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The effect of community water fluoridation cessation on children's dental health: a national experience
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Abstract
Background
Community water fluoride (CWF) is the proven cornerstone of primary dental health care promotion. In 2002 CWF was made mandatory at a national level in Israel, however a new government revoked these regulations in August 2014. "Maccabi" is the second largest national health care provider with 2.3 million members, "Maccabi-Dent", its dental branch, has 53 clinics, employing 1100 dentists. The aim of this study was to evaluate the cumulative effect on treatment rates 6 years after CWF was terminated in Israel, based on the number of dental treatments provided to children aged 3–12 years in “Maccabi-Dent” clinics.


Methods
For this retrospective study, computerized dental treatment codes were collected. The “rate of treatment” was calculated by dividing the number of restorative treatments or extractions, by the number of individuals receiving treatment. The population size and the age group visiting the specific clinic were also considered.


Results
The independent variables were fluoride concentration in drinking water, age and socioeconomic position (SEP). There was a significant increase in restorative dental treatments after 2014, (R2 = 0.0402), with approximately twice the number of treatments required in the absence of CWF. Age had a significant association (β =  − 0.389, p < 0.001) as did SEP (β = 0.086, p = 0.019).


Conclusion
After CWF cessation in Israel, rates of dental treatments significantly increased.


Practical implication
By examining accepted notions with up-to-date information, new confirmatory evidence helps decision makers understand the importance of adding fluoride to drinking water.
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Background
“Fluoridated water contains fluoride at a level that is effective for preventing cavities." [1] In Israel, the recommended optimal fluoride concentration ranges from 0.7 to 1.2 parts per million (ppm) depending on the local temperature and water intake [2]. Other countries have a fluoride concentration between 0.5 and 1.5 ppm [3, 4]. The U.S department of Health and Human Services recommends 0.7 parts per million [5, 6]. The 2011 WHO Guidelines for Drinking-water Quality suggests concentrations between 0.5 and 1 ppm, with an upper safe level of 1.5 ppm [7].
Dental caries remains the most common chronic childhood disease in the US and many other countries. Fluoride has been proven to be a very effective primary care measure in caries prevention [8]. In 2007 over 300 million people in 39 countries lived in optimally fluoridated areas (more than 5% of the world population), [9]. Some of these countries include Brazil, Australia, Canada, Spain, Argentina, South Korea, and New Zealand.
In the US, 74.6% of the population (211 million people) have access to fluoridated water [10].

While removing water fluoridation affects the entire population, those with lower incomes, poorer oral health and significant barriers to dental care, suffer more than those with a higher socio-economic position (SEP) [11]. Israeli studies [12, 13] found an opposite correlation between SEP and caries: the lower the SEP, the higher the level of dental needs.
Another Israeli study by Klivitsky et al., 2015 [14] reported a clear association between adequacy of water fluoridation and hospitalization due to dental infections in children and adolescents. This effect was more prominent in populations with lower SEP.
Fluoridation began at the municipal level in 1981, legislation for national fluoridation passed in 1998, yet, similarly to other countries, there were campaigns against fluoridation in Israel [15]. The Ministry of Health convinced the decision makers that water fluoridation was safe, effective, relatively cheap and data collected showed that the dental caries experience in Israeli children decreased. Fluoridation became mandatory in Israel in 2002 and 75% of the population had fluoridated water with a plan to increase the level to 85% [16].
Following many years of failed attempts to implement "voluntary" fluoridation by local authorities, Israel implemented mandatory national fluoridation legislation in 2002. Public controversy and persistent opposition led to challenges, even after mandatory fluoridation had been legislated by the Israeli parliament. The debate was brought to the High Court which reconfirmed the Ministry of Health's responsibility for the health of the public and that no evidence presented, indicated that fluoridation was not a safe and reasonable measure [17].
An editorial by Lennon et al. [18] published in 2013 in the journal of Community Dental Health strongly supported water fluoridation in Israel. However, when a new government was established in 2014, the regulations were revoked, and water fluoridation was discontinued. Despite a decision made by the Health Ministry of Health in June 2015 and approved by the parliament budgetary issues stalled the fluoridation process. Currently, the drinking water in Israel is not fluoridated. Furthermore, increased reliance on desalination for drinking water means that there are even lower fluoride levels [19].
According to the American Dental Association, fluoridation was meant to return in 2016 [20]. The new government and a new Ministers strongly supported fluoridation, and dental public health professionals joined the fight against the ongoing delays.
In this article we evaluate the outcomes of 6 years without water fluoridation in Israel.
For clarity, a brief review of the Israeli medical and dental care system is presented. All citizens are provided medical care by four medical health funds (HMO). The largest, Clalit Healthcare Services, has almost 5 million members, Maccabi Healthcare services is the second largest with 2.3 million members. Each HMO has independent dental care facilities, that are also government funded. Approximately 50% of Dental care is provided by the HMO's and the rest by private dental services. "Maccabi-dent" has 53 dental clinics and employs 1100 dentists [21]. The 53 clinics are spread throughout the country and with different water fluoridation levels and SEP. The wide geographical distribution of the clinics strengthens the assumption that the children seen in Maccabi-dent are representative of the child population of Israel. Israeli residents choose their own HMO [22]. All the health funds provide free dental care for individuals up to 18 years of age [23].
Methods
The present study was approved by the Institutional Review Board (IRB) MHS-0157-20 The Helsinki committee of Maccabi Healthcare Services.
Dental treatment patterns between 2014 and 2019 were examined retrospectively. Clinics were divided into geographical areas where community water fluoridation (CWF) was discontinued (intervention group) and areas that never had optimally fluoridated drinking water (the control group). The data was retrieved from the computer system of the 53 "Maccabi-Dent" clinics in Israel. For children, "Maccabi-Dent" dentists are remunerated according to the Fee for Service method, thus each procedure has a unique treatment code, and all codes are recorded for all patients [24].
After collection, the codes were grouped into restorative treatments (e.g., amalgam or tooth-colored fillings, pulpotomy, pulpectomy, crowns etc.) and extractions. each tooth could potentially get only one code regardless of the restorative treatments made on that same tooth. The “rate of treatment” was calculated by dividing the number of restorative treatments or extractions, by the number of individuals receiving treatment.
The independent variables were CWF levels (obtained from the 2011 Ministry of Health Water Engineer's Report) [25], age and socioeconomic status (obtained from the data supplied by “Maccabi-Dent”). As in other published Israeli studies [26], we divided water fluoride levels into three subgroups: No fluoride 0–0.5 ppm; partially fluoridated 0.51–0.69 ppm; optimally fluoridated 0.7–1.2 ppm. The geographic area and fluoride water concentration was determined for each clinic. No fluoride and partially fluoridated were operationally combined as "no fluoride".
Inclusion criteria: 1. Age (3–12 years); 2. Available records from 2014 to 2019. Exclusion criteria: 1. Region where fluoride concentration was unknown; 2. Erroneous or illogical dental records.

Statistical methods
Data were analyzed with IBM SPSS statistics software version 27.0. (SPSS Inc. Headquarters, 233 S. Wacker Drive, 11th floor Chicago, Illinois 60606, USA).
Statistical significance levels were set at 0.05.
Baseline characteristics are presented as means and standard deviations for continuous variables and as frequencies and percentages for categorical variables. Differences between number of treatments and fluoridation levels were evaluated using Spearman correlation.
Linear regression tests were applied on predictive variables {Age, Socioeconomic Position (SEP) and fluoride levels}.
Results
Descriptive data
The total number of routine examinations was 847,548, with an age range of 3–12 years and a mean of 7.5 ± 2.87.
SEP ranged ordinally from 1 to 9 in accordance with the Israel Bureau of Statistics. The mean was 5.69 ± 2.07.
The proportion of children who resided in optimally fluoridated regions was 63.3%; 16.3% resided in partially fluoridated regions; and 20.4% in non-fluoridated regions.
Table 1 presents the mean levels of treatment (restorative, extractions and total) for each of the years 2014–2019 (note that fluoridation ceased in 2015).Table 1Distribution of recorded treatments by year


	 	Treatment
	Mean
	SD
	Min
	Max

	2014
	Total
	0.64
	1.70
	0.01
	3.65

	Extractions
	0.40
	2.18
	0.00
	4.60

	Restorative
	0.88
	1.29
	0.01
	2.70

	2015
	Total
	0.56
	0.36
	0.02
	5.13

	Extractions
	0.29
	0.37
	0.00
	5.14

	Restorative
	0.83
	0.49
	0.04
	6.25

	2016
	Total
	0.61
	0.29
	0.01
	1.74

	Extractions
	0.24
	0.16
	0.00
	0.79

	Restorative
	0.99
	0.55
	0.01
	3.24

	2017
	Total
	0.65
	0.34
	0.02
	2.41

	Extractions
	0.24
	0.16
	0.00
	0.78

	Restorative
	1.06
	0.64
	0.02
	4.42

	2018
	Total
	0.65
	0.34
	0.01
	2.23

	Extractions
	0.24
	0.16
	0.00
	0.84

	Restorative
	1.07
	0.64
	0.01
	4.07

	2019
	Total
	0.66
	0.38
	0.01
	2.56

	Extractions
	0.25
	0.16
	0.00
	0.98

	Restorative
	1.08
	0.71
	0.01
	4.71

	All years except 2014
	Total
	0.62
	0.30
	0.02
	1.74




Figure 1 shows that the number of dental treatments in 2014 and 2015 (when there was fluoridation and immediately after) did not change with age. However, between 2016 and 2019 the number of treatments increased with age.[image: ../images/13584_2022_514_Fig1_HTML.png]
Fig. 1Dental treatment rates by years. Figure shows the constant increase in dental treatments from 2014 until 2019 (R2 = 0.0402)


Level of treatment was strongly related to, and explained by, CWF (R2 = 0.838). The rate of treatment was about double in the absence of CWF (Fig. 2).[image: ../images/13584_2022_514_Fig2_HTML.png]
Fig. 2Dental treatment rates by fluoride levels in 2014. Figure shows low-rate treatments in 2014 in full fluoridated areas versus no fluoridated areas (R2 = 0.838)


Analytic data
Linear regression was applied, and the number of treatments were the dependent variables, while age, CWF and SEP served as the independent variables. For the year 2014, when optimal fluoridation was present, the only significant variable related to extractions was CWF (β = − 0.096, p = 0.021). There were similar results restorative variables, i.e., only CWF was significant {F (1,458) = 4.336, p = 0.019} and for total treatments delivered (β = − 0.097, p = 0.019). The other independent variables did not reach statistical significance. For the years 2015–2019, when CWF ceased, the linear regression model showed opposite trends, with significant associations of age (β = − 0.389, p < 0.001) and SEP (β = 0.086, p = 0.019) (Fig. 3).[image: ../images/13584_2022_514_Fig3_HTML.png]
Fig. 3Mean cumulative number of dental treatments over time. Figure shows that when fluoridation was ceased, cumulative treatments rate started to rise


Discussion
Over the years, there has been much interest in the issue of optimizing fluoride levels in drinking water with opposition from some human rights and ecological organizations [27]. Their expressed concerns, have often been based upon research that was of poor quality, misinterpreted, or contradicted by better studies, with more reliable findings. Public health officials, dental and medical practitioners and scientists have voiced steadfast support of CWF [28].
As mentioned above, water fluoridation began in Israel in 1981 [29–31]. At that time, about 90% of children suffered from tooth decay, and "rampant" caries was common among preschool children. There were very limited public dental health services, no free dental care available, and fluoride-containing toothpastes could not be obtained. Tooth decay rates increased from the 1950s, and a slight decline was noted in the 1970s when fluoride toothpastes came onto the market. With support from the WHO and a professional lobby, fluoridation of the water in Israel began in 1981. From 2001 the legislature demanded that communities of over 5000 people have CWF. Unfortunately, some communities did not receive optimally fluoridated water due to logistical factors. The decision to stop CWF in 2014 [32] was surprising in light of the consistent support shown.

A recent survey [27] on water fluoridation and dental health in Israel conducted by researchers from the Department of Community Dentistry, Hebrew University-Hadassah School of Dental Medicine, in 2011–2012 examined over 2000 twelve-year-old children and found a statistically significant difference in the rates of caries prevalence between fluoridated and non-fluoridated areas. A DMFT level of 0.98 was found in children living in fluoridated areas compared to 1.38 in those in non-fluoridated areas. The odds of being caries free were doubled in those living in fluoridated areas compared to non-fluoridated areas (OR = 2.09).
The 2010 dental reform to the National Health Insurance Law has increased access and utilization of dental care. The filled component of the DMFT index has increased while the decay component has decreased [22]. Still the overall prevalence rate of DMFT increases in the absence of water fluoridation and inequalities in oral health remains.
Other studies [33, 34] found that cessation of community water fluoridation appears to have negative effect on dental caries. McLaren and Singhal [33] published a systematic review in 2016 and concluded that “Overall, the published research points more to an increase in dental caries post-CWF cessation than otherwise”. Another study, Meyer et al. (2018) regarding consequences of community water fluoridation cessation in Alaska found that CWF cessation led to higher mean number of caries related procedures among 0–18 years old patients [34].
The present study was based upon data from 847,548 records of children aged 3–12 years visiting "Maccabi-Dent" clinics between 2014 (the last year of fluoridation) and 2019.
In 2014, 63.3% of the country was fully fluoridated, and the remaining areas were partially or completely unfluoridated.
When examining the data from 2014, in the localities with an optimal level of fluoridation had a lower number of treatments than the areas that were partially or completely unfluoridated. The treatment rate was found to be significantly lower for all treatment types, i.e. (restorative treatments or extractions).
This study included over 800,000 dental records, and the data supports the benefits of CWF in reducing caries. To the best of our knowledge, this is the largest database examined regarding fluoridation. We also confirmed the positive relationship between age and caries; with older children needing more treatments as shown in Fig. 3. We also found that the treatment rate correlated with fluoride levels. Our results clearly show the benefits of CWF in maintaining pediatric dental health. It seems that CWF was stopped for political reasons, and the lack of fluoride has led to an increase in dental problems which can cause systemic health issues.

Limitation
The database we used did not provide the specific diagnoses, and only contained a record of the treatments performed. We assumed that the performance of treatments indicated the presence of disease, which is not always the case in fee for service payment systems such as in Maccabi-dent.

Conclusion
This study found that water fluoridation at 0.7–1.2 ppm reduces the rates of treatment for caries, demonstrating the importance of CWF in oral health promotion. We call for immediate renewal of water fluoridation in Israel. An issue which is unequivocal, those who object to water fluoridation always have the alternative of using non fluoridated bottled water. Re-establishment of water fluoridation would need the support of the Ministry of Health which in turn would have to approach the Israeli Parliament for both final approval and funding. Since a high percentage of drinking water would be desalinated, fluoridation would have to be established also, in the desalination institutes.

Acknowledgements
Funding was provided by MaccabiDent Dental health services.

Authors’ contribution
TG- Conception and design of the study, acquisition of data, analysis and interpretation of data and drafting the article. FM- Conception and design of the study, interpretation of data and drafting the article. CT- Conception and design of the study, interpretation of data and drafting the article. BY- Conception and design of the study, interpretation of data and drafting the article. GPB- Conception and design of the study, interpretation of data and drafting the article. MJ- Conception and design of the study, interpretation of data and drafting the article. SCH- Conception and design of the study, interpretation of data and drafting the article. All authors read and approved the final manuscript.

Ethical approval
The present study was approved by the Institutional Review Board (IRB) MHS-0157-20 The Helsinki committee of Maccabi Healthcare Services.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Recommendations for using fluoride to prevent and control dental caries in the United States. Centers for Disease Control and Prevention (http://​cdc.​gov/​mmwr/​preview/​mmwrhtm/​rr5014a1.​htm) MMWR. Recommendations and reports. 50(RR-14):1–42; August 2001. PMID 11521913. (https://​pubmed.​ncbi.​nlm.​nih.​gov/​11521913).

	2.
Bailey W, Barker L, Duchon K, Maas W. Populations receiving optimally fluoridated public drinking water—United States, 1992–2006. (https://​cdc.​gov/​mmwr/​preview/​mmwrhtm/​mm5727a1.​htm) MMWR. Morbidity and Mortality Weekly Report. 57(27):737–41; July 2008. PMID 18614991. (https://​pubmed.​ncbi.​nlm.​nih.​gov/​18614991).

	3.
Buzalaf MAR. Review of fluoride intake and appropriateness of current guidelines. Adv Dent Res. 2018;29(2):157–66. https://​doi.​org/​10.​1177/​0022034517750850​.CrossrefPubMed

	4.
Spencer AJ, Do LG. Caution needed in altering the “optimum” fluoride concentration in drinking water. Community Dent Oral Epidemiol. 2016;44(2):101–8. https://​doi.​org/​10.​1111/​cdoe.​12205.CrossrefPubMed

	5.
Center for Disease Control and Prevention. Final recommendation for the optimal level of fluoride in community water systems; 2015. Published by the ADA: "ADA applauds USPHS final recommendations on optimal fluoride level in drinking water"; 2021.

	6.
Center for Disease Control and Prevention. Statement on the evidence supporting the safety and effectiveness of community water fluoridation; 2018. https://​www.​cdc.​gov/​fluoridation/​guidelines/​cdc-statement-on-community-water-fluoridation.​html.

	7.
Guidelines for Drinking-Water Quality. Fourth edition incorporating the first addendum. Geneva: World Health Organization; 2017.

	8.
Clark MB, Slayton RL, Section on Oral Health. Fluoride use in caries prevention in the primary care setting. Pediatrics. 2014;134(3):626–33. https://​doi.​org/​10.​1542/​peds.​2014-1699.CrossrefPubMed

	9.
Pizzo G, Piscopo MR, Pizzo I, Giuliana G. Community water fluoridation and caries prevention: a critical review. Clin Oral Investig. 2007;11(3):189–93. https://​doi.​org/​10.​1007/​s00784-007-0111-6.CrossrefPubMed

	10.
Pollick HF. Salt fluoridation: a review. J Calif Dent Assoc. 2013;41(6):395–7, 400–4. Erratum in: J Calif Dent Assoc. 2013;41(7):471.

	11.
Wong E. The real cost of removing water fluoridation. A health equity impact assessment. Wellesley Institute; 2013. www.​wellesleyinstitu​te.​com.

	12.
Shahrabani S, Benzion U, Machnes Y, Gal A. The use of dental services for children: implications of the 2010 dental reform in Israel. Health Policy. 2015;119(2):117–26. https://​doi.​org/​10.​1016/​j.​healthpol.​2014.​11.​007.CrossrefPubMed

	13.
Ashkenazi Y, Zusman S, Natapov L. Patterns of utilization and experiences of children in dental care following the reform in dental care in Israel. Myers JDC Brookdale Institute; 2014. http://​brookdaleheb.​jdc.​org.​il/​_​Uploads/​dbsAttachedFiles​/​dentist-1.​pdf. Accessed 31 Aug 2015 (Hebrew).

	14.
Klivitsky A, Tasher D, Stein M, Gavron E, Somekh E. Hospitalizations for dental infections: optimally versus nonoptimally fluoridated areas in Israel. J Am Dent Assoc. 2015;146(3):179–83. https://​doi.​org/​10.​1016/​j.​adaj.​2014.​12.​011.CrossrefPubMed

	15.
Yuval V, Harold S-C. The fight over fluoridation in Israel. Refuat Ha-peh Veha- shinayim. 2002;19(2):19–23.

	16.
Shlomo Z. Water fluoridation in Israel: ethical and legal aspects. Public Health Rev. 2012;34(1):1–14. https://​doi.​org/​10.​1007/​BF03391658.Crossref

	17.
Lennon MA, Whelton H, Sgan-Cohen HD. Need to put children’s oral health first in Israeli debate on water fluoridation. Community Dent Health. 2013;30(4):198–9.PubMed

	18.
Prevention of Dental Caries Through Fluoridation of Drinking Water. State of Israel Ministry of Health; 2015. https://​www.​health.​gov.​il/​/​English/​Topics/​Dental_​Health/​information/​Pages/​Fluoride-2015.​aspx.

	19.
Manchir M. Water fluoridation set to return in Israel. ADA News, April, 2016; 2016.

	20.
Findler M, Bernstein Y, Meidan Z, Tobias G, Manor L, Mann J. Dental emergencies during the COVID-19, no aversion therapy centers. Open Access J Dent Sci. 2020;5(4):000265. https://​doi.​org/​10.​23880/​oajds-16000265.Crossref

	21.
Clarfield AM, Manor O, Nun GB, Shvarts S, Azzam ZS, Afek A, Basis F, Israeli A. Health and health care in Israel: an introduction. Lancet. 2017;389(10088):2503–13. https://​doi.​org/​10.​1016/​S0140-6736(17)30636-0.CrossrefPubMed

	22.
Quiñonez C. Dental reform in Israel’s National Health Insurance Law has helped children and their families, but what’s next? Isr J Health Policy Res. 2016;5:54. https://​doi.​org/​10.​1186/​s13584-016-0115-2.CrossrefPubMedPubMedCentral

	23.
Sgan-Cohen H, Tobias G, Zini A. Is the oral health reform in Israel optimally distributed?—A commentary. Isr J Health Policy Res. 2019;8(1):33. https://​doi.​org/​10.​1186/​s13584-019-0302-z.CrossrefPubMedPubMedCentral

	24.
https://​www.​health.​gov.​il/​English/​Topics/​EnviroHealth/​drinking_​water/​Pages/​default.​aspx.

	25.
https://​www.​health.​gov.​il/​PublicationsFile​s/​FlourideReport20​15.​pdf (Hebrew).

	26.
Savad EN. Opposition to public water fluoridation. J N J Dent Assoc. 2006;77(2):6.PubMed

	27.
Curiel JA, Slade GD, Christian TL, Lafferty-Hess S, Carsey TM, Sanders AE. Referendum opposition to fluoridation and health literacy: a cross-sectional analysis conducted in three large US cities. BMJ Open. 2019;9(2):e022580. https://​doi.​org/​10.​1136/​bmjopen-2018-022580.CrossrefPubMedPubMedCentral

	28.
Doty JR. The irresponsible opposition to fluoridation. J Am Dent Assoc. 1953;47(2):203–5. https://​doi.​org/​10.​14219/​jada.​archive.​1953.​0154.CrossrefPubMed

	29.
Kelman AM. Fluoridation—the Israel experience. Community Dent Health. 1996;13(Suppl 2):42–6.PubMed

	30.
Barak S. Water fluoridation and public health. Harefuah. 2003;142(11):747–9, 806.PubMed

	31.
Zusman SP, Natapov L, Ramon T. Fluoridation of drinking water, why is it needed? Refuat Hapeh Vehashinayim (1993). 2004;21(1):74–83, 103.

	32.
https://​www.​health.​gov.​il/​English/​News_​and_​Events/​Spokespersons_​Messages/​Pages/​17082014_​1.​aspx.

	33.
McLaren L, Singhal S. Does cessation of community water fluoridation lead to an increase in tooth decay? A systematic review of published studies. J Epidemiol Community Health. 2016;70(9):934–40. https://​doi.​org/​10.​1136/​jech-2015-206502.CrossrefPubMed

	34.
Meyer J, Margaritis V, Mendelsohn A. Consequences of community water fluoridation cessation for Medicaid-eligible children and adolescents in Juneau, Alaska. BMC Oral Health. 2018;18(1):215. https://​doi.​org/​10.​1186/​s12903-018-0684-2.CrossrefPubMedPubMedCentral



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13584_2022_514_Fig2_HTML.png
0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

No fluoride

Partial fluoride

Full fluoridation





OEBPS/navigation.xhtml

    
      Contents


      
        		The effect of community water fluoridation cessation on children's dental health: a national experience


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13584_2022_514_Fig3_HTML.png
Number of treatments

20

15

10

w

—Linear (2014)

—Linear (2015)

——Linear (2016)

——Linear {2017)

—Linear (2018)

——Linear {2019)





OEBPS/images/13584_2022_514_Fig1_HTML.png
1.6

1.2






OEBPS/css/sidebar.gif





