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Abstract

Objectives: This cross-sectional study was designed to determine the caries
status and provide a general evaluation of the level of dental treatment need of
Pennsylvania public school children in grades 1, 3, 9, and 11 on a statewide and
regional basis. Methods: Between September 1998 and May 2000, caries status
and treatment need were assessed using a school-based dental examination,
performed on a representative sample (n=6,040) of public school children in
grades 1, 3, 9, and 11 (age range=6 to 21 years). Children’s caries status in the
primary and permanent dentition was assessed. Need for treatment was scored
on a three-level categorical scale—no treatment need identified, routine treatment
need, and urgent freatment need—and was based on the presence and severity
of caries and other oral conditions. Population estimates of the prevalence of
untreated dental caries, DMFT and dft scores, and treatment need were calcu-
lated by grade and geographically, using the six Pennsylvania health districts and
the cities of Pittsburgh and Philadelphia. The inequality of caries distribution in
the population was assessed for both permanent and primary caries using Lorenz
curves and Gini coefficients. Results: Dental caries has remained highly preva-
lent among Pennsylvania’s public school children. Caries levels varied consider-
ably by health districts and city. Urgent treatment needs were significant and also
varied by health district and city. Conclusions: Dental caries remains the most
prevalent disease affecting Pennsylvania’s schoolchildren. Caries status varies
significantly by region of the state, suggesting that environmental, social, and
demographic contextual factors may be important determinants of disease preva-
lence. [J Public Health Dent 2004,64(3):136-44]
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Dental caries is acommon condition
affecting children that can have life-
time health consequences if left un-
treated. Although caries prevalence
has declined over the last 40 years,
certain groups, defined by access to
care, geography, and income, con-
tinue to remain at higher risk (1).
Documenting caries status and treat-
ment needs, especially at the state
level, can provide important informa-
tion that may help to motivate health
policy and funding for prevention and
treatment, and in targeting programs
for those at risk for caries and other
oral conditions. Additionally, under-
standing state and regional variations
in caries can provide important infor-
mation about the etiology of oral

health disparities. State level surveys
of oral health status, however, are rare
in the literature and often do not em-
ploy representative sampling strate-
gies. Representative surveys of caries
prevalence have been conducted at the
national level, with the two most re-
cent surveys being the National Sus-
vey of Dental Caries in US Schoolchil-
dren: 1986-87 (2) and the Third Na-
tional Health and Nutrition
Examination Survey (NHANES III)
(3/4). However, these surveys are not
designed to allow for aggregation and
interpretation of data at the state level.
Consequently, representative caries
data at the state level are, with a few
notable exceptions, generally lacking.
As a result, documentation of impor-

tant state and regional variations in
caries levels across the United States is
often not available.

Between September 1, 1998, and
May 30, 2000, the Pennsylvania Oral
Health Needs Assessment (PaOHNA)
was conducted, with 6,040 children
screened in grades 1, 3,9, and 11 (age
range=6 to 21 years old) in a repre-
sentative sample of Pennsylvania’s
public schools. The intent of the as-
sessment was to provide baseline data
to enable the Pennsylvania Depart-
ment of Health to satisfy federal re-
porting requirements and to provide a
basis for program planning. No prior
statewide oral health assessment had
ever been attempted in Pennsylvania.

This assessment was designed to al-
low for comparison of data on Penn-
sylvania children with national oral
health data and to provide a measure
of the status of Pennsylvania’s chil-
dren with regard to Healthy People
2000 (5) objectives for caries experi-
ence (objective 13.1) at aged 6-8 years
and 15 years, and untreated caries (ob-
jective 13.2) prevalence at the same
ages. In addition, these findings will
serve as a baseline for estimating pro-
gress toward Healthy People 2010 ob-
jectives (6). Population estimates were
desired overall for the state, and sepa-
rately for the six Dental Health Dis-
tricts and the cities of Pittsburgh and
Philadelphia. This paper summarizes
the study findings on caries experi-
ence and untreated caries, as well as
the need for dental treatment.

Methods

Sampling Strategy. This study was
designed to provide a representative
sample of Pennsylvania public school
children in grades 1, 3, 9, and 11. The
grades selected were the result of the
need to meet Pennsylvania Depart-
ment of Health reporting require-
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ments, while also attempting to cap-
ture children of the ages listed in
Healthy People 2000 objectives, all
within the budgetary constraints. of
the contract. The sample design for
this survey was a random multistage
PPS (probability proportional to size)
selection of school districts from the
public school system of Pennsylvania.
The selection stages included, in se-
quence, the selection of school dis-
tricts, schools within school districts,
and children within schools. In se-
lected classrooms, all eligible children
were sampled. School districts were
selected in the first stage using a list
generated from Pennsylvania Depart-
ment of Education data. Implicit strati-
fication was employed by sorting the
list on Dental Health District and
school district enrollment size, and
proceeding with a systematic PPS se-
lection of school districts with a ran-
dom start. The selection interval was
determined based on the total school
enrollment, so that 60 primary sam-
pling units (PSUs), in this case school
districts, would be selected with prob-
ability proportional to school district
size. Philadelphia and Pittsburgh were
oversized PSUs and were therefore
treated as separate strata with a modi-
fied sampling plan described below.
The geographic areas represented by
the selected school districts are pre-
sented in Figure 1.

For selected school districts other
than Philadelphia and Pittsburgh, lists
were then prepared, one for grades 1
and 3, and one for grades 9and 11. One
school was selected with probability
proportional to size from each list in
each school district. In the final stage
of selection, one class equivalents (ap-
proximately 25 children) were chosen
for each index grade in each selected
school either by random selection of a
class or a method of random selection
of 25 children from a survey index
grade level.

The Philadelphia and Pittsburgh
school districts were oversized PSUs
and therefore sampled with certainty
at the first stage of selection. Propor-
tional representation for these school
districts would require selection of
eight PSU equivalents for Philadel-
phia and two PSU equivalents for
Pittsburgh. However, to obtain more
precise estimates of oral health for the
two major cities of Pennsylvania, the
decision was made to oversample
these two districts and select 10 PSU

equivalents for Philadelphia and five
PSU equivalents for Pittsburgh. A
probability proportional to size selec-
tion was again employed with implicit
stratification geographically (system-
atic PPS selection of schools with a
random start from a list with schools
ordered geographically within the two
city school districts), to obtain a well-
distributed and representative sample
of these two cities. For Philadelphia,
schools were selected by school clus-
ters (elementary schools tied in with
high schools). In Pittsburgh, where
elementary schools are not tied with
specific high schools, separate lists
and selections were made for elemen-
tary schools (for grades 1 and 3) and
high schools (for grades 9 and 11).
Once school clusters were selected in
Philadelphia, an additional selection
step was required to select a specific
elementary school within the cluster.
One class equivalents were selected at
random for each index grade in each
selected school.

Precision of population estimates in
multistage cluster sample designs is
affected more by the number of dis-
tricts and schools that can be visited
for assessments than by the number of
children examined. To maximize the
number of school district selections,
one class equivalent from each grade
level was included in any of the de-
sired index grade groups selected. Re-
sources allowed for a total of 60 dis-
tricts, in addition to Pittsburgh and
Philadelphia. With 60 PSUs plus the 15
PSU equivalents from Pittsburgh and
Philadelphia, four index grade levels
for each PSU, and one class equivalent
of 25 students for each index grade
level, the expected number of students
to be selected for the survey was 7,500.
Incentives were used at the school
level, including small free gifts, to en-
courage student participation in the
survey. Strategies for seeking and ob-
taining consent varied by school based
on advice and wishes of school staff,
particularly the school nurse.

There were 13 district-level refusals
among the 60 districts initially se-
lected. Also, there were nine individ-
ual schools that refused within dis-
tricts that had other participating
schools. To ensure that the sample re-
mained representative, replacements
were chosen by random probability
proportional to size selection of a dis-
trict (or school) from the sampling in-
terval that the refusing district (or
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school) was selected from. Due pri-
marily to nonresponse at the child
level within selected schools, the final
sample size was 6,040.

Given the complex cluster sample
design employed for this survey,
SUDAAN statistical software was
used for analysis. Weights for analysis
werebased on sample design and non-
response and were calculated as the
inverse of the probability of being se-
lected and examined in the survey,
combining probabilities for all stages
of sampling. The ultimate probability
of a child being examined in the sur-
vey was a combination of the prob-
abilities of school district selection,
school selection, and selection and
screening of the student within the
school. The weights then approximate
the number of children each examined
child represents in the survey target
population of Pennsylvania public
school children in grades 1, 3, 9, and
11.

Clinical Examination. Institutional
Review Board clearance was obtained
prior to initiation of this survey. The
parent or guardian of each child se-
lected for the study received a consent
form approved by the University of
Pittsburgh’s Institutional Review
Board. Consent was obtained prior to
study participation. Strict infection
control guidelines as recommended
by the centers for Disease Control and
Prevention {7) were followed and ob-
served at all times.

The clinical assessment consisted of
a clinical epidemiologic oral screening
of each child. Clinical assessments of
children were conducted in the
schools by a licensed registered dental
hygienists (RDH), often accompanied
by an assistant, using portable dental
equipment.

Training and Calibration of Exam-
iners. This study used five examiners
in three teams. Each team included
one or two RDHs who either con-
ducted examinations alone or with an
assistant/recorder. All RDHs and re-
corders operated under the supervi-
sion of the principal investigator, a li-
censed dentist in Pennsylvania. Exam-
iner training and calibration was
conducted at the University of Pitts-
burgh by a team of epidemiologists
from the University of Pittsburgh, the
University of Michigan, and the Cen-
ters for Disease Control and Preven-
tion (Atlanta, GA).

The training consisted of an initial
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familiarization of the examiners and
recorders in all aspects of the clinical
screening. After the examiners (RDHs)
and the assistants were familiar with
the clinical screening process, a formal
calibration process was employed.
This process consisted of repeated
screening of 12 volunteer subjects un-
til intra- and interexaminer repeatabil-
ity of all clinical measures exceeded 90
percent agreement for all protocols.
These training subjects had varying
levels of disease and other conditions
required to be assessed in the survey
(e.g., sealants, malocclusion).

Repeated measures of several sub-
jects were done approximately every
other month during the course of this
study to ensure that examiner calibra-
tion remained consistent. Interex-
aminer differences became significant
enough to require a retraining inter-
vention only once, during the surnmer
hiatus between study years one and
two.

Caries Protocol. The caries classifi-
cation system employed in this study
was a modification of the NHANES 111
classification system, which is based
on the criteria proposed by Radike (8)
and used in previous national surveys
(9). The modifications included elimi-
nation of the use of an explorer and of
the “extraction indicated” codes. The
caries assessment was done visually
with the aid of a mouth mirror, tongue
blade, and artificial illumination
(either headlamp or dental exam
light). Examinations occurred with the

child sitting in a regular (nondental)
chair. Data were collected only at the
tooth level. Each permanent tooth was
classified as sound, filled, carious, or
missing. Each primary tooth was clas-
sified as sound, filled, or carious. Miss-
ing primary teeth were not recorded
due to difficulties in distinguishing be-
tween routine exfoliation and other
causes of tooth loss. Using these crite-
ria, the total number of decayed, filled,
and missing permanent teeth and the
total number of decayed and filled pri-
mary teeth were recorded for each
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child.

Teeth were classified as carious if
they met the modified NHANES III
criteria. To be classified as carious, a
smooth tooth surface had to have vis-
ual evidence of cavitation (i.e., a break
in the enamel surface). On the occlusal
surface, teeth needed to have evidence
of cavitation or undermined enamel,
which included frosting or shadowing
of the enamel. To be classified as filled,
teeth needed to have evidence of
either a permanent or temporary fill-
ing. Filled teeth that also contained

FIGURE 1
Map of Sampled School Districts
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caries were classified as carious. The
sound category was used for teeth
with no evidence on any surface of
treated or untreated caries and could
include teeth with slight staining in an
otherwise sound fissure. Permanent
teeth were indicated as missing if they
were determined by the examiner to
be missing for caries-related reasons.
This determination involved primar-
ily excluding teeth lost due to trauma
and extraction associated with ortho-
dontic treatment. Third molars were
not included in this study.

Other Measures. Sealants were de-
tected visually by the examiner and
recorded as present or absent. Maloc-
clusion was assessed using a modifica-
tion of the IOTN index (10). The modi-
fication involved essentially collaps-
ing categories 2 and 3 of the IOTN into
one “minor” malocclusion category
and collapsing categories 4 and 5 into
one “major” malocclusion category.
The IOTN category 1 was scored as
“no treatment” need. Tooth trauma
was assessed visually and indicated as
present when the examiner detected a
tooth fracture, noncarious loss of tooth
structure, or tooth displacement. Fol-
low-up questions were asked of the
children with evidence of trauma to
confirm the finding and elicit etiology,
particularly as it related to organized
sports injuries.

Treatment Need Determination.
After assessing all of the aspects of oral
health status included in the PaOHNA
screening, a final overall judgment
was made as to whether children re-
quired dental treatment and whether
treatment was required urgently or
nonurgently., The urgent treatment
need designation was used when any
of the following conditions was pre-
sent: caries deep into dentin, acute in-
fection anywhere in the oral cavity,
child report of significant pain, and
suspicious oral soft tissue lesions re-
quiring additional diagnostic follow-
up (i.e., lesions that did not appear to
be minor, self-limiting conditions such
as aphthous ulcers, cheek bites, etc.).
The nonurgent treatment need desig-
nation was given to any child with
untreated caries insufficient to merit
urgent treatment need, significant
malocclusion, or periodontal inflam-
mation. Each child’s parent or guard-
ian was notified of the treatment need
status via a report sent home by the
school nurse. It was made clear to all
parents via the treatment need report

form that the child had not received a
comprehensive oral examination or a
dental diagnosis and that the findings
could not take the place of a routine
dental examination from a licensed
dentist. The report form also provided
referral options to those families with-
out a usual source of dental care, in-
cluding local private practicing den-
tists, community health centers, dental
school clinics, and other sources ap-
propriate to each school district.

Data Entry, Processing, and Ana-
lytic Methods. All data were entered
using EPI INFO (Centers for Disease
Control and Prevention, Atlanta, GA)
database software on laptop comput-
ers either via direct data entry at the
time of the clinical examination or
transferred later from paper collection
forms. After checking data for accu-
racy, data were transferred to SAS
software (SAS Institute, Cary, NC) for
statistical analysis. In addition,
SUDAAN (Research Triangle Insti-
tute, Research Triangle Park, NC) soft-
ware was used for calculating final
population estimates and standard er-
rors. Descriptive statistics were calcu-
lated using sample design parameters
and weights to account for the com-
plex sampling design. The Gini coeffi-
cient was calculated using software
available from the University of Sao
Paulo, Brazil (11). The Gini coefficient
compares the Lorenz curve to the line
of perfect equality and is proportional
to the area under the Lorenz curve.
The Gini coefficient ranges from 0 to 1,
with larger numbers indicating
greater inequality in the distribution
of, in this case, caries.

Results

An oral health screening was com-
pleted on 6,040 Pennsylvania school-
childrenin grades 1,3,9,and 11. These
children were selected from a total of
153 schools in 61 school districts. On
average, approximately 40 children
were examined in each sampled
school. The sample represented
464,379 Pennsylvanian public school
children. Details of the sampling and
weighted sample are provided in Ta-
ble 1. Figure 1 shows the health dis-
tricts of the state and the geographic
area covered by the sampled school
districts.

Mean age in years by grade was 6.5
years (95% confidence interval
[CI]+0.4) for grade 1; 8.6 years (95%
CI+0.6) for grade 3; 14.6 years (95%
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TABLE 1
Sample Size and Weighted Sample
Size by Grade and Region
Sample Weighted
Size Size
Total all grades 6,040 464,379
Northwestern 490 41,116
Northcentral 383 28,998
Northeastern 611 61,364
Southeastern 1,428 113,096
Southcentral 945 67,561
Southwestern 841 76,928
Philadelphia 881 63,232
Pittsburgh 461 12,082
Total grade 1 1,808 125,865
Northwestern 133 11,690
Northcentral 88 6,747
Northeastern 198 16,017
Southeastern 431 29,912
Southcentral 315 19,819
Southwestern 250 19,750
Philadelphia 247 18,436
Pittsburgh 146 3,491
Total grade 3 1,768 129,009
Northwestern 133 11,332
Northcentral 89 7,752
Northeastern 186 18,392
Southeastern 432 31,002
Southcentral 308 21,336
Southwestern 258 19,899
Philadelphia 244 16,019
Pittsburgh 118 3,273
Total grade 9 1,350 114,653
Northwestern 116 9,373
Northcentral 103 7,339
Northeastern 116 14,159
Southeastern 330 29,086
Southcentral 183 13,616
Southwestern 171 20,347
Philadelphia 214 17,568
Pittsburgh 117 3,161
Total grade 11 1,114 94,851
Northwestern 108 8,720
Northcentral 103 7,158
Northeastern 111 12,794
Southeastern 235 23,094
Southcentral 139 12,789
Southwestern 162 16,930
Philadelphia 176 11,208
Pittsburgh 80 2,156

CI+0.6) for grade 9; and 16.6 years
(95% CI+0.6) for grade 11. Overall, the
sample was 49 percent male, and 22
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TABLE 2
DMFT, Unfilled Permanent Tooth Decay, and Prevalence of Permanent Tooth Decay by Grade and Health District
Prevalence
Untreated Decay Any Urgent
Mean Mean Decay (SE) Experience (SE) Treatment Need Treatment
DMFT (SE) dft (SE) [DAT>01] [DMFdft>01] (SE) Need (SE)
Total all grades 1.03 (0.05) 0.93 (0.05) 21.43 (1.14) 51.45(1.23) 27.27 (1.43) 4.66 (0.49)
Northwestern 1.45 (0.17) 1.32 (0.14) 32.03 (3.86) 65.11 (4.13) 48.51 (3.77) 7.47 (1.46)
North central 1.04 (0.10) 1.18 (0.15) 22.98 (3.30) 53.40 (2.25) 30.54 (7.14) 4.75(1.11)
Northeastern 1.14 (0.18) 1.06 (0.15) 20.47 (2.86) 50.85 (4.67) 24.04 (2.88) 5.16 (1.98)
Southeastern 0.83 (0.11) 0.75 (0.07) 18.94 (2.13) 44.97 (2.31) 17.20 (1.97) 3.10(1.13)
South central 0.85 (0.09) 0.95 (0.17) 17.90 (1.92) 51.51 (2.49) 27.40 (3.62) 2.86 (0.47)
Southwestern 1.07 (0.11) 0.74 (0.11) 18.19 (4.02) 52.14 {3.52) 32.44 (4.65) 2.53(0.87)
Philadelphia 1.16 (0.11) 0.95 (0.15) 25.79 (3.30) 51.97 (2.44) 23.71 (3.99) 9.72 (1.39)
Pittsburgh 1.09 (0.09) 0.91 (0.08) 27.47 (1.64) 56.60 (4.17) 42.90 (2.42) 4.08 (2.13)
Total grade 1 0.14 (0.02) 1.71 (0.09) 27.51 (1.59) 46.34 (1.80) 29.26 (1.53) 6.18 (0.74)
Northwestern 0.22 (0.04) 2.58 (0.23) 48.18 (5.72) 67.34 (4.99) 57.64 (5.57) 13.86 (1.85)
North central 0.18 (0.08) 2.71 (0.30) 40.16 (7.68) 63.08 (4.44) 38.84 (4.95) 8.67 (3.87)
Northeastern 0.16 (0.05) 1.96 (0.41) 27.50 (6.18) 48.14 (7.83) 26.56 (4.46) 6.63 (2.97)
Southeastern 0.13 (0.04) 1.30 (0.12) 23.93 (2.46) 37.83 (2.97) 20.32 (2.24) 3.04 (1.02)
South central 0.12 (0.05) 1.55 (0.17) 24.18 (3.68) 45.87 (4.63) 26.39 (3.07) 3.62 (0.92)
Southwestern 0.12 (0.03) 1.38 (0.24) 20.73 (4.18) 44.08 (4.55) 32.61 (4.37) 4.61 (2.16)
Philadelphia 0.13 (0.05) 1.84 (0.27) 26.32 (3.16) 42.07 (3.31) 22.74 (4.23) 9.70 (2.24)
Pittsburgh 0.02 (0.02) 1.48 (0.14) 28.17 (4.07) 46.53 (7.15) 36.49 (6.31) 5.47 (4.43)
Total grade 3 0.35 (0.03) 1.63 (0.07) 27.26 (1.67) 52.58 (1.69) 34.39 (2.20) 5.16 (0.74)
Northwestern 0.56 (0.13) 2.14 (0.15) 38.22 (5.67) 66.27 (3.65) 57.79 (4.40) 8.71 (2.64)
North central 0.20 (0.08) 2.00 (0.27) 29.66 (8.87) 52.93 (3.46) 41.89 (19.49) 2.91 (1.25)
Northeastern 0.42 (0.09) 1.81 (0.28) 28.24 (5.65) 54.89 (6.84) 27.97 (6.62) 7.83(3.19)
Southeastern 0.29 (0.04) 1.47 (0.13) 27.29 (3.40) 51.25 (3.27) 21.62 (2.84) 2.29 (0.85)
South central 0.33 (0.05) 1.54 (0.18) 21.24 (2.57) 52.12 (4.39) 34.09 (5.24) 4.48 (1.04)
Southwestern 0.29 (0.07) 1.41 (0.17) 23.69 (3.95) 45.57 (4.19) 49.92 (4.02) 4.04 (1.16)
Philadelphia 0.39 (0.11) 1.58 (0.19) 29.71 (4.86) 51.75 (3.51) 23.08 (5.81) 8.94 (3.16)
Pittsburgh 0.33 (0.07) 1.75 (0.33) 26.63 (4.49) 53.57 (7.32) 55.39 (2.35) 341 (2.76)
Total grade 9 1.74 (0.11) 0.02 (0.01) 13.87 (1.37) 50.50 (2.03) 22.03 (2.01) 2.87 (0.49)
Northwestern 2.12 (0.42) 0.00 (0.00) 12.73 (1.66) 56.36 (9.20) 38.47 (7.12) 0.78 (0.77)
North central 1.54 (0.39) 0.03 (0.02) 11.91 (5.14) 41.85 (6.53) 25.39 (5.17) 2.10(2.10)
Northeastern 1.81 (0.41) 0.01 (0.01) 13.50 (3.96) 42.68 (6.62) 19.42 (5.55) 2.44 (1.26)
Southeastern 1.42 (0.20) 0.02 (0.01) 10.03 (1.61) 43.34 (2.81) 11.33 (1.88) 2.36 (1.29)
South central 1.64 (0.29) 0.03 (0.02) 9.75 (3.50) 50.70 (6.20) 24.28 (6.22) 0.59 (0.44)
Southwestern 1.86 (0.32) 0.04 (0.02) 15.32 (4.69) 57.98 (5.88) 25.39 (6.66) 0.76 (0.50)
Philadelphia 2.01 (0.19) 0.01 (0.01) 21.15 (4.12) 58.00 (4.08) 22.44 (4.65) 9.67 (1.57)
Pittsburgh 1.90 (0.23) 0.02 (0.01) 26.78 (7.29) 63.51 (2.82) 42.10 (7.94) 3.20 (3.02)
Total grade 11 2.30 (0.11) 0.02 (0.01) 14.58 (1.72) 57.84 (2.13) 21.31 (2.16) 4.11 (0.95)
Northwestern 3.51(0.14) 0.01 (0.01) 23.10 (4.76) 70.02 (3.40) 35.02 (7.58) 4.48 (2.80)
North central 2.24 (0.08) 0.04 (0.03) 10.87 (4.17) 56.62 (3.00) 15.69 (7.07) 5.76 (2.32)
Northeastern 2.65 (0.30) 0.00 (0.00) 8.20 (2.38) 57.46 (7.01) 20.36 (3.96) 249 (1.75)
Southeastern 1.73 (0.27) 0.00 (0.00) 12.50 (3.94) 47.83 (5.48) 14.62 (3.95) 5.19 (3.17)
South central 2.02 (0.29) 0.00 (0.00) 11.26 (3.38) 60.12 (4.99) 21.13 (4.89) 1.39 (1.13)
Southwestern 2.13(0.22) 0.04 (0.01) 12.22 (5.55) 62.25 (4.20) 20.20 (6.99) 0.47 (0.46)
Philadelphia 2.60 (0.22) 0.08 (0.05) 26.58 (4.92) 59.12 (5.06) 28.22 (5.83) 10.96 (2.63)

Pittsburgh 2.80 (0.23) 0.01 (0.01) 28.63 (10.06) 67.37 (10.15) 35.51 (12.97) 415 (1.64)
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FIGURE 3

141

Mean Permanent Decay (D2MFT) Counts for Ninth and 11th Grade Children by Region Using Weighted Sample
(Error bars represent 95% confidence interval of mean)
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Overall, dental caries was found to Summary Statistics for All Pennsylvania Children Using Weighted Sample
be highly prevalent in Pennsylvania’s
schoolchildren. Dental caries preva- Grade (SE)
lence in the primary dentition (i.e., 1 3 9 1
dft<0) was 45 percent (95% CI+3.8%)
for children in grade 1 and 48 percent Mean dft (for children 3.83(0.10) 341(0.07) 1.50(0.20) 1.66(0.26)
(95% CI£3.5%) for children in grade 3. with dft>0)
Details of the primary caries preva- Mean DMFT (for 191(0.14) 1.93(0.07) 3.50(0.13) 3.98(0.15)
lence by grade and health district are children with
provided in Table 2. Figure 2 shows DMFT>0)
graphically the variation in primary  prevalence of
caries prevalence across the health dis- Dental sealants (sealants>0) 8.7(096) 26.1(1.50) 24.3(1.78) 28.2(2.52)

tricts. Primary caries prevalence
among first grade students ranged
from 37 percent in the southeast dis-
trict of the state to 64 percent in the
northwest district, a 1.7-fold differ-
ence in prevalence rates. Among third
grade children the lowest prevalence
was found in the southwest (41%) and
the highest again in the northwest
(62%), a 1.5-fold difference. It can be
seen in Figure 2 that the covariation
between primary caries levels in first
and third grades was high within the
health districts, with the northwest
and northcentral districts having the
highest prevalence in both first and
third grades, and the southeast and
southwest districts having the lowest
prevalence for both grades.

The extent of caries in the primary
dentition statewide, measured by
mean dft scores, was 1.71 (95% CI+.18)
for first grade children and 1.63 (95%
CI+.14) for third grade children (Table
2). Regional differences in mean dft
scores between health districts were
again pronounced, with over a two-

Missing permanent teeth
DT

027 (0.14) 0.40(0.24) 213 (043) 4.17 (0.68)
4.13 (0.64)
dt 2653 (1.59) 24.61 (1.56)

6.59 (0.93) 13.34 (1.40) 14.39 (1.71)
0.60 (0.24) 0.56 (0.26)

fold difference in dft scores across
health districts among first graders,
and a 1.5-fold difference among third
grade students. As with the preva-
lence results, the northwest and north-
central districts had the highest mean
dft scores, and the southeast and
southwest districts had the lowest. In
fact, the northern three health districts
generally had considerably higher
mean dft counts than the southern dis-
tricts or the cities of Pittsburgh and
Philadelphia.

Caries experience data for the per-
manent dentition are provided in Ta-
ble 2 and in Figure 3. Overall caries
prevalence rates for the permanent
dentition (DMFT>0) were 50 percent
(95% CI+4.1) for ninth grade students
and 58 percent (95% CI+4.3) for 11th

grade students. District variations
were evident, with approximately 1.5-
fold differences in the caries preva-
lence from the lowest to the highest
districts for both grades.

Table 3 also shows the prevalence of
total unfilled carious lesions was
nearly 14 percent for children in both
ninth and 11th grades. Prevalence of
unfilled lesions varied across health
districts of the state by a factor of 2.8 in
ninth grade children and 3.5 in 11th
grade children. The districts with the
highest unfilled caries rates were the
urban areas of Philadelphia and Pitts-
burgh, where the percent of children
with unfilled carious lesions exceeded
20 percent in both cities and ap-
proached 30 percent in the 11th grade
children in Pittsburgh.
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DMFT rates averaged 1.74 (+.22) in
ninth grade children and 2.30 (+.22) in
11th grade children. Among 11th
grade students, a twofold difference in
DMFT rates existed across health dis-
tricts, with the highest score of 3.51
(+.28) in the northwest, and the lowest
score of 1.73 (£.54) in the southeast.
Once again, higher caries levels were
found across the northern three health
districts, but with higher rates in Pitts-
burgh and Philadelphia, as well.

We also calculated prevalence rates
for 6-8-year-old and 15-year-old chil-
dren to facilitate comparisons with
Healthy People objectives. There were
2,624 children 6 to 8 years of age and
they had a caries prevalence of 48 per-
cent (95% CI+3.5%). The prevalence of
untreated caries in these children was
27 percent (95% CI£3.2%). There were
661 children 15 years of age, with a
caries prevalence of 49 percent (+5.8%)
and a prevalence of untreated caries of

FIGURE 4
Lorenz Curves of Cumulative Caries Distribution for Total Caries (DMFT, dft)*
and Unfilled Caries (DT, dt) in First and 11th Grade Children Using Weighted
Sample
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14 percent (95% CI+4.4%).

Figure 4 shows graphically, using
Lorenz curves, the cumulative distri-
bution of total caries experience (pri-
mary and permanent combined) for
first and 11th grade children using the
weighted estimates for all children in
Pennsylvania. Although not pre-
sented in the figure, the curves for the
third and ninth grade children were
intermediate between the first and
11th grade curves. Also shown in Fig-
ure 4 is the line of perfect equality. The
difference between the equal distribu-
tion and the actual is a measure of the
inequality in caries distribution. For
example, using Figure 4 it can be esti-
mated that among Pennsylvania’s first
grade children, 80 percent of the cari-
ous teeth were found in about 25 per-
cent of the children, and among 11th
grade children, 80 percent of the cari-
ous teeth were found in about 30 per-
cent of the children.

The Gini coefficient, which provides
a measure of the inequality in caries
distribution, was calculated for overall
caries (DMFT+dft) and unfilled caries
(DT+dt). The Gini coefficient for over-
all caries was 0.711 for first grade chil-
dren, 0.665 for third grade children,
0.690 for ninth grade children, and
0.649 for 11th grade children. The Gini
coefficient for unfilled caries was 0.837
for first grade children, 0.833 for third
grade children, 0.909 for ninth grade
children, and 0.911 for 11th grade chil-
dren.

The need for dental treatmentis pre-

Percent of Subjects with Any Treatment Need and Urgent Treatment Need by Region (All Grades) Using Weighted Sample
(Error bars represent 95% confidence interval of mean)

T

Prevalence

Region

‘a Urgent treatment m Any Treatment
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sented in Figure 5. Overall, 4.7 percent
of children had “urgent” treatment
needs, and 27 percent of children had
unmet “nonurgent” treatment needs.
Philadelphia is noteworthy for its high
levels of urgent treatment need, ap-
proaching 10 percent of children at all
four grades examined. Overall treat-
ment need results (urgent and nonur-
gent) were highest in the northwest
district followed by Pittsburgh. These
levels of need were over two times
higher than the need found in the
southeast district and Philadelphia.

Finally, statewide results for all chil-
dren for overall caries (primary plus
permanent caries), extent of caries
among children with at least one cari-
ous lesion, and dental sealant preva-
lence are provided in Table 3. Notable
among these findings is the sealant
prevalence of roughly one-quarter of
third, ninth, and 11th graders. For
those students with at least one cari-
ous lesion, there was a steady increase
in DMFT rate by grade, ending with a
DMFT of nearly 4 among the 11th
graders.

Discussion

Results of this study are similar to
US national figures from NHANES III
(4). For example, the US national aver-
age for caries-free children in the age
group 5-9 years was 50.3 percent (4).
This corresponds closely with Penn-
sylvania’s grades 1 and 3 children,
who were 53.7 percent and 47.4 per-
cent caries free, respectively. Simi-
larly, the dft score for the 5-9-year-old
children from the NHANES III study
was 1.9, with 40.4 percent of this score
coming from the “d” component. This
study found a dft score of 1.7 for first
grade, with 46 percent coming from
the “d” component, and 1.6 for third
grade, with 37 percent from the “d”
component. As in NHANES III, the
percent of the dftindex represented by
the “d” component decreased with in-
creasing age.

Results for the permanent dentition
from NHANES III data for the entire
US show that 32.7 percent of 12-17-
year-old children were caries free. In
Pennsylvania, 50.2 percent of public
school children in grade 9 and 42.3
percent of children in grade 11 were
caries free in the permanent dentition.
The mean DMFT score for the 12-17-
year-old children in NHANES III was
2.8. Mean DMFT scores in Pennsylva-
nia were 1.7 for ninth grade children

and 2.3 for 11th grade children. The
“D” component of the DMFT index for
12-17-year-old children in the
NHANES III findings was 17.3 per-
cent, compared to 17.8 percent for
ninth graders and 15.3 percent for 11th
graders in Pennsylvania.

Thus, on all measures of caries
prevalence and severity, Pennsylva-
nia public school children seemed to
fare slightly better than national aver-
ages from NHANES III findings. This
might be explained in at least three
ways. First, it could be that Pennsylva-
nia children are now, and have been
since the NHANES III study, less af-
fected by caries than the US popula-
tion as a whole. On the other hand,
nearly 10 years have elapsed between
the two studies, and perhaps caries
rates have declined nationally. These
data may simply reflect that phenome-
non as manifested in the Pennsylvania
children. Of course, it is also possible
that the samples are not comparable
due to underlying differences in study
design or in the application of the di-
agnostic criteria, despite study efforts
to obtain comparable representative
data.

This study, it should be remem-
bered, did not use an explorer or radio-
graphs and had no access to prior
treatment records. However, research
shows that visual inspection provides
high sensitivity and specificity for car-
ies diagnosis and is often the only
choice for many epidemiologic studies
(12,13). As is typical, field examination
conditions were not ideal, especially
with regard to intraoral lighting and
chair position. Our use of regular
classroom chairs and headlamps was
dictated by the extensive amount of
travel necessitated by our design.
Thus, there is always a concern that
certain conditions such as interproxi-
mal lesions, tooth-colored restora-
tions, and clear sealants could be
missed during a screening exam (14).
As aresult, our caries and sealant esti-
mates may be lower than what truly
exists.

One concern of the Pennsylvania
State Department of Health was the
status of state children with regard to
national objectives. Our findings indi-
cate that Healthy People 2000 objec-
tives for caries (Objective 13.1: 35%) or
unfilled caries (Objective 13.2: 20%)
were not met in Pennsylvania children
aged 6-8 years, whereas Healthy Peo-
ple 2000 objectives have already been
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met in Pennsylvania children 15 years
of age both for caries experience (60%)
and untreated caries (15%).

Of particular interest is the signifi-
cant regional variations found in dis-
ease rates. In general, the northwest
district, and to some degree the north-
central and northeast districts, had
higher disease levels when compared
with the southern districts. The north-
west district had, in general, higher
levels of primary tooth caries, DMFT
rates, untreated caries prevalence, and
treatment needs. This study did not
attempt to determine underlying
causes for regional differences; how-
ever, several speculations can be
made. The northern area of Pennsyl-
vania is populated primarily by indi-
viduals of European ancestry and is
well known to be a very rural, rela-
tively poor region, with few dentists.
The terrain ranges from hilly to moun-
tainous, with many geographic barri-
ers to travel. Cities in the northern re-
gions are limited to Erie in the west,
and Wilkes Barre and Scranton in the
east. Erie, which from a population
perspective dominates the northwest-
ern district, only began to fluoridate its
water supply in December 2002. It is
impossible to determine in this study
whether any of these factors are re-
lated to the higher disease rates found
in the northern tier; nevertheless, it
provides fertile ground for the devel-
opment of hypotheses about the po-
tential role of geography, culture, and
access to care as risk factors for oral
disease.

Another important finding is the
high prevalence of untreated perma-
nent tooth caries in ninth and 11th
grade children in Philadelphia and
Pittsburgh. The majority of our study
participants in both cities were from
poorer neighborhoods and primarily
of African decent. Once again, the
study permits only speculation about
the nature of these results, but difficul-
ties with access or poor dental atten-
dance behaviors are strongly sug-
gested. Continuing research should
investigate the similarities and differ-
ences in factors associated with poorer
oral health in the urban and rural areas
and better oral health in suburban ar-
eas. It should be remembered that not
only is caries not uniformly distrib-
uted among communities, but caries
also varies greatly among individuals
within communities. In fact, relatively
few children have the majority of all
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carious lesions and the majority of
treatment needs. This is now com-
monly referred to as the disparity in
oral health status, and determining its
root causes and developing interven-
tions to reduce its effect are important
issues before public health policy
makers and providers.

It may be useful to other oral health
researchers and oral health policy
planners to contrast this study with
another that used a different ap-
proach, such as the recently reported
New Hampshire survey (15). The de-
sign employed in the New Hampshire
survey allowed for a relatively low-
cost ($5,000) and rapid approach to
assessing oral health status, by focus-
ing only on obtaining state-level
prevalence estimates of a single (third)
grade and by using the Basic Screen-
ing Survey Techniques (16). As a re-
sult, New Hampshire examined 410
students in 26 schools and was able to
report on the percentage of children
with dental caries experience, un-
treated caries, presence of sealants on
permanent molars, and urgency of
care.

Comparing results for third grade
students from the two studies demon-
strates some similar findings and
some dramatic differences in oral
health status. For example, caries
prevalence (i.e., DMFTdt>0) (52% in
New Hampshire vs 53% in Pennsylva-
nia); urgent treatment need (5.1% in
New Hampshire and 5.2% in Pennsyl-
vania); and to some degree untreated
caries prevalence (i.e., DAT>0) (22% in
New Hampshire vs 27% in Pennsylva-
nia) were comparable. On the other
hand, sealed molars (46% in New
Hampshire vs 26% in Pennsylvania),
and nonurgent treatment needs (25%
in New Hampshire vs 34% in Pennsyl-
vania) were quite different. Thus,
Pennsylvania third graders appear to
have more untreated caries, fewer
sealants, and somewhat more nonur-
gent treatment needs,although total
caries experience is similar.

The Pennsylvania survey used an
elaborate study design, requiring two
years to complete the examinations
and costing approximately $400,000.
Although the study reported here is
limited to only caries and treatment
urgency results, the Pennsylvania sur-
vey design resulted in a considerable
amount of data being collected, in-

cluding interviews with parents, ques-
tionnaires of health behaviors of the
surveyed children, and more detailed
clinjcal assessments. Pennsylvania’s
use of grades 1, 3, 9, and 11 permits
perhaps some sense of caries disease
levels through different age cohorts.
The Pennsylvania sample design also
allowed for estimates of health status
at a region level, thereby allowing
evaluation of geographic subpopula-
tion variation within the state and con-
sequently allowing for program tar-
geting within the state (e.g. sealants
and fluoride initiatives).

This study also implicitly stratified
using school district enrollment size as
a proxy to ensure proportional repre-
sentation, allowing for comparison of
oral health outcomes by urban/rural
status and race/ethnicity. Finally, by
collecting not only presence/absence,
but also counts of untreated carious,
filled, and missing teeth, it is possible
to differentiate among children with
different dental disease levels. Indi-
vidual counts for untreated carious
teeth and teeth with caries experience
allows for the ability to create Lorenz
curves toevaluate the disparity inden-
tal disease among children. Ideally
this extra information will be an im-
portant aid in program planning, al-
lowing for the efficient use of funds to
make the largest impact on dental dis-
eases in Pennsylvania schoolchildren.

The Gini coefficients highlight a fi-
nal concern, the continuing disparity
in access to dental care. The Gini coef-
ficients for untreated disease ranging
from 0.833 to 0.911 indicate a serious
disparity in need for and access to ade-
quate dental treatment. The Lorenz
curve shows that among 11th grade
children, 90 percent of the untreated
lesions are found in 10 percent of the
children. Identifying these high-risk
children and remedying the root cause
of their inability to receive treatment
for caries should be a prime concern of
policy planners and the dental profes-
sion in Pennsylvania.
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