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Introduction

Dental caries is one of the major public health 
problems, possibly greater than many other 

well‑known diseases such as hypertension, heart disease, 
and cancer.[1,2] Researchers and product developers 
continue to search for ways to reduce the risk of caries 
in patients. Recently, many remineralization techniques 
have been tried out, among which the well‑known is the 
use of fluoride.[3]
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Objectives: The aim of this in  vivo study was to quantitatively evaluate the 
remineralization of the enamel caries on smooth and occlusal surfaces using 
DIAGNOdent, after daily application of casein phosphopeptide‑amorphous 
calcium fluoride phosphate  (CPP‑ACFP). Materials and Methods: Thirty 
volunteers, aged 18–30  years, with white spot lesions on the smooth and 
occlusal surfaces of the teeth were included in the study. These white spot 
lesions were visually examined and the degree of demineralization was 
quantitatively evaluated using DIAGNOdent. Volunteers with lesions scored as 
enamel caries on smooth surfaces (n = 109) and on occlusal surfaces (n = 176) 
were randomly divided into control and study groups. Both groups were 
instructed regarding oral hygiene and were asked to brush their teeth with the 
same tooth paste and tooth brush. In the study group, CPP‑ACFP was applied 
daily for 4  min on the existing enamel caries lesions. After 4  weeks, the 
mineralization changes in enamel caries on the smooth and occlusal surfaces 
were assessed by DIAGNOdent. Recorded data were statistically analyzed by 
Wilcoxon signed‑rank test and Mann–Whitney U‑test. Results: Comparison 
of DIAGNOdent values evaluated before and after the application of CPP‑ACFP 
showed that the remineralization of enamel caries lesions on smooth and occlusal 
surfaces occurred in the study group (both, P < 0.001). The control group showed 
no quantitative changes at the end of 4 weeks (P > 0.05). At the end of the study 
period, the DIAGNOdent values differed significantly between the control and 
study groups  (P  <  0.001). Conclusions: Daily local application of CPP‑ACFP 
for 4  min for 4  weeks results in significant remineralization of the initial caries 
lesions. Clinical Relevance: CPP‑ACFP can be used in the treatment of white 
spot lesions.
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Gels, varnishes, and fluoride‑releasing materials are 
the professional fluoride delivery methods, which can 
contribute greatly to the inhibition of demineralization 
and can remineralize high‑risk tooth areas with oral 
hygiene instructions and dietary control.[4‑6] Topical 
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fluoride agents have been shown to decrease enamel 
demineralization in  vitro and in clinical studies.[7,8] 
Fluoride ions can be incorporated into the hydroxylapatite 
structure of tooth enamel by the replacement of hydroxyl 
groups or by redeposition of dissolved hydroxyl‑apatite 
as less soluble fluoridated forms, such as fluorapatite or 
fluorhydroxyapatite.[9]

Fluoride treatment for remineralization is limited 
by the lack of available calcium and phosphate 
ions.[10] Bioactive agents based on milk protein 
casein‑phosphopeptide  (CPP) with amorphous calcium 
phosphate  (ACP) have been also developed to release 
elements that enhance remineralization of the enamel 
and dentin. CPP‑ACP agents may have potential in 
preventing caries in high‑risk patients.[11‑13] CPP‑ACP has 
a multifactorial anticariogenic mechanism. It has been 
claimed that it promotes remineralization of the carious 
lesions by maintaining a supersaturated state of enamel 
mineral by high‑concentration of calcium and phosphate 
ions.[14] Moreover, CPP‑ACP has been already shown 
to prevent enamel demineralization and to promote 
remineralization of subsurface enamel lesions in animal 
and human in in situ caries models.[12,14]

The anticaries role of CPP‑ACP is attributed to the presence 
of calcium and phosphate, and the negative relationship 
between caries and the presence of calcium and phosphate 
has been generally accepted.[15‑18] Further, the fluoride ion 
has been shown to reduce the speed of demineralization 
and enhance the reproduction of enamel crystals.[19‑22] When 
CPP‑ACP is combined with fluoride toothpaste, the fluoride 
ions react with CPP‑ACP to form CPP‑amorphous calcium 
fluoride phosphate  (ACFP). Reynolds established that the 
nanocomplex, CPP‑ACFP, provided calcium, phosphate, 
and fluoride ions to the surface of the teeth and therefore 
had a tremendous effect on enamel remineralization.[12]

For diagnosing caries in a clinic, visual inspection, 
detection with an explorer, and radiographic examination 
have been used.[23] On the other hand, diagnosis of early 
enamel caries using the traditional methods have been 
found to be insensitive and inaccurate. Furthermore, 
radiography has the added risk of the patient being 
exposed to ionizing radiation.[24] In modern dentistry, 
imaging techniques such as conventional and digital 
bitewing radiography, and electrical resistance  (such 
as ECM), auto‑fluorescence  (such as QLF) of teeth are 
available methods for caries detection. In caries diagnosis, 
the other supplemental methods such as DIAGNOdent, 
transillumination, and DIFOTI devices could be also 
used.[24] Tooth enamel is almost transparent to red light 
and near‑infrared light. Stained carious lesions have been 
shown to fluoresce under red light with the fluorescence 

in the near‑infrared region.[25] DIAGNOdent is based 
on fluorescence measurements and produced promising 
results in in  vitro studies.[23] Diagnosis using this device 
is based on the fluorescence emitted from carious 
surfaces when they are irradiated with the laser beam 
by a wavelength of 655  nm. Compared to traditional 
methods, the DIAGNOdent device clearly improves 
diagnostic accuracy of carious lesions,[26] thus facilitating 
the introduction of appropriate preventive measures 
sufficiently early. High sensitivity was observed for teeth 
with hidden caries, and the reproducibility of the results 
was such that monitoring of the course of the carious 
process may be possible for occlusal lesions.[25,27]

The removal of the affected tissues and replacement 
with a restorative material is the conventional treatment 
concept for all caries‑affected teeth. Optimal invasive 
strategies are preferred for the treatment of decayed 
lesions, according to the principles of minimal 
intervention dentistry.[28] Noncavitated lesions as well as 
caries extending up to the dentinoenamel junction can 
be arrested if the cariogenic challenges of the specific 
micro environment are sufficiently controlled or/and if 
therapeutic agents are applied for tissue healing.[29]

Recently, CPP‑ACP products have been used in in  vivo 
studies, in which volunteers were asked to apply 
CPP‑ACP paste twice a day after brushing their teeth 
with a fluoride toothpaste.[30,31] Furthermore, the aim 
of this study was to evaluate the effect of CPP‑ACFP 
paste, which was applied for 4  min/day by the dentist 
for 4  weeks, on the remineralization process in enamel 
smooth surfaces and occlusal surfaces by using laser 
fluorescence device.

Materials and Methods
Study population
Approval for the clinical trial was obtained from 
the Istanbul University Faculty of Medicine Ethics 
Committee (2009/3011‑124). The study was conducted 
in full accordance with the World Medical Association 
Declaration of Helsinki.

Thirty healthy volunteers  (14  female and 16  male) aged 
18–30  years with white spot lesions on tooth smooth 
surfaces and fissures were included in the study. Patients 
who are allergic to milk protein were excluded [Figure 1].

Visual examination and DIAGNOdent 
measurements
At the beginning of the investigation, teeth were 
categorized according to the International Caries 
Detection and Assessment System II  (ICDAS II) 
criteria  (www.icdas.org) by consensus between two 
trained and calibrated examiners (a and b) and at a later 
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date, the two examiners were trained and calibrated to 
the use of the laser fluorescence device (c and d). Kappa 
statistics were obtained for assessment of interobserver 
agreement by using 20 extracted teeth. Both examiners 
were encouraged to carefully re‑measure the points with 
maximal readings. A  high level of agreement between 
the observers was obtained  (Kappa score = 0.90). In the 
cases involving a disagreement between the results, the 
evaluation was repeated at different time intervals and 
the observers reached a consensus by consultation. The 
maximum reading for an ICDASII index score for each 
surface was recorded. DIAGNOdent measurements were 
repeated until 3 readings were within  ±3 units of each 
other, and then recorded for that surface.

Visual examination was performed with the ICDASII 
index. Tooth surfaces were prolonged air-drying 
(>5 s). Tooth surfaces, which were classified 0, 1, and 
2 according to the ICDASII index codes, were included 
in the study [Table 1].

Laser fluorescence examinations were measured 
quantitatively using the DIAGNOdent device (Type 2095, 
Sn 05‑1519775; Kavo, Biberach, Germany). The teeth 
were isolated with sterile cotton rolls and the surfaces 
of the teeth were dried with an air spray. The device 
was calibrated with a ceramic standard, after which the 
fluorescence of a sound spot on the smooth surface of 
the tooth was measured to provide a baseline value; 
this value was then subtracted electronically from the 
fluorescence of the site to be measured. Finally, the tip 
of the laser device was placed on the white spot lesions 
and rotated around a vertical axis until the highest 
fluorescence reading was obtained. Laser fluorescence 
examination results were scored using the manufacturer’s 
scoring system [Table 2]. Teeth that were scored 1 and 2 
were included in the study.

Treatment procedures: Volunteers with lesions that 
showed visual examination scores of 0, 1, and 2 
and DIAGNOdent scores of 1 and 2 on smooth 
surfaces  (n  =  109) and on occlusal surfaces  (n  =  176) 
were randomly divided into two subgroups as the control 
group and study group  [Table  3]. Both groups were 
educated on oral hygiene and motivated to brush their 
teeth twice a day with the same tooth paste (Colgate 
Total; Colgate‑Palmolive Technology Center, Piscataway, 
NJ, USA; 1450  ppm F) and tooth brush  (Oral‑B® 
Advantage Complete Whole Mouth Clean).

In the study groups  (Group 1 and 3), teeth were isolated 
with sterile cotton rolls and the surfaces of the teeth were 
dried with an air spray. CPP‑ACFP (10% CPP‑ACP plus 
900  ppm fluoride crème, MI Paste Plus, GC America, 
Alsip, IL, USA) was applied 4  min/day for 4  weeks 

on the existing enamel caries lesions by researchers. 
Volunteers were asked to avoid additional fluoride‑based 
preventive measures during the experimental period. 
After the 4‑week experimental period, values for 
the white spot lesions were again recorded using the 
DIAGNOdent device and the changes in the values and 
scores were recorded.

In the control groups  (Group  2 and 4), CCP‑ACFP was 
not applied. The volunteers only brushed their teeth twice 
a day with the provided tooth paste and tooth brush. 
Volunteers were asked to avoid additional fluoride‑based 
preventive measures during the experimental period. 
After the 4‑week experimental period, values for 
the white spot lesions were again recorded using the 
DIAGNOdent device and the changes in the values and 
scores were recorded.

Statistical methods
Recorded data were statistically analyzed by the 
Wilcoxon signed‑rank test and Kruskal Mann–
Whitney U‑test. All data were processed by SPSS 
software  (version  19.0; SPSS Inc., Chicago, IL, USA). 
The differences in the groups at baseline and the 4‑week 
interval were calculated by the Wilcoxon signed‑rank 
test. The Mann–Whitney U‑test was used to determine 
statistically significant differences between both the 
groups at baseline and the 4‑week interval. The level of 
significance for all the tests was set at 5%.

Results

Comparison of DIAGNOdent values evaluated before 
and after the application of CPP‑ACFP exhibited 

Figure 1: Flow diagram
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Table 1: International Caries Detection and Assessment 
System II index

Code Description
0 Sound
1 First visual change in enamel (seen only after 

prolonged air drying or restricted to within the confines 
of a pit or fissure)

2 Distinct visual change in enamel
3 Localized enamel breakdown (without clinical visual 

signs of dentinal involvement)
4 Underlying dark shadow from dentin
5 Distinct cavity with visible dentin
6 Extensive distinct cavity with visible dentin

Table 4: Mean values and standard deviation of baseline 
and 4‑week scores in the smooth surfaces group

Smooth surfaces Mean±SD P§ Z
Baseline 4 weeks

Group 1: Study group 5.13±2.77 2.82±2.77 <0.001 <0.001
Group 2: Control 
group

6.62±3.63 6.75±3.42 >0.05

§Wilcoxon signed‑rank test; Z=Mann–Whitney U‑test. SD=Standard 
deviation

Table 5: Mean values and standard deviation of baseline 
and 4‑week scores in the occlusal surfaces group

Occlusal surfaces Mean±SD P§ Z
Baseline 4 weeks

Group 3: Study group 8.83±4.53 3.22±2.85 <0.001 <0.001
Group 4: Control 
group

9.81±5.04 10.22±5.14 >0.05

§Wilcoxon signed‑rank test; Z=Mann–Whitney U‑test. SD=Standard 
deviation

Table 6: Visual examination scores
ICDASII 
index

Baseline 4 weeks P§

Code 
0

Code 
1

Code 
2

Code 
0

Code 
1

Code 
2

Group 1 
(n=57)

12 24 21 12 24 21 1.000

Group 2 
(n=52)

10 26 16 10 26 16 1.000

Group 3 
(n=92)

23 40 29 23 40 29 1.000

Group 4 
(n=84)

24 34 26 24 40 29 1.000

§Wilcoxon signed ranks. ICDAS II=International Caries Detection 
and Assessment System II

Table 2: Laser fluorescence scoring system
Score Description
Score 1 Laser fluorescence score 0-4, no caries or white opaque 

lesions
Score 2 Laser fluorescence score 5-10, enamel caries limited to 

the outer half of the enamel thickness
Score 3 Laser fluorescence score 11-20, enamel caries limited to 

the inner half of the enamel thickness without obvious 
spread in the dentin

Score 4 Laser fluorescence score ≥21, caries spread in the dentin

Table 3: Treatment groups
Groups 
and n

Surfaces Application prosedure

Group 1 
(n=57)

MI Paste Plus 
on smooth 
surfaces

MI Paste Plus application 4 min/
day for 4 weeks + tooth brushing 
2 times with 1450 ppm fluoride 
toothpaste

Group 2 
(n=52)

Control on 
smooth surfaces

Tooth brushing 2 times with 1450 
ppm fluoride toothpaste

Group 3 
(n=92)

MI Paste Plus 
on occlusal 
surfaces

MI Paste Plus application 4 min/
day for 4 weeks + tooth brushing 
2 times with 1450 ppm fluoride 
toothpaste

Group 4 
(n=84)

Control on 
occlusal 
surfaces

Tooth brushing 2 times with 1450 
ppm fluoride toothpaste

remineralization of enamel caries lesions on smooth 
surfaces (Group  1) (P  <  0.001) and occlusal surfaces 
(Group  3) (P  <  0.001). In the control groups 
(Group  2 and 4), no quantitative changes were found 
in the enamel caries lesions on the smooth surfaces 
and in fissures at the end of 4  weeks (P  >  0.05). The 
changes in the DIAGNOdent values for the smooth 
surfaces  (Group  1 and 2) at the end of the study period 
showed a statistically significant difference between the 
control and study groups (P < 0.001) [Table 4]. Similarly, 
the changes in the DIAGNOdent values for the occlusal 
surfaces (Group  3 and 4) at the end of the study period 

also showed a statistically significant difference between 
the control and study groups  (P  <  0.001)  [Table  5]. 
None of the groups showed progression in the visual 
examination (P = 1.000) [Table 6].

Discussion

This study evaluated the remineralization efficiency of 
a 4‑week chair side application of CPP‑ACFP on white 
spot lesions in comparison with a control group. White 
spot lesions could have an unreachable surface for the 
remineralization and demineralization process. These 
lesions are considered the earliest phase of the caries 
process and they are reversible. These lesions can be 
treated by conventional approaches, but these have the 
disadvantage of being invasive.[32] It has been reported 
that occlusal caries were more easily detected than 
proximal caries by visual examination;[33] therefore, for 
better identification and reproducibility, lesions in the 
occlusal and smooth surfaces were selected for this study.
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In this study, a laser fluorescence system was used to 
detect the white spot lesions with visual inspection. Visual 
clinical inspection at occlusal sites provides insufficient 
sensitivity in in  vivo conditions. On the other hand, the 
laser fluorescence‑based DIAGNOdent device helps 
measure early demineralization and provides good to 
excellent sensitivity.[27] Healthy dental substance and 
diseased dental substance have different fluorescence. 
The organic and inorganic materials existing on the 
tooth surface absorb the laser light and emit fluorescence 
in the infrared region of the spectrum. The presence 
of a demineralized area increases the fluorescence. 
DIAGNOdent device makes an audible sound that 
indicating the fluorescence increase. Higher frequency 
of sound and higher‑pitched sound indicate greater 
demineralization.[3]

Many remineralization agents can be used to promote 
remineralization by ionic exchange mechanism. In this 
study, CPP‑ACFP  (MI Paste Plus) product is used. 
CPP‑ACP and fluoride have been reported to have 
the potential in promoting remineralization[13,14] and 
CPP‑ACFP buffers free calcium, phosphate, and fluoride 
at a supersaturated status and preserves them in close 
proximity to the enamel lesion, thereby decreasing 
demineralization and enhancing remineralization of 
enamel lesions.[34]

The mean and standard deviation were calculated and 
tests of significance were performed for each group. 
Comparison of the mean DIAGNOdent value of 
Group 2 (control group of smooth surfaces; 6.75 ± 3.42) 
with its baseline DIAGNOdent value  (6.63  ±  3.63) 
shows that there were no quantitative changes. On 
comparing the DIAGNOdent value of Group  1  (study 
group of smooth surfaces; 2.82  ±  2.77) to its baseline 
DIAGNOdent value  (5.13  ±  2.77), it was evident that 
a significant amount of remineralization had occurred. 
On comparing Group  1 and 2, the former showed 
a significantly higher amount of remineralization. 
Comparison of the mean DIAGNOdent value 
of Group  4  (control group of occlusal surfaces; 
10.22  ±  5.14) with its baseline DIAGNOdent 
value  (9.81  ±  5.04) showed that there were no 
quantitative changes. On comparing the DIAGNOdent 
value of Group  3  (study group of occlusal 
surfaces; 3.22  ±  2.85) to its baseline DIAGNOdent 
value  (8.83  ±  4.53), it was evident that a significant 
amount of remineralization had occurred. On comparing 
Group 3 and 4, the former showed a significantly higher 
amount of remineralization. For all groups, there were 
no progression in the visual examination (P = 1.000).

The results of this study showed that the application 
of CPP‑ACFP on enamel occlusal and smooth surfaces 

was able to prevent demineralization of enamel, thereby 
suggesting its use in the prevention of white spot lesions. 
It has been reported that either directly or indirectly, 
casein is able to buffer plaque acid through bacterial 
catabolism.[35] The buffer capacity of the agent could 
explain the aforementioned preventive demineralization 
behavior. According to a previous study, this agent 
releases basic amino acids, which are able to accept 
proton ions.[36] Rahiotis and Vougiouklakis made 
another possible explanation mechanism which is the 
presence of the agent on enamel surface acts as inert 
barrier preventing the diffusion of protons. According 
to them, CPP‑ACP has ability to release calcium and 
this is likely to depress demineralization.[36]

The results of this study have also demonstrated 
that CPP‑ACFP enhances the remineralization of 
white spot lesions. This is consistent with a previous 
in  vitro remineralization study, which showed that the 
combination of fluoride toothpaste and CPP‑ACP  (Tooth 
Mousse) improves the remineralization effect.[37] CPPs 
have the ability to stabilize calcium phosphate on 
tooth surface, maintaining thereby high concentration 
gradients of calcium and phosphate ions, promoting thus 
remineralization of hard tissues.[36]

Krithikadatta et al. used CPP‑ACP alone or with fluoride 
for the remineralization of occlusal white spot lesions 
and used visual examination and DIAGNOdent device 
to determine them.[31] They instructed the volunteers to 
use the remineralizing agent twice a day for 4  weeks. 
Volunteers applied the cream‑based agent to smear a 
peanut‑sized dab of cream on all the surfaces of all teeth. 
In our study, the participants applied CPP‑ACFP on 
white spot lesions only once per day for 4 weeks.

In this study, 4  weeks after the application of 
CPP‑ACFP, DIAGNOdent measurements exhibited a 
significant decrease in Groups  1 and 3 in comparison 
with the control Groups  2 and 4. The decrease in 
DIAGNOdent values of Groups  1 and 3 might also be 
explained by the changes in the surface properties of 
white spot lesions due to CPP‑ACFP application. On 
the other hand, there were no changes in the visual 
examination scores. We think that CPP‑ACFP first 
stabilizes calcium phosphate on the surface zone of the 
enamel caries, and day by day it penetrates into the 
body of the lesion and dark zone. It will take a long 
approach to penetrate the inner parts of the lesion, 
especially the dark zone, which gives caries lesion the 
ability to detect by visual examination. CPP‑ACP is 
reported to have topical anticariogenic effects because 
of its ability to stabilize calcium and phosphate 
in an amorphous state, preventing the growth of 
calcium phosphate to the critical size required for 
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precipitation.[13,38,39] The usage of CPP‑ACP might have 
taken place to form new hydroxyapatite crystals and/
or with fluoride new fluorapatite or fluorhydroxyapatite 
crystals. They might have formed from the minerals 
existing in the paste by physical diffusion of the ions to 
the destroyed hydroxyapatite area. In a previous study, 
CPP‑ACP and fluoride were found more effective 
than CPP‑ACP alone.[40] According to Elsayad et  al., 
the addition of fluoride to CPP‑ACP could give a 
synergistic effect on enamel remineralization.[41] Kumar 
et  al.[42] indicated that CPP‑ACP remineralized initial 
enamel lesions and showed a higher remineralizing 
potential when applied as a topical coating after the 
use of fluoridated toothpaste.

CPP‑ACP has been shown to slow the progression of 
caries significantly and to promote the regression of 
early lesions in randomized, controlled clinical trials.[43‑45] 
Systematic review with meta‑analysis studies also indicate 
that CPP‑ACP has a short‑term remineralization effect.[46] 
According to our results, CPP‑ACFP could be suggested 
as a preventive system against demineralization of early 
enamel lesions on occlusal and smooth surfaces.

Conclusions

It can be concluded that within the limitations of this 
study, CPP‑ACFP had a high remineralization effect after 
4  min/day application for 4  weeks. Longer observation 
period with an enlarged sample size is recommended 
to confirm whether the greater remineralization in early 
caries lesions is maintained.
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