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Abstract
Aim and Objective: This study was intended to compare and determine the potency of strontium-doped nano-
hydroxyapatite paste against a topical cream containing casein phosphopeptide-amorphous calcium phosphate and a regular 
dentifrice for remineralization of white spot lesions of enamel following orthodontic debonding.
Methods: Ninety individuals with white spot lesions on their enamel who visited the orthodontic department for de-bonding 
were selected for the research. Patients were randomly assigned to three distinct groups with each group consisting of 30 
patients. Group 1 served as the control and received regular dentifrice, Group 2 received strontium-doped nano-hydroxyapatite 
paste, and Group 3 received casein phosphopeptide-amorphous calcium phosphate topical cream. Patients were instructed to 
locally apply a specified amount of the prescribed preparation twice daily for six weeks. The data were analysed using the 
statistical programme SPSS 22.0 (SPSS Inc., Chicago, IL, USA), and the level of significance had been set at p < 0.05.
Results: Group 1 did not show any change in the enamel following the application of toothpaste. Both Group 2 and 3 
demonstrated higher post-treatment scores, indicating effective remineralization potential (p < 0.001). However, Group 2 
(strontium-doped nano-hydroxyapatite paste) displayed significantly greater remineralization capacity when compared to 
group 3 (casein phosphopeptide-amorphous calcium phosphate topical cream).
Conclusion: Compared to conventional dentifrice and casein phosphopeptide-amorphous calcium phosphate paste, 
strontium-doped nano-hydroxyapatite preparation demonstrated greater enamel remineralization of the white spot lesions 
and favourable surface alterations in the enamel surface. strontium-doped nano-hydroxyapatite can be utilised safely and 
efficiently to treat early caries and remineralise white spot lesions on the enamel.
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Introduction

An imminent risk of orthodontic therapy is the demineralisa-
tion of enamel which occurs as a result of the deposition of 
plaque around the brackets for extended periods that subse-
quently creates white spot lesions (WSLs).1 The earliest indi-
cations of caries are WSLs, which if left untreated proceed to 
cavitated lesions. Effective therapy can prevent and reverse 
these lesions.2 This is plausible if cariogenic stressors in the 
particular microenvironment are adequately managed or if 
corrective drugs are employed to encourage tissue healing. 
Given the resemblance of hydroxyapatite (Ca10(PO4)6(OH)2) 
to the mineral compositions found in teeth, it is one of the 
most biocompatible and bioactive materials that is employed 
to remineralise the enamel.

Recently, remineralisation of enamel defects has been 
accomplished using nano-hydroxyapatite (nHAp). Together 
with saliva’s inherent ability to heal wounds, nanosized par-
ticles of hydroxyapatite (nHAp) can enter the pores of 
enamel, increasing the rate at which Ca2+ ions are released 
and thus promoting mineralisation in the teeth.3 Many stud-
ies have been conducted replacing calcium (Ca2+) with 
strontium (Sr2+) in various ratios to overcome the limita-
tions of nHAp.4–8 Sr2+ is a trace element in the body and is 
readily absorbed and integrated by tissues. Strontium-doped 
nano-hydroxyapatite (SrnHAp) has been demonstrated to 
have potential for encouraging enamel repair and reminerali-
sation. The cytotoxicity and toxicology assessment of the 
patented SrnHAp paste has been already established.9

The application of casein phosphopeptide-amorphous 
calcium phosphate (CPP-ACP) is one of the numerous 
methods that have been suggested for boosting reminerali-
sation and lowering the incidence of WSLs and dental car-
ies.10 CPP-ACP (ACP) containls milk protein casein nano 
complexes with amorphous calcium phosphate that can 
promote the remineralisation of carious lesions by inhibit-
ing the colonisation of cariogenic microorganisms on tooth 
surfaces.11,12

This study aimed to compare the remineralisation poten-
tial of SrnHAp, topical cream containing CPP-ACP, and 
regular dentifrice in the management of WSLs in enamel 
following debonding in orthodontic patients using visual 
assessment.

Materials and methods

Study population

This randomised controlled in vivo clinical trial registered 
with Clinical Trials Registry - India (CTRI) was conducted 
on patients who visited the Department of Orthodontics and 
Dentofacial orthopaedics in 2022, for debonding and having 
WSLs. Ninety individuals who completed orthodontic treat-
ment with WSLs were selected in accordance with the inclu-
sion and exclusion criteria.

Inclusion and exclusion criteria

Patients were included upon meeting the following inclusion 
criteria:

1. Age range between 15 and 25 years.
2. Patients with at least one WSL (with score from 0 to 

2) on their upper anterior teeth who had undergone 
debonding after concluding orthodontic treatment 
were included.

3. WSLs that were not there before orthodontic treat-
ment are now evident on the labial surfaces of one or 
more of the maxillary anterior teeth.

4. Patients who had not received any fluoride treatment 
in the past 3 months.

5. The teeth had no caries or other structural 
abnormalities.

The following were the exclusion standards:

1. Reluctance to be randomised into one of the three 
treatment groups.

2. Existence of an aberrant oral, physiological, or psy-
chological condition.

3. Maxillary anterior teeth with any structural abnor-
malities, such as dentin decay, hypoplasia of the 
enamel, or both.

4. The existence of periodontal pockets around the 
anterior maxillary teeth.

Source of data

The sample size of 90 participants was sufficient to guaran-
tee 90% power of the study and sample size estimated was 
based on other orthodontic clinical trials.13 Ninety patients 
aged between 15 and 25 with WSLs on enamel were selected 
in accordance with the inclusion and exclusion standards. 
Prior to the start of the study, patients were well informed 
about the intent and layout of the investigation. As the study 
involved both minor and major subjects, written consent for 
participation was also acquired from the study subjects or 
their legally authorised representative (in case of minor).

Method of data collection

A comprehensive clinical assessment was conducted on all 
patients after debonding by a clinician. With the use of a 
plain mouth mirror and a No. 23 explorer, the teeth were 
visually examined for WSLs under standard examination 
light after air drying. Ninety patients with presence of WSLs 
on maxillary teeth were divided into three groups of thirty at 
random and received different treatment regimens. 
Participants were randomly assigned into Group 1, Group 2 
and Group 3 with a 1:1:1 allocation as per computer-gener-
ated randomisation codes using permuted blocks of random 
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sizes. The information about the assigned groups was 
recorded on cards inside consecutively numbered, sealed 
envelopes to prevent bias.14 Ekstrand et al.15 criteria (Table 
1) was employed to decide the initial scoring values of the 
enamel at baseline and at 6 weeks. The systems developed 
by Ekstrand et al.15 are based on how caries present biologi-
cally and how it manifests during a clinical evaluation. The 
evaluation of non-cavitated lesions using indicators like the 
location and colour of the lesion, tactile evaluation, cavita-
tion, and the lustre are credible predictors and when used 
collectively will boost the precision of activity assessment 
and exhibits excellent reproducibility.

For inter-examiner and intra-examiner bias, calibration 
test was done before the start of study for satisfactory con-
formity. The visual assessment was conducted by two exam-
iners in accordance with the scoring criteria established by 
Ekstrand et al.15 Only lesions scoring from 0 to 2 were 
included in the study. The examiners evaluating the scores, 
as well as the patients were blinded to avoid bias. The exam-
iners visually assessed for WSLs in four areas (i.e., gingival, 
incisal, mesial, and distal) on the labial surfaces of maxillary 
anterior teeth at baseline and post-treatment in all patients.

Group 1 served as the control and received regular Colgate 
tooth paste, Group 2 received SrnHAp paste, and Group 3 
received Casein phosphopeptide-amorphous calcium phos-
phate (CPP-ACP) preparation.

Preparation of SrnHAp paste

A fine powder made using the 25 mol% SrnHAp co-precipi-
tation technique was used to formulate the paste. To get a 
paste-like consistency, the dry ingredients were all thor-
oughly crushed by mortar and pestle before being mixed 
with glycerin and deionized water. The freshly prepared 
paste weighed 100 g and contained 50 g of 25 mol% SrnHAp, 
30 g of glycerine and sorbitol working as humectants, 2 g of 
sodium lauryl sulphate serving as detergent, 3 g sodium algi-
nate as binder, and 15 ml of deionized water.9 The paste was 
then placed in anopaque tube and utilised in the experiment.

All the three preparations were transferred into opaque 
tubes and labelled as A, B and C. Tubes were distributed 
among patients as per their respective groups. Patients were 
instructed to use a standardised amount of the provided paste 
twice daily for six consecutive weeks after using dentifrices 
and soft-textured toothbrushes for daily oral care.16 Since the 
preparations had different consistencies, to guarantee that 

the remineralizing agents stay on the tooth surface and to 
avoid relapse following orthodontic therapy, subjects were 
advised to wear Essix clear retainers.17 Follow-up appoint-
ments were set at the completion of 6-week period. The trial 
was stopped after receiving the post-treatment scores of all 
the samples from all three groups. Each group were evalu-
ated separately for pre-treatment and post-treatment scores 
as primary outcomes. Flowchart of the participant flow and 
experimental procedure is shown in Figures 1 and 2.

Statistical analysis

The statistical programme SPSS 22.0 (Statistical Package for 
Social Sciences Inc., Chicago, IL, USA) was employed for 
analysing the data. To evaluate the standard deviation and 
mean of the various groups, a descriptive statistical analysis 
was carried out. The visual analogue score was compared 
across groups using the Kruskal–Wallis ANOVA test and 
intra-group comparisons using the Mann–Whitney test. A 
p-value of 0.05 cutoff was used to determine significance.

Ethical considerations

Prior to including any human participants in the study, their 
informed written consent was obtained from them or their 

Table 1. Visual inspection criteria (Ekstrand et al.15).

Visual category Visual category criteria

Score 0 Translucency after prolonged drying with air (5 s). No change or slight change in enamel
Score 1 Discoloration or opacity is scarcely distinguishable if the surface is wet, but after air drying it gets clearly visible
Score 2 Discoloration or opacity is visible even if air drying is not used
Score 3 Grayish discoloration from the dentine below. Localised breakdown of the enamel in discoloured or opaque enamel
Score 4 Cavitation in the discoloured or opaque enamel. The dentine is exposed

Assessed for eligibility (n=90)Enrolment

Excluded (n=0)

Allocation
Allocated to intervention(n=90)
Received allocated intervention (n=90)

n=90 (no loss of participants) Follow up

Analysis Analysed (n=90)
Excluded from analysis (give reasons) (n=0)

Figure 1. Flowchart of participant flow.
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legal representatives. Anonymity and confidentiality of sub-
jects were maintained throughout the investigation. Ethical 
clearance for the study was attained from NIMS institutional 
ethical committee (NIMS/IEC/2022/04/02).

Results

Of the 90 patients that were included in the study, 46 (51.2%) 
were men and 44 (48.8%) were women. Table 2 revealed that 
there were no significant variations in the presence of WSLs 
between males and females. With a p-value greater than 
0.05, there was no statistically significant difference in the 
distribution of WSLs according to gender in any group. The 
pre- and post-treatment scoring of all three groups were eval-
uated based on the Ekstrand et al.15 Criteria and is shown in 
Table 3. The statistical analysis was based on the number of 
patients with WSLs of scores 1 and 2. For Group 1 (tooth-
paste without any remineralising agent), the pre-treatment 
score was 2 for 21 subjects and 1 for 9 subjects. There was 
no change in the pre- and post-treatment scores of Group 1 
(30% and 70%). The pre-treatment score of both group 2 
(SrnHAp paste) and group 3 (CPP-ACP) was similar to 
group 1. However, the post-treatment score of Group 2 
(SrnHAp paste) was 0 for 26 subjects and 1 for 4 subjects, 
showing greatest remineralisation potential (86.7% and 
13.3%) when compared to group 3 with 0 for 23 subjects and 
1 for 7 subjects (76.7% and 23.3%respectively) (Figure 3).

The intergroup comparison of pre- and post-treatment 
scores and the average median score calculated for the three 
groups are shown in Table 4. There was no change in the 
enamel after using toothpaste without a remineralising ingre-
dient since Group 1’s pre- and post-treatment median scores 
were both 2, indicating that there was no difference between 
the two. In contrast, the pre-median treatment score in groups 

2 and 3 was 2 and the post-median treatment score was 0, 
suggesting the remineralising efficiency of the preparations 
employed (Figure 4). The intergroup comparison of pre- and 
post-treatment scores of all three groups was made using the 
Kruskal–Wallis ANOVA test. The outcomes were of statisti-
cal importance (p-value 0.001) since the p-value ⩽ 0.05was 
considered statistically significant (Table 4).

According to the Ekstrand et al.15 criterion, scores of 0, 1, 
and 2 were assigned to each category. The Mann–Whitney 
test was used for the intergroup comparison and when groups 
1 and 2 were compared, Group 2 had the highest post-treat-
ment score, which was deemed significant (p-value of 0.001) 
(Table 5). This indicates the superiority of SrnHAp paste 
over conventional toothpaste in terms of remineralization. 
The remineralising potential of groups 2 and 3 were com-
pared. (Table 6). Both SrnHAp and CPP-ACP groups showed 
greater scores for remineralisation potential compared to the 
control, but the difference among the two groups were statis-
tically non-significant (p-value 0.321) since only a 
p-value ⩽ 0.05 was considered to be statistically significant 
(Figure 5).

Discussion

Preventing demineralisation and promoting remineralisation 
of the lesions through the use of different remineralising 
agents is the main treatment strategy for WSLs. The reminer-
alisation capacity of SrnHAp preparation were evaluated in 
this study in comparison to a commercially available regular 
toothpaste and a topical CPP-ACP cream. The research 
revealed that SrnHAp paste and CPP-ACP preparations both 
showed improved remineralisation capacity in comparison to 
the control toothpaste. Products with casein phosphopeptides-
amorphous calcium phosphate (CPP-ACP) may be able to 
impede enamel demineralisation. CPP-ACP’s effectiveness 
depends on the integration of nano complexes on the tooth 
surfaces and into dental plaque, thus serving as a storehouse 
of calcium and phosphate.18 According to research by C. 
Reynolds, CPP-ACP localises ACP in dental plaque, which 
buffers the free calcium and phosphate ion activities and aids 
in maintaining the enamel in super saturation, thereby avoid-
ing demineralisation and promoting remineralisation.19 This 
would explain the improved post-treatment scores of the 
CPP-ACP group. Several clinical investigations have also 
proven CPP-ACP to be effective in preventing and regressing 
WSLs during orthodontic therapy.20–22

In contrast, the EDAX analysis performed by Krishnan  
et al. in his study found that ACP-CPP specimens had greater 
phosphate levels than calcium, which rendered it insufficient 
for healing damaged enamel since calcium supplementation 
appears to be low.23 However, with regard to aesthetic con-
cerns, the mode of action of CPP-ACP offers deeper ion pen-
etration, leading to the remineralisation of the whole lesion 
rather than just the surface layer. This enhances the aesthetic 
appearance of remineralised lesions.24

90 SAMPLES

Based on inclusion and 
exclusion criteria

  GROUP 1
30 SAMPLES

GROUP 2
30 SAMPLES

GROUP 3
30 SAMPLES

Pretreatment scoring based 
on the Ekstrandetal criteria

After daily oral hygiene 
procedures, local application of 
concerned paste 

GROUP 1
Control group 
conventional tooth paste

GROUP 2
SrnHap tooth paste

GROUP 3
CPP ACP paste

Post-treatment scoring based 
on the Ekstrandetal criteria

Figure 2. The flowchart of the experimental procedure.
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The difference between SrnHAp doped group and ACP-
CPP treated group is statistically non-significant. However, 
results of this investigation show that Strontium-doped 
nHAp paste appears to have a better potential for reminerali-
sation than ACP-CPP cream. SEM EDAX analysis of the 

surface topography and the calcium/phosphorous ratio of 
tooth specimens treated with Casein Phosphopeptide, CPP-
ACP and SrnHAP for 28 consecutive days has revealed that 
strontium-doped nano-hydroxyapatite showed better remin-
eralisation than CPP-ACP and can be considered for enamel 

Table 2. Demographic data of the studied groups at baseline (pre-treatment).

Gender Male (n = 46) Female (n = 44) N# p-Value*

Score 0 1 2 0 1 2

Group 1 (regular dentrifice) – 6 10 – 3 11 30 0.585
Group 2 (SrnHAp) – 4 12 – 5  9 30 0.745
Group 3 (CPP-ACP) – 3 11 – 6 10 30 0.469

*p-value ⩽ 0.05 statistically significant.
#N = number of patients.

Table 3. Pre-treatment and post-treatment scores of all three groups.

Study groups Treatment Score Frequency (30 samples in each group)# Percent

Group 1 (regular dentrifice) Pre-treatment 1 9 30
2 21 70

Post-treatment 1 9 30
2 21 70

Group 2 (SrnHAp) Pre-treatment 1 9 30
2 21 70

Post-treatment 0 26 86.7
1 4 13.3

Group 3 (CPP-ACP) Pre-treatment 1 9 30
2 21 70

Post-treatment 0 23 76.7
1 7 23.3

#The number of patients with presence of WLS on any maxillary teeth is considered.

0 0

86.7

0

76.7

30 30

13.3

30
23.3

70 70

0

70

0

G1 G2-PRE G2-POST G3-PRE G3-POST
0

10

20

30

40

50

60

70

80

90

100

0 1 2

Figure 3. Comparison of the change in pre-treatment and post- treatment scores among the three groups.
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repair in incipient carious lesions.25 Similar outcomes were 
seen in research by Krishnan et al.,23 which determined that 
SrnHAp in solution was superior to CPP-ACP cream and 
nHAp toothpaste for recuperation of demineralized enamel 
surface. According to the research, adding strontium 
enhanced the dissolving ability and retention of material on 
to the tooth surface, making it more effective than CPP-ACP 
in remineralising and restoring enamel.23 Moreover, the 
increased crystallinity and smaller-sized particles of 25% 
Sr-nHAp facilitate better diffusion through enamel, making 

it an excellent material for repairing enamel lesions and 
white spots.

WSLs usually develop in conjunction with orthodontic 
appliances that obstruct routine oral hygiene procedures and 
cause plaque to build up over time.26 This increases the like-
lihood of caries formation. However, we observed that the 
SrnHAp Group’s post-treatment scores revealed no evidence 
of any new lesions or progression of the ones that already 
existed into caries. Instead, outcomes of this study demon-
strated total eradication of the WSLs. This could be 

Table 4. Intergroup comparison of visual examination scores of WSLs using Kruskal–Wallis ANOVA test.

Treatment regimen Pre Post N (Sample size)# p-Value

Group 1 (regular dentrifice) 2 2 30 0.001*
Group 2 (SrnHAp) 2 0 30
Group 3 (CPP-ACP) 2 0 30

*p-value ⩽ 0.05 statistically significant.
#The number of patients with presence of WLS on any maxillary teeth.

26
23

9

4
7

21

GROUP 1 GROUP 2 GROUP 3
0

5

10

15

20

25

30

score 0

score 1

score 2

Ekstrand etal 
criteria scores

Figure 4. Graphical representation of post-treatment scores of three groups.

Table 5. Mann–Whitney test for intergroup comparison of visual examination score for groups 1 and 2.

Treatment regime Pre score Post score Sample size p-Value*

Group 1 (regular dentrifice) 2 (1–2) 2 (1–2) 30 0.001*
Group 2 (SrnHAp) 2 (1–2) 0 (0–1) 30

*p-value ⩽ 0.05 statistically significant.

Table 6. Mann–Whitney test for intergroup comparison of visual examination score for groups 2 and 3.

Treatment regime Pre score Post score Sample size p-Value*

Group 2 (SrnHAp) 2 (1–2) 0 (0–1) 30 0.321
Group 3 (CPP-ACP) 2 (1–2) 0 (0–1) 30

*p-value ⩽ 0.05 statistically significant.
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attributed to SrnHAp antibacterial properties. In a research 
on the antibacterial properties of a remineralising paste of 
Sr-nHAp, Rhea Mathew et al. discovered that a 20% formu-
lation of Sr-nHAp had better antimicrobial properties against 
Streptococcus mutans. In addition to improving the mechan-
ical qualities of enamel by remineralising its deeper layers, 
biomimetic formulations with antibacterial activity will also 
help to lower the occurrence of secondary caries.27

It was statistically significant that the SrnHAp paste had a 
better capability for remineralisation than conventional 
toothpaste. Again, this may be credited to the smaller particle 
size, which aids in penetrating pores, and the smaller crystal 
size, which enhances solubility.9 An evaluation of the remin-
eralising effects of conventional fluoridated toothpaste with 
nanosized sodium trimetaphosphate was carried out by 
Danelon et al.28 It was determined that as compared to ordi-
nary toothpaste alone, the inclusion of tailored remineralis-
ing substances produced a substantially greater remineralising 
effect.

The cytotoxicity of regular toothpaste and SrnHAp paste 
was evaluated in a previous study of 2021.9 The nontoxic 
nature of SrnHAp paste was established by an in-vitro study 
comparing ordinary toothpaste to SrnHAp paste on 60 
extracted teeth. The percentage viability of cells was higher 
with SrnHAp paste than with conventional toothpaste, show-
ing its nontoxic nature. In the research by Tabatabaei et al., the 
evaluation cytotoxicity of various doses of standard dental 
paste against mouthwashes revealed that a significant portion 
of cells were eliminated, with toothpaste having the maximum 
cytotoxicity.29 Every toothpaste contains a substantial amount 
of detergents, which have been demonstrated to cytotoxically 
affect the different cells in the oral cavity. However, the 
SrnHAp paste used for this investigation only has 2 g of deter-
gent. This may have contributed to the increased bioactivity 
and decreased cytotoxicity, together with the addition of stron-
tium to HA. Since synthetic hydroxyapatite most closely 
resembles the mineral component of tissue, it has remarkable 

bioactive properties including cytocompatibility. The results 
of Rajabnejadkeleshteri et al.’s30 MTT experiment demon-
strate that increasing the amount of strontium has a favorable 
impact on both cell proliferation and remineralization. His 
research also indicates that the incorporation of strontium 
into HA has favorable and stimulating effects on cell develop-
ment and differentiation. Hence, it has been proven that 
SrnHAp paste is nontoxic and may be utilized as an enamel 
repair remineralising agent safely and efficiently.

The results obtained from this comparative study supports 
the use of SrnHAp pasteover CPP-ACP cream and regular 
dentifrice. SrnHAp paste can be used to prevent deminerali-
zation or treat WSLs formed following orthodontic therapy. 
SrnHAp can be utilised to efficiently treat early caries and 
repair of enamel. However, further clinical studies incorpo-
rating different Sr2+ ion concentrations and other clinical 
aspects of the paste must be conducted before it can be used 
commercially.

Limitations of the study

Within the limitations of this study SrnHAp containing rem-
ineralising paste had a remarkable remineralisation effect in 
the 6 weeks evaluation period but a longer observation period 
with a larger sample size is advised to confirm whether the 
greater remineralisation in early caries lesions is maintained. 
To confirm the results for possible therapeutic uses, further 
clinical studies incorporating different Sr2+ ion concentra-
tions and other clinical aspects of the paste must be 
conducted.

Conclusion

Within the constraints of this investigation, it can be con-
cluded that, in comparison to conventional dentifrice, both 
the CPP-ACP cream and the SrnHAp preparation caused 
more favorable surface alterations in enamel and showed 
remineralization of WSLs following orthodontic therapy. 
Interestingly, the findings imply that SrnHAp paste has a 
slightly better potential for remineralisation than CPP-ACP 
cream. The efficacy of using SrnHAp paste as a remineralis-
ing agent has been proven by this investigation.
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