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Abstract
Background Dental problems are the most prevalent chronic disease worldwide, with up to half of all
kindergarten children having tooth decay. However, there is a lack of evidence of whether unaddressed
dental needs (UDNs) are associated with children’s developmental health, a concept re�ecting holistic
child development - encompassing physical, emotional, and cognitive development. The objective of the
current study was to evaluate the relationship between UDNs and developmental health among
kindergarten children using the Early Development Instrument (EDI). Methods We examined associations
between teacher reported UDNs and developmental vulnerability on the EDI. Children were included in the
study if they were enrolled in kindergarten in publicly-funded schools in Canada between 2010 and 2015,
had been in the classroom for at least one month, and had no more than 25% of missing items on the
questionnaire. Results Among 576,264 children who met inclusion criteria (95.4% of eligible children),
2,465 (0.4%) were identi�ed as having UDNs by their teachers. Children with UDNs had 4.58 to 8.27 times
higher odds of being vulnerable on any of the �ve developmental domains (physical health and well-
being, social competence, emotional maturity, language and cognitive development, communication
skills and general knowledge), compared to children without UDNs. Conclusion In this study, teacher-
reported UDNs were associated with developmental vulnerability in kindergarten children.  Teacher
reported unmet dental needs in kindergarten children may be a proxy for poor developmental health at
school entry, and thus a marker for supporting both children’s oral health and early developmental needs.

Background
Poor oral health is a worldwide public health problem, with millions of children experiencing caries in their
primary teeth.1 Estimates suggest that 60 to 90% of school-aged children have some form of tooth
decay2 and in Canada, up to half of all children enter kindergarten with tooth decay.3,4 While tooth decay
is common across the globe,5 it is also a marker for health inequalities, with people of lower
socioeconomic status (SES) experiencing poorer oral health.6–9 Poverty is related to a higher risk of
dental caries, unaddressed dental needs (UDNs), and poor oral health-related quality of life.10 UDNs are
oral health issues, such as dental caries, that have not yet been treated or corrected. In the United States,
over 40% of low-income individuals 20 to 64 years of age had untreated dental caries between 2005 and
2008, compared to 16% of high-income people.11 A Canadian study found a strong SES-based inequity in
preventive dental care utilization, with lower-income individuals tending to postpone visits to the
dentist.12,13 In addition to the inequalities in oral health between the lower and higher SES groups, there is
also evidence of a social gradient in oral health,14,15 where the difference in outcomes is gradual and
exists along the full spectrum of SES. UDNs have also been associated with special health needs (SHNs)
in children. Children with SHNs are de�ned as having either a disability, exceptionality, or a functional
impairment, such as a visual or hearing impairment, and they typically require additional assistance in
the classroom.16 Research indicates that they have poorer oral hygiene and a greater incidence of caries
(both treated and untreated), as well as other oral diseases compared to their non-SHNs peers,17,18 with
reports of 20% of children with a SHN having UDNs.19 It has been suggested that a lack of training for
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dental professionals on how to treat children with SHNs20 is one of the reasons for their poorer oral
health, as some of them, such as children with Autism Spectrum Disorder (ASD), appear to face multiple
barriers in accessing dental care.21

Dental caries in young children have been associated with various aspects of their health. For instance,
children with caries report experiencing pain,22,23 impacting their ability to eat and sleep, participate in
school activities and learn.23–25 Dental caries also affect children’s nutrition and growth which are
associated with poorer developmental outcomes. Acs and colleagues26 found that 3-year-old children
with severe dental caries weighed on average 1 kilogram less than children without caries. Other studies
have found an association between dental health and academic achievement,27–29 as well as
psychosocial well-being. 22,25,28 Little is known about the association between oral health and children’s
developmental health. Developmental health is a concept put forth by Keating and Hertzman30 that is
based on the framework of social determinants of health,31 and is meant to encompass biological
aspects of health (i.e., physical), as well as behavioural (emotions, cognitive skills). In doing so, it
promotes a holistic view of early childhood, beyond simplistic cognitive-only school readiness or absence
of illness.32 The Early Development Instrument (EDI) is a population-level measure of children’s
developmental health at school entry which has been used globally and been well validated.33–36

While dental caries and tooth decay are common problems among children, little is known about how
teacher identi�cation of UDNs may be related to children’s developmental health at school entry. For
children with limited access to dental health care in particular, teacher’s observation of dental needs may
be an important marker of overall health needs. We hypothesized that children with UDNs would have a
greater chance of having developmental vulnerability than children without such needs. The primary
objective of this observational, cross-sectional study was to evaluate the association between teacher-
reported UDNs in Canadian kindergarten children and developmental health at school entry based on the
total EDI score. Secondary objectives were to examine the association between teacher-reported UDNs
and any area of developmental vulnerability on the EDI including physical, socioemotional,
language/cognitive, and communication and general knowledge.

Methods

Study Design
A cross-sectional, population-level study of kindergarten children with teacher-identi�ed UDNs, as reported
on the EDI, was carried out in Canada between 2010 and 2015.

Study Population
The study population consisted of 603904 kindergarten children attending publicly-funded schools
between the 2009/2010 and 2014/2015 school years from most Canadian provinces and territories (see
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Table 1). Based on population estimates,37 approximately 90% of children living in Canada attend
publicly-funded kindergarten.38 These children were part of a population-level study of developmental
outcomes of kindergarten children with health disorders, referred to as the Canadian Children’s Health in
Context Study (CCHICS).39 The aim of the CCHICS was to establish a pan-Canadian database for
monitoring developmental health and well-being of children with health disorders. The CCHICS merged
pan-Canadian EDI data with neighbourhood-level SES data (see below for description of the measures).
All children who met the following criteria were included in the study: 1) were enrolled in kindergarten; 2)
were in their current classroom for at least one month; and 3) had a questionnaire with no more than 25%
of items missing.

Table 1. Implementation of the EDI in Canada between 2009/2010 and 2014/2015

Province 2009/2010 2010/2011 2011/2012 2012/2013 2013/2014 2014/2015

Alberta 21976 20881 14492 20734 - -
British Columbia 25033 21911 12485 30034 1289 -
Manitoba - 12437 - 13538 - 13776
New Brunswick - - - - - -
Newfoundland &
Labrador

  1106 2135 4942 5182  

Northwest Territories - - 672 659 654 645
Nova Scotia 913 2402 2257 8592 1397 8677
Nunavut - - - - - -
Ontario 33305 38728 57038     135936
Prince Edward Island - - - - - -
Quebec - - 65498 - - -
Saskatchewan 8625 5501 552 8427    
Yukon 362 344 368 401 - -

Measures
The primary exposure variable was teacher-reported UDNs. This was measured by teachers’ answers to
the following question: “Does the student have a problem that in�uences his/her ability to do schoolwork
in a regular classroom? If yes, please mark all that apply.” There were 11 different options, one of which
was “unaddressed dental needs” (see Table 2). This option was added to the questionnaire in 2010, as a
response to a review of comments from teachers received in the previous 6 years of implementation of
the EDI, which indicated that dental needs were considered as an impairment of children’s ability to
participate. A small group of kindergarten teachers provided feedback on the usefulness and wording of
the item, indicating that it was a feasible and useful addition. It should be noted that the UDNs reported
by teachers most likely represent the most severe cases as it is improbable that minor or even moderate
dental caries would affect children’s ability to function in a regular classroom. As such, the prevalence of



Page 5/18

UDNs reported in our study is presumably an underestimate of the true prevalence of UDNs among 5-
year-olds.

Table 2. Functional impairments available on the EDI

Does this child have a problem that in�uences his/her ability to do schoolwork in a regular classroom?
a.      Physical disability
b.      Visual impairment
c.      Hearing impairment
d.      Speech impairment
e.      Learning disability
f.       Emotional problem
g.      Behavioural problem
h.      Home environment/problems at home
i.       Chronic medical/health problems
j.       Unaddressed dental needs
k.      Other

 

The primary outcome was vulnerability in any of the developmental domains of the EDI (i.e., vulnerable
on one or more domains). Secondary outcomes were vulnerability in each of the �ve developmental
domains of the EDI: physical health and well-being, social competence, emotional maturity, language and
cognitive development, and communication skills and general knowledge. Covariates included variables
which are known or suspected to be potential confounders of the relationship between oral health and
child development, identi�ed through an extensive literature review. These included child’s age, sex,
special needs designation, having English or French as a second language (E/FSL), and area-level SES.

Early Development Instrument
The EDI is a 103-item, teacher-completed questionnaire that measures children’s ability to meet age-
appropriate developmental expectations prior to entering Grade 1.33 The EDI is completed in the second
half of the school year by kindergarten teachers for each student in their class. The EDI measures �ve
general domains of development: physical health and well-being, social competence, emotional maturity,
language and cognitive development, and communication skills and general knowledge. In addition to
measuring children’s development, the EDI collects demographic information for each child, such as their
date of birth, sex, whether they have E/FSL (yes or no), and whether they have been identi�ed as having a
special need (yes or no; this is a school-based designation that identi�es children with a chronic condition
or those who require additional assistance in the classroom).33 Since 2010, the EDI has collected
information on whether children have UDNs, either through information provided by the parents or
through teacher observations. Teachers can select either of these options or both; the response options
are combined into one dichotomous variable (UDNs, yes/no).

There are two main EDI outcomes: overall vulnerability and individual domain scores. Domain scores are
an average of the items that contribute to each domain, which vary from 0 to 10, with a higher score



Page 6/18

indicating greater ability.33 The EDI scores for each domain were then divided into categories representing
the highest to the lowest scores in the given population. The distribution of scores across each of the �ve
domains are utilized to determine percentages of children at various levels of developmental health.
Children scoring below the 10th percentile in one or more of the �ve domains are categorized as
“vulnerable” in terms of their developmental health based on national standards.40 The EDI has been
used extensively throughout Canada, Australia, and other parts of the world.41 Over the past decade,
several studies have examined different psychometric properties of the EDI, including between-group
reliability,34 construct validity,35 cross-cultural validity,36 and predictive validity.42 The results have
consistently shown that the EDI is valid and reliable and can be reliably used as a measure of early child
developmental health. The internal consistencies, using Cronbach’s alphas for each domain were.78 for
physical health and well-being,.96 for social competence,.93 for emotional maturity,.91 for language and
cognitive development, and.94 for communication skills and general knowledge.

Neighbourhood-level SES
Information on neighbourhood-level SES was retrieved from the 2010 Tax�ler databases and the 2011
National Household Survey which are national Canadian surveys collected through Statistics Canada.42

A SES index identifying 10 developmentally-relevant socioeconomic variables was created for 2,058
custom-de�ned neighbourhoods across the country. The index measures aspects related to household
income, education, mobility, immigration, single parenthood, and �rst language.43 The SES index was
transformed into Z-scores, with a mean of 0 and a standard deviation of 1. The neighbourhood SES index
was merged with the EDI dataset using children’s postal codes with a 99.3% match rate.

Analytical strategy
UDNs were examined, comparing the percentages of children with UDNs, as reported by their teacher, in
each of the provinces/territories included in the study. Descriptive statistics including means and
proportions were examined for children with and without UDNs. Children’s age, sex, special needs
designation, E/FSL, and area-level SES were compared between children with and without UDNs using
contingency tables. For the primary analysis, a binary logistic regression (BLR) model was developed to
determine the association between UDNs and overall vulnerability in any of the developmental domains
(i.e., vulnerable on one or more domains), while controlling for the pre-speci�ed potential confounding
variables mentioned above. For the secondary analysis, if the association between UDNs and overall
vulnerability was statistically signi�cant (p<0.05) then an additional �ve BLR models were constructed to
examine the association between each speci�c EDI domain, as mentioned above, with adjustment for the
same potential confounding variables as the primary model. To account for multiple hypothesis testing,
the level of statistical signi�cance for each secondary analysis was set at p<0.01. All statistical analyses
were conducted using the statistical software SPSS, version 25.44 CCHICS has been approved by the
Hamilton Integrated Research Ethics Board and the University of Manitoba Health Research Ethics Board.
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Results

Sample characteristics
A total of 576264 children (95.4% of the eligible study population) met the inclusion criteria and were
included in the analyses. A total of 2,483 children (0.4% of the �nal analytical sample) were identi�ed as
having UDNs (see Figure 1). Figure 2 displays the number and percentages of children with teacher-
reported UDNs by province. Table 3 presents demographic characteristics of children with and without
UDNs. Children with teacher-reported UDNs were similar in age but more likely to be male, have a special
needs designation, have E/FSL, and have lower neighbourhood-level SES than children without teacher-
reported UDNs. These differences were all statistically signi�cant at p <.001.

Table 3. Description of included children with and without teacher identi�ed UDNs

Variables Children with UDNs Children without UDNs
  Mean (SD) Mean (SD)

Age at EDI completion (years) 5.77 (0.39) 5.71 (0.32)

Neighbourhood-level SES (z-score) -0.26 (1.01) 0.12 (1.03)
  Number (%) Number (%)
Males 1495 (60.4%) 293743 (51.2%)
Children with special needs 460 (18.6%) 20301 (3.5%)

Children with E/FSL 489 (19.7%) 74872 (13.1%)

Association between UDNs and children’s developmental
health
Figure 3 presents vulnerability rates on one or more domains, as well as each of the �ve domains, for
children with and without UDNs. In the primary analysis, teacher-reported UDNs were associated with
overall vulnerability on the EDI in both unadjusted (p<0.001) and adjusted models controlling for age, sex,
special needs, E/FSL, and neighbourhood-level SES (p<0.001). Children with teacher-reported UDNs had
8.4 times higher odds of being vulnerable on at least one domain of the EDI compared to children without
UDNs (see Table 3). In the secondary analyses, in both unadjusted and adjusted models, teacher-reported
UDNs were associated with vulnerability on each EDI developmental domain (p<0.001). Controlling for
the potential confounding variables mentioned above, children with UDNs had 8.3 times higher odds of
being vulnerable in physical health and well-being, 5.4 times higher odds of being vulnerable in social
competence, 4.6 times higher odds of being vulnerable in emotional maturity, 6.6 times higher odds of
being vulnerable in language and cognitive development, and 7.6 times higher odds of being vulnerable
in communication skills and general knowledge, compared to children without teacher-reported UDNs
(see Table 4).
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Table 4. Results of unadjusted and adjusted logistic regressions of the association between UDNs and
developmental vulnerability
Domains Unadjusted OR (95% CI) Adjusted OR (95% CI)
Overall vulnerability 9.802 (8.881-10.819) 8.434 (7.601-9.358)
Physical health & well-being 9.957 (9.184-10.794) 8.272 (7.588-9.019)
Social competence 6.930 (6.399-7.506) 5.380 (4.926-5.877)
Emotional maturity 5.812 (5.367-6.295) 4.584 (4.198-5.007)
Language and cognitive development 8.557 (7.897-9.273) 6.582 (6.030-7.185)
Communication skills & general knowledge 8.876 (8.190-9.621) 7.559 (6.909-8.270)
Note. All analyses were statistically signi�cant at p <.001. Adjustment was performed for age, sex,
special needs, E/FSL, and area-level SES; OR = odds ratio; CI = con�dence interval

Discussion
In this study of children from across Canada, teacher-reported UDNs were associated with developmental
vulnerability on the EDI at the time of school entry. Children with UDNs had greater odds of being
vulnerable on all of the EDI developmental domains compared to children without UDNs. Children with
UDNs had 4.6 to 8.3 times higher odds of being vulnerable on the EDI domains compared to their non-
UDN peers. The odds of developmental vulnerability were particularly high for physical health and well-
being, language and cognitive development, and communication skills and general knowledge. These
odds are comparable to those experienced by children who have a special needs designation.45,46

To our knowledge, this is the �rst study that examined teacher-reported UDNs and their association with
developmental health. Our �ndings, indicating strong associations between UDNs and child development,
suggest that teachers who identify UDNs in their students might be in a good position to advocate for
oral healthcare and provide support for concurrent developmental issues. This is particularly important
when considering that many children may experience a low access to routine dental care, even in a
country like Canada which provides free basic health care.47,48 Evidence of a strong association between
UDNs and children’s developmental health at school entry in all areas of development may encourage
teachers to report and follow up on observed dental needs. This is particularly relevant to children with
developmental disorders, such as ASD, who tend to face more obstacles in accessing care compared to
typically-developing children.21 Even though our study was not able to examine a causal pathway, our
�ndings suggest that if a lack of adequate oral health does contribute to developmental vulnerability and
is combined with a lack of access to dental care, it may have a detrimental impact on trajectories of both
oral and developmental health of children throughout their lifespan.

Our study demonstrated that having UDNs was associated with the highest odds of being vulnerable in
physical health and well-being, followed by communication skills and general knowledge. There are
various possible explanations for these �ndings. Chronic pain from untreated dental caries could impact
a child’s everyday functioning, including such activities as eating, sleeping, and concentrating on tasks in
and outside of the classroom.49 In addition, persistent toothache may impact speech, from di�culty
opening one’s mouth, which would lead to a decreased ability to effectively communicate. UDNs could
also increase emotional stress,50 which could manifest itself as either internalizing or externalizing
behaviours. Additionally, being unable to concentrate in class from oral pain could decrease knowledge
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gain and retention, possibly impacting language and cognitive development.28 Furthermore, severe
untreated dental problems have been associated with hearing loss.51,52 Stereocilia (hair cells necessary
for hearing) can incur damage should bacteria from dental problems enter the bloodstream, causing
in�ammation and narrowing of the inner ear’s blood vessels.53 Hearing loss could then result in both
expressive and receptive communication problems, as the child may face di�culty in articulating words
and understanding speech. Hearing loss could also impact several other developmental domains,
including social competence, language and cognitive development, and communication skills and
general knowledge. This may also affect their emotional development (e.g., self-esteem), which could
again result in lower social competence and communication skills (e.g., underdeveloped conversational
skills, antisocial behaviour).54,55

Oral health is an important part of a child’s overall health and well-being. Findings from our study suggest
teacher-reported UDNs may be a marker for various developmental needs which schools and health
systems might address.

Strengths And Limitations
Our study had a number of strengths including the population-based design and large sample size.
Combined with �tting the regression models, this allowed us to account for multiple individual-level
demographic and area-level sociodemographic factors. The study’s results indicate that UDNs are likely
to be a proxy for potential deeper, more comprehensive developmental challenges, and suggest the need
for further research in this area. As children with UDNs tend to live in neighbourhoods with lower SES, it is
impossible to assess with our database whether the UDNs are simply associated with poverty or a result
of it. Prospective studies are needed in order to enable us to disentangle the causal relationships between
UDNS, special needs, SES, and developmental challenges.

One limitation is that the EDI questionnaire did not require the teacher to specify the type of UDN. UDNs
may include dental caries, periodontal disease, or yellow teeth, and can have a wide range of severity.
Collecting this information in future questionnaires may provide more speci�city on how UDNs are
associated with developmental health. For example, a study by Jackson and colleagues 56 found that
absences from school resulting from dental pain were associated with poorer school performance,
whereas absences for routine dental care were not. Also, the number of children with UDNs was relatively
low compared to the burden of oral health issues identi�ed in the literature. One reason for this may have
been in the way the question was asked. Teachers were asked to identify any issues the child may have
that interfere with their ability to function in the classroom. It is possible that other children in the
classroom also had dental needs, but they may not have been severe enough to interfere with their ability
to take part in activities in the classroom or may already have been addressed and are therefore no longer
an issue. While a more general term of “dental needs” may be a more reliable indicator of oral health, it
might be a less feasible teacher-reported item than “unaddressed” needs. We believe that having UDNs be
reported by teachers in this context is more informative as it captures the children for whom dental issues
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are potentially having a negative impact on their learning. Many children have dental caries, but they are
not problematic for most of them.

Another limitation is that we may not have accounted for all potential confounders of UDNs. Although we
were able to control for several important variables in our analyses, information on other potential
confounders was unavailable, such as information on children’s dietary intake, household income,
parental employment status, prolonged bottle use, as well as various maternal and paternal
characteristics. While the ability to account for these would improve the understanding of the
confounders in our study, from the public health perspective, our �ndings represent a realistic account of
information available to health service to act upon, and therefore are still valuable. Regardless of
confounders, UDNs recognized by teachers are associated with children’s developmental health at school
entry and therefore are an important indicator of developmental needs. Finally, there were large
differences between provinces in the number of children from whom EDI information had been collected
and two provinces (New Brunswick and Prince Edward Island) had to be excluded from the analyses
because no EDIs were collected during the period under study. Therefore, there is a potential risk of
underrepresentation of children with UDNs in certain parts of the country and results may not be
generalizable to all Canadian children.

Conclusions
In this study an association between teacher-reported UDNs and children’s developmental health at
school entry was identi�ed across all developmental domains, suggesting that UDNs may be an
important marker for developmental vulnerability. Teacher-reported UDNs could prompt the school
system and health professionals to consider what developmental needs a child might be experiencing
across developmental domains. Considering that vulnerability in kindergarten is highly predictive of later
academic problems, teacher identi�cation of UDNs, combined with oral and developmental interventions,
might positively impact children’s future health, developmental, and educational outcomes.
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Figures

Figure 1

Flowchart of participant loss
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Figure 2

Percentage of children with UDNs, by province
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Figure 3

Percentage of children vulnerable overall and on each EDI domain, by presence of UDNs


