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Abstract 

Subsurface remineralization can be promoted by the topical application of nanoparticles of 

casein phosphopeptide-amorphous calcium phosphate (CPP-ACP). To assess changes in 

enamel white spot lesions, an in situ proof-of-concept investigation was performed using 5 

subjects (all of whom were healthy young adults) with a cross-over study design. Custom 

orthodontic brackets were attached to the buccal surfaces of the maxillary second premolar 

and first molar teeth. Each bracket had a recess that held a slab of enamel with a standardized 

100 μm deep white spot lesion (WSL). Changes in mineral were evaluated in lesion cross 

sections using backscatter electron imaging (BSE) and electron probe microanalysis (EPMA). 

The following products were applied twice daily for 2 weeks: GC Tooth Mousse™ (CPP-ACP), 

Tooth Mousse Plus™ (CPP-ACFP), CPP-ACFP Mineral Enhanced (CPP-ACFP Enh), or the vehicle 

paste of CPP-ACFP containing 900 ppm fluoride. To ensure blinding, all products had identical 

flavours and packaging. For each subject, the products were used in a random sequence, with 
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washout periods between products. Compared to the baseline situation, favourable changes 

in white spot lesions occurred with all products. Analysis of enamel samples in cross section 

showed improvements in mineral levels, as seen in BSE grey scale levels from the enamel 

surface through the lesion. These were accompanied by enhanced calcium and phosphorus 

levels as seen using EPMA. The ranking of products for subsurface mineral gain, from best to 

worst, was: CPP-ACFP = CPP-ACFP Enh > CPP-ACP > vehicle with fluoride. Rapid 

remineralization occurred in this clinical model, which is due to a combination of factors: the 

enamel slabs were located on tooth surfaces exposed to parotid saliva, the surfaces were 

brushed regularly to remove dental plaque biofilm, and compliance with twice daily topical 

use of products was high. Such model systems may be useful for screening new product 

formulations for their effect on enamel WSL. 
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Casein phosphopeptide-amorphous calcium phosphate; remineralization; mineral gain; in situ 

model; white spot lesion; EPMA 

 

1. Introduction 

In dental practice, the use of topical products containing nanoparticles of casein 

phosphopeptide-amorphous calcium phosphate (CPP-ACP) or casein phosphopeptide-amorphous 

calcium fluoride phosphate (CPP-ACFP), such as Tooth Mousse™/ MI Paste™ and Tooth Mousse 

Plus™/ MI Paste Plus™ (GC Corp, Tokyo, Japan) has been shown to provide a range of clinical benefits, 

including arrest and regression of enamel white spot carious lesions (WSL) [1-4]. This has been 

supported by numerous systematic reviews [5-12]. As a naturally derived remineralizing technology, 

CPP-ACP is a partner to fluoride, providing the bioavailable calcium and phosphate ions required for 

remineralization. Many contemporary uses of CPP-ACP incorporate fluorides of various types. CPP 

can bind and stabilize fluoride ions, delivering them in the ideal stoichiometric ratio (5:3:1 for 

calcium: phosphate: fluoride) [2]. 

A particular area of interest has been the use of CPP-ACP during treatment with fixed orthodontic 

appliances [13-19], as this is a time of higher caries risk [20]. As well as acting as a remineralizing 

agent, CPP-ACP can also influence the dental plaque microflora to lower the levels of key pathogens 

[21, 22], by acting as a prebiotic agent [23-29]. This biological influence adds to the ability of these 

nanoparticles to deliver bioavailable calcium, phosphate, and fluoride, to cause mineral gain in the 

subsurface regions of enamel WSL [2, 3]. 

Past human in situ clinical studies of CPP-ACP have used a range of delivery systems for this 

material, including gums and lozenges, dentifrices, or as a topical crème, with the agent being 

applied directly to enamel slabs located on the palatal surfaces of removable appliances. When 

removable appliances are used, the enamel slabs are retrieved for later assessment of mineral 

changes in WSL by using transverse microradiography [30-34]. A limitation of using removable 

appliances to hold enamel slabs is that these appliances are removed before eating and drinking, 

and before toothbrushing or other oral hygiene procedures. Likewise, when wearing such 

appliances, participants have been instructed not to eat or drink anything except water. In these 
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studies, the appliances were cleaned using distilled water rather than a dentifrice. Hence, the dental 

plaque biofilm over the lesions remains largely undisturbed. Access of enamel lesions to saliva will 

also differ in the removable appliance model from the normal situation because of the location of 

the slabs somewhat away from the dental arch. Regional differences in salivary flow and in the 

composition and behaviour of the salivary film will affect the likelihood of ions from the saliva 

contributing to remineralization [35, 36]. Such factors may explain why the extent of mineral gain 

over time in such lesions may well be slower than may be seen in everyday clinical practice.  

Topical products containing CPP-ACP are typically applied to the teeth immediately after 

toothbrushing. At this time, most visible deposits of dental plaque biofilm should have been 

removed from the surface of the WSL. This application protocol also allows the product to interact 

with the stimulated saliva elicited by the toothbrushing intervention, and with fluoride ions from a 

fluoride dentifrice. Because of this, one could expect greater or more rapid remineralization.  

Such thought processes have led to studies where enamel slabs with WSL were directly bonded 

to the buccal surfaces of maxillary first or second molars. In 2015, Peric et al. used this approach in 

patients with Sjogren’s syndrome, and showed using scanning electron microscopy (SEM) that twice 

daily application of CPP-ACP or CPP-ACFP crème after toothbrushing over 28 days caused the partial 

or complete occlusion of surface defects in the enamel lesions, which contributed to a more 

flattened appearance of the enamel surface [37]. They also assessed the surface composition using 

energy dispersive spectroscopy (EDS), but did not find changes in atomic ratios.  

Later work by Ferrazzano et al. in 2011 [38] used SEM to assess changes in the surface topography 

of the enamel following application of CPP-ACP. They showed that the topical application of a CPP-

ACP crème thrice daily for one month onto enamel slabs with WSL bonded to the buccal surfaces of 

maxillary first molars in healthy subjects aged from 10 to 16 years created a homogenous coating 

of mineral. They also pointed out that the advantages from this type of experimental model include 

a more realistic clinical situation because of exposure to the diet and to saliva, with regular oral 

hygiene measures still able to be performed. At the same time, additional compliance requirements 

around removing an appliance are removed [38]. 

As both of the previous studies had examined the surface features of WSL treated with CPP-ACP, 

it was of interest to use an in situ model to explore the effects of different CPP-ACP formulations on 

the subsurface, by examining enamel lesions in cross-section, to assess mineral density and 

elemental composition through the treated WSL. As a further refinement of the in situ model, 

enamel slabs with standardized WSL with a depth of 100 μm were not bonded to the teeth directly, 

but rather were placed without using adhesives into bonded custom-made orthodontic brackets 

attached to the teeth. This allowed the same site to be used for different enamel slabs, with each 

slab exposed to a different treatment agent. As well, the present study assessed mineral gain from 

cross-sections of the treated lesions by using backscatter electron imaging (BSE) to measure mineral 

density [39], and electron probe microanalysis (EPMA) to determine composition [40-42]. 

2. Materials and Methods 

2.1 Enamel Slabs and WSL Creation  

This proof-of-concept study followed a double-blinded, randomized, controlled crossover design. 

Changes in the enamel WSL were tracked with a 2 week period of use for different CPP-ACP products. 
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The overall design of the study was based on previous work using enamel slabs [33, 34]. All products 

had identical flavour and consistency, and the subjects were blinded to their use by using coded 

tubes. Likewise, analysis of samples was blinded. The project was approved by the institutional 

human ethics committee (Approval 2010000646).  

A total of 58 extracted sound premolars which had been extracted for orthodontic reasons from 

teenage individuals residing in a community without community water fluoridation were selected. 

The teeth were gamma irradiated (25 kGy) and then stored in 0.1% thymol solution to maintain 

hydration. All teeth were inspected under a microscope at 20X to exclude any samples where the 

enamel surfaces showed fluorosis, hypomineralization, or physical defects such as microcracks or 

existing white spot lesions. The naturally flat areas on the buccal and lingual surfaces were used to 

prepare enamel slabs. Prior to commencing this process, a 3 x 4 mm window was created on each 

tooth with acid resistant nail varnish. The tooth was then immersed for 7 days at 37°C in 40 mL of a 

pH 4.5 demineralizing solution containing 2.2 mM Ca2+, 2.2 mM PO4
3- and 0.05 M acetic acid. This 

protocol has been used previously to create consistent visible white spot lesions of 100 μm in depth 

[39]. The varnish was then removed with acetone. A low speed diamond saw (Isomet, Buehler, Lake 

Bluff, IL, USA) was used to prepare 100 enamel slabs of 1 x 2 x 1 mm. These were then stored in a 

100% humid environment until used. Baseline measurements were made from these samples. The 

slabs were allocated randomly to the subjects, so that they could be placed into the bracket for one 

of the phases of active treatment.  

2.2 Clinical Protocol  

A total of 5 healthy adult fully dentate subjects, all of whom were dental students or dental 

scientists, were involved in the study (age range 20-28 years, 3 males and 2 females). The minimum 

number of subjects was chosen as 5, based on the cross-over design being used. This sample size 

was in keeping with past studies of CPP-ACP using in situ models with crossover designs [33]. 

All subjects provided informed consent. None had significant medical conditions or were on 

medications which could influence salivary flow. All participants were in a state of oral health, with 

an absence of caries, periodontal disease or other oral pathology. Clinical examination indicated no 

untreated dental caries, no active carious lesions, and a good standard of plaque control. All subjects 

had normal salivary gland function, with unstimulated whole salivary flow rates equal to or greater 

than 0.25 mL/min and paraffin stimulated whole salivary flow rates of at least 1.0 mL/min. 

The manufacturer (GC Corp., Tokyo, Japan) supplied the test products in identical and 

nondescript packaging and containers, with numerical codes. Products were assigned to each active 

test period in a random manner, with neither investigators nor subjects being aware of the contents. 

All subjects applied the test products twice daily immediately after brushing (i.e. in the morning at 

~7.00 AM and in the evening at ~9.00 PM). Toothbrushing was undertaken with a supplied non-

fluoride dentifrice (Snappy Jaws - strawberry flavour, Herbal Wisdom Natural Foods, Bangalow, 

NSW, Australia). The subjects followed their normal diet and performed their customary oral 

hygiene procedures throughout the study. No other fluoride products or remineralizing agents were 

used. 

After applying 0.5 mL of the test product onto the brackets using a finger, subjects were required 

to spit out the excess, and then refrain from eating or drinking for 30 minutes. This was done to 

ensure optimal contact of the product with the enamel slabs. Otherwise, subjects were allowed to 



Recent Progress in Materials 2021; 3(4), doi:10.21926/rpm.2104046 

 

Page 5/18 

eat and drink as normal. The enamel slabs were located in custom made orthodontic brackets with 

buccal recesses, which had been fabricated using CAD-CAM methods (Figure 1). The brackets were 

bonded to the buccal aspect of the left maxillary premolar and molar teeth (25 and 26) (Figure 1). 

This region is easy to clean by toothbrushing. and has ready access to stimulated saliva due to its 

proximity to the parotid papilla. The tooth surfaces were acid etched and a resin bonding agent 

(Unite ™ bonding adhesive, 3M Unitek, Monrovia, CA, USA) used to attach the brackets, in line with 

the manufacturer’s instructions. The brackets remained in place for the duration of the study, with 

the slabs being changed for each treatment cycle. 

 

Figure 1 Left: Custom-made brackets, showing the patterned side (used for bonding) 

and the opposite side with a recess for holding the slabs. The scale bar on the left is in 

mm. Right: A clinical image showing brackets attached to maxillary premolar and molar 

teeth (25 and 26). Each bracket recess holds one enamel slab located within Cavit. 

The enamel slabs were held in place within the recess in the brackets with a water-setting rigid 

gypsum-based material (Cavit™, 3M-Espe, Neuss, Germany) designed for use as a temporary 

dressing of endodontic access forms. This material was preferred over composite resin and glass 

ionomer cement, because of greater ease of removal and to avoid halo effects from ion release, 

respectively. 

After placing the brackets onto the buccal surfaces of the premolar and molar teeth, a 2 week 

acclimatization period followed, before commencing use of the products. Each subject used the 

products in a random sequence. The treatments were a 10% CPP-ACP crème (GC Tooth Mousse), a 

10% CPP-ACFP crème containing 900 ppm fluoride (GC Tooth Mousse Plus), the same ACFP crème 

with 0.1% calcium chloride added (CPP-ACFP Enh), and a control vehicle that contained the same 

level of fluoride (900 ppm) but lacked the CPP-ACP or CPP-ACFP active ingredient. 

There were 10 X 14-day periods including alternating phases of passive washout followed by use 

of the active product. The 14-day washout period was intended to minimize the influence of 

previous product exposure. At the start of each phase, a thorough prophylaxis with a non-fluoride 

prophylaxis paste was undertaken, with the issue of a new manual toothbrush and supplies of the 

standard non-fluoride dentifrice. Specific instructions regarding product use were reinforced. A new 

enamel slab was then placed in the brackets, and these were then removed at the end of that 

particular phase. 

At the completion of each phase, the slabs were collected. Untreated WSL baseline samples and 

slabs retrieved from orthodontic brackets were embedded in epoxy resin in 25 mm mounts to give 
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a cross section of the slab. The surface of the embedded samples was polished using 3 and 1 µm 

diamond polishing pastes, and then with a 0.25 µm aluminium oxide polishing paste, so that they 

were optically smooth. The samples were then coated with a 20 nm layer of carbon.  

Samples with damaged surfaces were excluded from the analysis. Likewise, any enamel samples 

which dislodged prematurely from the brackets during a treatment phase were excluded from 

further analysis. Because of logistical requirements during sample embedding and polishing, it was 

not possible to track the slabs for individual patients, and thus data were pooled for treatment 

groups, with a final sample size of 10.  

2.3 Sample Analysis 

To assess mineral levels, backscatter electron microscopy of enamel slab cross sections was used, 

as described in detail previously, with analysis of grey scale changes across the lesion using Adobe 

Photoshop™ CS2 software [39]. BSE has been shown previously to give good estimates of enamel 

mineral density [42, 43]. An 8 bit grey scale was used (with 0 representing black and 255 

representing white). In the present study, normal healthy enamel had a consistent grey scale value 

of 93 + 3. Lower grey scale values than this indicate mineral loss.  

For BSE, samples were examined in a JOEL JXA-8200 Superprobe Electron Probe Microanalyzer 

(Akishima, Tokyo, Japan), at an accelerating voltage of 20 kV in backscatter mode. The same 

instrument was also used for EPMA. SEM backscatter imaging at low magnification (50X) was used 

to identify the areas of interest, which were then imaged in backscatter mode at a final 

magnification of 150X. Digital images (1024 X768 pixels) were recorded of the WSL regions. Image J 

software (version 1.47, US National Institutes of Health) was used to plot grey scale changes across 

the depth of the sample in cross section, to a depth of 200 μm from the surface. Scale calibration 

bars in the SEM images were used to calibrate the Image J software so that all dimensions were 

expressed in micrometres. A selection area of 20 μm wide and 200 μm deep positioned at right 

angles to the enamel surface was used for data collection. The analysis function was used to collect 

average values at each 1.5 μm depth interval. The data for grey scale were then exported to a 

spreadsheet for statistical analysis. Data sets were checked for normality and then analyzed using 

one-way ANOVA, with Tukey-Kramer post-tests. 

As the WSL lesion depth was around 100 μm, the analysis focussed on changes in that region, 

since there was normal enamel from 100 μm onwards. To gain a pictorial representation of the 

subsurface features according to grey scale, the surface plot tool of Image J software was used. 

Standardized plots of grey scale changes over a depth of 150 μm were subjected to analysis. Adobe 

Photoshop™ CS2 software was used to measure the pixel area of subsurface lesions. Data were then 

pooled to give a final N of 10 for each lesion. Data sets were checked for normality and then analyzed 

using one-way ANOVA with Tukey-Kramer post-tests. 

EPMA was undertaken using methods described in detail previously [40, 41]. In brief, the 

excitation voltage was 15 kV and the current was 20 mA. Two diffracting spectrometers were 

assigned to collect information for calcium and phosphorus simultaneously. Spot analysis was 

performed at 10 μm intervals along a transverse line perpendicular to the outer surface to a depth 

of 200 μm. A set of 3 lines was performed for each sample. The diameter of the electron beam was 

2 μm, and the counting time was 10 sec at each point. Wilberforce fluorapatite was used as a 
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standard, and the PAP modified version of the ZAF software package (Cameca, Corbevoie, France) 

was used for data correction. Final values of atomic composition in weight percent were calculated. 

3. Results 

3.1 Qualitative Findings  

BSE imaging showed clear differences between the treatments (Figure 2). At baseline, the white 

spot lesions had intact surfaces overlying subsurface areas of mineral loss, which extended to a 

typical depth of 100 μm. As remineralization occurred with fluoride, the signal at the surface 

increased dramatically and lesion size reduced. The changes with CPP-ACP products were seen 

across the extent of white spot lesion, with almost complete disappearance of the lesion in the two 

products which contained CPP-ACP and fluoride. On a qualitative basis, the extent of change in the 

subsurface was rated, from most to least, as follows: CPP-ACFP = CPP-ACFP Enh > CPP-ACP > fluoride 

vehicle. 

 

Figure 2 Upper panel: A typical enamel slab at baseline, showing the white spot lesion 

(WSL), and the underlying enamel (E) and dentine (D). The scale bar shows 2 mm. 

Bottom panel: Backscatter images of typical enamel slabs in cross section, following 

treatment in situ for 2 weeks twice daily. All images are at the same final magnification. 

The scale bar indicates 100 μm. At baseline, the initial white spot lesions were around 

100 μm in depth. This lesion depth can also be seen in 2D and 3D in Figure 3 and Figure 

4.  
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Figure 3 2 D Cross sectional plots of grey scale density versus depth in representative 

samples, based on a single sampling frame 20 μm wide. The vertical axis is grey scale 

values. Sound enamel is 93 on this scale. The depth of the lesion at baseline was a 

distance of 100 μm. 

 

Figure 4 3 D mineral density plots showing grey scale values across the subsurface region 

of 5 slabs, with the enamel surface positioned on the left. The vertical axis is grey scale 

values, with sound enamel being 93. The scale bar in each image represents 100 μm. 

These images provide the 3D information for same samples as the 2D plots in Figure 3 

above. 

3.2 Quantitative Findings 

In terms of mineral gain, as evidenced by elevated grey scale scores and a reduction in lesion size, 

there was a significant difference between the treatments, and between the treatments and the 

baseline. Plots of grey scale versus depth showed the characteristic appearance for WSL at baseline 

(Figure 3 A). Lesion area reduced with CPP-ACP treatment, and even more so with CPP-ACFP (Figure 

3 B-E). Plots of grey scale versus distance (Figure 4) demonstrated how the subsurface changes 
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occurred with the various treatments. The ranking between products was, once again, CPP-ACFP = 

APP-ACFP Enhanced > CPP-ACP > fluoride vehicle.  

Assessing the area of the subsurface lesion and comparing this with the situation at baseline 

(Figure 5), there was a small reduction in lesion size from the vehicle containing fluoride versus the 

baseline (P < 0.05), with an even greater benefit from CPP-ACP, which was superior to the vehicle 

alone (P < 0.05) and improved from the baseline (P < 0.001). The greatest benefit compared to the 

vehicle and to the baseline was seen with CPP-ACFP in both its versions (all P < 0.001), however 

according to the lesion area analysis, differences between the two CPP-ACFP products were not 

statistically significant (Figure 6). 

 

Figure 5 A plot of mineral density (grey scale value) versus distance across the cross 

section of a white spot lesion at baseline, showing in black where mineral has been lost 

from the subsurface. The red line indicates the maximum depth of the lesion at this 

point (In this example, 125 μm). The red line marks the boundary between the lesion 

and the deeper normal enamel. The grey scale value for normal healthy enamel is 93. 

 

Figure 6 Left: Pixel areas for subsurface lesions (the area under the curve). Lower case 

letters show groups that were significantly different from the baseline and from one 

another, by Tukey-Kramer post-hoc tests after ANOVA. Bars show means and standard 

deviations. Right: Calculated lesion in fill by remineralization based on the pixel area 

change from WSL at baseline. Lower case letters show groups that were significantly 

different from one another.  
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3.3 Grey Scale Analysis 

When sampling frames of 200 X 100 μm were used to assess all pixels in the frame for grey scale 

value using the histogram function of Adobe Photoshop (Figure 7), the same overall trends were 

seen, with the highest grey scale values (and hence the greatest mineral) being found in healthy 

enamel. This was not significantly different from enamel that had been remineralized using CPP-

ACPF or the enhanced version of CPP-ACPF (Figure 8). The overall ranking for mineral levels based 

on pixel grey scale values was CPP-ACFP = CPP-ACFP Enh = normal enamel (beneath the WSL) > CPP-

ACP > fluoride vehicle > WSL at baseline.  

 

Figure 7 Analysis of the distribution of pixel grey scale values in lesion cross sections in 

the sampling frames shown by the rectangles. As mineral levels rise, the distribution 

shown on the histogram plots moves to the right, towards the value of 93 for normal 

enamel. 
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Figure 8 Statistical differences between sample groups for mean grey scale pixel values. 

Lower case letters show groups that were significantly different from one another by 

Tukey-Kramer post-hoc tests after ANOVA. The sample size for N in each group was 

84,000 pixels. 

3.4 EPMA 

In the WSL at baseline, there was a marked reduction in calcium and phosphorus content in the 

body of the lesion (Figure 9), in exactly the same pattern as noted on the grey scale plots. The 

fluoride vehicle caused a small gain in calcium and phosphorus that was superficial. A marked level 

of improvement in subsurface calcium and phosphorus occurred with CPP-ACP. The levels of calcium 

and phosphorus achieved for CPP-ACFP and the mineral enhanced version of CPP-ACP were 

identical to those for sound enamel. Surface levels of fluorine were increased with all treatments, 

with the largest improvement occurring for the CPP-ACFP mineral enhanced product.  
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Figure 9 EPMA results arranged according to the treatment group, showing proportions 

in weight percent on the vertical scale, versus distance from the enamel surface on the 

horizontal scale. Data show mean values for N = 15 points at each sample location. The 

initial WSL at baseline had a depth of ~100 μm. Treatment with CPP-ACFP restores the 

profile of the treated area to that of normal enamel.  

4. Discussion 

This study reveals some interesting differences between the fluoride vehicle control and various 

CPP-ACP-based products in terms of subsurface changes in WSL. Overall, the pattern of greater 

mineral gain than fluoride alone with CPP-ACP, and greater effects for CPP-ACP combined with 

fluoride is consistent with previous in situ studies in which enamel slabs were embedded into 

removable acrylic appliances and were located on the hard palate [33, 34]. The ability to explore 

grey scale values in a cross-section of the enamel provides an insight into the way that mineral and 

water are organized in a white spot lesion, with regular variations in mineral density showing the 

structure of the enamel rods. As subsurface mineral gain occurs, the regular pattern of the enamel 

microstructure disappears to a more even platform of dense mineral. This aspect is best shown in 

the 3D plots (Figure 4). A similar pattern of results was seen with all the methods of analysis used 

for the lesion cross sections, with the EPMA data showing superior mineral gain in the subsurface 
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for CPP-ACFP over CPP-ACP, and the treated enamel WSL achieving mineral levels the same as 

normal health enamel. 

The present study reinforces the potential for BSE imaging to reveal changes in mineral in enamel. 

This approach has been used previously to assess the extent by which different materials can exert 

tooth surface protection, when used around orthodontic brackets to prevent decalcification of 

enamel [39]. The grey scale profiles from BSE imaging correlated well with the compositional plots 

for calcium and phosphorus from EPMA. Both approaches provided a trend across the various 

products which is similar to that reported for mineral density by transverse microradiography, and 

for microhardness [33, 34]. The consistent feature of such profiles is a predominantly surface effect 

for fluoride alone, but an effect which extends across the WSL when CPP-ACP is present, either 

alone or together with fluoride. The EPMA data also show that the CPP-ACP treatments dramatically 

elevated levels of fluorine in the enamel and particularly in the outermost 25 μm of the enamel, a 

point which aligns with past studies of the acid resistance of enamel which has been remineralized 

by CPP-ACP, either alone or in combination with fluoride [32]. 

While there are benefits in an experimental model where samples are attached to the teeth, 

either directly [37, 38] or through brackets (as in the present investigation), this approach does 

come with the risk of dislodgement or damage from toothbrushing. There is also the possibility that 

the adhesives or other materials used to retain the enamel slabs could influence the 

remineralization process. In the present study, a low solubility gypsum-based material (Cavit ™) was 

used. This may have made a small contribution to the level of calcium ions in the local environment, 

but any such effect would have been the same for all the products being compared. In the same 

manner, should an in situ system with brackets be chosen, glass ionomer cement should not be used 

to bond the brackets to the teeth, or to fix the enamel slabs in place, since this will have a significant 

effect on the sample through the release of fluoride, not only initially, but over time through 

successive cycles of release followed by recharging from fluoride from dentifrices or other products 

[44]. 

The EPMA analysis used in the present study showed subtle differences between the enhanced 

and non-enhanced versions of Tooth Mousse Plus, which were not readily apparent from the BSE 

grey scale plots. The higher levels of fluorine and the higher calcium to phosphate ratios seen in the 

outer regions of the enamel surface suggest that this mineral dense layer has a higher proportion 

of fluorapatite which should endow it with greater acid resistance than surrounding normal enamel. 

This point needs to be examined further using acid challenge experiments, with SEM examination 

of the surface or an assessment of changes in enamel microhardness before and after acid challenge. 

Finally, the use of mineral density data to generate 3-dimensional plots is a novel approach for 

assessing remineralization of the body zone of white spot lesions. The current findings extend those 

of earlier investigations in which treated WSL lesions were examined using SEM. These showed that 

voids between enamel prisms on the surface had been filled in by deposits of mineral when CPP-

ACP was used [37, 38, 45]. The present study showed mineral gain below the surface, in the body 

of the lesion. The ability to achieve mineral deposition deep within WSL is a unique characteristic of 

CPP-ACP, and explains why it can cause visible regression of WSL so effectively [3, 5]. 

The in situ model used in the present study builds on the benefits of using a more realistic model 

system for assessing remineralization that have been discussed in earlier work [38]. Twice daily 

brushing will reduce biofilm on the slabs and maximize the opportunity for products to contact the 

surface, and maximize the benefits from exposure to parotoid saliva. This combination of factors 
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provides a suitable situation for remineralization of the subsurface of the lesions to occur, especially 

in young healthy patients with normal salivary flow. Remineralization of the surface has been shown 

in past studies of enamel slabs bonded to maxillary posterior teeth, both in healthy young patients 

[38] and in older adult patients with Sjogren’s syndrome [37]. Past studies showed closure of surface 

porosities, while the present study using lesion cross-sections showed subsurface mineral gain. 

Taken together, these findings emphasize the effectiveness of remineralization protocols using CPP-

ACP, in an experimental model with a high level of realism. 

Finally, a key point in the present study, all subjects were dentally aware and had high compliance, 

since all were dental undergraduate or postgraduate students. Patients with low compliance, poor 

oral hygiene or compromised salivary parameters would not show such rapid changes in white spot 

lesions as those documented in the present study. 

5. Conclusions 

This proof-of-concept study shows that rapid remineralization of enamel WSL can occur when 

there is ready access to parotid saliva, regular brushing of enamel surfaces, and twice daily topical 

use of CPP-ACP or CPP-ACFP products by highly compliant healthy subjects. Based on mineral 

density assessments of lesion cross sections (using BSE) and EPMA assessments of calcium and 

phosphorus levels, CPP-ACP was superior to fluoride for mineral gain in the subsurface region of 

WSL, and CPP-ACFP was superior to CPP-ACP. In situ model systems may have value for screening 

new product formulations for their effect on mineral gain in the subsurface region of enamel WSL. 
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