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Abstract

Fluoride helps prevent tooth decay by forming fluoroapatite, a compound more resistant to acid than hydroxyapatite in tooth
enamel. Without fluoride, dental caries can progress to the pulp of the tooth, potentially requiring root canal treatment. In
Israel, community water fluoridation was mandatory in cities with over 5,000 residents from 1998 until it was discontinued in
2014. This study examines the effect of community water fluoridation on socioeconomic disparities in dental health, focusing
on the prevalence of root canal treatments in deciduous teeth among 6-year-old children. A retrospective analysis was
conducted using computerized dental records from 2014-2015 (with fluoridation) and 2016-2022 (without fluoridation).
The data included dental checkups and root canal treatments in deciduous teeth. Statistical significance was set at p < 0.05.
Result: Showed that children from lower socioeconomic backgrounds had higher rates of root canal treatments, especially in
areas without fluoridated water. In contrast, children from higher socioeconomic groups had relatively stable treatment rates
regardless of fluoridation status. Across all groups, boys had more root canal treatments than girls.

Conclusion: Community water fluoridation can reduce socioeconomic disparities by reducing the incidence of root canal

treatment in deciduous teeth.

Keywords: Community Water Fluoridation; Equity in Health; Root Canal Treatment; Caries Prevention

Abbreviations Background
CWF: Community Water Fluoridation; OHRQoL: Overall The Structure of Teeth: From Eruption to Decay
Quality of Life. and Treatment

The human oral cavity has 20 deciduous teeth, usually
emerging between 8 and 31 months [1,2]. In 6-year-old
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children, the deciduous teeth have been in the mouth
for about 3 to 5 years, and at this age, the process of their
replacement with permanent teeth begins [3].

The tooth has three layers. The outer layer is the
hardest, mostly made of hydroxyapatite. The dentin layer
is in the middle, also mostly made of hydroxyapatite [4,5].
The innermost layer - the tooth pulp contains nerves, blood
vessels, and other living cells [6].

Tooth decay is the most common chronic disease in the
world. It occurs when bacteria metabolize sugars to create
acids that cause demineralization. The acid combines with
a base in the hydroxyapatite crystal, breaking down the
enamel [7]. Caries in the enamel and dentin can be treated
by removal of the bacteria and reconstruction of the tooth
structure and function [8].

When the decay is deep and reaches the pulp of the
tooth, it is necessary to perform a root canal treatment. This
treatment includes the debridement of the canal by chemical
and mechanical means and sealing to prevent the passage of
microorganisms and fluids through the apex. In this way, the
function of the tooth is preserved [9].

The Impact of Dental Caries

Dental pain, a prevalentissue among preschool children,
significantly affects daily activities, school performance, and
overall quality of life (OHRQoL). In Capdo do Ledo, Brazil,
a cross-sectional study evaluated the prevalence of dental
pain in children aged 2-5 years and its association with
caries severity, dental trauma, and maternal perception of
OHRQoL.

Findings revealed a 14.5% prevalence of dental pain,
primarily linked to untreated carious dentin lesions, pulp
involvement, and abscesses. Children with severe caries
stages experienced more dental pain, often requiring invasive
treatments like restorations, pulp therapy, or extractions.
Dental pain negatively impacted all domains of OHRQoL,
highlighting the importance of preventive strategies and
timely interventions [10].

Fluoride

Fluoride occurs naturally in a range of animal-derived
foods, and plants, and can also be found in natural drinking
water [11]. In Israel, the amount of natural fluoride in
drinking water is approximately 0.3 Parts Per Million (PPM),
and there is no fluoride in desalinated water [12].

Community water fluoridation (CWF) to improve oral
health has a long history with significant scientific support
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[11,13-16]. Fluoride replaces the hydroxyl group in the
tooth hydroxyapatite, forming fluorapatite that resists acid
from food and bacteria, thus preventing decay. Fluoride
also accelerates the deposition of minerals in the enamel,
reducing the risk of decay. Some studies suggest fluoride can
arrest tooth decay [11].

Fluoride reaches the teeth through the systemic
circulation mainly from CWF and ingestion of processed
foods and drinks. It is also applied topically by various
products, such as dentifrices [17].

Fluoride Efficacy in Previous Studies

Global and Israeli health authorities recommend that the
optimal range of water fluoridation concentration in order to
significantly decrease caries incidence is 0.7-1.0 mg for those
consuming fluoridated water from infancy [18].

In 2012, a study conducted at the Hebrew University in
Israel showed a 29% decrease in caries morbidity in a city
with optimized water fluoride concentration compared to a
city with insufficient levels [18].

In 2014, a New Zealand report confirmed that water
fluoridation decreased caries rate, especially in high-risk
groups, saved healthcare costs, and posed no significant
health risks [15]. A 2022 study in Israel observed a notable
rise in restorative dental treatments among children
following the cessation of CWE, in 2014 based on data from
“Maccabi-Dent” clinics [16].

The Reform in Israel

In 1998, Israel introduced regulations requiring
fluoridation of drinking water in cities with over 5,000
inhabitants. The regulations took effect in 2002, and
approximately 70% of the population benefited from
fluoridated water by 2012. However, in August 2014, the law
was repealed, prohibiting external fluoridation of drinking
water in Israel [12,18].

In 2002, a survey in Israel revealed a socio-economic
gap in caries morbidity among 12-year-old children. In
2010, dental health reform was initiated, offering free
preventive dental treatments and retainers with financial
deductibles for children up to age 8, aiming to narrow the
morbidity gap.

A 2012 study post-implementation showed reduced
differences between socio-economic levels, though
disparities persisted [19,20]. The reform has since expanded,
providing free or financial deductible dental treatment for
children up to the age of 18 and adults over 72 [20].
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Maccabi-Dent

The “Maccabi” Health Fund founded in 1940 is the
second largest in Israel and has approximately 2.6 million
members. It's dental chain, “Maccabi-Dent”, has 59 dental
clinics nationwide, with 461 dental units, and about 1400
dentists, including specialists from all disciplines. “Maccabi-
Dent”, treats all strata of the population.

In this study, we examined the effect of the cessation
of CWF by comparing the number of root canal treatments
performed on all deciduous teeth in 6-year-old children
between 2014-2015 to the number in 2016-2022. We also
examined socio-economic status and gender.

The Rationale of this Study

The main aim is to examine how the cessation of CWF
affects socio-economic disparities in caries morbidity by
examining the effect of fluoride cessation on the incidence of
root canal treatments- secondary objective.

Methods

The study was approved by the Review Board (IRB)
MHS-0157020 and The Helsinki committee of Maccabi
Healthcare Services. The study population included children
aged 6 from all over Israel who are in the “Maccabi” Health
Fund from the whole spectrum of the population.

The comparison was made between the number of root
canal treatments performed on deciduous teeth between
the years 2014-2015 and the years 2016-2022 following
the cessation of CWF in 2014. In addition, a comparison was
made according to socio-economic status.

The data was examined retrospectively from the
electronic records of the “Maccabi-Dent” clinics in Israel.
“Maccabi-Dent” dentists are remunerated by the Fee for
Service method; thus, each procedure has a treatment code,
and codes are recorded for all treatments.

We also classified the treatments based on the
socioeconomic status determined according to the list
of districts and socio-economic clusters, formulated by
the Central Bureau of Statistics in 2015. This list has 9
socioeconomic levels, 1-3 represents a low socio-economic
level, 4-6 represents medium and 7-9 represents high [21].
In this study, we collected data regarding check-ups and root
canal treatments in deciduous teeth in 6-year-olds. SPSS
statistics software version 27.0. was used.

Statistical tests were used to compare the independent
variables: fluoride levels in the water, socio-economic status,

Chana SZ, et al. Root Canal Treatment Rate in Deciduous Teeth Among 6-Year-Olds in the Era of

Open Access Journal of Dental Sciences

and gender, to the dependent variable: the number of root
canal treatments performed on deciduous teeth among
6-year-olds.

The following comparisons were made:

1. Root canal treatment rate for each socio-economic level.

Root canal treatment rate with and without CWF.

3. Rootcanal treatment rate for each socio-economic group
taking into account CWF.

4. Root canal treatment rates in different socio-economic
groups and gender.

N

Results

Sample size: 8,007 children from all over Israel and from
the whole spectrum of the population. 4097 males (51%),
3910 females (49%). All deciduous teeth were examined and
evaluated. Various analyses were performed, as presented in
the following graphs.

Analysis of the rate of root canal treatments as a function
of socio-economic level (Figure 1), showed an inverse
correlation: as the socio-economic level increased, the rate
of root canal treatments decreased.
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Figure 1: The Rate of Root Canal Treatment as a Function
of Socioeconomic Level.

The results of Levene’s test for equality of variances
were statistically significant (stat=396.56, p= 6.06e-165),
indicating that the variances were not equal.

As a result, we conducted Welch’s F-test for unequal
variances ANOVA, which revealed a significant difference
among the conditions, with a large effect size (Partial eta-
squared=0.13) (Figure 2).
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Figure 2: Indicates that there was a significant increase in
the rate of root canal treatments following the cessation of

CWF (p<0.05).

J

In the presence of CWEF, no statistically significant difference
between low and mid-socio-economic levels were found
regarding the rate of root canal treatments (Figure 3).
However, in the absence of fluoridation, individuals with
lower socioeconomic status had the most significant increase
in the rate of root canal treatment (p<0.05). In addition,
those with mid and high socio-economic status maintained
a relatively stable root canal treatment rate regardless of the
presence or absence of CWE.
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Figure 3: Root Canal Treatments in Various Socioeconomic
Populations in Fluoridated and Non-Fluoridated Water.

When analyzing the rate of root canal treatments as
a function of socioeconomic status and gender (Figure 4),
we found that males, across all three socio-economic levels,
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had more root canal treatments than females (p<0.05).
Furthermore, for both genders, a significant correlation
showed that as socioeconomic status improved, the number
of root canal treatments decreased (p<0.05).
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Figure 4: Comparison Between Socioeconomic Status
Groups to Gender.

Discussion

The effect of CWF cessation on the rate of root canal
treatments among 6-year-old children and the ability of
fluoridation to reduce socio-economic disparities were
examined by comparing two periods: 2014-2015 and 2016-
2022. These periods were selected based on the timing of the
initiation of CWF in Israel in 1998, its legal inclusion in 2002,
and its removal from legislation in 2014.

Children aged 6 in 2014 were born in 2008 and therefore
exposed to CWF throughout their lives, including prenatally,
we assumed similar exposure in children 6 years of age in
2015. Conversely, 6-year-olds between 2016-2022 were
exposed to CWF for a maximum of 2 years or not at all. The
choice of 6-year-old children for this study was deliberate,
taking into consideration that their deciduous teeth will
remain in the mouth for approximately 3 to 5 additional
years. The data shows incidence in order to highlight the
rate of new cases of root canal treatments within a specified
period.

The significant results of the current study are congruent
with published findings.
1.Lessrootcanal treatments were performed in children from
a higher socio-economic status and the converse was also
found to be true. These results were noted in other studies:
A 1997 South African review of 6, 12, and 15-year-olds,
children from urban families with higher socio-economic
levels had lower rates of dental caries [22]. A Canadian study
from 2014 found that higher-income individuals required
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less dental care, underscoring the need to improve access to
dental care for low-income populations [23]. A 2021 study in
China revealed that lower parental education and household
income were significantly linked to a higher incidence of
dental caries in preschool children [24].

This finding can be at least partly explained by a 2005
study from the USA that showed that individuals with low
income and education levels consume a diet high in added
sugar [25].

Another possible explanation is that those with higher
socio-economic status (characterized by high income
and education levels) tend to exhibit greater consistency
in maintaining oral hygiene practices. Good oral hygiene
contributes to lower rates of caries morbidity, providing
another perspective on the observed differences in caries
experience in socio-economic groups [26,27].

2. The rate of root canal treatments is lower with CWF than
without CWF. Similar results were observed in other studies:
A 2015 review found that community water fluoridation
reduced caries indices and increased the percentage of
caries-free children by 15% in deciduous teeth and 14% in
permanent teeth [28]. In a 2021 study in Brazil, children
and adolescents using fluoridated water showed a lower
prevalence and severity of dental caries compared to those
relying solely on fluoridated toothpaste [29]. The mechanism
underlying these findings lies in fluoride’s ability to replace
the hydroxyl group in enamel hydroxyapatite, forming
fluoroapatite—a compound that resists acid from food and
bacteria, thereby preventing decay. Additionally, fluoride
accelerates mineral deposition in the enamel, further
reducing the risk of caries, and some studies even suggest its
potential to arrest tooth decay [11].

When deep dental decay occurs, it may reach the tooth’s
pulp, necessitating root canal treatment. By preventing the
onset of decay in the first place, we can avoid the need for
root canal procedures altogether [9].

3. Those most affected by the cessation of CWF had low socio-
economic status, with a significant increase in the rate of root
canal treatments performed. In children with mid and high
socioeconomic status, the number of root canal treatments
performed remained relatively stable with and without CWE.

These findings may be clarified by the observation
that affluent populations do not necessarily need water
fluoridation to maintain oral health.

Studies reveal that individuals from high socioeconomic
status are the least impacted by the absence of community
water fluoridation (CWF) [30-32]. This could be attributed to
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their economic capacity, enabling them to consume healthier
foods [25], gain access to treatments, and maintain oral
hygiene [33].

In contrast, populations with low-income levels often lack
these resources, underscoring the importance of fluoridation
for them. We assume that in the absence of alternative
means, CWF plays a vital role in promoting oral health within
communities with low socio-economic status [33].

4. For all socio-economic levels, more root canal treatments
were performed in boys compared to girls. These finding
contrasts other studies that show that more dental
treatments are performed in females than males [34-36].

Our findings can be interpreted in various ways:
A. The disparity in treatment frequency between genders is
influenced by age:

According to a 2015 study in the USA, there were
no significant gender differences in dental treatments in
children aged 1-5. However, girls aged 6-11 exhibited 1.5
fewer affected teeth than boys. In the 12-17 age group, caries
rates were similar in girls and boys. Among adults (18-59
years), females had more dental restorations, while males
had a higher incidence of current decay [37].

B. Boys are more susceptible to dental trauma at early ages
compared to girls:

A retrospective study in Greece in 2021 revealed that
children experience dental trauma more frequently at ages
5, 7, and 11, with boys being more prone to dental injuries
and receiving more treatment at a young age [38].

C. Additionally, a 2021 review revealed that men often
neglect oral health, showing poorer hygiene habits and facing
higher risks of gum disease and oral cancer. They tend to
seek dental care for immediate issues rather than preventive
care. In contrast, women generally exhibit better oral health
behaviors and attitudes [39].

Limitations

1. Werelied on a database that provided treatment records
without diagnoses, assuming that there were appropriate
indications for the treatments performed. However, in
fee-for-service payment systems like “Maccabi-dent,” the
accuracy of treatment codes in patients’ records might
not be completely accurate.

2. Numerous children undergo dental examinations, but
difficulties with cooperation often result in referrals
for treatment. “Maccabi Dent,” has a specialized clinic
at Assuta Hospital for children aged 1-5 and sometimes
older, where treatments are administered exclusively
under general anaesthesia. This clinic treats children
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from across the entire country, and no records are kept
regarding their socio-economic status. Consequently, we
excluded records from this clinic. While acknowledging
thisexclusionasalimitationinouranalysis,incorporation
of the data from this clinic into our calculations could
have strengthened our argument, as there was a notable
increase in the overall number of root canal treatments
performed.

Conclusion

Community water fluoridation can reduce socio-
economic disparities by reducing the incidence of root canal
treatment in deciduous teeth among 6-year-old children.
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