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Periodontitis Severity Plus Risk
as a Tooth Loss Predictor

John A. Martin,*T Roy C. Page,* Elizabeth Krall Kaye,§ Mohamed T. Hamed,! and Carl F. Loeb'

Background: Tooth loss can be a consequence of the natu-
ral history of periodontitis. Stratification of periodontitis sever-
ity, risk, and tooth loss exists within the United States adult
population, and tooth loss correlates to severity and risk. We
evaluated the loss of teeth for a periodontitis-affected popula-
tion categorized by the combination of severity and risk in
which the subjects predominantly did not receive periodontal
treatment.

Methods: The clinical records of 523 subjects enrolled in
the Veterans Affairs Dental Longitudinal Study, covering a pe-
riod of 15 years, were used. Disease severity, risk level, and
the number of teeth lost for each subject were determined.

Results: A stepwise regression analysis showed that dis-
ease and risk scores predicted mean tooth loss rate. The P
value for the disease score was <0.0005, and the P value for
the risk score was 0.001. The ordinal logistic regression model
showed that disease (P = 0.002) and risk scores (P = 0.000)
were significantly associated with the probability of subjects
losing a specific number of teeth.

Conclusions: Tooth loss is more precisely and accurately
predicted by the combination of risk score and periodontal dis-
ease score than by either score alone. The combined scores
may be a surrogate variable for periodontal status. Because
the scores are derived from routine clinical measurements,
they may be useful for population surveillance and dynamics,
practice management, patient care decisions, practice-based
research, and the determination of treatment effectiveness
and the factors required for successful treatment, resulting in
improved oral health and higher clinician productivity and in-
come. J Periodontol 2009;80:202-209.
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ooth loss can be a consequence of

I the natural history of periodonti-
tis.!3 More specifically, tooth loss
parallels clinical attachment loss, which
is a measure of disease severity.* Data
from the Third National Health and Nu-
trition Examination Survey (NHANES III)
show that the proportion of United States
adults with periodontitis increases with
age, tooth loss parallels age-based prev-
alence, and periodontitis severity varies
widely.! The variation in tooth loss in a
periodontitis-affected and untreated pop-
ulation is exemplified by the studies de-
scribedin Table 1.3-8 The mean tooth loss
per subject ranged from 0.70 to 3.80, and
the mean tooth loss rate (MTLR; number
of teeth lost per subject per year) ranged
from 0.14 to 0.38. The difference in rank
order of mean tooth loss and the rate of
tooth loss reflect the effect of the time
period. In addition to severity and time,
the risk for future periodontal deteriora-
tion is a factor of tooth loss by its effect
on the rate of disease progression,
which was reported to range from a mean
of 0.10 to 0.26 mm loss of clinical
attachment per person per year.? Page
et al.!%11 defined risk as the likelihood
of disease progression, where risk does
not specifically distinguish disease initi-
ation from disease progression. The va-
lidity and accuracy of their five-level risk
scores were established from clinical
records covering a period of 15 years.
The results of their study included the
change in mean percentage of bone loss,
and the mean annual rate of bone loss
was in rank order with increasing risk
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Table I.

Tooth Loss for Subjects Without
Periodontal Therapy

Mean MTLR
Length of  Tooth (teeth/subject/

Investigators Study (years)  Loss year)
Papapanou et al® 10 3.80 0.38
Becker et al” 3.72% 1.24 0.36
Harris’ 2.1% 0.70 033
Gilbert et al.* 4 112 028
Buckley and Crowley® 10 2.50 0.25
Loe et al.? 5 2.07 0.14

* Mean years.

level; the mean percentage of tooth loss increased in
rank order with increasingrisk level; the incidence rate
of tooth loss seemed to be constant within each risk
group; and the incidence rate of tooth loss increased in
rank order with increasing risk level. Therefore, we
hypothesized that tooth loss is unique for each com-
bination of baseline periodontal severity and risk
level for a given time period. Figure 1 is a simplified
hypothetical example to illustrate the dynamics of
tooth loss due to periodontitis: as time passes, there
is an increase in clinical attachment loss, and the rate
of loss is a function of risk. Modeling a population
is complex because periodontitis severity and risk
are stratified. This means that at baseline, subjects
would be represented at numerous points on the
vertical axis of Figure 1, and as time passes, each
follows a trajectory with a slope that corresponds to
their risk, resulting in a multitude of trajectories and a
wide variation in tooth loss. We additionally hypoth-
esized that the tooth loss experience for each group
categorized by baseline disease severity and risk is
unique. Accordingly, the purpose of this study was to
determine whether tooth loss could be modeled using
periodontitis severity and risk parameters. The cate-
gorization of subjects by periodontitis severity and risk
is possible because the quantification of these entities
by means of a disease score and risk score has been
published.!!:12 The validity of the hypothesis may
indicate that the combination of both scores could be a
surrogate variable.!3 As a surrogate, and because the
scores are objective, reproducible, and derived from
routine clinical observations and measurements, they
may be useful for population surveillance and dy-
namics, practice management, practice-based re-
search, determining treatment effectiveness and the
factors required for successful treatment, and the
design of evidence-based dental insurance plans.

High Risk
Moderate Risk
Clinical
Attachment
Loss --—M—m
(]
H '_________._-—-—-""_' Low Risk
i
]
(]
1
i
Time 0:
Baseline Observation Time
Figure 1.

A simplified hypothetical example of three requisite factors for tooth
loss: severity, risk, and time. The red, blue, and green lines represent
three fictitious periodontitis subjects who differ by severity of clinical
attachment loss at the initial examination (i.e, baseline observation).
Clinical attachment loss, which is a measure of periodontitis severity, is
displayed on the vertical axis. Time is displayed on the horizontal axis.
Periodontal disease progresses over time; when a threshold of
disease severity is reached and a tooth is lost, it is denoted by the
purple horizontal line. Risk determines the speed of disease
progression, which is depicted by the slope of the red, blue, and green
lines. For subjects with an equivalent loss of clinical attachment, the
time it takes to reach the critical level of clinical attachment loss for
tooth loss is less for the subject with higher risk. The difference in time
to experience tooth loss for two subjects with different risk levels and
baseline severity is illustrated by the purple vertical lines. This
conceptual model may appear to accurately represent redlity for long
time periods with few points of measurement, as reported in the
studies of Table |. However, this model would not be expected to be
accurate for short time periods and many points of measurement.

MATERIALS AND METHODS

The study population consisted of men enrolled in the
Veterans Affairs Dental Longitudinal Study (VA DLS),
an ongoing closed-panel study of aging and oral
health begun in 1968.!4 The VA DLS is a component
of the VA Normative Aging Study, a closed-panel lon-
gitudinal study of aging and health in 2,280 men from
the greater Boston metropolitan area. Of these men,
there were 1,231 medically healthy male subjects
who self-selected to enroll in VA DLS. For our ana-
lyses, we used data from 523 men who were dentate
at baseline and who returned for each triannual exam-
ination through the 15-year follow-up. Although the
majority of the participants are veterans, they are
not patients of the VA health care system and receive
their dental and medical care from private health care
providers. Subjects return to the study site approxi-
mately every 3 years, at which time they receive com-
prehensive clinical dental and medical examinations;
fill out questionnaires on smoking, alcohol, diet, and
other lifestyle factors; and provide urine and blood
samples for laboratory analyses. At each dental ex-
amination, assessments of oral hygiene (plaque and
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Table 2.
Disease Score Categories

Disease Score Category

Description®

Severity Disease Score*
Healthy or gingivitis | to 3
Mild periodontitis 4to 7
8to 10
Moderate periodontitis I'l to 26
27 to 36
Severe periodontitis 37 to 64
65 to 82
83 to 92
93 to 100

(G4 RN w N

o ~ o~

9

No sextant has periodontitis

2| sextant has mild periodontitis
>40% of sextants have mild periodontitis

2| sextant has moderate periodontitis
240% of sextants have moderate periodontitis

| sextant has severe periodontitis

220% of sextants have severe periodontitis
240% of sextants have severe periodontitis
>50% of sextants have severe periodontitis

* The disease score is a quantification of the severity and extent of periodontal disease based on the number of sextants at each severity level, which is
determined by probing depth (PD), alveolar bone loss, and bleeding on probing.12

T The severity of periodontitis for a sextant is determined by the deepest pocket, greatest bone loss, and bleeding on probing for the sextant. We defined mild
periodontitis as PD <5 mm plus the radiographic distance from the bone crest to the cemento-enamel junction (RBH) as 2 to 4 mm or PD 5 to 7 mm plus
RBH <2 mm. Moderate periodontitis was defined as the combination of PD <5 mm and RBH >4 mm, PD 5 to 7 mm and RBH 2 to 4 mm, or PD >7 mm and
RBH <2 mm. Severe periodontitis was defined as PD 5 to 7 mm and RBH >4 mm or PD >7 mm and RBH >2 mm.'?

calculus), clinical periodontal status (probing depth,
bleeding on probing, and attachment loss), and car-
ies/restorations are made on each tooth present. Den-
tal radiographs are also taken for the measurement of
alveolar boneloss. At each examination during the 15-
year study, each subject was asked to respond “yes”
or “no” to the question “Have you had any gum treat-
ments or gum surgery since your last examination?”
On the basis of the self-reports, 8% of the subjects had
some form of periodontal treatment. Additional char-
acteristics of the study population have been re-
ported.!1.14

Tooth loss for each subject was determined from
the clinical records; the number of teeth lost by year
15 was used for our study. The risk level for each sub-
ject was determined from data at the VA DLS baseline
visit using the method reported by Page et al.!! and
expressed as arisk score with a range of 1 to 5. Sever-
ity was determined for each subject from data at the
VA DLS baseline visit using the method reported by
Page and Martin,!? which was expressed as a disease
score with a range of 1 to 100. Study subjects were
grouped into a two-factor matrix based on their risk
score and disease score. Nine categories of disease
scores, as shown in Table 2, were established to re-
duce the possible number of combinations of risk
and disease scores from 500 to 45. The distribution
of the subjects is shown in Table 3, a 45-cell matrix
of risk and severity. The age range of the study sub-
jects was 28 to 71 years. The mean age for the entire
population was 47.3 + 7.8 years and 46.6 + 3.6 years
for the matrix cells. The MTLR was calculated for each
cell of the matrix, for each risk score, for each disease
score category, and for the entire study population
(Table 4). The proportion of subjects with a specific
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number of teeth lost was calculated for each combina-
tion of risk score and disease score category; the dis-
tribution is shown in Figure 2. Also shown in this figure
is the proportion of subjects with a specific number of
teeth lost for the entire study population.

The variable MTLR was analyzed using stepwise re-
gression to assess the effect of the independent vari-
ables, risk score and disease score category, on the
dependent variable, MTLR. An ordinal logistic regres-
sion model was fitted to five classes, which consisted
of subjects categorized by the loss of no teeth, one to
three teeth, four to six teeth, seven to nine teeth, and
>10 teeth. The risk score was treated as a categorical
factor, and the disease score was treated as continu-
ous for both models. Analyses were performed using
statistical programs.1#

RESULTS

Table 3 shows that a population can be categorized
by risk level, disease severity, and the combination
of both. Nearly every subject in our study population
was catedorized as having periodontitis, which in-
cluded 20% with severe periodontitis, 56% with mod-
erate periodontitis, and 24% with mild periodontitis.
Disease score categories 3, 4, and 5 each had >100
subjects; collectively, they accounted for 75% of all
subjects. Of the 104 subjects described as having se-
vere periodontitis, 46 subjects (9% of all subjects)
were in disease score category 6 (one of six sextants
was severely diseased with the remaining five sextants
less severely affected); 31 subjects (6% of all subjects)

9 Minitab Statistical Software, Minitab, State College, PA.
# R statistical software, R Foundation for Statistical Computing, Vienna,
Austria.
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Distribution of Subjects by Risk Score and Disease Score Category

Disease Score Category

Healthy or Periodontitis
Gingivitis Mild Moderate Severe
I 2 3 4 5 6 7 8 9 Total %
Risk Score Very low I 2 0 0 0 0 0 0 0 0 2 0.4
Low 2 0 8 44 37 15 0 0 0 0 104 20
Moderate 3 0 Il 55 77 50 0 0 0 0 193 37
High 4 0 0 7 69 44 0 0 0 0 120 23
Very high 5 0 0 0 0 0 46 31 I3 [4 104 20
Total 2 19 106 183 109 46 31 I3 [4 523
% 0.4 4 20 35 2| 9 6 3 3
Table 4.
MTLR
Disease Score Category
Healthy or Periodontitis
Gingivitis Mild Moderate Severe
I 2 3 4 5 6 7 8 9 Mean
Risk Score Very low I 0.03 0.03
Low 2 0.04 0.04 0.03 0.05 0.04
Moderate 3 0.08 0.06 0.13 0.17 0.12
High 4 0.13 0.16 0.18 0.17
Very high 5 0.25 0.32 0.51 0.6 0.35
Mean 0.03 0.06 0.06 0.12 0.16 0.25 0.32 0.51 0.6l 0.16

were in disease score category 7 (20% to 39% of their
dentate sextants were severely diseased [e.g., two of
six sextants or one sextant of a dentition with three,
four, or five dentate sextants] with the remaining den-
tate sextants less severely affected); and 27 subjects
(6% of all subjects) were in disease score category 8 or
9 (240% of their dentate sextants were severely dis-
eased with the remaining dentate sextants less se-
verely affected). Only two subjects were assigned a
risk score of 1; the remaining 521 subjects were fairly
evenly distributed among risk scores 2 to 5. The study
population of 523 subjects occupied only 16 of 45
possible combinations of risk and disease score cate-
gories.

A total of 1,251 teeth were lost during the 15 years
of the study period, which was an average of 2.39
teeth per subject or 0.16 teeth per subject per year.
Table 4 shows a wide variation in MTLR for risk score,
disease score category, and the combination of risk
and disease scores, which illustrates that categoriza-
tion of subjects by risk and severity increases the
specificity of this measurement compared to the pop-
ulation’s MTLR. For example, the MTLR increased in
rank order for the risk score and disease score cate-
gories. There was little difference in the tooth loss rate
forrisk score groups 1 and 2 (i.e., 0.03 and 0.04) or for
disease score groups 2 and 3 (i.e., 0.06 and 0.06).
However, the matrix cells showed that within each risk
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R1D1 R2D4 R2D3 R2D2 R2D5 R3D3 R3D2 R3D4 R4D3 R4D4 R3D5 R4D5 RS5D6 R5D7 R5D8 R5D9 Mean
Risk and Disease Group

| moTeeth Lost B 1-3 Teeth Lost

O 4-6 Teeth Lost

B 7-9 Teeth Lost B 10+ Teeth Lost

Figure 2.

Tooth loss for the population that accounts for the | 6 combinations of risk score and disease score categories. Each bar corresponds to the risk and
disease group listed on the x axis; the number following ‘R” is the risk score, and the number following “D” is the disease score category. The bar labeled
‘Mean” represents the entire study population. Each bar consists of the percentage of subjects in the risk-disease group that lost a specific number

of teeth. Each point on the solid black line is the MTLR for the respective risk-disease group. This value also appears in Table 4. The horizontal dashed
red line is the MTLR for the entire study population. The y axis serves a dual purpose: the percentage of subjects in decimal fraction (e.g, 0.2 means
20%) for the bar length and the MTLR in standard decimal format for the dashed red line and each point on the solid black line.

score group from 3 to 5, the tooth loss rate increased
with increasing disease score group from 3 to 9; within
each disease score group from 3 to 5, the tooth loss
rate increased with increasing risk score group from
2 to 4. Figure 2 illustrates the variation in tooth loss
using MTLR (black line) and the percentage of sub-
jects who lost a specific number of teeth (bars) for risk
and disease score categories. Furthermore, this figure
shows the variation of combined risk and disease
score categories from the population’s mean.

Age could be expected to strongly influence tooth
loss rates. However, the correlation between average
age and all of the responses (e.g., MTLR, percentage
of subjects who lost no teeth) resulted in only one cor-
relation coefficient that was significant. Hence, age
was not useful for this data set.

The regression analysis showed that disease and
risk scores did a better job of predicting MTLR jointly,
rather than individually. The P values for the disease
andrisk scores corresponding to the regression model
that included both terms were <0.0005 and 0.001, re-
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spectively. This joint model outperformed the regres-
sion models with only disease score or risk score used
as a predictor. The adjusted R-squared statistic for the
joint model was larger (98.96% versus 84.02% with
only the disease score and 75.4% for the model with
only the risk score) than the corresponding statistic
for the one-term models. We used the adjusted
R-squared statistic to compare the goodness of fit
for each model. This specific statistic is more valid
for comparison of models with a different number of
terms. Therefore, this analysis showed that the dis-
ease and risk scores can describe and predict MTLR
when considered together, and the model itself out-
performed other models that only had one of the
scores as a sole predictor.

The ordinal logistic regression model showed that
disease and risk scores were significantly associated
with the probability of subjects losing a specific num-
ber of teeth. This model’s Pvalues for disease and risk
scores were 0.020 and <0.0005, respectively. The
measures of association indicated the relationship
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between the observed responses and the predicted
probabilities; 65.9% of the pairs were concordant,
whereas 25.5% were discordant. Thus, there is a better
chance for a pair to be concordant than discordant, in-
dicating a good predictive ability of the model.

DISCUSSION

The disease score was shown to accurately describe a
patient’s extent and severity of periodontal disease.!?
The risk score was shown to be a valid and accurate
predictor of future periodontal status.'®!! These
two scores provided a way to categorize the subjects
by disease severity, risk level, and the combination of
severity and risk. Because the number of disease
scores was 100, and the number of risk scores was
five, the maximum number of combined levels of dis-
ease severity and risk was 500. Our analysis used nine
categories of disease scores and five categories of risk
scores, which reduced the number of combined cate-
gories from 500 to 45. Our observations and conclu-
sions regarding tooth loss, which are based on 45
categories, cannot be extended to apply to the full
spectrum of 500 combined scores.

Table 3 illustrates the variation in risk level and peri-
odontal disease severity within our study population,
which is consistent with previous reports.!-19:11 Table
4 illustrates the variation in tooth loss within our study
population, which is consistent with previous re-
ports.38 We compared our study population to the
populations of seven studies of prevalence and tooth
loss. These studies!3-8 used no more than five levels
of severity, and risk was not used at all. Therefore, our
method of combining severity with risk increased the
categories for comparison nine-fold. The increased
specificity that occurs with 45 combined severity
and risk categories versus five severity categories is
illustrated in Table 4. For example, the MTLR varied
for seven disease score groups (3 to 9), which repre-
sented three levels of disease severity; the cells of the
matrix revealed additional variation in the MTLR when
the risk score was included.

By itself, the MTLR does not fully describe tooth loss
for a population because it does not convey the distri-
bution of patients who lost a specific number of teeth.
Figure 2 illustrates this distribution for each combina-
tion of risk and severity in addition to the distribution
for the entire study population. The bars of the graph
show the added specificity of combining risk and se-
verity, because the composition of each risk-severity
combination is different from one another and the en-
tire study population.

By itself, current periodontal disease severity can-
not accurately predict future periodontal disease
severity. This prediction is within the realm of risk.
Risk affects the rate of disease progression.!0-11
Therefore, although disease severity is a determinant

to predict tooth loss at a given moment,* current at-
tachment level, risk level, and time are required to
predict tooth loss in the future. Figure 1 provides a
conceptual example of the relationship of these three
factors, especially for studies like ours and those shown
in Table 1, which measured tooth loss only at the end of
the study period. Because the loss of attachment is not
uniform, the lines depicting the progressive loss of at-
tachment over time would not be straight for observa-
tions at frequent time periods. Furthermore, there is no
absolute horizontal line that correlates tooth loss with a
specific level of clinical attachment loss. Table 4 shows
that the effect of two variable factors, severity and risk,
in addition to a fixed time period, resulted in a variation
in MTLR between combinations of severity and risk.
Additional studies that measure tooth loss at frequent
time periods during the progression of periodontal dis-
ease are suggested.

A clinical application can be explained using Figure
2. This figure shows that two subjects assigned a risk
score of 5 and a disease score of category 8 could lose
anywhere from O to 10+ teeth; each subject may lose a
different number of teeth. Our data indicated that each
of these subjects has an 8% probability of losing no
teeth, an 8% probability of losing one to three teeth,
a 38% probability of losing four to six teeth, an 8%
probability of losing seven to nine teeth, and a 38%
probability of losing 10+teeth in 15 years without peri-
odontal treatment. We caution the reader that the
probabilities listed are based solely on this study
and that valid and accurate probabilities require addi-
tional studies of much larger populations. With a suf-
ficiently large study population, more accurate rates
of tooth loss based on risk and disease severity com-
binations could be calculated; these data could be
used to justify the cost of enhanced treatment or pre-
ventive activities for patients at higher risk levels but
with the same severity level as patients at lower risk
levels. Another application could be the comparison
of actual to predicted tooth loss to determine the rel-
ative effectiveness of treatment between two or more
treatment interventions.

The severity of periodontitis in our study population
was higher than determined from NHANES IIl.! Al-
though nearly 100% of our study population was cat-
egorized as having periodontitis, the prevalence from
NHANES Il was 34% (Table 3). More specifically, in
our study population and NHANES III, respectively,
severe periodontitis was assigned to 20% versus 3%,
moderate periodontitis was assigned to 56% versus
10%, and mild periodontitis was assigned to 24% ver-
sus 22%. The variation in severity between our study
population and NHANES Il may be partially ex-
plained by the difference in definition and diagnostic
method. The variation in estimates of periodontitis
prevalence is acknowledged, and no consensus exists
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on the true prevalence.!® Because NHANES Il did not
categorize by periodontitis risk, it is not known how
the two populations compare for this entity. Although
the size of our study population was fairly large, it was
much too small to fully populate all 45 cells of the ma-
trix; hence, statistical analysis wasrestricted to 16 com-
binations of risk and disease severity. A much larger
population would be needed for a statistical analysis
of all 45 combinations of risk and disease severity.

The MTLR for our study was 0.16 (Table 4), which
was substantially less than the mean of 0.29 for the six
studies in Table 1. However, age is an important factor
for disease severity and tooth loss. The Lée et al.® and
Buckley and Crowley® study populations were much
younger than those in the other four studies and in
the current study. The ages of the subjects in the pop-
ulations of Papapanou et al.,2 Becker et al.,? Harris,”
and Gilbert et al.# were similar to our population. The
MTLR for these four populations was 0.34, but only
the studies by Becker et al.®> and Harris’ described
the study population as having severe periodontitis.
The MTLRs of 0.36 reported by Becker et al.” and
0.33 reported by Harris’ compare favorably to 0.35
for the subjects in our study population with a risk score
of 5 and disease score groups 6 to 9. Furthermore,
these three populations are consistent with the severity
of disease in patients referred to a periodontist.!®

The MTLRs for risk scores 1 and 2 and disease
score categories 1 and 2 were similar and low (Table
4). We hypothesize that tooth loss due to caries is in-
dependent of tooth loss due to periodontitis, which
would be expected to result in a similar MTLR for every
combination of risk and disease. If proven to be true,
this may mean that caries is a larger factor than peri-
odontitis when risk and disease scores are low, and,
hence, periodontal treatment would have a minimal
effect on reducing tooth loss for patients with these
low scores. However, periodontal treatment would
be expected to have an increasingly profound effect
with higher risk and disease scores. Because the data
for our analysis did not include the baseline condition
of teeth (e.g., caries and restorations) or the reason for
extraction, this analysis did not differentiate tooth loss
by cause. Future studies that include this information
may result in different interpretations from those pre-
sented here. It would also be informative for future
studies to analyze tooth loss when periodontal treat-
ment is applied.

CONCLUSIONS

This study showed that the combination of risk and
disease scores more precisely and accurately pre-
dicted a patient’s tooth loss than either category alone
and suggested that the combined categorization is a
surrogate variable of periodontal status.!® Because
the scores are objective, easily reproducible, and de-
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rived from routine clinical observations and measure-
ments, they may be useful for population surveillance
and dynamics, practice management, patient care
decisions, practice-based research, determining
treatment effectiveness and the factors required for
successful treatment, and the design of evidence-
based dental insurance policies. The net effect from
these applications could be more accurate clinical
decision making, reduction in the need for complex
periodontal therapy, reduction in oral health care
costs, improved oral health, and improved clinician
productivity and income.12.17.18
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