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Introduction

Since 1999, the National Health and Nutrition Examination
Survey (NHANES) has operated as a continuous, annual
survey that provides nationally representative data in 2-year
cycles. Like previous national health examination surveys,
participants are interviewed in their homes and then com-
plete a health examination at a Mobile Examination Center
(MEC). The MEC health examination teams are comprised of
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Abstract

The oral health component for the National Health and Nutrition Examination
Survey (NHANES) was changed in 2005 from an examination conducted by dentists
to an oral health screening conducted by health technologists rather than dental pro-
fessionals. The oral health screening included a person-based assessment for dental
caries, restorations, and sealants. This report provides oral health content informa-
tion and presents results of data quality analyses that include dental examiner reli-
ability statistics for data collected during NHANES 2005-08. Oral health data are
available on 15,342 persons aged 5 years and older representing the civilian, nonin-
stitutionalized population of the United States who participated in NHANES
2005-08. Overall, interrater reliability findings indicate that health technologist per-
formance was excellent with concordance between examination teams and the
survey reference examiner being almost perfect for a number of assessments. Con-
cordance for dental caries and sealants (kappa statistics) between health technolo-
gists and the survey reference examiner ranged from 0.82 to 0.90 for the combined
4-year period. These findings support the use of health technologists in the assess-
ment of person-based estimators of dental caries and sealant prevalence as part of an
oral health surveillance system.

specially trained health professionals and support staff. Prior
to 2005, the examination teams had licensed dentists con-
ducting the oral health examinations. Beginning in 2005,
NHANES switched from a dentist-based oral health exami-
nation protocol to an oral health screening conducted by
health technologists rather than dental professionals.

In the mid 1990s, the Division of Oral Health (DOH) at the
Centers for Disease Control and Prevention (CDC) devel-
oped, tested, and validated a simplified data collection
method, based on the visual assessment of the oral cavity to
provide an alternative to costly surface-based examinations.
This tool was based on the concept of medical screening and
was originally validated using registered dental hygienist and
school nurses as screeners (1). This approach was previously
used in the assessment of the prevalence of dental caries
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Table 1 Sampling Design Characteristics for NHANES, 2005-08

Oral health overview: NHANES 2005-08

Characteristic NHANES 2005-06

NHANES 2007-08

From birth
5 years and older

Age of the target population
Dental exam age

Number of survey locations 30
Eligible geographical area
For sample 50 states + DC

Groups target for oversampling

All ages examined in the MEC 9,950
All persons 5 years and older

MEC examined 8,305
All persons 5 years and older

Oral health examined 7,687

Persons 12-19 years and 60 years and older;
Mexican-Americans; non-Hispanic Blacks

From birth
5 years and older
30

50 states + DC

Persons 60 years and older; all Hispanics; non-Hispanic
Blacks

9,762

8,311

7,655

NHANES, National Health and Nutrition Examination Survey; DC, District of Columbia; MEC, Mobile Examination Center.

among preschool and school-aged children in Oregon and
school-aged children in the State of Washington (2,3); and
later in the assessment of dental caries in preschool children
in Maine, school-aged children in Louisiana, persons with
disabilities (including children and adults) participating in
Special Olympics programs, and preschool children in Wash-
ington State (4-6).

In 1989, an amendment to the Title V Maternal Child
Health (MCH) Block Grant legislation (OBRA 89, PL 101-
239) required that dental data collection, needs assessment
and planning be incorporated into state MCH grant applica-
tions. To address this requirement, Health Resources and Ser-
vices Administration (HRSA) designated the Healthy People
2000 objective to increase dental sealant prevalence (7) as a
required element in state applications for MCH Block Grant
funding. In the 1990s, HRSA provided funding for the devel-
opment of an oral health needs assessment tool to be used by
state and local dental public health programs. Subsequently,
the Association of State and Territorial Dental Directors for-
malized and standardized the simplified screening technique,
under the label “Basic Screening Survey,” to allow states to
obtain data for caries experience, untreated decay, and dental
sealants (8). These data, in turn, are reported to the CDC
National Oral Health Surveillance System (http://
www.cdc.gov/nohss/).

NHANES is the only source of data for surveillance of
dental diseases and conditions at the national level. To main-
tain ongoing surveillance for selected oral health outcomes in
the United States after 2004, the CDC slightly modified the
“Basic Screening Survey” and introduced a Basic Screening
Exam (BSE) that could be conducted by nondental profes-
sionals for NHANES starting in 2005. A developmental
requirement for the BSE was retaining key caries-specific
detection protocols from earlier NHANES caries assessments
that would permit comparison of data at the person-level.
The aim of this article was to describe the 2005-08 NHANES
oral health component, the actions taken to ensure data

quality, and the results of analyses assessing data reliability.
Information in this article will be useful for researchers in
providing them with guidance in properly using the
NHANES 2005-08 data for future research as well as for the
broader dental public health community by identifying rel-
evant assessments for oral health surveillance.

Methods

NHANES 2005-08 overview

NHANES is conducted by the CDC’s National Center for
Health Statistics (NCHS) and uses a stratified, multistage
probability sampling design to select participantsliving in the
50 states and the District of Columbia. For NHANES 2005-
08, the survey oversampled selected subgroups including
non-Hispanic blacks and persons aged 60 years and older.
However, there were some oversampling changes from
2005-06 to 2007-08. Mexican-Americans were oversampled
in 2005-06, but all Hispanics were oversampled in 2007-08.
Additionally, persons aged 12-19 years were oversampled in
2005-06, but not in 2007-08. Sample design characteristics
for NHANES 2005-08 are presented in Table 1. Informed
consent is obtained for all participants and all data collection
protocols are approved by the CDC/NCHS Ethics Review
Board. Information on NHANES background, content, ana-
lytical guidelines, and data access can be found at: http://
www.cdc.gov/nchs/nhanes.htm.

NHANES 2005-08 oral health component

The 2005-08 oral health component included seven questions
on oral health quality of life that were first introduced in
NHANES 2003-04, and an additional question asking partici-
pants to rate the condition of their teeth and gums that had
been administered in previous NHANES cycles as well.
All these questions were administered during the home
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interview. Following completion of the home interview, par-
ticipants received an MEC appointment to complete a
number of clinical and laboratory assessments.

For 2005-08, the MEC oral health assessments were con-
ducted by trained health technologists. NHANES has a long
history of successfully using health technologists to adminis-
ter a variety of examinations including collecting anthropo-
metric (body measurements),audiometric, vision, fitness,and
mobility data. Health technologists usually have prior experi-
enceand trainingin theallied health sciencesand someare also
certified radiology technicians. These individuals also operate
the DEXA radiology units which are used to collect data on
bone density and osteoporosis. A MEC examination team
typically has four health technologists and NHANES has two
full-time MEC teams collecting data at the same time. All
health technologists were trained and calibrated by the survey
reference examiner to conduct the oral health screening. These
screenings took place in a designated room inside the MEC
thatincludesa portable dental chair, light,and compressed air.

The first oral health assessment administered by the health
technologists in the MEC was an inquiry into denture use and
wear. This brief questionnaire was administered to all partici-
pants aged 25 years and older. A simplified examination fol-
lowed that included two elements: a) a tooth count to identify
the presence or absence of permanent and/or primary teeth,
including retained dental root tips and dental implants; and
b) the BSE. The BSE assessed the presence of at least one tooth
affected by untreated dental decay, a dental restoration, or a
dental sealant. All participants aged 5 years and older were eli-
gible for both the tooth count and BSE assessments. Once the
BSE was completed, the MEC oral health screening con-
cluded with an assessment of functional occlusal contacts in
those aged 25 years and older. The functional contacts assess-
ment, which evaluated the number and type of contacts
between opposing teeth in the maxillary and mandibular
arches, was introduced in NHANES 2003-04 and was not
changed in the transition from a dentist-based exam to a
health technologist screening exam.

The oral health screening was conducted using a dental
light for illumination and a disposable mirror. The examining
health technologists had access to compressed air to assist in
clearing the dental viewing area of residual food debris. The
BSE was a fast and simple process by which an examiner visu-
ally inspected the oral cavity to detect the presence or absence
of specific oral conditions. The assessment procedure began
with the central incisor in the upper right quadrant. Each
tooth in that quadrant was assessed visually for the specific
condition of interest. Inspection systematically proceeded
toward the posterior until the second molar had been
inspected. Then, the examiner proceeded to the upper left
central incisor and proceeded with inspection toward the
upper left second molar. The lower left and lower right quad-
rants followed in sequence.

B.A.Dye et al.

A full intraoral assessment for one disease/condition was
known as a cycle. After the condition was encountered, the
ascertainment criterion was fulfilled, and there was no need
to complete the cycle for the same condition elsewhere in the
mouth. This process is called stop-after-first-encounter
(SAFE). For the 2005-08 BSE, the examiner was required to
complete three cycles: to ascertain the presence of untreated
carious lesions, dental restorations, and pit-and-fissure seal-
ants. The detection criteria for each of the conditions assessed
were the same used in previous NHANES (9,10). For
example, a dental lesion was classified as “untreated” only if
the carious lesion was considered to be cavitated, and a
sealant was considered present even if part of the sealant was
not visible. Third molars were excluded from the BSE and if
the sampled participant was edentulous, the BSE assessment
was not performed.

Quality assurance

All data collected in NHANES are directly recorded onto elec-
tronic data collection forms to reduce data entry errors. Like-
wise, automated data management utilities are also used that
check entered data for out of range values to reduce errors.
The collection of quality oral health data was facilitated by
requiring all health technologists to participate in a compre-
hensive training and calibration period followed by periodic
monitoring and recalibration. During the training session,
health technologists received instruction from the survey ref-
erence examiner that included a slide presentation on the
study protocols, a review of dental anatomy, detection crite-
ria, and data entry. Safety and infection control for dental
practices were reviewed as well.

Demonstration examinations were conducted by the ref-
erence examiner followed by practice (standardization) ses-
sions. During the standardizing phase, the reference
examiner and health technologists examined the same set of
volunteers. Trainees were encouraged to ask questions
regarding the assessment criteria and feedback was provided
by the reference examiner after each examination round to
systematically minimize differences in the examination
findings. A preliminary calibration session followed stan-
dardization. Health technologists conducted independent
replicate examinations without discussion and the data were
analyzed to assess consistency between each trainee and the
reference examiner. Health technologists received training
and preliminary calibration over a 3-day period in the
Washington, DC, metropolitan area. A final calibration
session was conducted at the MEC and was performed
during normal field operations over a 3- to 4-day period.

Opverall, the general framework for training and evalua-
tion of health technologists conducting the oral health exam
during 2005-08 was very similar compared with procedures
implemented during 1999-2004 when dentists conducted
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the NHANES oral health examinations (9,10). The reference
examiner visited each MEC health technologist team two to
three times each year to observe data collection and to ran-
domly replicate approximately 25 to 30 oral health examina-
tions during each visit. Data from these replicate exams
were used to produce interrater reliability statistics to objec-
tively evaluate examiner performance. Although health
technologists were aware of the interrater evaluations being
conducted, examiners were blinded to each other’s observa-
tions.

For this report, reliability statistics produced were limited
to percent agreement and kappa statistics using Statistical
Analysis Software (version 9.2, SAS Institute Inc., Cary, NC,
USA). Kappa statistics are presented only if the number of
observations was >1 for the concordant cells. Observations
with values “cannot assess” were excluded from the calcula-
tions. For the evaluation of tooth count, Kappa statistics
were produced for four assessments. These were complete
tooth loss, retention of all third molars, having at least one
retained root tip, and tooth retention, which was the total
number of primary and permanent teeth present. Kappa
statistics calculated for the BSE included having at least one
tooth with dental caries, one tooth with a dental restoration,
and one tooth with a dental sealant. Five different posterior
functional contact summary variables were used to assess
interrater reliability. These included the presence of five or
fewer total posterior contacts, and the presence of at least
one contact in the premolar and molar zones for both the
right and left sides. This construct for functional contacts
has been presented before and the reader can compare
Kappa statistics from this report with an earlier report (9)
because the reference examiner did not change between the
different data collection periods.

Because each MEC team is staffed with four health tech-
nologists, and each technologist is randomly assigned to
conduct an oral health exam, it was not possible to administer
a sufficient number of replicate exams on each examiner to
allow for individual interrater reliability calculations. More-
over, not all health technologists remained on the survey for
the entire 4 years and some were reassigned each year to a dif-
ferent team to minimize team bias. Consequently, interrater
reliability statistics for this report represent the overall team
of health technologists.

Results

The number of individuals participating in the home inter-
view, MEC examination, and the oral health examination in
NHANES 2005-08 is shown in Table 2. There were 7,687
sampled persons participating in the oral health exam in
2005-06 and 7,655 participating in the 2007-08 oral health
exam. For 2005-06, the proportion of participants living in
households at or below the Federal Poverty Level (FPL)

Oral health overview: NHANES 2005-08

having an oral health exam was 22.5 percent whereas the pro-
portion of participants living in households at least twice as
high as the FPL having an oral health exam was 52.1 percent.
The proportions were similar for these two groups in 2007-08
(24.2 percent and 48.3 percent). For Mexican-Americans, the
proportion having an oral health exam was 25.7 percent in
2005-06 but was 19.8 percent in 2007-08. For non-Hispanic
blacks, the proportion having an oral health exam was 26.6
percent and 22.0 percent during 2005-06 and 2007-08,
respectively. During the same two time periods, the propor-
tion of non-Hispanic whites having an oral health exam was
40.0 percent and 42.5 percent. For persons living in house-
holds below the FPL, not completing high school, and current
smokers, the proportions of individuals completing a home
interview and the oral health examination was similar during
the two data collection cycles.

Table 3 shows the interrater reliability statistics for each of
the 2-year data collection cycles and for the period 2005-08
combined. For the period 2005-06, the kappa statistics for the
tooth count assessment ranged from 1.00 to 0.52 with a
percent agreement ranging from 100 percent to 96 percent.
With the exception of a third molar assessment from a single
team (0.52), the kappa scores ranged from 0.89 to 1.00 for the
tooth count assessments. Both teams scored a 1.00 for assess-
ing edentulism. Kappa scores ranged from 0.93 to 1.00 for
tooth retention and retained tooth roots. For the BSE, kappa
scores were 0.80 and 0.78 for untreated caries, 0.92 and 0.83
for dental restorations, and 0.79 and 0.85 for dental sealants.
Kappa scores ranged from 0.86 to 1.00 for functional contacts
for both teams.

For 2007-08, the kappa statistics for the tooth count assess-
ments ranged from 0.79 to 1.00 with a percent agreement
ranging from 100 percent to 97 percent. Both teams scored a
1.00 for assessing edentulism, and for tooth retention and
retained root tips, the kappa scores ranged from 0.87 to 0.98.
The kappa statistics for the BSE were very similar for both
teams. Scores were 0.86 and 0.84 for untreated caries, 0.92 and
0.87 for dental restorations, and 0.90 and 0.89 for dental seal-
ants. The kappa scores for functional contacts ranged from
0.81 to 1.00.

When reviewing the combined 2005-08 period, the kappa
statistics for tooth count, excluding the third molar assess-
ment, ranged from 0.89 to 1.00. For the third molar assess-
ment, the kappa scores were 0.90 and 0.69 with a basic
concordance ranging from 97-98 percent agreement. For the
BSE assessment, kappa scores were 0.83 and 0.82 for
untreated caries, 0.90 and 0.88 for dental restorations, and
0.87 and 0.83 for dental sealants. Functional contact kappa
scores ranged from 0.85 to 0.98.

Interrater reliability statistics assessing dental caries, resto-
rations, and sealants for the mixed dentition is presented in
Table 4. Overall, the kappa scores were 0.87 and 0.76 for
untreated caries, 0.91 for dental restorations, and 1.00 and
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Table 2 Number of Sampled Persons Aged 5 Years and Older with Interview, MEC, and Oral Health
Exams by Selected Demographic Characteristics, NHANES 2005-08

NHANES 2005-06

NHANES 2007-08

Characteristic HIQ MEC OHX HIQ MEC OHX
Age
5-11 years 1,375 1,325 1,295 1,452 1,394 1,363
12-17 years 1,704 1,646 1,544 945 922 864
18-24 years 1,120 1,075 967 752 734 668
25-34 years 977 936 853 923 887 786
35-44 years 846 809 735 999 966 862
45-54 years 781 766 703 1,000 977 889
55-64 years 650 623 575 998 963 875
65-74 years 591 569 533 789 764 708
75+ years 598 556 482 767 704 640
Sex
Male 4,202 4,042 3,743 4,299 4,145 3,856
Female 4,440 4,263 3,944 4,326 4,166 3,799
Race and ethnicity
Mexican-American 2,207 2,123 1,976 1,711 1,636 1,517
Other Hispanic 268 252 234 1,017 975 883
Non-Hispanic White 3,442 3,306 3,076 3,594 3,476 3,255
Non-Hispanic Black 2,316 2,238 2,043 1,928 1,867 1,684
Other race 409 386 358 375 357 316
Poverty status
Less than 100% FPL 1,831 1,787 1,656 1,915 1,860 1,702
100%-199% FPL 2,095 2,016 1,868 2,163 2,084 1,927
200% or higher FPL 4,281 4,107 3,835 3,777 3,642 3,397
Education
Less than high school 1,239 1,181 1,051 1,740 1,649 1,461
High school 1,041 1,005 919 1,328 1,285 1,166
More than high school 2,154 2,066 1,909 2,401 2,321 2,129
Smoking history
Current smoker 942 899 819 1,195 1,153 1,051
Former smoker 1,191 1,141 1,056 1,443 1,386 1,278
Never smoker 2,304 2,215 2,004 2,831 2,716 2,427
Total 8,642 8,305 7,687 8,625 8,311 7,655

Notes: Education and Smoking are only for sampled persons aged 25 years and older.
NHANES, National Health and Nutrition Examination Survey; HIQ, Home Interview; MEC, Mobile
Examination Center; OHX, Oral Health Examination; FPL, Federal Poverty Level.

0.86 for dental sealants during the 2005-08 survey period for
children aged 5-12 years. However, the difference in kappa
scores for untreated caries between Teams 1 and 2 was large
during 2005-06. Although the percent agreement for Team 1
was 87.5 percent and 95 percent for Team 2, the kappa scores
were 0.45 and 0.89 for Teams 1 and 2, respectively.

Discussion

NHANES is the only source of data for surveillance of dental
diseases at the national level. The NHANES 2005-08 oral
health screening provided comparable data estimators gener-
ated from data previously collected in national surveys,
because it used the same diagnostic criteria. Moreover, the
BSE provided data that are comparable with those collected at

state and local levels using the BSS protocol. Before imple-
mentation in the NHANES protocol, the BSE was piloted in
2004, focusing on three important aims: a) to produce a valid
oral health exam that could be conducted in 2-3 minutes;
b) to have health technologists reliably conduct the exam; and
¢) to have a minimally invasive screening exam that would be
accepted by the US population.

Earlier development of the BSE component of the
NHANES oral health screening could be traced back to 1994
when the CDC-DOH conducted a methodological assess-
ment of an intraoral screening protocol for assessing oral
health status among schoolchildren in rural Georgia (1).
During this study, a registered nurse or a dental hygienist
ascertained the presence/absence of seven dental conditions
among 632 children. Results from these assessments were
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Table 3 Interrater Reliability Statistics for Selected Oral Health Conditions, NHANES 2005-08

NHANES 2005-06

NHANES 2007-08 NHANES 2005-08

#  Assessments n % Kappa  ASE n % kappa  ASE n % kappa  ASE
Tooth count
1 Edentulism 152 100.00  1.00 0.00 109 100.00 1.00 0.00 261 100.00  1.00 0.00
2 Edentulism 112 100.00  1.00 0.00 156  100.00 1.00 0.00 268 100.00 1.00 0.00
1 Tooth retention 152 99.34  0.99 0.01 109 99.08 0.98 0.02 261 99.23  0.98 0.01
2 Tooth retention 112 9732 094 0.03 156 96.80 0.92 0.03 268 97.02  0.93 0.02
1 One or more retained root tips 152 99.34 093 0.07 109 100.00 1.00 0.00 261 99.62 0.96 0.04
2 Oneor more retained root tips 112 100.00 1.00 0.00 156 98.08 0.87 0.07 268 98.88 0.89 0.06
1 Have all four third molars 152 98.03 0.89 0.07 109 99.08 0.94 0.06 261 98.47  0.90 0.05
2 Have all four third molars 112 95.54  0.52 0.19 156 97.44  0.79 0.10 268 96.64  0.69 0.10
BSE assessment
1 Hasuntreated caries 152 92.11  0.80 0.05 109 9450 0.86 0.05 261 93.10 0.83 0.04
2 Has untreated caries 112 91.07 0.78 0.07 156 93.59 0.84 0.05 268 92.54  0.82 0.04
1 Has restorations 152 96.05 0.92 0.03 109 93.58 0.87 0.05 261 95.02  0.90 0.03
2 Hasrestorations 112 9196 0.83 0.05 156 96.15  0.92 0.03 268 94.40 0.88 0.03
1 Hasdental sealants 152 9540 0.79 0.07 109 98.17 0.90 0.07 261 96.55 0.83 0.05
2 Has dental sealants 112 96.43  0.85 0.07 156 98.08 0.89 0.06 268 9739 0.87 0.05
Functional contacts
1 Five or less posterior contacts 70 98.57 0.96 0.04 52 96.15 0.88 0.08 122 97.54  0.93 0.04
2 Five or less posterior contacts 73 98.63 0.93 0.07 104 92.31 0.81 0.06 177 9492 0.85 0.05
1 Contact in right molar zone 70 98.57 0.96 0.04 52 100.00 1.00 0.00 122 99.18 0.98 0.02
2 Contactin right molar zone 73 98.63 0.88 0.12 104 96.15 0.90 0.05 177 97.18  0.90 0.04
1 Contact in right premolar zone 70 100.00 1.00 0.00 52 98.08  0.91 0.09 122 99.18  0.97 0.03
2 Contactin right premolar zone 73 98.63 0.90 0.10 104 9423 0.83 0.07 177 96.05 0.85 0.06
1 Contactin left molar zone 70 98.57 0.96 0.04 52 98.08 0.94 0.06 122 98.36  0.95 0.03
2 Contactin left molar zone 73 97.26  0.86 0.10 104 96.15  0.90 0.05 177 96.61  0.90 0.04
1 Contact in left premolar zone 70 98.57  0.95 0.05 52 100.00 1.00 0.00 122 99.18  0.97 0.03
2 Contactin left premolar zone 73 98.63 0.88 0.12 104 96.15 0.87 0.07 177 97.18 0.87 0.06

NHANES, National Health and Nutrition Examination Survey; n, number of replicate exams; %, percent agreement; ASE, asymptotic standard error

(kappa); #, health technologist examination team number.

compared against prevalence figures obtained in the same
children by a trained oral epidemiologist using the standard
visual-tactile protocol used in prior US national surveys.
Validity was assessed in terms of sensitivity, specificity, and
predictive values, and reliability was assessed by percent
agreement and kappa on duplicate examinations. The find-
ings indicated that screenings were valid intraoral assess-
ments for dental caries: all values were higher than 90 percent

and no differences were detected between the two screeners
(nurse and hygienist) and the reference examiner. Although
sensitivity for prevalence of dental sealants was lower than for
dental caries, dental sealant data was determined to be reli-
able with the likelihood of underreporting the prevalence of
dental sealants for surveillance activities.

This report is part three of a series of methodology
papers that now cover ten years of oral health data

Table 4 Interrater Reliability Statistics for Basic Screening Exam for Children Aged 5-12 Years, NHANES 2005-08

NHANES 2005-06

NHANES 2007-08 NHANES 2005-08

# BSE Assessment n % Kappa ASE n % kappa ASE n % kappa ASE
1 Has untreated caries 32 87.50 0.45 0.22 28 100.00 1.00 0.00 60 93.33 0.76 0.1
2 Has untreated caries 20 95.00 0.89 0.10 31 93.55 0.84 0.11 51 94.12 0.87 0.08
1 Has restorations 32 93.75 0.86 0.10 28 100.00 1.00 0.00 60 96.67 0.91 0.06
2 Has restorations 20 90.00 0.69 0.21 31 100.00 1.00 0.00 51 96.08 0.91 0.06
1 Has dental sealants 32 90.63 0.71 0.15 28 100.00 1.00 0.00 60 95.00 0.86 0.07
2 Has dental sealants 20 100.00 1.00 0.00 31 100.00 1.00 0.00 51 100.00 1.00 0.00

NHANES, National Health and Nutrition Examination Survey; n, number of replicate exams; %, percent agreement; ASE, asymptotic standard error
(kappa); #, health technologist examination team number.
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collection on the continuous NHANES (9,10). In this
report, a broad range of data quality issues for the NHANES
2005-08 oral health component are presented including
measures of examiner reliability. Although researchers may
use different standards in ascertaining the strength of agree-
ment between examiners, for this report we relied on a
widely used guideline proposed by Landis and Koch for
interpreting kappa scores (11). A kappa statistic =0 is
reflective of having “poor agreement,” >0 but =0.20 is
“slight agreement,” 0.21-0.40 is “fair agreement,” 0.41-0.60 is
“moderate agreement,” 0.61-0.80 is “substantial agreement,”
and >0.80 is “almost perfect agreement,”

During NHANES 2005-08, the interrater reliability statis-
tics indicated that team agreement with the reference exam-
iner was almost perfect for the tooth count assessment when
excluding assessment for third molars. There was a difference
in the measure of agreement between Teams 1 and 2 regard-
ing third molar assessments between 2005-06 (moderate
versus almost perfect) and 2007-08 (substantial versus almost
perfect). Assessing for third molars can be problematic when
individuals are partially edentulous and tooth morphology
may not be helpful in distinguishing between second molars
and those third molars that may have drifted forward in the
absence of second molars. Nevertheless, the health technolo-
gists were able to produce substantial agreement with the ref-
erence examiner (a dentist) over the 4-year period regarding
proper identification of the presence/absence of third molars.
Properly coding third molars is important in NHANES
because these teeth are typically excluded from caries and
edentulism assessments.

Agreement was considered almost perfect for all three BSE
assessments during 2005-08. In 2005-06, the kappa statistics
for both teams for untreated caries, dental restorations, and
dental sealants were in the upper 0.70s or higher, which would
classify both teams as having substantial agreement with the
reference examiner. Additionally, the kappa scores increased
for both teams from 2005-06 to 2007-08 for untreated caries
and dental sealants. Although only a marginal improvement
in the kappa statistics, this increase in agreement may repre-
sent a slight gain in the overall team learning curve as more
experienced health technologists, who conducted the exam
over a 3- to 4-year period, more favorably affected the overall
team performance compared with less experienced health
technologists, who only conducted the exam for 1 to 2 years.
Finally, agreement was considered almost perfect for the
functional contacts assessment and this was comparable with
interrater reliability findings observed for dentists during
NHANES 2003-04 (8).

Overall, agreement was almost perfect for assessing
untreated caries, dental restorations,and dental sealants in the
mixed dentition during 2005-08. Although there were sub-
stantial differences between the two teams during 2005-06
regardingassessing untreated cariesamong children aged 5-12
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years,concordanceamong Team 1 members with the reference
examiner improved from moderate agreement to perfect
agreement during 2007-08. This outcome may be explained by
three factors. First, the variability associated with producing
the 2005-06 untreated caries kappa statistic for Team 1 was
considerably high (0.22) yet that the percent agreement was
87.5 percent. This could indicate that the number of discor-
dant observations was much lower in one category compared
with the other. Given the sample size of the repeat exams for
this age group, this could indicate that there was either under-
or over-calling of the presence of untreated caries. Indeed,
there were four events which team members did not call
untreated caries whereas the reference examiner did and there
were no events where team members called untreated caries
and the reference examiner did not. Therefore, the disagree-
ment observed during 2005-06 between Team 1 and the refer-
ence examiner indicates bias toward under-calling the
prevalence of untreated caries in the mixed dentition. The two
factors that most likely impacted the improvement in kappa
scores from 2005-06 to 2007-08 was the redistribution of some
of the team members that routinely occurs between 2-year
survey periods and the ongoing quality assurance process,
which included periodic field visits.

Examiner reliability findings from NHANES 2005-08
confirm earlier suggestions that training nondental health
workers may be an accurate and less resource-intense process
for obtaining basic oral health data (12). In an earlier study,
Warren et al. found that trained nurses were able to repro-
duce a tooth count exam administered by dentists in 86
percent of the subject exams conducted. However, there were
some limitations in this study that does affect the interpreta-
tion of findings. Training and calibration was conducted on a
single day, and there was no follow-up regarding the evalua-
tion of inter- or intra-examiner reliability during the length
of the main study, which required only intermittent oral
health data collection.

Although 2-year data cycles from NHANES 1999-2000 and
forward are considered nationally representative and general
assessments of oral health data reliability for NHANES
2005-08 are considered very good, analysts should be cau-
tious in comparing 2-year estimates from the continuous
NHANES because of three important considerations. In a
prior report discussing data quality and comparability
between the two 3-year survey phases from NHANES 1988-
94, the authors described a variety of survey design issues,
including sampling variation that could influence oral health
prevalence differences between the two phases (1988-92 and
1992-94) even though both phases were nationally represen-
tative and examiner reliability was considered to be good
(13). The second important issue regarding the use of 2-year
data cycles is related to using insufficient sample size to calcu-
late oral health estimates, which could produce statistically
unreliable estimates. To ensure reliability of estimates,
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analysts should routinely evaluate whether the denominator
count is >30 and the relative standard error is greater than 30
percent. For most oral health calculations, using 4 years of
data for analyses will reduce the effect of sampling variation
between the two 2-year periods and produce more accurate
estimates. The third consideration affecting interpretation
and comparability of oral health data between 2-year data
cycles is related to the possibility of measurement bias as a
result in changes in data collection methodology between
1999-2004 and 2005-08.

NHANES oral health data collection has changed again.
For NHANES 2009-10, oral health data are being collected
by registered dental hygienists using the person-based BSE
and a tooth-based full-mouth periodontal examination. The
implementation of a full-mouth periodontal exam represents
another significant milestone for oral health surveillance and
dental public health research in the United States. For the first
time in national health examination survey history, six
probing measures per tooth will be made. This expanded
periodontal assessment will permit the full application of a
recently developed definition of periodontitis by the CDC
and American Academy of Periodontology for use in surveil-
lance and epidemiologic research (14).

The oral health data collected during NHANES 2005-08
was the first oral health examination data collected in a
national US examination survey that was obtained by health
technologists rather than dental professionals. Oral health
data were collected by MEC health technologists using
person-based assessments for dental caries, restorations, and
sealants. Tooth-based assessments were also conducted to
assess the presence/and absence of individual teeth and func-
tional occlusal contacts. For this 4-year period, overall inter-
rater reliability findings indicate that health technologist
performance was excellent with concordance between exami-
nation teams and the survey reference examiner being almost
perfect for a number of assessments, including the BSE.
Intensive training, monitoring and follow-up was an impor-
tant factor in producing quality oral health data, but an
equally important factor may be having the trained health
technologists collect the data under routine or “full-time”
conditions. The data presented in this article indicate that the
oral health screening exam, which included the BSE assess-
ment, can produce reliable estimates when conducted by
medical technologists with the appropriate level of training
and data collection oversight.
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