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ABSTRACT

Introduction: Fluoride, as an essential trace element in the ,bcaly help prevent
dental caries and is favourable to bone metabolising-term exposure to fluoride
increases the risk of dental and skeletal fluordsslso impedes neural development,
by affecting gene and protein expression and enzgotiity. According to some
research, fluoride can cause changes in the phyicature and biochemistry of the
brain, affecting children's mental development wgrcognitive functions such as
learning and memory, particularly during the fogiafiod and the first eight years of

life

Aim of the study: To assess the relationship between water fluogdel land IQ of
12-15 years old Government school children residingareas with different

concentration of fluoride in drinking water in Bg&wvi district, Karnataka.

Methodology: The present cross-sectional study was conducted fh@ month of
June 2021 to September 2021. Study population steasiof 12-15 years old
Government school children of Belagavi districtidesy in areas with different

concentration of fluoride in drinking water.

Sample size was estimated using the mean differanck standard deviation of
previous studies and arrived at, n = 394 for the twoups (197 in each group).
Ethical approval and permissions were taken froenréspective authorities. A pilot
study was conducted among 20 students to assessrifgrehension and validity of
the questionnaire and feasibility of the study.otniation on fluoride levels of
drinking water was obtained from the documentednd= of the office of the Ground
water sanitation and from the study reports of dndiater portal organization. The
entire district was divided into two zones i.e. med fluoride level (>1.2ppm) and

XV



low fluoride level (<1.2ppm) based on the recorBse schools were randomly
selected from the two zones and water samples eatlexted. The collected samples
were subjected to analysis according to BIS 302BEB¥S specifications using
Acid-zirconyl-SPADNS reagent and Spectrophotoméike intelligence quotient of
the study participants were assessed using Raveoasstionnaire. Clinical
examination was carried out to record DMFT indeXI® index, details regarding
trauma (Ellis and Davey's classification of toothcture), malocclusion (Angle’s

classification), dental anomalies and Dean’s fls@andex.

The collected data was entered in Microsoft excel Statistical analysis was done
using SPSS package (Ver. 26; Raleigh, NC, USA).r&kalts for continuous variable
were given as frequencies, standard deviationsnaeah values (Quantitative data).
Differences between the groups were assessed byClirsquare test. Relation
between fluoride levels and intelligence quotierdswassessed by simple linear

regression. P value <0.05 was considered to bdfisiymt.

Results: Among 540 study subjects; 389 (72.0%) belongedwofluoride level (<1.2
ppm) and 151 (28%) subjects belonged to mediunrifladevel (>1.2 ppm). Out of
540 participants, 26(4.8%) were belonged to “ietdlhally superior” category,
97(18%) were having “definitely above average” B$5(49.1%) were belonged to
“average” category, 107(19.8%) of the participabdonged to “below average
category” and 45(8.3%) of the subjects were beldnige“intellectually impaired”
category. There was a significant difference fobetveen water fluoride levels and
Raven'’s score (p<0.0002). From the regression aisalyy was found that for every
unit change in water fluoride level, the averagange in mean of IQ score is about -

10.571 units. Prevalence of dental fluorosis in leater fluoride level was 8.74% and
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medium level was 43.04%. Prevalence of dental samiestudy participants was

found to be 51.4%.

Discussion:The current study result is in line with the fingéenof a study conducted
by Trivedi et al, which revealed that fluoride Iewmd IQ of school children were
inversely proportional. The prevalence of fluorasighildren residing in low fluoride
area (<1.2ppm) was 18.33%, which was consistertt Whié finding by WHO that
20% of the population residing in low fluoride lév@reas had manifestations of
fluorosis. Oral hygiene has been identified asraeidental factor in the development
of dental caries and periodontal disorders amomgtdQ persons, according to a
study conducted by Kothari et al. However the aurrstudy results show a
contrasting results to above mentioned study, whkaieren with low IQ had good

oral hygiene.

Conclusion: The maximum ravens score was found to be 30 ou6ofand the
minimum score was 6. The mean score was found ®I8¥ with standard deviation
4.55. Among 540 subjects, 22.2% of the studentsesicbelow average score. 8.3%
students score above ®%ercentile. There was a significant associatiotween
water fluoride level and intelligence quotient afheol children. For every unit
change in water fluoride level, the average changaean of IQ score was found to
be -10.571 units. A significant association wasnfibietween dental fluorosis and
water fluoride level. Prevalence of fluorosis invlavater fluoride level was found to
be 8.74% and medium level was found to be 43.0486. ean DMFT of the study

population was 4.11+-1.37. The range of DMFT se@néed from 1-8.
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I ntroduction

INTRODUCTION

Fluorine is the 13th most prevalent element onplaeet, accounting for 0.08
percent of the Earth's crustlt has the highest electronegativity of any eletne
Fluoride is found in the air, soils, rocks, and evaand is widely spread in the
environment. In January 1945, community water sesifo Grand Rapids, Michigan,
were fluoridated to a level of 1 ppm as a dentalesaprevention measure, and
fluorides were initially used as a supplement teatr dental caries. Water
fluoridation, contrastingly, is a contentious puobhealth issue. The addition of a
fluoride chemical (typically hexafluorosilicic agido public drinking water sources,
known as community or artificial water fluoridatiois a contentious public health

intervention®

From Turkey to China, a geological fluoride beltethes through India.
Around 12 million tonnes of the estimated 85 miilitonnes of fluoride deposits in
the Earth's crust are found in India. It's hardlypsising, then, that fluoride
endemicity is high in India. The states with theajest rates of endemicity include
Andhra Pradesh, Haryana, Karnataka, Punjab, andl T¢adu? Areas of endemic
fluorosis are natural laboratories, where the milce of fluoride on dental caries can
be studied in a real life situatidm India, nearly 72% of the population reside in
villages and do not have access to pipe water. Teggnd entirely on ground water
from wells for drinking purposes and it is largéhyough water that fluoride finds its
way into their bodies and when in excess, causesrdsis of bones and teeth.
Belagavi district of Karnataka belongs to the sanmtracts were the ground water in

major parts of the district have reported high fide content, levels above 2 ppm in
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I ntroduction

drinking water® There are reports of not only dental fluorosist lso crippling

skeletal fluorosis from this regidn.

The main route for the incorporation of F into theman body is the digestive
tract; 90% of the F ingested is absorbed in theatd. In adults, some 10% of it is
deposited in the bones, whereas in children, UpO is fixed to bone tissifeThe
maximum concentration of F in plasma is reachedvéen 30 and 60 min after
intake Fluoride is capable of crossing the blood-brainribgr which can cause
biochemical and functional changes in the nervgssesn during pregnancy, since F
accumulates in the brain tissue prior to bifttExposure to F during embryonic
development has been reported to be related taitgpdisorders? In this sense,
other research mentions the consumption of largeuats of F as associated with
decreased intelligence in children. Six studiesluatang the toxicity of F on
neurodevelopment during pregnancy found significhfierences in neurobehavioral
performance in newborns in areas that are enddmigeh in F compared to controls
when assessing visual and auditory orientationtie@ain newborns in areas that are
endemically rich in F compared to controls. Newpsmitters including
norepinephrine and 5-hydroxytriptamine, as well their receptors, have been
discovered to be lower in the brains of aborteduses in locations where endemic
fluorosis is present, whereas epinephrine levedshagher than in patients from areas
where the condition is not present. Hence, thesaltseesuggest that the accumulation
of F in brain tissue can disrupt the synthesiseofain neurotransmitters and receptors
in cells of the nervous system and may even gasad to provoke neural dysplasia

or other damag¥.
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I ntroduction

The intelligence quotient, or IQ, is a measurenwn& person's capacity to
reason. In a nutshell, it's designed to see howseeheone can utilise reasoning and
knowledge to answer questions and make predicti®hert- and long-term memory
are measured in IQ tests to begin assessing they dlso assess how effectively and
rapidly people can solve puzzles and retain infoionathey've heard. In other
words, a number resulting from a collection of didised tests established to
measure a person's cognitive ability ("intelligeda relation to their age group is
known as an intelligence quotient, or {Qviany theories exist, including allegations
that fluoride exposure affects intelligence. Thedgtwas undertaken by a research
team from York University, and 601 pairs of motharsl children were evaluated for
the same. The study discovered a link between tbthers' average daily fluoride
intake (as determined by questionnaires) duringgmaacy and their children's
eventual 1Q scorés

Traditionally, an inverse relationship has been nfbubetween the
concentration of fluoride in drinking water andiearexperience. It has become clear
that enamel fluoride level, caries experience agmtal fluorosis score vary from one
population to another. However, the effect of flder on the dentition is dose
dependent and is not confined to increased caeigistanc®. If accumulated above
certain levels in the body, fluoride causes variaisorders, together called as
fluorosis. Dental fluorosis is a disorder in thengmalization of teeth as a result of
exposure to excess amount of fluoride during tatekielopment. Although a late
sign, dental fluorosis is the most sensitive sifjprolonged high fluoride exposdfe
A recent WHO report says, “It may not be possiblathieve effective fluoride based
caries prevention without some degree of dentak@isis. Public heath administrators

must seek to maximize caries reduction, while miring dental fluorsig® It is well
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I ntroduction

documented that high levels of fluoride in drinkiwgter are associated with varying

degree of fluorosis. Hence, fluoride is commonlijecha ‘double edge sword®.

Despite the fact that several research have bestucted around the world to
investigate the effects of fluoride on dental caaed intelligence quotient, published
data is not available to know the effect of flueridn dental caries and 1Q of the
children in this regio’” ?*Also there are no study available which illustraiess the
study population's intelligence quotient, waterofide level, and dental hygiene
status are associated. Hence an attempt was mdte present study to assess the
relationship between water fluoride level and 1Q1&-15 years old Government
school children residing in areas with differenhcentration of fluoride in drinking

water in Belagavi district, Karnataka.
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Review of literature

1.

REVIEW OF LITERATURE

Y Lu,aZR Sun, aLN Wu, a X Wang, aW Lu, a SS Liub Tianjin (2000):
The purpose of this study was to determine the hietween fluoride levels and
IQ levels in 118 children aged 10 to 12 years olibvattended school in the
Tianjin Xiging District of China. According to thendings, children who are
subjected to high fluoride dosages may experienetaydd intelligence
development?

MH Trivedi, RJ Verma (2007): With respect to similar educational and
socioeconomic situations but variable fluoride ¢Bhcentrations in the drinking
water, intelligence quotient (IQ) of 190 school-dgdildren aged 12 to 13 years
old was tested in two villages in India. There wassubstantial inverse
connection between 1Q and urine F level. Thesarigg] which are in line with
those of other studies, suggest that youngsters dvimk high-F water are at
danger of having their intelligence developmenntd??

Murgesh Trivedi (2007): The fluoride impact intadue the intelligence quotients
of two groups of school children was investigate@ icross-sectional study. The
IQ of 190 school-aged children aged 12 to 13 yedéswas measured in two
villages in India with differing fluoride (F) conn@ations in the drinking water
but, similar educational and socioeconomic condgioThe 1Q scores of 101
children in the lower F area (104.44 +-1.23) wamisicantly lower than that of
89 children in the high F area (91.72 +-1.13).

Priyanka Razdan (2007): The fluoride concentration impact in ingested wate
on the intelligence quotient (IQ) of 12-14-year-aldildren was studied in a
cross-sectional study in the Mathura area. Whegscd@)es were compared, it was

discovered that 35 (46.7%) participants belondgsigb fluoride locations and 10
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Review of literature

(13.3%) participants belongs to medium fluorideaarbad lower than average
IQ. Furthermore, children belongs to high-fluoramtea (13.9467) had the lowest
mean marks, compared to those in the medium (18)%td those in the least
highlighted fluoride area (18.9467). (38.6087).

Michael Connett and Hardy Limeback (2008) conducted a Systematic Review
to see if fluoride (F-) exposure is linked to aslad intelligence in humans (1Q).
Ovid MEDLINE and its related versions, CINAHL, AMEDEMBASE,
Cochrane DSR, ACP Journal Club, DARE, CCTR, CMRAH&Nnd NHSEED,
Health and Psychosocial Instruments, HealthSTAR,d amternational
Pharmaceutical Abstracts were searched from tHiestarecord to January 2008.
Only original human research on the effect of F-I@nwere included. They
found 18 ecological studies that claim a link betwdigh fluoride exposures and

lower human 1Q, albeit the evidence isn't conclesi¥

K M Sudhir (2009): K M Sudhir (2009): To investigate the connecti@ivieen
exposure to different levels of fluoride contentdinnking water and children's
Intelligence Quotient (IQ), a cross-sectional stuehs conducted among 13-15
year old school children in Nalgonda District, AndliPradesh. Overall 1Q levels
in children exposed to high fluoride levels wergndicantly lower than in

children exposed to low fluoride levels, accordiaghe findings of this study/.

H. R. Poureslamil, A. Horril, S. Khoramian (2011) Khoramian (2011) In

this cross-sectional study, researchers looked@tntetropolitan populations in
Iran's Kerman province that had similar socioecoicoamd cultural status but
differing degree of content of fluoride in theirirking water. According to the

findings, chronic high-fluoride exposure is onetbé elements that influences
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10.

11.

intellectual development. As a result, measures lfoiting the negative
consequences of high fluoride ion intake in theyback needed, particularly in
places like Koohbanafs.

B. Serg (2012): To see how high fluoride intake affected theeiligence
quotient (IQ) of youngsters in five rural districdEMakoo, Iran, a cross-sectional
study was carried out. Children living in placesene water fluoride levels were
greater than normal showed signs of delayed imteiéé developmerft

Ramesh Nagarajappa, Piyush Pujara (2013) During July 2012, in the Kutch
District of Gujarat, India, a cross-sectional dgstore survey of 100 school
students aged 8 to 10 years old was done. Chromiosere to high levels of
fluoride in water was linked to a lower cognitiveiagient, according to the
findings ¥

Xiang (2013): By looking at the cross-sectional study, the ligelhce Quotient
(IQ) of 512 children aged 8-13 years who livedwo tvillages in Sihong County,
Jiangsu Province, China, with varied levels of fide in their drinking water.
An increased risk of mental retardation (IQ 70) dwdderline intelligence (IQ
70-79) have been associated with the levels ofifledn drinking water?
Suleman Abbas (2015): To evaluate the 1Q levels of school students ftam
different regions with varied fluoride levels irethwater, and to see if there was
a link between fluoride levels, fluorosis prevalenand IQ levels, a cross-
sectional study was done. The majority of childiee of fluorosis (76.3%) had
an 1Q of 2 or higher (above the average, undouptedhe majority of children
having very moderate and mild fluorosis had an f@ @r higher, according to
the study (Intellectually average). IQ grade 4 wiaovered in children with

moderate dental fluorosis (Definitely below avepagée study only included 5
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12.

13.

14.

15.

children with severe fluorosis, all of them werdedtmined to have an 1Q of 5.
As a result, there was a trend of increasing IQdgr#&loss in intellectual
capacity), demonstrating a strong relationship betwfluorosis grade and I1Q
grade. According to the findings of this study,ldfen exposed to high content
of fluoride in drinking water and so suffering frodental fluorosis had a
considerably lower overall IQ than children in I6woride areas?

Hansa Kundu, P. Basavaraj, Ashish Singla (2015): To examine the fluoride
impact in drinking water on 1Q in 8-12 year old sofchildren living in high and
low fluoride districts of Delhi, A cross-sectiorstldy was conducted. According
to the findings, in drinking water the content dfidride has a substantial
relationship with children's 1Q. Along with fluokg the mother's nutrition during
pregnancy has been linked to the I1Q of her offgprih

Shibu Thomas Sebastian, Sunitha S. (2015): This study looked at the
Intelligence Quotient (IQ) of school-aged children Mysore district
communities with varying fluoride levels. According the findings, high water
fluoride levels can impact children's .

A. Aravind, R. S. Dhanya (2016) The association between fluoride levels in
drinking water and intelligence quotient (IQ) inildnen’s was investigated in a
cross-sectional study involving 288 school childiemm three communities. The
fluoride contents in drinking water were provedhi@ve a strong unfavourable
connection with 1Q (r value = 0.204; P 0.000). Emount of content of fluoride
in drinking water was found to be inversely linkeith 1Q.%

Kousik Das & Naba Kumar Mondal (2016): In the Simlapal Block of Bankura
District, West Bengal, to determine the connecbetween fluoride (F) exposure

as exposure dosage (ED) and dental fluorosis (Diif)e fluoride concentration
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16.

17.

18.

(UF), intelligence quotient (1Q), and body massexdBMI) (BMI), a cross-
sectional study was done. The researchers conclid@dhe concentrations of
UF and DF might be used as a biomarker for fluopidisoning®®

Diana Rocha-Amador, Maria Elena Navarro (2017): The researchers wanted
to see if there was a link between children’s Iat#land content of fluoride and
arsenic in drinking water. The researchers looketthr@e rural areas in Mexico
with varying levels of fluoride and arsenic in thdrinking water. According to
the findings, children who are exposed to fluodersenic have a higher risk of
having lower 1Q score¥.

Sandhya P Naik (2018): The impact of fluoridated water on schoolchildren's
intelligence quotient (IQ) levels was investigatedh cross-sectional study with
88 schoolchildren in each group. Three towns wenesen based on the
concentrations of naturally obtained fluoride inniing water, namely fluoride
levels ranging from 1.2 to 2 ppm (middle), and fide levels >2 ppm (high)
(high). The fluoride ion selective electrode tecju@ was used to determine the
fluoride content in the water sample. The Ravetasidard Progressive Matrices
exam was used to calculate 1Q. According to thdifigs, the concentration of
fluoride in drinking water is negatively connectedth schoolchildren's IQ
levels.®®

Rivka Green, MA; Bruce Lanphear (2019): In a prospective, multicentre birth
cohort study, they used data from the MaternalAnfaResearch on
Environmental Chemicals cohort. The Wechsler Prynzard Preschool Scale of
Intelligence was used to test the 1Q of childremdca@ to 4 years. By using
multiple linear regression models, the covariaterstdd correlations between 1Q

score and each fluoride exposure metric were imgagsid. Higher the amounts of
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19.

20.

fluoride exposure during pregnancy, lower was Qestores in children aged 3
to 4 years old, according to one study. These figslishow that fluoride
consumption during pregnancy should be limitéd.

Christine Tilla, Rivka Greena (2019): conducted research on the link between
intellectual ability in children living in fluorided and fluoride free cities in
Canada and early fluoride exposure. The study cded that higher levels of
fluoride in tap water were linked to decreased mobal cognitive ability. The
effect was more significant in children who werd fermula?°

Shibu Thomas Sebastian (2021): To evaluate the IQ of school-aged children in
villages in the Mysore area aged 10 to 12 yearh wdirying fluoride levels, a
cross-sectional study was carried out. When contpaweschool children in
locations with normal and low water fluoride levesshool children in places
with higher than average water fluoride levels sbdwnore impaired intelligence
development. As a result, excessive water fluolegels can have an impact on

children's intelligencé!
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JUSTIFICATION OF THE STUDY

Shortt et al. were the first to report fluorosidmnalia, in the Nellore district of
Madras staf&. Fluorosis affects more than 62 million peoplelndia, including 6
million children under the age of 4 This is due to the consumption of fluoridated
water. Fluoride can harm people of all ages, big éspecially harmful to pregnant
women and developing children. Excessive fluoridmsumption can also have
negative neurological consequences. Fluoride caergée lipid-soluble compounds
that can pass through the foetal blood-brain baamel accumulate in cerebral tissues
before birth, impairing 1Q. According to some raséafluoride can cause changes in
the physical structure and biochemistry of the rraiffecting children's mental
development during cognitive functions such asriegyr and memory, particularly

during the foetal period and the first eight yeafrife**.

Despite the fact that several research have bestucted around the world to
investigate the effects of fluoride on intelligengeaotient, published data is not
available to know the effect of fluoride on IQ dktchildren in Belagavi Distritt *
Also there are no studies available which illustsahow the study population's
intelligence quotient, water fluoride level and ithelental hygiene status are

associated. Hence this study was attempted.
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AlM AND OBJECTIVES

AlIM OF THE STUDY

To assess the association between various levdlsarfde concentration of
drinking water and intelligence quotient of 12-1Bays old Government school

children in Belagavi district.

OBJECTIVESOF STUDY

* To assess the Intelligence quotient of 12-15 yeddsGovernment school
children in Belagavi district using Raven’s scale.

* To assess the association between various levélisarfde, medium (1.2 to 2
ppm) and low (<1.2 ppm), in drinking water and iljence quotient of 12-15
years old government school children in Belagawtiiit.

* To assess the prevalence of dental fluorosis inunedl.2 to 2 ppm) and low
(<1.2 ppm) level of fluoride areas using Dean’fhsis index among 12-15

years old Government school children in Belagawitiiit.
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MATERIALS AND METHODS

The present cross-sectional study was conductedssess the association
between various levels of fluoride concentrationdahking water and intelligence

guotient of 12-15 years old Government school ciildn Belagavi district.

STUDY DESIGN AND STUDY DURATION

This was a descriptive cross sectional study. Thdyswas conducted from

the month of June 2021 to September 2021.

SOURCE OF DATA

Area and population under study

Study population consisted of 12-15 years old Gavent school children of
Belagavi district residing in areas with differexncentration of fluoride in drinking

water.

Inclusion criteria

All children of 12-15 years age, who are permanesident of Belagavi

district

* Those who used same source of drinking water (wetbwater ) since birth

* No history of chronic illness, trauma to head, oro&any medication.

« Children who are willing to participate in the spud

» Children whose parents gave consent for the study
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Exclusion criteria

History of trauma to the head and other neuroldgltsorder
« Congenital disease
» Children who had change in source of drinking water
» Children who are not willing to participate in teeidy
* Children whose parents did not give consent foristhey
METHOD OF SAMPLE SIZE CALCULATION

Sample size was estimated using the following fdam$tandard deviations and

mean difference were taken from a previous stffdy.

n = (SD%+ SD?) (Z ot Z )’

(%-X2)?

Z alpha = 1.96 at 5% alpha error
Z beta =1.682 at 5% beta error
Power =95%

iDlEld SD = Standard Deviation of group 1 and group 2
X1_X, = Mean Difference between the two groups
Sample size = 197 in each group

Thus the final sample size was, n = 394 consideritige two groups.
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SAMPLING TECHNIQUE

The list of talukas with low fluoride level (<1.20m) and medium fluoride
level (>1.2 ppm) were obtained from the DistricoGnd water board and sanitation
department, Belagavi. A total of five schools wexrdomly selected from two zones.
All the students aged 12-15 years, present on #yeofl examination, who gave
consent and satisfied the inclusion criteria’s frahe respective schools were

considered for the study.

ORGANIZATION OF THE STUDY

1. Approval from the Authorities:

Ethical approval (Annexure ) Ethical clearance obtained from the Ethical

committee, “KLE VK Institute of Dental Sciences”eRgavi.

Permissions (Annexure 1l): Permission was obtained from higlaerthorities like

Head master / Head mistress of respective schools.

Informed consent (Annexure lll): Informed consent was obtained fridme parents
and assent was obtained from the children aftefagxpg the study in their local
language.

2. Pilot study

A pilot study was conducted among 20 students sesssthe comprehension

and validity of the questionnaire and feasibilifytiee study.
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3. Training and calibration of examiner:

The clinical examination of all the subjects cawstng the sample was
entirely done by a single investigator. Before agrtohg the study, the investigator
examined 10 subjects at Department of Public Hdadthtistry, KLE VK Institute of
Dental Sciences, Belagavi under the guidance ofogegsor for calibration and to
limit intra examiner variability, the results sotaimed were subjected to Kappa
statistics. Five of these subjects were randomledalater and the investigator
repeated his examination on them. The intra examiagability, Kappa co-efficient

was 0.83, indicating a good degree of observaticoagruence.

4, Collection of water samples

Information on fluoride levels of drinking water sveobtained from the
documented records of the office of the Ground wasmitation and from the study
reports of India water portal organization (htimit/b.gov.in). The entire district was
divided into two zones i.e. medium fluoride levell(2ppm) and low fluoride level
(<1.2ppm) based on the records. Five schools wardomly selected from the two
zones and water samples were collected. Suffitietites were carried to the schools
to collect water samples.
Capacity of each plastic bottle was 1000 ml.
Quality of the plastic bottle was such that thewldowithstand the stress caused
during water collection and storage, transportatioiaboratory and till the water
analysis was done.
All the bottles were labelled with identificatiofimame of the place and time of water
sample collection.
The collected samples were sent to the “Districdugd water sanitation board,

Belagavi” for fluoride concentration estimation.
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5. Analysis of fluoride level in collected water samgs

The collected water samples were sent to the Digground water sanitation
board, Belagavi to confirm the fluoride levels retwater before commencement of
clinical examination. Water analysis was done atiogr to BIS 3025-SPADNS

specifications using Acid—zirconyl-SPADNS reagemd &pectrophotometer.

DATA COLLECTION

The study was conducted from various five Goverrtnsehools of Belagavi
district. The intelligence quotient of the studyrtp@pants were assessed using
Raven’s questionnaire. Clinical examination wasiedrout to record DMFT indé%
OHIS indexX®, details regarding trauma (Ellis and Davey's dfi@ssion of tooth
fracturef®, malocclusion (Angle’s classificatiol) dental anomalies and Dean'’s
fluorosis indeX?. The study participants were interviewed for tregiciodemographic
details, history of their residence and the sowfceneir drinking water from birth to
10" year of life.
Study Questionnaire: (Annexure V)
The study was carried out using a pre-tested ssfgded questionnaire, which
consisted of three parts:
Part 1 of the questionnaire consisted of sociodeapidc details of the study subjects
like name, age, gender, school name and Taluka remdesocioeconomic status
(Modified Kuppuswamy scale 20f§))f the parents.
Part 2 of the questionnaire consisted of oral hegarameters of the study
participants which included DMFT index, OHIS indebetails regarding trauma (Ellis
and Davey's classification of tooth fracture), nealasion (Angle’s classification),

dental anomalies and Dean’s fluorosis index
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Part 3 of the questionnaire contained Raven’'s quesire with 36 questions to
assess the 1Q of the children.

1.  Assessment of Intelligence quotient of the childré*

Assessment of intelligence quotient of children wiasie by using Raven’s

scale method.

This is a validated test for basic cognitive alafitand is widely used to
evaluate the normal brain functions. It is a nobaérquestionnaire, examples of
problems contain a matrix of geometrical desigrhwitpart removed. The child has to

select missing cell from 6 given alternatives doki their correct option.

» Each child was given a questionnaire that contaBduestions.
* They were allotted a time limit of 30 minutes.

» Appropriate measures was taken to ensure that ihaduplication of answers.

The acquired findings were converted to percentdes then the overall score
in each individual examination was graded using éR& coloured progressive
manual technique criteria. Grading criteria for Kgores according to Raven’'s

progressive matrices manual:-

« Grade I Intellectually superior. Scoreabove 95' percentile.

« Grade 2 Definitely above average. Scorat-or above 78" percentile.

« Grade 3 Intellectually average. Scordetween 75 and 25" percentile.
« Grade 4 Definitely below average. Scorat or below 25" percentile.

« Grade 5 Intellectually impaired. Scoreat or below 5" percentile.
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2. Instruments and materials used

The quantity of sterilized instruments and supplised in the study were kept

to sufficient. The following are the list of insinents used.

* Mouth mirrors

» CPI probes

 Tweezers

* Kidney trays

» Disposable tumblers

* Cloth hand towels

* Gauze and cotton

* Gloves and mouth masks

e Torch

» Cold sterilization (Korsolex ) composition
0 Glutaraldehyde —7 g
o 1,6 dihyroxy 2,5 dioxahexane — 8.2 g
0 Polymethyl urea derivatives 17.6 g
0 Rustinhibitors

» Self-designed questionnaire

* Raven’s questionnaire

3. Infection control:

The study took place during the height of the pamdenecessitating stringent
adherence to infection protocols established by @entre of Disease Control

(CDC) and World Health Organization (WHO). An aproespirator, face shield, and
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surgical gloves were used as personal protectiugatent. Before each subject was
examined, the gloves were changed, and the handsdisenfected with sanitizer on
a regular basis. Sterilization was carried out gisintoclave. Spot sterilization was

done during study using chemical sterilizing saunt- Korsolex.

4, Details of examination:

The clinical examination was carried out by thengipal investigator
throughout the study. A recording clerk was traib@@ssist the recording procedure
throughout the study. The permissions were obtaindtbom the
Headmaster/Headmistress of the school, Informedeardrfrom the parents and assent

from the students, prior to the study.

5. Examination area:

The data was collected during the morning workingrl of school to ensure
the presence of the children. Examinations weréopeed under natural day light.
The subjects were made to sit in such a way they thould receive maximum
illumination while avoiding direct sunlight, whialwould be uncomfortable for both

the subject and the examiner.

6. Examination chair:

The subjects were made to sit on a chair in a waltilated room such that
the examination was carried out under natural ilghttonditions. The oral health
parameters were recorded in the performa, as tamieer said them out loud. The
recording clerk was made to sit close to the examso that the instructions and

codes could be easily heard and the examiner gmédhat the findings were being
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recorded correctly. This also enabled the recordilegk to check that the score

recorded related to the region or tooth that hatiljeen examined.

7. Clinical examination

Type |IlI clinical examination, as recommended by mdérican Dental
Association” was followed throughout the study. @ch day approximately 25-30

subjects were examined. Following indices were naet

a. DMFT index

The DMFT index (developed by Henry T Klein, Carrde Palmer and
Knutson J W in 1938) was used to measure the cavperience of the study
participants. The format was reproduced from theudi®s on Dental Caries: V.
Familial Resemblance in the Caries Experience olir§js by Henry Klein and
Carroll E. Palmer”. This format is designed for m@@ment of dental caries. DMFT
is the sum of the number of Decayed, Missing dueatees and Filled component in

the permanent teeth. The details of the formableas included in the annexure VI.

b. OHIS index

The OHIS index (developed by John C Greene and Badkermillion in
1964) was used to classify and assess the oratiggitatus of the study participants.
The format was reproduced from the “Epidemiolodialy of cleft lip and cleft palate
in four states by John C Greene and Jack R VeonillThe details of the format has

been included in the annexure VI.
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c) Dean’s Fluorosis index — Modified criteria 1942

Dean'’s fluorosis index (introduced by Trendley Haben 1934) which is also
known as Dean'’s classification system for dentadrbsis was used to record dental
fluorosis of the study subjects. The criteria fagdd's fluorosis index — Modified is
based on a 6 point ordinal scale: Normal (0), Qaeable (0.5), Very Mild (1), Mild
(2), Moderate (3) and Severe (4). The details effirmat has been included in the

annexure VI.

d) Trauma to dentition

Trauma to dentition was recorded using Ellid &avey classification which
was given in the year of 1970. The details of tbhemfat has been included in the

annexure VI.

e) Malocclusion

Malocclusion was recorded using Angle’s classifamat (developed by
Edward H Angle in 1899). The details of the forntets been included in the

annexure VI.

After the examination, the children were educateghrding the oral health,
oral hygiene practices and maintenance. Emphasidaig on importance of routine,

simple preventive measures and periodic dentabvisi

The children were given tooth paste, a toothbrasid a referral card for
treatment at the dental college (KLE VK InstitufeDental Sciences, Belagavi) with

a 20% discount on treatment.
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8. Method of statistical analysis

The collected data was entered in Microsoft exbeles Data cleaning was
performed to eliminate data that was incorrect,rugaed, incorrectly formatted,
duplicated, and incomplete. Statistical analysis wWane using SPSS package (Ver.

26; Raleigh, NC, USA).

The results for continuous variable were given esgudencies, standard
deviations and mean values (Quantitative datafe@hces between the groups were
assessed by the Chi-square test. Relation betwaeride levels and intelligence

guotient was assessed by simple linear regression.
a) Chi- Square §?) test; >*

This is a non-parametric test, used when data gveegsed in frequency or
proportion or percentages. It is useful for disemddta

Formula:

Where
O - Observed frequency

E — Expected frequency
b) Simple linear regression?’

Simple linear regression is a linear regressionehadth a single explanatory
variable. That is, it concerns two-dimensional skenpoints with one independent
variable and one dependent variable (conventionalhe x and y coordinates in

a Cartesian coordinate system) and finds a lingation (a non-vertical straight line)
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that, as accurately as possible, predicts the digmevariable values as a function of

the independent variable. The adjective simplersefe the fact that the outcome

variable is related to a single predictor.

TXTY
re Y- _ SSCP
\/E(X -X) S (y-Y) J(SSX)(SSY)

In all the above tests ‘p’ value <0.05 was accepedndicating statistical

significance.
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Photograph 1: Collected water sample

Photograph 2: Spectrophotometer and Acid Zirconyl -SPANDS reagent
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Photography 4: Distribution of Ravens questionnaire
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Photograph € Dental Fluorosis
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RESULTS

The descriptive cross sectional study was conduttteabsess the association
between intelligence quotient and water fluorideels of 12 to 15 years old
Government school children with varying fluoridencentrations in Belagavi District,
Karnataka. The data obtained from the study wagestéal to statistical analysis. The
results are presented under the headings of vapatsmeters considered for this

study.

Table 1: Distribution of study schools according tdluoride levels

Schools in Belagavi, Bailhongal and Kothali had llewel fluoride with water
fluoride concentration of 0.98, 0.95, 1.08 and 1pH8n. School in Chinchani had
medium water fluoride level with concentration o1 ppm.

DISTRIBUTION OF STUDY SUBJECTS

Table 2: Shows the distribution of study subjects @ording to fluoride levels

There were a total of 540 study subjects; in flderievel 1, low fluoride level
(<1.2 ppm) there were 389 (72.0%) subjects, inritle level 2, medium fluoride

level (>1.2 ppm) there were 151 (28%) subjects.

Table 3: Shows the distribution of study subjects @ording age

The age range of study population was 12-15 yé&armber of subjects aged
12 years were 262 (48.5%), 13 years were 174 (32.280years were 93 (17.2%) and

15 years were 11 (2.1 %).
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Table 4: Shows the distribution of study subjects @ording to gender

Out of the total 540 subjects, 279 (51.7%) wereesand 261 (48.3%) were

females.

Table 5: Shows the distribution of study subjects @ording to socioeconomic

status (Kuppuswamy 2019)

Among total study participants, 2496.1%) were belonged to lower middle
class (lll), 266 (49.3%) were belonged to upperdowiass (V) and 25 (4.6%) were

belonged to lower class (V).

Table 6: Shows the distribution of study subjects @ording to DMFT scores

(WHO 1997)

Among 540, 18 (3.3%) of the subjects examined viereery low category.
46(8.5%) subjects were in the low category, 26&%S). subjects were in moderate
category, 185(34.3%) subjects were in high categmiy 23(4.3%) subjects were in
very high category. The mean DMFT of the study pafon was 4.11 + 1.37. The

range of DMFT scores varied from 1-8.

Table 7: Shows the distribution of study subjects @ording to OHIS score.

Out of 540 subjectg433)80.2% of the subjects examined were havingigoo
oral hygiene. 93(17.2%) subjects were in fair catgeg 14(2.6%) subjects were
having poor oral hygiene. The mean value of OHISresovas found to be 1.22

+0.476.
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Table 8: Shows the distribution of study subjects @cording to Dean’s Fluorosis

index.

Among all the subjects, 441 (80.7%) of the studytippants were in the
normal category, 57(10.6%) of the study participamére in questionable category,
16(3%) were in very mild category, 11(2%) in mildtegory, 10(1.9%) in moderate

category, 5(0.9%) in sever category.

Table 9: Shows the distribution of study subjects @ording to trauma of the

dentition

Among all the subjects, 490 (90.7%) of the subjeeese not having any
history of trauma to the dentition. 25(4.6%) of #hebjects were having Ellis class |
tooth fracture of the central incisor, 17(3.1%}td subjects were having Ellis class Il

fracture and 8(1.5%) of the study subjects werengpkllis Class Il fracture.

Table 10: Shows the distribution of study subjectaccording to malocclusion

Among all the subjects, 468(86.7%) of the subjaase having Angle’s class
I malocclusion, 63(11.7%) of the study subjects evémaving Angle’s class Il
malocclusion and 9(1.7%) of the study subjects wieaging Angle’s class Il

malocclusion.
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DISTRIBUTION OF STUDY SUBJECTS ACCORDING THEIR RAVE N'S
SCORE

Table 11: Shows the distribution of study subjectaccording their Raven’s score

The maximum score was found to be 31 out of 36smdtudents scored 31.
Minimum score was found to be 6 out of 36 and dhistudent scored 6. The mean
score was found to be 19.37 with standard deviatiéb. One (0.2%) scored 6 out of
36. Two (0.4%) students scored score 7. One (0f¥Ugent scored score 8. Three
students scored 9. 4 (0.7%) of the study parti¢gpanored 10 marks. 3 (0.6%) of the
subjects scored 11. 12 (2.2%) of the subjects dcbPeout of 36. 28 (5.2%) of the
subjects scored 13. 42 (7.8%) of the children st@eore 14. 56 (10.4%) of the
students scored 15. 40 (7.4%) study participants sgore 16. 53(9.8%) of the
students scored 17. 45 (8.3%) of the participactsesl 18. 51(9.4%) of the students
scored 19. 43(8%) of the students scored 20. 68%dPof the students scored 21. 16
(3%) scored 22. 17 (3.1%) students scored 23.3P4)Lscored 24. 7 (1.3%) students
scored 25. 12 (2.2%) scored 26. 9 (1.7%) subjected 27. 5 (0.9%) students scored
28. 7(1.3%) scored 29. 1(0.2%) student scored 3@86 and 6 students scored 31

out of 36 which is the maximum score.

Table 12: Shows the distribution of study subjectaccording their Raven’s score

category

Among 540 subjects, 26(4.8%) of the study participawere belonged to
“intellectually superior” category, 97(18%) of thetudy participants were having
“definitely above average” 1Q. 265(49.1%) were Ingjled to “average” category.
107(19.8%) of the participants were belonged toldWweaverage category” and

45(8.3%) of the subjects were belonged to “intéllatty impaired” category.
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Table 13: Shows the association between dmft scaxad water fluoride level

Among 18 subjects who are having very low dmft ealli7 of them belonged
to low level water fluoride and 1 belonged to medigvel. 46 subjects who belonged
to low level dmft value, 40 belonged to low levehter fluoride and 6 belonged to
medium level. Out of 268 subjects who were havingdemate dmft value, 184
belonged to low water fluoride level and 84 belahge medium. Out of 185 who
were having high dmft score, 127 belonged to low & belonged to medium level
of water fluoride level. Among 23 subjects who whewing very high dmft score, 21

were from low level fluoride area and 2 from medilawel.

There was a significant difference found betweenftdscore and water

fluoride level (p=0.003*).

Table 14: Shows the association between OHIS scard water fluoride level

Among 433 subjects who were having good oral hygi®&i0 were belonging
to low fluoride level and 123 were from medium fiige level. Among 93 students
who were having fair oral hygiene, 68 were from |f#uoride level and 25 from
medium level. Out of 14 students who belonged torparal hygiene, 11 were
belonged to low fluoride area and 3 from mediumeleThere was no significant

difference found between OHIS score and water iifigolevel (p=0.822).

Table 15: Shows the association between Dean’s ftasis index and water

fluoride level.

Among 389 subjects who were from low level fluoridb5 were having
normal, 30 questionable, 4 very mild dean’s fluaore. Out of 159 subjects from

medium level of fluoride area, 86 were having ndrrf@@ questionable, 12 very mild,
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11 mild, 10 moderate and 5 were severe. There wsigréficant difference found

between water fluoride level and dean’s fluorosdei (p=0.000%)

Prevalence of fluorosis

Among 540 study subjects, 99 students were havingrdsis, hence
prevalence of fluorosis is 18.33%. Prevalence wdrfbsis in low water fluoride level

was found to be 8.74% and medium level was fourmetd3.04%.

Table 16: Shows the association between trauma thea dentition and water

fluoride level.

Out of 389 participants who belonged to low levabfide, 350 were having
no trauma, 19 were having Ellis class 1, 13 wengngaclass 2 and 7 were having
class 3. Among 151 subjects who were from mediwmritie level, 140 were having
no trauma, 6 were having Ellis class 1, 4 werern@eiass 2 and 1 was having class
3. There was no significant difference found betwé®uma to the dentition and

water fluoride level (p=0.705).

Table 17: Shows the association between Malocclusiand water fluoride level.

Out of 389 participants who belonged to low levabfide, 334 were having
Angles class 1 malocclusion, 49 were having Anglless 2 malocclusion and 6
subjects were having Angles class 3 malocclusiomo#g 151 participants who
belonged to medium level fluoride, 134 were havmgles class 1 malocclusion, 14
were having Angles class 2 malocclusion and 3 stbj@ere having Angles class 3
malocclusion. There was no significant differencainfd between trauma to the

dentition and water fluoride level (p=0.532).
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Linear Regression analysis

Assumptions

Assumption 1:Both the variables are measured in continuous scale

Assumption 2: A linear relationship exist between the two varsbl‘Figure 1”

Assumption 3: There are no significant outliers.

Assumption 4:

Table 18: Out of 389 subjects from low level fluoride, 28.2%) belonged to

intellectually impaired category, 34 (8.7%) belodg® below average category,
205(52.7%) belonged to average category, 96(248@9nged to definitely above
average category and 26(6.7%) belonged to inteldlgt superior category. Out of
151 subjects from medium level fluoride, 17(11.3%&re belonged to intellectually
impaired category, 73(48.3%) belonged to below a&yer category, 60(39.7%)
belonged to average category, 1 (0.7%) belongeléfinitely above average category

and no subjects were belonged to intellectuallyesop category.

The p value was found to be 0.0002* which showsgethe a significant
difference between water fluoride levels and Rawvescore. Thus an independence of

observations exists between the two variables.

Assumption 5 The data shows homoscedasticitigere the variances along the line

of best fit remain similar as you move along time li

Assumption 6: The residuals or the errors of the regression dires approximately

normally distributed.
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The R and R2 values are listed in Table 19. TheaRev(the "R" Column)
represents the simple correlation and is 0.03@fcating a low degree of correlation.
The R2 number (the "R Square" column) reflects hmweh the independent variable,
water fluoride level, can explain in terms of totakiation in the dependent variable,
IQ level (Raven's score). In this scenario, only6l@ercent of the variance can be

accounted, which is low.

This table 20 shows that the regression model atelyr predicts the
dependent variable. Looking at the "Regression" amd the "Sig." column, which
displays the regression model's statistical sigaifce, p< 0.0001, which is less than
0.05, indicating that the regression model statdiiy significantly predicts the

outcome variable (i.e., it is a good fit for thda)a

The Coefficients table (table 21) gives us thenmiation we need to forecast
IQ score from water fluoride level and establishetiter water fluoride has a
statistically significant impact on the model (moking at the "Sig." column). The
values in the "B" column under the "Unstandardi@eefficients” column can also be

used, as demonstrated below:

To present the regression equation as:

IQ score = 31.742 — 10.571(water fluoride)

For every unit change in water fluoride level, theaverage change in mean of 1Q

score is about -10.571 units.
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TABLES

Table 1: Distribution of study schools according tdluoride levels

Fluoride areas / levels /

Strata

Study setting

Fluoride concentration as
analyzed during the

survey in ppm

Low Level (<1.2ppm) Belagavi School 1 0.98
Belagavi School 2 0.95
Bailhongal School 1.08
Kothali School 1.13
Medium Level (1.2-2ppm Chinchani School 1.41

Table 2: Shows the distribution of study subjects @ording to fluoride levels

Water Fluoride level Frequency Percentage (%)
Low Level (<1.2ppm) 389 72.0
Medium Level (1.2-2ppm) 151 28.0
Total 540 100.0
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Table 3: Shows the distribution of study subjects @ording age

Age in Years Frequency Percentage (%)
12 262 48.5
13 174 32.2
14 93 17.2
15 11 2.0
Total 540 100.0

Table 4: Shows the distribution of study subjects @ording to gender

Gender Frequency Percentage (%)
Male 279 51.7
Female 261 48.3
Total 540 100.0

Table 5: Shows the distribution of study subjects @ording to socioeconomic

status (Kuppuswamy classification 2019)

Socioeconomic status Frequency Percentage (%)
Lower Middle Class (lll) 249 46.1
Upper Lower Class (1V) 266 49.3

Lower Class (V) 25 4.6
Total 540 100.0
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Table 6: Shows the distribution of study subjects @ording to DMFT scores

(WHO 1997)
DMFT Category Frequency Percentage (%)

Very low (0.0 to 1.1) 18 3.3
Low (1.2 to 2.6) 46 8.5

Moderate (2.7 to 4.4) 268 49.6

High (4.5 to 6.5) 185 34.3
Very High (>6.6) 23 4.3

Total 540 100.0

Table 7: Shows the distribution of study subjects @ording to OHIS score.

Percentage (%)

OHIS Score Frequency
Good (0.0to 1.2) 433 80.2
Fair (1.3 to 3.0) 93 17.2
Poor (3.0 to 6.0) 14 2.6
540 100.0

Total
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Table 8: Shows the distribution of study subjects @ording to Dean’s Fluorosis

index.
Deans fluorosis index Frequency Percentage (%)
Normal 441 81.7
Questionable 57 10.6
Very Mild 16 3.0
Mild 11 2.0
Moderate 10 1.9
Severe 5 0.9
Total 540 100.0

Table 9: Shows the distribution of study subjects @ording to trauma of the

dentition
Trauma Frequency Percentage (%)
No Trauma 490 90.7
Ellis Class | 25 4.6
Ellis Class Il 17 3.1
Ellis Class Il 8 15
Total 540 100.0
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Table 10: Shows the distribution of study subjectaccording to malocclusion

Malocclusion Frequency Percentage (%)
Angle’s Class | Malocclusion 468 86.7
Angle’s Class Il Malocclusion 63 11.7
Angle’s Class Ill Malocclusion 9 1.7

Total 540 100.0

Table 11: Shows the distribution of study subjectaccording their Raven’s score

Raven’s score Frequency Percentage (%)
6 1 0.2
7 2 0.4
8 1 0.2
9 3 0.6
10 4 0.7
11 3 0.6
12 12 2.2
13 28 5.2
14 42 7.8
15 56 10.4
16 40 7.4
17 53 9.8
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18 45 8.3
19 51 9.4
20 43 8
21 69 12.8
22 16 3
23 17 3.1
24 7 1.3
25 7 1.3
26 12 2.2
27 9 1.7
28 5 0.9
29 7 1.3
30 1 0.2
31 6 11
Total 540 100
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Table 12: Shows the distribution of study subjectaccording their Raven’s score

category
Raven score Category Frequency Percentage (%)

Intellectually impaired (at or belowpercentile) 45 8.3
Below average (at or below 'Q@ercentile) 107 19.8
Average (between T5and 2%' percentile) 265 49.1
Definitely above average (at or abové"ffercentile) 97 18.0
Intellectually superior (above @@ercentile) 26 4.8

Total 540 100

Table 13: Shows the association between DMFT scaoaad water fluoride level

Water Fluoride level

Pearson's
Low Level Medium Level Total chi
DMFT score (<1.2ppm) (2.2-2ppm) square
Very low (0.0 to 1.1) 17(94.4%) 1(5.6%) 18(100.0%)
Low (1.2 to 2.6) 40 (87.0%) 6 (13.0%) 46(100.0%)
Moderate (2.7 to 4.4) 184(68.7% 84(31.3%) 268(0%9).
0.003*
High (4.5 to 6.5) 127(68.6%) 58(31.4%) 185(100.0%)

Very High (>6.6)

21(91.3%)

2(8.7%)

23(100.0%

Total

389(72.0%)

151(28.0%)

540(100.0%)
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Table 14: Shows the association between OHIS scard water fluoride level

Water Fluoride level

Total

389 (72.0%)

151(28.0%)

540 (100.0%

) Pearsons
Low Level Medium Level Total
chi
(<1.2ppm) (1.2-2ppm)
OHIS score square
Good (0.0t0 1.2) 310 (71.6%) 123 (28.4%) 433 (a%9.
Fair (1.3 to 3.0) 68 (73.1%) 25 (26.9%) 93 (100.0%)
0.822
Poor (3.0 to 6.0) 11 (78.6%) 3 (21.4%) 14 (100.0%)

Table 15: Shows the association between Dean'’s ftosis index and water

fluoride level.

W Deans fluorosis index
ater
) Pearsons
Fluoride Very chi
level Normal | Questionable| Mild Mild Moderate |Severe Total square
Low Level 355 30 4 0 0 0 389
(<1.2ppm)| (91.3%) (7.7%) (2.0%) | (0.0%) (0.0%) | (0.0%) | (100.0%)
Medium 86 27(17.9%) 12 11 10 (6.6%) 5 151
Level 57.0% 7.9% 7.3% 3.3% 100.0%
( ) ( )| ( ) ( )| ( ) 0,003
(1.2-
2ppm)
Total 441 57 (10.6%) 16 11 10 5 540
ota
(81.7%) (3.0%) | (2.0%) (2.9%) | (0.9%) | (100.0%)

Chi square= 110.88, df= 5, p= 0.003* Highly Sigraifint
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Table 16: Shows the association between trauma tea dentition and water

fluoride level.
Trauma
Water
Fluoride Ellis Ellis Ellis Total Pearson’s
level No Trauma | Class| | Class I Class I chi square
Low Level | 350(90.0%)| 19(4.9%) 13(3.3%) 7(1.8% 389(100.0%)
(<1.2ppm)
Medium 140(92.7%)| 6(4.0%) 4(2.6% 1(0.7% 151(100.0%) 0.705
Level (1.2- '
2ppm)
Total 490(90.7%) | 25(4.6%)| 17(3.1%) 8(1.5%) | 540(100.0%

Chi square= 1.400, df= 3, p=0.705

Table 17: Shows the association between Malocclusiand water fluoride level.

Malocclusion Pearson’s
Total chi square
Water Fluoride Angle’s Angle’s Angle’s
level Class | Class Class I
Low Level 334 (85.9%) 49(12.6%) 6(1.5%) 389 0.532
(<1.2ppm) (100.0%)
Medium Level 134(88.7%) 14(9.3%) 3(2.0%) 151
(1.2-2ppm) (100.0%)
468(86.7%) 63(11.7%) 9(1.7%) 540
Total
(100.0%)

Chi square= 1.264, df= 2, p=0.532
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Table 18: Shows the association between Raven scarel water fluoride level.

Water Ravens score Total Pearsons
fluoride | Intellectua | Below Average | Definitely | Intellectua chi squre
level Iy average (between above Ity (p:zl.l:)es*)
impaired (at or 75" and average superior
(at or below 28" 25" (ator | (above 9%'
below 8" | percentile) | percentile) | above 78' | percentile)
percentile) percentile)
Low Level | 28(7.2%) | 34(8.7%)| 205(52.7%) 96(24.7%) 26(6.7%) 389 0.0002*
(<1.2ppm) (100.0%)
Medium | 17(11.3%)| 73(48.3%) 60(39.7% 1(0.7% 0(0.0%) 151
Level (100.0%)
(2.2-2ppm)
Total 45(8.3%) 107 265 97 26 540
(19.8%) (49.1%) (18.0%) (4.8%) | (100.0%)

Chi square= 137.01, df= 4, p= 0.0002* Highly Sigraht

Table 19: Model summary of Linear Regression analys

Model Summary

Model

R

R Square

Adjusted R Square

Std. Error of the

Estimate

.369a

0.136

0.134

4.233

a. Predictors: (Constant), Water Fluoride level
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Table 20: Stepwise simple linear regression analgswith Raven'’s score as

dependent variable

ANOVA?
Sum of Mean
Model Squares df Square F Sig.
1 Regression 1516.818 1 1516.818| 84.645.000%
Residual | 9640.847 538 17.920
Total 11157.668 539
a. Dependent Variable: Ravens score
b. Predictors: (Constant), Water Fluoride level

Table 21: Shows the prediction of dependent variablusing regression model

COEFFICIENTS”

95.0%
Unstandardized Standardized Confidence
Coefficients Coefficients Interval for B
Std. Lower | Upper
Model B Error Beta t Sig. | Bound | Bound
(Constant) 31.742 1.357 23.3880.000| 29.076 | 34.408
Water -10.571 1.149 -0.369 -9.200 0.000-12.828 | -8.314
Fluoride
level

a. Dependent Variable: Ravens score
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Figure 1: Showing linear relationship between watefluoride level and Raven’s

Raven's score
© o il
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score

Water fluoride level vs. Raven's score
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Water Fluoride level
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DISCUSSION

Fluoride, as an essential trace element in the ,boay help prevent dental
caries and is favourable to bone metabolism. Howédleoride has a finite safe dose
range. Long-term fluoride exposure not only incesathe risk of dental and skeletal
fluorosis, but also to impedes neural developmbwtaffecting gene and protein
expression, enzyme activity, and causing oxidasivess Fluoride's effects on the
neurological system have been observed in inteiddéatevelopment of lab animals.
Chronic high fluoride exposure in drinking waterrofternal mice during pregnancy
and lactation may have negative effects on youngeisilearning and memory.
Fluoride ingested by the mother has been showmrnetpate the placental as well as
the blood-brain barrier, affecting the cognitivendtion development of the
offspring®’ Similarly, human trials by Green et al. (2019) ealed that prenatal

fluoride exposure was linked to poorer 1Q scoreshitdren®

Over 85% of India's population relies on groundwdte drinking (World
Bank Report 2012), making groundwater quality diaal issue and it must be
addressed independently. Without thorough risk ssssent, groundwater in India
was thought to be predominantly safe and was frettyuesed for drinking® Many
studies have shown that pollution of groundwateruce as a result of a variety of
natural and manmade factors (Shekhar and Sarkdd; 2Baha et al., 2016J. **
Fluoride pollution in groundwater is one of the mpessing concerns, with negative
consequences seen on every continent. Many sthdies revealed fluoride-related
health issues in people, such as dental and skdletaosis, which have major

socioeconomic consequences (Ali et al., 2016).

Page 48



Discussion

In our study, an attempt was made to assess tagorehip between water
fluoride level and 1Q level of Government schoolldten and its association with
their oral hygiene status at different concentratid fluoride in drinking water in the

rural areas of Belagavi district, Karnataka.
General information:

The subjects included in the study presented a neabke homogeneity in
terms of ethnicity, habitat, and social environmdrite lower age limit of the study
participants was 12 years and the upper age limmg W5 years. An almost equal
proportion of male and female children participaiedthe study. There was no
significant relationship found between mean IQ leaad gender in the current
investigation. There is also no significant difiece in the SES and mean IQ of the
children in the present study. Thus, the confoundiias of the current study is very
minimal. These findings are comparable to the stidione by Poureslami ef*%#nd
Seraj et & Only one hamlet out of two investigated in a gtumy Xian et
al®® exhibited a significant association between 1Q gadder. Gender is also stated

as a non-related factor to IQ in a psychology badken by Beirne-Smith et &P
Water fluoride and I ntelligence quotient

An advantage of conducting fluoride research irs¢hareas was that only a
small insignificant seasonal variation occurredha fluoride content of bore-wells
which were the major sources of drinking wafeFhe average 1Q of children living
in areas with high fluoride levels in their dringinvater was significantly lower than
that of children living in areas with low water déiide levels. The difference in 1Q

scores may be attributed to the possible influeatéiigh fluoride exposure on
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children's intellectual development because allsipbpg confounding factors were
balanced. These findings are in line with thoseXing et af®who discovered a
decline in children's neurobehavioral abilities whthey were exposed to high
fluoride levels. In addition, the current reseatrested two fluoride levels to see how
varying fluoride concentrations affected childrd@sand dental fluorosis. It revealed,
compared to the medium fluoride group, the low fide group had a higher number
of children with 1Qs above the normal range. Thasvin line with the findings of a
study conducted by Trivedi ef3lwhich revealed that fluoride level and 1Q of ssho

children were inversely proportional.

Several animal studies have suggested possiblarmagudns for fluoride's
neurotoxic impact” "> "* Fluoride can pass through the placenta if thehgwots
exposed to high amounts of fluoride during pregganc it can be consumed through
the child's diet. In children (80-90 percent) ariles (60 percent), high levels of
ingested fluoride are maintained in the body. FRie is absorbed into the
bloodstream and produces lipid-soluble complexas$ piass across the blood-brain
barrier and accumulate in cerebral regions. Deffiérneurotoxic and cytotoxic
mechanisms, such as free radical production, itbibi of antioxidant and
mitochondrial energy enzymes, and inhibition of tginate transporters, all have

negative effects on CNS development.

In the current study, Raven’s questionnaire wasleyep to assess the child's
intellectual growth in this study. The Raven'’s tissh validated test for fundamental
cognitive abilities that is widely used to assess proper development of brain
functions. It consists of proforma with a geometridesign matrix with a deleted

component. The child must choose one of the siiongtfor the missing cell. Raven’s
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test is recommended for measuring the intellecaral mental abilities of young
children because of the high correlation of thi ta evaluating children's 1Q when

compared to the standard I1Q test.

According to Kundu et 41, Raven's test, which is used to measure children's
IQ, is a "culture-fair" test that can be used tanpare people's immediate capacities
for observation and clear reasoning. Despite thetfat the Raven’s test was meant
to cover the widest possible range of mental asljitthere are a few potential flaws
that need to be investigated. The results are basedlative intelligence rather than
absolute intelligence. Creativity, persistent csityy logical reasoning, problem-
solving ability, critical thinking, and adaptati@me all characteristics that fall under
the umbrella of intelligence. The factors that uefhce intelligence are unrelated to
one another. The Raven’s test mainly assessesvaliser, clear thinking, and logical
reasoning which makes it a poor predictor of othegnitive traits. The other
categories of IQ are not taken into account and@htest cannot provide a balanced

picture of an individuaf?

The urinary fluoride level was used as the primargasure of a child's
fluoride exposure in a study conducted by Razdaal’ét The effect of fluoride
content on a child's 1Q was investigated in thiglgtand it was found that fluoride
and 1Q level were inversely related. However, ththar also stated that, other trace
elements in drinking water could also have neulickigadverse effects. As a result,
more research is needed to determine the impa&dditional environmental or
geological pollutants.

The mechanism of action of fluorides in lowering i€p't well understood.

Guan et dF found that the amounts of phospholipids and ubigpe in the brains of
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rats with chronic fluorosis were altered, suggestimat changes in membrane lipids
may be a cause of this condition. The potentiallwiride to pass the blood-brain
barrier, causing biochemical and functional impa&nin of the nervous system
throughout prenatal and development stages of ehilghood and childhood, is one
of the main reasons for lower intellect in humaiidzten exposed to high amounts of
fluoride. Many other factors like the changes inoldgical susceptibility,

environmental conditions, and test mistakes, ae khown to influence 1Q.

According to Kundu et &, nutritional status, the diet of the mother during
pregnancy, parental education, work, and materxglosure to fluoride during
pregnancy play a role in 1Q development. The stathp found that there was a
positive link between 1Q and the level of F in d¢uimg water, the mother's diet during
pregnancy, and the mothers' education (P = 0.0I®10 and 0.004, respectively).
This was linked mostly to malnutrition (as measuog a child's weight/BMI), which

has an impact on 1Q and results in poor cognitivesfion.

According to a study done by Trivedi ef®she average 1Q level of children
exposed to high F in drinking water was signifitaibwer than that of students
exposed to lower F drinking water. The rate or degof exposure to F was
determined by evaluating the urine F level, askildeey is the primary organ for F
excretion. As a result, it appeared that incre&serposure decreased higher levels of
intelligence even more than it affected the chidenormal and below-normal
intelligence. Overall, there was a 12.2 percerfeddice in mean 1Q between the two
groups, which is statistically significant. The ultsis similar to the current study
which states that for every unit of increase irofide level of drinking water, there is

a reduction of ten unit 1Q.
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Oral health parameters and I ntelligence quotient

The oral health status of children has been infetoebe associated with 1Q in
several studies exploring the relationship betwdental caries and IQ of young
children. Thus, in furtherance of it, the curretoidy was carried out to also assess the
prevalence of dental caries and its correlatiomn W@t among children and prevalence
was found to be 51.4%, which is similar to the gtddne by Madhan et al where the

prevalence of dental caries was found to be 52.62%.

Oral health behaviours such as maintaining oralidngy following dentist
instructions, cooperating in dental settings whiledergoing dental treatment, and
being able to communicate and respond well durmgnselling are all linked to the
patients' (children in this case) cognitive skildyich are developed as a result of 1Q.
A strong link has been discovered between a chilegal fears and 1Q, which could
influence the level of cooperation and acceptaricdeatal treatment. Understanding
information, instructions, causes and effects, @xgpressing pain or relief from pain
are all features of children that are heavily iaflaed by their intelligence. Children
with lower IQ had fewer dental visits, poor plagquotrol, and inadequate oral health
attitudes as compared to those with higher 1Q. Adiog to a study by Thomson et
al®®, Navit et af* a nonsignificant link was found between DMFT a@dih children
aged 10-15 years old (2014). This has been atddbiat the variation in the findings
of previously conducted studies that aimed to fandink between 1Q and dental
carie§? ® The current study results show a contrastinglt®sa above mentioned

study, where children with low IQ had good oral ieyz.
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Oral hygiene has been identified as an incideatetior in the development of
dental caries and periodontal disorders among lé@gyersons, according to a study
conducted by Kothari et &.The study's mean OHI-S score for mentally impaired
people was 2.51, which was consistent to prioristudAnders and Da% looked
at 27 research of mentally retarded people and dfaimat they have lower oral
hygiene. Poor dental hygiene in the impaired pdmrahas been linked to a lack of
ability to grasp instructions, low attention capes, and a loss of motor skills and
natural abilities, as well as a lack of physicabrcination. The general increase in
OHI-S scores with increasing age group agrees ittt data, and Grants and Stern
concluded that this was attributable to the cunwdagffect of plaque and calculus as

people get oldet’
Prevalence of fluorosis

The current study revealed that children with higdter fluoride level had a
higher prevalence and severity of dental fluoro3ise prevalence of fluorosis in
children residing in low fluoride area (<1.2ppm)svB3.33%, which was consistent
with the finding by WHO that 20% of the populaticgsiding in low fluoride level

areas had manifestations of fluorosis.
Fluorosisin India

Srikantt¥® in 2009, pointed out that in India about 62 moiilipeople are
suffering from various levels of fluorosis, of whi6é million are children below the
age of 14 years. It should not come as a surphigeexcess fluoride is one of the
three major hurdles according to tenth 5-year planindia. Although the bio

mechanism of fluoride in reducing IQ is not clelanf on the basis of the data from
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this study, it is evident that excess fluoride nmking water has neurological toxic
effects. Therefore, a close monitoring of fluorideels in local water supplies from
areas with endemic fluorosis and implementing mub&alth measures to reduce the

fluoride exposure levels in high fluoridated regicaeem necessary.
Limitations of the study

Even though there is a minimal bias over confougdiiactors, a thorough
investigation should be carried out to assess theraofactors which affects the
intelligent quotient of the children.

. The Raven's questionnaire was only partially cotepleby a few students. The
guestions that were not answered, received a siforero. As a result, it's unclear
whether the pupils didn't know the answer or did atempt the questions. It's
possible that 8% of the study participants who eddintellectually challenged" were
owing to unanswered questions.

Regardless of the investigator's measures, theee pstential that the pupils will
duplicate the responses.

Representation of all the Talukas were compromided to the ongoing global
pandemic of COVID19. Further studies can be donmtiyding all the other Talukas

to obtain a more comprehensive result.
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CONCLUSION AND SUMMARY

The present study was undertaken to assess themetdp between water
fluoride level and 1Q level of Government schoolldten and its association with
their oral hygiene status at different concentratib fluoride in drinking water in the
rural areas of Belagavi district, Karnataka. Tésuits of the pilot study were utilized
for estimating the sample size. Study populatioms@sied of 540 Government school
children of Belagavi district aged 12-15 years blase the fluoride concentration in
drinking water. Entire geographical area of Belageas divided into 2 strata based
on the concentration of naturally occurring fluerich drinking water. Information on
drinking water of Belagavi district was obtaineadrfr the Ground water sanitation
department office and survey reports of India watatal organization. Based on the
available data, water samples of 5 randomly selesihools were sent to the
laboratory for fluoride concentration estimationatét analysis was done using BIS
3025-SPADNS method. Fluoride concentration in thekihg water of the selected
schools ranged from 0.9-1.4 ppm. Based on thaasanere divided into low fluoride
area (<1.2 ppm) and medium fluoride area (>1.2 pdm¢ supply of drinking water
to the study areas was by bore-wells. The populatioder the study presented a
remarkable homogeneity in terms of ethnicity, hethbisocio-economic status, diet and
lack of oral hygiene and oral health care servigits the exception of fluoride level

in the drinking water.

Assessment of intelligence quotient of children wasie by using Raven’s
scale method. It is a nonverbal questionnaire eksengf problems contain a matrix
of geometrical design with a part removed. Thedchas to select missing cell from 6

given alternatives. Each child was given a questine that contains 36 questions.
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Documentation of other information was done usirggli-designed questionnaire. It
consisted of 3 parts which included socioeconontatus, oral hygiene status and
Ravens questionnaire respectively. Clinical exatibnawas carried out to record
DMFT score, OHIS score, Dean’s fluorosis index aber dentition status like

trauma to the dentition, malocclusion etc.

Among the total subjects, 49% were females and B&¥e males. Almost
half of the study participants (46.1%) were belahggelower middle class (I1l) group
of Kuppuswamy classification 2019. More than 80%thaf study participants were
having “good” oral hygiene status. The maximum revecore was found to be 30 out
of 36 and the minimum score was 6. The mean sca® faund to be 19.37 with
standard deviation 4.55. Among 540 subjects, 22d2%he students scored below
average score. 8.3% students score aboVep@centile. There was a significant
association between water fluoride level and iigefice quotient of school children.
For every unit change in water fluoride level, #werage change in mean of IQ score
was found to be -10.571 units. A significant asatien was found between dental
fluorosis and water fluoride level. Prevalencelabfosis in low water fluoride level
was found to be 8.74% and medium level was fourloktd3.04%. The mean DMFT

of the study population was 4.11+-1.37. The rarfd@MFT score varied from 1-8.
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Annexures

ANNEXURE - II - PERMISSION FROM RSDW DEPT

Date:24/11/2020
From,
Dr. Decpika. V
Post graduate
Department of Public Health Dentistry
KLEVKIDS Belagavi

To,
The Executive Engineer
Rural Drinking water and Sanitation Division
Belagavi

Sir,

Sub: To assess the fluoride level of water samples

I, Dr Deepika. V, second year postgraduate of Department of Public Health Dentistry in
KLEVKIDS Belagavi, conducting my thesis on “Fluoride concentration of drinking water and its
association with intelligence quotient among 12 years old Government school children in
Belagavi district — A cross sectional study” under the guidance of Dr Roopali M Sankeshwari,
reader, Department of Public health dentistry KLEVKIDS Belagavi. For that I need to assess the
fluoride level of few water samples. I have already approached the office last year for the same

purpose but it was postponed due to COVID-19. I request you to provide the water fluoride level
of the water samples and do the needful.

Thanking You,

T Deepika. V Dr. Roopalf M Sankeshwri

Post graduate Guide

Department of Public Health Dentistry Reader, Department of Public Health Dentistry

) i : 4“,._ r N ’

Dr. Xnil V Ankola
Professor and Head
Department of Public Health Dentistry
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ANNEXURE — Il - ALL TALUKA FLUORIDE REPORT

Water Fluoride level — Belagavi District
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Annexures

ANNEXURE — IV - FLUORIDE REPORT
Water Analytical Reports

RURAL DRINKING WATER AND SANITATION DEPARTMENT, GoK

District Name: Belagavi Laboratory Name: - Belagavi District Lab
TEST REPORT
Report Date: 11-08-2021
Reference: Test reguest form
Address of the sampling location: Dr. Deepika. V, Sample receipt date: 11-08-2021
Chikkodi, District Belagavi Sample code: LAB
Date of Sampling: 11-08-2021
Analysis start date: 11-08-2021
Analysis completion date: 11-08-2021
Sample particulars — Treated water Sample quantity : 1000 ml
SI | Test Results Acceptable Permissible | Protocol
No Limit IS Limit IS
10500:2012 | 10500:
~ 12012
Description
1 pH Value - 6.5-8.5 No IS 3025(Part 11): 1983
relaxation
2 Specific Conductance, uS/cm | - - - IS 3025(Part 14): 1984
3 Turbidity NTU - 1 S IS 3025(Part 10): 1984
4 Chloride as CI, mg/L - 250 1000 IS 3025(Part 32): 1988
5 Total Hardness as CaCO;, - 200 600 IS 3025(Part 21): 2009
mg/L
6 Calcium as Ca - 75 200 IS 3025(Part 40): 1991
7 Magnesium as Mg, mg/L - 30 100 IS 3025(Part 45): 1994
8 Total dissolved solids mg/L - 500 2000 IS 3025(Part 16): 1984
9 Sulphate as SO; mg/L - 200 400 IS 3025(Part 24): 1986
10| Fluoride as F, mg/L 1.13 1 1.5 APHA 23" Edition
11 | Alkalinity as CaCO; mg/L - 200 600 IS 3025(Part 23): 1986
12 | Nitrate as NO; mg/L - 45 No APHA 23" Edition
.| relaxation
13 | Arsenic as As, mg/L - 0.01 No IS 3025(Part 37): 1988
relaxation
14 | Iron as Fe, mg/L 1 No IS 3025(Part 53): 2003
relaxation
15 | Total Coliform/ 100ml - Shall not be detected in 1S:1622:1981
100ml sample
16 | E.coli/100ml - Shall not be detected in 1S:1622:1981
100ml sample

Remarks: The above parameter is within permissible limit, as per IS 10500-2012 RA 2018 Drinking water
specification

Analyzed by Authorized signatory
Seui@ﬁalyst/] unior Analyst/ Analyst Qua@%a/ge r

RDWSD/WQMSP/TeR/01

Note:
The above results relate only to the sample tested .
The report shall not be reproduced except in full without the prior approval of the Quality Manager

Traceability: Traceability of measurements is established using CRMs traceable to National/International

standards
Samples will be discarded after 15 days from the date of report generation
Decision rule is applicable as per the procedure mentioned in RDWSD/WQMSP/DR-0
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RURAL DRINKING WATER AND SANITATION DEPARTMENT, GoK
Laboratory Name: - Belagavi District Lab

District Name: Belagavi

TEST REPORT

Address of the sampling location: Dr. Deepika. V,
Chikkodi, District Belagavi

Report Date: 11-08-2021

Reference: Test request form

Sample receipt date: 11-08-2021

Sample code: LAB

Date of Sampling: 11-08-2021

Analysis start date: 11-08-2021

Analysis completion date: 11-08-2021

Sample particulars — Treated water Sample quantity : 1000 ml
SI | Test Results Acceptable | Permissible | Protocol
No Limit IS Limit IS
10500:2012 | 10500:
2012
Description
1 pH Value - 6.5-8.5 No IS 3025(Part 11): 1983
relaxation
2 Specific Conductance, pS/cm | - - - IS 3025(Part 14): 1984
3 Turbidity NTU - 1 5 IS 3025(Part 10): 1984
4 Chloride as Cl, mg/L - 250 1000 IS 3025(Part 32): 1988
Y Total Hardness as CaCO;, - 200 600 IS 3025(Part 21): 2009
mg/L
6 Calcium as Ca - 75 200 IS 3025(Part 40): 1991
7 Magnesium as Mg, mg/L - 30 100 IS 3025(Part 45): 1994
8 Total dissolved solids mg/L - 500 2000 IS 3025(Part 16): 1984
19 Sulphate as SO, mg/L - 200 400 IS 3025(Part 24): 1986
10 | Fluoride as F, mg/L 1.41 1 15 APHA 23" Edition
11 | Alkalinity as CaCO; mg/L - 200 600 IS 3025(Part 23): 1986
12 | Nitrate as NO; mg/L - 45 No APHA 237 Edition
relaxation
13 | Arsenic as As, mg/L - 0.01 No IS 3025(Part 37): 1988
relaxation
14 | Iron as Fe, mg/L 1 No IS 3025(Part 53): 2003
relaxation
15 | Total Coliform/ 100ml - Shall not be detected in 1S:1622:1981
100ml sample
16 | E.coli/100ml - Shall not be detected in 1S:1622:1981
100ml sample

Remarks: The above parameter is within permissible limit, as per IS 10500-2012 RA 2018 Drinking water

specification

Analyzed by Autharized signatory
i Malyst/]unior Analyst/ Analyst Manager
RDWSD/WQMSP/TeR/01
Note:

The above results relate only to the sample tested

The report shall not be reproduced except in full without the prior approval of the Quality Manager
Traceability: Traceability of measurements is established using CRMs traceable to National/International
standards
Samples will be discarded after 15 days from the date of report generation

Decision rule is applicable as per the procedure mentioned in RDWSD/WQMSP/DR-0
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RURAL DRINKING WATER AND SANITATION DEPARTMENT, GoK

District Name: Belagavi Laboratory Name: - Belagavi District Lab
TEST REPORT
Report Date: 21-07-2021
Reference: Test request form
Address of the sampling location: Dr. Deepika. V, | Sample receipt date: 21-07-2021
Bailhongal, District Belagavi Sample code: LAB
| Date of Sampling: 21-07-2021
Analysis start date: 21-07-2021
Analysis completion date: 21-07-2021
Sample particulars — Treated water Sample quantity : 1000 ml
SI | Test Results Acceptable | Permissible | Protocol
No ' Limit IS Limit IS
10500:2012 |- 10500:
2012
Description
1 pH Value - 6.5-8.5 No IS 3025(Part 11): 1983
relaxation
2 Specific Conductance, puS/cm | - - - IS 3025(Part 14): 1984
13 | Turbidity NTU - 1 5 IS 3025(Part 10): 1984
4 Chloride as Cl, mg/L - 250 1000 IS 3025(Part 32): 1988
5 Total Hardness as CaCOj3, - 200 600 IS 3025(Part 21): 2009
mg/L
6 Calcium as Ca - 75 200 IS 3025(Part 40): 1991
7 Magnesium as Mg, mg/L - 30 . | 100 IS 3025(Part 45): 1994
8 Total dissolved solids mg/L - 500 2000 IS 3025(Part 16): 1984
9 Sulphate as SO4 mg/L - 200 400 IS 3025(Part 24): 1986
10 | Fluoride as F, mg/L 1.08 1 1.5 APHA 237 Edition
11 | Alkalinity as CaCO; mg/L - 200 600 IS 3025(Part 23): 1986
12 | Nitrate as NO; mg/L . 45 No APHA 23" Edition
' relaxation
13 | Arsenic as As, mg/L - 0.01 No IS 3025(Part 37): 1988
relaxation
14 | Iron as Fe, mg/L 1 No IS 3025(Part 53): 2003
relaxation
| 15 | Total Coliform/ 100ml - Shall not be detected in 1S:1622:1981
100ml| sample
16 | E.coli/100ml - Shall not be detected in 1S:1622:1981
100ml sample

Remarks: The above parameter is within permissible limit, as per IS 10500-2012 RA 2018 Drinking water
specification

Analyzed by : Authorized signatory
r Analyst/Junior Analyst/ Analyst Qu anager

RDWSD/WQMSP/TeR/01

Note:

The above results relate only to the sample tested

The report shall not be reproduced except in full without the prior approval of the Quality Manager
Traceability: Traceability of measurements is established using CRMs traceable to National/International
standards

Samples will be discarded after 15 days from the date of report generation

Decision rule is applicable as per the procedure mentioned in RDWSD/WQMSP/DR-0
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RURAL DRINKING WATER AND SANITATION DEPARTMENT, GoK

District Name: Belagavi

Laboratory Name: - Belagavi District Lab

TEST REPORT
Report Date: 12-07-2021
Reference: Test request form
Address of the sampling location: Dr. Deepika. V, | Sample receipt date: 12-07-2021
Belagavi, District Belagavi Sample code: LAB
Date of Sampling: 12-07-2021
Analysis start date: 12-07-2021
Analysis completion date: 12-07-2021
Sample particulars — Treated water Sample quantity : 1000 ml
SI | Test Results Acceptable | Permissible | Protocol
No Limit IS Limit IS
10500:2012 | 10500:
2012
Description
1 pH Value - 6.5-8.5 No IS 3025(Part 11): 1983
relaxation
2 Specific Conductance, pS/cm | - - - IS 3025(Part 14): 1984
3 Turbidity NTU - 1 5 IS 3025(Part 10): 1984
4 Chloride as Cl, mg/L - 250 1000 IS 3025(Part 32): 1988
5 Total Hardness as CaCOj3, - 200 600 IS 3025(Part 21): 2009
mg/L
6 Calcium as Ca - 75 200 IS 3025(Part 40): 1991
7 Magnesium as Mg, mg/L - 30 100 IS 3025(Part 45): 1994
8 Total dissolved solids mg/L - 500 2000 IS 3025(Part 16): 1984
9 Sulphate as SO, mg/L - 200 400 IS 3025(Part 24): 1986
10| Fluoride as F, mg/L 0.98 1 15 APHA 23" Edition
11 | Alkalinity as CaCO3; mg/L - 200 600 IS 3025(Part 23): 1986
12 | Nitrate as NO; mg/L = 45 No APHA 237 Edition
relaxation
13 | Arsenic as As, mg/L - 0.01 No IS 3025(Part 37): 1988
- | relaxation
14 | Iron as Fe, mg/L 1 No IS 3025(Part 53): 2003
relaxation
15 | Total Coliform/ 100ml - Shall not be detected in 1S:1622:1981
‘ 100ml sample
16 | E.coli/100ml - Shall not be detected in 1S:1622:1981
100ml sample
Remarks: The above parameter is within permissible limit, as per IS 10500-2012 RA 2018 Drinking water
specification
Analyzed by Authori ed/signatory
Spwié)glyst/]unior Analyst/ Analyst Qu@%{er
RDWSD/WQMSP/TeR/01
Note:
1) The above results relate only to the sample tested
2) The report shall not be reproduced except in full without the prior approval of the Quality Manager
3) Traceability: Traceability of measurements is established using CRMs traceable to
National/International standards
4) Samples will be discarded after 15 days from the date of report generation
5) Decision rule is applicable as per the procedure mentioned in RDWSD/WQMSP/DR-0
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RURAL DRINKING WATER AND SANITATION DEPARTMENT, GoK

District Name: Belagavi Laboratory Name: - Belagavi District Lab
TEST REPORT
Report Date: 09-11-2021
Reference: Test request form
Address of the sampling location: Dr. Deepika. V, | Sample receipt date: 09-11-2021
Belagavi, District Belagavi Sample code: LAB
Date of Sampling: 09-11-2021
Analysis start date: 09-11-2021
Analysis completion date: 09-11-2021
Sample particulars — Treated water Sample quantity : 1000 ml
SI | Test Results Acceptable Permissible | Protocol
No ‘ Limit IS Limit IS
10500:2012  |: 10500:
2012
Description
1 pH Value - 6.5-8.5 No IS 3025(Part 11): 1983
relaxation
2 Specific Conductance, pS/cm | - - - IS 3025(Part 14): 1984
3 Turbidity NTU - 1 5 IS 3025(Part 10): 1984
4 Chloride as Cl, mg/L - 250 1000 IS 3025(Part 32): 1988
S Total Hardness as CaCO;, - 200 600 IS 3025(Part 21): 2009
mg/L
6 Calcium as Ca - 75 200 IS 3025(Part 40): 1991
7 Magnesium as Mg, mg/L - 30 100 IS 3025(Part 45): 1994
8 Total dissolved solids mg/L - 500 2000 IS 3025(Part 16): 1984
9 Sulphate as SO, mg/L - 200 400 IS 3025(Part 24): 1986
10 | Fluoride as F, mg/L 0.95 1 1.5 APHA 23" Edition
11 | Alkalinity as CaCO3; mg/L - 200 600 IS 3025(Part 23): 1986
12 | Nitrate as NO; mg/L. e 45 No APHA 237 Edition
 relaxation
13 | Arsenic as As, mg/L - 0.01 No IS 3025(Part 37): 1988
relaxation
14 | Iron as Fe, mg/L 1 No IS 3025(Part 53): 2003
relaxation
15 | Total Coliform/ 100ml - Shall not be detected in 1S:1622:1981
100ml sample
16 | E.coli/100ml - Shall not be detected in 1S:1622:1981
100ml sample

Remarks: The above parameter is within permissible limit, as per IS 10500-2012 RA 2018 Drinking water
specification

A ;1 zed b ! Authori i /
n y7/c./y u LOTES/ signatory

Sewfior Analyst/Junior Analyst/ Analyst Qui 'Q'M’nn{ger

RDWSD/WQMSP/TeR/01

Note:

The above results relate only to the sample tested

The report shall not be reproduced except in full without the prior approval of the Quality Manager
Traceability: Traceability of measurements is established using CRMs traceable to National/International
standards

Samples will be discarded after 15 days from the date of report generation

Decision rule is applicable as per the procedure mentioned in RDWSD/WQMSP/DR-0
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ANNEXURE -V - PERMISSION FROM PRINICIPAL

Permission letter

From,
Dr. Deepika. V
Second year postgraduate
Department of Public health dentistry
KLEVKIDS, Belagavi

To,
The Principal
KLEVKIDS, Belagavi

Sub: Request for provision of Dental Van and required armamentarium for

conducting my thesis
Respected Ma’am,

I would like to start data collection for my thesis titled “Fluoride
concentration of drinking water and its association with intelligence
quotient among 12 years old Government school children in Belagavi
district — A cross sectional study” from 22" March 2021 onwards. Kindly
provide the permission to use Mobile dental van and other armamentarium. I
have attached the list of armamentarium required along with this letter.

Kindly do the needful.

Thanking You,
T i VY
:‘I/);.: eepika. V Dr. Roopali M Sankeshwari PhD, MDS Dr! AleAnkola_ jiztey

3 Doigh Uk b Ao A
Postgraduate Reader, Guide | LE’{};:@_ of tha departraent v -

Nerry Nauar Holn3.

Required Armamentarium

L)
1. Mobile dental van with Driver ‘EE,QUMQVQ/"
2. 4 Interns and 1 assisting postgraduate C OJV
3. 100 set of diagnostic instruments KLEVK. lnsr:i?ul:: 5,“;2,,';,, Sclences
4. 1 Non-teaching staff Nehru Nagar, BELAGAV: 590010
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ANNEXURE - VI — SCHOOL PERMISSIONS

KLE )

L3

VISHWANATH KATTI E
@Q INSTITUTE OF DENTAL SCIENCES 14

UNIVERSITY

Dept of Public Health Dentistry UG P TEANS
J.N.M.C. Campus, Nehru Nagar, Belgaum-590 010, Karnataka, India
. 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mail: principal@kledental-bgm.edu.in

-

Permission letter

Belagavi
28/10/2021
From,
Dr. Anil V Ankola
Professor and Head
Department of Public Health Dentistry
KLEVKIDS Belagavi
To,

The School Principal

Government Kannada Higher Primary School, Kothali

Chikkodi

Belagavi district

Karnataka
Respected Sir/Madam,

Sub: Request for conducting a dental camp
Hereby Introducing Dr. Deepika. V, final year postgraduate of Department of Public Health
Dentistry, KLEVKIDS Belagavi, conducting a study on “Assessment of relationship between
water fluoride level and 1Q level of Government school children in Belagavi District — A cross-
sectional study” under the guidance of Dr. Roopali Sankeshwari, reader, Department of Public
Health Dentistry. Kindly allow her to conduct the study in your prestigious institution.

Thanking You

ez
You're smcelely / \

0/ The School Principal
Government Kannada Higher Primary
i School, Kothali

Professor & Head
Department of Public Health Dentistry
Pr :

(eAROl < e Mgss

Chikkodi
Belagavi district

']

Oopt © » Dentenr

#I_E VK institeta +f Neatal Sron.

Nebry Nagar Belgave. 2 /
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- KLE o ]
SEN VISHWANATH KATTI
INSTITUTE OF DENTAL SCIENCES
= Dept of Public Health Dentistry bR
J.N.M.C. Campus, Nehru Nagar, Belgaum-590 010, Karnataka, India
. 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mail: princip d I-bgm.edu.in

L

Permission letter

Belagavi
28/10/2021
From,
Dr. Anil V Ankola
Professor and Head
Department of Public Health Dentistry
KLEVKIDS Belagavi
To,

The School Principal
Government High School, Bailhongal
Belagavi district
Kamataka
Respected Sir/Madam,
Sub: Request for conducting a dental camp
Hereby Introducing Dr. Deepika. V, final year postgraduate of Department of Public Health
Dentistry, KLEVKIDS Belagavi, conducting a study on “Assessment of relationship between
water fluoride level and IQ level of Government school children in Belagavi District — A cross-
sectional study” under the guidance of Dr. Roopali Sankeshwari, reader, Department of Public

Health Dentistry. Kindly allow her to conduct the study in your prestigious institution.

Thanking You

You’re sincerely, ‘ﬁ J“"F/
A
QJ W ool Principal

Government High School, Bailhongal

Dr. Anil V. Ankola
Professor & Head Belagavi district
Department of Public Health Dentistry
Pr 1owter 1o Mens : Karnataka

Oopt of Public Nealts Dentiar
#LE VK lnstiterg of ental Srwe. .
Nehry Nagar Selgous.
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KLE )
VISHWANATH KATTI E

INSTITUTE OF DENTAL SCIENCES

Dept of Public Health Dentistry
J.N.M.C. Campus, Nehru Nagar, Belgaum-590 010, Karnataka, India

®. 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mail: principal@kledental-bgm.edu.in

UNIVERSITY
DPONTRING PIOFESICNALS

Permission letter

Belagavi
28/10/2021

From,
Di. Anil V Ankola
Professor and Head
Department of Public Health Dentistry
KLEVKIDS Belagavi
To,
The School Principal
Shri Siddharameshwar High School, Nehru Nagara
Belagavi district
Karnataka

Respected Sir/Madam,

Sub: Request for conducting a dental camp
Hereby Introducing Dr. Deepika. V, final year postgraduate of Department of Public Health
Dentistry, KLEVKIDS Belagavi, conducting a study on “Assessment of relationship between
water fluoride level and 1Q level of Government school children in Belagavi District — A cross-
sectional study” under the guidance of Dr. Roopali Sankeshwari, reader, Department of Public
Health Dentistry. Kindly allow her to conduct the study in your prestigious institution.

Thanking You

You’re sincerely, A

A e
Dr. Anil V. Ankola The Sg/hb&l’rincipal

Professor & Head Shri Siddharameshwar High School,

Department of Public Hea enti
I I 'pr','.."ilf,‘, I4l:.:|:[4'!.,l,it ntistry Nehru Nagam
Oopt of Public Hosith Dentisr
WILE VK Inotiteee +f Dental S~wen. Belagavi district
Nobry Nagar Selgoua. 2
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KLE )

VISHWANATH KATTI %
INSTITUTE OF DENTAL SCIENCES
Dept of Public Health Dentistry DM
J.N.M.C. Campus, Nehru Nagar, Belgaum-590 010, Karnataka, India
. 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 £-mail: principal@kledental-bgm.edu.in

Permission letter
Belagavi
28/10/2021
From,

Dr. Anil V Ankola
Professor and Head
Department of Public Health Dentistry
KLEVKIDS Belagavi
To,

The School Principal

Government Kannada Medium School, Chinchani
Chikkodi

Belagavi district

Karnataka

Respected Sir/Madam,

Sub: Request for conducting a dental camp
Hereby Introducing Dr. Deepika. V, final year postgraduate of Department of Public Health
Dentistry, KLEVKIDS Belagavi, conducting a study on “Assessment of relationship between
water fluoride level and 1Q level of Government school children in Belagavi District — A cross-
sectional study” under the guidance of Dr. Roopali Sankeshwari, reader, Department of Public

Health Dentistry. Kindly allow her to conduct the study in your prestigious institution.

Q R o
Pk
You're sincerely, JL A W/
M 0/ e The Sc oprﬁincipal
Government Kannada Medium School,

Thanking You

Dr. Anil V. Ankola Chinchani, Chikkodi
Professor & Head 1 Lo
Department of Public Health Dentistry Be agavi district
Pr 1 ean@r <~ My
Oeopt of Publ!

®LE VK ingtitesg ~f [

Nebry Nagar &e

\_ e i,
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.

e KLE B "
TE VISHWANATH KATTI

INSTITUTE OF DENTAL SCIENCES
Dept of Public Health Dentistry

UNIVERSITY

. 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mail: principal@kled I-bgm.edu.in

Permission letter
Belagavi
28/10/2021

From,

Dr. Anil V Ankola

Professor and Head

Department of Public Health Dentistry

KLEVKIDS Belagavi
To,

The School Principal

Sardar High school, Belagavi

Belagavi district

Karnataka
Respected Sir/Madam,

Sub: Request for conducting a dental camp
Hereby Introducing Dr. Deepika. V, final year postgraduate of Department of Public Health
Dentistry, KLEVKIDS Belagavi, conducting a study on “Assessment of relationship between
water fluoride level and 1Q level of Government school children in Belagavi District — A cross-
sectional study” under the guidance of Dr. Roopali Sankeshwari, reader, Department of Public
Health Dentistry. Kindly allow her to conduct the study in your prestigious institution.
Thanking You

You’re sincerely, 2
GJ W The School Principal

Dr. Anil V. Ankola Sardar High school, Belagavi
Professor & Head Ll
Department of Public Health Dentistry Belagavi district
P "o <hOr +™0 Mo
Dept of Publie ‘oaith Dentier Karnataka

®LE VK inatitete of Deatal Sewn. .
Nohru Nagar. Bolgave. 8
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ANNEXURE — VII - INFORMED CONSENT
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ANNEXURE - VIl - STUDY PROFORMA

KLE VK INSTITUTE OF DENTAL SCIENCES, BELAGAVI
DEPARTMENT OF PUBLIC HEALTH DENTISTRY

Relationship between water fluoride level and IQ level of 12 year old
Government school children of Belagavi District ; A cross-sectional study

Socioeconomic status:

I) Occupation of the Head

Legislators, Senior Officials & Managers - 10
Professionals - 9

Technicians and Associate Professionals - 8

Clerks - 7

Skilled Workers and Shop & Market Sales Workers - 6
Skilled Agricultural & Fishery Workers - 5

Craft & Related Trade Workers - 4

Plant & Machine Operators and Assemblers - 3
Elementary Occupation - 2

10. Unemployed - 1

R N

II) Education of the head

1. Profession or Honours - 7
2. Graduate - 6
3. Intermediate or diploma - 5
4. High school certificate - 4
5. Middle school certificate - 3
6. Primary school certificate -2
7. Tliterate - 1
III) Family Income
Score Socioeconomic Status - Score
1. 1 >78063
2.2 3903378062 SLNO |SCORE | SES
3.3 2920039032 ! = E*;E:‘&ddle(m
4.4 19516 -29199 ; 11-15 Lower Middle(III)
3. 6 11708 — 19515 -+ 05-10 Upper Lower(IV)
6. 10 3908 — 11707
5 <5 Lower(V)
7. 12 <3907

1) Hard Tissue examination:
55 54 53 52 51 61 62 63 64 65
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18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28
48 47 46 45 44 43 42 41 31 32 33 34 35 36 37 38
85 84 83 82 81 71 72 73 74 75

2) OHI-S Index:
16 11 26 16 11 26
46 31 46 31 36
DI CI
3) Gingival Inflammation: 1) Present 2) Absent
4) Dental Trauma: 1) Present 2) Absent
In relation with:.......... Cause:....c.vvnvnineninnnenn
Type: 1) Ellis Class I 2) Ellis Class I 3) Ellis Class III
5) Type of Malocclusion: 1) Angle’s ClassI ~ 2) Angle’s Class II 3) Angle’s Class III

6) Dental anomalies: 1)Talon’s cusp 2) Fusion 3) Supernumerary teeth 4) Peg laterals

5) Microdontia 6) Hypodontia 7)Any other

7) Dean fluorosis Index:

Two most affected teeth:

Score:

1.
2
3
4.
5

6.

8) Lower frenal attachment: 1) High

Normal - 0

Questionable — 0.5
Very Mild - 1
Mild - 2

Moderate - 3

Severe - 4

9) Lip coverage: 1) Competent 2) Incompetent

2) Low 3) Absent
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ANNEXURE — VIII - DENTAL INDICES

1. DECAYED - MISSING - FILLED TEETH INDEX (DMFT

INDEX)

The Decayed Missing -Filled Teeth Index (DMFT Index) was developed by Henry T.

Klein, Carrole E. Pamer and Knutson J. W. in 1938 to determine the prevalence of

coronal caries.

Procedure

The DMFT Index is applied only to permanent teeth. It is composed of three

components,

D- Used to describe decayed teeth.

M- Used to describe missing teeth due to caries

F- Used to describe teeth that have been previously filled due to caries.
Instruments used

- Mouth mirror

-Explorer

Calculation of the Index:

IDentition status
5 54 53 52 51 61 62 63 64 65
17 16 15 14 13 12 11 21 22 23 24 25 26

27

Crown (45)

(58)

ICrown (59)

(72)

85 84 83 82 81 71 72 73 74 75
47 46 45 44 43 42 41 31 32 33 34 35 36

37
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2. SIMPLIFIED ORAL HYGIENE INDEX (OHI-S)

(John C. Greene and Jack R. Vermillion in 1964)

DEBRIS INDEX-SIMPLIFIED (DI-S)
16 11 26

46 31 36

DI-S = Total score/no. of surfaces scored

= Interpretation =
CALCULUS INDEX-SIMPLIFIED (CI-S)
16 11 26
46 31 36
CI-S = Total score/no. of surfaces scored
= Interpretation =
OHI-S = DI-S + CI-S
= Interpretation =
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3. DEAN'S FLUOROSIS INDEX - CRITERIA (1942) MODIFIED

18 17 16 15 14 13 12 11 21 22 23 24 25 26 27 28

48 47 46 45 44 43 42 41 31

w
w
e}
w
w
w
NN
w
Ul
W
(@)
w
N
w
co

Normal (0)

The Enamel represents the usual translucent semivitriform type of structure. The
surface is smooth, glossy and usually of a pale, creamy white colour.

Questionable (0.5

The enamé discloses dight aberrations from the translucency of normal enamel
ranging from a few white flecks to occasional white spots. This classification is used
in those instances where a definite diagnosis of the mildest form of fluorosis is not
warranted and a classification of "normal” not justified.

Very Mild (1)

Small, opaque, paper white areas scattered irregularly over the tooth, but not
involving as much as approximately 25% of the tooth surface. Frequently included in
this classification are teeth showing no more than about 1-2 mm of white opacity at
the tip of the summit of the cusps of bicuspids or second molars.

Mild (2)

The white opague areas in the enamel of teeth are more extensive, but do not involve

as much as 50% of tooth.
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Moderate (3)

All enamel surfaces of the teeth are affected and surfaces subject to attrition show
wear. Brown stain isfrequently a disfiguring feature.

Severe (4)

All enamel surfaces of the tooth are affected and hypoplasia is so marked that the
general form of the tooth may be affected. The major diagnostic sign of this
classification is discrete or confluent pitting. Brown stains are widespread and teeth

often present a corroded-like appearance.

4. ANGLES CLASSIFICATION (1899)

Class | malocclusion A normal molar relationship is present, but there is

crowding, misalignment of the teeth, rotations, cross-bites, and other alignment

irregularities.

Class Il malocclusion The mesiobuccal cusp of the maxillary first molar

occludes anterior to the buccal groove of the mandibular first molar. Class Il is

categorized into two further parts:

Class Il, Division 1. The anterior maxillary teeth are tilted forward or

proclined, presenting a large overjet.

Class I, Division 2 The anterior maxillary teeth are retroclined, creating a
deep overbite.

Class 1ll_malocclusion The mesiobuccal cusp of the upper first molar falls

posterior to the buccal groove of the lower first molar.
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5. Ellis and Davey’s Classification (1970) of tooth ficture

Class|

Class||

Classlll

Class 1V

ClassV

Class VI

Class VII

Class VIlI

Class X

Enamel fracture

Enamel and dentin fracture without pulp exposure
Fracture involving enamel, dentin, and pulp

Nonvital tooth

Avulsion

Root fracture without involvement of crown structure
Displacement of the tooth without fracture of the crown
Loss of crown en masse

Trauma to the deciduous teeth
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