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Destructive Periodontal Disease in Adults
30 Years of Age and Older in the United

States, 1988-1994"

J.M. Albandar, J.A. Brunelle, and A. Kingman

Background: Accurate information on the prevalence and extent of periodontal
diseases in the United States adult population is lacking. This study estimated the
prevalence and extent of periodontal disease in the United States using data from
the third National Health and Nutrition Examination Survey (NHANES III).

Methods: A nationally representative sample was obtained during 1988 to 1994
by a stratified, multi-stage probability sampling design. A subsample of 9,689 den-
tate persons 30 to 90 years old who received a periodontal examination was used
in this study, representing approximately 105.8 million civilian, non-institutional-
ized Americans in 1988 to 1994. Periodontal attachment loss, probing depth, and
furcation involvement were assessed in 2 randomly selected quadrants per person.
Attachment loss and probing depth were assessed at 2 sites per tooth, the mesio-
buccal and mid-buccal surfaces. The periodontal status of each subject was
assessed by criteria based on the extent and severity of probing depth and furca-
tion involvement. These assessments were used to classify each subject as having
a mild, moderate, or advanced form of the disease. In the analyses, weighted data
were used to reflect the complex sampling method.

Results: Prevalence of attachment loss > 3 mm was 53.1% for the population of
dentate (.S. adults 30 to 90 years of age and, on average, 19.6% of teeth per per-
son were affected. The prevalence of probing depth > 3 mm was 63.9% and, on
average, 19.6% of teeth were affected. Fourteen percent of these persons had furca-
tion involvement in one or more teeth. We estimate that at least 35% of the dentate
d.S. adults aged 30 to 90 have periodontitis, with 21.8% having a mild form and
12.6% having a moderate or severe form. The prevalence and extent of attachment
loss and the prevalence of periodontitis increase considerably with age. However,
the prevalence of moderate and advanced periodontitis decreases in adults 80
years of age and older. This is most likely attributed to a combination of a high
prevalence of tooth loss and gingival recession in the oldest age cohorts.
Attachment loss and destructive periodontitis were consistently more prevalent in
males than females, and more prevalent in blacks and Mexican Americans than
whites. We estimate that in persons 30 years and older, there are approximately
56.2 and 67.6 million persons who, on average, have about a third of their remain-
ing teeth affected by > 3 mm attachment loss and probing depth, respectively. We
also estimate that about 21 million persons have at least one site with > 5 mm
attachment loss, and 35.7 million persons have periodontitis. These are conserva-
tive estimates based on partial-mouth examinations, and the true prevalence and
extent of periodontal disease may be significantly higher than what is reported here.

Conclusions: Periodontitis is prevalent in the U.S. adult population. The
results show that black and Mexican American males have poorer periodontal
health than the rest of the U.S. adult population. Primary and secondary pre-
ventive measures should therefore be specifically targeted towards these
groups. J Periodontol 1999; 70: 13-29.
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eriodontal diseases and
Pdental caries are the
most prevalent oral dis-
eases and are also the primary
causes of loss of permanent
teeth in man. Destructive peri-
odontal diseases are character-
ized by loss of the supporting
tissues of the teeth. This loss
often compromises function
and esthetics and may also be
associated with pain and dis-
comfort. In addition, there is
recent evidence suggesting
that destructive periodontitis
may be a risk factor for some
health problems including
cardiovascular disease and low
birth weight.!3 Hence, obtain-
ing information on the preva-
lence and extent of these
diseases is important for the
assessment of the oral, and
possibly, also the general
health of the population.
Assessment of the prevalence
and extent of periodontal dis-
eases often has been achieved
by measurement of periodontal
attachment loss and/or probing
depth. Attachment loss is a
measure of previous disease
experience and may not accu-
rately represent the present
status of disease. Probing
depth, although not an ideal
criterion of disease, is better
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Periodontitis in American Adults

Table I.

Number of Persons Examined for Periodontal

Condition During 1988-1994, by Age, Gender, and
Race/Ethnicity, and the Corresponding Total Population

for the Census 1990

Volume 70 ¢ Number |

Statistics during the period 1988 to 1994.
The periodontal status of Americans from
data gathered during phase 1 (1988 to
1991) of NHANES Il was reported earlier.6

The aims of this study were to: 1) assess
the prevalence and extent of periodontal

Sample Total Population attachment loss, probing depth, and furca-
(in thousands) tion involvement in U.S. adults aged 30
No. % No. % years and older using data from the entire
ey — NHANES Il survey (phases 1 and 2); and
2) estimate the periodontal status in the
30-39 3,052 315 38,293 36.2 Ud.S. adult population during this period.
40-49 2,247 232 28,472 26.9 MATERIALS AND METHODS
50-59 1,411 14.6 16,280 15.4 Study Design
60-69 1,534 15.8 12,788 12.1 NHANES Il was designed to assess the
70-79 947 98 7.406 7.0 health of the United States population dur-
80-90 498 5 2,554 24 ing the period 1988 to 1994 and to gener-
ate national estimates of a wide range of
health and nutrition characteristics.”® The
(Celise survey was undertaken in 2 successive
Males 4,594 47.4 51,150 48.3 phases, with phase 1 data collected during
Females 5,095 52.6 54,643 51.7 1988 to 1991 and phase 2 during 1992 to
1994. In this report, we use the combined
R data from both phases.
Non-Hispanic 3.956 408 81.179 767 The NHANES ll.I survey studied a nation-
whites ally representative sample of persons
Non-Hispanic 2,699 27.9 11,263 10.6 obtained by a stratified, multi-stage probabil-
blacks ity sampling design. National estimates com-
Modier 2,636 272 5031 48 puted using the entire survey (i.e., 1988 to
Americans 1994) produce more precise estimates than
Others 398 4.1 8,320 79 those for individual phase estimates, and fur-
ther allow one to produce more precise esti-
Toal 9,689 100 105.793 100 mates for health conditions within a variety
of subgroups as well. The protocol for
NHANES Il was approved by the
. . . Institutional Review Board of the National
suited to measure the present status of periodontitis -
Center for Health Statistics.
than the measurement of attachment loss.
Accurate information on the prevalence and extent  Study Sample

of periodontal diseases in the United States population
is scarce. A number of factors have attributed to this.
Studies often use regional data, which usually are not
representative of the whole U.S. population. In addition,
there is no consensus on a single examination method
or diagnostic criteria for screening for the presence of
periodontitis. Other constraints include measurement
thresholds used, issues of reliability and validity of
measurements, number of sites and teeth examined,
and how tooth loss is accounted for in the estimates.

A survey of the oral health of U.S. employed adults
and older persons in senior centers was conducted by
the National Institute of Dental Research (NIDR) in
1985 to 1986, and the findings for periodontal parame-
ters are reported elsewhere.® The third National
Health and Nutrition Examination Survey (NHANES III)
was conducted by the National Center for Health

Of the 30,818 persons who received a health examina-
tion in the NHANES IIl survey, 11,111 persons were
dentate in the age group 30 years or older, and 10,740
(96.7%) of these also received a dental examination.
For the periodontal examination, 933 (8.7%) persons
were excluded for medical reasons, and 118 (1.1%)
persons were excluded for various other reasons.
Medical exclusion criteria included cardiovascular dis-
eases and other conditions that may have required the
use of antibiotics before the periodontal examination.
The study group consisted of 9,689 individuals 30 to
90 years old who received a periodontal examination
during the NHANES Il survey. They represented
approximately 105.79 million civilian, non-institutional-
ized Americans. The distribution of these individuals by
age group, gender, and race/ethnicity and the
frequency of the total population that they represent are
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shown in Table 1. The sampling design involved
selecting primary sampling units (counties) by a
probability method with oversampling of older groups,
non-Hispanic blacks, and Mexican Americans.

Clinical Examination

The examinations and data collection were conducted
in mobile examination centers that included dental
units. The oral examination was done by trained den-
tists, and the data were entered directly by a health
technician who used an automated computer data
entry program. Of the oral health parameters assessed
in the NHANES Il survey, we describe in this report the
variables relating to the measurement of periodontal
supporting tissues; they include attachment loss, prob-
ing depth, and furcation involvement. The periodontal
examination was carried out in 2 randomly selected
quadrants, one maxillary and one mandibular. In the
2 quadrants, all fully erupted teeth were assessed,
excluding third molars. A maximum of 14 teeth per
individual were examined.

The distance from the cemento-enamel junction
(CEJ) to the free gingival margin (FGM) and the dis-
tance from the FGM to the bottom of the pocket/sulcus
were assessed at the mesio-buccal and mid-buccal sur-
faces. The measurements were made in millimeters
and were rounded to the lowest whole millimeter. The
assessment was made by using the NIDR periodontal
probe. The probing depth was defined as the FGM/sul-
cus measurement. The CEJ/FGM distance was given a
negative sign if the gingival margin was located on the
root. Attachment loss was defined as the distance from
the CEJ to the bottom of the pocket/sulcus and was
calculated as the difference between the CEJ/FGM and
FGM/sulcus distances (or the sum of the 2 distances if
the FGM was on the root).

Assessment of furcation involvement was made on
5 posterior teeth. The assessments were made at the
mesial, buccal, and distal furcations of maxillary first
and second molars, the mesial and distal furcations of
maxillary second premolars, and the buccal and lingual
furcations of mandibular first and second molars.
Explorer #17 was used for maxillary molars and premo-
lars, and explorer #3 for mandibular molars. Partial fur-
cation involvement (grade 1) was scored in sites where
the explorer was definitely catching into but did not pass
through the furcation. Total furcation involvement (grade
II) was used when the explorer could be passed between
the roots and through the entire furcation.

Classification by Extent and Severity of Periodontitis
For the purpose of this study, periodontitis was defined
as a disease state in which there was an active destruc-
tion of the periodontal supporting tissues as evidenced
by the presence of >3 mm probing depth and >3 mm
periodontal attachment loss at the same site.
Accordingly, the probing depth here denotes the
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FGM/sulcus distance, where the gingival margin is at or
apical to the CEJ (true pocket).

Individuals with less than 6 teeth present (out of a
maximum of 28 teeth) were not included in the classifi-
cation for severity of periodontal disease. The individu-
als were classified according to extent and severity of
periodontal disease using the following criteria:

Advanced periodontitis: 1) two or more teeth (or
30% or more of the teeth examined) having 25 mm
probing depth, or 2) four or more teeth (or 60% or more
of the teeth examined) having >4 mm probing depth, or
3) one or more posterior teeth with grade Il furcation
involvement.

Moderate periodontitis: 1) one or more teeth with
>5 mm probing depth, or 2) two or more teeth (or 30%
or more of the teeth examined) having >4 mm probing
depth, or 3) one or more posterior teeth with grade I
furcation involvement and accompanied with >3 mm
probing depth.

Mild periodontitis: 1) one or more teeth with >3 mm
probing depth, or 2) one or more posterior teeth with
grade | furcation involvement.

No periodontitis: persons with 6 or more teeth who
did not fulfill any of the above criteria were regarded as
not having detectable levels of periodontitis.

Each person was assigned a given classification if
he/she fulfilled one or more of the criteria of that classifi-
cation, and was given the most advanced classification.

Data Analysis

Prevalence of a given periodontal condition was defined
as the percentage of persons having at least one site
with that condition, and the extent was defined as the
percentage of teeth per person displaying that condi-
tion. For attachment loss and probing depth, the extent
estimates were based on clinical examination of a max-
imum of 14 teeth, and for furcation involvement, the
extent estimates were based on examination of 5 poste-
rior teeth.

The race/ethnicity variable was self-reported and
was derived from separate questions on race and
ethnicity obtained during a household interview.
Throughout the text, the term whites will be used to
designate non-Hispanic whites, and blacks will be used
for non-Hispanic blacks.

Because of the complex sampling design of
NHANES I, each sampled person did not have an
equal probability of selection, and final sample weights
were used to produce unbiased population estimates.
The 1990 Census estimates of the U.S. population were
used for standardization of the data to adjust for differ-
ences in age in the subpopulations. For all the data
analyses, the software package SUDAAN! was used
to calculate standard errors. Estimates of attachment
loss and probing depth for the whole group were
standardized by gender and race/ethnicity, whereas
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Attachment loss
to estimate inter- and intra-examiner relia-
Msamm [] 5+ mm bility. The intraclass correlation coeffi-
cients for mean and extent scores of
attachment loss and probing depth were
between 0.75 and 0.97. The inter- and
intra-examiner reliability of qualitative
subject level prevalence (maximum)
scores and all site-based probing depth or
attachment level measurements were
assessed by weighted and unweighted
(exact) kappa statistics. The exact kappa
coefficients for interexaminer reliability of
subject level prevalence scores ranged
between 0.25 and 0.50, and the weighted
kappas (within = 1 mm) ranged between
0.55 and 0.89. The examiners could agree
on attachment level and pocket depth
scores within £ 1 mm consistently.
However, the low values of exact kappa
suggest that some differences exist among
the examiners regarding prevalence val-
ues, since a 1 mm difference could affect
these values to some degree.
Measurement errors for individual
examiners were estimated by using the
differences between replicate measure-

60 Maxillary 60

40 40

% teeth

% teeth

Tooth
type

1 2 3 4 5 6 7

30-55 years

56-90 years

Figure I.
Percentage of teeth by amount of attachment loss, tooth, and age group. Central incisors: |,
second molars: 7.

estimates for subgroups of gender were standardized by
race/ethnicity only, and estimates for subgroups of
race/ethnicity were standardized by gender only.
Comparisons by gender used estimates standardized by
age cohort and race/ethnicity, and comparisons by
race/ethnicity used estimates standardized by age
cohort and gender.

Measurement Reliability
The NHANES 1II field staff followed a quality control
protocol mandated for data collection for the entire
survey (a detailed description is given by Drury et
al.l1). This involved standard examination environment
and methodology, standard state-of-the-art equipment,
and detailed written instructions for all procedures. The
protocol was aimed at reducing systematic and random
measurement errors and quantifying what error
remained. The dental examiners received formal train-
ing and calibration in assessing the periodontal and
other oral variables both before and during the study.
Intra-examiner reliability assessments were based on
replicate examinations conducted on random recall
samples of roughly 20 study participants at each of the
NHANES Il 89 survey locations. Interexaminer bias
and reliability were evaluated indirectly by making sep-
arate comparisons of each survey examiner with the
“reference” examiner.

For continuous type responses such as subject level
counts, the intraclass correlation coefficients were used

ments for the individual site assessments.
The intra-examiner measurement errors of attachment
loss and probing depth were between 0.25 mm and
0.55 mm.

RESULTS

Attachment Loss

Overall, the prevalence of >3 mm attachment loss was
53.1%, representing 56.2 million adults, and the extent
was 19.6% teeth per person. Affected persons had, on
average, 36.6% affected teeth. For each millimeter diag-
nostic threshold, the prevalence and extent of attach-
ment loss increased steadily with increasing age cohort
(Tables 2 and 3). In the age cohort 30 to 39 years, the
prevalence and extent of >3 mm attachment loss were
35.7% of persons and 8.1% of teeth, but the correspond-
ing scores for the age group 80 to 90 years were two
and a half times (89.2% of persons) and six times (50%
of teeth) as large, respectively. A comparison by gender
showed that the prevalence and the extent of attach-
ment loss were consistently higher in males than in
females (P< 0.0001) (Table 4). For race/ethnicity, the
prevalence was highest for blacks, significantly lower for
Mexican Americans, and lowest for whites. All 3 groups
were statistically separable pairwise (P< 0.001).

At the tooth-specific level, maxillary molars and
mandibular incisors were affected more frequently by
>3 mm attachment loss than other teeth, whereas maxil-
lary central incisors were the least affected teeth
(Fig. 1). Large differences by age group in tooth-specific
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Table 2.

Prevalence of Persons by Degree of Attachment Loss and Age Cohort

Age (Years)
Attachment Loss 30-39 40-49 50-59 60-69 70-79 80-90 Total
% S.E. % S.E. % S.E. % S.E. % S.E. % S.E. % S.E.
All persons*
>| mm 97.42 0.65 99.61 0.18 99.67 020 9967 0.19 99.70 0.20 9982 020 9886 0.24
>2 mm 67.15 2.13 81.31 1.55  87.01 1.52 9263 1.47 95.48 1.10 96.91 099 8004 1.23
>3 mm 35.74 1.45 48.49 195 6643 1.66 7484 254 79.02 2.16 89.19 1.56 53.13 1.18
>4 mm 17.48 1.37 27.23 133  44.62 1.96 5321 2.96 57.40 2.12 71.12  3.20 3274 1.06
>5 mm 797 0.98 16.66 120 26.87 169 353l 2.34 41.71 2.06 51.36 343 1990 0.94
>6 mm 4.19 0.68 9.53 091 15.76 122  23.54 1.87 25.84 1.99 3462 248 1186 0.76
>7 mm 2.54 0.51 5.68 0.78 9.39 1.09 15.35 1.43 16.96 1.78 2053 225 726 055
Males T
>| mm 97.60 0.87 99.66 021 9991 006 9987 0.09 99.43 042 100 0 9897 0.27
>2 mm 71.98 2.76 83.84 2.13 8937 221 94.49 1.41 96.76 0.90 96.71 1.43 8272 147
>3 mm 42.05 2.56 53.96 233  71.73 228 796l 2.29 82.36 223 91.00 2.00 5782 1.27
>4 mm 22.27 2.62 33.84 1.73  52.67 267 5976 342 62.43 2.8l 72.15 5.10 3794 1.12
>5 mm 9.37 1.73 22.18 189 3437 221 41.13 3.45 46.70 3.05 54.31 537 2360 .18
>6 mm 543 I.11 13.43 1.52 21.25 1.64 3027 278 32.03 2.64 3785 439 15.17  1.04
>7 mm 3.22 0.79 7.62 132 13.23 1.70 2047 243 22.84 278 2492 338l 953 085
Females T
>| mm 97.24 0.82 99.56 025 9945 039 9947 036 99.96 0.04 99.65 039 9875 0.33
>2 mm 62.56 2.59 78.89 185 8477 1.71 9087 2.04 94.25 1.56 97.10 139 7748 140
>3 mm 29.73 2.08 43.28 222 6140 248 7031 3.69 75.84 3.16 8746 235 4867 |.54
>4 mm 12.93 1.09 20.94 202 36.98 2.51 4697 379 52.62 2.8l 70.11 3.15 2779 134
>5 mm 6.64 0.86 11.40 142 19.73 221 2977  2.89 36.95 2.85 48.54 353 1636 1.05
>6 mm 3.00 0.53 5.80 1.03 10.54 1.43 17.14 214 19.93 248 31.53 295 872 076
>7 mm 1.90 0.48 3.82 0.78 5.74 1.18 10.48 1.27 11.36 1.82 16.33 239 509 049
Non-Hispanic whitest
>| mm 97.24 0.73 99.68 0.18 99.71 022 9973 0.20 99.68 023 100 0 9884 0.26
>2 mm 66.73 2.40 80.83 1.62 86.72 1.70 924l 1.6l 95.66 1.18 96.74 1.13 79.78 132
>3 mm 34.38 1.67 47.03 2.16  65.88 190 7264 273 77.01 2.54 87.44 1.91 52.04 1.26
>4 mm 16.22 1.48 26.06 1.53  43.56 2.18 5088 323 54.53 2.50 6728  3.65 31.66 .11
>5 mm 7.23 1.02 1551 131 26.04 186 3282 262 39.47 2.35 47.19 3.84 19.02 0.98
>6 mm 3.73 0.69 8.60 096 14.54 135 21.03 2.04 23.11 2.20 3030 273 1097 0.77
>7 mm 2.19 0.53 4.96 0.87 8.77 1.30 13.68 1.56 14.69 2.04 1683 230 6.63 059
Non-Hispanic blackst
> mm 98.21 0.77 99.18 033 9946 032 9929 042 100 0 98.44 1.73 9886 0.43
>2 mm 76.16 1.80 87.20 1.66  90.03 193 9258 210 94.01 2.83 98.44 1.73 8400 1.39
>3 mm 47.03 1.60 61.25 140  76.95 263 8509 349 86.74 3.28 98.44 1.73 61.57 1.26
>4 mm 24.46 1.43 39.70 162 57.79 3.64 6886 408 73.13 4.40 9202 283 4102 156
>5 mm 13.39 1.28 28.40 1.57  37.19 274 5498 288 56.57 4.10 76.51 586 2795 .18
>6 mm 820 1.20 18.06 1.38  26.20 258 3755 3.4 43.04 3.50 58.71 5.26 18.71 0.97
>7 mm 4.65 0.8l 11.63 1.05 16.54 249 2680 255 31.15 2.94 4434 7.12 1223 0.75
Mexican Americanst
>| mm 98.97 090 100 0 100 0 100 0 100 0 100 0 99.60 0.38
>2 mm 81.08 6.92 92.78 264 89.50 5.54 80.21 834 100 0 100 0 86.38 3.25
>3 mm 54.53 7.69 63.77 7.60 7735 834 7602 847 92.08 727 100 0 6451 4.88
>4 mm 35.42 7.68 3491 686 6370 1005 638l 9.16 7325 12.74 8455 1524 4431 472
>5 mm 23.70 6.62 15.29 492 5401 10.55 3187 1086 2631 13.80 6221 21.31 2835 3.65
>6 mm 12.74 532 7.13 358 21.95 9.68 2438 824 25.84 13.69 6221 21.31 1458 246
>7 mm 9.83 6.14 4.45 3.05 16.92 9.01 380 286 2506 13.72 1193 11.13 9.69 1.83

*Standardized by gender and race/ethnicity.
tStandardized by race/ethnicity.
FStandardized by gender.
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Table 3.

Mean Percentage of Teeth by Degree of Attachment Loss and Age Cohort

Age (Years)
Attachment Loss 30-39 40-49 50-59 60-69 70-79 80-90 Total
% SE. % S.E. % S.E. % S.E. % S.E. % S.E. % S.E.
All persons*
<| mm 27.11 2.19 17.94 1.39  12.00 1.28 8.76 1.13 772 1.02 453 0.80 18.10 1.4l
| mm 48.43 1.37  45.89 095 37.18 109 3356 148 294l 152 2486 195 4230 0.85
2 mm 16.39 1.26 20.05 097 23.05 102  23.11 1.08 23.96 170 2057 .52 19.99 0.96
3 mm 4.84 0.29 793 041 12.30 058 1382 0.69 15.07 0.77 1790 0.92 898 0.8
4 mm 1.72 0.19 3.60 0.23 7.13 0.53 870 072 9.56 0.57 13.08 1.20 476 0.19
5 mm 0.75 0.13 1.90 023 3.85 0.33 5.01 0.44 6.22 0.50 866 098 262 0.14
6 mm 0.36 0.08 1.23 0.20 2.03 0.2l 289 033 342 0.36 437 055 145 0.10
>7 mm 0.40 0.10 1.46 0.31 2.45 033 4,15 0.59 4,65 0.58 602 0.89 1.81 0.19
>3 mm 8.07 0.62 16.13 077 2776 1.17 3457 1.81 3891 1.60 5004 271 19.62 0.72
Malest
<| mm 24.63 2.33 15.75 1.60 9.36 1.43 722 092 7.07 1.03 384 0.74 1624 1.33
| mm 46.20 1.31 42.65 123 33.07 1.56 29.46 1.82  26.24 1.78 2327 213 3959 0.84
2 mm 19.15 1.68 2061 1.12 2484 143 2296 .16 2438 2.05 1924 165 2129 1.06
3 mm 5.84 0.54 9.60 065 13.12 082 1493 095 1551 091 1736 127 993 033
4 mm 2.18 0.28 4.70 0.44 8.47 0.75 920 082 10.31 0.82 1344 149 539 022
5 mm 0.92 0.20 2.70 043 491 0.6l 6.07 074 5.90 0.55 10.03 149 3.09 0.18
6 mm 0.47 0.12 1.94 041 2.86 0.32 414 0.60 4,10 0.54 511 093 198 0.18
>7 mm 0.60 0.19 2.06 0.54 3.38 0.52 6.02 1.06 6.50 0.89 771 1.47 249 03I
>3 mm 10.01 0.96 20.99 124 3274 146 4036 236 4232 191 5365 323 2288 0.76
Females’
<l mm 29.46 2.48 20.02 1.51 14.52 1.54 10.22 1.63 8.34 1.30 519 122 19.87 1.58
| mm 50.54 1.8l 48.98 1.18 41.09 130 3746 1.95 3242 1.79 2638 239 4488 1.02
2 mm 13.77 1.23 19.51 1.10  21.36 .12 2325 1.41 23.58 162 2183 1.80 18.75 0.96
3 mm 3.89 041 6.35 039 11.52 0.75 1276  0.85 14.65 1.13 18.41 1.21 8.08 0.36
4 mm 1.29 0.17 2.55 0.26 5.85 0.74 8.23 1.05 8.83 0.94 1275 137 4.16 0.28
5 mm 0.59 0.13 1.14 0.26 2.84 043 400 0.8 6.53 0.84 736 1.0l 2.16 0.19
6 mm 0.24 0.07 0.55 0.15 1.24 0.22 1.71 041 2.77 0.48 3.67 0.63 095 O.11
>7 mm 0.21 0.06 0.89 0.26 1.58 0.36 236 035 2.89 0.57 440 093 I.16 0.14
>3 mm 6.23 0.68 11.49 078 23.03 1.67 2907 219 35.67 239 46.60 3.28 16.50 0.87
Non-Hispanic whitest
<l mm 27.53 2.31 1791 148 1223 1.39 9.15 1.23 8.0l 1.06 488 093 1822 149
| mm 48.63 148 47.22 098 38.14 .18 3527 1.63 30.14 1.69 2695 215 4301 0.88
2 mm 16.02 1.30 19.64 098 23.05 108 2325 .16  25.26 198 21.13 .69 19.82 1.00
3 mm 477 0.32 7.49 046 12.12 0.57 1333  0.71 14.69 0.8l 1782 0.88 880 0.28
4 mm 1.63 0.20 3.37 0.27 6.92 0.56 829 078 9.25 0.63 13.01 1.39 462 0.20
5 mm 0.74 0.14 1.89 0.27 3.63 0.37 476 054 6.08 0.6l 774 1.03 258 0.16
6 mm 0.34 0.09 1.16 0.22 1.83 0.24 258 036 2.96 0.38 403 06l 1.36 O0.11
>7 mm 0.35 0.10 1.31 0.32 2.09 0.35 337 0.62 3.6l 0.62 444 083 1.59 0.20
>3 mm 7.82 0.67 15.23 0.85 26.58 125 3233 1.98 36.59 1.79 47.04 3.05 1895 0.74
Non-Hispanic blacks*
<| mm 23.27 2.07 15.55 1.43 9.00 1.35 6.59 1.40 5.57 1.83 330 1.88 1632 .46
| mm 4483 1.27 38.58 1.31 3091 199 2430 232 225] 229 1259 4.13 3762 1.29
2 mm 20.20 147 228l 1.5 2070 1.37  20.55 1.43 18.57 2.15 1698 303 2094 I.15
3 mm 6.58 0.44 10.18 0.58 15.00 1.51 16.34 1.04 16.88 1.65 1940 3.79 1041 0.52
4 mm 2.74 0.26 5.48 0.42 941 1.02 10.08 1.00 1.8l 1.24 1227  1.66 572 037
5 mm 1.09 0.17 3.04 0.34 6.24 0.75 823 079 7.20 1.48 13.76 349 3.51 022
6 mm 0.60 0.10 1.69 0.28 3.50 0.55 433 044 6.34 0.8l 5.8l 1.50 202 0.16
>7 mm 0.70 0.14 2.67 0.40 5.25 0.97 9.58 1.21 11.12 1.29 1590 427 345 030
>3 mm 11.70 0.70 23.07 1.02 3939 238 4855 3.04 5334 3.36 67.13 557 25.11 I.I5
Mexican Americanst
<| mm 10.42 2.05 13.45 426 6.29 2.03 11.89 374 490 2.33 - - 1021 1.56
| mm 46.80 509 45.14 401 31.63 845 4173 5.12 13.83 3.55 480 333 41.77 3.67
2 mm 23.62 2.95 23.78 340 1848 3.99 1769 262 2797 8.16 1837 759 2246 218
3 mm 10.10 2.20 10.11 1.57 15.20 2.84 15.06 333 2261 9.26 3588 3.17 1196 1.34
4 mm 557 2.25 5.6l 1.74 641 1.51 583 2.68 17.74 6.63 2047 371 623 144
5 mm 2.24 0.84 1.27 056 14.93 6.10 2.88 1.35 1.36 1.06 708 286 445 142
6 mm 0.47 0.22 0.25 0.15 2.54 1.41 248 096 3.82 2.35 1240 6.73 .15 0.40
>7 mm 0.83 0.46 0.40 0.24 452 1.99 245 232 777 497 099 093 1.77  0.50
>3 mm 19.16 48l 17.64 341 43.60 927 2869 5.85 5331 12.55 7683 932 2556 3.06

*Standardized by gender and race/ethnicity.
tStandardized by race/ethnicity.
#Standardized by gender.
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Table 4.
Comparison of Prevalence and Extent of Attachment Loss by Gender and Race/Ethnicity

Gender * Race/EthnicityT
Males Females Non-Hispanic Non-Hispanic Mexican
Attachment Whites Blacks Americans
Loss % S.E. % SE P % SE. % S.E. P % S P
Persons
(prevalence)
2| mm 9899 027 98.73 0.33 0.5 98.87 0.26 9891 040 09 9835 0.8 04
>2 mm 8320 143 77.04 1.44 0.0001 78.83 1.45 85.67 1.14  0.0001 83.13 1.67 0.03
>3 mm 5873 1.25 47.83 1.35 0.0001 51.15 1.22 64.68 0.98  0.0001 5627 1.28 0.003
>4 mm 3838l 1.15 26.97 1.18 0.0001 30.74 1.13 44.82 1.30  0.0001 3748 078 0.0001
=5 mm 2436 1.17 15.73 0.96 0.0001 18.14 0.98 31.35 1.06  0.0001 23.17 091 0.0001
>6 mm 1574  1.03 832 0.70 0.0001 10.43 0.78 21.57 0.88  0.0001 1495  0.67 0.0001
>7 mm 995 0.83 4.89 0.46 0.0001 6.31 0.58 14.30 0.73  0.0001 9.00 0.58 0.001
Teeth
(extent)
<l mm 1591 1.29 20.18 1.61 18.62 1.60 14.87 1.27 18.25 1.85
| mm 39.16 0.80 45.26 0.92 43.40 0.83 35.79 I.15 3960 117
2 mm 2139  1.05 18.63 0.95 19.64 1.03 21.19 1.04 20.65 1.71
3 mm 10.13 033 7.88 0.31 8.62 0.27 .13 0.48 952 049
4 mm 556 026 4.00 0.24 4.49 0.22 6.32 0.35 505 024
5 mm 320 0.18 2.05 0.17 2.40 0.15 4.09 0.24 298  0.19
6 mm 205 0.16 0.90 0.10 1.32 0.10 242 0.14 149 0.3
27 mm 261 030 1.10 0.13 1.51 0.20 4.19 0.36 247 0.18
23 mm 2355 076 15.93 0.74 0.0001 18.34 0.72 28.14 0.97  0.0001 2150 071 0.002
*Standardized by age and race/ethnicity.
fStandardized by age and gender.
Attachment loss prevalences of attachment loss were evident for all tooth
types (Fig. 1). Differences in prevalences of site-specific
M 34mm [ 5+mm attachment loss between buccal and mesial tooth sites

were inconsistently expressed by age, gender, and race-
ethnic groups. In the 56 to 90 years old age group as
well as for males and whites, the prevalence of attach-
ment loss was higher at buccal sites than mesial sites
(P< 0.01). On the other hand, the prevalence of attach-
ment loss was higher at mesial sites in blacks
(P< 0.001) (Fig. 2). The prevalences for buccal and
mesial sites were similar for the 30 to 55 year old age
group, among females and Mexican Americans.

56'90 buccal
years mesial

30-55 ( buccal
years  mesial

buccal
males {

mesial
Probing Depth
females { buccal The prevalence of >3 mm probing depth was 63.9%,
mesial representing 67.6 million adults, and the extent was 19.6%

of teeth per person. Affected persons had, on average,
30.2% affected teeth. The prevalence (Table 5) and extent
(Table 6) of probing depth were somewhat consistent in
the different age cohorts, but there was a tendency for per-
sons 70 years and older to have lower prevalence than
those younger than 70. A comparison by gender and
race/ethnicity (Table 7) showed that the prevalence and
extent of >3 mm probing depth were significantly higher in
males than in females, and in blacks and Mexican
Americans than in whites (P< 0.001).

At the tooth-specific level, the prevalence of
>3 mm probing depth was highest in molars, and low-
est in incisors and maxillary canines (Fig. 3). The
prevalence of probing depth was similar in the age
groups 30 to 55 years and 56 to 90 years. Large dif-
ferences in site-specific prevalences of probing depth

Mexican- ( buccal
Americans ) mesial

non-Hispanic ( puccal
blacks {mesial

non-Hispani¢c ¢ puccal
whites {mesial —

Figure 2.
Percentage of sites by amount of attachment loss, age group, and
race/ethnic groups.
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Probing Depth

. 3-4 mm

Maxillary ~

30-55 years

Figure 3.

D 5+ mm

Maxillary

56-90 years

Percentage of teeth by probing depth, tooth type, and age group. Central incisors: |, second molars: 7.

were observed, with mesial surfaces having higher
prevalence than buccal surfaces (P< 0.0001) in every
age, gender, and race/ethnic group (Fig. 4).

Furcation Involvement

The prevalence of furcation involvement for all age
groups was 13.7%, representing 14.5 million adults,
and the extent was 6.8% of posterior teeth per person.
The prevalence and extent of furcation involvement
increased steadily with increasing age, from 5.4% of
persons and 2% of teeth in the age group 30 to 39
years, to 37.9% of persons and 22.2% of teeth in the
age group 80 to 90 years (Table 8). The prevalence of
persons with only one tooth affected was 9.7%, and the
prevalence of grade | involvement was 12.8%. There
were significantly higher prevalences of persons and
higher extent of teeth affected in males than in females
(P< 0.0001), and in blacks and in Mexican Americans
(P< 0.0001) than in whites (Table 9). In persons 56 to
90 years old, the highest prevalence of furcation
involvement was in the mandibular first molars (Fig. 5).

Classification of Persons by Extent

and Severity of Periodontitis

In this sample, 3.1% of persons were classified with
advanced periodontitis, representing 3.2 million adults;

9.5% of persons had moderate periodontitis, represent-
ing 9.9 million persons; 21.8% of persons had mild
periodontitis, representing 22.6 million persons; and
65.5% of persons were without periodontitis, represent-
ing 67.9 million persons (Table 10). An additional 258
persons, representing 2.1 million, were not classified
because they had too few remaining teeth.

The percentage of persons with periodontitis (mild,
moderate, or advanced forms combined) increased with
increasing age from 30 to around 70 years and then lev-
eled out between 70 and 90 years of age (Table 10). On
the other hand, the percentage of persons with only
moderate or advanced periodontitis decreased with
increasing age between 75 and 90 years. Persons 75 to
90 years old had, on average, about 11 teeth missing
due to dental caries and/or periodontal diseases.

The prevalence and severity of periodontitis were
higher in males than in females (Fig. 6), and in blacks
and Mexican Americans than in whites (Fig. 7).
The prevalence of moderate and advanced periodontitis
increased with increasing age from 30 to around
80 years, and decreased thereafter in all 3 race/ethnic
groups, with a higher level of decrease in males than
in females.
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Table 5.
Prevalence of Persons by Probing Depth and Age Cohort

Age (Years)
Probing Depth 30-39 40-49 50-59 60-69 70-79 80-90 Total
% S.E. % SE. % S.E. % SE. % S.E. % S.E. % SE.
All persons*
>| mm 9988 0.2 9999 0.0l 100 0 100 0 100 0 100 0 99.96 0.04
>2 mm 9729 063 96.16 1.05 9529 090 95.17 I.I5  92.07 1.36 93.10 136 9591 0.67
>3 mm 6574 266 6570 206 6173 275 6387 285 5572 275 5660 252 6392 1.98
>4 mm 22.16 203 2140 1.82 2594 245 2543 276 2597 254 1724 229 2311 1.70
>5 mm 7.18 089 852 1.05 10.36 121 1170 1.23 11.72 1.56 684 14l 886 0.63
26 mm 268 045 363 064 536 078 557 084 5.75 1.06 266 0.80 3.88 04|
>7 mm 127 028 .78 037 287 049 3.10 0.52 242 065 I.I5 0.55 193 021
Malest
2| mm 99.75 025 100 0 100 0 100 0 100 0 100 0 99.91 0.09
>2 mm 97.81 0.94 964l 1.28 96.73 LIl 9707 132 9247 1.96 9400 168 9674 0.77
>3 mm 69.74 277 70.15 25I 6485 357 6998 302 6035 365 5921 338 6838 202
>4 mm 25.63 233 2727 257 3038 3.0l 2879 3.14 3048 337 9.6 292 2739 175
>5 mm 8.26 129 11.72 .60 13.43 195 1468 1.72 1523 246 624 157 11.17 087
26 mm 360 0.73 501 098 6.98 1.07 704 1.08 7.83 1.79 143 0.68 5.10 0.60
>7 mm 1.56 039 247 062 455 0.89 469 0.92 3.66 I.16 048 0.49 271 036
Females®
>| mm 100 0 99.99 0.0l 100 0 100 0 100 0 100 0 100 0
>2 mm 96.81 078 9592 1.14 93.92 .10 9337 140 91.68 1.59 9225 168 9512 0.75
>3 mm 6194 352 6148 272 5876 337 5805 374 513l 309 5411 334 5969 228
>4 mm 18.85 2.14 158l 1.64 21.72 241 2221 340 2167 320 1541 300 19.03 1.80
>5 mm 6.14 080 546  0.99 743 1.31 887 146 837 1.64 740 1.84 6.65 0.62
26 mm 1.80 047 231 052 3.8l 0.88 418 1.05 3.75 1.03 382 135 270 034
>7 mm 1.00 035 .12 036 128 046 1.59 0.65 125 053 1.77  0.96 1.18 0.20
Non-Hispanic whites?
>| mm 99.87 0.3 100 0 100 0 100 0 100 0 100 0 99.95 0.05
>2 mm 9747 057 9%96.18 1.0l 9523 096 9510 129  91.85 143 927 149 9593 0.63
>3 mm 6474 280 6448 223 5966 293 6129 3.17 5224 3.0 5424 274 6224 207
>4 mm 20.16 199 1972 202 2375 257 2220 295 2266 280 1720 250 2099 1.74
>5 mm 603 09I 742 115 9.21 1.32 9.57 1.37 9.65 1.70 643 147 7.63 0.65
26 mm 242 047 295 067 459  0.80 427 091 4.50 1.08 208 079 329 040
>7 mm 126 037 .35 038 255 056 223 059 1.89  0.68 1.06 0.58 1.66 021
Non-Hispanic blacks?
>| mm 100 0 99.94 006 100 0 100 0 100 0 100 0 99.98 0.02
>2 mm 96.11 1.07 96.09 148 95.16 1.94 9547 156 9494 221 9494 323 9583 .13
>3 mm 7839 23l 75.68 239 7167 346 7780 340 7122 365 6790 656 76.14 20l
>4 mm 3740 2,67 3790 229 3934 389 4570 3.1 4487 439 1698 725 3877 217
>5 mm 16.06 1.41 1789 136 18.17 239 270 256 2686 487 998 542 1842 .17
26 mm 6.12 1.00 9.60 I.16 10.76 1.77 1444 177 1489 346 743 387 9.02 084
>7 mm 3.31 0.60 646 0.98 5.20 1.35 9.69 1.64 5.40 1.24 204 208 5.17 053
Mexican Americans ¥
>| mm 100 0 100 0 100 0 100 0 100 0 100 0 100 0
>2 mm 9897 090 99.60 0.29 8704 560 8928 6.18 8683 1044 100 0 95.89 1.51
>3 mm 7547 627 5398 833 69.12 1095 6788 939 7409 9.6l 100 0 68.03 4.00
>4 mm 2477 630 3049 68l 2890 123 17.63 9.0l 1581 11.02 1193 11.13 2637 4.00
>5 mm 13.84 551 1370 4.13 1774 1094 1360 7.96 8.8 823 - - 1450 237
26 mm 2.54 1.8l 097 047 2.64 1.98 865 692 774 819 - - 272 1.2
>7 mm 2.25 1.78 074 043 2.64 1.98 1.53 1.28 774 819 - - 1.94 0.90

*Standardized by gender and race/ethnicity.
TStandardized by race/ethnicity.
FStandardized by gender.
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Table 6.
Mean Percentage of Teeth by Probing Depth and Age Cohort

Age (years)
Probing Depth 30-39 40-49 50-59 60-69 70-79 80-90 Total
% SIES % SIES % SIES % SIES % SE. % SIE! % SIES
Al persons*
<| mm 080 0.14 1.02 023 .13 023 0.78 0.1l 1.04 0.18 0.90 020 094 0.1
| mm 38.57 2.40 3885 245 39.42 225 3758 258 4228 280 4195 234 3905 219
2 mm 41.56 1.54 39.97 1.62 40.05 1.59 4087 1.6l 37.16 1.72 3883 1.54 4040 14l
3 mm 14.61 0.80 15.19  0.67 13.32 0.72 1454 08I 13.22 091 1382 0.98 1444 0.55
4 mm 337 04l 342 040 398 0.5l 355 0.56 404 054 289 067 354 036
5 mm 0.70 0.10 082 008 1.05 0.11 147 021 1.34 0.22 1.05 03I 092 0.06
6 mm 0.24 0.05 032 008 0.56 0.11 058 0.17 0.54 0.14 0.19 0.08 0.36 0.05
>7 mm 0.15 0.04 042 0.14 0.49 0.09 064 0.11 0.37 0.11 036 0.20 035 0.05
>3 mm 19.08 1.21 20.17 1.07 19.40 1.19 2078 1.35 19.52 1.48 18.31 1.33 19.61 0.95
Malest
<| mm 0.69 0.26 099 030 0.90 0.37 060 0.17 0.57 0.18 064 0.24 079 0.I15
| mm 34.24 2.35 3448 263 34.94 225 3278 23] 39.32 3.12 3897 239 3472 203
2 mm 43.12 1.65 40.21 1.93 42.13 1.87 4264 1.6l 37.45 1.83 40.34 182 4]1.66 1.40
3 mm 16.55  0.85 1794  1.09 14.24 1.03 1640 1.00 1533 1.33 1539 139 1646 0.63
4 mm 4.00 0.48 4.19 046 4.89 0.71 387 0.71 4.46 0.79 326 0.75 4.18 04l
5 mm 0.87 0.16 .13 0.14 1.41 0.20 190 038 1.55 0.29 1.18 04l 1.19 0.10
6 mm 0.32 0.08 042 0.1l 0.69 0.19 084 032 0.77 0.24 0.14 0.07 049 0.08
>7 mm 022 006 064 027 080 0.17 097 020 0.56 021 0.08 0.08 0.52 0.09
>3 mm 21.95 1.30 2432 .52 22.03 1.57 2398 |57 2267 2.08 2005 |.75 2284 1.03
Femalest
<| mm 0.90 0.13 1.04 022 1.35 0.26 095 024 1.50 0.3l 1.15 033 1.08 0.13
| mm 42.68 2.73 4299 255 43.69 273 4214 3.14 4510 3.00 4478 298 43.18 244
2 mm 40.08 1.76  39.74 .62 38.08 1.85 3920 200 3689 2.02 3741 203 3921 156
3 mm 12.77 0.97 1258 0.87 12.44 0.88 12.76 1.02 1122 0.97 1231 1.18 1251 0.68
4 mm 2.77 0.43 269 049 3.1 0.42 323 0.6l 3.64 0.6l 255 083 292 035
5 mm 0.54 0.08 0.51 0.12 0.70 0.14 1.06 020 1.14 0.27 094 0.40 0.67 0.06
6 mm 0.16  0.05 023 0.8 044  0.12 033 0.10 032 0.0 024 0.12 0.25 0.04
>7 mm 0.09 0.03 020 0.08 020 007 033 0.l 020 0.09 0.62 037 0.19 0.04
>3 mm 16.34 1.37 16.22 1.25 16.88 134 17.72 1.56 16.52 1.46 16.65 1.66 16.54 1.05
Non-Hispanic whitest
<l mm 0.84 0.14 1.03 025 1.12 0.25 082 0.13 1.19 0.21 097 0.21 097 0.12
| mm 3894 243 4005 256 41.12 240 3940 285 443l 307 4412 257 40.15 226
2 mm 42.12 1.64 39.94 .77 4031 1.69  41.52 1.83 37.35 1.89 3841 1.76 ~ 40.73 1.51
3 mm 14.18 0.83 1440 0.72 12.16 0.8l 1329 0.90 12.06 0.99 12.19 0.88 13.61 0.56
4 mm 3.03 0.39 325 042 3.60 0.52 292 058 3.50 0.55 274 0.64 320 0.36
5 mm 0.55 0.10 072 0.1 085 0.13 126 022 093 0.7 1.07 036 0.77 0.07
6 mm 0.20 0.05 027 007 041 0.11 045 0.18 0.42 0.14 0.13 0.06 0.30 0.05
=7 mm 0.14 0.04 033 0.14 0.43 0.10 033 0.10 0.25 0.11 037 022 028 0.05
23 mm 18.10 1.21 18.98 1.12 17.45 1.28 18.26 1.42 17.15 1.6l 16.50 1.37 18.16 0.96
Non-Hispanic blacks*
<l mm 059 0.l 069 0.14 085 026 048 0.19 0.09 006 0.63 0.60 0.62 0.10
| mm 32.76 2.62 3225 267 28.73 353 2540 3.09 29.26 3.29 3262 558 31.16 249
2 mm 38.06 1.46 38.15 1.54 36.38 209 37.09 1.59 37.26 2.12 3758 42| 3772 130
3 mm 20.19 0.83 19.74 1.09 228l 1.68 21.48 1.26 18.86 1.41 2428 48| 20.53 0.84
4 mm 577  0.66 552 06l 635 078 840 1.08 760  1.32 3.00 193 6.09 054
5 mm 1.76 0.19 1.67 0.20 2.35 0.40 295 039 4.28 1.35 088 0.58 204 0.17
6 mm 0.52 0.12 076 0.15 1.53 0.42 129 033 1.49 0.45 0.67 048 086 0.13
>7 mm 0.35 0.07 122 024 0.99 0.27 290 062 1.16 0.31 034 0.35 097 0.12
>3 mm 28.59 1.56 2891 1.50 34.03 248 37.02 223 33.39 2.56 29.17 443 3050 1.44
Mexican Americanst
<l mm 0.27 0.13 0.18 0.14 091 0.50 059 0.18 - - - - 039 0.1l
| mm 35.79 397 4098 6.l 4041 9.11 4585 5.96 2854 |I.13 43.66 843 3849 3.64
2 mm 42.09 3.1 3781 3.59 32.94 386 37.77 599 41.29 8.89 2241 793 3895 222
3 mm 16.88 1.94 1392 279 14.99 3.99 1285 327 24.52 6.47 2896 2.02 1565 1.80
4 mm 343 1.00 5.18 1.40 6.88 3.1 096 0.66 4.13 2.86 497 464 437 1.09
5 mm 1.19 0.50 1.79 077 2.43 1.57 064 047 0.8l 0.76 - - 1.55 0.37
6 mm 0.19 0.14 0.06 0.03 025 026 122 1.1l - - - - 025 0.13
27 mm 0.17 0.14 0.08 0.05 1.19 1.07 0.12 0.10 0.70 0.74 - - 036 0.22
23 mm 21.85 2.85 21.03 420 25.74 722 1579 358 30.17 827 3393 289 2218 2.68

*Standardized by gender and race/ethnicity.
tStandardized by race/ethnicity.
#Standardized by gender.
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Table 7.
Comparison of Prevalence and Extent of Probing Depth by Gender and Race/Ethnicity

Gender * Race/EthnicityT

Males Females Non-Hispanic Non- Hispanic Mexican
Probing Whites Blacks Americans
Depth % SIES % SIES P % SE. % S.EE. P % SE. P
Persons
(prevalence)
> | mm 9992 008 100 0 0.35 99.95 0.05 99.98 0.02 05 100 0 0.33
> 2 mm 96.68 0.76 95.21 0.74 0.04 95.87 0.69 95.94 I.15  0.95 9723 045 0.09
> 3 mm 6834 197 59.77 2.30 0.0001 61.49 2.25 76.50 1.93  0.0001 74.99 1.48 0.0001
> 4 mm 2759 1.72 18.87 1.79 0.0001 20.16 1.88 39.82 2.14  0.0001 32.63 1.40 0.0001
> 5mm 11.35 0.86 6.56 0.62 0.0001 7.17 0.68 19.51 1.20  0.0001 1288  0.75 0.0001
> 6 mm 521  0.58 2.64 0.34 0.0001 3.00 0.44 9.88 0.88  0.0001 539 058 0.001
> 7 mm 278 034 1.15 0.20 0.0006 1.38 0.24 5.63 0.57  0.0001 308 044 0.002
Teeth (extent)
<l mm 077 0.14 1.07 0.13 0.98 0.13 0.59 0.10 085 032
I mm 3472 2.00 43.19 244 40.58 244 30.03 2.37 3371 1.36
2 mm 41.57 136 39.28 1.56 40.85 1.59 37.85 1.26 3935 08l
3 mm 1649  0.62 12.49 0.69 13.25 0.6l 20.95 0.83 19.02 0.70
4 mm 421 04l 2.89 0.35 3.08 0.39 6.33 0.55 467 0.25
5 mm 121 0.10 0.66 0.06 0.72 0.07 2.20 0.20 1.59  0.13
6 mm 050 0.08 0.24 0.04 0.29 0.05 0.95 0.13 039 0.05
=7 mm 053 0.09 0.18 0.03 0.25 0.05 I.10 0.13 043 007
>3 mm 2294 1.02 16.46 1.05 0.0001 17.59 1.05 31.53 1.39  0.0001 2609 094 0.0001

*Standardized by age and race/ethnicity.
fStandardized by age and gender.

Table 8.

Prevalence and Extent of Furcation Involvement, by the Number of Posterior
Teeth Affected and Type of Involvement, and Age Cohort

Age (Years)
Furcation 30-39 40-49 50-59 60-69 70-79 80-90 Total
Involvement * % SIE} % SIE} % STE} % S.E. % SIE} % S.E. % SIE}
Persons
Number of
teeth affected
[ 387 045 823 0.68 13.71 1.17 19.38 I.15 2236 1.98 26.65 248 9.71 047
2 1.04 0.34 2.63 0.56 4.09 0.65 6.23 I.16 7.55 1.18 9.13 205 305 03l
3 040 021 0.41 0.19 I.11 0.36 1.21 0.38 1.03 0.53 198 0.78 0.65 0.10
4 0.10 0.0 0.13 0.11 0.30 0.16 0.75 0.43 0.79 0.30 0.17 0.17 024 0.09
Degree of
involvement
Grade | 517 058 [I.I12 0.91 17.86 1.35 25.50 1.64 28.57 243 3458 295 1282 052
Grade |l 024 0.6 0.28 0.12 1.35 0.44 2.07 0.56 3.16 0.87 335 082 083 0.I18
Total 5.41 058 11.39 0.92 19.21 1.35 27.57 1.67  31.73 237 3793 278 13.65 0.53
Teeth
(percentage
per person)
Grade | 1.78  0.25 5.33 0.57 8.65 0.71 13.71 1.18 16.75 1.60 2034 1.79 6.26 0.26
Grade || 0.19 0.3 0.21 0.11 0.80 0.26 1.18 0.36 1.93 0.58 1.84 0.63 051 0.12
Total 197 0.26 5.53 0.58 9.45 0.74 14.89 1.23 18.67 1.53 22.17 165 6.78 0.30

*Standardized by gender and race/ethnicity.
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Table 9.

Comparison of Prevalence and Extent of Furcation Involvement by
Gender and Race/Ethnicity

Gender * Race/Ethnicity’
Males Females Non-Hispanic Non-Hispanic Mexican

Attachment Whites Blacks Americans
Loss % STES % SIES P % SE. % SE. P % S.E. P
Persons

Number of

teeth affected

| 1200 0.62 8.6l 0.56 9.12 0.45 17.22 0.89 1285 0.70

2 451  0.52 2.05 0.26 2.86 0.35 4.79 0.55 499 042

3 084 0.19 0.56 0.16 0.56 0.11 1.36 0.32 1.32 0.25

4 046 0.15 0.08 0.07 0.26 0.11 0.18 0.10 030 0.07

Degree of

involvement

Grade | 16.63 0.74 10.62 0.6l 12.00 0.49 2222 1.24 1789 0.78

Grade Il .17 027 0.68 0.18 0.8l 0.20 1.33 0.29 .56 0.25

Total 1780 0.73 11.30 0.63 0.0001 12.81 0.50 23.55 124 0.0001 1946  0.87 0.0001
Teeth
(percentage
per person)

Grade | 838 044 5.12 0.33 5.8l 0.27 12.15 0.79 892 049

Grade Il 077 020 0.37 0.11 0.51 0.14 0.83 0.19 080 0.3

Total 9.15 048 5.49 0.35 0.0001 6.31 0.31 12.98 0.83  0.0001 972 054 0.0001

*Standardized by age and race/ethnicity.
tStandardized by age and gender.

Table 10.

Percentages and Estimated Numbers of Individuals 30 to 90 Years Old From NHANES III
Survey by Classification According to Extent and Severity of Periodontitis, and Age Group
(also shown is the mean tooth loss in the different age groups)

Periodontal Status

Advanced Moderate Mild No Mean
e Periodontitis Periodontitis Periodontitis Periodontitis Tooth Loss

(Years) % No.* % No." % No.* % No."
30-34 1.44 285 3.79 751 17.02 3,376 77.76 15,424 1.49
35-39 2.28 418 7.25 1,330 16.65 3,054 73.83 13,542 2.55
40-44 2.04 343 7.85 1,316 18.04 3,022 72.06 12,071 3.31
45-49 3.84 433 11.04 1,247 22.10 2,495 63.02 7,114 4.82
50-54 4.64 387 10.64 886 23.61 1,966 6l1.11 5,087 6.09
55-59 391 293 14.46 1,082 28.22 2,113 534l 3,999 761
60-64 4.54 293 14.23 919 28.78 1,860 52.46 3,389 7.96
65-69 5.90 341 15.18 878 33.03 1,910 45.89 2,654 8.18
70-74 6.05 276 13.10 597 28.70 1,308 52.15 2,377 9.20
75-79 332 8l 19.92 487 29.52 722 47.25 1,156 11.02
80-84 3.72 59 17.78 280 31.92 503 46.57 734 10.71
85-90 2.63 19 13.99 101 40.22 291 43.16 313 11.29
Total 3.10 3,228 9.50 9,874 21.80 22,620 65.50 67,860 4.76

*The numbers of individuals (in thousands) represent estimates within a total of 103.6 million adult persons in the U.S population who had 6 or more remaining teeth.
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Figure 4.
Percentage of sites by probing depth, age group, gender,
and race/ethnic groups.

The overall number of teeth lost
increased with age from 1.49 teeth in the
age group 30 to 34 years to 11.29 teeth in
the age group 85 to 90 years (Table 10). In
the age cohort 80 to 90 years, the mean
number of teeth lost was 11.7 in males and
11 in females; it was 11 in whites, 13.3 in
blacks, and 13 in Mexican Americans.

DISCUSSION

The survey sample used in this study was
representative of 105.8 million civilian non-
institutionalized Americans aged 30 years
and older during 1988 to 1994. The results
show that periodontitis affects at least 35%
of U.S. dentate adults aged 30 or older. The
prevalence of periodontitis was assessed in
persons with 6 or more remaining teeth.
These results show that 21.8% of persons
had mild periodontitis, and 12.6% of per-
sons had moderate or advanced periodonti-
tis. Thus, two-thirds of the affected persons
had mild periodontitis and one-third had
moderate or severe periodontitis. The
prevalence of periodontitis increased con-
siderably with increasing age, and for the
whole population, 29% of persons in the
age cohort 30 to 54, and 50% of persons
55 to 90 years old had periodontitis. A sim-
ilar age pattern also occurred in subgroups
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of gender and race/ethnicity. Hence, by age, it
increased from 34% to 56% in males and from 23% to
44% in females; by race/ethnicity, it increased from
25% to 47% in whites, from 42% to 70% in blacks, and
from 35% to 59% in Mexican Americans. This also
shows that periodontitis is consistently more prevalent
in males than in females, and in blacks and Mexican
Americans than in whites.

The present findings also suggest that moderate and
advanced periodontitis decrease in prevalence from
about 80 years of age and beyond in all 3 race/ethnic
groups studied. However, it should be noted that tooth
loss in this age cohort was substantial, with whites,
blacks, and Mexican Americans, respectively, having
on average 11, 13.3, and 13 teeth lost due to caries
and/or periodontitis.

Overall, 53.1% of persons had >3 mm attachment loss
and 63.9% of persons had >3 mm probing depth in one
or more teeth. Moderate to severe levels of attachment
loss and probing depth were also prevalent in U.S. adults.
Attachment loss and probing depth of 25 mm, which are
manifestations of moderate to advanced periodontal
problems, were found in 19.9% and 8.9% of persons, with
a significantly higher prevalence in males than females,
and in blacks and Mexican Americans than in whites.

The older age groups had more persons and more
teeth per person having attachment loss than the
youngder age groups. In persons 30 to 39 years old, the
prevalence of 25 mm attachment loss was 8% of per-
sons, which increased to 51.4% in persons 80 to 90

years old. However, the relationship between preva-
lence and extent of probing depth and age was less
clear. The prevalence of 25 mm probing depth reached
its peak of 11.7% in the age cohort 60 to 69 years and
then decreased to 6.8% in the age cohort 80 to 90
years. The extent of 25 mm probing depth showed a
similar pattern.

It should be noted that the reference points for the
assessment of attachment loss and probing depth are
the CEJ and the gingival margin, respectively. Since the
CEJ is fixed, whereas the gingival margin is not, attach-
ment loss represents a cumulative effect of the overall
disease experience and the resulting loss of periodontal
support, whereas the probing depth measurement is
more variable and also may depend on the magnitude
of gingival recession at the site of measurement.

This study showed that the U.S. adult population has
a substantial subgroup with periodontal attachment loss.
In addition, this population also has a high level of gingi-
val recession.!? Persons with attachment loss and gingi-
val recession are more likely to experience root caries
later.!3 Coronal caries also is a predisposing factor for
periodontal destruction.!4 Although caries and periodon-
tal diseases are the main causes for tooth loss in adults,
periodontal diseases were found to be the main reason
for tooth extraction in the age group 50 years and older
in a U.K. population.!® These reported findings suggest
that in adults, extracted teeth may have had a higher
level of destructive periodontal disease than other teeth.
Also, an inspection of Table 10 shows that there is an
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increase in the prevalence of mild, moderate, and severe
periodontitis separately, but with differing age-specific
exit points (lag time) of the increase. This pattern is
surely consistent with what one would expect as a conse-
quence of tooth loss in the older age cohorts. Due to the
increasing level of difficulty in arresting disease progres-
sion at the more severely affected teeth, with or without
clinical assistance, the most likely scenario is that tooth
loss provides a key factor in the artificial decrease in
advanced periodontitis and probing depth prevalences
for the oldest age cohorts.

In the 1985 to 1986 NIDR survey of the oral health of
United States employed adults and seniors, it was
found that 48.6% of persons 35 to 44 years old and
77.3% of those 55 to 64 years old had 23 mm attach-
ment loss. For 24 mm probing depth, the correspond-
ing figures were 17.2% and 19.2%, respectively.® In this
study, the figures were 48.5% for the 40 to 49 year old
cohort and 74.8% for the 60 to 69 year old group
having >3 mm attachment loss, and 21.4% and 25.4%
of persons with >4 mm probing depth, respectively.
This shows that the prevalence of >3 mm attachment
loss is similar in the 2 surveys, whereas the prevalence
of 24 mm probing depth is higher in the 1988 to 1994
survey than the prevalence found in the 1985 to 1986
survey. It should be noted that the clinical criteria
employed in the 1985 to 1986 survey were similar to
those used in the present survey. However, the persons
sampled in the 1985 to 1986 survey were representa-
tive of the employed and senior population only,

whereas in the NHANES IIl survey, both employed and
unemployed persons were sampled. This may explain
the lower prevalence reported in the earlier survey. One
possible explanation is that employed persons obtain
more regular periodontal prevention and treatment than
those not employed. This would be evidenced in the
probing depth measurements but not necessarily in the
attachment level values.

One other regional survey studied the periodontal
health of New England seniors 70 to 96 years old and
found that 95% of the persons had >4 mm attachment
loss, and 87% of the persons had >4 mm probing depth
in one or more teeth.!® This was substantially higher
than the findings of the present study, which estimates
that 61% and 24% of the persons aged 70 to 90 years
have corresponding attachment loss and probing
depth. It should be noted that the New England survey
used a full-mouth examination and a probing method
that assessed the whole circumference of the tooth.
Also, the New England seniors may be dissimilar in
demographic characteristics from those of seniors
examined in this study. It would be of interest to know
the effect of examining only 2 sites per tooth for 2
quadrants in the New England seniors.

We recognize that the periodontal assessments made
in this study produce underestimates of periodontal dis-
ease. The periodontal examination in NHANES III
involved a half-mouth examination of 2 randomly
selected quadrants, one maxillary and one mandibular.
In addition, only 2 sites per tooth were examined, the
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mesio-buccal and mid-buccal surfaces. There have been
2 reports investigating the degree of underestimation of
the prevalence of periodontal disease by using the partial
recording system employed in this study.!7-18

In the study by Kingman et al.,!” two populations
having full-mouth examinations, one representing a
population with virtually no dental care and one which
received optimal dental care, were investigated. In each
population, specific partial recording systems were
used to produce estimates of the prevalence and sever-
ity of periodontal attachment loss. These estimates
were then compared with those produced by the corre-
sponding full-mouth assessments. A third population,
similar to the one represented in the NHANES IIl survey,
and having full-mouth probing depth measurements,
was also included.!” In this referenced study, the effect
of using the mesio-buccal and mid-buccal sites for a
random half-mouth system produced prevalence esti-
mates for 23 mm attachment loss that had a 2% and
20% negative relative bias, and a 4% negative relative
bias for 23 mm probing depth scores.

In the study by Kingman and Albandar,!8 a popula-
tion with high prevalence of early-onset periodontitis
having full-mouth attachment level and probing depth
measurements at 6 sites per tooth was used to assess
the relative bias of the mesio-buccal and mid-buccal
random, half-mouth partial recording protocol. There
was a 26.3% negative relative bias for 23 mm attach-
ment level and a 32.3% negative relative bias for >3
mm probing depth scores. Thus, the degree to which
disease is underestimated can vary considerably,
depending on the underlying prevalence of disease in
the population, the level of dental care and treatment,
and also the age distribution of the population.

Furthermore, tooth loss was substantial in this popu-
lation, particularly in the older age cohorts, and this
may have contributed to a reduction in the estimated
prevalence and severity of periodontitis and other
periodontal parameters.

Persons with cardiovascular problems or other med-
ical conditions that may require antibiotics coverage
before a periodontal examination were not included in
this survey. There are data suggesting that these
persons may have higher prevalence and extent of peri-
odontal diseases than healthy persons.2 Hence, exclud-
ing these persons also may have caused an underesti-
mation of the assessed level of destructive periodontal
disease in the U.S. adult population.

The NHANES Il was based on a complex, multi-
stage probability sample design. The survey was
completed over 6 years in two 3-year phases. Several
aspects of the survey design must be taken into
account when reporting the results and in data analysis,
including the sample weights and the complex survey
design used. It is also important to note that individual
phase estimates of parameters assessed in the

Volume 70 ¢ Number |

NHANES Il survey may be highly variable due to
changes in sampling methods between the 2 phases.®
One example that clearly illustrates this point is
the finding of a lower prevalence of persons with deep
(>4 mm) probing depth in phase 2 than in phase 1 of
NHANES IIl. At this time, there is no valid statistical test
for examining differences between phase 1 and phase
2.8 Therefore, it is difficult to evaluate whether this or
other differences between the 2 phase estimates are
real, or are due to methodological differences or exam-
iner bias. However, the study by Kingman et al.!? evalu-
ating examiner reliability in NHANES IIl shows that all 3
examiners who conducted most survey examinations
scored consistently with the reference examiner. These
results suggest that differences among the examiners
due to examiner unreliability can be ruled out. The
National Center for Health Statistics recommends using
combined estimates from both phases 1 and 2 of the
NHANES III in the computation of national estimates.

It should be emphasized also that the present esti-
mates represent national averages. Unquestionably,
there are regional differences that may produce varying
prevalence values above and below these averages. In
the present study, thresholds of attachment loss and
probing depth ranging from >1 mm to 27 mm were
used for reporting the prevalence of these indicators of
periodontal disease, and thresholds of <1 mm to >7
mm were used for extent. We feel that this detailed pre-
sentation of the data will make it feasible to compare
the present findings with findings from other popula-
tions based on regional or national samples.

This is the first study that uses national representative
data to assess the prevalence and extent of furcation
involvement. Furcation involvement is a sign of extensive
loss of periodontal supporting tissue and, together with
increased probing depth, was used in this study as a
criterion for classification of periodontitis. As was
expected, the results show a strong correlation between
the prevalence and extent of furcation involvement and
age. Also, there were higher prevalences and extent of
furcation involvement in males than females, and in
blacks and Mexican Americans than whites. This is con-
sistent with the trend seen for attachment loss in this
adult population.

The estimates of periodontal disease outcomes
reported in this study can be useful for the study of oral
health status of the U.S. adult population. We estimate
that in persons 30 years and older, there are approxi-
mately 56.2 and 67.6 million persons who, on average,
have about a third of their remaining teeth showing
>3 mm attachment loss and probing depth, respec-
tively. It is also estimated that there are about 21 million
persons with >5 mm attachment loss, and 36 million
persons with destructive periodontitis.

These findings are important to appreciate the level and
characteristics of destructive periodontitis, and can be
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valuable for planning resources for the prevention and
management of the disease. These data can be used to
identify subpopulations who experience rather high levels
of disease, or present peculiar disease profiles. These data,
coupled with other data available in the NHANES Il data-
base, can be used to investigate the possible associations
between specific oral health conditions and general
systemic health. In addition, the reported findings provide
another time point profile of the periodontal status of the
U.S. adult population, and as such, will be used to monitor
changes and trends in periodontal health in U.S. adults.
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