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Abstract
Purpose: This study assessed the relationship between interdental spacing patterns and
caries experience in the primary dentition.
Methods: Caries examinations were conducted amoung 356 children 4 to 6 years of age.
At the time of the examinations, alginate impressions were obtained and poured in yel-
low stone. From the stone casts, each interdental area was categorized as: (1) space >1
mm, (2) space <1 mm, (3) no space, teeth in contact, or (4) no space, teeth overlapped.
These categories were collapsed into presence or absence of space for each interdental
site, and counted for each individual. Analyses assessed the relationships between inter-
dental spacing and caries experience with separate analyses for anterior spacing, posterior
spacing and total spacing.
Results: Children with more total interdental spaces had less decay experience and less
untreated decay than children with fewer interdental spaces, and children with more molar
spacing had less molar decay experience; however, these relationships were weak. Corre-
lation analyses demonstrated significant relationships between number of decayed surfaces
and total number of interdental spaces (r=-0.11, P=.04) and number of molar sites with
interdental spaces (r=-0.13, P=.02). Multivariate analyses revealed the total number of
interproximal spaces to be weakly associated with interproximal caries experience, but
that fluoride exposure was a much stronger predictor.
Conclusions: Absence of interdental spaces is weakly associated with greater decay ex-
perience in the primary dentition. (Pediatr Dent. 2003;25:109-113)
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It has been a long-held tenet in pediatric dentistry that
the absence of interdental spaces in the primary denti-
tion increases the risk for interproximal dental caries.

Several pediatric dentistry textbooks have somewhat em-
pirically suggested that crowding or lack of interdental
spaces increase the caries susceptibility of adjacent inter-
proximal surfaces.1-6 For example, one text suggested that
interproximal caries was rare in primary teeth until the early
mixed dentition stage when proximal contact developed,1,6

while another suggested that crowding (lack of interden-
tal spacing) decreased the “accessibility to hygiene
measures,” thereby increasing plaque accumulation, with
caries more likely to result.3 However, none of the text-
books that made such statements cited any published
studies, and a review of the literature found very few stud-
ies that have related interdental spacing in the primary

dentition to caries experience. Thus, the lack of citations
in the textbooks may be understandable.

In one of few studies to report on the relationship be-
tween dental caries and interdental spacing, Parfitt7 found
that, among 57 4-year-olds, 13% of interproximal surfaces
in contact with an adjacent tooth were carious, compared
to 1% of surfaces that were spaced at least 0.5 mm from
the adjacent tooth. However, examination procedures—
including sample characteristics and the recording of
caries—were not described, and apparently no statistical
analyses were performed, making it difficult to compare
these data to any other studies. Moreover, the findings of
this study reported in 1956 may not be relevant to con-
temporary populations with generally lower caries
prevalence.
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More recently, Ben-Basset8 studied the relationship be-
tween interdental spacing and caries among a group of
Ashkenazi children living in Jerusalem. In this study, 703
caries-free children were compared to 234 caries-affected
children in the early mixed dentition. The caries-free chil-
dren had a significantly (P<.05) higher proportion of
surfaces with at least 0.5 mm of space adjacent to them
(21% and 34% for the mandibular and maxillary arches,
respectively), compared to the caries-affected group (8%
and 16% for the mandibular and maxillary arches, respec-
tively). Lastly, a study of 436 Japanese children in the
primary dentition also suggested a relationship between
caries and lack of spacing in the maxillary incisors, but no
formal data analysis or statistical tests were presented to
support this finding.9

Thus, while there have been previous studies assessing
the relationship between interdental spacing and caries,
they have been very few in number, and may not be appli-
cable to contemporary US children. Therefore, the purpose
of the present study was to describe the relationship be-
tween interdental spacing patterns and caries experience in
the primary dentition among a large sample of US children.

Methods
Data were collected as part of the longitudinal Iowa Fluo-
ride Study, which recruited a birth cohort from 8 hospital
postpartum wards in eastern and central Iowa beginning
in 1992.10-16 Cohort children were born over a 35-month
period from March 1992 to February 1995. More than
1,300 children were successfully recruited into the cohort,
and 698 of these children received dental examinations at
4 to 6 years of age. As part of the fluoride study, data con-
cerning family sociodemographic characteristics were
collected at recruitment, and detailed data on each child’s
fluoride exposures and diet were collected at 3-, 4-, and 6-
month intervals beginning at 6 weeks of age through the
time of the examination.12,15 The dental examinations col-
lected data on dental caries experience and fluorosis, the
results of which have been described previously.16 No as-
sessments of oral hygiene or plaque levels were made as part
of the examinations. Of the 698 children receiving the
dental examinations, 547 parents consented to having im-
pressions made for their child and full arch maxillary and
mandibular impressions were obtained for 526 of these
children. The remaining 21 children either were uncoop-
erative, refused to participate, or had sufficient difficulty
with the impression that it wasn’t completed. The impres-
sions were poured in yellow stone and the casts were
trimmed in centric occlusion.

To assess the naturally occurring spaces in the primary
dentition, children with erupted permanent teeth were
excluded. Of the 526 children for whom casts were ob-
tained, 98 children were excluded due to the presence of 1
or more permanent teeth, and 72 others were excluded
because their casts had broken teeth, large voids, or other
problems. Thus, 356 children were included in the present
analyses.

Evaluation of tooth spacing was performed by 1 exam-
iner (TY) on a space-by-space basis using criteria similar
to ones used in a previous study.17 The interdental spaces
were categorized as: (1) spacing present >1 mm, (2) spac-
ing present but <1 mm, (3) spacing not present, teeth in
contact, or (4) spacing not present, teeth overlapped. For
the present analysis, the categories were collapsed into: (a)
spacing present (1 or 2, above), or (b) spacing absent (3 or
4, above). Intraexaminer agreement for the examiner’s cat-
egorization of interdental spacing, based on repeat
assessment of approximately 20 casts, was 100%.

Surface-specific dental caries data were collected by 1
or 2 trained and standardized examiners (JJW, MJK), us-
ing cavitated/noncavitated criteria.16 Only cavitated lesions
and filled surfaces were included in the present analysis, and
as described previously,16 interexaminer reliability for de-
cayed teeth was 99%, with κ=0.81, and values for filled
teeth were 99% and 0.88. The examinations were part of
an epidemiological study and were conducted at several dif-
ferent sites using portable equipment, so that no
radiographs were made. In addition, concerns with expos-
ing children to radiation strictly for research purposes
precluded the making of radiographs. Thus, assessment of
interproximal sites for caries was accomplished through
direct visual and tactile means only.

The spacing data were linked to surface-specific caries
data and analyzed using SPSS18 and SAS19 statistical soft-
ware at the person level for all interproximal sites, as well
as separate analyses for molar spaces and anterior spaces.
Pearson’s correlations were used to relate the number of
interproximal and total carious or filled surfaces with num-
ber of interproximal spaces. In addition, data were analyzed
at the interproximal site level, using Cochran-Mantel-
Haenszel chi-square tests which control for clustering
effects within subjects to assess the relationship between the
presence or absence of caries experience and the presence
or absence of interdental spacing for each interproximal
site. Lastly, generalized linear regression procedures were
used to assess the relative contribution of different risk fac-
tors for total number of interproximal caries. These risk
factors included sociodemographic data, fluoride exposure
data, and the number of sites of interproximal spacing per
individual. These models assumed a Poisson distribution
of interproximal caries experience and a log-link function.

Results
Table 1 presents characteristics of the study sample. Over-
all, the sample was of high socioeconomic status, with over
70% of mothers having had at least some college, and over
half having annual family incomes of $40,000 or more. In
addition to the information presented in Table 1, the mean
age for mothers in the sample was 30 years at baseline, while
the mean age of fathers at baseline was 32 years. Cohort
children resided in both optimally fluoridated and
nonfluoridated areas, so that cohort subjects had a fairly
broad range (0.1-2.7 mg fluoride/day) of fluoride exposures
as assessed at 60 months. Tables 2 to 4 present results of
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person-level Pearson correlation analyses of the relation-
ships between spacing and caries. Table 2 presents
correlations between whole-mouth number of interdental
spaces and number of surfaces with different measures of
caries experience. There was a statistically significant rela-
tionship between the number of interdental spaces and the
number of decayed surfaces, but no other relationships
between whole-mouth caries and interdental spacing were
statistically significant. Similarly, as presented in Table 3,
there was a statistically significant relationship between the
number of molar sites with interdental spacing and the
number of decayed molar surfaces. None of the other re-
lationships between the number of molar sites and caries
experience were statistically significant. Table 4 presents
correlation analyses of the relationships between the num-
ber of anterior sites with interdental spacing and caries

experience. None of these relationships were statistically sig-
nificant.

Surface-level analyses relating caries experience of a par-
ticular interdental site to the presence or absence of
interdental spacing at that site were conducted for each in-
terdental site. In these analyses, caries experience for a site
was defined as a decayed or filled lesion on either surface
adjacent to an interdental site. Caries experience was higher
for each site with no interproximal spacing, although due
to the low prevalence of interproximal caries experience, none
of the relationships for specific, individual interdental sites
were statistically significant. However, when all sites were
combined, a Cochran-Mantel-Haenszel test, which controls
for clustering within individual children, demonstrated a sig-
nificant relationship between spacing and caries experience.
Specifically, 1% of sites without spaces had caries experience,
whereas only 0.1% of sites with spaces had caries experience
(P<.001). A similar analyses limited to only molar interdental
sites also demonstrated a significant relationship.

Table 5 presents the final regression model for person-level
interproximal caries experience. While the number of inter-
proximal spaces was a significant risk factor in the model, its
relative contribution was much less than fluoride exposure at
60 months or maternal education level. A similar model for
interproximal caries experience at molar sites did not find the
number of interproximal molar spaces to be a significant pre-
dictor.

Discussion
The results of the present study lend credence to the belief
that the absence of interdental spaces in the primary denti-
tion may increase the risk for dental caries. Although the
analyses showed these relationships to be weak, several were
statistically significant. Moreover, the relationships between
interdental spacing and caries were uniformly negative; that
is, in every instance, the  analyses showed that the less the

Table 1. Sociodemographic Characteristics of the Sample

Characteristic N %

Males 177 50

Females 179 50

Mother’s education

High school diploma  96 28

Some colleg/2-year degree 102 29

4-year college degree or higher 149 43

Family income at baseline

<$20,000/y  34 10

$20,000-$39,999/y 131 38

$40,000-$59,999/y 109 32

$60,000 or more  69 20

Race

White 349 98

Black, Asian, or Hispanic  7   2

Caries Number of sites with
variable interdental spacing

 r P value

Number of
decayed surfaces -0.111 .037

Number of
decayed or
filled surfaces -0.071 .183

Number of
decayed or filled
anterior surfaces -0.033 .531

Number of
decayed or filled
molar surfaces -0.072 .178

Table 2. Pearson Correlation
Between Whole-mouth
Spacing Variables and

Selected Caries Variables

Caries Number of anterior
variable sites with interdental

spacing

 r P value

Number of
decayed
anterior surfaces -0.013 .807

Number of
filled
anterior surfaces -0.022 .678

Number of
decayed or filled
anterior surfaces -0.027 .609

Table 4. Pearson Correlation
 Between Anterior Tooth

Spacing Variables and
Selected Caries Variables

Caries Number of molar
variable sites with interdental

spacing

 r P value

Number of
decayed
molar surfaces -0.131 .013

Number of
filled
molar surfaces -0.036 .495

Number of
decayed or filled
molar surfaces -0.080 .132

Table 3. Pearson Correlation
 between Molar Spacing
 Variables and Selected

Caries Variables
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interdental spacing (the absence of space), the greater the
caries experience.

One possible reason for the weakness of the relationships
between interdental spacing and caries, was that the preva-
lence of caries was low in this cohort, with only 27% of
cohort children having any caries experience.16 Furthermore,
as evidenced by the data presented in Table 4, the prevalence
of interproximal caries experience was especially low in the
study sample, with less than 1% of interproximal sites af-
fected. As part of a longitudinal cohort study, with
considerable time involved for parents to continue partici-
pation over time, the cohort was made up of children from
families who were better able to continue participating and
were generally of higher socioeconomic status and, there-
fore, generally at reduced risk for caries.

In addition to these factors, as an epidemiological study,
no radiographs were made so that some interproximal car-
ies was likely to have been undiagnosed. In addition, as it
is sometimes difficult to detect posterior composite resto-
rations, some restorations involving proximal sites also may
not have been diagnosed. However, despite these limita-
tions, the authors did find a slight relationship between
absence of space and greater caries experience. The study
findings and the recognition of its limitations further sup-
ports the rationale for bitewing radiographs, particularly
in cases where interproximal spaces are absent.

In future studies, other approaches to assessing relation-
ships between caries and interdental spacing, including the
case-control approach used previously by Ben-Basset,8 may
be appropriate and better able to assess the strengths of the
interproximal caries-spacing relationship. However, any
study (including the present one) that is based on a single
assessment at 4 to 5 years of age may be limited by the ef-
fect of dental treatment, whereby the treatment of
interproximal surfaces may have closed spaces that were
present prior to treatment, thus confounding any relation-
ships between caries and interdental spacing. Hence, a
definitive study of the relationships between interdental
spacing and caries would require assessments of interden-
tal spacing both prior to and at the time just after the
eruption of all of the primary dentition with periodic ex-
aminations for caries including radiographs. Given the costs
of conducting such a study on a representative population
and the rather limited, confirmatory knowledge to be
gained, such a study may not be warranted.

Conclusions
The results of the study demonstrate that the absence of
interdental spaces in the primary dentition is weakly asso-
ciated with an increased risk for dental caries.
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In January 2002, the Centers for Disease Control and Prevention published revised growth charts for
children to replace those published in 1977. These revised charts and additional technical information are
available at www.cdc.gov/growthcharts. Three new features are available: (1) extension of the age ranges up
to the 20th birthday; (2) body mass index (BMI), a measure of obesity; and (3) the 3rd and 97th percentiles
(for cases at the extremes of growth). These provisions also provide technical improvements in the charts, 2
of which are particularly important. First, whereas the old charts were based on a small sample of children
from 1929-1975, the revised charts are based on 5 recent, ethnically diverse, national samples. Secondly,
the revised charts also include breast-fed infants, as opposed to the old charts which were largely based on
bottle-fed infants. Training modules at the Web site provide additional information about how to use the
updated growth charts. The author also states 5 helpful rules of thumb to remember when monitoring
children’s growth: (1) Term infants usually lose 5%-10% of their birth weight immediately after birth, but
regain their birth weight within 2 weeks. (2) Term infants double their birth weight in 4 to 5 months and
triple it by 1 year of age. (3) A child’s height doubles during the time between birth and 3 to 4 years of age.
(4) The average size of 4-year-old children is 40 inches and 35 pounds. (5) From 3 to 10 years of age, chil-
dren grow an average of 2.5 inches/year.

Comments: As primary health care providers, pediatric dentists are in an important position to monitor
a child’s growth and development. Recording vitals statistics including height and weight is a routine ele-
ment of a child’s dental visit. These revised charts are for all ethnic groups. Online availability and technical
information is also helpful. SS
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