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ABSTRACT 

 

Background and Objectives: Dental caries is a multifactorial disease that is caused due to the 

imbalance between demineralization and remineralisation, which leads to the loss of tooth 

minerals and the formation of cavities. Caries is more likely to occur in children than in adults, 

so it is preferable to detect it early and implement professional primary preventive measures 

like pit and fissure sealants, topical fluorides, and oral health education before it progresses to 

cavities. Therefore, the aim of the present study is to compare the effectiveness of these three 

commonly used primary preventive procedures, on the mineralization of tooth surfaces based 

on DIAGNOdent (DD) pen readings. 

Methods: This is a randomised, double-blind, three-arm parallel design study.102 subjects 

aged 12 to 15 who met the inclusion criteria with demineralisation on permanent molar tooth 

were selected and followed for 6 months. The initial DIAGNOdent  score was noted, and the 

subjects were allocated into three groups using block randomization so that the averages of the 

three groups remained equal and the treatments were randomly provided(three groups of 34 

each) : Group A—pit and fissure sealants; Group B—topical fluorides; and Group C— oral 

health education. Following this, the treatment was provided. The mineralization score was 

recorded again using a DD pen after 3 and 6 months of baseline examination to assess the status 

of the tooth. 

Results: The mean mineralization scores of Groups A, B, and C are 18.32, 17.35 and 17.47 at 

baseline which are not significant. After the treatment the mean differences of mineralisation 

scores of Groups A, B, and C are 7.25, 6.12, 2.70 and 9.25, 8.93, and -0.66  as compared to the 

baseline values at three and six months follow-up, respectively. The repeated measures 

ANOVA test revealed statistically significant differences (p < 0.001) between the three 

treatment groups. At the end of three months, all three groups showed a significant 
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improvement in mineralization score compared to baseline. At the end of 6 months, the pit and 

fissure and topical fluoride groups showed a significant improvement in mineralization score 

compared to baseline, and there was no significant improvement in the oral health education 

group. The results showed that even after adjusting the parameters, there wasn't much of a 

difference. 

Conclusion: Pit and fissure sealant and topical fluoride gel both are equally effective in 

promoting mineralisation on incipient caries in permanent molar teeth. Although the oral health 

education group has shown that it had a short-term effect, it was not sustained for six months. 

Keywords: Mineralisation, Incipient caries, Pre-cavitated Lesions, DIAGNOdent Pen, Pit and 

fissure sealant, Topical fluoride gel, Oral health education. 
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Oral health is believed to be an integral part of general health. The most prevalent dental 

conditions in our nation are dental caries, periodontal conditions, and oral cancer. Developing 

countries like India are now observing a new trend as a result of the advancement of 

globalisation: an increase in dental caries. The majority of dental caries occurs in children and 

adolescents. Due to its widespread nature, effects on both individuals and society, and high 

cost of care, it is a major public health problem.  

The prevalence of dental caries in India is 54.16%. As per the National Health Survey 

conducted throughout India, 51.9% of 5-year-old children and 53.8% of 12-year-old children 

are affected by dental caries. Deep caries, which can result in pain, discomfort, and 

disfigurement, have an impact on children's quality of life. Additionally, it causes missed 

school days, which lowers learning capacity, increases the risk of hospitalisation, raises 

treatment costs. Therefore, it is preferable to treat the disease at an early stage to avoid the risk 

of hospitalisation or high treatment costs. 

Dental caries, a multifactorial disease, results in a net loss of tooth minerals and the 

development of a cavity due to an imbalance in the remineralisation/demineralization 

equilibrium. There are two types of dental caries – cavitated and pre-cavitated dental caries. 

Pre-cavitated lesions are caused by alternate episodes of bacterial acids on intact enamel, which 

lead to areas of demineralization. These demineralised areas are also called as incipient caries. 

Incipient caries can be detected by the diagnostic tool known as the DD pen. The DD pen, 

which works on laser fluorescence, can assess for the presence of carious lesions prior to 

enamel surface cavitation and has a high level of sensitivity and specificity. 
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If these developing carious lesions are discovered in the early phases of demineralization, they 

can be remineralized and stopped from progressing, by implementing certain preventive 

procedures. Preventive strategies, such as non-invasive treatment - topical fluorides, pit and 

fissure sealants, and oral health education, can be used to reverse the changes caused by the 

disease in the enamel. Prioritizing these procedures is necessary because early detection and 

defining the depth of the lesion can enable a switch from non- invasive preventive care to 

invasive procedures. 

The relative effectiveness of these three interventions is still unknown, despite the existence of 

individual studies on the efficacy of sealants, topical fluorides, and health education. A review 

of the literature reveals a lack of data comparing these three primary preventive strategies for 

promoting mineralization.  

Therefore, the current study aimed to compare the effectiveness of three primary preventive 

measures—pit and fissure sealants, topical fluoride, and oral health education—by focusing on 

the population at risk. After implementing the preventive procedure, the surface of the tooth 

was assessed using a DD pen. 
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Aim: 

To compare the effectiveness of primary preventive measures – pit and fissure sealants 

application, topical fluorides application and oral health education on mineralization of tooth 

surface based on DD reading in children.  

Objective:     

1. To identify the volunteers with mineralization score ranging 13-24 using DD pen. 

2. To evaluate the mineralizing potential of three groups: 

i. Group A: Pit and Fissure sealants  

ii. Group B: Topical Fluorides  

iii. Group C: Oral Health Education  

by recording the mineralization status of the volunteers after 3- and 6-months 

intervals using DD device. 

Hypothesis: 

1. Null Hypothesis: There is no difference in the effectiveness of Pit and Fissure 

Sealants, Topical Fluorides and Oral Health Education on mineralization of tooth 

surface 

 

2. Research Hypothesis: There is difference in the effectiveness of Pit and Fissure 

Sealants, Topical Fluorides and Oral Health Education on mineralization of tooth 

surface 
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This review of literature contains studies under the following headings: 

1. Study on the accuracy and repeatability of the DD score for occlusal caries. 

2. Study of pit and fissure sealants' retention. 

3. Study on the potential of APF Gel as a caries-prevention agent. 

4. Study preventing dental cavities with fluoride gel. 

5. Studies investigating the effects of oral health education on children. 

6. A study on the effectiveness of pit and fissure sealants and topical fluoride in reducing 

tooth decay. 

7. Study to evaluate the efficacy of fluoride varnish and oral health education in 

preventing caries in children. 
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1.Study on the accuracy and repeatability of the Diagnodent score for 

occlusal caries. 

i) A study conducted by D. C. Attrill et al. assessed the repeatability and accuracy of three 

diagnostic procedures for the diagnosis of occlusal caries in primary molars: visual, 

radiographic, and DD. The primary outcome measures the sensitivity, specificity, and inter- 

and intra-examiner repeatability for each diagnostic system, and the highest sensitivity values 

provided by DD were 0.77 and 0.80 for examiners 1 and 2, respectively; however, this was 

offset by a lower specificity than all other systems, with the exception of examiner 1 at the V1 

visual threshold. The DD pen achieved the highest Kappa values for intra- and inter-examiner 

repeatability, and it was concluded that the DD pen was the most accurate system tested for the 

identification of caries in primary molar.1 

ii) In a study by V. Anttonen, the purpose was to assess the value of using the DD laser fluorescence 

instrument during normal paediatric dental exams. In all, 613 occlusal surfaces on permanent molars 

and 436 surfaces on primary molars were visually inspected using DIAGNOdent on children ages 7-8 

(n = 55) and 13–14 (n = 54), and for the majority of 13–14-year-olds, radiographs were also used. Prior 

to the assessment, the teeth had not been professionally cleaned. The depth of the caries lesion was 

measured in those lesions that were deemed visually necessary to be opened up by drilling in order to 

produce a gold standard for carious teeth. Although there was a wide range of values within each visual 

category, the mean DIAGNOdent values increased with increasing visual score. The DIAGNOdent 

readings were unaffected by the presence of a clear sealant. Permanent and primary molar values were 

marginally different. Youden's index value was highest (60%) for permanent teeth at a cut-off value of 

30, indicating that DIAGNOdent was performing at its peak level in terms of identifying dentinal caries 

at this time. With this cutoff, visually screening for validation had a sensitivity of 92% and a specificity 
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of 69%, whereas fissure opening had a sensitivity of 92% and a specificity of 82%. Radiographic 

examination was the least accurate of the three techniques. In addition to a visual examination, 

DIAGNOdent appears to be helpful in normal dental exams.2 

2. Study of pit and fissure sealants' retention 

A study conducted by Laith Alsabeka et al. showed that pit and fissure sealants are an integral 

part of preventative dentistry and should be adopted as an integral part of minimally invasive 

dentistry as they provide significant patient benefits. A study design consisting of 40 patients 

between the ages of 6 and 9 was selected. The occlusal surfaces of the first permanent molars 

with a score of 1 or 2 by the International Caries Detection and Assessment System II and a 

score of 14 to 30 using the DD device were selected, and measurements were recorded. Either 

a moisture resistant resin seal or a glass ionomer seal was randomly placed on one side of the 

mouth, and the second material was placed on the opposite side. The retention of these 

materials was analysed at 3 and 6 months. The sealants were then removed, and DD readings 

were taken. After six months, DD mean values revealed a drop in both groups, and this 

difference was statistically significant.3 

3. Study on the potential of APF Gel as a caries-prevention agent  

A study was performed by Neha Agarwal et al. to determine how APF gel can effectively 

prevent caries in a high-risk population of schoolchildren in Bangalore City. The schools were 

randomly allocated into experimental and control groups. The study included children aged 9 

to 16 who had three or more incipient carious lesions. APF gel was applied to the experimental 

group, and both groups received oral health education at baseline and at 6 months. Follow-up 

examinations were performed at 6 and 12 months, and the caries status was recorded by an 

investigator who was blinded to the allocation of intervention. Between the experimental and 
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control groups, there was a significant difference in incipient carious lesions at 6 and 12 

months. These findings suggest that applying APF gel twice a year is an effective preventive 

measure for overturning incipient carious lesions.4 

4.Study Preventing dental cavities with fluoride gel. 

A study was conducted by Said Karabekiroğlu et al. to investigate the efficacy of different 

preventive methods in preventing occlusal and proximal incipient lesions during fixed 

orthodontic treatment.    Four distinct groups were made using a split-mouth design. DD was 

used to evaluate the proximal and occlusal surfaces of the molars during the first 12 months, 

and bitewing radiographs were taken up until the 24th month. Over the initial six months, mean 

DD values increased in all groups compared to baseline, but a significant increase was only 

seen in the control and fluoride groups (p < 0.05). After 24 months, there were no significant 

differences between the four methods in the progression of caries for proximal ILs.5 

5. Studies investigating the effects of oral health education on children. 

R. A. Jaime et al. conducted a 3-year retrospective controlled clinical trial to investigate the 

effect of a school-based oral health education programme on the occurrence of childhood 

caries. 120 children from one of the schools participated in a school-based oral health 

education, while 120 students from the other school served as the control group. After three 

years, 98 children from the experimental group and 96 from the control group were evaluated 

again for dental caries (dmf-t) and completed a questionnaire about oral health-related issues. 

All children had received an initial examination for dental caries (dmf-t). Calculated 

differences in the incidence of caries on permanent teeth were found between the groups. The 

correlation between the incidence of dental caries and other variables was examined using 

logistic regression. Although many students in the experimental group said that they used 

https://pubmed.ncbi.nlm.nih.gov/?term=Karabekiro%C4%9Flu+S&cauthor_id=30895105
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dental floss every day and knew what dental caries was, there were no significant differences 

between the experimental and control groups' caries incidence. The effectiveness of the school-

based oral health education method for reducing caries incidence is inadequate, however there 

are a few areas where oral health knowledge could be slightly improved.6 

6. A study on the effectiveness of pit and fissure sealants and topical fluoride 

in reducing tooth decay. 

According to a systemic assessment by Anneli Ahovuo-Saloranta et al., the occlusal surfaces 

of posterior permanent molars account for the majority of the dental caries in children and 

adolescents. The relative efficacy of sealants and fluoride varnishes is still uncertain, despite 

the fact that clinical trials and systematic reviews have demonstrated that these two treatments 

are significantly more effective at preventing caries than no intervention at all. Studies 

comparing the relative effectiveness of fissure sealants to fluoride varnishes or the combination 

of fissure sealants and fluoride varnishes alone in preventing dental caries on the occlusal 

surfaces of permanent teeth in children and adolescents found some weak evidence supporting 

the superiority of resin-based fissure sealants over fluoride varnish applications for preventing 

occlusal caries in permanent teeth.7 

7.Study to evaluate the efficacy of fluoride varnish and oral health education 

in preventing caries in children  

Memarpour M et al. conducted a study to assess the efficacy of fluoride varnish and oral health 

education in preventing caries in children under the age of three. 300 children between the ages 

of 12 and 24 months with healthy primary teeth were chosen for this single-blind, randomised 

parallel group, one-year clinical trial in Shiraz. Participants were then randomly assigned to 

one of three groups: (1) control, which received no preventive intervention; (2) oral health 
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counselling; and (3) oral health counselling and fluoride varnish at baseline and 6 months later. 

At baseline and 4, 8 and 12 months after the intervention, caries risk reduction was recorded 

as the primary outcome. A total of 260 children (mean age: 20.49 ± 7.33 months) completed 

the study. Compared to group 1, caries risk reduction in group 2 was 28% (95% CI: -39.05 to 

-17.45) and 31% in group 3 (95% CI: -41.88 to -21.73). Between groups 2 and 3, there was no 

significant difference. At baseline, mothers' knowledge and competence were low in all groups; 

however, they significantly improved in follow-up consultations in groups 2 and 3 (p 0.001) 

Parents' knowledge and performance about the oral health of children were improved through 

oral health education. Caries incidence in young children was reduced by oral health 

counselling alone or in combination with the use of fluoride varnish.8 
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The current study was a three-arm parallel group, double-blind, randomised controlled trial 

that looked at the effectiveness of primary preventive measures, such as pit and fissure 

sealants, topical fluoride gel application, and oral health education, on the mineralization of 

tooth surfaces based on DD readings on schoolchildren in Hubli-Dharwad city over a 6-

month period. 

Study population  

The study included approximately 102 healthy participants between the ages of 12 and 15 

years. 

Inclusion criteria of the subjects 

1. Children aged 12 to 14. 

2. Children whose parents or guardians have provided informed consent. 

3. Children for whom the first and second molars have erupted. 

4. Children with incipient lesions on one of the molar tooth surfaces with DD readings 

ranging from 13 – 24. 

5. The subjects were free from any systemic disease. 

Exclusion criteria for the subjects 

1. Uncooperative Children 

2. Children who are physically and mentally challenged. 

3. Children without consent from the parent/guardian. 

4. Children undergoing orthodontic treatment. 

5. Children who were not available during the follow-up. 
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The following procedure was adopted to carry out the present study: 

1. Obtaining ethical clearance. 

2. enrolling in a clinical trial registry 

3. Determine the sample size. 

4. Study design configuration 

5. Study procedure 

6. Clinical Armamentarium List 

7. Obtaining permission from school authorities. 

8. Screening of the subjects 

9. Obtaining Informed consent 

10. Randomization 

11. product application and testing 

12. Data Collection. 

13. Follow up. 

14. Defining the outcome variables 

15. Application of statistical methods 

1. Obtaining Ethical Clearance 

Prior to the start of the study, a study protocol was presented in the form of a PowerPoint 

presentation to the committee members of the SDM College of Dental Sciences and Hospital's 

Institutional Review Board. The study was given ethical approval after the necessary changes 

were made.  

The ethical clearance code is SDMCDS IEC.No.2021/P/COMM/61, ANNEXURE I. 
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2. Clinical Trial Registry  

Following the institute's ethical approval, the study protocol was registered with the Clinical 

Trial Registry India (CTRI). The protocol was reviewed and sent back three times to ensure 

that any necessary corrections could be made. CTRI assigned the trial's registration number, 

CTRI/2022/01/039318, following the modifications. 

3. Determining the sample size 

Calculating the appropriate sample size requires making assumptions about the expected means 

and standard deviations, or event risks, in various groups, as well as the anticipated effect sizes. 

When a study is proposed, the sample size should be estimated, so we select articles that are 

relevant to our study and Using information on the mean incipient lesion scores at 6 months of 

follow-up, the sample size was calculated with the values for the control group being mean 

3.23, standard deviation 1.22, and the test group being mean 4.36, standard deviation 1.764.4 

Using the formula, 

N= 2 Sp2 [Z 
1- α/2 + Z 1- β] 2 / μ d 

2 

Where, the inputs are 

Tail(s) = 2 

d = 0.74 is the effect size. 

Error probability = 0.05 

Power (1- error probability) = 0.80 

Allocation ratio N2/N1 = 1  

N= 2 Sp2 [Z 
1- α/2 + Z 1- β] 2 / μ d 

2 

N= 2 x (1.49)2 [1.96 + 0.84]2  
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(1.13)2 

= 30 

The sample size of the present study per group is 30. Since there are three groups in the study, 

the minimum sample size is 90. 

Assuming a dropout rate of 5%, the sample was increased by 2 more participants, and the final 

sample size per group is rounded off to 32. Since there are three groups in the study, the final 

minimum sample size is 96 (32 per group).  

4. Study design 

Configuration 

The present study was a three-arm parallel group, double-blinded randomised controlled study 

that investigated the effectiveness of primary preventive measures, i.e., pit and fissure sealants, 

topical fluoride gel application, and oral health education, on the mineralization of tooth 

surfaces based on DD readings. 

Obtaining permission from school authorities  

To obtain authorization to conduct the study, a certain number of schools in Dharwad City 

were identified and contacted. The heads of the following 3 schools granted their permission. 

ANNEXURE VI 

1. JSS State School 

2. JSS Central School 

3. Rajiv Gandhi Vidyalaya, CBSE 
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BASELINE VISIT 

Screening of the subjects  

The dentist conducted oral screening in the abovementioned schools to achieve the required 

sample size. Following an oral screening of 683 students from the three schools, the dentist 

examined the mineralization status of the molar tooth surface, and the individuals who met the 

inclusion criteria were then recruited to take part in the study. 

Obtaining informed consent 

The selected children were requested to sit in a classroom while the study protocol was 

explained to them. Since children cannot provide consent, the selected children were provided 

a consent form along with the study protocol in order to obtain parental authorization for their 

participation in the study. ANNEXURE II 

Clinical Armamentarium List  

1. Sterilized plane mouth mirrors 

2. Sterilized explorers 

3. Sterilized WHO probes 

4. Sterilized tweezers 

5. Pit and fissure sealants 

6. Topical fluoride gel 

7. Oral health education model and brush 

8. DD pen 

9. Proforma sheets ANNEXURE IV 
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10. Informed consent and patient information sheet 

11. Disposable gloves 

12. Disposable head caps 

13. Disposable mouth masks 

14. Chip blower 

15. Sterilized cotton rolls 

16. Kidney tray 

17. UV curing light 

18. Disposable tray for fluoride application 

19. Hand disinfectant 

20. Surgical spirit 

Randomization  

Following screening and obtaining parental approval. The DD score was recorded and entered 

into an Excel spreadsheet in three distinct blocks by the investigator. Since the readings' values 

ranged from 13 to 24, block randomization was employed by the researcher to ensure that the 

averages of the three groups remained equal and to establish balance in the distribution of 

participants among treatment arms. ANNEXURE VII 

The names of the groups were assigned after this phase using a simple random procedure. The 

groups are 

1. Group A: Pit and fissure sealant application 

2. Group B: Topical fluoride gel application. 

3. Group C: Oral health education. 
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DD is a pen-like probe that deploys a laser beam with a wavelength of 655 nm. This light-

emitting device is applied to the teeth and provides dentists with a digital readout that they can 

use to analyse and spot tooth decay. DD interpretations and readings: 

DD readings Interpretation 

0-12 Healthy tooth 

13-24 Beginning Demineralization 

>25 Strong Demineralization 

The subjects were then assigned to the appropriate group, and treatment was given. 

1. For the pit and fissure sealant group, cotton rolls were employed to isolate the tooth to 

control moisture. Etchant is applied as instructed by the manufacturer for 30 to 60 

seconds to the incipient lesion. The tooth was cleaned with water for at least 30 seconds 

and then dried until it had a chalky, frosted appearance. The sealant material is applied 

to the occlusal surface and then exposed to a polymerization light for at least 20 seconds 

to cure it. The sealant is evaluated tactically and visually before an attempt to remove 

it using a probe is made. 

2. For the topical fluoride group, participants were seated upright in a chair, and APF gel 

was applied using the tray technique. A small amount of fluoride gel was kept to reduce 

ingestion. Participants were instructed not to swallow the gel but to exert slight pressure 

using the cheeks and tongue, as well as a light biting force, in order to cause the gel to 

flow interproximal. The fluoride gel was kept in the mouth for 4 minutes, and any 

remaining oral fluid was expectorated. The participants were requested not to eat, drink, 

or rinse for 30 minutes. 



                                                    Methodology  
 

Page | 17  

 

3. For oral health education methods, interactive sessions with school children were 

provided in the forms of flip charts and models through offline and online sessions 

according to the availability of participants.  The following details were covered in 

these sessions: normal tooth morphology, different varieties of teeth, the significance 

of common oral disorders such as dental caries, malocclusion, periodontal disease, and 

oral cancer, along with their origin, signs, and preventative measures. Brushing 

technique was explained to the schoolchildren using models. 

All the participants who indicated for treatment were treated on school premises in a classroom 

under natural light with either treatment on ethical grounds. 

Blinding  

The study is a double-blinded study, in which the participants and the investigator were 

blinded. The participant is unaware of which procedure he underwent. One investigator, who 

was familiar with the study's methodology but was not aware of the allocation groups, 

conducted the follow-up investigation. 

First post-treatment visit  

Three months later, the list of participants was given to the principals of the schools along with 

a request for permission to conduct the initial follow-up, and the students were requested to 

attend. A single examiner performed the follow-up examination on the premises of the school, 

recording the participant's DD score and having a second operator record the findings. 
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Post second visit 

The students were requested to participate in the second follow-up, six months later, and a list 

of participants was presented to the school principals along with a request for permission to 

conduct it. The same examiner conducted the follow-up examination on the school's premises 

while a second operator recorded the participant's DD score. 

Compliance visit  

The investigator tried to reach out to participants who missed the examination day and 

rescheduled the examination for the following day. A second was made if the second one also 

failed. If this also failed, it was recorded as a loss to be followed. 

Study Duration 

Since it takes a tooth at least six months to remineralize or demineralize, the study was carried 

out over a six-month period from March to September 2022. This comprised the follow-up of 

the third and sixth months. 

Defining outcome 

Caries remineralisation/demineralization was the study's outcome, which was determined by 

the change in DD readings. At each visit, readings were taken, and the mean value was used 

for statistical analysis. Whereas an increase in the score indicates demineralization, a decrease 

in the score indicates remineralisation of the carious lesion. 
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Application of statistical methods 

1. The data was entered into the computer (Microsoft-Office 10, Excel datasheet). 

2. The data was subjected to statistical analysis using the statistical package, SPSS 21. 

3. The data was descriptively analysed and presented as percentages and the mean with 

standard deviation. 

4. Comparisons of the treatment groups with respect to baseline DD scores were 

performed using repeated measures of the ANOVA test. 

5. Multivariate analysis was performed for baseline, first, and second follow-up DD scores 

in relation to the three preventive test products used. 

6. A univariate analysis of variance was performed for the baseline versus the first and 

second follow up scores of the DD score for the three procedures. 

7. Repeated measures ANOVA and post-hoc Bonferroni tests were used to compare 

treatment groups based on age, gender, and baseline as covariates. 

8. For the tests, the level of significance was set at 5%. 
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CONSORT 2010 Flow Diagram 

 

Oral Screening 

(n = 683) 

Excluded (n= 581) 

   Not meeting inclusion criteria (n=549) 

   Declined to participate (n=32) 

 

Analysed for outcome (n=31)  

Available (n=33) 

Lost to follow-up = 2 (Migration to 

another school) 

Pit and fissure Sealant Application 

(n = 34) 
Oral Health education 

(n = 34) 

 

Allocation 

Analysis 

3 months Follow-Up 

Assessed for eligibility (n=102) Randomized 

Enrollment 

 Topical Fluoride gel Application  

(n = 34) 

Available (n=32) 

Lost to follow-up = 2 (Absent) 

 

Available (n=32) 

Lost to follow-up = 2 (Absent) 

 

Available (n=31) 

Lost to follow-up = 2 (Dislodged)  

Available (n=31) 

1 Lost to follow-up (absent)  

Available (n=30) 

 Lost to follow-up = 2 (Absent) 

(n=30) 

6 months Follow-Up 

Analysed for outcome (n=31)  

 

Analysed for outcome (n=30)  
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FIGURE 2: Armamentarium for oral screening 

FIGURE 1: Explaining study procedures to school children 



Photographs  
 

Page | 22  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 3: Oral screening of children 

FIGURE 4: Identification of incipient caries using DD 

device 
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FIGURE 5: Informed 

consent from parents 

FIGURE 6: Block-

randomization 
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FIGURE 7: Explaining the procedure 

to participant 

FIGURE 8: Armamentarium for preventive treatment 
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FIGURE 9: Pit and fissure sealant 

application 

FIGURE 10: Topical fluoride gel 

application 
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FIGURE 11: Oral health education through online 

FIGURE 12: Oral health education through 

offline 
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FIGURE 13: Follow up examination at 3 months 

FIGURE 14: Follow up examination at 6 months 
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Table 1: Demographic Characteristics of the recruited study 

subjects 

s.no Demographics Number of participants n(%) 

1 Age 

12 12(11.8) 

13 46(45.1) 

14 37(36.3) 

15 7(6.9) 

2 Gender 

Male 65(63.7) 

Female 37(36.3) 

3 Age at enrolment (Mean+SD) 13.38+0.7 

Total  102(100) 

 

Table 1: Shows the distribution of the study subjects' age and gender. Overall, 102 individuals 

who met the inclusion criteria were included in the study. Of the 102 participants, 65 were men 

and 37 were women. With a mean age of 13.38+0.7, the participants ranged in age from 12 to 

15 years.  
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Table 2: Distribution of study groups  

  

Study groups 

Number of 

participants 

N (%) 

1. Pit and Fissure sealants 34(33.3) 

2. Topical Fluoride gel  34(33.3) 

3. Oral Health education 34(33.3) 

Total  102(100) 

 

Table 2: Illustrates how the102 study participants were then split into three groups of 34 each 

using a 1:1:1 allocation ratio. To achieve this, 33.3% of Group A participants received pit and 

fissure sealant application, 33.3% of Group B participants received topical fluoride gel, and 

33.3% of Group C participants received oral health education. 
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Table 3: Timeframe of the study and the number of participants lost 

for follow-up 

s.no Time frame Groups Total 

Pit and 

Fissure 

sealants  

Topical 

fluoride 

gel 

Oral health 

education  

1 No. of subjects 

examined at 

baseline  

34 34 34 102 

2 No. of subjects 

examined at 

3months 

33(97) 32(94.1) 32(94.1) 97(95) 

3 Total number of 

subjects lost 

to follow-up at 

3months 

1(3) 2(5.9) 2(5.9) 5(5) 

4 No. of subjects 

examined at 6 

months 

31(93.9) 31(96.8) 30(93.7) 92(94.8) 

5 Total number of 

subjects lost 

to follow-up at 

6months 

2(6.1) 1(3.2) 2(6.3) 5(5.2) 

6 Total loss to 

follow up  

3(8.9) 3(8.9) 4(11.8) 10(9.8) 

 

Table 3 shows the study's duration and the percentage of participants who failed the subsequent 

evaluation. Over the course of six months, the 102 study participants were assessed twice: at 

three and six months. Three months after the follow-up period began, five subjects—two of 

whom had left the school were no longer available and three were absent. Five people were not 

able to retake it at six months because two restorations were dislodged, three people were 

absent, and As a result, at the study's closure, the overall loss to follow-up percentages was 9.8. 

The study's final examination was completed by 92 patients after six months, and the findings 

were then analysed. 
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Table 4: Age and gender distribution of participants who 

completed the study 

s.no Demographics Number of participants n(%) 

1 Age 

12 11(12) 

13 41(44.6) 

14 35.6(35.9) 

15 7(7.6) 

2 Gender 

Male 58(63) 

Female 34(37) 

3 Age at enrolment (Mean+SD) 13.38 + 0.9 

Total  92(100) 

 

Table 4: Displays the distribution of the study participants' ages and genders. The final analysis 

included 92 participants, excluding those who were lost to follow-up after the two follow-ups. 

There were 92 participants, of which 34 were women and 58 were men. The participants were 

12 to 15 years old, with a mean age of 13.38 + 0.9. The majority of them were 13 years old. 
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Table 5: Shows the mean and standard deviation of the mineralization status in the three 

treatment groups at three different points in time: the baseline, the three and six-month follow-

up visit. Group A, the pit and fissure sealant group, had a baseline score of 18.32+3.44, a three-

month follow-up score of 11.06+2.93, and a six-month follow-up score of 9.06+3.23 . Group 

B, the topical fluoride group, had a baseline score of 17.35+3.46, a three-month follow-up score 

of 11.23+3.26, and a six-month follow-up score of 8.42+2.73. Group C, the oral health 

education group, had a baseline score of 17.72+3.80, a three-month follow-up score of 

14.77+4.26, and a six-month follow-up score of 18.31+8.34. 

 

 

Table5: Mineralization status of the three treatment groups at various time 

intervals 

s.no  

 

 

Study groups 

 

Timeframe and mean DIAGNOdent readings 

Baseline 

mineralization 

status 

Mineralization 

status at  

3 months 

Mineralization 

status at 

 6 months 

Mean(SD) Mean(SD) Mean(SD) 

 

1 

 

Pit and 

fissure 

sealant 

 

18.32(3.44) 

 

11.06(2.93) 

 

9.06(3.23) 

 

2 

 

Topical 

Fluoride gel 

 

17.35(3.46) 

 

11.23(3.26) 

 

8.42(2.73) 

 

3 

 

Oral health 

education  

 

17.72(3.80) 

 

14.77(4.26) 

 

18.31(8.34) 
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Graph 1: Mineralization status of the three treatment groups at baseline, 3 and 6 month follow-

up time intervals 
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Table 6: Pairwise Comparison of mean DIAGNOdent scores in the three treatment 

groups  at baseline 

Dependent 

Variable Study groups 

Mean 

Difference 

(I-J) 

 

Sig. 

 

 95% Confidence 

interval   

Lower Upper 

BASELINE 

SCORE 

Pit and 

fissure 

sealants 

Topical fluoride 

gel 

.968 0.867 -1.25 3.18 

Oral health 

education 

.856 1.000 -1.38 3.09 

Topical 

fluoride gel 

Pit and fissure 

sealants 

-.968 0.867 -3.18 1.25 

Oral health 

education 

-.112 1.000 -2.34 2.12 

 

Oral health 

education 

Pit and fissure 

sealants 

-.856 1.000 -3.09 1.38 

Topical fluoride 

gel 

.112 1.000 -2.12 2.34 

Note: Using repeated measures of ANOVA Post hoc Bonferroni test 

 

Table 6:  Displays the pairwise comparison and mean difference between the mineralisation 

scores in each of the three treatment groups at baseline. The findings of the repeated measures 

ANOVA using the post hoc Bonferroni test indicate that there is no significant difference 

between the three treatment groups at baseline. 
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Table 7A: Pairwise Comparison of mean DIAGNOdent scores in the three treatment 

groups based at 3months data  

Dependent 

Variable Study groups 

Mean 

Difference 

(I-J) 

 

Sig. 

 

95% Confidence 

interval   

Lower  Upper  

3 months PIT AND 

FISSURE 

SEALANTS 

TOPICAL FLUORIDE 

GEL 

-.161 1.000 -2.34 2.02 

ORAL HEALTH 

EDUCATION 

-3.702* 0.0003 -5.90 -1.50 

TOPICAL 

FLUORIDE GEL 

PIT AND FISSURE 

SEALANTS 

.161 1.000 -2.02 2.34 

ORAL HEALTH 

EDUCATION 

-3.541* 0.001 -5.74 -1.34 

ORAL HEALTH 

EDUCATION 

PIT AND FISSURE 

SEALANTS 

3.702* 0.0003 1.50 5.90 

TOPICAL FLUORIDE 

GEL 

3.541* 0.001 1.34 5.74 

NOTE: Using Post hoc Bonferroni test(UNADJUSTED) 

*the mean difference is significant at 0.05 level. 

 

Table 7a: Shows the pairwise comparison and mean difference in mineralization scores 

between the three treatment groups after three months. At the three-month follow-up, there 

were significant differences between the three treatment groups, according to the repeated 

measures ANOVA using the post hoc Bonferroni test. According to the results, there were 

significant differences between the pit and fissure sealant group and oral health education and 

between the topical fluoride group and oral health education, but not between the pit and fissure 

sealant group and the topical fluoride group. 
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Table 7B: Pairwise Comparison of mean DIAGNOdent scores in the 

three groups based on repeated observation at 3months(adjusted)   

Dependent 

Variable Study groups  

PREVENTIVE TREATMENT 

PROVIDED 

Adjusted 

Mean 

Difference 

(I-J) 

Sig. 95% Confidence 

interval   

Lower Upper 

3 months PIT AND 

FISSURE 

SEALANTS 

TOPICAL FLUORIDE GEL -0.392 1.000 -2.446 1.661 

ORAL HEALTH 

EDUCATION 

-3.445* 0.001 -5.626 -1.264 

TOPICAL 

FLUORIDE GEL 

PIT AND FISSURE 

SEALANTS 

0.392 1.000 -1.661 2.446 

ORAL HEALTH 

EDUCATION 

-3.053* 0.002 -5.190 -0.915 

ORAL HEALTH 

EDUCATION 

PIT AND FISSURE 

SEALANTS 

3.445* 0.001 1.264 5.626 

TOPICAL FLUORIDE GEL 3.053* 0.002 0.915 5.190 

NOTE: Using the univariant analysis post hoc Bonferroni test, fixed characteristics such 

as gender and treatment groups, were baseline and age as covariant were taken into 

account for multiple comparisons. 

*the mean difference is significant at 0.05 level 

 

Table 7b: Demonstrates the pairwise comparison and mean difference between the 

mineralisation scores in each of the three treatment groups at the three-month follow-up. With 

the fixed factors comprising of treatment groups and gender, age and baseline demineralisation 

score as covariates. The repeated measures ANOVA findings using the post hoc Bonferroni 

test revealed significant differences between the three treatment groups. The results showed 

that even after adjusting the parameters, there wasn't much of a difference. 
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Table 8a: Comparison of mean mineralization scores in the three groups 

based on repeated observation at 6 months (unadjusted) 

Dependent 

Variable Study groups 

PREVENTIVE TREATMENT 

PROVIDED 

Mean 

Difference 

(I-J) 

Sig. 95% Confidence 

interval   

Lower  Upper  

6 Months PIT AND 

FISSURE 

SEALANTS 

TOPICAL FLUORIDE GEL .645 1.000 -2.68 3.97 

ORAL HEALTH 

EDUCATION 

-9.069* <0.001 -12.42 -5.72 

TOPICAL 

FLUORIDE GEL 

PIT AND FISSURE 

SEALANTS 

-.645 1.000 -3.97 2.68 

ORAL HEALTH 

EDUCATION 

-9.714* <0.001 -13.06 -6.37 

ORAL HEALTH 

EDUCATION 

PIT AND FISSURE 

SEALANTS 

9.069* <0.001 5.72 12.42 

TOPICAL FLUORIDE GEL 9.714* <0.001 6.37 13.06 

NOTE: Using Post hoc Bonferroni test(UNADJUSTED) 

*the mean difference is significant at 0.05 level. 

 

Table 8a: Demonstrates the pairwise comparison and mean difference between the 

mineralisation scores in each of the three treatment groups at the six-month follow-up. At the 

six-month follow-up, there were significant differences between the three treatment groups, 

according to the repeated measures ANOVA results using the post hoc Bonferroni test. 

According to the results, there were significant differences between the pit and fissure sealant 

group and oral health education and between the topical fluoride group and oral health 

education, but not between the pit and fissure sealant group and the topical fluoride group. 
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Table 8B: Comparison of mean mineralization scores in the three groups 

based on repeated observation at 6 months (adjusted) 

Dependent 

Variable Study groups 

PREVENTIVE TREATMENT 

PROVIDED 

Adjusted 

Mean 

Difference 

(I-J) 

Sig. 95% Confidence 

interval   

Lower Upper 

6 months PIT AND 

FISSURE 

SEALANTS 

TOPICAL FLUORIDE GEL 0.451 1.000 -2.92 3.82 

ORAL HEALTH 

EDUCATION 

-8.540* <0.001 -12.12 -4.95 

TOPICAL 

FLUORIDE GEL 

PIT AND FISSURE 

SEALANTS 

-0.451 1.000 -3.82 2.92 

ORAL HEALTH 

EDUCATION 

-8.991* <0.001 -12.50 -5.47 

ORAL HEALTH 

EDUCATION 

PIT AND FISSURE 

SEALANTS 

8.540* <0.001 4.95 12.12 

TOPICAL FLUORIDE GEL 8.991* <0.001 5.47 12.50 

NOTE: : Using the univariant analysis post hoc Bonferroni test, fixed characteristics 

such as gender and treatment groups, were baseline and age as covariant were taken into 

account for multiple comparisons. 

*the mean difference is significant at 0.05 level 

 

Table 8b: Demonstrates the pairwise comparison and mean difference between the 

DIAGNOdent scores in each of the three treatment groups at the six-month follow-up.  With 

the fixed factors comprising of treatment groups and gender, age and baseline DIAGNOdent 

score as covariates. The repeated measures ANOVA findings using the post hoc Bonferroni 

test revealed significant differences between the three treatment groups. The results showed 

that even after adjusting the parameters, there wasn't much of a difference. 
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Table 9: Comparison of the baseline DD readings within the 

group to the three- and six-month follow-up 

 Paired 

Differences 

Mean 

differences  

SD 95% 

confidence 

interval 

t df p-

value 

Lower  Upper  

Pit and 

fissure 

sealant 

Baseline vs 

3months 

7.25 3.55 5.953 8.956 11.356 30 <0.001 

Baseline vs 

6 months 

9.25 4.06 7.76 10.74 12.678 30 <0.001 

Topical 

fluoride 

gel 

Baseline vs 

3months 

6.12 4.16 4.60 7.658 8.185 30 <0.001 

Baseline vs 

6 months 

8.93 4.07 7.44 10.430 12.212 30 <0.001 

Oral 

health 

education  

Baseline vs 

3months 

2.70 4.09 1.17 4.22 3.611 29 0.001 

Baseline vs 

6 months 

-.66 8.34 -3.78 2.45 -.437 29 0.665 

*mean value less than 0.05 

 

Table 9: Displays the comparison of the baseline DD readings within the group to the three- 

and six-month follow-ups. Pit and fissure sealant and a topical fluoride gel are significantly 

promoting remineralisation, which has increased mineralization significantly over time. Oral 

health education had a statistically significant association at three months but not at six months. 

 

 

 

 

 

 

 

 

 



                                                   Results   
 

Page | 40  

 

 

Table 10 : Pairwise comparisons of the treatment groups throughout 

 

 

Study groups 

Mean 

differences 

(I-J) 

Sig. 95% confidence 

interval 

lower Upper 

Pit and Fissure 

sealants 

Topical fluoride 

gel 
0.48 1.000 -1.52 2.49 

Oral health 

education 
-3.97* <0.001 -5.99 -1.95 

Topical fluoride 

gel 

Pit and Fissure 

sealants 
-.48 1.000 -2.49 1.52 

Oral health 

education 
-4.46* <0.001 -6.48 -2.44 

Oral health 

education 

Pit and Fissure 

sealants 
3.97* <0.001 1.95 5.99 

Topical fluoride 

gel 
4.46* <0.001 2.44 6.48 

Note: Data for groups are mean (SD) Using Repeated ANOVA multivariate analysis Post 

Hoc Bonferroni test 

* the mean difference is significant at the .05 level 

 

 

Table 9: Following statistically significant changes in mineralisation scores determined by the 

repeated measures ANOVA test, a post hoc Bonferonni test was used to determine which 

follow-up had a significant change in mineralization scores among the treatment groups. There 

is a statistically significant reduction in the pit and fissure sealant group when compared to the 

oral health education group, and there is also a statistically significant reduction in the topical 

fluoride group when compared to the oral health education group, but there is no significant 

difference when the pit and fissure sealant group is compared to the topical fluoride group. 
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Dental caries is a bacterial disease that affects the calcified tissues of the teeth 

and is described by the demineralization of the inorganic and destruction of the 

organic components of the tooth.9 

Dietary sugars combined with dental plaque cause the secretion of acids, and 

repeated exposure to these acids in the oral cavity eventually demineralizes tooth 

enamel, and these early demineralized areas are identified as incipient caries. 

Incipient caries are usually seen on the occlusal surfaces of posterior teeth, as 

they are more prone to caries development than the smooth surfaces, due to the 

irregular occlusal surface of the tooth, which creates an ideal environment for 

plaque accumulation and serves as a reservoir for bacteria. Given this, treating 

these incipient caries reduces the oral bacterial count and improves the 

mineralization of the tooth surface. 

It is usually difficult to detect incipient caries with the unaided eye, so a device 

called DIAGNOdent pen was used. The DD pen works with laser fluorescence 

technology, which enables early detection of fissures and proximal caries. 

According to the manufacturer's guidelines, DD pen scores range from 0-99, with 

0–12 indicating a strong, healthy tooth, 13–24 indicating a pre-cavitated lesion, 

and greater than 24 indicating a cavitated lesion. 
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When compared to a visual examination, DD sensitivity and specificity were 

adequate. DD had numerous drawbacks, including the fact that it relied on 

bacterial metabolites and that readings might be influenced by plaque, calculus, 

and stains. Therefore, the DD readings were recorded on an unstained tooth 

surface by moving the probe tip across the occlusal surface. 

The process of demineralization can be prevented by implementing certain 

preventive dental procedures, such as administering fluoride gel topically, 

applying pit and fissure sealants, and promoting good oral health (oral health 

education). Therefore, preventing oral diseases is a more practical way to ease 

the burden. 

The current study compared the effectiveness of the primary preventive 

procedures such as pit and fissure sealants, topical fluoride gels, and oral health 

education. The age group of the study population was 12 to 15 years, as all 

permanent teeth except the third molars erupt in the oral cavity by the age of 12 

years. However, they are not fully mineralized, and mineralization persists in the 

oral cavity for two years. Hence, 12 to 14 years old was the ideal age for this 

study. Therefore, we have a one-year grace period, as some individuals may have 

delayed eruptions. Accordingly, the study target population was children aged 12 

to 15. 
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This study was conducted over a period of 6 months, because the majority of 

studies suggest that the progression of caries involves 6 months to several years, 

and as our study was confined to incipient lesions, we could achieve 

mineralization status in 6 months. In addition, the availability of subjects and time 

restraints were additional reasons for restricting a follow-up at a 3-month interval. 

This study was conducted in Hubbali-Dharwad city schools, among children who 

met the eligibility criteria and provided informed consent from their 

parents/guardians. We have chosen schoolchildren because it was more feasible 

to follow them than the general population. 

After reviewing the literature, a total sample size of 90 participants, (30 in each 

group) was determined. Since this was a 6-month follow-up study, keeping in 

mind the drop-outs, we enrolled more than the required sample size of 102. The 

102 study participants were divided into three groups of 34 people each using a 

block randomization technique. As demineralization scores ranged from 13 to 24, 

block randomization was used to ensure that the mean scores of the three groups 

remained the same and that the distribution of participants was balanced. [table2] 

Following this phase, the names of the groups were assigned using a simple 

random procedure, and the treatments were performed. The subjects allotted to 

group A were provided with pit and fissure sealants; those in group B were 

provided with topical fluoride gel application; ; group C were provided with oral 
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health education both online and offline, based on the availability of subjects. The 

treatments for all the groups were done according to the steps mentioned in the 

existing literature. Subjects were examined using a DD pen, and readings were 

recorded.  

Despite having a slightly higher drop-out rate of 9.8% in the current study when 

compared to the study done by Neha Agarwal et.al, i.e. 7%, we were able to 

achieve the required sample size of 90. At the end, a total of 92 participants were 

included in the final assessment; the results were tabulated and analysed. [table3]. 

The products used in the current study are pit and fissure sealants (DELTON FS+, 

flow-able pit and fissure sealants with fluoride, light curing) and topical fluoride 

gel (Fluorotop APF gel, PREVESTDenPro) which were procured from a dealer, 

and for oral health education, a PowerPoint presentation was prepared by the 

principle investigator. 

Since the study had three groups and each subject’s mineralization score was 

measured repeatedly, the repeated measures ANOVA statistical test was used, to 

compare the means of these groups. The variables within the subject-factor were 

the baseline mineralisation score, 3months mineralisation score and 6months 

mineralisation score. 
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According to the repeated measures ANOVA the pairwise comparison of 

mineralization scores at the end of three and six-month follow-up revealed that, 

there was statistically significant differences between groups A and C and; group 

B and C, but no significant difference between groups A and B. 

As all the three groups were statistically significant, a post hoc Bonferroni test 

was performed to determine which follow-up showed a significant difference in 

mineralization scores between the treatment groups. The mean differences of 

demineralisation  scores of Groups A, B, and C are 7.25, 6.12, 2.70  and 9.25, 

8.93, and -0.66 points as compared to the baseline values at three and six months 

follow-up, respectively. 

Even after adjusting the parameters, the results revealed that there was no much 

difference, with the fixed factors being the treatment groups, gender; age and 

baseline demineralization score as covariates at 3 & 6 months follow-up. 

In the present study, the mean DD score of pit and fissure sealants at baseline was 

18.32 and had come down to 9.06 at the end of 6 months, which is slightly higher 

significance than the study done by Laith Alsabek, which showed that the initial 

mean values of DD readings were 22.42; after six months, DD mean values 

revealed a drop to 21.02, which was statistically significant and they have 

concluded that occlusal caries which are restrictive to enamel, can be clinically 
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arrested by sealing the lesion with sealant materials, which aligns with our 

findings.3  

The current study findings revealed that topical fluoride (APF gel) had 

statistically significant effect on mineralisation of incipient lesions at baseline 

17.35, which had decreased to 8.42 at the end of 6 months. As a result, APF gel 

was perceived to promote better tooth mineralisation. The current studies could 

not be correlated due to a lack of previous studies pertaining the effect of APF 

gel on the assessment of mineralization on incipient caries using DD pen.4 

The results of this study revealed that oral health education group had a 

statistically significant association between baseline and 3-month follow-up but 

no significant association later. Many studies have revealed that education has 

short-term effect, which suggest that oral health education should be delivered in 

regular intervals.  
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Strengths and limitations of the study 

1. The results of the study can be generalised to the entire population of 

children affected by incipient caries lesions on permanent molars. 

2. In India, where health resources are scarce, it is preferable to prevent caries 

by employing preventive measures and remineralizing the teeth at an early 

stage. 

3. Conventional treatment of dental caries requires a high level of compliance 

from patients. In such cases, it is better to use pit and fissure sealants and 

topical fluoride for preserving permanent teeth. 

4. The investigator could not be blinded during the application and 

assessment processes due to the differing techniques needed for the 

application of the materials. 
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This study compared the effects of topical fluoride gel, oral health education, and pit and fissure 

sealants on the mineralization of tooth surfaces using DD pens. 

The current study concludes that: 

1. The efficacy of Pit and fissure sealants to promote mineralization on permanent teeth 

significantly increased between baseline and three months as well as six months. 

2.  The efficacy of topical fluoride gel to promote mineralization on permanent teeth 

significantly increased between baseline and three months as well as six months. 

3. The efficacy of oral health education to promote mineralization on permanent teeth 

significantly increased between baseline and three months but no significant relation 

with six months. 

4. Pit and fissure sealant and a topical fluoride gel both are equally effective in promoting 

remineralisation on incipient caries in permanent teeth, which have increased 

mineralization significantly over time.  
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Dental caries, a multifactorial disease, results in loss of tooth minerals and the development of 

a cavity due to an imbalance in the remineralisation/demineralization equilibrium. There are 

two types of dental caries – cavitated and pre-cavitated dental caries. Pre-cavitated lesions are 

caused by alternate episodes of bacterial acids on intact enamel, which lead to areas of 

demineralization. These demineralised areas are also called as incipient caries. 

Incipient caries can be detected by the diagnostic tool known as the DD pen. The DD pen, 

which works on laser fluorescence, can assess for the presence of carious lesions prior to 

enamel surface cavitation and has a high level of sensitivity and specificity. 

A search of the literature reveals a lack of information comparing these three most common 

primary preventive procedures for promoting mineralization. The study's objectives are to 

compare the effectiveness of primary preventive measures on tooth mineralization of children 

based on DD reading (pit and fissure sealants, topical fluoride application, and oral health 

education) using a DD pen. The research hypothesis is to identify differences in the 

effectiveness of pit and fissure sealants, topical fluorides, and oral health education on the 

mineralization of tooth surfaces. 

A total of 102 healthy individuals between the age of 12 and 15 who had incipient lesions on 

the molar tooth surfaces with DD readings ranging from 13 to 24 participated in the study with 

the informed consent of their parents or guardians. 

Ethical approval was obtained from the SDMCDS ethical committee, number 

IEC.2021/P/COMM/6. Following the institute's ethical approval, the study protocol was 
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registered with the Clinical Trial Registry India (CTRI). CTRI trial's registration number, 

CTRI/2022/01/039318. 

The present study was a double blinded, three-arm parallel group randomised controlled study. 

The dentist conducted oral screenings of 683 students from the schools in Hubbali-Dharwad to 

achieve the required sample size which was determined using the apparent article. Following 

an oral screening, the dentist examined the mineralization status of the molar tooth surface, and 

the individuals who met the inclusion criteria with the informed consent of their parents or 

guardians were then recruited to take part in the study. 

The mineralisation score was recorded and entered into an Excel spreadsheet in three distinct 

blocks by the investigator. Since the readings ranged from 13 to 24, block randomization was 

employed by the researcher to ensure that the averages of the three groups remained equal, and 

to establish balance in the distribution of participants among treatment arms. The names of the 

groups were assigned after this phase using a simple random procedure. The groups are names 

as follows Group A: Pit and fissure sealant application, Group B: topical fluoride gel 

application, Group C: Oral health education. 

Following that, subjects were allocated into the groups, and treatment was given in the school 

premises under natural light on ethical grounds. 

A single examiner conducted the follow-up examination on the school's premises at three-

month and six-month intervals, recorded the participant's DIAGNOdent score, and had a 

second operator record the findings. A compliance visit was performed by the investigator, 

who tried to reach out to participants who missed the examination day and rescheduled the 
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examination for the following day. A second visit was made if the second one also failed, it 

was marked as a lost to follow-up. 

The study duration was 6 months, as it takes 6 months for a pre-cavitated lesion to develop into 

a cavitated lesion. Caries remineralisation/demineralization was the studies outcome, which 

was determined by the change in DIAGNOdent readings. At each visit, readings were taken, 

and the mean value was used for statistical analysis. Whereas an increase in the score indicates 

demineralization, a decrease in the score indicates remineralisation of the carious lesion. The 

data was entered into the computer (Microsoft-Office 10, Excel datasheet) and subjected to 

statistical analysis using the statistical package SPSS 21. 

Overall, 102 individuals who met the inclusion criteria were included in the study. Of the 102 

participants, 65 were men and 37 were women. With a mean age of 13.38+0.7. The overall loss 

to follow-up percentages were 9.8 at the end of the study. Hence, 92 children participated in 

the study's final examination; the results were then analysed. 

The baseline score for the pit and fissure sealant group was 18.32 + 3.44, followed by scores 

of 11.06 + 2.93 at three months and 9.06 + 3.23 at six months. At baseline, the topical fluoride 

group had a score of 17.35 + 3.46, followed by scores of 11.23 + 3.26 at three months and 8.42 

+ 2.73 at six months. With respect to oral health education, baseline score was 17.72+3.80, 

followed by scores of 14.77+4.26 at three months and 18.31+8.34 at six months. 

At the three- and six month follow-ups, there were significant differences between the three 

treatment groups, according to the repeated measures ANOVA using the post hoc Bonferroni 

test. The results showed significant differences between the pit and fissure sealant group and 

oral health education and between the topical fluoride group and oral health education, but not 



                                                   Summary   
 

Page | 52  

 

between the pit and fissure sealant group and the topical fluoride group. The results showed 

that even after adjusting the parameters, there wasn't much of a difference. 

The findings of the study concluded that when fluoride gel or sealants were applied on the 

incipient lesions, mineralisation score improved and was significantly differenence from the 

oral health education group after three and six months. Although there was no significant 

difference between fluoride and sealant groups it was proved to be substantially more beneficial 

than the oral health education group. 
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ANNEXURE I 

Ethical clearance 
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ANNEXURE II 

Consent Form 

Department of Public Health Education, S.D.M. College of Dental Sciences 

& Hospital, Sattur, Dharwad-580009 

INFORMED CONSENT FOR THE PARTICIPATION IN THE STUDY 

 

Date: 

I agree that my child……………………………………………… (full name of 

the child) for whom I am ……………………………………parent/guardian give 

my consent that my child can interviewed and examined by the Doctors(s). I agree 

to co-operate to any investigations considered necessary for the study. 

I have been informed about the study ‘Effectiveness of Primary Preventive 

Measures on Mineralization of Tooth Surface Based on DIAGNOdent Readings 

– A Randomized Control Study’ conducted by Dr. Taruni Voora, Department of 

Public Health Dentistry, SDM College of Dental Sciences and Hospital, 

Dharwad. I have been explained about the nature of the study and the proposed 

procedure. 

I authorize to ask questions and examination for the purpose of the study. I was 

free to ask questions and have been answered satisfactorily. I consent to the taking 

of photographs and publication of the same for the purpose of advancing health 

education. I understand that my identity will remain confidential.  

 

Signature/thumb impression of Parents/guardian 

 

                                                                                                    Dr. Voora Taruni 

  (Principal investigator) 
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ಸಾರ್ವಜನಿಕ ಆರೋಗ್ಯ  ಶಿಕ್ಷಣ ಇಲಾಖೆ,ಎಸ್.ಡಿ.ಎಂ. ಕಾಲೇಜ್ ಆಫ್ 

ಡಂಟಲ್ ಸೈನ್ಸ ಸ್ & ಆಸ್ಪ ತೆ್ರ , ಸ್ತ್ತೂ ರು, ಧಾರವಾಡ-580009 

ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸಲು ಸಮ್ಮ ತಿ 

 

ದಿನಾಂಕ: 

ನನನ  ಮ್ಗು ................................................................................. (ಮ್ಗುವಿನ 

ಪೂರ್ಣಹೆಸರು) ನನು ಯಾರಿಗೆ ......................................... ತಾಯಿ/ 

ತಂದೆ/ಪೋಷಕರು ನನನ  ಮ್ಗುವನುನ  ವೈದಯ ರು ಸಂದರ್ಶಣಸಬಹುದು ಮ್ತ್ತು  

ಪರಿೋಕಿ್ಷ ಸಬಹುದು ಎಾಂದು ನನನ  ಒಪಿ್ಪ ಗೆಯನುನ  ನೋಡಿ. ಅಧ್ಯ ಯನಕೆ್ಕ  

ಅಗತ್ಯ ವಾಂದು ಪರಿಗಣಿಸಲಾದ ಯಾವುದೇ ತ್ನಖೆಗಳಿಗೆ ಸಹಕರಿಸಲು ನನು 

ಒಪಿ್ಪ ತ್ು ೋನೆ. 

 

‘ಡಯಾಗ್ನ ೋಡಾಂಟ್ ರಿೋಡಿಾಂಗ್ಗಳ ಆಧಾರದ ಮೇಲೆ ಹಲಿ್ಲನ ಮೇಲೆಮ ೈಯ 

ಖನಜೋಕರರ್ದ ಮೇಲೆ ಪ್ರಾ ಥಮಿಕ ತ್ಡಗಟ್ಟು ವ ಕಾ ಮ್ಗಳ ಪರಿಣಾಮ್ಕಾರಿತ್ವ  - 

ಯಾದೃಚಿ್ಛಕ ನಯಂತ್ಾ ರ್ ಅಧ್ಯ ಯನ' ಎಾಂಬ ಅಧ್ಯ ಯನದ ಕುರಿತ್ತ ನನಗೆ 

ತಿಳಿಸಲಾಗಿದೆ  ಡಾ. ತ್ರುಣಿ ವೂರ, ಸಾವಣಜನಕ ಆರೋಗಯ  ದಂತ್ ವೈದಯ ಕ್ಷೋಯ 

ವಿಭಾಗ, ಎಸ್ಡಿಎಾಂ ದಂತ್ ವಿಜ್ಞಾ ನ ಕಾಲೇಜು ಮ್ತ್ತು  ಆಸಿ ತ್ಾ , ಧಾರವಾಡ. 

ಅಧ್ಯ ಯನದ ಸವ ರೂಪ ಮ್ತ್ತು  ಉದೆದ ೋರ್ಶತ್ ಕಾಯಣವಿಧಾನದ ಬಗೆೆ  ನನಗೆ 

ವಿವರಿಸಲಾಗಿದೆ. 

 

ಅಧ್ಯ ಯನದ ಉದೆದ ೋಶಕೆಾ ಗಿ ಪಾ ಶ್ನನ ಗಳನುನ  ಮ್ತ್ತು  ಪರಿೋಕಿ್ಕಯನುನ  ಕೇಳಲು ನನು 

ಅಧಿಕಾರ ನೋಡುತ್ು ೋನೆ. ನನು ಪಾ ಶ್ನನ ಗಳನುನ  ಕೇಳಲು ಸವ ತಂತ್ಾ ನಗಿದೆದ  ಮ್ತ್ತು  

ತೃಪ್ಪು ಕರವಾಗಿ ಉತ್ು ರಿಸಿದೆದ ೋನೆ. ಆರೋಗಯ  ರ್ಶಕ್ಷರ್ವನುನ  ಉತ್ು ೋಜಸುವ 

ಉದೆದ ೋಶದಿಾಂದ ಛಾಯಾಚ್ಛತ್ಾ ಗಳನುನ  ತ್ಗೆಯಲು ಮ್ತ್ತು  ಅದನುನ  ಪಾ ಕಟಿಸಲು 

ನನು ಸಮ್ಮ ತಿಸುತ್ು ೋನೆ. ನನನ  ಗುರುತ್ತ ಗೌಪಯ ವಾಗಿರುತ್ು ದೆ ಎಾಂದು ನನು 

ಅಥಣಮಾಡಿಕಾಂಡಿದೆದ ೋನೆ. 

 

 

 

 

ತಾಯಿ/ ತಂದೆ /ಪೋಷಕರ ಸಹಿ/ಹೆಬೆ್ಬ ರಳಿನ ಗುರುತ್ತ 

 

 

 

ಡಾ. ತ್ರುಣಿ ವೂರ  

  (ಪಾ ಧಾನ ತ್ನಖಾಧಿಕಾರಿ) 
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ANNEXURE III 

Patient Information Sheet 

 

Department of Public Health Dentistry, S.D.M. College of Dental Sciences & 

Hospital 

Sattur, Dharwad-580009 

PATIENT INFORMATION SHEET 

 

Study Title: Effectiveness of Primary Preventive Measures on Mineralization of 

Tooth Surface Based on DIAGNOdent readings - A Randomized Control Study 

Researcher – Dr. Voora Taruni (PG, Dept. of Public Health Dentistry) 

Guided by- Dr. K.V.V. Prasad (Professor, Dept. of Public Health Dentistry) 

 

Invitation 

Your child is being invited to take part in a research study. Before you decide, it 

is important for you to understand why the research is being done and what it will 

involve. Please take time to read the following information carefully and discuss 

it with others if you wish. Ask us if there’s anything that is not clear or if you 

would like more information. Take time to decide whether you wish to take part 

in the research. 

Thank you for reading this information. 

 

What Is the Purpose of The Study? 

To evaluate the effect of three different procedures for prevention of dental caries. 

The study will be conducted over a period of 6 months. A total number of 90 

volunteers age 12-14 years fulfilling the selection criteria and who are willing to 

participate in the study and whose parents/guardian sign the informed consent 
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form will be recruited in the study. At the baseline visit, DIAGNOdent device 

readings will be recorded and the volunteers will be allotted into three groups. 

Group A: Pit and Fissure Sealants 

Group B: Topical Fluoride 

Group C: Oral Health Education 

The volunteers will be re-evaluated at 3- and 6-months interval and the 

DIAGNOdent reading will be noted again and the status of the tooth will be noted. 

 

Why have I been chosen? 

Your child has been chosen to take part in this study because he/she has caries on 

teeth which requires treatment to arrest further damage to the tooth. 

 

Do I have to take part? 

Participation is entirely voluntary, if you decide to take part the child will be given 

a copy of this information sheet and asked to sign a consent form. You will be 

free to withdraw from this study anytime. A decision to withdraw or not to take 

part will not affect the standard of care you receive. 

 

What will happen to me if I take part? 

If you decide to take part, your child will receive the treatment and instructions 

and will be re-evaluated at 3- and 6-months interval of time. 

Principal investigator, 

Dr. Taruni Voora, 

MDS (Department of Public Health Dentistry) 

SDM college of Dental sciences and Hospital 

Sattur, Dharwad 

Phone no: 9000862346 

Email id: drvoora@gmail.com 

mailto:drvoora@gmail.com
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ಸಾರ್ವಜನಿಕ ಆರೋಗ್ಯ  ಶಿಕ್ಷಣ ಇಲಾಖೆ, ಎಸ್.ಡಿ.ಎಂ. ಕಾಲೇಜ್ ಆಫ್ ಡಂಟಲ್ 

ಸೈನ್ಸ ಸ್ & ಆಸ್ಪ ತೆ್ರ  

ಸ್ತ್ತೂ ರು, ಧಾರವಾಡ-580009 

ರೋಗಿಯ ಮಾಹಿತಿ ಪತ್ಾ  

ಅಧ್ಯ ಯನದ ಶೀರ್ಷಿಕೆ: ರೀಗನಿರ್ಿಯದ ವಾಚನಗೀರಿ್ಷಯನ್ನು  ಆಧ್ರಿಸಿ ಹಲಿ್ಲನ ಮೇಲ್ಮ ೈ 

ಖನಿಜೀಕರರ್ದ ಮೇಲ್ ಪ್ರಾ ಥಮಿಕ ತಡೆಗಟ್ಟು ವ ಕಾ ಮಗಳ ಪರಿಣಾಮಕಾರಿತವ  – 

ಯಾದೃಚ್   ಿಕ ನಿಯಂತಾ ರ್ ಅಧ್ಯ ಯನ’ 

ಸಂಶೀಧ್ಕ - ಡಾ ತರುಣಿ ವೀರಾ (ಸಾನ ತ್ಕೋತ್ು ರ ಪದವಿ, ಸಾವಿಜನಿಕ ಆರೀಗಯ  ಡೆೆಂಟಿಸಿು ಿ 

ವಿಭಾಗ) 

ಮಾಗಿದರ್ಿನ - ಡಾ. ಕೆ.ವಿ.ವಿ ಪಾ ಸಾದ್ (ಸಾವಿಜನಿಕ ಆರೀಗಯ  ದಂತವೈದಯ ಶಾಸ್್ತ ಿ 

ವಿಭಾಗದ ಪ್ರಾ ಧ್ಯಯ ಪಕರು) 

 

ಆಹ್ವಾ ನ 

ಸಂಶೀಧ್ನಾ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸ್ತಲು ನಿಮಮ  ಮ್ಗುವಿಗೆ ಆಹ್ವವ ನ ನಿೀಡಲಾಗುತ್್ತದೆ. 

ನಿೀವು ನಿಧ್ಿರಿಸುವ ಮೊದಲು, ಸಂಶೀಧ್ನೆ ಏಕೆ ನಡೆಯುತ್್ತದೆ ಮತ್್ತ  ಅದು ಏನನ್ನು  

ಒಳಗೆಂಡಿರುತ್ದೆ ಎೆಂಬುದನ್ನು  ನಿೀವು ಅಥಿಮಾಡಿಕೊಳ್ಳು ವುದು ಬಹಳ ಮುಖಯ . 

ದಯವಿಟ್ಟು  ಈ ಕೆಳಗಿನ ಮಾಹಿತ್ತಯನ್ನು  ಎಚಚ ರಿಕೆಯೆಂದ ಓದಲು ಸ್ತಮಯ ತೆಗೆದುಕೊಳ್ಳು  

ಮತ್್ತ  ನಿೀವು ಬಯಸಿದರೆ ಇತರರೆಂದಿಗೆ ಚರ್ಚಿಸಿ. ಸ್ತಪ ರ್ು ವಾಗಿದೆಯೇ ಅಥವಾ ಹೆರ್ಚಚ ನ 

ಮಾಹಿತ್ತಯನ್ನು  ನಿೀವು ಬಯಸುತ್್ತೀರಾ ಎೆಂದು ನಮಮ ನ್ನು  ಕೇಳ್ಳ. ನಿೀವು ಸಂಶೀಧ್ನೆಯಲಿ್ಲ  

ಭಾಗವಹಿಸ್ತಲು ಬಯಸುವಿರಾ ಎೆಂದು ನಿಧ್ಿರಿಸ್ತಲು ಸ್ತಮಯ ತೆಗೆದುಕೊಳ್ಳು . 

ಈ ಮಾಹಿತ್ತಯನ್ನು  ಓದಿದದ ಕಾಾ ಗಿ ಧ್ನಯ ವಾದಗಳ್ಳ. 

ಅಧ್ಯ ಯನದ ಉದ್ದ ೇಶವೇನು? 

ಹಲಿ್ಲನ ಹುಳ್ಳಕನ್ನು  ತಡೆಗಟ್ು ಲು ಮೂರು ವಿಭಿನು  ಕಾಯಿವಿಧ್ಯನಗಳ ಪರಿಣಾಮವನ್ನು  

ಮೌಲ್ಯ ಮಾಪನ ಮಾಡಲು. 6 ತ್ತೆಂಗಳ ಅವಧಿಯಲಿ್ಲ  ಈ ಅಧ್ಯ ಯನವನ್ನು  ನಡೆಸ್ತಲಾಗುವುದು. 

ಈ ಸಂಶೋಧ್ನೆ  ಒಟ್ಟು  90 ಸ್ತವ ಯಂಸೇವಕರ ವಯಸುು  12-14 ವಷಣದೊಳಗಿನವರನ್ನು  

ಯಾರು ಅಧ್ಯ ಯನದಲಿ್ಲ  ಭಾಗವಹಿಸ್ತಲು ಸಿದಧ ರಿದ್ದದ ರೆ ಮತ್್ತ  ಅವರ ಪೀಷಕರು / ಪೀಷಕರ  

ಸ್ತಹಿ ಮಾಡಿದ ಮಾಹಿತ್ತಯುಕ್  ಒಪ್ಪಪ ಗೆ ಪತಾ ವನ್ನು  ಅಧ್ಯ ಯನದಲಿ್ಲ  ನೇಮಕ ಮಾಡಲಾಗುತ್ದೆ. 
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ಮೊದಲ ಭೇಟಿಯಲಿ್ಲ , DIAGNOdent  ಸಾಧ್ನದ  ಅಳತೆಯನ್ನು  ದ್ದಖಲ್ಲಸ್ತಲಾಗುತ್ದೆ ಮತ್್ತ  

ಸ್ತವ ಯಂಸೇವಕರನ್ನು  ಮೂರು ಗುೆಂಪುಗಳಾಗಿ ಹಂಚಲಾಗುತ್ದೆ. 

ಗುೆಂಪು ಎ: ಪ್ಪಟ್ ಮತ್್ತ  ಫಿರ್ರ್ ಸಿೀಲಾೆಂಟ್ು  

ಗುೆಂಪು ಬಿ: ಸಾಮಯಕ ಫಿ್ೀರೈಡ್ 

ಗುೆಂಪು ಸಿ: ಬಾಯಯ ಆರೀಗಯ  ಶಕ್ಷರ್ದ ಬಗೆೆ  ಮಾಹಿತ್ತ  

ಸ್ತವ ಯಂಸೇವಕರನ್ನು  3- ಮತ್್ತ  6-ತ್ತೆಂಗಳ ಮಧ್ಯ ೆಂತರದಲಿ್ಲ  ಮರು ಮೌಲ್ಯ ಮಾಪನ 

ಮಾಡಲಾಗುತ್ದೆ ಮತ್್ತ  DIAGNOdent  ಅಳತೆಯನ್ನು  ಮರು  ಗಮನಿಸ್ತಲಾಗುವುದು ಮತ್್ತ  

ಹಲಿ್ಲನ ಸಿಿ ತ್ತಯನ್ನು  ಗಮನಿಸ್ತಲಾಗುತ್ದೆ. 

ನನನ ನುನ  ಏಕೆ ಆಯೆ್ಕ  ಮಾಡಲಾಗಿದ್? 

ಈ ಅಧ್ಯ ಯನದಲಿ್ಲ  ಪ್ರಲೆ್ಗಳು ಲು ನಿಮಮ  ಮಕಾ ಳನ್ನು   ಆಹ್ವವ ನಿಸ್ತಲಾಗಿದೆ ಏಕೆೆಂದರೆ ಅವನ್ನ 

/  ಅವರ ಹಲಿು ಗಳ್ಳ ಹುಳ್ಳಕಾಗಿರುವದರಿೆಂದ ಹಲಿ್ಲಗೆ ಮತ್ಷ್ಟು  ಹ್ವನಿಯನ್ನು  ತಡೆಗಟ್ು ಲು 

ರ್ಚಕಿತೆು ಯ ಅಗತಯ ವಿರುತ್ದೆ. 

ನಾನು ಭಾಗವಹಿಸಬೇಕೇ? 

ಭಾಗವಹಿಸುವಿಕೆಯು ಸಂಪೂರ್ಿವಾಗಿ ಸ್ತವ ಯಂಪ್ಾ ೀರಿತವಾಗಿದೆ, ನಿೀವು ಭಾಗವಹಿಸ್ತಲು 

ನಿಧ್ಿರಿಸಿದರೆ ಮಗುವಿಗೆ ಈ ಮಾಹಿತ್ತ ಹ್ವಳೆಯ ನಕಲ್ನ್ನು  ನಿೀಡಲಾಗುತ್ದೆ ಮತ್್ತ  ಒಪ್ಪಪ ಗೆ 

ಪತಾ ಕೆಾ  ಸ್ತಹಿ ಹ್ವಕುವಂತೆ ಕೇಳಲಾಗುತ್ದೆ. ನಿೀವು ಯಾವಾಗ ಬೇಕಾದರೂ ಈ ಅಧ್ಯ ಯನದಿೆಂದ 

ಹಿೆಂದೆ ಸ್ತರಿಯಬಹುದು. ಈ ನಿಧ್ಯಿರವು ನಿೀವು ಸಿವ ೀಕರಿಸುವ ಗುರ್ಮಟ್ು ದ ಮೇಲ್ ಪರಿಣಾಮ 

ಬಿೀರುವುದಿಲಿ್ . 

ನಾನು ಭಾಗವಹಿಸಿದರೆ ನನಗೆ ಏನಾಗುತ್ತ ದ್? 

ನಿೀವು ಭಾಗವಹಿಸ್ತಲು ನಿಧ್ಿರಿಸಿದರೆ, ನಿಮಮ  ಮಗ/ಮಗಳ್ಳ ರ್ಚಕಿತೆು  ಮತ್್ತ  ಸೂಚನೆಗಳನ್ನು  

ಸಿವ ೀಕರಿಸಿಬೇಕು ಮತ್್ತ  3- ಮತ್್ತ  6-ತ್ತೆಂಗಳ ಅವಧಿಯಲಿ್ಲ  ಕರೆದ ಸ್ತಮಯಕೆಾ  ಸ್ತರಿಯಾಗಿ  ಮರು 

ಮೌಲ್ಯ ಮಾಪನಕೆಾ  ಬರಬೇಕು. 

ಪಾ ಧ್ಯನ ತನಿಖಾಧಿಕಾರಿ, 

ಡಾ.ತರುಣಿ ವೂರಾ, 

ಎೆಂಡಿಎಸ್, ಸ್ತಮುದ್ದಯ ದಂತವೈದಯ ಕಿೀಯ ವಿಭಾಗ 

ಶಾ ೀ ಧ್ಮಿಸಿ್ತ ಳ ಮಂಜುನಾಥೇರ್ವ ರ ದಂತ ಮಹ್ವವಿದ್ದಯ ಲ್ಯ 

ಸ್ತತ್್ತರು, ಧ್ಯರವಾಡ 

ದೂರವಾಣಿ ಸಂಖ್ಯಯ : 9000862346 
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ANNEXURE IV 

PROFORMA PROTOTYPE 

Oral Examination Sheet 

Subject ID:                                                                                Date:    

Name: ____________________________________________________ 

 

Age:  ______________________________Gender:   _________________ 

 

DIAGNOdent scores 

 

Baseline visit                                                                        Date:                                                                                                                       
 

 

 

 

 

 

 

1st visit                                                                                 Date:                                                                                                                                  

                                                                

 

 

 

 

 

2nd visit                                   
                                                                                                 Date:                                                                                                                                  

 

 

                                                                 

 

 

 

 

 

Examiner’s signature:  

 

 

 

17 16 26 27 

    

    

47 46 36 37 

17 16 26 27 

    

    

47 46 36 37 

17 16 26 27 

    

    

47 46 36 37 
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ANNEXURE V 

Consent from Head of the Department 
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ANNEXURE VI 

Informed consent from the Heads of the Institute 
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ANNEXURE VII 

Block Randomization chart  
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Block Randomization chart 
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Block Randomization chart  
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                                               ANNEXURE VIII 

Data entry table prototype 

 

 

 

 

 

S.no Name Age Gender Group Baseline 

DIAGNOdent  

Score 

First visit 

DIAGNOdent 

score 

Second visit 

DIAGNOdent 

score  
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                                                ANNEXURE IX 

Master chart 
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Master chart  
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Master chart  
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