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Early childhood caries (ECC) has become the inclusive term 
for baby bottle tooth decay (BBTD), nursing caries (NC), and 
other forms of dental decay in young children. However de-
fi ned, tooth decay in children remains a widespread, serious 
health issue. Despite reports of an overall decrease in caries, 
severe decay is still a prevalent disease of early childhood.1

It is estimated that 8% of 2-year-old children have at least 1 
decayed or fi lled tooth and that, by age 5, 40% of the children 
are aff ected.2  Kanellis, Milnes, and Ayhan3 independently 
demonstrated that ECC is costly to treat, often necessitating 
general anesthesia costs to manage the youngest of patients 
for whom normal outpatient dental care is impossible.
 As pointed out by Milnes4 and the National Institute of 
Dental and Craniofacial Research (NIDCR), lack of a common 
working defi nition of ECC made it nearly impossible to evaluate 

and compare evidence from diff erent studies discussing 
frequency, etiology, clinical course, or impact of ECC. The 
NIDCR Workshop proposed case defi nitions of both ECC 
and severe ECC (S-ECC) to give a collective defi nition and 
recommended that additional research be conducted on the 
epidemiology, etiology, and prevention of dental caries in 
preschool children. 
 Most early studies of what is now called ECC reported 
on discrete, isolated populations and were little more than 
comprehensive case reports of prevalence as opposed to 
well-designed scientifi c investigations. These studies exam-
ined children between the ages of 5 and 10 because the sub-
jects were in school, readily available, and old enough that 
long-term decay existed. As inquiry in the fi eld progressed, 
research initiatives shifted to determining the disease’s fre-
quency and extent. These studies found ranges anywhere 
from 1% for urban children in Los Angeles5  to 68% in Navajo 
children.6  
 Recent studies have examined related etiologic factors 
linked to presence of early decay: (1) age; (2) race; (3) urban 
vs rural settings; and (4) parental roles and knowledge.7-9

The studies focused on children from discrete populations 
rather than diverse groups and often exhibited shortcomings 
such as: (1) nonprofessionals as examiners; (2) nonspecifi c, 
subjective diagnostic criteria; or (3) low interexaminer reli-
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Abstract: Purpose: The purpose of this study was to determine family characteristics, beliefs, and habits that contribute to early and severe caries in young chil-

dren in Canada. Methods: A survey was administered to: (1) parents of 139 children diagnosed with early childhood caries (ECC) in 5 pediatric dentistry practices 

in Canada over a 33-month period (group 1); and (2) parents of all normal referrals (carious and noncarious children) in one of the practices over a 3 month period 

(group 2). Group 2 prevented studying an exclusive or polarized population, and allowed direct comparison between children with decay and without decay. The 

survey responses were compared with caries rates in the children, determined by dental examination, to detect important correlations of family and child factors survey responses were compared with caries rates in the children, determined by dental examination, to detect important correlations of family and child factors survey responses were compared with caries rates in the children, determined by dental examination, to detect important correlations of family and child factors 

with the disease level. Chi-square and logistic regression analyses described the strength of the relationships. Results:Results: Parent responses provided information on:  Parent responses provided information on: 

(1) demographics; (2) economic status; (3) birth order; (4) parental education; (5) payment methods; (6) feeding and weaning history; (7) fl uoride history; (8) food 

habits; (9) hygiene; (10) behavior; and (11) medication use. Caries presence and severe caries was linked to: (1) leaving the bottle with a child while sleeping; (2) having 

problems brushing a child’s teeth; (3) prolonged holding of liquids in the mouth; and (4) being Caucasian. The authors did fi nd that bottle use in general and having 

a diffi cult child were protective infl uences against decay. Conclusions: The factors providing the most caries risk are: (1) being left with a bottle while sleeping; (2) 

parents having problems brushing the child’s teeth; (3) holding liquids in the mouth for prolonged times; and (4) ethnicity. (Pediatr Dent 2007;29:201-8)
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ability. Some recent investigations have attempted to iden-
tify children who were at greatest risk of developing caries as 
a strategy to more effi  ciently target preventive procedures.10

 Many have pointed out that caries prediction requires 
diligent eff orts to optimize the predictive power of variables11

and that no single factor will predict caries-prone individu-
als accurately.12 In fact, the best predictor of caries risk was 
examiner recognition of caries experience and placement 
of that child in a high-risk group.13 Kanellis14 recommended 
that risk should be based on: (1) past caries experience; (2) 
presence of precavitated lesions; (3) visible plaque; and (4) 
perceived risk by examiners. 
 ECC investigations have generated data on the etiology, 
prevalence and, to an extent, the infl uence of purported risk 
factors. Many of these studies, however, did not take into ac-
count the infl uence of extraneous risk factors. Regrettably, 
no studies exist in Canada that combine prevalence data with 
infl uence of risk factors for children under age 5. Although 
Schroth15 recently reviewed published prevalence rates for 
Canadian preschool children, these studies did not address 
a complete risk factor analysis. 
 This study was undertaken to determine the relative in-
fl uence of purported risk factors, alone and in combination, 
on the severity of ECC as reported in surveys of parents seek-
ing dental care for children in 5 Canadian dental practices. It 
compared children between 1 to 5 years old from a high car-
ies population with a low caries population. 
 This study’s purpose was to evaluate children’s demo-
graphics, habits, fl uoride exposure, child behavior, parent’s 
beliefs and practices of nutrition, weaning, and hygiene 
when related to decay. Descriptive statistics were formulated 
for individual variables, and independent analyses were per-
formed to determine relationships among risk factors.

Methods
This study was a collaborative eff ort involving data gathered 
by Canadian pediatric dentists as well as data organizational 
and analyses resources from the University of Michigan, Ann 
Arbor, Mich. Institutional Review Board (IRB) approval was 
granted by the University of Michigan, Ann Arbor, Mich. Dr. 
Alan Milnes designed a survey for pediatric dental practi-
tioners to gather information related to ECC. The survey 
was administered by 5 certifi ed pediatric dentists in private 
practice in Canada and distributed to guardians of children 
diagnosed with ECC by the practitioner treating the child. 
 The survey consisted of 36 questions, with open-ended 
responses and objective multiple choices, for the parent or 
guardian. The survey’s second component gathered infor-
mation by the practitioner. This included: (1) dmfs; (2) prov-
ince; (3) provider; (4) date of the survey; and (5) the child’s 
weight. Statistical validation of the survey was performed at 

the University of Washington, Seattle, Wash., and examiners 
were calibrated for dmfs before the study began. All partici-
pants agreed on a common defi nition of ECC. Test photos of 
ECC at various stages were viewed independently and then 
as a group to ensure similar diagnosis before the survey was 
administered. Test photos and actual patient photos were 
again viewed during data collection to ensure there was no 
change in the working defi nition and agreed diagnostic cri-
teria. Group 1 consisted of 1- to 5-year-old children, each 
diagnosed with ECC by a participating pediatric dentist and 
with guardians willing and able to fi ll out the survey and con-
sent to treatment, if indicated. These surveys were admin-
istered from June 1998 until March 2000. The study group 
survey was administered in British Columbia (BC), Ontario 
(ONT), and Prince Edward Island (PEI), Canada, on the day 
the patient presented for initial exam and diagnosis.
 Group 2 consisted of children presenting to Dr. Milnes’ 
offi  ce, Kelowna, BC, as new patients between November 
2000 and January 2001. The children were not designated 
as caries-free or carious. The patients merely represented 
typical appointments seen in a pediatric dental clinic for 1- 
to 5-year-old children during those weeks of control group 
intake. This group was used to prevent polarizing this study’s 
sample with only children aff ected by severe decay and having 
typical issues such as pain, swelling, or behavior problems.
 SPSS Statistical Services 10.1 for Windows (SPSS, Inc, 
Chicago, Ill) was used for all statistical operations. Frequency 
data were generated for each category. Chi-square tests were 
performed to assess the signifi cance of the amount of decay 
to the following individual categories, with each chi-square 
analysis defi ning only one factor at a time without control-
ling for cofactors: 
 1. Demographics: (a) age at time of survey; (b) gen-
der; (c) province or location; (d) birth order; (e) race or 
origin; (f) parental level of education; (g) payment of dental 
costs; (h) living arrangements; (i) marital status of parents; 
2. feeding frequency; 3. weaning from the breast; 
4. weaning from the bottle; 5. habits; 6. hygiene; 
7. behavior; 8. medications; and 9. fl uoride exposure.
 These factors compared 2 categories: (1) decay presence 
vs absence; and (2) decay severity vs absence. This gave the 
authors a basis for determining ECC compared to no decay 
and S-ECC compared to no decay for all children in both 
groups, allowing the authors to determine that decay was a 
dependent variable for logistic regression analysis.
 Logistic regression was performed for each risk model 
category when 2 or more questions comprised that category. 
The variable with the strongest predictive value was then se-
lected for the limited model regression. One variable from 
each risk factor category was added to predictive values used 
in the limited model regression to comprise the full model 
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regression. In both cases, the dependent variable was decay. 
The presence of decay in any form was evaluated as “one or 
more surfaces of decay.” S-ECC was defi ned as “20 or more 
surfaces of decay.” 
 The full regression model was comprised of: (1) govern-
ment assistance; (2) fi rst born; (3) using a bottle; (4) left 
bottle at night; (5) parental level of education; (6) problems 
brushing; (7) Caucasian; (8) regular time for snacks; (9) 
holds liquids in mouth; (10) diffi  cult child;  (11) fl uoridated 
water; and (12) daily medications.
 Signifi cance was determined with alpha=0.05, and 
trends were evaluated for those signifi cant fi ndings. Risks 
were interpreted as: 
 1. positively infl uencing (a protecting factor—less likely 
      to have decay); or 
 2. negatively infl uencing (a predicting factor—more
      likely to have decay.)

Results
Overview. Details of demographic responses are presented 
to enhance understanding of the population studied. When 
appropriate, chi-square statistics are given to show the eff ect 
of each factor when related by itself to presence or severity 
of caries in the child. The most powerful analyses of factor 
relationships to caries are reported in the logistic regres-
sion section. A total of 139 surveys were administered, but 
2 were excluded because survey pages were missing, leaving 
137 considered to be “completed.” 
 A total of 102 children were diagnosed with decay, 90 of 
whom were considered “severe,” while 35 children had no de-
cay. Values for weight were not answered by every practitioner, 
and, thus, were omitted. Mean age (N=128) of the children 
surveyed was 3.05 years old. Four percent were age 1, 23% were 
age 2, 44% were age 3, 24% were age 4, and 5% were 5 years 
old. There was an even distribution of gender: 52% males 
and 48% females. Sixty-nine percent of children were from 
BC, 28% from Ontario, and 3% were from PEI. No relation-
ship was found via chi-square analyses between the amount 
or presence of decay and factors of age, gender, or location. 
 Birth order data showed that 69 (51%) were fi rst-born 
children and 45 (33%) were second-born children. Chi-
square results found that being second-born was signifi cant-
ly related to having one or more surfaces of decay (P=.026.)
 Race or origin also produced a signifi cant relationship 
to decay: (a) 105 children (77%) were Caucasian; (b) 7% 
(N=9) were First Nation; (c) 2% (N=3) were Asian; (d) Fili-
pinos comprised 4% (N=6); and (e) 2% (N=2) were East In-
dians. Ethnicity was then dichotomized into “Caucasian” and 
“other.” Signifi cant chi-square relationships were found be-
tween being Caucasian and having decay (P=.04) and severity 
of decay (P=.02).

 Parental levels of education (N=136) varied greatly: (a) 
1 parent (1%) had only fi nished elementary school; (b) 15 
(11%) had some high school; (c) 28 (21%) completed high 
school; (d) 39 (29%) had some college training; and (e) 53 
(39%) had graduated from college. Like race, education was 
dichotomized to “more than high school” and “high school or 
less.” Chi-square analysis showed signifi cant inverse rela-
tionships between the level of mother’s education and pres-
ence of decay (P=.02) and severity of decay (P=.01) 
 Payment of dental costs had 136 responses: 
 a.  73 people (54%) had insurance from work; 
 b.  34 (25%) had government assistance; 
 c.  24 (18%) would pay the costs themselves with no re-

imbursement; and 
 d.  5 people (4%) stated they had another form of  payment. 
 These groups were then divided into 2 categories for chi-
square analysis: (1) insurance vs decay; and (2) insurance vs 
parental level of education. For those who had dental insur-
ance, children were less likely to have decay (P=.001) and less 
likely to have severe decay (P=.002), while children with gov-
ernment assistance were more likely to have decay (P=.004) 
and more likely to have more severe decay (P=.004.) The 
second category examined the relationship between form of 
payment and level of education. Education was divided into: 
(1) post-high school graduation; and (2) high school gradua-
tion or less. Type of payment was signifi cantly related to level 
of education (P<.001.) Those highly educated had insurance 
from work (P=.001), and those without had government as-
sistance (P<.001). 
 Living arrangements of parents and children (N=136) 
found that parents lived together with the child (N=107), 
while those who lived in a single-parent house usually lived 
with the mother (N=20). One child lived with grandparents, 
and 6 children had parents who lived in separate homes but 
who split custody. Living arrangements were not signifi cant-
ly related to decay.
 Marital status (N=136) showed that most parents were 
married and living together (N=90) or were common law 
spouses and living together (N=18.) Four were married but 
separated, and 21 were common law married and living in 
separate homes. Three parents were divorced. Marital status 
was not related to decay. 

Feeding frequency.ency.ency  The category of feeding frequency was 
divided into questions about snacks for the: (1) child; and (2) 
parent. Of 136 children, the average number of snacks per day 
was 2.54, with 54% not having a regular time for snacks. The 
parent chooses snacks for the child 81% of the time, with the 
child (12%), caretaker (4%), or another relative (3%) hav-
ing some input. For the parent (N=131), snacking occurred an 
average of 2 times a day (40%,) but was as frequent as 6 times 
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a day. No relationship was found between feeding frequency 
and decay with chi-square or logistic regression analysis.
Weaning from the breast. When asked if the child was 
breast-fed now: (a) 132 responded “no” (97%); and (b) 4 re-
sponded “yes” (3%.) Of those who answered “no,” 52 children 
(38%) were never breast-fed. Weaning ages ranged from 1 to 
33 months. When grouped (N=84): (a) 48% were weaned be-
tween 1 to 6 months; (b) 32% were weaned between 7 to 12 
months; and (c) 20% were weaned between 13 to 33 months. 
For children who slept with their mothers and nursed at night 
(N=113): (a) 52 people (46%) said “yes”; (b) 53 (47%) said “no”; 
and (c) 8 (7%) said “no, my child slept with me, but did not
nurse at night.” 
 No correlations were found between amount of decay 
and weaning with chi-square analysis.

Weaning from the bottle. Bottle use elicited 135 respons-
es: (a) 21 (16%) said “yes, currently”; (b) 17 (13%) said “no, 
never”; and (c) 97 (72%) said “yes, in the past.” One third 
carried a bottle or sippy cup throughout the day (N=41.) 
Bottle weaning (N=100) ranged from 0 to 36 months. Ex-
cluding the 17 who stated that the child never used the bot-
tle: (a) 23% were weaned from the bottle between 1 and 12
months; (b) 59% were weaned between 13 and 24 months; 
and (c) the last 18% were weaned by 36 months. 
 When asked if the child fell asleep with the bottle: (a) 
66% said “yes”; and (b) 34% said “no.” 
 Chi-square analysis showed that there was a signifi cant 
relationship (P=.001) between: (1) falling asleep with the 
bottle; and (2) both the presence and severity of decay. The 
number of times a child fell asleep with the bottle (N=131) 
was also signifi cantly related to: (1) presence of decay 
(P=.02); and (2) severity of decay (P=.009.) Seventy-nine of 
131 children fell asleep with the bottle more than once a day. 
When asked if the bottle was left with the child when sleeping 
(N=137): (a) 65 (47%) said “yes”; (b) 72 (53%) said “no.” This 
was signifi cantly related to decay (P<.001). 

Habits. Pacifi er use (N=134) included: (a) 50 past users; (b) 
6 current users; and (c) 78 who never used. Holding liquids 
in the mouth for a prolonged time (N=135) was observed in 2 
children, while 21 children held liquids for several seconds 
before swallowing. There were no signifi cant relationships 
found for either habit or decay level through chi-square 
analysis. 

Hygiene. Current tooth-brushing (N=136) occurred for 126 
children, but not for 10. Fifty-three out of 124 parents said they 
had problems cleaning their child’s teeth. Frequency of clean-
ing (N=128) showed that: (a) 60 brushing more than once a day; 
(b) 49 at least once a day; (c) 10 people brushed infrequently; 

and (d) 2 did not know how frequently their child’s teeth were 
being brushed. 
 When asked if there were any problems, common re-
sponses from parents were that: (1) their child was stubborn; 
(2) their child was gaggy; or (3) they wanted to do it themselves. 
Only 1 response indicated pain. None of these groups had 
signifi cant relationships with decay by chi-square analyses. 

Behavior. Behavior evaluation was comprised of 3 questions 
that asked parents if their child: 
 1.  required more attention then others (N=135): (a) 24 

responded “yes”; and (b) 113 responded “no”; 
 2.  was difficult (N=137): (a) 18 responded “yes”; and 

(b) 119 responded “no”; 
 3.  had regular problems going to sleep: (a) 18 responded  

“yes, the child had problems in the past”; (b) 21 respon-
 ded that they “still had problems falling asleep”; and (c) 
96 said there were “no problems.” 

 Chi-square tests did not show any relation between be-
haviors and decay.

Medications. Only 6 out of 137 children took daily medica-
tions. The types of medications were not given. Sixty chil-
dren never had ear, nose, or throat infections that required 
antibiotic treatment within the last year. Forty-seven had 1 
infection, 21 had 2 or 3 infections, and 7 had 4 or more infec-
tions. No signifi cant relations were found between either of 
the questions and presence or severity of decay. 

Fluoride exposure. Fluoride exposure was measured by 3 
questions:
 1.  Fluoridated toothpaste use (N=136) was regular for

108 children: (a) 10 said once in a while; (b) 7 said they  
 did not use it; and (c) 11 said they did not know;

 2.  fl uoridated water (N=136) was used by 27 children: (a) 
 53 said “no”; and (b) 56 said they “didn’t know”; 

 3.  fluoride supplements (N=137) were: (a) used by 17  
 children; and (b) not used by 128. 

 There were no signifi cant chi-square fi ndings for 
fl uoride. 

Logistic regression, full model. Presence of decay (N=102, 
74%; see Table 1) was infl uenced both negatively and posi-
tively in the full regression model. The following factors con-
tributed to decay: 
 1.  leaving the bottle with the child (P=.002), (ß=1.90); 
 2.  having problems brushing (P=.05),(ß=1.13); and
 3.  holding liquids in the mouth for prolonged time 

(P(P( =.04), (ß=1.95). 
 Behaviors associated with diminishing presence of de-
cay were: (1) using a bottle (P=.01), (ß=-2.19); and (2) hav-
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ing a diffi  cult child (P=.04), (ß=-2.59). Examining severity 
of decay (N=90; 65%) found the following behaviors related 
to increased decay: (1) leaving the bottle (P=.002), (ß=2.01); 
and (2) being Caucasian (P=.05), (ß=1.98).

Discussion
No other studies have used this combination of risk factors 
for evaluation of ECC. Since most other studies did not ac-
count for confounding factors, the authors had to be cau-
tious when comparing this study’s results to other fi ndings. 
The results are informative concerning the added value of 

using logistical regression to analyze for multiple cofactors 
in such a study, since in the single-factor analyses accom-
plished with chi-square analyses, several factors appeared 
to be statistically signifi cant in relationship to caries. After 
logistical regression, which analyzes the eff ect of each factor 
when controlled across all other factors, many of these early 
signifi cant relationships disappeared.
 Most children were 3 years old, which may refl ect the 
public’s perception of the ideal age for a child to have a fi rst 
dental visit. Of 33 children 1 and 2 years old, 24 had decay, 
19 of which were defi ned as severe. This supports the need 

to educate professionals to the need 
for and the importance of early den-
tal care. It also shows the extent of 
restorative need in a sample of chil-
dren referred by other professionals 
or self-referred to a pediatric dental 
specialist. This prevalence of caries 
is rarely seen in general dental prac-
tices because few of these practices see 
young patients and few have patients 
with severe decay referred to them.
 Despite the fact that these chil-
dren were not randomly selected, there 
was an equal distribution of boys and 
girls that showed no relationship be-
tween decay and gender. More children 
were seen in the BC practices than in 
the Ontario or PEI practices. This dif-
ference may stem from interest level or 
practice activity of various providers. 
 Birth order produced confl ict-
ing results in this sample. When only 
birth order is taken into account, there 
is a signifi cant risk of being the second 
born and having decay. In the logistic 
regression, however, this infl uence is 
negated and being fi rst-born became 
the more important risk factor. This 
supports Wyne’s16  fi nding that fi rst-
born children were at higher risk for 
decay. It may be more accurate, howev-
er, to compare this study’s preliminary 
data (chi-square only) that showed that 
second-born children were at greater 
risk for decay since Wyne only studied 
frequency tables. 
 A child’s race or origin was 
found to be signifi cantly related to 
decay. This is noteworthy because 

    Table 1.   LOGISTIC REGRESSION ANALYSIS OF PURPORTED RISK FACTORS FOR 
                    EARLY CHILDHOOD CARIES ON PRESENCE AND SEVERITY OF DECAY*

MEAN±(SD)

             DECAY PRESENT                        SEVERE DECAY

VARIABLE P-valueP-valueP RISK RATIO P-valueP-valueP RISK RATIO

Government assistance .34 2.17 .34 2.18

First born .21 1.98 .22 2.06

Using the bottle .01 .11 .05 .16

Left the bottle with the 
child while sleeping

.002 6.71 .002 7.43

Parental level of education .34 1.84 .21 2.44

Problems brushing .05 3.11 .17 2.36

Caucasian .16 3.11 .05 7.22

Regular time for snacks .37 1.65 .33 1.80

Holds liquids in the mouth 
for long period of time

.04 7.04 .07 5.60

Difficult child .04 .08 .09 .12

Fluoridated water .22 .63 .11 .53

Daily medications .79 4,385.24 .80 3,307.67

*  N=102 children with decay present (74% of all participants in the study); N=90 children 
with severe decay present (65% of all participants in the study); omnibus test of model
signifi cance <.001.
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most of these children were Caucasian. Most ECC stud-
ies look at minority children. In this case, being Caucasian 
was related to caries presence and severity. This may be: 
 1.  a refection of the trends in Canada; 
 2.  due to the fact that the study group was taken from pri-

vate practice; or 
 3.  specifi c to the study population. 
 Parental level of education was signifi cant in 2 aspects: 
(1) relation to type of insurance; and (2) relation to decay. In 
this study, type of payment for dental costs was this study’s 
only available surrogate for income. Although this may not 
be the most accurate method of rating SES, it provided useful 
information. Parents with a higher level of education tended 
to have insurance from work. This is logical, given that in-
surance from work is usually associated with a full-time po-
sition—a more lucrative, competitive or desirable job that a 
college or university graduate would maintain. In contrast, 
parents with lower levels of education predominantly had 
government assistance. The same trends were seen with lev-
els of decay. Parents with a higher education tended to have 
children with less decay and less severe decay compared to 
parents with low levels of education. Therefore, the authors 
were able to support most of the previously existing data re-
lating SES and decay. 
 Living arrangements and marital status of the child’s 
parents did not play a role in infl uencing decay. Most chil-
dren lived in a 2-parent household. This study’s sample was 
similar to the trends for living arrangements produced by the 
1994 Census.17 Children who lived in single-parent house-
holds did not have signifi cantly more decay than their coun-
terparts in 2-parent households. The authors can hypoth-
esize that delegating child care to a surrogate is not a factor 
in the caries status of this study’s sample in contrast to other 
fi ndings.18

 This study’s demographic breakdown was unique. Most 
studies do not include this spectrum of SES, making com-
parisons between and among diff erent SES levels diffi  cult, 
while this study attempted to include and compare possible 
diff erences. If one assumes that parental level of education 
and insurance type makes a commentary on SES, it is inter-
esting to see that a large number of well-educated, ethnically 
similar (Caucasian), affl  uent parents were in the same study 
as uneducated, poor parents with diff erent ethnicities. This 
variety of family demographics makes this study unique be-
cause most studies examine racial isolates or minority chil-
dren of poor backgrounds. 
 Dietary infl uences on decay rates are notoriously diffi  -
cult to accurately defi ne due to sampling issues and survey 
answer uncertainties. This study shows similar problems in 
determining eff ects of diet on the decay of these children. 
Favorite snacking foods were often complex and ferment-

able carbohydrates. Juice, apples, and crackers were most 
often given as snacks by the parent on average more than 
twice a day sporadically. These foods can be cariogenic19 even 
though the perception that giving fruit, juice, or crackers are 
a healthy alternative to “junk foods.” 
 The authors found that the children’s snacking habits 
were close to parents’ habits regarding frequency. The au-
thors did not, however, fi nd a statistically signifi cant rela-
tionship between snacking frequency of child or parent and 
decay. Since the authors did not fi nd a statistical relationship 
between food or beverage and decay, they could not comment 
on the direct impact or infl uence of fermentable carbohy-
drates on this group of children. Bottle use and sleeping with 
a bottle, however, can be considered a snacking, frequency 
habit, and this factor was signifi cantly related to decay.
 Juice was the most common liquid in the cup or bottle, 
and one third carried that bottle or cup throughout the day. 
This aff ords for constant insult of acid attack on the teeth, 
and although juice consumption was not shown to be sig-
nifi cantly related to causing cavities, it still may play a role in 
the decay process by increasing the frequency of oral contact 
with fermentable carbohydrates overall. 
 While a majority of this study’s children were breast-fed 
and the range of duration was quite large (0 to 33 months), 
the authors found no signifi cant relationship to decay. It is 
important to note that 17 children over the age of 1 continued 
breast-feeding. This may be due to: (1) personal choice; (2) 
convenience; or (3) education. 
 A surprisingly high number of children (64) were not 
weaned from the bottle until well after the age recommended 
by the American Academy of Pediatric Dentistry (AAPD) and 
American Academy of Pediatrics (AAP). Leaving the bottle 
with the child and the number of times this occurred were 
both signifi cantly related to presence and severity of decay. 
Interestingly, the modifi ed question of leaving the bottle 
with the child when he or she slept showed a stronger rela-
tionship. It is possible that the conscious act of leaving the 
bottle with the child is more detrimental than noticing the 
bottle is with the child while sleeping. 
 When the authors compared answers for when the child 
was weaned from the bottle to when parents think they 
should be weaned, 39 parents weaned their child later then 
when they thought they should have. For breast-feeding, 
parents actually weaned the child before they thought it was 
appropriate. These data indicate that, for this study’s sample, 
it is more acceptable to use a bottle for prolonged periods of 
time than it is to prolong breast-feeding. This may reinforce 
the fi ndings that consciously leaving the bottle with the child 
at night, whether a matter of convenience or education, is ac-
ceptable to most parents.
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Habits, hygiene, and behavior as related to decay rates.
Habits are often related to a child’s temperament and behav-
ior and, in turn, can be related to hygiene. When a child is 
“diffi  cult” or “demanding,” a parent may feel uncomfortable 
“forcing” tooth-brushing on the child. If the child becomes 
violent or obstructive, the parent may avoid the situation 
completely, thus negatively reinforcing the child’s behav-
ior and preventing even minimal oral hygiene or fl uoride 
exposure. One may also think that an overindulgent parent 
prolongs habits like pacifi er use and facilitates “diffi  cult” 
or “demanding” behaviors in children. A parent may also 
be tempted to give the child a bottle at night when there are 
problems sleeping. In this study, almost 30% of the children 
had or currently have problems sleeping. 
 When studied individually, hygiene, habits, and behav-
ior did not have a relationship to decay. In contrast, logistic 
regression found a signifi cant relationship between decay 
levels and holding liquids for a prolonged time, having a dif-
fi cult child, and having problems brushing teeth. Because 
only one parent’s response to problems with brushing was 
“pain or discomfort,” the authors have used this as a gauge of 
child’s temperament, not a “quality of life” indicator.

Medications and fl uoride exposure. Neither of these cat-
egories produced signifi cant associations to decay. Unfor-
tunately, there were not enough children taking medications 
to have an accurate sample, and this study was not designed 
to determine if the medications were acting in favor of or 
against production of decay. Fluoride exposure did not have 
an impact on caries in this study. The children seem to be 
getting fl uoride from various sources (toothpaste, water, or 
supplements) and, as with evaluating the data from the sec-
tion “Medications,” the authors are not able to determine fl u-
oride’s direct impact (if one exists) on decay for this sample.

Logistic regression. The full regression model off ers an ac-
curate representation of how risk factors interplay. Leaving 
the bottle with the child while sleeping has been consistently 
shown to be related to causing decay in this study, but bottle 
use in general was protective against decay. This is an un-
usual fi nding that seems contradictory. As discussed earlier, 
the conscious act of leaving the bottle with the child may re-
fl ect indiff erence by the parent. This is because the authors 
did not fi nd the same cause and eff ect of fi nding the bottle 
with the child when sleeping. Perhaps the parent who fi nds 
the bottle removes it, knowing that leaving the bottle with a 
sleeping child is not recommended. This study did not ex-
amine this aspect. The other explanation relates to statistical 
anomaly. Most children in this study used the bottle at some 
time, thus giving these children a common thread and pos-
sibly obscuring accurate statistical analysis. 

 A relationship between decay and diffi  culty brushing 
may refl ect less eff ective mechanical cleaning or decreased 
topical fl uoride exposure as opposed to a lack of parent in-
volvement. Because having a “diffi  cult child” was shown to be 
protective, having diffi  culty brushing may not be because a 
parent is too protective of the child’s psyche. As with the con-
troversial fi ndings found with bottle use, few children were 
deemed diffi  cult and thus, this fi nding may also be a statisti-
cal anomaly.
 Holding liquids in the mouth may signify an increased 
time that fermentable carbohydrates are allowed to bathe 
the teeth, consequently increasing acid attack potential. If a 
child carries a bottle or sippy cup throughout the day and has 
to be reminded to swallow the liquids, then the time that the 
teeth are being insulted is assumed to be very high.

Conclusions
This study tried to improve on past inquiries by studying a 
population that is not exclusive or polarized. It preliminarily 
compared children with decay to children without decay, then 
used the presence and severity of decay in those children, 
combined with numerous potential risk factors, for analyses. 
The authors concluded from these data that, for the popula-
tion studied, the factors providing the most caries risk are: 
 1.  being left with a bottle while sleeping; 
 2.  parents having problems brushing the child’s teeth; 
 3.  holding liquids in the mouth for prolonged times;  and
 4.  ethnicity. 
 This study’s data do not support the concept that bottle 
use alone is a risk factor for decay. In contrast, this study’s 
data do support that having a diffi  cult child may be protective 
from decay.
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Abstract of Science of Literature

Enamel Maturation of Permanent First Molars
This study investigated the enamel maturation process in the occlusal pits of sound permanent fi rst molar teeth by measuring electrical resistance. Ninety-nine 

sound permanent fi rst molars in 34 Japanese children (mean age 6.47 + 0.51 years in a Japanese primary school) were measured electrically once every 6 months 

and were monitored for up to 66 months. These children had used a daily fl uoride mouth rinse (0.05% NaF) in nursery school and a weekly rinse (0.2% NaF) in 

primary school. Electrical resistance increased during the posteruptive period and had not yet reached the level of electrical resistance present in adult molars.  

Posteruptive enamel maturation was not completed by 66 months after tooth eruption. 

Comments: The highly porous enamel present on permanent molars at the time of eruption has been thought to mature 6-12 months after eruption. This study 

indicates that the maturation process for permanent fi rst molars is in excess of fi ve years post-eruption, which may impact treatment decisions. GEM
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