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Abstract

The 2003-04 National Health and Nutrition Examination Survey (NHANES) was
a collaborative effort involving 28 federal funding partners with the National Center
for Health Statistics. The collaborators for the 2003-04 NHANES oral health com-
ponent included the National Institute of Dental and Craniofacial Research and the
National Center for Chronic Disease Prevention and Health Promotion, Division of
Oral Health. Oral health data are available on 8,272 persons aged 2 years or older.
This report provides an overview of the 2003-04 oral health component including
content descriptions and procedures for oral health assessments conducted for the
first time in a national survey in the United States. These assessments include
posterior functional contacts, tooth wear, and oral health-related quality of life. This
report also provides evaluations of data quality in terms of examiner reliability
statistics (percent agreements, kappas, and correlation coefficients) for various
NHANES 2003-04 oral health examination components and analytical recommen-
dations for producing 6-year estimates using the previous two NHANES data col-
lection components (1999-2000 and 2001-02).

Key Words: NHANES, oral health, dental public health, epidemiology, data reliability,
quality assurance

Introduction
Periodic national health examina-

tion surveys have been conducted
in the United States by the Centers
for Disease Control and Prevention
(CDC), National Center for Health
Statistics (NCHS) for more than four
decades. When a new data collection
cycle began in 1999, the National
Health and Nutrition Examination
Survey (NHANES) was changed from
a periodic survey to a continuous,
annual survey. Current NHANES
data are released in 2-year nationally
representative periods to protectthe

confidentiality of survey participants
and increase statistical reli-
ability. The NHANES 2003-04 fol-
lowed the same protocol as the
NHANES 1999-2000 and 2001-02, but
included some minor modifications
that are described in this report.
Additionally, an expanded oral
health section was added to the
NHANES 2003-04 that produced oral
health information on conditions that
have never been assessed in prior
national health surveys in the United
States. This included assessments on
functional occlusal contacts, tooth

wear, and oral health-related quality
of life.

The NHANES data set is a unique
national and international resource,
and its availability allows researchers
to explore many aspects of health
for a national sample. Furthermore,
it allows comparisons with other
national populations, with the poten-
tial to explore the impact of national
and cultural characteristics on health.
The aim of this methodological paper
is to describe the various components
of the oral health exam in 2003-04 and
the steps taken to ensure data quality,
including statistical analyses of reli-
ability, to ensure that researchers are
in a position to use the data properly
for future research.

NHANES 2003-04 Over-
view. The civilian, noninstitutional-
ized population living in the 50
United States and the District of
Columbia was the target population
for the NHANES 2003-04. The survey
used a stratified, multistage probabil-
ity sampling design to select study
participants. Oversampling was per-
formed on selected subgroups, such
as non-Hispanic Blacks, Mexican-
Americans, persons aged 12-19 years
and 60 years or older, to facilitate the
calculation of more precise estimates
for these groups. All study partici-
pants gave informed consent as
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approved by the NCHS Ethics
Review Board. Sample design char-
acteristics for the current NHANES
are shown in Table 1. Additional
information on the background and
content of the NHANES can be found
at http://www.cdc.gov/nchs/about/
major/nhanes/datalink.htm

NHANES 2003-04 Oral Health
Component. The NHANES 2003-04
oral health component was a
collaborative effort between the
National Institute of Dental and Cran-
iofacial Research (NIDCR), National
Center for Chronic Disease Preven-
tion and Health Promotion, Division
of Oral Health, and NCHS. The oral
health assessment included a group
of questions asked during the home
interview, followed by a second
group of questions and dental exami-
nations at the mobile examination
center (MEC). Eligibility for a specific
oral health assessment was age
based and varied among study par-
ticipants. Additional details pertain-
ing to study design and participant
selection for the NHANES 1999-2002
have been described elsewhere (1).

The NHANES 2003-04 expanded
oral health assessments were con-
ducted during the home interview

and at the MEC. Although the target
population for the oral health com-
ponent during 2003-04 was persons
2 years of age or older, the expanded
assessments include only adolescents
and adults. The age eligibility
requirements for the various oral
health assessments are displayed in
Table 2. The number of participants
completing various components of
the NHANES 2003-04 is shown in
Table 3. Among adults aged 20 years
or older who completed the home
interview portion of the NHANES
2003-04, approximately 86 percent
completed the oral health exam,
whereas 90 percent of youths aged 2
to 11 years and nearly 94 percent of
adolescents aged 12 to 19 years com-
pleted the oral health exam.

Home Interview Oral Health
Assessment Healthy People 2010 is
the third in a series of 10-year health
promotion, disease prevention, and
health goals for the nation. One of
two overarching goals for Healthy
People 2010 is to increase the years
and quality of life for individuals of
all ages (2). Measures of oral health-
related quality of life have been
developed, tested, and applied in
numerous countries (3-6). Oral

health-related quality of life studies
have provided health, health service,
and health policy researchers with
important information about the
impact of oral disease and dental ser-
vices on quality of life. The NHANES
2003-04 oral health quality of life
assessment consisted of seven ques-
tions, which were derived from the
14-item Oral Health Impact Profile
instrument (6), and was part of a
series of oral health questions admin-
istered during the home interview.
Additional questions new to the
NHANES 2003-04 oral health section
of the questionnaire inquired into
perceived treatment needs and
reasons for needing dental extrac-
tions, as well as reasons why dental
care was needed in the past year but
was not obtained.

MEC Oral Health Assessment. The
NHANES 2003-04 oral health exam
was performed by trained dentists
with a dental license in at least one
US jurisdiction. Other MEC personnel
were trained as dental recorders. All
NHANES data were collected by a
dental examination team in each of
the concurrently functioning MECs.
The two primary dental examiners
assigned to the MEC teams per-

Table 1
Comparison of Sampling Design Characteristics for Previous and Current National Health and Nutrition

Examination Surveys (NHANES) with Oral Health Content

Characteristic NHANES 1999-2000 NHANES 2001-02 NHANES 2003-04

Data collection year 1999-2000 2001-02 2003-04
Age of the target

population
From birth From birth From birth

Dental exam age 2 years or older 2 years or older 2 years or older
Number of survey exam

locations
27 30 30

Eligible geographical
areas for sample

50 states + DC 50 states + DC 50 states + DC

Groups targeted for
oversampling

Persons 12-19 years;
non-Hispanic Blacks;
Mexican-Americans; those 60
years or older; and others*

Persons 12-19 years;
non-Hispanic Blacks;
Mexican-Americans; those 60
years or older; low-income
Whites; and others

Persons 12-19 years;
non-Hispanic Blacks;
Mexican-Americans; those 60
years or older; low-income
Whites; and others

Total interviewed 9,965 11,039 10,122
Total mobile examination

center examined
9,282 10,477 9,643

Total with an oral
examination record

8,082 9,010 8,272

* Low-income Whites were oversampled only for the NHANES 2000.
DC, District of Columbia.
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formed nearly 95 percent of all the
dental examinations undertaken in
2003-04. Trained interviewers adm-
inistered the oral health questions
during the home interview. For the
2003-04 data collection cycle, all
primary and backup dental examin-
ers were trained and calibrated by
the author (B. A. Dye).

The sequence of assessments ad-
ministered during the oral health
exam is listed in order as shown in
Table 3. The first assessment was a
medical history inquiry conducted by
the dentist to determine if a partici-
pant was to be excluded from the
root caries and periodontal assess-
ments. In 2003-04, 9.4 percent of the
assessed adolescents and adults were
excluded from some of the oral health
exams because of medical history
concerns. Among those excluded,
approximately 40 percent was be-
cause of a positive response to the
question asking about the need for
antibiotic prophylaxis. Questions on
denture use and wearing of dentures
followed the medical screening.
Additional questions new to the
NHANES 2003-04 oral health exam
included asking participants to rate
the condition of their teeth using a
five-point scale. If the response was
“good,” “fair,” or “poor,” a follow-up
question was asked to assess for spe-
cific problems that the respondent
may have had with their teeth.

The oral health exam continued
with the same sequence used in the
NHANES 1999-2002. These proce-
dures included: a tooth count to
identify the presence or absence of
permanent and/or primary teeth,
including the presence of surgical
dental implants and retained dental
root tips, for each of the 32 tooth
positions; assessments for coronal
caries, dental restorations, and
replacement; and assessments for
root caries, dental sealants, incisal
trauma, and dental fluorosis. Follow-
ing the dental fluorosis assessment,
two new examination procedures
were performed: an evaluation for
tooth wear and an assessment of the
quantity and quality of functional
occlusal contacts. At the conclusion
of the oral health examination, the

Table 2
Oral Health Subcomponents Age Eligibility and Age Range of

Participants for Interrater Evaluation, NHANES 2003-04

Assessment
Age in
years

Analytical sample
age range

Home interview
Dental health perception, dental visits, and dental

care utilization*
2+

Dental mouth and chewing problems 18+
Oral health quality of life* 16+
Perceived dental treatment needs* 18+

Mobile examination center exam
Medical history screening 13+
Denture use and wear questions* 25+
Self-assessed dental condition question* 16+
Tooth count 2+ 5-90
Coronal caries 2+ 5-90
Root caries 18+ 18-90
Dental sealants 2-34 5-34
Incisor trauma 6-29 7-29
Dental fluorosis 6-49 7-49
Dental erosion and tooth wear* 13+ 13-87
Functional occlusal contacts* 25+ 25-87
Periodontal assessment 13+ 13-87
Bleeding from probing 13+ 13-87
Recommendation for care 2+

* Data collected from these assessments are available only from the NHANES 2003-04 and are not
in the NHANES 1999-2002.
NHANES, National Health and Nutrition Examination Surveys.

Table 3
Number of Sampled Persons Aged 2 Years or Older Completing the
Interview and MEC and Oral Health Exams for the National Health
and Nutrition Examination Survey (NHANES) 2003-04, by Selected

Demographic Characteristics‡

Characteristic

Number of sample persons*
Number of participants

interrater evaluationHIQ MEC OHX

Age (years)
2-5 926 865 790 0
6-11 1,034 992 973 16

12-19 2,303 2,248 2,155 66
20-39 1,742 1,656 1,501 63
40-59 1,398 1,336 1,221 46
60+ 1,901 1,750 1,632 45

Sex
Male 4,540 4,316 4,065 107
Female 4,764 4,531 4,207 129

Race/ethnicity†
Non-Hispanic Blacks 2,463 2,356 2,220 64
Mexican-Americans 2,247 2,174 2,015 43
Non-Hispanic Whites 3,870 3,642 3,427 112
Others 724 675 610 17

Total 9,304 8,847 8,272 236

* Number of sampled persons completing a home interview questionnaire (HIQ), a mobile
examination center (MEC) examination, and an oral health examination (OHX).
† RIDRETH1 race/ethnicity variable.
‡ Includes the number of persons participating in the OHX interrater evaluation during 2003-04.
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dental examiner assigned each
survey participant to one of four care
levels (immediate, urgent, earliest
convenience, and routine) and iden-
tified generalized conditions (such as
dental caries, oral hygiene instruc-
tion, periodontal needs, denture
needs, etc.) that required attention.
Additional information describing
the examination methods for the oral
health component is available at
http : / /www.cdc .gov/nchs/about/
major / nhanes / nhanes2003 - 2004 /
current_nhanes_03_04.htm

New exam assessments: tooth
wear and functional contacts. Tooth
wear can affect individuals across the
life span. Many of the suggested
etiologies include dietary factors,
medications, health conditions, and
socioeconomic status (7-14). Epide-
miologic assessments of dental
erosion have used the Smith and
Knight Tooth Wear Index (TWI) (15)
and its subsequent modifications
(16). The NHANES 2003-04 protocol
included a TWI derived from the
1998 United Kingdom Adult Dental
Health Survey (17). The assessment
required the visual examination of
the facial, lingual, and incisal sur-
faces of all 12 anterior teeth and the
occlusal surfaces of the first molars.
Tooth wear scores (TWS) were based
upon the extent of enamel loss and
dentin exposure for each eligible
tooth surface.

The functional contacts assess-
ment was incorporated into the
NHANES to fully describe the func-
tional capacities of the dentition, with
the intent to assess the impact of
dental status on oral health-related
quality of life. This exam was derived
from a similar assessment used in the
1998 United Kingdom Adult Dental
Health Survey (18) and counted the
number of posterior functional con-
tacts in such a way as to quantify an
important aspect of the functional
status of the dentition that simple
counts of teeth and prostheses alone
cannot provide. The occlusal contact
assessment consisted of evaluating a
total of 16 posterior zones: eight in the
right premolar and molar region and
eight in the left premolar and molar
region, with the participant in centric

occlusion. Coding for a functional
contact was qualitatively based upon
an assumed hierarchical order, that is,
contact between upper and lower
natural teeth, contact between a
natural tooth and a prosthetic tooth,
contact between upper and lower
prosthetic teeth, and no contact
present. A limited anterior assessment
was performed requiring the evalua-
tion of at least one anterior mandibu-
lar tooth in contact with an opposing
anterior maxillary tooth to produce
the “best” score for the anterior
region. A measurement of maximal
incisal opening was also made in
whole millimeters using an endodon-
tic ruler.

The protocol development and
initial training of the tooth wear
and functional contact assessments
involved an international collabora-
tive effort among researchers and oral
epidemiologists from the University
of Dublin Trinity College (Ireland)
Dental School and Hospital (J. H.
Nunn), the University of Newcastle
upon Tyne (UK) Dental School (J. G.
Steele), the NIDCR, and the NCHS.
The NHANES reference examiner
(B. A. Dye) received training and
standardization at the Dublin Dental
School and Hospital in July 2002.
Professors Nunn and Steele led the
training and reliability assessments in
tooth wear and functional contacts,
respectively. Both had served as
content experts, trainers, and refer-
ence examiners in prior national oral
health surveys in the UK. All training
and calibration participants had been
prescreened and selected based upon
their case definitions to ensure a
broad representation of conditions.
Interrater reliability across all tooth
sites for the tooth wear sessions
yielded a percent agreement of 87.7
percent and a kappa of 0.80. For the
functional contacts session, a 96.8
percent agreement and a kappa of
0.95 was achieved.

Statistical Issues. When using
the NHANES data, complex estima-
tion procedures are necessary to
calculate valid population estimates
because of the complex survey
design and unequal probability for
participant selection. The NHANES

public-use data sets include indi-
vidual sample weights for the inter-
view and MEC examination for each
of the 2-year data collection periods
to account for the unequal probabil-
ity of selection and nonresponse. If
the analysis uses only information
obtained from the interview sample,
then the appropriate weight variable
to use is WTINT2YR. If data are used
from the MEC examination, alone or
in combination with the home inter-
view data, then WTMEC2YR would
be the appropriate weight variable to
use.

There are some important consid-
erations for investigators when com-
bining the 2-year NHANES data sets
for analyses. The 1999-2000 sample
weights were developed using popu-
lation estimates provided by the
Bureau of the Census before the Year
2000 Census counts became avail-
able, whereas after 2001, sample
weights were created by incorporat-
ing information from the Year
2000 Census. Consequently, a 4-year
sample weight, such as the variable
WTMEC4YR for the MEC examina-
tion data, was created by the NCHS
for analyses of the NHANES 1999-
2002 data.

For analyses requiring the combi-
nation of other 2-year data sets, the
NCHS has not provided additional
special weights in the public-release
data files. However, guidance has
been provided to allow analysts to
derive unique sample weights appro-
priate for a suitable multiyear analy-
sis. For instance, when analyzing the
2001-04 data, an appropriate 4-year
sample weight can be derived by
taking half the value of the 2001-02
weight and half of the 2003-04
weight for each sampled person. If a
6-year weight variable is desired,
two-thirds of the 1999-2002 special
4-year sample weight and one-third
of the 2003-04 weight for each
sampled person should be used.
Because of the stratification and
clustering of the NHANES samples,
appropriate sample weights must be
used to calculate proper estimates
and variance statistics.

Masked variance units (MVUs)
have been created from the primary
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sampling unit (PSU) information for
variance estimation. These MVUs are
available for each 2-year period
(1999-2000, 2001-02, and 2003-04),
and their use is recommended for
calculating sampling errors. Software
such as SUDAAN (RTI, Research Tri-
angle Park, NC, USA) or STATA
(StataCorp, College Station, TX, USA)
can be used to estimate sampling
errors by the Taylor series method.
The MVU (derived PSU) variable is
SDMVPSU, and the stratum variable
is SDMVSTRA. Moreover, investiga-
tors should be cognizant of the
issues relevant to reporting estimates
from small sample sizes. The
NHANES data may be considered
statistically unreliable when an esti-
mate is based on fewer than 30
sample units in the denominator or if
the relative standard error is greater
than 30 percent. More detailed ana-
lytical guidelines for the NHANES are
available at http://www.cdc.gov/
nchs / about /major / nhanes/nhanes
2003-2004/analytical_guidelines.htm

Modifications and Technical
Notes. Because the stock of usable
NIDR periodontal probes, which had
been used since the NHANES III,
was critically low and the probe was
no longer commercially available,
a similar probe (Hu-Friedy PCP2,
Hu-Friedy Manufacturing Company,
Chicago, IL, USA) was used for
periodontal examinations in the
NHANES 2003-04. The PCP2 is color-
banded and graduated at 2, 4, 6, 8,
10, and 12 mm. Periodontal mea-
surements were made at the distofa-
cial, midfacial, and mesiofacial sites
on all eligible permanent teeth fol-
lowing the 2001-02 periodontal
protocols.

Like the NHANES 1999-2002 data
files, the NHANES 2003-04 oral
health data sets are organized into
“chapters.” For the 2003-04 data
cycle, there are six chapters: Denti-
tion Exam, Dentition-Addendum
Exam, Periodontal Exam – Upper,
Periodontal Exam – Lower, Miscella-
neous, and Home Interview. The
tooth wear and functional contacts
data are located in the Dentition-
Addendum Exam data file, and data
pertaining to oral health-related

quality of life are located in the
Home Interview data file.

Additional information including
valid questionnaire responses, code
values, and criteria for assessment of
dental conditions including tooth
wear and functional contacts, as well
as the 2003-04 oral health data sets
are available at http://www.cdc.gov/
nchs/about/major/nhanes/datalink.
htm. Oral health derived variables in
major reports and SAS sample codes
are available from the NIDCR/CDC
Dental, Oral, and Craniofacial Data
Resource Center at http://drc.hhs.
gov/

Interrater Evaluation. Dental
examiners undergo a comprehensive
training and standardization period,
including periodic field reviews and
repeat examinations, to ensure
quality oral health data. Details of
the training procedures are avail-
able elsewhere (1). For the 2003-04
NHANES data collection cycle,
second examinations conducted by
the primary examiners were not per-
formed. Consequently, the only reli-
ability statistics available to assess
data quality and examiner perfor-
mance were derived from the repeat
exams performed by the reference
examiner on the study participants
(interrater).

Interrater data were collected on
a convenience sample of NHANES
study participants. The age range of
persons participating in the interrater
evaluation is presented in Table 2,
and Table 3 shows the number of
participants by selected demographic
characteristics. During 2003-04, the
reference examiner evaluated the
two primary dental examiners
approximately four times each
during regular MEC operations. Site
visits were evenly spaced and all
sample participants scheduled for
MEC examinations were eligible for
the interrater reliability evaluation
during these site visits. The reference
examiner completed a repeat dental
exam immediately following a stan-
dard oral health exam conducted by
the primary dental examiner. The ref-
erence examiner determined which
study participants to examine, and
both examiners were blinded to each

other’s observations. Given the con-
straints of appointing and examin-
ing study participants on the MEC,
the primary dental examiners were
aware of when interrater evaluations
were to be performed. Although
the calculated interrater agreements
could have been affected by this
knowledge, the interrater assess-
ments were designed to minimize
the potential for examiner bias.

The interrater reliability statistics
produced for this report were
percent agreement, kappa statistics,
and interclass correlation coefficients
(ICCs). SAS software (version 8.02,
SAS Institute Inc., Cary, NC) was
used to calculate the weighted and
nonweighted kappa statistics for a
number of oral health conditions,
including Healthy People 2010
derived oral health variables. These
include caries experience and
untreated decay in the primary and
permanent dentitions, presence of
dental sealants, tooth retention, and
periodontal disease. Kappa statistics
also were produced for incisal
trauma and dental fluorosis using the
same process as reported in the
NHANES 1999-2002 quality assur-
ance report (1). Evaluating inter-
examiner reliability for the presence
of at least one residual dental root
also was performed by calculating
the kappa scores. Kappa statistics are
presented only if the number of
observations was >1 for the concor-
dant cells. Weighted kappa statistics
were calculated for dental fluorosis
to account for the difficulty in differ-
entiating lower levels of fluorosis,
particularly between questionable
and very mild dental fluorosis. A
weight of “1” was applied to obser-
vations that were in perfect agree-
ment, a weight of “2

3
” was applied to

observations that were one category
apart, and a weight of “1

3
” was

applied to observations that were
two categories apart. Observations
with values “cannot assess” were
excluded from the calculations.

Additional kappa statistics for
periodontal status were calculated
for the prevalence of at least 4 mm or
greater pocket depth and for a
derived periodontitis variable that
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has been used in prior NHANES data
analyses (19,20). A participant was
identified as having periodontal
disease if they had at least one peri-
odontal site with 3 mm or more loss
of attachment and 4 mm or more
pocket depth at the same site. Peri-
odontal status interrater reliability
also was assessed by comparing ICCs
generated from subject-level means
(mm) for loss of attachment and
pocket depth using measurements
obtained from the three periodontal
sites: mesiofacial, midfacial, and
distofacial.

For this report, five different pos-
terior functional contact summary
variables were used to report inter-
rater reliability statistics. Kappa sta-
tistics for the presence of at least one
contact in the premolar and molar
zones for each of the right and left
sides were calculated. A similar reli-
ability statistic was calculated for the
presence of five or fewer posterior
functional contacts. ICCs were calcu-
lated for total posterior functional
contacts, total posterior denture con-
tacts, and the number of third molars
present. Tooth wear was assessed by
calculating kappa statistics for the
presence of at least one surface with
severe loss of enamel and dentin
affecting the pulp (TWS = 3), with
extensive loss of enamel and dentin
(TWS = 2), and with moderate loss of
enamel and dentin (TWS = 1). ICCs
were also produced for total sites
with a TWS = 3 and TWS = 2.

Additional reliability statistics for
the oral health component are avail-
able from the authors. For oral health
data quality comparisons between
NHANES cycles since 1999, inter-
ested readers can refer to previously
published information (1). The den-
tist identified as Examiner B for this
2003-04 report was previously iden-
tified as Examiner C for the 2001-02
data collection cycle.

Interrater Results. The inter-
rater reliability statistics for the
NHANES 2003-04 oral health exami-
nation are shown in Table 4. The sta-
tistics shown are for the two primary
dental examiners employed during
the 2003-04 data collection cycle.
The kappa scores ranged from 0.65

Table 4
Summary of Inter-Rater Reliability Statistics (Primary Dental

Examiner–Reference Examiner Comparisons) for Selected Oral
Health Characteristics: National Health and Nutrition Examination

Survey, 2003-04

Characteristic

2003-04 interrater

n• % agree Kappa ASE

Untreated primary decay*
Examiner A 15 86.7 0.67 0.21
Examiner B 23 100.0 1.00 0.00

Primary caries experience*
Examiner A 15 93.3 0.86 0.13
Examiner B 23 95.7 0.88 0.12

Untreated permanent
decay*

Examiner A 96 87.5 0.65 0.09
Examiner B 139 94.2 0.73 0.09

Permanent caries
experience*

Examiner A 96 92.7 0.84 0.06
Examiner B 139 96.4 0.91 0.04

Dean’s Fluorosis Index†‡
Examiner A 61 41.0 0.56 0.07
Examiner B 117 64.1 0.69 0.05

Incisor trauma¶
Examiner A 60 99.8 1.00 0.01
Examiner B 89 99.9 1.00 0.01

Sealant prevalence*
Examiner A 56 98.2 0.96 0.04
Examiner B 92 98.9 0.98 0.02

Periodontal disease*
Examiner A 70 94.3 0.72 0.13
Examiner B 99 90.9 0.64 0.11

Periodontitis§
Examiner A 70 92.9 ~ ~
Examiner B 99 93.9 0.64 0.13

Residual dental root
Examiner A 96 99.1 0.94 0.06
Examiner B 139 100 1.00 0.00

Tooth retention†
Examiner A 96 100.0 1.00 0.00
Examiner B 139 97.8 0.94 0.03

Posterior functional
contacts (five or less)

Examiner A 57 100.0 1.00 0.00
Examiner B 77 100.0 1.00 0.00

Presence of contact in
right molar zone

Examiner A 57 100.0 1.00 0.00
Examiner B 77 98.7 0.95 0.05

Presence of contact in
right premolar zone

Examiner A 53 98.1 0.91 0.09
Examiner B 74 98.6 0.93 0.07

Presence of contact in
left molar zone

Examiner A 57 98.2 0.94 0.06
Examiner B 77 98.7 0.96 0.04

Presence of contact in
left premolar zone

Examiner A 53 96.2 0.78 0.15
Examiner B 74 98.6 0.93 0.07
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to 1.00 for dental caries in the per-
manent and primary dentitions. For
tooth retention, dental sealants, and
dental fluorosis, the kappa scores
varied from 0.94 to 1.00, 0.96 to 0.98,
and 0.56 to 0.69, respectively. For the
Healthy People 2010 variable preva-
lence of periodontal disease in the
United States (loss of attachment
�4 mm at one or more sites), the
kappa scores were 0.64 and 0.72 for
each examiner. The kappa scores for
periodontitis using the three case
definitions ranged from 0.64 to 0.82
for Examiner B. Because of an insuf-
ficient number of periodontitis cases,
we were unable to calculate the
kappa statistics for Examiner A. For
the various reliability assessments for
functional posterior contacts and
tooth wear, the kappa values ranged
from 0.91 to 1.00 for contacts and
from 0.71 to 0.85 for tooth wear.

Table 5 shows the interrater reli-
ability statistics expressed as ICCs.
For loss of attachment and pocket
depth, the ICCs ranged from 0.86 to
0.93 and 0.61 to 0.86, respectively.
An evaluation of mean differences in
loss of attachment and pocket depth
between the reference examiner and
each primary examiner produced
differences in measurement means
across all periodontal sites ranging
from 0.02 to 0.45 mm for loss of
attachment and from 0.04 to 0.14 mm
for pocket depth. For total posterior
functional contacts and total poste-
rior denture contacts, the ICC values
ranged from 0.98 to 1.00. The ICCs
for severe or extensive tooth wear
were 0.85 and 0.95.

Discussion
This report presents a broad

range of data-quality issues for the
NHANES 2003-04 oral health compo-
nent. Two primary dental examiners
collected the majority of the 2003-04
oral health data, compared with five
examiners during 1999-2002. Exam-
iner concordance for the NHANES
2003-04 is consistent with the values
reported for 1999-2002 in an earlier
publication (1). For caries experience
in the permanent dentition, kappa
scores ranged from 0.85 to 0.96
during 1999-2002 and from 0.84 to

Table 4
Continued

Characteristic

2003-04 interrater

n• % agree Kappa ASE

Severe loss of enamel/
dentin (at least one tooth)

Examiner A 83 98.8 0.85 0.15
Examiner B 117 98.3 ~ ~

Extensive loss of enamel/
dentin (at least one tooth)

Examiner A 83 96.4 0.71 0.16
Examiner B 117 97.4 0.84 0.09

Moderate loss of enamel/
dentin (at least one tooth)

Examiner A 83 94.0 0.83 0.07
Examiner B 117 85.5 0.71 0.06

* Healthy people 2010 objective.
† Recommended derived variable – code available from the Dental, Oral, and Craniofacial Data
Resource Center.
‡ Weighted kappa.
¶ Pooled kappa.
§ Periodontitis defined as having at least 3 mm of attachment loss and 4 mm of pocket depth at
the same site.
• Number of paired observations.
ASE, asymptotic standard error (kappa). ~, at least one concordant cell did not have an
observation >1, kappa was not calculated.

Table 5
Dental Examiner Interclass Correlation Coefficients (ICCs) for

Selected Oral Health Characteristics: National Health and Nutrition
Examination Survey, 2003-04

Characteristic

2003-04 interrater

n† Reference‡ mean Examiner mean ICC

LOA mean*
Examiner A 70 0.52 0.75 0.86
Examiner B 99 0.50 0.33 0.93

PD mean*
Examiner A 70 0.71 0.67 0.61
Examiner B 99 0.83 0.74 0.86

Number of third
molars present

Examiner A 96 0.68 0.67 0.94
Examiner B 139 0.71 0.70 0.99

Total posterior
functional contacts

Examiner A 57 9.53 9.63 0.98
Examiner B 77 9.57 9.39 0.98

Total posterior
denture contacts

Examiner A 57 1.68 1.70 1.00
Examiner B 77 0.86 0.83 1.00

Total sites with severe
or extensive tooth wear

Examiner A 83 0.25 0.21 0.85
Examiner B 117 0.25 0.22 0.95

* Overall mean is for the combined mesio-, mid-, and distofacial periodontal sites for loss of
attachment (LOA) and pocket depth (PD).
† Number of paired observations.
‡ Reference examiner’s mean statistics.

Journal of Public Health Dentistry224



0.91 in 2003-04. Likewise, the kappa
scores for periodontal disease varied
from 0.58 to 0.77 during 1999-2002
and from 0.64 to 0.72 in 2003-04. The
ICCs for mean pocket depth were
similar as well. Coefficient values
ranged from 0.55 to 0.87 during
1999-2002 and from 0.61 to 0.86 in
2003-04. However, the ICC values
for mean loss of attachment were
slightly higher in 2003-04 (0.86 to
0.93) compared with 1999-2002 (0.72
to 0.89).

This report also provides inter-
rater reliability statistics for functional
occlusal contacts and tooth wear,
which are examination assessments
new to the NHANES. Following pub-
lished guidance for evaluating the
strength of interexaminer agreement
(21,22), the functional contacts inter-
rater kappa scores for both the left
and right premolar and molar areas
indicate that excellent agreement
was achieved for this assessment.
Using the same guidance, excellent
agreement was achieved for the
more advanced levels of tooth wear.

We have presented a variety of
reliability statistics for the NHANES
2003-04 oral health data. However,
the interpretation of these reliability
statistics should depend upon the
context of the study design, data use,
and clinical relevance. For the
2003-04 periodontal data, the ICC
statistics ranged from 0.61 to 0.86 for
pocket depth. Although it has been
suggested that a threshold of 0.75 or
greater would represent excellent
reliability, examiner bias (the mean
difference between reference exam-
iner and survey examiners) was
between 0.04 and 0.09 mm. This
level of bias is comparable with pre-
vious bias estimates for mean pocket
depth measures obtained during the
NHANES III (absolute value ranged
from 0.03 to 0.18 mm) (23). The sus-
ceptibility of the periodontal mea-
surement data to measurement error
is an important factor when evaluat-
ing quality control data and when
comparing such data with other data
sources. For example, obtaining
pocket depth measurements requires
consistent angulation and probe
pressure by the examiners. More-

over, the periodontal probes are
marked in 2-mm increments, and the
examiners are trained to round down
to the nearest millimeter.

Another difficult oral health
assessment from the perspective of
evaluating data reliability is enamel
fluorosis. Fluorosis was assessed in
all permanent teeth by assigning one
of six categories (unaffected, ques-
tionable, very mild, mild, moderate,
or severe) to each tooth using Dean’s
Fluorosis Index (24). For the
NHANES 2003-04, the weighted
kappa scores range from 0.56 to 0.69,
indicating moderate to good agree-
ment. For the NHANES 1999-2002,
the weighted kappa scores ranged
from 0.60 to 0.73 (1). One factor that
may be affecting interrater reliability
is the skewed distribution of the
scores and the increased difficulty in
discerning between the unaffected
and less severe degree categories of
fluorosis. Given the low prevalence
of the more extreme scores and the
high prevalence of scores in the non-
affected to very mild range, there is
the likelihood of increased variability
between examiners. Moreover, the
interpretation of the kappa scores
requires some caution because each
examiner assessed different study
participants.

The prevalence of tooth wear is a
growing concern (7). Dental erosion
affecting permanent teeth during
childhood can have lifelong man-
agement consequences, including
increasingly complex restorative
treatment. Likewise, increasing tooth
wear in an aging population with
increasing tooth retention may have
equally important consequences in a
population that typically experiences
less dental care compared with
younger adults. The inclusion of the
tooth wear assessment, as well as the
functional contacts and quality of life
assessments, represents an important
addition to the oral health component
of the NHANES. These assessments
will provide unique opportunities for
analysts to explore emerging con-
cerns and hypotheses using a nation-
ally representative data set.

Many of the NHANES 2003-04
oral health assessments are consis-

tent with dental examination proce-
dures used in the NHANES 1999-
2000 and 2001-02. These data may be
combined to improve the analytical
sample size to test hypotheses. More-
over, the oral health data sets can be
linked to a wide variety of other
current NHANES data components
by using the unique survey partici-
pant identifier to facilitate interdisci-
plinary research. The NHANES
2003-04 oral health data is the latest
in a series of oral health examination
data obtained by a dentist for a
period of at least 4 years. During the
NHANES 2005-06 and 2007-08, oral
health data will be collected by a
team of trained MEC health technolo-
gists using person-based assessments
to obtain general measures of preva-
lence of specific oral health condi-
tions. The protocol was derived from
the Association of State and Territo-
ries Dental Directors’ Basic Screening
Survey (http://www.astdd.org/index.
php?template=surveybss.html).
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