
Damor M et al. 

55 
Journal of Advanced Medical and Dental Sciences Research |Vol. 14| Issue 1| January 2026 

 

 

 
 

Original Research 
 

Evaluating the effects of different prophylactic aids on white spot lesions 

and correlating it with pH of saliva and oral hygiene status during fixed 

orthodontic treatment 
 

Malhar Damor1, Renuka Patel2, Falguni Mehta3, Megha Goswami Atit4, Taniya Khandelwal5, Pranali Mate6 
 

1,5,6Post Graduate, 2Professor, 3Professor and Head of Department, 4Associate Professor,  Department of 

Orthodontics and Dentofacial Orthopedics, Government Dental College, Ahmedabad, Gujarat, India 
 

ABSTRACT: 
Background:Fixed orthodontic treatment improves dental appearance and function, but it increases the risk of white spot 

lesions, which are early signs of enamel demineralization appearing as chalky white marks near brackets. These lesions 
result from plaque accumulation, reduced salivary pH, and acid-producing bacteria. Various preventive products - including 
fluoride mouthwashes, remineralizing toothpastes, and calcium-based agents - are advised, yet their long-term effectiveness 
during active orthodontic treatment remains uncertain. Methods: Total of 150 orthodontic patients were divided into five 
groups (n = 30 each): Control (Sodium Monofluorophosphate (Colgate Strong Toothpaste)),Calcium Sodium Phosphosilicate 
(SHY-NM), Sodium Fluoride Mouthwash (Fluoritop) + Control Toothpaste, Amine Fluoride Toothpaste (Amflor), and 
Amine Fluoride Mouthwash (Amflor) + Control Toothpaste. WSLs (Decalcification Index), salivary pH, and oral hygiene 
(OHI-S) were recorded at baseline, 2, 4, and 6 months. Statistical analysis included One-way ANOVA, Bonferroni test, and 
Pearson correlation (p<0.05). Results: All groups showed an increase in white spot lesions over time. Greatest progression 

occurred in the Control and Calcium Sodium Phosphosilicate groups, whereasthe Amine Fluoride Mouthwash group 
showedthe least increase, indicatinga significant protective effect (p<0.05). Oral hygiene levels remained similar among 
groups. Salivary pH declined in the Control and SHY-NM groups, while fluoride-based groups maintained more stable pH 
values. Lower pH and poorer hygiene showed a moderate association with increased white spot lesions. Conclusion: Amine 
fluoride mouthwash was most effective in reducing white spot lesions and maintaining salivary pH. Routine use of fluoride-
based prophylaxis, particularly amine fluoride, is recommended for patients undergoing fixed orthodontic treatment. 
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INTRODUCTION 

Orthodontic fixed appliance treatment improves 

functional efficiency, dental and facial aesthetics 

through tooth movement, but at the same time has a 

potential risk of developing White spot lesions (WSL) 

by hindering the oral hygiene, increasing plaque 

retention around the brackets, including acidogenic 

bacteria such as Streptococcus Mutans and various 

Lactobacilli.1 Fejerskov et. al. in 2008 first coined the 

word white spot lesion (WSL) and defined it as “The 

first sign of carious lesion on enamel that can be 
detected with the naked eye.”.2 WSLs are the earliest 

clinical manifestation of dental caries, appearing as 

opaque, white areas on the enamel surface due to 

subsurface mineral loss. 

The occurrence of WSLs in orthodontic patients can 

be prevented throughprophylactic measures such as 

implementing a good oral hygiene regimen with 

proper toothbrushingusing a fluoridated 

dentifrice.Usually, either sodium fluoride, 

monofluorophosphate, stannous fluoride, amine 

fluoride, or a combination of thesecompounds is 

added to dentifrices.3Various components like calcium 

sodium phosphosilicate glass (CSPG), casein 
phosphopeptide-amorphous calcium phosphate (CPP-

ACP), sodium fluoride, amine fluoride, 
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hydroxyapatite, etc, are present in different 

prophylactic aids, such as mouthwashes and 

toothpastes, which can remineralize the teeth.  

There are many available prophylactic measures with 

different contents for remineralization of enamel in 
white spot lesion management and its prevention; 

there is still not enough thorough research for 

assessing their relative efficacies during active fixed 

orthodontic treatment. 

 

METHODS 

An in vivo study was conducted in the Department of 

Orthodontics and Dentofacial Orthopaedics of 

Government Dental College and Hospital, 

Ahmedabad. The institutional ethical committee (No. 

IEC GDCH/ORTHO.4/2023) reviewed and approved 

the study protocol. The study included patients 

undergoing orthodontic treatment using fixed 

appliances in the postgraduate orthodontic clinic. 

 

Inclusion Criteria 

 Patients aged between 18 to 25 years, with no 
medical history and systemic disturbances. 

 Patients bonded with fixed orthodontic appliance 

(0.022 MBT PEA Metal brackets) on maxillary 

and mandibular anterior teeth. 

 

Exclusion Criteria 

 Patients having fluorosis. 

 Patients having any periodontal and endodontic 

problems. 

 Patients with enamel hypoplasia or any other 

developmental anomaly. 

 Patients having destructive oral habits (bruxism, 

nail biting, tongue thrusting, etc.). 

Sample Size 

 
 

Groups 

 Control Group:  

− Group A: Sodium Monofluorophosphate (Colgate 

Strong Toothpaste). 

 Experimental Groups:  

− Group B:Calcium Sodium Phosphosilicate (SHY-

NM Toothpaste). 
− Group C:Sodium Fluoride 0.044% w/v (Fluoritop 

Mouthwash) + Sodium Monofluorophosphate 

(Colgate Strong Toothpaste). 

− Group D: 

 Subgroup D1: Amine Fluoride (Amflor 

Toothpaste). 

 Subgroup D2: Amine Fluoride (Amflor 

Mouthwash) + Sodium Monofluorophosphate 

(Colgate Strong Toothpaste). 

Before the start of the orthodontic treatment, 

professional dental cleaning was done, and the 

patients were given oral hygiene instructions.  
Clinical evaluation was done at pretreatment (0 

months - baseline) before direct bonding of 0.022 slot 

MBT PEA Metal brackets for white spot lesions by 

decalcification index, oral hygiene status of the 

patient by OHI-S index, and pH of saliva measured 

using a pen-type pH meter.  

Subjects were instructed to use the prescribed 

toothpaste or mouthwash according to their 

designated group.  

 

Decalcification Index 

 Decalcification index given by Gorelick et al.  

 The white spot lesions were scored as follows: 

 No white spot formation 

 
Slight white spot formation 
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Excessive white spot formation 

 
White spot formation with cavitation 

 
 

OHI-S Index 

Oral hygiene status of the patients was evaluated by 

the simplified oral hygiene index (OHI-S). OHI-S was 

developed in 1964 by John C. Greene and Jack R. 

Vermillion. 
Simplified index differed from the original oral 

hygiene index (1960) in: 

− The tooth surfaces scored are 6 rather than 12. 

− The method of selection of the surface to be 

scored. 

− The scores, which are to be obtained. 

Mouth mirror and Curved Probe (Shepherd’s Hook – 

No. 23 explorer) were used. 

Simplified Oral Hygiene Index (OHI-S) has two 

components, the Simplified Debris Index (DI-S) and 

the Simplified Calculus Index (CI-S).  

 
 

Simplified Debris Index 

Scoring Interpretation 

 

 

 

 

 

 

 

    

0 No debris or stain present 

1 Soft debris covering not more than 1/3rd of the tooth surface, or 

presence of extrinsic stains without any other debris, regardless of 

surface area covered 

2 Soft debris covering more than 1/3rd but not more than 2/3rd of the 

exposed tooth surface 

3 Soft debris covering more than 2/3rd of the exposed tooth surface 
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The debris and calculus scores were added and divided by the number of tooth surfaces scored for each patient. 

DI-S score:                    Total score             . 

                            No. of surfaces examined 

CI-S score:                     Total score            . 
                            No. of surfaces examined 

Once the patients' DI-S and CI-S scores are calculated, they are then added together to obtain the OHI-S score. 

OHI-S = DI-S + CI-S. 

 

Simplified Calculus Index 

Scoring Interpretation 

 

 

 

0 

 

       

 

 

1 

 

 

   

 

 

2 

    

No Calculus present 

Supragingival calculus covering not more 

than 1/3rd of the exposed tooth surface 

Supragingival calculus covering more 

than 1/3rd but not more than 2/3rd of the 

exposed tooth surface or the presence of 

individual flecks of subgingival calculus 

around the cervical portion of the tooth 

or both 

OHI-S 

Score Interpretation 

0.0 to 1.2 Good 

1.3 to 3.0 Fair 

3.1 to 6.0 Poor 
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pH of Saliva 

The patient was asked to sit for 5-10 minutes in an 

upright position, and saliva was allowed to 

accumulate in the floor of the mouth and then 

transferred to a container by the passive drooling 
method. By this method, 5 mL of unstimulated whole 

saliva was collected in a container from the oral 

cavity. 

Pen-type pH meter was used to calibrate the pH of 

saliva. 

A follow-up clinical evaluation was done for the same 

patients after 2 months, 4 months, and 6 months in the 

same region for oral hygiene status by OHI-S index, 

white spot lesion by decalcification index, and 

measuring of pH of saliva.  

Data was analysed using the statistical package SPSS 

26.0 (SPSS Inc., Chicago, IL) and the level of 
significance was set at p<0.05. 

Descriptive statistics were performed to assess the 

mean and standard deviation of the respective groups. 

Inferential statistics to find out the difference between 

the groups was done by a One-way ANOVA test, 

followed by BONFERRONI TEST Posthoc test. 

Repeated Measures of ANOVA test was used for 

within-group analysis. Pearson correlation test was 

used for correlation analysis. 

 

RESULTS 

Decalcification Index 

According to within-group analysis (p< 0.05), the 

Decalcification Index went up statistically 

significantly over time in all groups. The Control 

group exhibited the most significant increase from 

baseline to four and six months (F = 14.44, p = 

0.0001). The Calcium Sodium Phosphosilicate group 

(F = 12.49, p = 0.0001) and the Sodium Fluoride 

Mouthwash + Control group (F = 9.41, p = 0.0001) 

exhibited a similar significant increase. During the 

study, the Amine Fluoride Toothpaste (F = 3.56, p = 

0.017) and Amine Fluoride Mouthwash + Control 
groups (F = 5.07, p = 0.002) exhibited modest yet 

significant increases. Post hoc analysis showed that 

there were big changes in the Control group between 

the baseline and both 4 and 6 months. The Calcium 

Sodium Phosphosilicate group saw big changes 

between the baseline and four months, as well as 

between two and four months. The Amine Fluoride 

groups exhibited significant differences primarily 

between baseline and subsequent time points, 

maintaining stability thereafter. In contrast, the 

Sodium Fluoride Mouthwash + Control group 
demonstrated significant changes from baseline to all 

follow-up periods. (Table I) 

There were no noticeable differences between the 

groups at the beginning and two months later. At 4 

months, there was a trend toward significance (p = 

0.07), but no pairwise differences were found. At six 

months, a statistically significant difference was 

observed between the groups (F = 2.34, p = 0.04), 

with post hoc analysis indicating that Group D2 

(Amine Fluoride Mouthwash + Control) significantly 

differed from the Control group (p = 0.044). (Table 

II) 

 

Oral Hygiene Index Simplified (OHI-S) 

According to within-group analysis (p > 0.05), OHI-S 

scores did not change statistically significantly over 

time in any group. There were small changes during 

the follow-up periods, but none of them were 

statistically significant. Post hoc comparisons showed 

that there were no big differences between any of the 

time points in any of the groups. (Table III) 

The analysis between groups revealed no significant 

differences in OHI-S scores at baseline, 2 months, 4 

months, or 6 months (p> 0.05). Post hoc analysis 

further validated that none of the interventions 
exhibited superiority over the control group regarding 

oral hygiene status throughout the study period. 

(Table IV) 

 

Salivary pH 

Within-group analysis showed that the salivary pH 

went down a lot over time in both the Control group 

(F = 3.29, p = 0.03) and the Calcium Sodium 

Phosphosilicate group (p = 0.001). Post hoc analysis 

revealed significant reductions from baseline to 4 and 

6 months in the Control group, and from baseline to 
all follow-up intervals in the Calcium Sodium 

Phosphosilicate group. On the other hand, there were 

no statistically significant changes in salivary pH in 

the Sodium Fluoride Mouthwash + Control, Amine 

Fluoride Toothpaste, or Amine Fluoride Mouthwash + 

Control groups (p> 0.05). This means that the pH 

levels in these groups stayed pretty stable. (Table V) 

There were no statistically significant differences in 

salivary pH between groups at any time point 

(baseline to 6 months). This means that all groups had 

similar pH levels throughout the study. (Table VI) 

 

Correlation Analysis 

There was a statistically significant positive 

correlation between the Decalcification Index and 

OHI-S scores in all groups (p = 0.0001), with 

correlation coefficients between 0.56 and 0.77. This 

suggests that inadequate oral hygiene was consistently 

linked to heightened enamel decalcification. A 

correlation analysis of the Decalcification Index and 

salivary pH showed significant negative correlations 

in all groups, with the exception of the Calcium 

Sodium Phosphosilicate group. In the Control, 
Sodium Fluoride Mouthwash + Control, Amine 

Fluoride Toothpaste, and Amine Fluoride Mouthwash 

+ Control groups, lower pH levels were linked to 

higher decalcification scores (p = 0.0001). The 

Calcium Sodium Phosphosilicate group exhibited a 

tenuous and statistically insignificant correlation. 

(Table VII) 
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Table I: One-way ANOVA and Post Hoc Analysis of Decalcification Index (Within Group) 

GROUPS TIME 

POIN

T 

N MEA

N 

(SD) 

F 

VALU

E 

p-

VALUE 

(WITH

IN 

GROU

P) 

POST HOC 

COMPARIS

ON - 

SIGNIFICAN

CE (VS. 

BASELINE) 

POST HOC 

COMPARIS

ON - 

SIGNIFICAN

CE (VS. 2M) 

POST HOC 

COMPARIS

ON - 

SIGNIFICAN

CE (VS. 4M) 

Control (Group A) Baseli

ne 

3

0 

1.00 

(.000) 

14.44 0.0001* — — — 

 2 

Month

s 

3

0 

1.27 

(.450) 

  0.537 — — 

 4 

Month

s 

3

0 

1.83 

(.791) 

  0.0001* 0.002* — 

 6 

Month

s 

3

0 

1.83 

(.791) 

  0.0001* 0.002* 1.000 

Calcium 

SodiumPhosphosil

icate (Group B) 

Baseli

ne 

3

0 

1.00 

(.000) 

12.49 0.0001* — — — 

 2 

Month
s 

3

0 

1.30 

(.466) 

  0.235 — — 

 4 

Month

s 

3

0 

1.77 

(.774) 

  0.0001* 0.009* — 

 6 

Month

s 

3

0 

1.70 

(.651) 

  0.0001* 0.038* 1.000 

Sodium Fluoride 

Mouthwash + 

Control (Group C) 

Baseli

ne 

3

0 

1.00 

(.000) 

9.41 0.0001* — — — 

 2 

Month

s 

3

0 

1.47 

(.507) 

  0.005* — — 

 4 

Month

s 

3

0 

1.63 

(.718) 

  0.0001* 1.000 — 

 6 
Month

s 

3
0 

1.60 
(.563) 

  0.0001* 1.000 1.000 

Amine Fluoride 

(Group D1) 

Baseli

ne 

3

0 

1.00 

(.000) 

3.56 0.017* — — — 

 2 

Month

s 

3

0 

1.23 

(.430) 

  0.449 — — 

 4 

Month

s 

3

0 

1.37 

(.669) 

  0.033* 1.000 — 

 6 

Month

s 

3

0 

1.37 

(.615) 

  0.033* 1.000 1.000 

Amine Fluoride 

Mouthwash + 

Control (Group 

D2) 

Baseli

ne 

3

0 

1.00 

(.000) 

5.07 0.002* — — — 

 2 
Month

3
0 

1.30 
(.466) 

  0.192 — — 
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s 

 4 

Month

s 

3

0 

1.47 

(.681) 

  0.006* 1.000 — 

 6 

Month

s 

3

0 

1.47 

(.681) 

  0.006* 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 

One-way ANOVA 

Post Hoc Test (Bonferroni Test) 

 

Table II: One-way ANOVA and Post Hoc Analysis of Decalcification Index (Between Group) 

TIME 

POIN

T 

GROU

PS 

N MEA

N 

(SD) 

F 

VALU

E 

p-VALUE 

(BETWE

EN 

GROUP) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP A) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP B) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP C) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP D1) 

Baseli

ne 

Group 

A 

3

0 

1.00 

(.000) 

0 1 — — — — 

 Group 

B 

3

0 

1.00 

(.000) 

  1.000 — — — 

 Group 

C 

3

0 

1.00 

(.000) 

  1.000 1.000 — — 

 Group 
D1 

3
0 

1.00 
(.000) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.00 

(.000) 

  1.000 1.000 1.000 1.000 

2 

Mont

hs 

Group 

A 

3

0 

1.27 

(.450) 

1.12 0.34 — — — — 

 Group 

B 

3

0 

1.30 

(.466) 

  1.000 — — — 

 Group 

C 

3

0 

1.30 

(.466) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

1.47 

(.507) 

  0.976 1.000 1.000 — 

 Group 

D2 

3

0 

1.23 

(.430) 

  1.000 1.000 1.000 0.537 

4 

Mont

hs 

Group 

A 

3

0 

1.83 

(.791) 

2.19 0.07 — — — — 

 Group 

B 

3

0 

1.77 

(.774) 

  1.000 — — — 

 Group 
C 

3
0 

1.47 
(.681) 

  0.532 1.000 — — 

 Group 

D1 

3

0 

1.63 

(.718) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.37 

(.669) 

  0.142 0.351 1.000 1.000 

6 

Mont

hs 

Group 

A 

3

0 

1.83 

(.791) 

2.34 0.04* — — — — 

 Group 

B 

3

0 

1.70 

(.651) 

  1.000 — — — 

 Group 

C 

3

0 

1.47 

(.681) 

  0.344 1.000 — — 

 Group 

D1 

3

0 

1.60 

(.563) 

  1.000 1.000 1.000 — 
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 Group 

D2 

3

0 

1.37 

(.615) 

  0.044* 0.541 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 

One-way ANOVA 

Post Hoc Test (Bonferroni Test) 

 

Table III: One-way ANOVA and Post Hoc Analysis of OHI-S (Within Group) 

GROUPS TIME 

POIN

T 

N MEA

N 

(SD) 

F 

VALU

E 

p-

VALUE 

(WITHI

N 

GROUP

) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 

BASELINE) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 2M) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 4M) 

Control 

(Group A) 

Baselin

e 

3

0 

1.597 

(.695) 

0.84 0.47 — — — 

 2 

Months 

3

0 

1.597 

(.705) 

  1.000 — — 

 4 

Months 

3

0 

1.847 

(1.02) 

  1.000 1.000 — 

 6 

Months 

3

0 

1.857 

(1.02) 

  1.000 1.000 1.000 

Calcium 

Sodium 

Phosphosilica

te (Group B) 

Baselin

e 

3

0 

1.460 

(.753) 

0.14 0.93 — — — 

 2 

Months 

3

0 

1.557 

(.822) 

  1.000 — — 

 4 

Months 

3

0 

1.583 

(.799) 

  1.000 1.000 — 

 6 

Months 

3

0 

1.547 

(.754) 

  1.000 1.000 1.000 

Sodium 

Fluoride 

Mouthwash + 

Control 

(Group C) 

Baselin

e 

3

0 

1.593 

(1.05) 

0.16 0.97 — — — 

 2 

Months 

3

0 

1.663 

(1.12) 

  1.000 — — 

 4 

Months 

3

0 

1.800 

(1.22) 

  1.000 1.000 — 

 6 

Months 

3

0 

1.640 

(1.30) 

  1.000 1.000 1.000 

Amine 

Fluoride 

(Group D1) 

Baselin
e 

3
0 

1.483 
(.848) 

0.41 0.74 — — — 

 2 

Months 

3

0 

1.573 

(.950) 

  1.000 — — 

 4 

Months 

3

0 

1.717 

(1.00) 

  1.000 1.000 — 

 6 

Months 

3

0 

1.700 

(.954) 

  1.000 1.000 1.000 

Amine 

Fluoride 

Mouthwash + 

Control 

(Group D2) 

Baselin

e 

3

0 

1.573 

(.901) 

0.08 0.98 — — — 

 2 

Months 

3

0 

1.623 

(.960) 

  1.000 — — 

 4 3 1.687   1.000 1.000 — 
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Months 0 (1.06) 

 6 

Months 

3

0 

1.680 

(1.04) 

  1.000 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 

One-way ANOVA 

Post Hoc Test (Bonferroni Test) 

 

Table IV: One-way ANOVA and Post Hoc Analysis of OHI-S (Between Group) 

TIME 

POIN

T 

GROU

PS 
N MEA

N 

(SD) 

F 

VALU

E 

p-VALUE 

(BETWE

EN 

GROUP) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP A) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP B) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP C) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP D1) 

Baseli

ne 

Group 

A 

3

0 

1.597 

(.695) 

0.17 0.95 — — — — 

 Group 

B 

3

0 

1.460 

(.753) 

  1.000 — — — 

 Group 

C 

3

0 

1.593 

(1.05) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

1.483 

(.848) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.573 

(.901) 

  1.000 1.000 1.000 1.000 

2 

Mont

hs 

Group 

A 

3

0 

1.597 

(.705) 

0.06 0.99 — — — — 

 Group 

B 

3

0 

1.557 

(.822) 

  1.000 — — — 

 Group 

C 

3

0 

1.663 

(1.12) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

1.573 

(.950) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.623 

(.960) 

  1.000 1.000 1.000 1.000 

4 

Mont

hs 

Group 

A 

3

0 

1.847 

(1.02) 

0.29 0.88 — — — — 

 Group 

B 

3

0 

1.583 

(.799) 

  1.000 — — — 

 Group 

C 

3

0 

1.800 

(1.22) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

1.717 

(1.00) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.687 

(1.06) 

  1.000 1.000 1.000 1.000 

6 

Mont

hs 

Group 
A 

3
0 

1.857 
(1.02) 

0.35 0.83 — — — — 

 Group 

B 

3

0 

1.547 

(.754) 

  1.000 — — — 

 Group 

C 

3

0 

1.640 

(1.30) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

1.700 

(.954) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

1.680 

(1.04) 

  1.000 1.000 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 

One-way ANOVA 
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Post Hoc Test (Bonferroni Test) 

 

Table V: One-way ANOVA and Post Hoc Analysis of pH of Saliva (Within Group) 

GROUPS TIME 

POIN

T 

N MEA

N 

(SD) 

F 

VALU

E 

p-

VALUE 

(WITHI

N 

GROUP

) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 

BASELINE) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 2M) 

POST HOC 

COMPARISO

N - 

SIGNIFICANC

E (VS. 4M) 

Control 

(Group A) 

Baselin

e 

3

0 

6.860 

(.403) 

3.29 0.03* — — — 

 2 

Months 

3

0 

6.710 

(.466) 

  0.905 — — 

 4 

Months 

3

0 

6.557 

(.364) 

  0.025* 0.853 — 

 6 

Months 

3

0 

6.557 

(.364) 

  0.025* 0.853 1.000 

Calcium 

Sodium 

Phosphosilica

te (Group B) 

Baselin

e 

3

0 

6.853 

(.408) 

0.88 0.001* — — — 

 2 

Months 

3

0 

6.530 

(.381) 

  0.006* — — 

 4 
Months 

3
0 

6.530 
(.381) 

  0.006* 1.000 — 

 6 

Months 

3

0 

6.507 

(.300) 

  0.003* 1.000 1.000 

Sodium 

Fluoride 

Mouthwash + 

Control 

(Group C) 

Baselin

e 

3

0 

6.833 

(.392) 

1.37 0.25 — — — 

 2 

Months 

3

0 

6.703 

(.406) 

  1.000 — — 

 4 

Months 

3

0 

6.663 

(.409) 

  1.000 0.651 — 

 6 

Months 

3

0 

6.637 

(.418) 

  1.000 0.383 1.000 

Amine 

Fluoride 

(Group D1) 

Baselin

e 

3

0 

6.823 

(.391) 

2.21 0.09 — — — 

 2 
Months 

3
0 

6.650 
(.471) 

  0.723 — — 

 4 

Months 

3

0 

6.603 

(.470) 

  0.301 1.000 — 

 6 

Months 

3

0 

6.557 

(.373) 

  0.125 1.000 1.000 

Amine 

Fluoride 

Mouthwash + 

Control 

(Group D2) 

Baselin

e 

3

0 

6.817 

(.386) 

0.65 0.58 — — — 

 2 

Months 

3

0 

6.730 

(.408) 

  1.000 — — 

 4 

Months 

3

0 

6.720 

(.418) 

  1.000 1.000 — 

 6 

Months 

3

0 

6.673 

(.402) 

  0.762 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 
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One-way ANOVA 

Post Hoc Test (Bonferroni Test) 

 

Table VI: One-way ANOVA and Post Hoc Analysis of pH of Saliva (Between Group) 

TIME 

POIN

T 

GROU

PS 

N MEA

N 

(SD) 

F 

VALU

E 

p-VALUE 

(BETWE

EN 

GROUP) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP A) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP B) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP C) 

POST HOC 

COMPARIS

ON - 

SIGNIFICA

NCE (VS. 

GROUP D1) 

Baseli

ne 

Group 

A 

3

0 

6.860 

(.403) 

0.06 0.97 — — — — 

 Group 

B 

3

0 

6.853 

(.408) 

  1.000 — — — 

 Group 

C 

3

0 

6.833 

(.392) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

6.823 

(.391) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

6.817 

(.386) 

  1.000 1.000 1.000 1.000 

2 

Mont

hs 

Group 

A 

3

0 

6.710 

(.466) 

1.06 0.37 — — — — 

 Group 
B 

3
0 

6.530 
(.381) 

  1.000 — — — 

 Group 

C 

3

0 

6.703 

(.406) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

6.650 

(.471) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

6.730 

(.408) 

  1.000 0.727 1.000 1.000 

4 

Mont

hs 

Group 

A 

3

0 

6.557 

(.364) 

1.07 0.37 — — — — 

 Group 

B 

3

0 

6.530 

(.381) 

  1.000 — — — 

 Group 

C 

3

0 

6.663 

(.409) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

6.603 

(.470) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

6.720 

(.418) 

  1.000 0.752 1.000 1.000 

6 

Mont

hs 

Group 

A 

3

0 

6.557 

(.364) 

0.97 0.42 — — — — 

 Group 

B 

3

0 

6.507 

(.300) 

  1.000 — — — 

 Group 

C 

3

0 

6.637 

(.418) 

  1.000 1.000 — — 

 Group 

D1 

3

0 

6.557 

(.373) 

  1.000 1.000 1.000 — 

 Group 

D2 

3

0 

6.673 

(.402) 

  1.000 0.866 1.000 1.000 

*p<0.05 is statistically significant (Shapiro-Wilk test, p<0.05) 

One-way ANOVA 

Post Hoc Test (Bonferroni Test) 
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Table VII: Correlation Analysis of Decalcification Index with OHI-S and pH of Saliva 

GROUPS OHI-S  

(r-Value) 

OHI-S  

(p-Value) 

pH of Saliva  

(r-Value) 

pH of 

Saliva (p-

Value) 

Control (Group A) 0.69 0.0001* -0.59 0.0001* 

Calcium Sodium Phosphosilicate (Group B) 0.61 0.0001* -0.11 0.22 

Sodium Fluoride Mouthwash + Control (Group C) 0.77 0.0001* -0.54 0.0001* 

Amine Fluoride (Group D1) 0.56 0.0001* -0.48 0.0001* 

Amine Fluoride Mouthwash + Control (Group D2) 0.73 0.0001* -0.48 0.0001* 

Pearson correlation test 
 

DISCUSSION 
In a clinical environment, white spot lesions (WSLs) 

are the earliest signs that enamel is losing minerals. 

They are also a common concern during fixed 

orthodontic treatment because plaque builds up 

around brackets and the pH level in the area goes 

down.4,5 If these lesions are not treated, they could 

become cavitated caries. This is why preventing them 

is such a crucial part of orthodontic therapy.  

The pH of saliva is highly crucial for keeping the 

levels of demineralization and remineralization in 

check. If the pH drops below 5.5, it is more likely that 
enamel will lose minerals. If the pH is neutral or 

above, it is more likely that remineralization will 

happen since calcium and phosphate are more 

available.6,7 Additionally, oral hygiene status acts as a 

behavioural factor of WSL risk and provides essential 

context for assessing the clinical effectiveness of 

preventative medicines.  

In this study, all groups showed an increase in the 

Decalcification Index (DI) during six months, which 

proved that fixed appliances naturally increase the risk 

of enamel demineralization. The level of 

decalcification, however, differed among the groups. 
The Control and Calcium Sodium Phosphosilicate 

(CSPS) groups had the most significant increase in 

DI, indicating that CSPS alone may be ineffective in 

preventing WSLs. These findings confirm previous 

studies that demonstrate no significant advantage of 

bioactive glass–infused dentifrices over conventional 

fluoride formulations in orthodontic patients.8,9 

The Sodium Fluoride Mouthwash + Control group 

exhibited a degree of protection against enamel 

demineralization. The limited preventative impact 

found in this study may be attributable to the 
relatively lower fluoride concentration (0.044% w/v) 

applied, in contrast to larger concentrations utilized in 

other trials. Hanna et al. discovered that elevated 

fluoride concentrations more effectively inhibited 

demineralized lesions, underscoring the significance 

of fluoride dosage for therapeutic efficacy.10 

Amine fluoride-based therapies demonstrated the least 

increase in DI, indicating improved defence against 

WSL advancement. These findings support earlier 

research demonstrating the effectiveness of amine 

fluoride mouthwash and toothpaste in reducing the 

incidence and severity of white spot lesions during 
orthodontic therapy.11,12 Amine fluoride's surface-

active qualities may help fluoride stay on enamel 

longer and make it more resistant to acid attacks, 
especially if you use it for a long time. 

The outcomes of decalcification varied; nonetheless, 

there were no significant alterations in OHI-S scores, 

either within or across groups, throughout the study 

period. This differs from short-term research 

indicating that amine fluoride or fluoride-based 

therapies reduce plaque and gingival indices.13–15 

These discrepancies may stem from the duration of 

the research, the indices employed (OHI-S compared 

to PI and GI), the nature of the items utilized, and the 

adherence of patients to the prescribed protocols. 
Despite this, the strong positive link seen between 

OHI-S scores and DI fits with what we already know: 

poor oral hygiene is a major risk factor for getting 

WSL, even with fluoride treatment.16-20 

The analysis of salivary pH showed that it dropped 

significantly over time in both the Control and CSPS 

groups. This suggests that the mouth is becoming 

more acidic, which is good for demineralization. The 

pH levels, however, remained constant in the Sodium 

Fluoride and Amine Fluoride groups. This supports 

previous studies that indicated fluoride-based 

treatments assist in maintaining consistent salivary pH 
levels.21,22 The absence of a significant pH–

decalcification connection in the CSPS group 

contrasts with several research suggesting buffering 

benefits of CSPS,23 potentially due to differences in 

study design, duration, or patient characteristics. 

Correlation analysis demonstrated a strong negative 

association between salivary pH and DI across the 

majority of groups, hence corroborating the 

documented involvement of acidic oral environments 

in the etiology of white spot lesions (WSL).24,25 These 

results show that WSL development is affected by 
many different factors, showing howchemical 

prophylaxis, salivary parameters, and dental hygiene 

behaviours, all work together.  

Within the limitations of this in vivo observational 

investigation, the results suggest that amine fluoride–

based preventive medications offer superior protection 

against enamel decalcification during fixed 

orthodontic treatment, particularly when combined 

with appropriate oral hygiene practices. However, no 

single prophylactic treatment was sufficient to 

completely prevent WSLs, underscoring the need to 

improve plaque control methods alongside chemical 
preventive approaches. 
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CONCLUSION 
White spot lesions are still a common and clinically 

important problem that can happen during fixed 

orthodontic treatment. This study assessed the relative 

efficacy of various prophylactic agents and their 
correlation with oral hygiene status and salivary pH 

over a six-month duration. 

All groups exhibited an increase in enamel 

decalcification, thereby corroborating the heightened 

risk linked to fixed appliances. The degree of white 

spot lesion progression, however, differed across 

interventions. The Control and Calcium Sodium 

Phosphosilicate groups exhibited the most significant 

increase in decalcification, suggesting restricted 

protective efficacy. The Amine Fluoride Mouthwash, 

when used with regular oral hygiene, showed the least 

progression of white spot lesions and the best results 
after six months.  

No statistically significant changes in oral hygiene 

status (OHI-S) were observed within or between 

groups, indicating similar oral hygiene practices 

throughout the study. Nonetheless, a robust positive 

correlation between OHI-S and enamel decalcification 

underscores inadequate oral hygiene as a significant 

risk factor for the development of white spot lesions. 

Salivary pH analysis indicated a substantial reduction 

in the Control and Calcium Sodium Phosphosilicate 

groups, whereas pH levels remained constant in the 
Sodium Fluoride and Amine Fluoride groups, 

suggesting enhanced pH stabilization with fluoride-

based interventions. A moderate negative correlation 

between salivary pH and decalcification underscores 

the significance of an acidic oral environment in 

enamel demineralization. 

Within the constraints of this study, amine fluoride–

based mouthwash proved to be the most efficacious 

prophylactic measure in reducing the progression of 

white spot lesions and preserving salivary pH during 

fixed orthodontic treatment. These results highlight 

the necessity of integrating pH-stabilizing 
prophylactic agents with continuous oral hygiene 

reinforcement to mitigate enamel demineralization. 

Long-term studies that include more clinical and 

behavioural factors are needed to improve preventive 

strategies in orthodontic care. 
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