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Abstract

Objective: This ecological study assessed the feasibility and predictive ability of
readily available educational indicators as proxy measures of school dental treat-
ment needs in York Region elementary school children, Canada. Method: Data
sources included York Region Dental Health Unit dental screening data (2003-
2004): area-based income data from Statistics Canada (2001) based on school
address postcodes; grade three and grade six school performance results in read-
ing, writing mathematics and English as a second language (ESL) data (2003-
2004) obtained from publicly accessible educational websites. Results: Data
analyses included 219 schools. Pearson's correlations showed that schools with a
higher percentage of children needing urgent dental treatment had significantly
higher proportions of children scoring below provincial averages in all six school
performance categories. Hierarchical stepwise multiple linear regression analysis
showed that two school performance variables remained in the model after control-
ling for area-based median family income and ESL variables: the percentage of
grade six pupils scoring below the provincial average in writing and the percentage
of grade 3 pupils scoring below the provincial average in reading. Conclusions:
The study established the feasibility of using school-level school performance indi-
cators as proxy measures of school-level dental treatment needs. School perfor-
mance results were good predictors of urgent dental treatment in York Region
elementary school children. Further studies are needed using data from other
jurisdictions to determine the utility of educational indicators in oral health pro-
grams.
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Introduction
School dental screening programs

have evolved over the past decade in
response to the increasing polariza-
tion of childhood dental diseases. The
majority of children in industrialized
countries are now caries free with
high levels of caries found in a mi-
nority of children (1). Consequently,
targeted dental screening programs
have been suggested as more cost-ef-
fective than universal dental screen-
ing approaches (2). The province of
Ontario in Canada adopted a targeted
school dental screening program in
1997-8. Schools are allocated to car-
ies risk strata based on decay rates in
kindergarten children (3). High car-
ies risk schools have >14.0% of kin-
dergarten children with two or more

decayed teeth; medium risk schools
have between 9.5% and 13.9% of chil-
dren with two or more decayed teeth
and low risk schools have < 9.4% of
children with two or more decayed
teeth (3). Risk strata are used to deter-
mine whether or not further screen-
ing will be undertaken in a school,
and if so, which grades will be
screened. The main aim of the screen-
ing program is to identify children
with urgent dental treatment needs
and ensure access to care. Despite the
apparent cost-effectiveness of a tar-
geted program, a comparison of the
newly adopted targeted program with
the previous universal screening ap-
proach showed that the targeted pro-
gram identified only 58% of children
with urgent dental treatment needs

and 43.5% of children with any den-
tal treatment need.

A socio-environmental approach
may provide possible alternatives to
dental screening using social deter-
minants as proxy measures of oral
diseases in groups such as schools or
local communities. Parental educa-
tion is a consistent and strong pre-
dictor of child oral health at the indi-
vidual and group level (4). Since pa-
rental education is highly correlated
with a child's own educational attain-
ment, some researchers have at-
tempted to use the child's own school
performance as an indicator of den-
tal treatment needs. For example,
school performance was a strong pre-
dictor of school caries experience and
restorative treatment need in two UK
studies (5, 6). The relationship be-
tween school performance and den-
tal treatment needs in Canadian
school children has not been ex-
plored.

This study had two objectives. The
first objective was to examine the fea-
sibility of using readily accessible,
contemporaneous and aggregate
school performance data as proxy
measures of school-level dental treat-
ment needs. The second objective was
to identify the strongest predictors of
school dental treatment needs con-
trolling for educational and depriva-
tion confounders.

Materials and Methods
The first study objective examin-

ing feasibility was conducted by ex-
ploring Ontario's educational assess-
ment system, accessing multi-agency
data sources and evaluating the lo-
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Table 1
Pearson's correlation matrix for school performance, dental treatment need and other variables

1) % Urgent dental treatment
2) % Below average in grade 3 reading
3) % Below average in grade 3 writing
4) % Below average in grade 3 mathematics
5) % Below average in grade 6 reading
6) % Below average in grade 6 writing
7) % Below average in grade 6 mathematics
8) Median Family Income
9) % Grade 3 ESL learners
10) % Grade 6 ESL learners
*=p <0.05; **=p <0.01

2 3
0.34** 0.32**

0.73**

4
0.28**
0.46**
0.48**

5
0.27**
0.43**
0.45**
0.79**

6
0.34**
0.44**
0.49**
0.73**
0.78**

7
0.28*
0.46*
0.48*
1.00*"
0.79*"
0.73*"

8
f -0.19**
' -0.27**
' -0.21**
' -0.18*
' -0.18*
" -0.20**

-0.18*

9
0.26**
0.07

-0.09
-0.08
-0.07
-0.07
-0.08
-0.13

10
0.25
0.03

-0.11
-0.13
-0.03
-0.06
-0.13
-0.05
0.53

gistics of merging different data
sources. The study met the second
objective of this ecological study by
using three school aggregated data
sources:

Oral health data. York Region Pub-
lic Health Unit provided school den-
tal screening data. Public health
trained dental hygienists screened
59,266 children in 219 elementary
schools in 2003-2004 using a stan-
dardized screening protocol (3). The
percentage of children in each school
requiring urgent treatment was the
outcome measure of interest. Chil-
dren with urgent dental treatment
needs had untreated severe traumatic
dental injuries, large visible cavities,
acute swollen gingivae, infection or
reported pain.

School performance data. School
performance data were obtained from
the Ontario's education assessment
organization: the Education Quality
and Accountability Office (EQAO).
Schoolteachers annual ly assess
Ontario's grade three (eight-year old)
and grade six (11-year-old) school
children using EQAO standard tests.
Ninety-three percent of grade three
children and 94% of grade six chil-
dren participated in EQAO adminis-
tered tests in 2003-2004.

The EQAO tabulates yearly results
and publishes by school on publicly
accessible websites (7). The school
performance indicators used in this
study were the percentage of grade
three and grade six children scoring
below the provincial average in read-
ing, writing and mathematics in 2003-
2004.

Socioeconomic and additional
educational data sources. Area-based
income data were extracted from Sta-
tistics Canada (2001) websites based
on school address postcodes. A
postcode analyser program matched
school postcodes to Census Dissemi-
nation Areas (CDAs). The CDA is the
smallest unit for which census data
are released. A search of the Cana-
dian Census 2001 CDA aggregated
income database enabled us to obtain
median family income data for the
dissemination area in which each
school was located (8). The percent-
age of grade three and six children in
each school whose primary language
was not English (English as a Second
Language learners [ESL]) was also
obtained from EQAO websites (7).

Statistical Analysis
Oral health, school performance,

area based income and ESL data were
entered into a common data file and
analyzed using the Statistic Package
for Social Sciences (SPSS) version 14.
Data analysis included Pearson's cor-
relations and stepwise hierarchical
multiple linear regression to control
for the collinearity of school perfor-
mance variables. Statistical signifi-
cance was set at p<0.05.

Results
Dental treatment need data were

obtained for all 219 York Region el-
ementary schools. The authors iden-
tified matching school performance,
ESL and area-based median family in-
come data for 209 schools. Data were
not obtained for 10 schools because
EQAO suppresses public access to

data from schools testing fewer than
15 students to maintain student ano-
nymity.

The percentage of children in each
school needing urgent dental treat-
ment ranged from 0% to 12% with a
mean school percentage of 3.6%
(s.d=2.2). The percentage of grade
three children scoring below the pro-
vincial average in reading, writing
and maths ranged from 2% to 86.3%.
The range was 3% to 76% for grade
six children.

Table 1 shows the correlation ma-
trix for the association between the
percentage of children needing urgent
dental treatment and school perfor-
mance indicators. Schools wi th
higher percentages of children need-
ing urgent dental treatment had sig-
nificantly more children scoring be-
low the provincial average score in
all school performance categories
(p<0.01). Schools with more grade
three and six ESL learners had a
higher percentage of children requir-
ing urgent dental treatment (p<0.001).
There was an inverse association be-
tween the percentage with urgent
needs and median family income
(f=0.005).

Table 1 also shows some collinear-
ity between explanatory variables.
Variance Inflation Factors (VIFs) ex-
ceeding 10 are indicative of problem-
atic multicoUinearity (9). The authors
decided to use a two-step hierarchi-
cal multiple regression technique
(even though multiple regression
analyses showed moderate statistical
multicollinearity with VIFs <4) be-
cause we know that school perfor-
mance variables are conceptually
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Table 2
Stepwise hierarchical multiple linear regression for

predicting the percentage of children requiring urgent
dental treatment (dependent variable)

Variables
Stepl

% of children scoring below average in grade 3 reading 0.21
% of children scoring below average in grade 6 writing 0.23

W
Step 2

% of children scoring below average in grade 3 reading 0.17
% of children scoring below average in grade 6 writing 0.28
Median family income -0.06
% of grade 3 ESL learners 0.26

Beta Coefficient p value

0.13

0.006
0.002

0.03
<0.001
0.36

<0.001
0.196

highly correlated (10). A stepwise
technique eliminated redundant vari-
ables from the urgent dental treatment
predictor model reducing the risk of a
Type I error (9). Step 1 entered the six
significant school performance indi-
cators into the model using a stepwise
approach (Table 2). Two variables
were selected as the strongest predic-
tors of the percentage of children re-
quiring urgent dental treatment: the
percentage of grade three children
scoring below the provincial average
in reading (p<0.002) and the percent-
age of children scoring below the pro-
vincial average in grade six writing
(p<0.004). In step 2, educational and
deprivation confounders (the per-
centage of grade three ESL learners
and median family income) were en-
tered into the model with step 1 se-
lected variables. Both the percentage
of children scoring below the provin-
cial average in grade three reading
and grade six writing remained in the
step 2 model. The final step 2 model
explained 19.6% of the variance in the
percentage of children requiring ur-
gent dental treatment.

Discussion
This study established the feasi-

bility of using school performance re-
sults as proxy measures of school
dental treatment needs. All data
sources were easily obtained, rela-
tively current, and matched without
great difficulty.

The results of the study also con-
cur with Crowley et al.'s (5) ecologi-
cal UK study of six to 11-year-old chil-

dren. Their study found that school
performance results in English, Math-
ematics and Science were significant
predictors of the percentage of chil-
dren requiring restorative dental treat-
ment also independent of area-based
measures of deprivation. To the au-
thors' knowledge, this is the first and
only North American published study
to use school aggregated school per-
formance markers as predictors of
school- level dental treatment need.

School performance indicators
were significant predictors of the per-
centage of children requiring urgent
school dental treatment need after
controlling for deprivation factors.
The fact that school performance vari-
ables remained in the model and ex-
plained the majority of the variance
in the percentage of children with ur-
gent needs, suggests that school per-
formance is more than just a proxy
measure of deprivation. The indepen-
dent relationship between school ag-
gregated school performance and
dental treatment need suggests that
school performance maybe capturing
other salient contextual factors (e.g.
home environment factors, neighbor-
hood factors, parental involvement
and social capital) shown to be related
to dental caries experience (11-13)
and possibly related to dental treat-
ment need.

Ecological data are useful for pub-
lic health planning. Using readily ac-
cessible ecological data to identify
school-level dental treatment needs
without having to screen children
during the school period is clearly

advantageous from a school disrup-
tion, dental workforce and financial
perspective. Identifying schools with
potentially high dental treatment
needs using proxy measures could
also have oral health promotion im-
plications. Oral health promotion rec-
ognizes that individual health behav-
iors are heavily influenced by social
and environmental factors and advo-
cates population rather than indi-
vidual focused preventive strategies
(14). The organizational change com-
ponent of oral health promotion fo-
cuses on creating health conducive
environments in schools, workplaces
or other collective settings (15). This
means that schools with a high per-
centage of children with urgent den-
tal needs identified using school per-
formance proxies could potentially
become targets for oral health promo-
tion and directed population strate-
gies including fluoridated milk
schemes and nutrition programs (16).
Moreover, from a common risk factor
perspective, nutrition-related oral
health promotion initiatives could
have the added benefit of improving
both educational and oral health out-
comes (17-19).

The study was limited by the in-
herent weaknesses of ecological stud-
ies: we cannot make inferences about
individuals based on group charac-
teristics. Yet, ecological studies can
be used to generate hypotheses and
formulate theoretical pathways. This
study provides the authors with a ra-
tionale for conducting further stud-
ies using individual level data to ex-
plore theoretical pathways linking
child educational attainment, depri-
vation and oral health. With regards
to the reliability of our data sources,
the psychometric properties of EQAO
grade three and six tests evaluated in
1999 used misclassification (the prob-
ability of a student being correctly
marked) as a measure of reliability.
Probabilities ranged from 70% to 90%.
The authors must accept the stan-
dards held by the Public Health Units
who collected the dental screening
data using established protocols,
given that no data exist to confirm the
reliability of dental screening data. A
further shortcoming is the use of data
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from only one Ontario health region.
This study needs to be replicated us-
ing other health region data to estab-
lish generalization.

In conclusion, this study demon-
strated the feasibility of using the
school performance results of grade
three and six children in York region,
Canada as proxy indicators of school
dental treatment needs. School per-
formance indicators remained statis-
tically significant predictors of school
urgent dental treatment needs even
after controlling for other known dep-
rivation markers.

Source of Support
Ontario Ministry of Health and

Long-Term Care grant awarded to the
Community Dental Health Services
Research Unit (CDHSRU).

Previous Presentation
Presented as a poster at the

ADEA/AADR/CADR Meeting &
Exhibition (March 8-11, 2006).

Acknowledgements
The authors thank Heather

Murray, Dental Services Manager,
York Region Public Health Unit.

References
T. Murray JJ. Comments on results re-

ported at the Second International Con-
ference 'Changes in caries prevalence'.
Int Dent J 1994; 44 (4 Suppl 1): 457-
458.

2. Locker D, Frosina C, Murray H, Wiebe
D, Wiebe P. Identifying children with
dental care needs: evaluation of a tar-
geted school-based dental screening
program. J Public Health Dent 2004;
64 (2): 63-70.

3. Ministry of Health and Long-Term Care:
Public Health Division. Dental Indices
Survey (DIS) Protocol., Child Health
Program. 2001.

4. Amstutz RD, Rozier RG. Community
Risk Indicators for Dental-Caries in
Schoolchildren - An Ecologic Study.
Commun Dent Oral Epidemiol 1995;
23 (3): 129-137.

5. Crowley E, O'Brien G, Marcenes W.
School league tables: a new population
based predictor of dental restorative
treatment need. Community Dental
Health 2003; 20 (2): 78-82.

6. Muirhead V, Marcenes W. An ecologi-
cal study of caries experience, school
performance and material deprivation
in 5-year-old state primary school chil-
dren. Commun Dent Oral Epidemiol
2004; 32 (4): 265-270.

7. Education Quality and Accountability
Office (EQAO) Last update: Septem-
ber 2005. Available from: http://www.
eqao.com/categories/home_e.aspx?
Lang=E

8. Canadian Census Profile (Enumeration
Area/Dissemination Area level). Com-
puting in the Humanities and Social
Sciences. University of Toronto Last
Update: March 14 2006. Available
from: http://dcl.chass.utoronto.ca/
census/ea.html

9. Norman GR, Streiner DL. Multiple Re-
gression. In: Norman GR, Streiner DL
editors. Biostatistics. The bare essen-
tials. Hamilton:BC Decker Inc; 2000.;
p.136-137

10. Berthelot JM, Ross N, Tremblay S. Fac-
tors affecting grade 3 student perfor-
mance in Ontario: a multilevel analy-
sis. Education Quarterly Review 2001;
7 (4): 25.

11. Gratrix D, HoUoway PJ. Factors of dep-
rivation associated with dental caries
in young children. Community Dent
Health 1994; 11 (2): 66-70.

12. Nicolau B, Marcenes W, Bartley M,
Sheiham A. A life course approach to
assessing causes of dental caries expe-
rience: the relationship between biologi-
cal, behavioural, socio-economic and
psychological conditions and caries in
adolescents. Caries Research 2003; 37
(5): 319-326.

13. Pattussi MP, Marcenes W, Croucher R,
Sheiham A. Social deprivation, income
inequality, social cohesion and dental
caries in Brazilian school children. So-
cial Science & Medicine 2001; 53 (7):
915-925.

14. Watt RG, Fuller SS. Oral health promo-
tion - opportunity knocks! Br Dent J
1999; 186 (1): 3-6.

15. Sheiham A, Watt R. Oral Health Pro-
motion and Policy. In: Sheiham A, Watt
R. Murray JJ, Nunn JH; Steele JG, edi-
tors. Prevention of Oral Disease. New
York:Oxford University Press; 2003.;
p.245-257

16. Yeung CA, Hitchings JL, Macfarlane
TV, Threlfall AG, Tickle M, Glenny AM.
Fluoridated milk for preventing dental
caries. Cochrane Database of System-
atic Reviews 2005; 3 (CD003876).

17. Grantham-McGregor S. Can the provi-
sion of breakfast benefit school perfor-
mance?. Food & Nutrition Bulletin 26(2
Suppl 2):S144-58, 2005.

18. Sheiham A, Watt RG. The common risk
factor approach: a rational basis for
promoting oral health. Community
Dentistry Oral Epidemiol 2000; 28 (6):
399-406.

19. St Leger LH. The opportunities and ef-
fectiveness of the health promoting pri-
mary school in improving child health-
a review of the ciaims and evidence.
Health Educ Res 1999; 14 (1): 51-69.






