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Abstract
Purpose: Preschool oral health is often overlooked as an important aspect of childhood
health and well-being. The purposes of this study were to: (1) determine the dental status
of 3-year-old children in the community of Carman, Manitoba, Canada; and (2) identify
the principal determinants of Early Childhood Caries (ECC) in 2 consecutive years.
Methods: All children and mothers attending a preschool health screening fair were in-
vited to participate. Study procedures included a retrospective interview with parents
and dental examination of the child. Statistical analyses included ANOVA, chi-square,
and multiple regression. A P value of <.05 denoted significance.
Results: A total of 61 children participated (mean age=45.7±3.4 months). The preva-
lence of ECC was 44%, while the mean deft was 2±3.3. Increased caries activity and
ECC were associated with lower maternal level of education (P<.01). Family size was
associated with deft scores (P=.03) while the presence of debris was also associated with
ECC (P<.05).
Conclusions: ECC prevalence among these 3-year-olds is less than exhibited among other
Canadian preschool children. Factors associated with ECC included debris on the pri-
mary teeth and low maternal education. Factors most associated with increased caries
activity included low maternal education and increased family size. In addition, parents
were able to reliably assess their child’s dental health status. Larger epidemiological studies
of ECC are needed to better assess prevalence and risk factors. Such data may, therefore,
assist in identifying those children at greatest risk for ECC. It may also help in the redi-
rection of scarce resources to effective preventive oral health interventions, as these
children have an increased caries burden along the continuum of childhood. (Pediatr
Dent 2005;27:114-120)
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Preschool oral health is an overlooked aspect of child-
hood health and well-being, especially Early Child-
hood Caries (ECC). This specific form of dental

decay in those less than 72 months of age has been de-
fined as 1 or more primary teeth affected by caries.1,2 ECC
has even been subgrouped according to 3 prominent pri-
mary decay patterns of:

1. isolated decay of incisors or molars;
2. labiolingual decay of incisors with or without the molars;

3. generalized rampant primary dentition decay.3

ECC is not a new phenomenon. Its antecedent terms,
nursing caries and baby-bottle tooth decay, are still used by
some. The adoption of new terminology helped recognize
the multiple etiologies involved,4,5 as the evidence on the
relationships between inappropriate feeding methods and
ECC is inconsistent. In fact, the relationship between ECC
and socioeconomic status (SES) is far stronger.6-9

Multiple risk factors have been associated with ECC.
These include poor oral hygiene, frequent intakes of fer-
mentable sugars, and low SES,6,8,10-12 although limited
access to professional dental care, inappropriate infant
feeding practices, and psychosocial issues may also be in-
volved.3,11 Ethnic factors,8 enamel hypoplasia,1,13 and
cariogenic bacteria, such as Streptococcus mutans,14-16 have
also been implicated—although their differential weighting
remains unclear.
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ECC is a particularly problematic health issue, as severe forms
of ECC often require treatment by pediatric dentists in the
hospital while under general anesthesia, which can place young
children at risk. It also leaves families and dental insurers with
significant costs for rehabilitative treatment, travel, and facility
charges.17 While total elimination of ECC is a laudable goal,
efforts must first strive to reduce ECC severity for children so
that their treatment may be amenable to ambulatory settings,
rather than reliance on general anesthesia. Instead, the use of
alternative therapies such as alternative restorative treatment
(ART) using glass ionomer, fluoride varnishes, and other che-
motherapeutic agents should be considered.

The oral health of preschool children living in Canadian
rural agricultural communities is currently undocumented,
although that of some groups, including First Nations chil-
dren and those in Canada’s urban regions, has been described
(Table 1).18-25 More comprehensive epidemiological data on
ECC is imperative, however, to focus preventive strategies
and allocate scarce resources more appropriately.

The purposes of this pilot study were to document the
prevalence of ECC among a group of primarily Caucasian
3-year-old children in a primarily agricultural, rural
Manitoba community, and to assess risk factors for ECC.

Methods
In both 2003 and 2004, children between 36 and 48 months
of age, residing in Carman, Manitoba, and neighboring ar-

eas in southwestern Manitoba, and their mothers who at-
tended a multidisciplinary preschool health fair were invited
to participate in a childhood oral health investigation. All
child-parent pairs registered for the health fair event were
given opportunity to take part. This was a convenience
sample of children and their parent(s) residing in this com-
munity of 2,831 persons.26 The water supply of the city of
Carman is fluoridated. Families residing outside of Carman
rely on well water. The objectives were to delineate their oral
health status and the principal etiologies of ECC.

Following ethical approval by the Health Research Eth-
ics Board, University of Manitoba, informed consent was
obtained from parents prior to examining children. This
entailed a dental screening by a licensed dentist and a brief
interviewed questionnaire of each mother regarding infant
feeding methods, oral hygiene, frequency of snacking,
child’s dental history, and family characteristics and demo-
graphics. Both caries rates (deft) and the prevalence of ECC
were calculated using the definition of ECC adopted by
the American Academy of Pediatric Dentistry (AAPD).1

Severe ECC (SECC) cases were determined using the es-
tablished definition, which was a dmfs score of ≥4 or 1 or
more smooth dmf surfaces in the primary maxillary ante-
rior teeth.2 An established oral debris index was used to
assess the amount of debris on primary teeth.27

The interview and dental examination results were
coded for anonymity, and mother and child components

Prevalence  (%) Mean deft
Study Region of Canada Population Age of ECC* (±SD)

Schroth et al 200518 Garden Hill First Nation 3- to 5-year olds 98 13.7±3.2
First Nation,
Manitoba

Peressini et al 200419 District of Manitoulin, First Nation 3-year-olds 67 3.5±4.0
Ontario 5-year-olds 78 4.8±4.1

Harrison and Wong Vancouver, British Urban Vietnamese 22.1±5.0 mos 6
200320 Columbia (Intervention Group)

(1996 follow-up) Control group 22.7±5.8 mos 57

Harrison et al 199721 Vancouver, Urban Vietnamese 3-74 mos
British Columbia < 18 mos 0 0.0

≥ 18 mos 80 8.4±4.6

Weinstein et al 199622 Edmonton, Alberta Urban Caucasian
and diverse ethnic Mean age=19 mos 5 0.14

Young et al 199523 Keewatin region,
Northwest Territories Aboriginal (Inuit) 0-2 ys 50-100, ≈1.8

depending on
3-5 ys community ≈8.0

Harrison and British Columbia First Nation 5-year-olds 88 7.5 ±4.9
Davis (1988 survey)
199324

Williams and Edmonton, Alberta Urban Asians 2-year-olds 0 0.0
Hargreaves 3- to 4-year olds 28 1.2±2.2
199025 5-year-olds 62 3.2±3.7

Table 1. Recent Studies Reporting Prevalence and Severity of Dental Caries Among Preschool Children in Canada

*Based on deft ≥1.1,2
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were combined. Data were analyzed using Number
Cruncher Statistical Software (NCSS; Number Cruncher
Statistical Systems Kaysville, Utah). Bivariate statistical
testing included analysis of variance (ANOVA) and chi-
square analysis, while multivariate analyses included
multiple regression and logistic regression. Main outcome
variables included deft, ECC, and SECC. A P value of .05
was selected as the threshold for determining statistical sig-
nificance.

Results
The total sample included 61 primarily Caucasian children
in this specific community. Thirty-nine children were as-
sessed in 2003, while another 22 were assessed in 2004.
The prevalence of ECC did not differ between the 2 years,
so the data were combined. The study included 36 boys
and 25 girls, with a mean age of 3.3±0.5 years (45.7±3.4
months). The mean birth weight was 3,567.1±587.5
grams (g), with only 1 child having a low birth weight
(<2,500 g), yielding a low birth weight prevalence of 2%.

Most children (88%) were breast-fed, and 81% were
bottle-fed: 11 children were exclusively breast-fed, while
7 were exclusively bottle-fed. Some parents (31%) admit-
ted to putting their child to sleep with a bottle during
infancy, a habit frequently believed to contribute to ECC.
Children were breast-fed for 8.3±5.3 months, with bottle-
feeding being initiated, on average, at 4.6±3.9 months.
Both the rate and duration of breast-feeding among this
cohort was slightly higher than the mean for children in
Manitoba.28 The mean age of weaning from the bottle was

15.6±6.2 months, slightly longer than the recommended
12 to 14 months.1

Caregivers reported that children’s teeth were brushed,
on average, 1.5±0.7 times daily, while the mean age of oral
hygiene initiation was 16.6±8.1 months. Ninety-five per-
cent used toothpaste, with the majority brushing with
parental assistance (76%). Twelve percent of parents re-
ported that they only brushed, and 12% allowed their child
to brush independently. Dental histories for these 3-year-
olds appear in Table 2.

On average, caregivers reported that children had 2 to
4 snacks per day (mean=2.8±0.9), which commonly com-
prised cookies and crackers (48%) or fruits and vegetables
(43%). The most common snack drinks were juice (58%),
milk (28%), and water (12%).

Nearly 95% of parents reported that they had heard
of ECC, where 59% believed this syndrome is related
to putting children to bed with a bottle. Other causes
cited included increased sugar consumption or milk,
juice, or food sitting on the teeth, while others were
unsure of the etiology.

Oral hygiene was assessed by the accumulated debris and
plaque on the primary teeth. The majority of 3-year-olds
had no soft debris or staining present on their primary teeth
(54%), while 44% had debris or staining covering less than
one third of the tooth surface. The mean cumulative de-
bris index score was 2.6±3.4 (range=0-18).

Dental examination showed the prevalence of ECC to
be 44%, while the mean deft was 2.0±3.3. Only 13 chil-
dren had SECC (21%), defined as 1 or more maxillary
anterior smooth surfaces affected by caries or a total dmfs
score of 4 or higher.2 ANOVA showed there was no sig-
nificant association between caries experience and gender,
although females demonstrated a slightly higher mean deft
(2.3±3.4 vs 1.8±3.2, P>.05). Overall, 16 (44%) boys and
11 (44%) girls had ECC (chi-square=0.001, DF=1, P=0.9).
Mean d, e, f, and deft, along with the prevalence of both
ECC and SECC, appear in Table 3.

Further ANOVA found that caries experience (deft) was
significantly associated with the parent’s assessment of their
child’s overall dental health. For instance, as described dental
health decreased, the deft rate increased (P<.001). Children
with very good reported oral health had a mean deft of 1.3±2.9
(N=22), those with reported fair oral health had a deft score
of 1.6±1.9 (N=5), while those rated to be in poor or very poor
oral health had a mean deft of 9.0±1.2 (N=4) (Table 4).

Mean deft(±SD)  Mean d(±SD) Mean e(±SD) Mean f(±SD) ECC(%) SECC(%)

Male 1.8±3.2(range=0-12) 1.4±2.3(range=0-8) 0.25±1.0(range=0-5) 0.2±0.9(range=0-5) 16(44) 7(19)

Female 2.3±3.4(range=0-11) 1.7±2.9(range=0-10) 0.04±0.2(range=0-1) 0.6±1.6(range=0-6) 11(44) 6(24)

Total 2.0±3.3(range=0-12) 1.5±2.5(range=0-10) 0.2±0.8(range=0-5) 0.3±1.2(range=0-6) 27(44) 13(21)

Table 3. Distribution of Caries

Table 2. Dental History of Child as Reported by Parent

Never been to dentist 51%

Mean age of first visit 32.1±5.6 mos

Main reason for first visit
Examination 76%

Caries/Toothache 17%
Other 7%

Parental oral health assessment of child
Very good 37%

Good 48%
Fair 9%

Poor to very poor 7%

Treatment under general anesthesia 8%

Unable to afford dental care for child 14%
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In addition, the prevalence of ECC increased as reported oral
health status declined (P=.02).

Putting a child to bed with a bottle was not significantly as-
sociated with increased caries activity or ECC (P=.8), as has often
been purported. Children who were given a bottle at bedtime,
however, demonstrated a slightly higher mean deft caries activ-
ity (2.1±3.5 deft vs 1.7±3.0 deft, P=.7). The age at which
bottle-feeding ceased also did not significantly differ between
children with and without ECC (P=0.8). Further statistical test-
ing (ANOVA) revealed that ECC was not significantly
associated with the duration of breast-feeding. Children with
ECC breast-fed until 9.7±6.2 months of age, while those with-
out ECC breast-fed until 7.3±4.3 months (P=.09).

Child caries rates declined as maternal education levels
increased, and this relationship was statistically significant
(P<.01; Table 5). In addition, children with ECC and
SECC were more likely to have mothers who did not com-
plete high school (ECC: chi-square=10.9, df=2, P<.01;
SECC: chi-square=6.8, df=2, P<.05), compared with those
who had completed high school and those who pursued
post-secondary educational opportunities. As only 1 child
had a birth weight <2,500g, the authors were unable to
determine whether low birth weight was a risk factor for
ECC. Birth weight itself, however, did not significantly
differ between children who had ECC and those who were
free from caries (P=.6).

As family size increased, so did the amount of decay
experienced by children. Half of the children came from
families with a total household count of 4 or fewer persons.
Children from households with 5 or more persons had
higher caries experiences (deft) than children from smaller
households (2.8±3.8 vs 1.0±2.1, P=.03). ANOVA demon-
strated, however, that family size was not significantly
associated with ECC (5.1±1.4 persons vs 4.5±1.4 persons)

or SECC (4.7±1.5 persons vs 5.1±1.0 persons)—P>.05 and
P>.05, respectively.

While children with ECC had more debris on their teeth
than children without ECC (chi-square=7.2, df=2, P<.05),
those exhibiting debris had higher deft scores than children
who were free from debris. This association, however, was
not found to be statistically significant (2.9±3.6 vs 1.3±2.8,
P=.06). Furthermore, those afflicted by ECC had a higher
mean debris index score than their caries-free counterparts
(3.5±2.7 vs 1.8±3.7, P=.07), an association that nearly ap-
proached the threshold of significance. The frequency of
reported daily brushing and the mean age of initiating early
childhood brushing did not significantly differ between chil-
dren with and without caries (P=.3 and P=.9, respectively).

More robust multiple regression analysis revealed that
mother’s level of education was significantly associated with
mean deft (P<.05; Table 6), while logistic regression analy-
sis did not reveal any significant associations with ECC.

Discussion
The absence of an acceptable working definition for ECC
has constrained previous research into causation and pre-
vention and limited comparisons between previous
epidemiological studies. While the new clinical definition
for ECC may be too broad, however, and may fail to dif-
ferentiate between those children at higher and lower risk
for caries,29 the findings between different epidemiologi-
cal studies can now be contrasted.

Considering that 44% of children in this sample were
found to have ECC, the mean deft score for the cohort was
low (2.0±3.3), with the majority having isolated areas of
either molar or incisor decay. While many of the children
in this sample demonstrated ECC, almost half of these cases
were classified as the severe form of ECC that often afflicts
children from lower SES and ethnic minority groups.30,31

The amount of ECC in this convenience sample of pri-
marily Caucasian 3-year-olds approximates the prevalence of
ECC experienced by 3-year-olds in Kentucky,32 but is less than
that exhibited in some Canadian aboriginal and First Nations
communities.18,19,23,24 The mean deft among this cohort of 3-
year-olds is also lower than rates experienced among Canadian
aboriginals, but is comparable to results of studies involving
children residing in urban centres.18,19,22-25

Family size was significantly associated with the rate of
decay experienced. Children belonging to larger families
(more than 4 persons) had significantly higher deft scores.
This finding is consistent with other findings8,33 and may

*Significant; P<.05 (chi-square analysis).
**Significantly differs from other categories; P<.001 (ANOVA).

Described oral health N Mean deft(±SD) ECC*

Very good 22 1.3±2.9 7

Good 28 1.3±2.5 10

Fair 5 1.6±1.9 4

Poor to very poor 4 9.0±1.2** 4

Table 4. Mean deft and ECC by Parent Oral Health Assessment

Mother’s education level Mean deft

Did not finish high school 5.1±4.7a

Completed high school 2.0±3.6b

Postsecondary education 1.1±2.2c

Table 5. Mean deft by Mother’s Education Level

*a vs c; P<.01

Variable Regression coefficient (±95% CI)

Mother’s education level -1.44 (±1.26)*

Family size (≥5 persons) 0.88 (±1.76)

*P<.05.

Table 6. Multiple Regression Analysis for deft
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be due to the financial strain33 or limited time that larger
families encounter, which may curb their ability to ad-
equately meet the oral health needs of their children.34

Considering, however, that only 14% of parents indicated
that family finances was a barrier to accessing oral health
care for their child, it is likely that the demands of a large
family may reduce the amount of time parents devote to
practicing oral hygiene. Another possibility is that children
from larger families may be at increased risk of coloniza-
tion by S mutans, as suggested by some.35

The finding that ECC was significantly associated with
parent’s level of education is consistent with other recent
reports8,36,37 that have begun to investigate the social de-
terminants of ECC. It is undeniable that ECC is influenced
by such factors as parental education, family income, single-
parent households, and family socioeconomic status.8,29,36,37

Chi-square analysis determined that the presence of
debris on the primary teeth was significantly associated with
the presence of ECC, but not with increased deft
(ANOVA). A positive trend was evident, however, indi-
cating that 3-year-olds with ECC had a higher mean debris
index score. While this association does not identify cau-
sation and effect, it does allow one to speculate that those
children with increased plaque at the time of examination
likely had debris on their teeth at the time caries activity
began. It also indicates that children with ECC continue
to suffer from less-than-ideal oral hygiene.

Parents who ranked their child’s oral health as “good”
had a child with a lower prevalence of caries than children
from parents who rated their child’s dental health less fa-
vorably (P<.05). Considering that 49% of the children had
not visited a dentist, parents reliably assessed their child’s
oral health condition. It is still essential, however, that
parents be educated about the need for earlier and regular
dental attendance, as the mean age for the first visit was
32.1±5.6 months and only 51% of children had been to
the dentist. Experts recommend that the initial visit should
occur by the child’s first birthday.1

The duration of breast-feeding was not found to be sig-
nificantly associated with whether children had ECC.
Those children who had ECC breast-fed for a mean of
9.7±6.2 months, while those who did not have ECC only
breast-fed for 7.3±4.3 months. While a recent recommen-
dation for the prevention of ECC called for breast-feeding
to cease at 6 months of age,38 it is not without controversy.
The AAPD does not have a recommended weaning age,
but believes that breast-feeding is best for ensuring both
physical and psychosocial development.1,39 Recommend-
ing that mothers discontinue breast-feeding at this stage is
misleading, detrimental to infant development,40 and con-
trary to the policy adopted by the AAPD.1,41 Mothers who
choose to breast-feed their infants, however, must adhere
to strict oral hygiene regimens, including cleaning the teeth
following nursing before naptime or bedtime. An infant
who is breast-fed still can be at risk for ECC42 if oral hy-
giene is not initiated and maintained.1

While bottle-feeding, bedtime bottle use, and prolonged
bottle use were not found to be significantly associated with
an increase in deft or ECC, the age at which parents stated
that their child stopped bottle-feeding was 15.6±6.2 months,
slightly longer than the recommended age of 1 year sup-
ported by the AAPD.1 Prolonged bottle use, late initiation
of oral hygiene, and low dental attendance highlight the need
for better parental education for childhood oral health. Fur-
thermore, there is likely a need to inform parents about the
establishment of “dental homes” for these young children
to assess caries risk and obtain necessary prevention, educa-
tion, and dental care at early stages of development.1,43

One limitation of this study is the retrospective design
of the interview, as parents may not have been able to spe-
cifically recall the exact stage of infancy and childhood
when specific events occurred. The reliability of caregiver
responses—with respect to infant feeding practices and
child’s dental history—is an inherent weakness. Retrospec-
tive interviews, however, are the only way to glean such
information in cross-sectional studies. Additionally, the
questionnaire used for this investigation was brief and only
focused on specific issues that might have influenced the
caries status of children. Perhaps if more time had been
available to conduct a larger comprehensive questionnaire
with parents, the authors would have been able to uncover
more epidemiological information on childhood caries.

A further limitation is the sample’s small size and its
convenient nature. While small convenience samples may
pose statistical challenges and may hinder the external va-
lidity of study findings, they can add insight into the caries
burden among preschool populations at low cost. Consid-
ering that this community is quite small, however, this
cohort likely gives a small glimpse into the oral health of
its preschoolers, which was a primary goal of this investi-
gation. Larger scale investigations are planned that will
utilize more representative sampling methods.

Currently, little oral health programming for children ex-
ists in regions of the province outside of Winnipeg, with the
majority of the responsibility, if any, being offloaded to other
health care providers. Future epidemiological information may
assist these regions in identifying groups at greatest risk for
caries and the need for increased and far-reaching prevention.
This may help to best redirect scarce funding for oral health
prevention. It is anticipated that this pilot data will add to the
limited ECC epidemiological data in Manitoba and may fos-
ter further epidemiological and clinical interventional studies.
With this may come the development of new prevention poli-
cies for ECC that may be deemed more effective than
traditional methods of delivering health prevention.44

Ideal periods for prevention and health promotion interven-
tions include pregnancy and early childhood. Many jurisdictions,
however, continue to allocate their scarce oral health promotion
resources for school-aged children. This policy must be revisited,
as there is evidence that preschool children who exhibit primary
tooth decay at young ages are more likely to have an increased
caries burden along the continuum of childhood.29,45-48
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Therefore, efforts to reduce caries among the very young
may have a broader impact. Treatment alone is not the
appropriate solution for this devastating pediatric dental
syndrome, as the risk of recurrent caries following complex
restorative care is considerable.49,50 Instead, during key pe-
riods of early childhood development, more attention needs
to be spent on effective preventive strategies, such as:

1. bolstering prenatal nutrition;
2. reducing maternal levels of S mutans;
3. reducing the vertical transmission of cariogenic mi-

croorganisms from mothers to infants;
4. early screening of infants and toddlers;
5. promoting regular infant oral hygiene;
6. applying fluoride varnish or other chemotherapeutic

agents (ie, silver fluoride, chlorhexidine, Betadine).

Conclusions
The following conclusions are based on this study’s results:

1. Parents were able to reliably assess their child’s den-
tal health status.

2. The majority of children were caries free, but children from
this region of Manitoba are affected by ECC and SECC—
with an overall prevalence of 44% and 21%, respectively.

3. Factors associated with ECC in this convenience
sample included debris on the primary teeth and low
maternal education.

4. Factors most associated with increased caries activity in-
cluded low maternal education and increased family size.

5. Larger epidemiological studies of ECC are needed to
better assess prevalence and risk factors for children
from this region of the province.

Acknowledgements
The authors wish to express their appreciation to Susan
Mooney, RN, of Regional Health Authority—Central
Manitoba Inc, for her assistance with this study and Dr.
Brothwell for permission to use the pediatric dental exami-
nation manual from the Centre for Community Oral
Health, University of Manitoba. Additional thanks are
extended to Dr. Lavelle for assisting with the editing of this
manuscript. Dr. Schroth received postdoctoral fellowship
funding from the Manitoba Institute of Child Health, a
division of the Children’s Hospital Foundation of
Manitoba Inc., Winnipeg, Manitoba, Canada.

References
1. American Academy of Pediatric Dentistry. Policy on

Oral Health Care Programs for Infants, Children, and
Adolescents. Pediatr Dent 2003;25(suppl 7):11-49.

2. Drury TF, Horowitz AM, Ismail AI, Maertens MP, Rozier
RG, Selwitz RH. Diagnosing and reporting Early Child-
hood Caries for research purposes. A report of a workshop
sponsored by the National Institute of Dental and Cran-
iofacial Research, the Health Resources and Services
Administration, and the Health Care Financing Admin-
istration. J Public Health Dent 1999;59:192-197.

3. Wyne AH. Early Childhood Caries: Nomenclature
and case definition. Community Dent Oral
Epidemiol 1999;27:313-315.

4. Tinanoff N. The Early Childhood Caries Confer-
ence—October 18-19, 1997. Pediatr Dent
1997;19:453-454.

5. Tinanoff N, O’Sullivan DM. Early Childhood Car-
ies: Overview and recent findings. Pediatr Dent
1997;19:12-16.

6. Smith PJ, Moffatt ME. Baby-bottle tooth decay: Are
we on the right track? Int J Circumpolar Health
1998;57(suppl 1):155-162.

7. Jose B, King NM. Early Childhood Caries lesions in
preschool children in Kerala, India. Pediatr Dent
2003;25:594-600.

8. Hallett KB, O’Rourke PK. Social and behavioural de-
terminants of Early Childhood Caries. Aust Dent J
2003;48:27-33.

9. Ramos-Gomez FJ, Weintraub JA, Gansky SA, Hoover
CI, Featherstone JD. Bacterial, behavioral and envi-
ronmental factors associated with Early Childhood
Caries. J Clin Pediatr Dent 2002;26:165-173.

10. Milnes AR. Description and epidemiology of nursing
caries. J Public Health Dent 1996;56:38-50.

11. Reisine S, Douglass JM. Psychosocial and behavioral
issues in Early Childhood Caries. Community Dent
Oral Epidemiol 1998;26(suppl 1):32-44.

12. Slavkin HC. Streptococcus mutans, Early Childhood
Caries and new opportunities. J Am Dent Assoc
1999;130:1787-1792.

13. Seow WK. Biological mechanisms of Early Childhood
Caries. Community Dent Oral Epidemiol 1998;26(suppl
1):8-27.

14. Petti S, Cairella G, Tarsitani G. Rampant early child-
hood dental decay: An example from Italy. J Public
Health Dent 2000;60:159-166.

15. Milgrom P, Riedy CA, Weinstein P, Tanner AC,
Manibusan L, Bruss J. Dental caries and its relation-
ship to bacterial infection, hypoplasia, diet, and oral
hygiene in 6- to 36-month-old children. Community
Dent Oral Epidemiol 2000;28:295-306.

16. Berkowitz RJ. Causes, treatment and prevention of
Early childhood Caries: A microbiologic perspective.
J Can Dent Assoc 2003;69:304-307.

17. Milnes AR, Rubin CW, Karpa M, Tate R. A retro-
spective analysis of the costs associated with the
treatment of nursing caries in a remote Canadian ab-
original preschool population. Community Dent Oral
Epidemiol 1993;21:253-260.

18. Schroth RJ, Smith PJ, Whalen J, Lekic PC, Moffatt ME.
Prevalence of caries among preschool children in a north-
ern Manitoba community. J Can Dent Assoc 2005;71:1-7.

19. Peressini S, Leake JL, Mayhall JT, Maar M, Trudeau
R. Prevalence of Early Childhood Caries among First
Nations children, District of Manitoulin, Ontario. Int
J Paediatr Dent 2004;14:101-110.



     120    Schroth, Moffatt Pediatric Dentistry – 27:2, 2005ECC in a rural Manitoba community

20. Harrison RL, Wong T. An oral health promotion
program for an urban minority population of pre-
school children. Community Dent Oral Epidemiol
2003;31:392-399.

21. Harrison R, Wong T, Ewan C, Contreras B, Phung
Y. Feeding practices and dental caries in an urban
Canadian population of Vietnamese preschool chil-
dren. J Dent Child 1997;64:112-117.

22. Weinstein P, Smith WF, Fraser-Lee N, Shimono T,
Tsubouchi J. Epidemiologic study of 19-month-old
Edmonton, Alberta children: Caries rates and risk fac-
tors. J Dent Child 1996;63:426-433.

23. Young TK, Moffatt ME, O’Neil JD, Thika R, Mirdad
S. The population survey as a tool for assessing fam-
ily health in the Keewatin region, NWT, Canada.
Arctic Med Res 1995;54(suppl 1):77-85.

24. Harrison RL, Davis DW. Caries experience of Native
children of British Columbia, Canada, 1980-1988.
Community Dent Oral Epidemiol 1993;21:102-107.

25. Williams SA, Hargreaves JA. An inquiry into the ef-
fects of health related behavior on dental health among
young Asian children resident in a fluoridated city in
Canada. Community Dent Health 1990;7:413-420.

26. Statistics Canada. Community profiles 2003. Avail-
able at: www.statcan.ca. Accessed March 2004.

27. Greene JC, Vermillion JR. The Simplified Oral Hy-
giene Index. J Am Dent Assoc 1964;68:7-13.

28. Martens PJ, Derksen S, Mayer T, Walld R. Being
born in Manitoba: A look at perinatal health issues.
Can J Public Health 2002;93(suppl 2):S33-S38.

29. Li Y, Wang W. Predicting caries in permanent teeth
from caries in primary teeth: An eight-year cohort
study. J Dent Res 2002;81:561-566.

30. Jin BH, Ma DS, Moon HS, Paik DI, Hahn SH, Horowitz
AM. Early Childhood Caries: Prevalence and risk factors
in Seoul, Korea. J Public Health Dent 2003;63:183-188.

31. Ferro R, Besostri A, Meneghetti B, Beghetto M. Com-
parison of data on Early Childhood Caries (ECC)
with previous data for baby bottle tooth decay
(BBTD) in an Italian kindergarten population. Eur J
Paediatr Dent 2004;5:71-75.

32. Hardison JD, Cecil JC, White JA, Manz M, Mullins
MR, Ferretti GA. The 2001 Kentucky Childrens Oral
Health Survey: Findings for children ages 24 to 59
months and their caregivers. Pediatr Dent
2003;25:365-372.

33. Lopez D, V, Velazquez-Quintana Y, Weinstein P, Domoto
P, Leroux B. Early Childhood Caries and risk factors in rural
Puerto Rican children. J Dent Child 1998;65:132-135.

34. Muller M. Nursing-bottle syndrome: Risk factors.
J Dent Child 1996;63:42-50.

35. Dasanayake AP, Roseman JM, Caufield PW, Butts JT.
Distribution and determinants of mutans streptococci
among African American children and association with
selected variables. Pediatr Dent 1995;17:192-198.

36. Al-Malik MI, Holt RD, Bedi R. Prevalence and pat-
terns of caries, rampant caries, and oral health in two-
to five-year-old children in Saudi Arabia. J Dent Child
2003;70:235-242.

37. Dye BA, Shenkin JD, Ogden CL, Marshall TA, Levy
SM, Kanellis MJ. The relationship between health-
ful eating practices and dental caries in children aged
2-5 years in the United States, 1988-1994. J Am Dent
Assoc 2004;135:55-66.

38. Fadavi S. Management of Early Childhood Caries.
Gen Dent 2003;51:38-40.

39. Kramer MS, Guo T, Platt RW, et al. Infant growth
and health outcomes associated with 3 compared with
6 mo of exclusive breastfeeding. Am J Clin Nutr
2003;78:291-295.

40. Neiva FC, Cattoni DM, Ramos JL, Issler H. [Early
weaning: Implications to oral motor development].
J Pediatr (Rio J) 2003;79:7-12.

41. Schroth RJ. When should a mother stop breast-feed-
ing? Gen Dent 2003;51:206.

42. Dini EL, Holt RD, Bedi R. Caries and its association
with infant feeding and oral health-related behaviours
in 3- to 4-year-old Brazilian children. Community
Dent Oral Epidemiol 2000;28:241-248.

43. Hale KJ. Oral health risk assessment timing and es-
tablishment of the dental home. Pediatrics
2003;111:1113-1116.

44. Hallett KB. Early Childhood Caries: A new name for
an old problem. Ann R Australas Coll Dent Surg
2000;15:268-275.

45. Kaste LM, Marianos D, Chang R, Phipps KR. The
assessment of nursing caries and its relationship to
high caries in the permanent dentition. J Public
Health Dent 1992;52:64-68.

46. Johnsen DC, Gerstenmaier JH, DiSantis TA,
Berkowitz RJ. Susceptibility of nursing-caries children
to future approximal molar decay. Pediatr Dent
1986;8:168-170.

47. al Shalan TA, Erickson PR, Hardie NA. Primary in-
cisor decay before age 4 as a risk factor for future
dental caries. Pediatr Dent 1997;19:37-41.

48. Peretz B, Ram D, Azo E, Efrat Y. Preschool caries as
an indicator of future caries: A longitudinal study.
Pediatr Dent 2003;25:114-118.

49. Berkowitz RJ, Moss M, Billings RJ, Weinstein P.
Clinical outcomes for nursing caries treated using gen-
eral anesthesia. J Dent Child 1997;64:210-211, 228.

50. Almeida AG, Roseman MM, Sheff M, Huntington N,
Hughes CV. Future caries susceptibility in children
with Early Childhood Caries following treatment un-
der general anesthesia. Pediatr Dent 2000;22:302-306.




