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Optimally versus nonoptimally fluoridated areas in Israel
ABSTRACT

Background. Odontogenic infections may result in local, systemic, and even
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potentially life-threatening complications. The authors investigated whether
water fluoridation was associated with reduction in rates of hospitalizations due
to odontogenic infections.
Methods. The authors included cities in Israel that had fluoride concentra-
tions of either 0.7 milligrams per liter or more (optimally fluoridated) or
0.5 mg/L or less (nonoptimally fluoridated) and that had a public water fluoride
concentration consistent for the last decade. The authors compared hospitali-
zation rates (per 10,000 children) for odontogenic infections in children younger
than 18 years in each socioeconomic group between optimally and nonoptimally
fluoridated cities.
Results. The authors included 1,413 hospitalizations between January 2005
and December 2011 of children residing in the 38 studied municipalities. The
cities with the higher fluoride concentration reported a lower hospitalization rate
(2.0 versus 4.3 for cities with a lower fluoride concentration; relative risk [RR]:
2.16; P< .001). When the authors divided cities into 3 socioeconomic groups, a
large difference in hospitalization rates was seen in the lowest socioeconomic
group (10.1 versus 2.6; RR: 3.79; P< .001) and the middle socioeconomic group
(3.6 versus 1.9; RR: 2.35; P < .001) in optimally and nonoptimally fluoridated
cities, respectively. No significant difference in hospitalization rates was
apparent between the 2 fluoridation groups in the higher socioeconomic level.
Conclusions. These results clearly indicate that there is an association between
adequacy of water fluoridation and hospitalization due to dental infections
among children and adolescents. This effect ismore prominent in populations of
lower socioeconomic status.
Practical Implications. Water fluoridation is associated with reduction in
dental health disparity.
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B oth dental caries and peri-
odontal disease, together
referred to as odontogenic
infections, are prevalent in

Israel and in many industrialized
countries.1 These infections may result
in local, systemic, and even potentially
life-threatening complications.
Despite a global trend of decreased
dental caries incidence, the clinical
and financial burdens of the disease
are still substantial.1-3 Fluoride has
been shown to be effective in pre-
venting caries and its related diseases.
Community water fluoridation has
been recognized as a valuable public
health measure that promotes dental
health for both children and adults
and is more cost effective than other
forms of fluoride treatments or appli-
cations.4 The decision to use fluoride
supplements must balance the risk of
caries against the risk of enamel fluo-
rosis, which is the main adverse effect
of systemic fluoride administration in
recommended dosages and is basically
only a cosmetic problem.5 In Israel,
the national water carrier fluoridates
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ABBREVIATION KEY. ICD-9-CM: International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification.
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water centrally, but fluoride concentrations in drinking
water in cities that use a local water supply vary
according to the decision of the local municipality about
whether to fluoridate its water supply. Water fluoride
concentrations in Israel seldom reach more than
0.9 milligrams per liter.

In this study, we compared the hospitalization rates
for odontogenic infections in cities with optimal levels
of fluoride in the drinking water and in cities with a low
level of the mineral. The objective was to investigate
whether there was an association between adequacy of
water fluoridation and hospitalization due to dental
infections among children and adolescents.

METHODS
Fluoride concentrations are measured routinely in 71
cities in Israel. The Public Health Services of the Israeli
Ministry of Health has calculated the average water
fluoridation level for each municipality. Because a fluo-
ride concentration of 0.6 mg/L or more is considered
adequate in preventing caries and related complica-
tions,6,7 we included only cities that had fluoride con-
centrations (naturally or artificially) of either 0.7mg/L or
more (defined as optimally fluoridated cities) or 0.5mg/L
or less (defined as nonoptimally fluoridated cities) in the
sample to emphasize the differences between these
populations. We included only cities where public water
fluoride concentrations have been consistent since 2004.
We compared rates of hospital admissions for odonto-
genic infections in children younger than 18 years be-
tween 2005 and 2011 between these 2 population groups.

We divided these cities into groups according to
their socioeconomic status as defined by the Israeli
Central Bureau of Statistics. Socioeconomic status
ranked from 1 to 10, with 1 being the lowest rank.
We calculated hospitalization rates due to odontogenic
infections in each socioeconomic group and compared
them between optimally and nonoptimally fluoridated
cities adjusted to the number of children younger than
18 years residing in each city.

Thirty-eight cities were left for comparison. App-
roximately 799,520 children younger than 18 years
resided in these areas. The table shows the cities, their
average fluoride concentrations in public drinking wa-
ter, size of pediatric population, and socioeconomic
rank. We retrieved data regarding the internal migra-
tion of the population in Israel from Israeli Central
Bureau of Statistics reports.

The diagnoses of odontogenic infections included
pulpitis, acute apical periodontitis of pulpal origin, acute
and chronic periodontitis, chronic apical periodontitis,
periapical abscess with and without sinus, cellulitis and
abscess of oral soft tissues of dental origin, and dental
caries that necessitated admission (International Clas-
sification of Diseases, Ninth Revision, Clinical Modifi-
cation [ICD-9-CM] codes 521.0, 522.0, 522.4, 522.5, 522.6,
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522.7, 523.3, 523.4, and 528.3, respectively). The
computerized data center of the Israeli Ministry of
Health provided the data regarding these
hospitalizations.

We calculated rates of admissions and length of
hospitalization with software (Excel 2010, Microsoft)
and used a c2 test to calculate relative risks (RRs), 95%
confidence intervals (CIs), and statistical significance.
The Wolfson Medical Center Ethical Committee
approved the study.

RESULTS
Between January 2005 and December 2011, a total of
3,680 children younger than 18 years were admitted for
odontogenic infections to hospitals throughout Israel.
We included in the study only 1,413 children (38%), who
resided in the 38 studied municipalities. We corrected
the number of hospitalizations due to odontogenic in-
fections to every 10,000 children. The distribution of
hospitalizations according to ICD-9-CM code revealed
that 51% of the participants had a diagnosis of periapical
abscess, 38% had cellulitis and abscess of oral soft tissue,
7% had dental caries, and the rest had various diagnoses
such as acute apical periodontitis, chronic apical peri-
odontitis, pulpitis, and acute and chronic periodontitis.

When comparing the groups of optimally fluoridated
cities and nonoptimally fluoridated cities, we found
significantly lower hospitalization rates for odontogenic
infections (2.0 versus 4.3; RR: 2.16; 95% CI, 1.9-2.4; P <
.001, respectively) for the cities with the higher fluoride
concentration. There was no difference in hospitalization
duration between these groups (3 days in both groups).

We divided the cities into 3 groups according to
socioeconomic rank. We saw a clear and significant
difference in hospitalization rates between the optimally
fluoridated cities and the nonoptimally fluoridated cities
in the two lower socioeconomic groups; in cities from
the higher socioeconomic level, we noticed no signifi-
cant difference in hospitalization rates between opti-
mally and nonoptimally fluoridated municipalities
(lower rank: 10.1 versus 2.6; RR: 3.79; 95% CI, 3.0-4.7;
P < .001; middle rank: 3.6 versus 1.9; RR: 2.35; 95% CI,
2.0-2.7; P < .001; higher rank: 1.7 versus 1.8; RR: 0.94;
95% CI, 0.7-1.3; P ¼ .7, respectively) (Figure). Proportion
of hospitalization rates for odontogenic infections be-
tween the upper and lower thirds of the socioeconomic
ranks were 1.4 (2.6/1.8) and 5.9 (10.1/1.7) in optimally and
nonoptimally fluoridated cities, respectively.

DISCUSSION
In this study, we examined whether water fluoridation
affects not only tooth decay but also the more serious

http://jada.ada.org


TABLE

Studied cities, their average fluoride
concentrations in public drinking water, size of
pediatric population, and socioeconomic rank.
CITY AVERAGE FLUORIDE

LEVEL
(MILLIGRAMS
PER LITER)

AVERAGE
PEDIATRIC

POPULATION*

SOCIOECONOMIC
RANK†

Ashkelon 0.86 24,400 5

Baka-Jat 0.71 12,320 4

Beersheba 0.83 41,900 5

El’ad 0.78 19,480 2

Jerusalem 0.75 298,820 4

Kfar Saba 0.33 17,400 7

Kiryat Ata 0.74 10,600 6

Kiryat Bialik 0.50 6,500 7

Kiryat Gat 0.72 11,600 4

Kiryat Malakhi 0.85 5,600 4

Kiryat Ono 0.31 6,800 9

Kiryat Shmona 0.15 5,400 5

Lod 0.79 19,600 4

Ma’alot-Tarshiha 0.24 4,900 5

Mevaseret Zion 0.73 5,900 8

Migdal HaEmek 0.76 5,900 5

Modi’in Illit 0.77 25,230 1

Modi’in-Maccabim-Re’ut 0.82 28,290 8

Nahariya 0.21 11,500 6

Nazareth 0.76 23,300 4

Nazareth Illit 0.74 7,700 6

Nesher 0.73 5,800 7

Ness Ziona 0.42 9,400 7

Netanya 0.46 40,700 6

Netivot 0.86 9,800 3

Ofakim 0.75 5,300 4

Or Yehuda 0.80 8,800 5

Ra’anana 0.48 15,500 8

Rahat 0.83 25,000 1

Ramat HaSharon 0.87 8,200 9

Ramla 0.72 17,900 4

Rehovot 0.16 30,530 6

Rosh HaAyin 0.85 10,500 6

Sderot 0.85 4,600 5

Taybeh 0.22 13,400 3

Tel Aviv 0.75 76,570 8

Umm Al Fahm 0.47 18,000 2

Yavne 0.34 7,800 6

* During the study period (2005-2011).
† Socioeconomic status ranked between 1 and 9, with 1 being the lowest rank.
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effect of dental caries, which is hospi-
talization for odontogenic infections.
Odontogenic infections may result in
both local and systemic complications.
Besides pain and discomfort, the infec-
tion can extend beyond natural barriers
and give rise to potentially life-
threatening complications, such as in-
fections of the deep fascial spaces of the
head and neck.8

Despite the overall trend toward
better dental health, the burden of
dental caries and periodontal disease has
remained substantial. These data are
disturbing because both processes are
potentially preventable.9,10

In Israel, there has been a national
decrease in caries prevalence since the
1980s. Results from epidemiologic stu-
dies have shown that 5- and 12-year-old
children living in fluoridated areas have
considerably less dental caries than do
those receiving nonfluoridated water.11-14

Community water fluoridation is a
valuable public health measure, reducing
dental decay by 20% to 40%, even in the
era of widespread availability of fluoride
from other sources, such as fluoridated
toothpastes. Fluoridated water is acces-
sible to the entire community regardless
of socioeconomic status, educational
attainment, and social variables, so peo-
ple do not need to change their habits.15-17

In this study, we reviewed hospitali-
zations for odontogenic infections in
Israel between 2005 and 2011. We inclu-
ded only hospitalizations of children
younger than 18 years because fluorida-
tion is expected to have the most prom-
inent effect on the pediatric population.

The results revealed significantly
lower hospitalization rates for odon-
togenic infections in populations resid-
ing in municipalities with higher
($ 0.7 mg/L) fluoride concentrations
than in populations residing in munici-
palities with lower (# 0.5 mg/L) fluoride
concentrations in the drinking water.
The effect of water fluoridation is almost
specific to children residing in cities with
lower socioeconomic characteristics.
The distribution of the hospitalizations according
to ICD-9-CM code revealed that most hospitalizations
were because of complications of caries and could
have been influenced by the protective effects of water
fluoridation. The relatively short duration of
hospitalization strongly suggests that the odontogenic
complications were the main cause for hospitalization
rather than being secondary to other conditions.

We saw clearer and more distinctive differences in
favor of the fluoridated municipalities in cities from the
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Figure. Average rates of hospitalizations between 2005 and 2011 for odontogenic infections according to fluoride
concentrations in the 3 major socioeconomic groups. Socioeconomic status ranked between 1 and 9, with 1 being
the lowest rank. mg: Milligrams. L: Liter. RR: Relative risk.
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lower socioeconomic group, whereas in cities from the
higher socioeconomic group there was no statistically
significant difference in hospitalization rates between
optimally and nonoptimally fluoridated municipalities.
These findings are consistent with those of a 2014 report
from the United Kingdom that found a 45% decrease in
hospitalizations due to dental caries (mostly due to tooth
extraction under general anesthesia) in areas with fluo-
ridated public drinking water as compared with findings
in nonfluoridated regions, even though the causes of
hospitalizations were different.18

Results of data analysis found that water fluorida-
tion is associated with minimizing the effect of so-
cioeconomic status on hospitalizations for odontogenic
infections. After dividing the cities into 3 groups ac-
cording to their socioeconomic status and comparing
the upper and the lower thirds, we found that the
hospitalization rate ratio for odontogenic infections
between the lower and the higher groups were
1.4 (2.6/1.8) and 5.9 (10.1/1.7) in optimally and non-
optimally fluoridated cities, respectively. The lower
effectiveness of water fluoridation in cities from higher
socioeconomic levels is probably due to a healthier
diet and better dental hygiene habits. Another expla-
nation may be the better dental health that this
population can afford.

In this study, we examined odontogenic infections,
which are the tip of the iceberg for dental caries. To our
knowledge, this is the first peer-reviewed, published study
of the association of this complication with water
182 JADA 146(3) http://jada.ada.org March 2015
fluoridation. Although
we did not estimate the
financial effect of hos-
pitalizations for odon-
togenic infections, it
is reasonable to assume
that both direct and in-
direct effects (loss of
work days of parents or
guardians) are
substantial.

It appears from the
results that water
fluoridation may pre-
vent approximately
one-half of hospitali-
zations for odonto-
genic infections. In a
population of approxi-
mately 2 million Israeli
children, this simple
and cheap health
measure may prevent
approximately 300
hospitalizations
annually.
One limitation of this study is that the population is
cross-sectional, with the built-in weaknesses of cross-
sectional analysis. We restricted the analysis to areas
with known fluoride concentrations of either 0.5 mg/L
or less or 0.7 mg/L or more, which includes only one-
third of the total national hospitalizations for odonto-
genic infections; we excluded all other hospitalizations
from the analysis.

In addition, an age distribution of children hospi-
talized with these complications is unknown. However,
in such a large sample, including a base of more than
799,000 children, this lack of information may be dis-
regarded. Moreover, we did not assess other factors in
the specific population, such as dental hygiene, public
water consumption, and dietary habits.

The degree of population stability also may have
affected the results of this study because the annual rate
of internal migration in Israel is approximately 3%. This
rate is similar to the internal migration rate in the
United States.19

CONCLUSION
This study’s results indicate that there is an associa-
tion between adequacy of water fluoridation and hos-
pitalization due to dental infections among children
and adolescents. This effect is more prominent in
populations of lower socioeconomic status. Additional
research is needed to document the major finding of the
association between fluoride concentrations in drinking
water and hospitalizations. n
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