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Objectives: Dental caries (tooth decay) is common and can be serious. Dental caries is
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preventable, and community water fluoridation is one means of prevention. There is
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caries. Our objective was to explore the short-term impact of community water fluorida-
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tion cessation on children's dental caries, by examining change in caries experience in
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population-based samples of schoolchildren in two Canadian cities, one that discontinued
community water fluoridation and one that retained it.

Keywords:

Study design: We used a pre-post cross-sectional design.
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Methods: We examined dental caries indices (deft [number of decayed, extracted, or filled

Public health

primary teeth] and DMFT [number of decayed, missing, or filled permanent teeth]) among

Dental surveys

grade 2 schoolchildren in 2004/05 and 2013/14 in two similar cities in the province of

Canada

Alberta, Canada: Calgary (cessation of community water fluoridation in 2011) and
Edmonton (still fluoridated). We compared change over time in the two cities. For Calgary
only, we had a third data point from 2009/10, and we considered trends across the three
points.
Results: We observed a worsening in primary tooth caries (deft) in Calgary and Edmonton,
but changes in Edmonton were less consistent and smaller. This effect was robust to
adjustment for covariates available in 2013/14 and was consistent with estimates of total
fluoride intake from biomarkers from a subsample. This finding occurred despite indication that treatment activities appeared better in Calgary. The worsening was not observed
for permanent teeth. For prevalence estimates only (% with >0 deft or DMFT), the three
data points in Calgary suggest a trend that, though small, appears consistent with an
adverse effect of fluoridation cessation.
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Conclusions: Our results suggest an increase in dental caries in primary teeth during a time
period when community fluoridation was ceased. That we did not observe a worsening for
permanent teeth in the comparative analysis could reflect the limited time since cessation.
It is imperative that efforts to monitor these trends continue.
© 2017 The Authors. Published by Elsevier Ltd on behalf of The Royal Society for Public
Health. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
More than half of children in Canada (aged 6e11 years) and the
US (aged 5e11 years) are affected by dental caries (tooth
decay).1,2 Children with extensive caries could require treatment in the hospital.3e5 Social inequities in oral health problems are significant.2,6,7 Dental caries in childhood can affect
the growth of adult teeth and contribute to sleeping problems,
behavioral and learning problems, and poor school
performance.5,8
Caries is largely preventable, and one avenue for prevention is appropriate exposure to fluoride. Community water
fluoridation (CWF) refers to the controlled addition of a fluoride compound to a public water supply for the purpose of
preventing tooth decay in the population.9 Early studies of
CWF in the 1940s and 1950s showed significant positive
impact in preventing tooth decay.10 However, important
changes have occurred. First, unlike the 1940s and 1950s when
drinking water was the only significant source of fluoride, we
are now exposed to multiple sources, most notably fluoride
toothpaste.11 Second, although tooth decay was previously
nearly universal and quite extensive for most, it is now less
widespread and the distribution is skewed with a minority of
children accounting for a majority of problems.12 Systematic
reviews support the benefits of CWF for the prevention of
tooth decay; however, the quantity and quality of contemporary evidence is recognized to be the modest.13,14
Another feature of the contemporary CWF landscape is
instances of cessation. A systematic review15 identified published research on 15 instances of CWF cessation in 13 countries. Overall, results were mixed; however, of the nine studies
with the highest methodological quality of those included in
the review, five showed an increase in dental caries post
cessation. The effect was apparent within 2e3 years of
cessation in two of those studies.16,17
Overall, our knowledge of the dental caries impact of
fluoridation cessation in different contexts is limited. This is
problematic because the number of communities in some
regions, such as Canada, that are reconsidering CWF appears
to be increasing.18,19 If CWF is contemporarily effective in
reducing the tooth decay, it is important to document it, so
that informed debates can take place during instances of CWF
decision-making. If it is no longer effective, it is important to
know that too, so that alternative options to improve oral
health can be identified.
The purpose of this study was to explore the short-term
impact of CWF cessation in Calgary, Canada, compared with
Edmonton, Canada. In Calgary, CWF was discontinued in May

2011, following a City Council vote, after having been in place
since 1991. In Edmonton, CWF began in 1967 and remains in
place. Our selection of comparison community was informed
by a related study20 wherein local fluoridation stakeholders
expressed that a comparative study of Calgary and Edmonton
would provide the most credible evidence for local decisionmaking. Based on existing cessation research16,17 and the
time frame of our study, we hypothesized that we would see
some indication (not necessarily statistically significant) of an
increase in dental caries in Calgary, where CWF was stopped,
relative to Edmonton where CWF remains in place.

Methods
Design and study locations
We used a pre-post cross-sectional design with comparison
community. Calgary (‘CWF cessation’) and Edmonton (‘CWF
continued’) are well matched: as the two largest cities in the
province of Alberta, they are both large urban centers (2011
populations approximately 1.1 million for Calgary and 810,000
for Edmonton) with diverse demographic profiles. Based on
2011 census data, the percentage of children aged 5e9 years
living in single parent families was 15.1% in Calgary and 19%
in Edmonton;21 and the percentage who mainly speak a language other than English or French at home was 14% in Calgary and 9% in Edmonton.22 Based on the 2011 National
Household Survey, g the percentage of children aged 5e9 years
of visible minority status was 38.1% in Calgary and 28.7% in
Edmonton,24 and the percentage of children aged 0e9 years h
who live in a household with an education level of a bachelor's
degree or higher was 53.6% in Calgary and 40.6% in Edmonton.25 The percentage of children aged 5e9 years living in
families that moved within the last 5 years was similar: 53.1%
(Calgary) and 53.6% (Edmonton).26
Annual water quality reports obtained from the two cities
for 2005e2013 confirm generally the optimal levels of fluoride
in Calgary drinking water (range 0.59e0.89 mg/L) up until
cessation in 2011 when levels declined (range 0.07e0.30 mg/L).
In Edmonton, average and median values mostly confirm
optimal levels of fluoride in water, with some important
short-term exceptions where fluoridation was lower than the
g
Following the 2006 national census, the mandatory long-form
census was discontinued, and its replacement (the National
Household Survey) was voluntary and may have some bias.23
h
An estimate for the 5e9 year age group could not be generated
for the household education variable.
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optimal (see Appendix A). Those exceptions would tend to
bias effects toward the null.

Target population and sampling
The target population was grade 2 children (approximately
aged 7 years) attending school in the Public or Catholic school
systems in Calgary and Edmonton. These two systems
captured more than 90% of the Alberta schoolchildren in 2013/
14.27 We selected grade 2 because children of that age, on
average, have both primary and some permanent teeth
available for assessment. The mean and range for age (in
years) across the four data sets was: 7.09 (range 5e12) for
Calgary 2004/05, 7.08 (range 5e10) for Edmonton 2004/05, 7.07
(range 4e12) for Calgary 2013/14, and 7.03 (range 3e13) for
Edmonton 2013/14. Outlier values were retained because they
did not influence effects (see adjusted regression results
below).
Data were collected from population-based samples drawn
during the 2004/05 (pre cessation, as part of health region
surveillance activities) and 2013/14 (post cessation) school
years (i.e. OctobereMay/June) in Calgary and Edmonton. In
Calgary, pre cessation (2004/05), a stratified random sample
was used, with strata based on neighborhood income level of
school location. The response rate was 60%.28 For the pre
cessation Edmonton survey (2004/05), all elementary schools
in the two school boards were invited to participate, and
within each school, a majority (80e100%) of children were
sampled. The response rate was approximately 89%. In Calgary and Edmonton post cessation (2013/14), a stratified
random sample was used, with strata based on neighborhood
income level of school location. The overall school-level
response rate was 57.3% in Calgary and 54.1% in Edmonton,
and the overall student-level response rate within participating schools was 49.1% in Calgary and 47.0% in Edmonton.
For Calgary only, we had a third data point, from 2009/10.29,30
The 2009/10 survey was also conducted by the former Calgary
Health Region as part of their surveillance activities.29 Like the
other surveys, data were gathered from a stratified random
sample of children, with strata based on median neighborhood income where the school was located; within sampled
schools, all children of eligible grades were invited to participate, and the response rate was 81%.29 The mean and range
for age (in years) for this survey was 6.95 (range 6.9e7.0). We
developed sampling weights for each survey, such that each
survey sample was the representative of the underlying target
population at that time. Our weights accounted for both the
probability of selection (as per the sampling frame) as well as
the probability of non-response. This approach enabled us to
handle missing observations within the framework of our
survey sampling approach.31 Pre cessation and post cessation,
data were collected via oral examinations conducted at school
by trained and calibrated assessment teams consisting of a
registered dental hygienist and a clerk. Decayed, missing/
extracted, and filled teeth and tooth surfaces (primary and
permanent) were recorded, following the World Health Organization criteria.32 The 2013/14 data followed the protocol
from the Iowa Fluoride Study,33 which is based on the WHO
criteria. Presence/absence of dental sealants was also recorded. Teeth that were missing due to natural exfoliation

(primary) or not yet erupted (permanent) were omitted from
calculations.32 Following each exam, a note was sent home to
parents that indicated the outcome of the exam and provided
a resource list of dental treatment options. Written parental
consent and verbal child assent were secured.
In 2013/14 only, a questionnaire was completed by parents
to gather information on socio-demographic, dental-related,
and behavioral variables. Validated and field-tested questions
were drawn from Statistics Canada34 and the US Centers for
Disease Control and PreventiondOral Health Division.35 The
questionnaire was pilot-tested and small changes were made
before the use (e.g. we added ‘apple juice’ as an example of
fruit juices).
Also in 2013/14 only, fingernail clippings were taken from a
small random subsample (n ¼ 35) in each city.36 Fingernail
clippings provide a valid and reasonably non-intrusive
biomarker for recent fluoride intake.37 The fluoride concentrations of the nail clippings (8e11 mg) were determined after
overnight, HMDS-facilitated diffusion using the ion-specific
electrode and a miniature calomel reference electrode both
coupled to a potentiometer. Fluoride standards were prepared
in triplicate and diffused in the same manner as the nail
clippings.36 Analysis of clippings was blind to city and CWF
status.

Analysis
In this article, we report on tooth-level summary measures;
namely deft (number of decayed, extracted, or filled primary
teeth) and DMFT (number of decayed, missing, or filled permanent teeth). Because the distributions of deft and DMFT are
positively skewed with a large number of zero values, we
considered prevalence (% with deft/DMFT > 0), means, and
means for those with non-zero values. Data on caries patterns
on specific tooth surfaces are reported elsewhere.38
We examined change over time (2004/05e2013/14) in Calgary (CWF cessation), compared with that in Edmonton (CWFcontinued). We first computed crude estimates (mean or
percent, 95% confidence interval [CI]) for deft and DMFT for
2004/05 and 2013/14, for Calgary and Edmonton. Differences
between the two cities in change over time were confirmed
using regression (Poisson [regular or zero-inflated] or logistic)
with the outcome measure (e.g. deft, DMFT) regressed on year
(2013/14 vs 2004/05), city (Calgary vs Edmonton), age, and
year  city interaction. For Calgary only, we also examined
trends across the three available data points (2004/05, 2009/10,
and 2013/14).
Second, within the context of the comparative analysis, to
explore the extent to which crude estimates for deft and DMFT
could reflect socio-demographic and behavioral differences
between the samples, we compared Calgary and Edmonton on
information from the 2013/14 questionnaire. Statistically significant differences between the samples were accounted for
by computing adjusted estimates (mean or percent, 95% CI) for
2013/14 using the ‘adjust’ command in Stata, following a
linear regression containing all covariates.
Third, to explore the potential role of treatment and preventive services in contributing to any effects observed, we
examined trends over time (2004/05e2013/14) in Calgary and
Edmonton on: 1) a variable that disaggregates deft/DMFT into
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treated (fillings, extractions) and untreated (decay) components; and 2) proportion with protective dental sealants. We
also considered local dental public health programming in the
two cities.
Finally, we considered the results of the analysis of
fingernail clippings to see whether they were consistent with
findings from the oral examinations for Calgary and
Edmonton.
The study received approval from the Conjoint Health
Research Ethics Board at the University of Calgary (ID E-25219)
and the Health Research Ethics Board at the University of
Alberta (ID Pro00037808).

Results
Table 1 shows the crude summary oral health metrics in 2004/
05 and 2013/14 in Calgary and Edmonton. For primary teeth
(deft), there was a significant increase between 2004/05 and
2013/14 in Calgary (for all three deft metrics) and Edmonton
(for overall deft only). For the overall mean deft and the mean
deft among those with deft > 0, the absolute magnitude of
change was larger in Calgary, as confirmed by a statistically
significant year  city interaction.
Crude trends for permanent teeth (DMFT) are also shown
in Table 1. There was a statistically significant decrease in
Calgary, which was not present in Edmonton, and which was
confirmed by a statistically significant year  city interaction
for mean DMFT and percentage with DMFT > 0.
Trends across the three data points (2004/05, 2009/10, and
2013/14) for Calgary only did not reveal any consistent or
discernable difference in the slope of the incline between
2004/05 and 2009/10 (pre cessation), vs between 2009/10 and
2013/14 (largely post cessation), when we considered mean
(average) deft. However, when we considered prevalence (i.e.
% with one or more deft), there was an indication of a small
increase in slope (the worsening speeds up) in the latter period
(2009/10e2013/14) compared with the former period (2004/
05e2009/10). For DMFT prevalence, we likewise observed a
small decrease in slope (the improvement slows down) in the
latter period (2009/10e2013/14) compared with the former
period (2004/05e2009/10). Trends across the three data points
for deft and DMFT prevalence in Calgary only are shown in
Fig. 1. Covariate information for Calgary and Edmonton from
the 2013/14 questionnaire is shown in Table S1 (there was no
questionnaire in 2004/05). Based on Pearson's chi-squared
statistic (P < 0.05), the Calgary sample was significantly
higher than the Edmonton sample on: % excellent/good health
of child's mouth; % brush twice/day or more; % who visited the
dentist within the past year; % eat fruit/vegetables once/day or
more; % received fluoride treatment at the dentist; % household education of bachelor's degree or higher; % who own
their home; and % ‘white’ ethno-cultural background.
Edmonton was significantly higher than Calgary on: % who
visit the dentist only for emergencies or never; and % who
drink sugary drink once/day or more.
Adjusted estimates (mean or %, 95% CI) for primary tooth
(deft) and permanent tooth (DMFT) metrics are shown in Table
S2: 2013/14 estimates were adjusted for sample differences
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shown in Table S1. Adjustment did not materially change the
2013/14 deft and DMFT estimates.
Table 2 shows trends over time in treated and untreated
components of the deft/DMFT. The proportion with ‘complete
caries care’ (no untreated decay, but one or more fillings/extractions) showed a significant increase in Calgary, but a significant decrease in Edmonton. Conversely, the proportion
with ‘no caries care’ (one or more instances of untreated
decay, but no fillings/extractions) showed a decrease in Calgary and an increase in Edmonton. These patterns were
confirmed in binary logistic regression for complete caries
care vs other, and for no caries care vs other (two separate
analyses), regressed on year, city, age, and year  city interaction, which showed statistically significant interaction term
(interaction term odds ratio from logistic regression predicting
complete caries care: 2.53 [2.04, 3.13], P < 0.001; interaction
term odds ratio from logistic regression predicting no caries
care: 0.38 [0.28, 0.52], P < 0.001). Therefore, treatment appears
to have increased in Calgary but not in Edmonton.
The proportion of children with protective dental sealants
showed no significant differences between cities or between
time points in either city: 26% (24%e29%) for Calgary 2004/05;
24% (22%e26%) for Calgary 2013/14; 27% (26%e29%) for
Edmonton 2004/05; and 27% (24%e31%) for Edmonton 2013/14.
Information on dental public health programming was
obtained from dental public health managers in the two regions. Programming in both areas is targeted to schools
located in lower socio-economic communities. Calgary has
had a targeted fluoride varnish program in place since at least
2002/03, which is delivered approximately yearly. Post CWF
cessation, a subset of the targeted schools in Calgary was
targeted further by a dental health bus initiative which travels
to schools to deliver sealants and fluoride varnish. In
Edmonton, a targeted fluoride varnish program has been in
place since approximately 2000, which since 2012 has been
accompanied by a targeted sealant program. Using aggregate
information from the 2013/14 programs (individual-level data
was not available), approximately 28% of our Calgary sample
attended a school that participated in the targeted fluoride
varnish program, and approximately 12.5% attended a school
that also participated in the dental health bus program. For
Edmonton, approximately 23% of our sample attended a
school that participated in the targeted program. Thus, it appears that exposure to these programs was broadly similar
across our samples.
Based on 35 samples of fingernail clippings in each city
(total 70 samples) at post cessation (2013/14), the mean fluoride estimate for Calgary (mean ¼ 1.90 ng/mg F, 95% CI:
1.63e2.17) was significantly lower than the mean estimate in
Edmonton (mean ¼ 3.57 ng/mg F, 95% CI: 3.02e4.12). The
median (and range) were 1.77 (0.80e4.04) for Calgary, and 3.27
(1.36e8.63) for Edmonton.

Discussion
We observed an increase in primary tooth dental caries in
Calgary that occurred over a time period when CWF was discontinued in that city (2004/05e2013/14). Although an increase was also observed in Edmonton, where CWF remains in
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Table 1 e Means and percentages (weighted estimates) for dental caries indices: deft (decayed, extracted, or filled primary teeth) and DMFT (decayed, missing, or filled
permanent teeth), grade 2 students in Calgary and Edmonton, 2004/05 and 2013/14.
Dental caries index

Year  city
interaction
term: rate ratio or
odds ratio
(95% CI), P-valuea

2.79 (2.59, 2.99), n ¼ 1907

D ¼ 0.34*

55% (53%, 56%), n ¼ 6445

59% (56%, 61%), n ¼ 1907

D ¼ 4%

D ¼ 1.38*

4.49 (4.36, 4.61), n ¼ 3499

4.75 (4.56, 4.95), n ¼ 1106

D ¼ 0.26

RR ¼ 1.37 (1.25, 1.51),
P < 0.001*
OR ¼ 1.18 (0.92, 1.51),
P ¼ 0.19
RR ¼ 1.34 (1.23, 1.46),
P < 0.001*

0.12 (0.10, 0.14), n ¼ 2740

D ¼ 0.24*

0.18 (0.17, 0.20), n ¼ 6373

0.17 (0.13, 0.20), n ¼ 1874

D ¼ 0.01

20% (18%, 22%), n ¼ 590

8% (7%, 9%), n ¼ 2740

D ¼ 12%*

10% (10%, 11%), n ¼ 6373

9% (8%, 11%), n ¼ 1874

D ¼ 1%

1.72 (1.63, 1.82), n ¼ 104

1.51 (1.39, 1.63), n ¼ 221

D ¼ 0.21

1.77 (1.68, 1.85), n ¼ 656

1.81 (1.65, 1.96), n ¼ 169

D ¼ 0.04

Calgary 2013/14

Mean or percentage
(95% CI), n

Mean or percentage
(95% CI), n

Primary teeth
Mean deft

1.62 (1.41, 1.83), n ¼ 599

2.67 (2.51, 2.83), n ¼ 2778

Percentage with deft  1

49% (43%, 54%), n ¼ 599

Mean deft among
those with deft > 0
Permanent teeth
Mean DMFT
Percentage
with DMFT  1
Mean DMFT among
those with DMFT > 0

Calgary D

Edmonton 2004/05

Edmonton 2013/14

Mean or percentage
(95% CI), n

Mean or percentage
(95% CI), n

D ¼ 1.05*

2.45 (2.33, 2.57), n ¼ 6445

57% (55%, 59%), n ¼ 2778

D ¼ 8%*

3.31 (3.11, 3.50), n ¼ 273

4.69 (4.48, 4.90), n ¼ 1575

0.36 (0.31, 0.41), n ¼ 590

RR ¼ 0.70 (0.51, 0.95),
P ¼ 0.024*
OR ¼ 0.37 (0.28, 0.49),
P < 0.001*
RR ¼ 0.88 (0.77, 1.01),
P ¼ 0.062

*Statistically significant at P < 0.05.
Sample sizes (n's) in 2013/14 are based on those with complete data on deft and all covariates, to permit direct comparability with Table S2.
Denominators for permanent teeth metrics include those with at least one permanent tooth.
a
Interaction term from regression analysis, regressing outcome variable on year (2013/14 vs 2004/05), city (Calgary vs Edmonton), age, and year  city interaction ( ¼ zero-inflated Poisson regression;
 ¼ logistic regression;  ¼ Poisson regression).
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Fig. 1 e Prevalence of deft and DMFT in Calgary (cessation
community) based on weighted survey estimates from
2004/05, 2009/10, and 2013/14.

place, and during that time frame, it was less consistent and
smaller in magnitude.
The observed effect in primary tooth caries was consistent
across our data. First, the 2013/14 estimates were robust to
adjustment for differences between the samples in sociodemographic and behavioral variables. Second, the effect
was consistent with estimates of total fluoride intake from
fingernail clippings from a subsample, and municipal water
quality reports, both of which confirmed less fluoride in Calgary than in Edmonton in 2013/14. Third, the effect occurred
despite indications that treatment was higher in Calgary than
in Edmonton. Although we were not able to measure treatment access directly, our observations that the proportion
with ‘complete caries care’ increased over time in Calgary
(decreased in Edmonton) suggest that children in Calgary are
visiting the dentist more which, in addition to treatment,
could also signal more preventive activities such as fluoride
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application and uptake of dental hygiene recommendations.
This possibility is supported by 2013/14 questionnaire data
showing more frequent visits to the dentist, receipt of supplemental fluoride at the dentist, and more regular tooth
brushing in Calgary than in Edmonton (Table S1).
We did not observe the same effect in permanent teeth,
however, due to differences in the enamel of primary vs permanent teeth (i.e. primary teeth have thinner enamel and
lower mineralization levels), primary teeth are likely more
susceptible to demineralization and caries formation.39,40 It
would thus be expected that we could see an impact on primary teeth sooner than in permanent teeth. Elsewhere,38 we
report a small and statistically non-significant increase in
tooth decay amongst permanent teeth in Calgary, when
looking specifically at smooth surfaces, which may indicate
an early hint of an adverse effect.
Furthermore, when we considered the three data points
available in Calgary only (2004/05, 2009/10, and 2013/14),
there was some indication (though very small) that the
worsening in primary tooth decay sped up, and the
improvement in permanent tooth decay slowed down, in
the latter period (2009/10e2013/14) compared with the
former period (2004/05e2009/10), which is consistent with
an adverse effect of fluoridation cessation on dental caries.
For deft, that small descriptive trend was borne out for
prevalence but not mean deft, which could reflect that the
impact of a population-level measure such as community
water fluoridation appears first on population-level metrics
such as prevalence, rather than mean values which are
influenced by children with more severe dental problems.
However, comparison across the three data points in Calgary must be undertaken with caution, first, because there
was only one school in common across the three data points
(vs 11 in common between 2004/05 and 2013/14); and second, because in the absence of a 2009/10 data point for
Edmonton, it is difficult to draw conclusions, other than that
there are factors aside from fluoridation cessation that are
contributing to trends observed. The comparative aspect of
our study (2004/05e2013/14 in Calgary and Edmonton), and
the single group descriptive trends (2004/05, 2009/10, and
2013/14 in Calgary only) appear to contribute different kinds
of information (i.e. between- vs within-city change) to our
question about fluoridation cessation and children's oral
health. Continued monitoring is important.
The study has several important limitations. First, our
study design makes it difficult to rule out all potential confounders, particularly because our comparative analysis relies
on a pre cessation data point that is several years before
cessation. However, we emphasize that many published
cessation studies do not include a comparison community;15
thus our study builds on some existing work in that regard
local demand for this knowledge prompts use of the best
available data.
Other limitations include the absence of questionnaire
data from 2004/05, which meant that we could not compute
adjusted estimates for the pre cessation period. The sample
size for Calgary in 2004/05 (n ¼ 599) was much smaller than for
the other surveys. However, effects were robust to the application of sampling weights and to the wider the CI that accompanies a smaller and less precise estimate. The 2004/05
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Table 2 e Percentages (weighted estimates) within different treatment level categories, grade 2 students in Calgary and
Edmonton, 2004/05 and 2013/14.
Treatment level
category

Calgary 2004/05

Calgary 2013/14

Percentage
(95% CI)

Percentage
(95% CI)

No decay experience
Complete caries care
Partial caries care
No caries care
Total sample size

46% (41%,
21% (18%,
19% (16%,
14% (12%,
n ¼ 590

51%)
24%)
21%)
17%)

42% (40%, 43%)
34% (32%, 36%)
16% (14%, 17%)
9% (8%, 10%)
n ¼ 3182

Calgary D

D
D
D
D

¼ 4%
¼ 13%*
¼ 3%
¼ 5%*

Edmonton 2004/05

Edmonton 2013/14

Percentage
(95% CI)

Percentage
(95% CI)

44% (42%, 45%)
35% (33%, 36%)
13% (12%, 14%)
9% (8%, 10%)
n ¼ 6373

40% (37%,
29% (27%,
17% (15%,
13% (12%,
n ¼ 2263

43%)
31%)
20%)
15%)

Edmonton D

D
D
D
D

¼ 4%
¼ 6%*
¼ 4%*
¼ 4%*

No decay experience: no decay, no extractions, no fillings.
Complete caries care: no decay, one or more instance of extraction or filling.
Partial caries care: one or more instance of decay; one or more instance of extraction or filling.
No caries care: one or more instance of decay; no extractions or fillings.
*
Statistically significant difference between 2004/05 and 2013/14 at P < 0.05.

estimate for primary tooth caries was lower in Calgary (mean
deft 1.62) than in Edmonton (mean deft 2.45), whereas for
some permanent tooth caries measures the pattern was
opposite. Because of rigorous sampling and assessment
methods, coupled with our use of sampling weights, we have
no reason to believe that the baseline estimates are inaccurate. A final important limitation is that, although assessment
teams underwent extensive training and calibration, we did
not collect data on inter-examiner or intra-examiner
reliability.
Strengths of our study include high-quality oral health
data gathered by trained and calibrated dental health professionals, population-based samples of schoolchildren and
corresponding sampling weights, a comparative study design,
incorporation of questionnaire data to capture important covariate information post cessation, and the collection of
biomarker data from a subsample to permit corroboration of
findings.
In summary, trends observed in caries rates in Calgary,
Canada (especially in primary teeth), along with other information gathered, appear to be broadly consistent with an
adverse effect of CWF cessation. It is important to undertake
subsequent oral health surveys to monitor and confirm these
trends over time.
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Appendix A
Fluoride content of municipal drinking water for two major
water treatment plants in Calgary and Edmonton, 2005e2013.

Year

Fluoride content of municipal drinking
water Calgary (F-cess)a
Bearspaw treatment
plant: Range (mg/L)

Glenmore treatment
plant: Range (mg/L)

2005
2006
2007
2008

0.62e0.80
0.66e0.72
0.63e0.74
0.67e0.73

0.65e0.80
0.59e0.77
0.69e0.73
0.61e0.74

2009
2010
2011

0.66e0.74
0.66e0.73
0.07e0.69*

0.64e0.80
0.64e0.89
0.08e0.74*

2012

0.07e0.13

0.16e0.30

2013

0.07e0.16

0.11e0.28

Fluoride content of municipal
drinking water Edmonton (F-cont)
Rossdale treatment
plant: Range (mg/L)

E.L. Smith treatment
plant: Range (mg/L)

0.66e0.95
0.73e0.91
0.76e0.85
0.73e0.88
0.07e0.88 (avg 0.71, median 0.79)b
0.10e0.88c
0.02e0.82b
Overall for both plants: avg ¼ 0.58, median ¼ 0.75
0.65e0.86
0.67e0.82
0.62e0.77
0.65e0.75
0.63e0.76
0.09e0.78d
(overall for both
plants: avg ¼ 0.65,
median ¼ 0.69)
0.04e0.79e (avg 0.73,
0.60e0.77
median 0.68)
0.62e0.78
0.61e0.82

* City of Calgary fluoridation ceased May 2011, as per approval amendment 476-02-01
a
F content of untreated water in Calgary 2005-2013 range: 0.06 to 0.21 (Bearspaw), 0.15 to 0.34 (Glenmore).
b
Note: As of Sept 26 2007 the fluoride lower limit was relaxed due to chemical supply shortages and construction at the E.L. Smith plant
(approved by Alberta Environment). The shortage was relieved and construction was completed by July 08 and fluoride levels returned to
normal.
c
no note, but average for Rossdale for 2008 is 0.78 mg/L.
d
Note: Fluoride was not added E. L. Smith WTP between Sept 8 and Oct 21 due to construction work on fluoride system.
e
Note: Fluoride was not added to Rossdale WTP between July 22 and Nov 29 due to construction work on fluoride system.

Appendix B. Supplementary data
Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.puhe.2016.12.040.

