within the group. 

All statistical analyses were performed using the SPSS 

18.0 (SPSS Inc. Chicago, IL, USA) at a significance 

level of 0.05.

RESULTS

  The representative SEM micrographs showing the 

changes in the surface configuration of the untreated 

and treated enamel lesions before and after the second 

demineralization are presented in Figure 2. The control 

group in which no surface treatment was done showed 

further demineralization and irregular pit formation 
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Figure 2. Representative scanning electron micrographs showing the changes in the surface configuration of the enamel 
lesions before and after the second demineralization. (A) the demineralized surface after the lesion formation in the 
control (300×); (B) the enamel surface after the second demineralization in the control (300×); (C) the cross-sectional 
view of (B) (600×); (D) the enamel surface treated with CL (300×); (E) the enamel surface of (D) after the second 
demineralization in CL (300×); (F) The cross-sectional view of (E) (600×); (G) the enamel surface treated with TM 
(300×); (H) the enamel surface of (G) after the second demineralization (300×); (I) The cross-sectional view of (H) 
(600×).

after the second demineralization (Figures 2B and 2C) 

compared to the relatively smooth demineralized surface 

after the first demineralization (Figure 2A). When the 

demnineralized enamel surfaces were treated with the 

remineralizing agents, it could be clearly seen that the 

surfaces were covered with an amorphous deposit, 

which completely obscured the underlying prism structure 

(Figures 2D and 2G). Following the second deminerali- 

zation, the homogeneous mineral coating on the surface 

was still existed in group CL (Figure 2E), while the 

demineralized surface was partly exposed due to the 

detachment of the coating in group TM (Figure 2H). 

For group CL, the cross-sectional surface showed that 

there was no gap between the underlying enamel surface 

and the mineral sediment (Figure 2F). Although the 

specimens in group TM also exhibited the amorphous 

deposit over the demineralized surface (Figure 2G), 

the surface deposit was separated from the enamel 

surface after the second demineralization, forming the 

gap (Figures 2H and 2I).

  As for CLSM images, porous regions of the specimens 

appeared red when compared with dark normal enamel 

or sealed pores, indicating that they were stained 

with fluorescent rhodamine B dye. The outermost layer 

of the lesion was removed and cavity was created in 

the specimens of all groups during the formation of the 

artificial lesion and the subsequent surface treatment 

(Figures 3A1, 3B1, and 3C1). After the remineralization
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Figure 3. CLSM images of the untreated and the treated enamel lesions before and after the second 
demineralization (50×). (A1) the demineralized lesion in the control; (A2) the remarkable lesion 
progression after the second demineralization in the control; (B1) the lesion applied with CL; (B2) the 
enamel lesion of (B1) after the second demineralization; (C1) the lesion applied with TM; (C2) the 
enamel lesion of (C1) after the second demineralization (Scale bar = 100 μm).

in groups CL and TM, the lesion was covered with 

the surface deposit and lesion depth was lower than the 

control even though group TM presented inhomogeneous 

surface layer with porous defects within it (Figures 

3B1 and 3C1). A hypermineralized zone underneath the 

mineral coating appeared darker than normal enamel in 

the specimens of group CL. On the contrary, for group 

TM, there was no evidence of hypermineralization and 

intensely stained demineralized layer was observed 

under the surface deposit. After the second deminerali- 

zation, a remarkable lesion progression was evident in 

the untreated control (Figure 3A2). The lesion applied 

with CL did not progress and the hypermineralized zone 

still remained on the surface, although the thickness 

of the amorphous layer was decreased (Figure 3B2). 

For the specimens treated with TM, substantial loss of 

the surface deposit was evident and the lesion depth 

was increased (Figure 3C2). 
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Table 2. Lesion depths (in μm) (mean ± SD) according 
to the confocal laser scanning microscope (CLSM) 
images of the tooth surfaces

Group After remineralization After 2nd demineralization

Control 212.26 ± 21.42Ca 327.32 ± 23.02Cb

CL 142.80 ± 16.49Aa 149.35 ± 21.13Aa

TM 172.87 ± 27.09Ba 262.95 ± 22.23Bb

* Within the same column, the same superscripted uppercase letters 
are not statistically different according to one-way ANOVA and Tukey’s 
tests (p>0.05). Within the same row, the same superscripted 
lowercase letters are not statistically different according to a paired 
t-test (p>0.05).

  The results of lesion depth according to the CLSM 

images of the tooth surface are shown in Table 2. To 

determine the lesion depth, the border between the 

lesion body and the advancing lesion front was 

defined through the extent of the labeling with the 

fluorescent dye (Pearce and Nelson, 1989). The 

control group produced the largest mean lesion area 

both before and after the second remineralization 

ranging between 212.26 μm and 327.32 μm (p<0.001). 

When the remineralizing agents were applied on the 

surface of the lesion, the lesion depths were signifi- 

cantly lower than the control group (p<0.05), and the 

lesion of group CL was significantly smaller than that 

of group TM (p<0.05). Similarly, after the second 

demineralization, the lowest lesion depth was obtained 

with group CL, followed by TM and the control. 

When lesion depths were compared before and after 

the second demineralization for the same treatments, 

there was no significant lesion progression in group 

CL (p>0.05), whereas group TM and the control 

showed a significant increase in the depth (p<0.001).

DISCUSSION

  In the present study, the remineralizing agents based 

on CPP-ACPF and fTCP was used to evaluate the 

effectiveness of remineralizing treatments for protecting 

early carious lesions from further acid challenge. fTCP 

revealed similar lesion depths before and after the 

second demineralization, implying that fTCP may be 

able to inhibit further lesion progression. In addition, 

it was found that fTCP produced more stable mineral 

deposit that had a lower solubility and was more acid- 

resistant compared to CPP-ACPF. Although CPP-ACPF 

also exhibited surface precipitation on the lesion, it 

was defective and vulnerable to the acid attack.

  As regards remineralization of the demineralized 

lesion, the lesion treated with CPP-ACPF or fTCP was 

shallower than that of the untreated control immersed 

in artificial saliva. The lower lesion depth can be 

accounted by the success of the remineralizing therapy. 

As shown in the CLSM images, the hypermineralized 

zone underneath the surface deposit appeared darker 

than the normal enamel in the specimen of fTCP. 

The dark zone seems to be remineralized enamel 

lesion. On the contrary, CPP-ACPF does not appear 

to be as effective as fTCP in remineralization potential 

because there was no evidence of the remineralized 

zone in the lesion and the lesion depth was higher 

than in fTCP even after the remineralizing treatment. 

However, in this study, the lesion depth on baseline 

after the first demineralization was not measured since 

a previous study reported that there was no significant 

difference in the depth of artificially induced enamel 

lesions among experimental groups (Paris et al., 2006). 

Moreover, with CLSM analysis, tooth sections for base- 

line measurement could not be used again for the 

subsequent measurements such as after the reminerali- 

zation and the second demineralization. Baseline values 

could offer a better comparison for the reminerali- 

zation capability of the treatments.

  The naturally occurring early enamel lesions are 

non-cavitated and have intact surface layer. Ideally, a 

remineralization system should supply stabilized bio- 

available calcium, phosphate, and fluoride ions that 

favor subsurface mineral gain than deposition only in 

the surface layer (Cochrane et al., 2010). Salivary 

remineralization of enamel promoted by topical fluo- 

ride, particularly in high concentration, has been shown 

to give rise to predominantly surface remineralization 

(Willmot, 2004). Surface-only remineralization does little 

to improve the aesthetics and structural properties of 

the deeper lesion. In term of the lesion progression 

after the further acid attack in this study, the lesion 

area was smaller in the treatment groups than in the 

control. For both CPP-ACPF and fTCP specimens, the 
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mineral sediment entirely covered the previously 

created lesions and acted as a physical barrier from 

further dissolution, suggesting fluoroapatite (FA) formation 

on the surface. However, unlike fTCP specimens, 

remineralization by the mineral gain in the lesion 

body was not obtained and further lesion progression 

was observed in CPP-ACPF specimens. This finding is 

in accordance with the results of the previous study, 

in which there was no increase in cross-sectional 

microhardness at the enamel subsurface and CPP- 

ACPF failed to remineralize the subsurface level in 

depth (Lata et al., 2010). The reason could be that 

fluoride ions and CPP-ACP were not able to penetrate 

the subsurface enamel area due to surface zone 

mineralization (ten Cate and Arends, 1980; ten Cate, 

1990). Rapid deposition of FA forms a firm surface 

layer, which is more resistance to further deminerali- 

zation. However, at the same time, it is resistance to 

penetration of calcium and phosphate ions required to 

rebuild the lesion in depth. Also, delivery of a new 

agent (i.e., calcium ions) and fluoride simultaneously 

from single-phase products may present formulation 

challenges, such as long-term fluoride compatibility. 

Although calcium-containing technologies aimed at pro- 

viding anti-caries benefits, addition of these ingredients 

to a fluoride-containing product may result in signifi- 

cant decreases in fluoride’s well-established performance 

over the product’s shelf-life (Pfarrer and Karlinsey, 

2009).

  In contrast, fTCP induced enamel remineralization 

and inhibited further lesion progression despite presence 

of the surface precipitation, which implies calcium- 

based agent has actually reached the target tissue and 

resulted in anti-caries benefits (Sullivan et al., 2001). 

Sodium lauryl sulfate (SLS) is a synthetic anionic 

detergent widely used in dental formulations (Barkvoll 

et al., 1988b; Rodriguez-Hornedo and Murphy, 2004) 

owing to its high affinity for hydroxyapatite (HA) 

powder and enamel (Barkvoll et al., 1988a). β-TCP 

milled with SLS, this proprietary formula was reported 

to successfully integrate components, enhancing, rather 

than compromising the products's performance and 

minimize unwanted interaction among ingredients (White, 

1995). Because a protective barrier is created around 

the calcium allowing it to coexist with the fluoride 

ions during the manufacturing process, fTCP may be 

incorporated into topically applied fluoride-containing 

preparations without negatively affecting the proven 

benefits of fluoride (Karlinsey and Mackey, 2009; 

Pfarrer and Karlinsey, 2009). Therefore, it is suggested 

that diffusion of bioavailable ions into the lesion body 

as well as the surface protective barrier allows the 

consolidation of the lesion and the inhibition of 

further progression of demineralization. The homogeneous 

mineral sediment in fTCP is likely to play an impor- 

tant role as a leak-proof seal against acid dissolution 

compared with the defective, porous surface precipi- 

tation in CPP-ACPF. 

  Although saliva was reported to induce a certain 

amount of remineralization (Jayarajan et al., 2011), it 

cannot by itself increase the levels of calcium and 

phosphate release. For mineral deposition to occur 

within the body of the lesion, calcium and phosphate 

ions must first penetrate the surface layer of enamel. 

Mineral deposition must occur in a controlled and 

directed fashion to be efficacious, either targeting the 

lesion directly or elevating calcium concentrations in 

the oral reservoirs (Lynch and Smith, 2012). This can 

be attributed to the fact that the control, which was 

untreated and stored in artificial saliva for 10 days, 

showed no decrease in the lesion depth and further 

progression after the acid attack in the current study. 

  Remineralization in vitro may be quite different from 

a dynamic complex biological system which usually 

occurs in oral cavity. The limitation of this study relate 

to the formation of enamel lesions, the duration of 

remineralization, and the method used in further acid 

attack. The outermost demineralized layer was removed 

and cavity was created after the lesion formation in 

the CLSM images. It seems that the surface of the 

lesion became fragile and was susceptible to damage 

during the topical application of remineralizing agents 

since the artificially demineralized enamels were vulne- 

rable to the mechanical stress. The observation time 

was limited to 10 d. Because remineralization is a 

long-term process, this short-term in vitro study is 

unable to demonstrate the long-term capabilities of the 

remineralizing agents. Furthermore, the dimineralizing 
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solution was used for the further acid challenge in 

place of the pH cycling protocol, which is usually 

used in the formation of artificial caries lesions. This 

might exaggerate the dissolution of the surface layer 

and lesion propagation in CPP-ACPF. With the use of 

low fluoride concentration as is present in CPP-ACPF 

(0.2% or 900 ppm of NaF), there was a complex 

localization of free calcium phosphate and fluoride 

ion activities, which helped in maintaining a state of 

supersaturation by suppressing demineralization (Holler 

et al., 2002). Hence, caution must be used when 

generalizing the results directly to the clinical situa- 

tions and future studies should be conducted on the 

pH cycling model with non-cavitated enamel lesions to 

clarify the long-term effects of remineralizing agents.  

 

Conclusions

  Within the limitation of this in vitro study, it can be 

concluded that topical application of the reminerali- 

zing agents on artificial enamel lesions can inhibit 

further demineralization of the lesions and fTCP seems 

to be more advantageous than CPP-ACPf for this 

purpose. The lesion should be remineralized homoge- 

neously not only the surface but also the subsurface 

lesion body. Calcium, phosphate, and fluoride ions 

must first penetrate the surface layer of enamel and 

mineral gain within the body of the lesion should 

occur through the diffusion of the ions. 
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