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Background: The present study aims to compare different
diagnostic criteria for periodontal disease that were used to study
the association between periodontal disease and osteoporosis.

Methods: A database from a case-control study was used.
The present study included sociodemographic, lifestyle, and
health-condition data; panoramic radiographs; and clinical mea-
surements on periodontal conditions from 139 postmeno-
pausal women. Each participant was classified with regard to
the diagnosis of periodontal disease using five different criteria
for the outcome measurement (OM) found in the literature in
studies on the association between osteoporosis and periodontal
disease (OM1 through OM5). The frequency of periodontal dis-
ease and diagnostic values were calculated taking OM5 as the
gold standard and the main association measurement for all cri-
teria using odds ratios.

Results: The frequency of periodontal disease varied from
24.5% to 98.6% depending on the OM used. OM4 and OM3 pre-
sented the highest specificity (98.9% and 94.5%, respectively),
whereas OM2 and OM1 presented the highest sensitivity (100%
and 77.1%, respectively). The association measurements with
adjustments for age and smoking varied significantly according
to the OM overa range from 1.87 to 3.75, and there were also var-
iations in the statistical significance of the associations found.

Conclusions: The results of this study emphasize that the fre-
quency of periodontal disease may be influenced by different
OMs and indicated variations outside of the association between
osteoporosis and periodontal disease. Therefore, there is a need
for prior selection of a precise measurement of periodontal dis-
ease in investigations on this topic. J Periodontol 2010;81:1773-
1780.
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T
he search for evidence that might
reveal the influence of osteoporo-
sis on the development of peri-

odontal disease has gone on since the
middle of the 1960s in several parts of
the world.1 This topic has attained
prominence within the sphere of world-
wide public health because of the social
costs and impact caused by bone frac-
tures and tooth losses, respectively, and
because of its proximity to aging.2

Osteoporosis is a multifactorial chronic
disease and an important social and clin-
ical problem that disables or incapaci-
tates. Data on its prevalence are scarce
and discontinuous. Some surveys esti-
mated that it occurs in 15% to 20% of
Brazilian women >50 years of age.3,4 It
is characterized by a reduction in bone
mineral density to below the minimum
level required to ensure sufficient me-
chanical support, with consequent man-
ifestations of pain, deformity, or fracture.
It is also characterized by degeneration
of the bone microarchitecture, which
thus increases the fragility and risk of
fracture.5

It was estimated that one in four
women during menopause and one in
three women >65 years of age are af-
fected by osteoporosis.6 Around 10 mil-
lion Brazilians have osteoporosis; 2.4
million of them suffer some type of
fracture every year, and 200,000 of
these 2.4 million people will die because

* Collective Health, Department of Health, Feira de Santana State University, Feira de
Santana, Bahia, Brazil.

† Periodontics, Department of Health, Feira de Santana State University.
‡ Epidemiology, Federal University of Bahia, Salvador, Bahia, Brazil.
§ Epidemiology, Federal University of San Francisco Valley, Petrolina, Pernambuco, Brazil.
i Dentistry, Department of Health, Feira de Santana State University.

doi: 10.1902/jop.2010.100143

J Periodontol • December 2010

1773



of factors that result directly from such fractures
by the year 2050.7

With regard to periodontal disease, it has been
shown that its worldwide prevalence is 10% to 15%, al-
though it may reach 80% in certain regions.8 Peri-
odontal disease is considered to be the greatest
cause of tooth loss and edentulism among adults,
and it is more frequently observed in groups of older
age individuals than in younger groups. Plaque devel-
opment is greater and gingivitis is more severe in older
individuals.8 Postmenopausal women with osteopo-
rosis and periodontitis are also susceptible to an ex-
cessive response to dental plaque, as shown by greater
bleeding on probing (BOP), dentoalveolar bone loss,
and diminished alveolar bone mineral density.9 The
multifactorial nature of periodontal disease means that
certain systemic conditions (with osteoporosis among
them) act as additional predisposing factors. More-
over, it was suggested that the systemic factors re-
sponsible for osteoporosis may interact with local
factors to increase the pattern of alveolar bone loss.10

The association between osteoporosis (i.e., expo-
sure) and periodontal disease (i.e., outcome) thus
arises as a problem for investigation with regard to
planning public policies because of the inevitable
growth in demands on the health care system that this
association entails, along with the inherent social and
individual costs. Some studies11-13 showed a lack of
association between osteoporosis and periodontal
disease, whereas other studies10,14-17 revealed a sig-
nificant association. The relationship between these
diseases, along with the interfaces with other interfering
variables, remains uncertain. Hence, population-based
studies are necessary to achieve a better definition of
the factors involved in this association and to plan
prevention and control measures for these two dis-
eases that have a great impact on health.

The controversy that exists regarding this topic
may come from questions related to the methods
used in studies, for example, the type of study, sample
size calculation, data-analysis procedure, and expo-
sure and outcome measurements (OMs). Although
defined criteria for classifying the bone mineral den-
sity condition of individuals exist in relation to osteo-
porosis,5 regarding periodontal disease, a diversity
of diagnostic methods for defining the presence of
periodontitis exists. However, for studies on associa-
tions between pairs of diseases, it is an essential con-
dition that the exposure measurement and the OM
need tobe robust toavoid the inclusion of false-positive
individuals in the sample, which would change the final
association measurement.

Along these lines, the present study aims to con-
tribute toward the field of knowledge relating to the
association between osteoporosis and periodontal dis-
ease by comparing different OMs (i.e., criteria for diag-

nosing periodontal disease) because osteoporosis
might be an important factor in the progression of this
oral infection.

MATERIALS AND METHODS

Sample
The present study used the database from a case-
control investigation15 that estimated the association
between osteoporosis and periodontal disease among
139 postmenopausal women. The estimated sample
size for the present study was calculated using soft-
ware¶ with a 95% confidence interval and power of
80%. There were two controls for each case, in confor-
mity with the parameters established for the preva-
lence of osteoporosis: 17% among the controls and
39% among the cases.18

Postmenopausal women (‡50 years of age) who at-
tended the Assistance and Research Center to Human
Reproduction, Feira de Santana, BA, Brazil, for bone
densitometry testing, were approached and invited to
participate in the study. Those women who showed an
interest in this invitation were referred to the Dental
Clinic of Feira de Santana State University (UEFS) af-
ter making prior appointments for evaluation of their
oral condition. All participants received further infor-
mation about the study protocol and objectives at the
dental clinic. If they agreed to participate in the study,
they signed an informed consent statement that au-
thorized their inclusion in the study. Dental treatment
was also provided on the basis of need.

Among the 174 women who sought an evaluation
of their oral condition between June and November
2006, 35 women were excluded from the sample for
this study because they presented diabetes (n = 12);
edentulism (n = 7); or fewer than four teeth (n = 5);
reached menopause <1 year earlier (n = 10); or did
not agree to participate (n = 1). Thus, the final sample
consisted of 139 women who fulfilled the following
eligibility criteria: were ‡50 years of age; had a densi-
tometry report issued <6 months earlier; had a post-
menopausal status for ‡1 year; had ‡4 teeth; were
absent of systemic disease that might interfere with
the inflammatory response, immune system, or bone
metabolism, such as diabetes or kidney failure; or had
a presence of bone lesions (tumors or osteomyelitis) in
the dental arches. Thus, the case group (n = 48) was
composed of postmenopausal women with periodon-
tal disease, whereas the control group (n = 91) was
composed of postmenopausal women without peri-
odontal disease, although the proportions achieved
did not exactly match the planned ratio (2:1) because
of occurrences of losses over the course of the data
gathering.

¶ EPI-Info software (version 6.0), CDC, Atlanta, GA.
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The study was approved by the Ethics Committee
of the Science Development Foundation of Bahia,
Salvador, BA, Brazil (protocol 047/2005).

Data Gathering Procedures
The women who agreed to participate in the study an-
swered a questionnaire to obtain data relating to socio-
demographic, biologic, and lifestyle factors such as:
age, skin color, income, education level, physical ac-
tivity practice, smoking habit, alcohol consumption,
age at menopause, medical history, medications used,
and oral habits. The women underwent a clinical dental
examination and were sent to have panoramic radio-
graphs produced for complementary evaluation of
their oral condition. The panoramic radiograph was
produced for all participants by using standardized
techniques and processing at the same radiology ser-
vice in the UEFS.

The densitometric reports on the participants were
obtained, and certain information was extracted from
them: weight, height, bone mineral density (in grams
per square centimeters), and t score. Weights and
heights were used to calculate the body mass index.
Any diagnoses of osteoporosis were then recorded.

All clinical measurements of the groups that were
defined were obtained by a single examiner (JdSP)
who, at the time of the examination, was unaware of the
bone mineral density of the women under evaluation.
The reproducibility and concordance of the clini-
cal measurements were calculated by means of
the within-examiner k index for probing depth (PD)
(0.6017) and recession/hyperplasia (0.6863) and
between-examiner k index for PD (0.6080) and re-
cession/hyperplasia (0.6671).

PD procedures were performed and recorded at
six sites for each tooth as described by Pihlstrom
et al.19 These consisted of four proximal measurements
(mesio-vestibular, mesio-lingual, disto-vestibular, and
disto-lingual), one measurement in the mid-vestibular
region, and one measurement in the mid-lingual
region. Measurements were made, using a probe#

that was graduated in millimeters, of the distance
from the gingival margin to the most apical extent of
penetration of the probe. In addition, measurements
of gingival recession/hyperplasia and clinical attach-
ment loss (AL) were obtained at the mentioned sites
using the same probe graduated in millimeters that
was used to determine PD.

Gingival recession was defined as present when the
gingival margin was located apically to the cemento-
enamel junction, and in such cases, the distance in
millimeters from the gingival margin to the cemento-
enamel junction was taken to be positive. Hyperplasia
was defined as present when the gingival margin was
located coronally to the cemento-enamel junction,
and in such cases, the distance in millimeters from

the gingival margin to the cemento-enamel junction
was taken to be negative. The clinical attachment
measurement was taken to be the sum of the PD
and the measurements of gingival recession or hy-
perplasia. In addition, BOP was determined as the rate
observed at the six sites mentioned (i.e., whether
bleeding occurred within 10 seconds after removing
the probe from the pocket or sulcus).

Classification of Periodontal Disease
Each participant was classified according to the diag-
nosis of periodontitis. The frequency of periodontal
disease was obtained using five diagnostic criteria
presented in studies13,15,20-22 that investigated the
association between osteoporosis and periodontal
disease. Thus, five OMs were defined, as described
in Table 1.

At the end of the data-gathering process, with all
information and clinical-radiograph data at hand,
the case and control groups were determined.

Data Analysis Procedures
For the data analyses, the cases of periodontal dis-
ease were distributed according to each OM. First,
OM5 was taken to be the gold standard because it
was the most comprehensive measurement. OM5 was
observed using panoramic radiographs and a ruler
graduated in millimeters with an expansion of 25%.
Thus, OM5 was used to make comparisons with the
other measurements using the diagnostic values of
sensitivity, specificity, positive-predictive value, and
negative value.

Through stratified analyses, the existence of po-
tential confounders and effect modifiers was investi-
gated in relation to the following covariables: age,
age at menarche, age at menopause, type of meno-
pause, duration of menopause, skin color, family
income, marital status, conjugal situation, parity, edu-
cation level, physical activity practice, alcohol con-
sumption, smoking habit, osteoporosis treatment,
family history of osteoporosis, number of people liv-
ing in the home, arterial hypertension, heart disease,
coffee consumption, milk consumption, last visit to
a dentist, use of dental floss, periodic consultations
with a dentist, tooth loss because of caries, periodon-
tal disease, and trauma.

Multivariate analyses were also performed to eval-
uate the statistical significance by means of uncondi-
tional logistic regression using backward procedures
with a 95% confidence interval. Possible effect modi-
fiers were evaluated by means of the maximum-likeli-
hood ratio test. To analyze confounding factors, the
association measurements estimated from the com-
plete and partial models were compared. Covari-
ables that produced proportional differences in the

# Hu-Friedy PQW6, Hu-Friedy, Chicago, IL.
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estimated odds ratios >20% were considered to be
confounders. Data analyses were performed using
a statistical software program.**

RESULTS

Table 2 shows selected general characteristics taken
from the whole database to demonstrate the nature
of the study sample. Among other features, Table 2
shows that just over one-half of the study group con-
sisted of women aged £58 years and that menopause
occurred at ages £48 years in more than one-half.
Likewise, it was also seen that women who were not
living with a partner, had £5 children, and lived with
£3 people in the same home. Furthermore, it was
observed that the majority of women had a family in-
come ‡1 minimum monthly salary, had a middle or
secondary school education level £4 years, were
non-smokers, were not alcohol consumers, did not
practice physical exercise, had a body mass index
£30 kg/cm2, and did not consult a dentist regularly.

The mean number of teeth present in the sample
was �14. Regarding the periodontal condition, it
was observed that the prevalence of periodontal dis-
ease ranged from 24.5% to 98.6% according to the
diagnostic measurement used. This is presented in
Table 3, which shows that the highest frequency
was obtained with OM2, whereas the lowest frequency
was obtained with OM3. By taking OM5 to be the gold
standard, OM2 was the method with the greatest sen-
sitivity, followed by OM4, OM1, and OM3, respec-
tively. In other words, for every 100 individuals who
were detected as having periodontitis by using the
OM5 standard, OM2 was able to positively identify

all of the individuals, whereas
OM3 was capable of identifying
only around 25. Conversely,
OM2 showed the lowest specific-
ity and OM4 showed the highest
specificity. Thus, there was a de-
crease in specificity from OM4 to
OM2, which is the same as say-
ing that there was a decrease in
the capacity of the diagnostic
criteria to identify individuals
without periodontitis, i.e., of 100
individuals detected as not pre-
senting periodontitis using the
gold standard criteria (OM5),
OM4 was able to identify �99 in-
dividuals as negative. Likewise,
there was also a decrease in the
positive predictive value for the
same measurements, i.e., a de-
crease in the likelihood of cor-
rectly identifying individuals with
periodontitis using the OMs

tested in relation to the gold standard, respectively,
and a consequent increase in false positive results.
With regard to the likelihood that an individual was
disease free, with a negative result from the diagnostic
criterion (negative-predictive value), it was observed
that, in a general manner, the proportion of false-neg-
ative results ranged from 0% for OM2 to 18% for OM3.

Table 4 presents the association measurements
between osteoporosis and periodontal disease, with
adjustment for age and smoking, and the distribution
of periodontal disease between case and control sub-
jects. The strength of the association varied signifi-
cantly depending on OM. This variation had a range
from 1.87 to 3.75, and there were also statistically sig-
nificant variations in the association found according
to the measurement used. OM2 did not generate an
association measurement value because periodontal
disease was practically common to all of the women,
i.e., it did not discriminate regarding the disease
(98.6% of the sample had periodontal disease, and
1.4% did not.). Thus, when diagnostic criteria were
stricter, there were fewer occurrences of the disease
in both groups, and consequently, the association
measurement was more precise, as represented by
confidence intervals.

Age and smoking habit were considered to be con-
founders from a theoretical point of view because they
are classically recognized as factors associated with
osteoporosis and periodontal disease. Adjustment for
these factors resulted in a slight increase in the as-
sociation measurements. Possible effect modifiers

Table 1.

Diagnostic Criteria for Periodontal Disease

OM Criteria Periodontal Protocol

120 ‡1 site with PD ‡4 mm Six sites on the index teeth: #2, #3, #8,
#14, #15, #18, #19, #24, #30,
and #31

213 ‡1 vestibular site with clinical AL ‡3 mm Three vestibular sites per tooth (mesio-
vestibular, disto-vestibular, and mid-
vestibular)

321 ‡2 proximal sites with PD ‡5 mm and
clinical AL ‡6 mm at the same sites

Four proximal sites per tooth (mesio-
vestibular, mesio-lingual, disto-vestibular,
and disto-lingual)

422 ‡4 teeth with ‡1 site with PD
‡4 mm, clinical AL ‡3 mm, and BOP

Six sites per tooth

515 OM4 + periodontal bone reabsorption
‡3 mm apically in relation to the
cemento-enamel junction in ‡4 teeth
at ‡1 site

Six sites per tooth

** Stata (version 8.0), StataCorp, College Station, TX.
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were evaluated, and education level was identified as
an interaction factor for OM4 and OM5. After stratifi-
cation, it was observed that, for both measurements,

there was an association between osteoporosis and
periodontal disease and for a level of education of £4
years of study, which presented statistical significance.

DISCUSSION

The findings from the present study indicate that the
strength of the association between osteoporosis
and periodontal disease varied according to the type
of OM used, and the statistical significance also varied.
The different measurements influenced the magni-
tude of the association and may also have influenced
the frequency of periodontal disease.

At the outset, it is important to highlight the choice
of the clinical and radiographic criteria put forward by
Gomes-Filho et al.15 as the gold standard. These diag-
nostic criteria for periodontal disease use an associa-
tion of periodontal bone reabsorption (‡3 mm) with
three clinical descriptors for the disease: PD (‡4 mm),
clinical AL (‡3 mm), and BOP (present). Further-
more, using these criteria, periodontitis was defined
as present when ‡4 teeth presented all these descrip-
tors in ‡1 site. Thus, this definition for the diagnosis of
periodontal disease is rigorous, which is an essential
precondition for studies on associations between peri-
odontitis and systemic conditions or abnormalities.

Moreover, these proposed criteria were used in in-
vestigating associations in which periodontitis was
considered to be the exposure factor22 or the OM.15

In these studies,15,22 the diagnostic value of specific-
ity presented by these criteria was good, which is an
essential precondition for reducing the rate of false-
positive diagnoses among participants in groups with
periodontal disease.

Among the five sets of diagnostic criteria used for
defining periodontal disease, which were extracted
from studies on this topic,13,15,20-22 OM2 (i.e., ‡1
vestibular site with clinical AL ‡3 mm) was present
in practically all of the women evaluated. Thus,
OM2 did not discriminate between case and con-
trol groups (with and without periodontal disease,
respectively), and for this reason, no association mea-
surement was obtained. In other words, the diagnostic
criteria for periodontal disease used by Famili et al.13

are overly sensitive and include many false positives
with a diagnosis of periodontitis. This may have been
the reason why these authors13 were led to conclude
in their study that there was little evidence for an as-
sociation between periodontal disease and abnor-
malities of bone mineral density.

In evaluating OM4 (i.e., a minimum of four teeth
with ‡1 site presenting PD ‡4 mm with clinical AL
‡3 mm at the same sites and BOP22), it was observed
that the final association measurement only pre-
sented statistical significance for the stratum of
women whose education level was ‡4 years. This
finding should be viewed with caution because the

Table 2.

Sociodemographic and Lifestyle
Characteristics (N = 139)

Characteristics n %

Age (years)
£58 75 54.0
>58 64 46.0

Age at menopause
>48 years 58 41.7
£48 years 81 58.3

BMI (kg/cm2)
£30 114 82.0
>30 25 18.0

Skin color
White/Asian 34 24.5
African American/biracial 105 75.5

Marital status
With partner 67 48.2
Without partner 72 51.8

Family income
‡1 minimum salary 128 92.1
<1 minimum salary 11 7.9

Education level
>4 years 39 28.1
£4 years 100 71.9

Number of children
£5 children 75 54.0
>5 children 64 46.0

Number of people living in the
home
£3 people 78 56.1
>3 people 61 43.9

Smoking
No 129 92.8
Yes 10 7.2

Alcohol use
No 106 76.3
Yes 33 23.7

Physical activity practice
No 88 63.3
Yes 51 36.7

Regular consultation with a dentist
No 121 87.0
Yes 18 13.0

BMI = body mass index.
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statistical analyses included subjects with fewer teeth,
and the effects from socioeconomic status, such as
education level, regularity of consultations with a den-
tist, or unknown factors that were not investigated in
this study, may have had interactions with the small
numbers of teeth. Furthermore, because the sample
size was smaller than that calculated initially for the
study, it is likely that the power of the study was a
factor that influenced the final finding for this type of
measurement. After controlling for the influence of
other factors that could have modified the strength
of the association for this stratum of education level,
OM4 presented statistical significance. In the diag-
nostic evaluation, it was noted that OM4 presented
very good specificity compared to the gold standard.

However, in studies in which periodontal disease is
the outcome, local factors may influence the diagno-
sis of periodontitis, such as the presence of calculi or
excessive numbers of tooth restorations, among others.
In such situations, complementary radiographs may

assist in defining the effect. In the present study,
panoramic radiographs that presented enlarged
images were used. However, to neutralize the magni-
fication factor of 25% in these radiographs, a ruler
graduated in millimeters was incorporated in these
images as a precaution. Furthermore, the radio-
graphic criteria consisted of a minimum of four teeth
with ‡1 site that presented bone loss ‡3 mm as mea-
sured from the cemento-enamel junction. Thus, the
diagnosis was not based on only one or two sites with
AL because such a situation could be related to local
factors such as excessive restoration material or some
other factor leading to retention of bacterial biofilm.
OM5 corroborated the findings from a study16 that
used the same criteria for OMs.

On the other hand, OM3 (i.e., ‡2 sites with PD ‡5
mm and clinical AL ‡6 mm at the same sites) was
the set of criteria that presented the greatest
severity of periodontal disease. This resulted in a
greater strength of association because it is easier

Table 3.

Distribution of Periodontal Disease, Diagnostic Values, and Confidence Intervals (CIs)
for OM1, OM2, OM3, and OM4 Compared With OM5 (N = 139)

OM

Case of

PD (N)

Frequency

of PD (%)

Sensitivity

(95% CI) (%)

Specificity

(95% CI) (%)

Positive Predictive

Value (95% CI) (%)

Negative Predictive

Value (95% CI) (%)

1 64 46.0 77.1 (62.3 to 87.5) 70.3 (59.7 to 79.2) 57.8 (44.8 to 69.8) 85.3 (74.8 to 92.1)

2 137 98.6 100 (90.8 to 100) 2.2 (0.4 to 8.5) 35 (27.2 to 43.7) 100 (19.8 to 100)

3 34 24.5 60.4 (45.3 to 73.9) 94.5 (87.1 to 98.0) 85.3 (68.2 to 94.5) 81.9 (72.9 to 88.5)

4 36 25.9 79.2 (57.9 to 84.3) 98.9 (93.2 to 99.9) 97.2 (83.8 to 99.9) 87.4 (79.0 to 92.8)

5 48 34.5 – – – –

Table 4.

Distribution of Periodontal Disease Between Case and Control Groups, Unadjusted
and Adjusted Odds Ratios (ORs), and Confidence Intervals (CIs) for the Association
Between Osteoporosis and Periodontal Disease (OM1 through OM5) (N = 139)

£4 Years of Education >4 Years of Education

OM

Cases

(n [%])

Controls

(n [%])

Unadjusted

OR 95% CI

Adjusted

Overall OR* 95% CI

Adjusted

OR* 95% CI

Adjusted

OR* 95% CI

1 64 (46.0) 75 (54.0) 2.08 0.96 to 4.51 2.27 1.03 to 5.05 – – – –

2 137 (98.6) 2 (1.4) – – – – – – – –

3 34 (24.5) 105 (75.5) 3.75 1.22 to 11.49 3.90 1.26 to 12.06 – – – –

4 36 (25.9) 103 (74.1) 1.87 0.74 to 4.71 2.02 0.79 to 5.19 4.71 1.21 to 18.37 0.55 0.11 to 2.64

5 48 (65.5) 91 (34.5) 2.58 1.08 to 6.19 2.71 1.12 to 6.56 7.52 1.99 to 28.35 0.50 0.11 to 2.05

* Adjusted for smoking habit and age.
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to diagnose periodontal disease when the effects of
periodontal disease are more severe. On the con-
trary, many women who presented mild to moderate
severity of periodontal disease did not form part of
the case group, which thus gave rise to possible
distortions in the association measurements. The
present results diverge from the results found in a
study21 that used these criteria for diagnosing peri-
odontal disease because the authors of the study
concluded that women who received estrogen sup-
plementation presented diminished gingival inflam-
mation and AL.

The adjusted association measurement using the
OM1 criteria (i.e., PD ‡4 mm measured at six sites
on the index teeth #2, #3, #8, #14, #15, #18, #19,
#24, #30, and #31) presented statistical significance.
However, these diagnostic criteria came from a partial
examination of the mouth by using only six of 10 index
teeth, and they do not represent the individual’s real
condition. These criteria were designed to evaluate
the need for periodontal treatment in population-
based studies. Their use is justified for evaluating peri-
odontal care in large populations (i.e., in epidemiologic
studies that serve as the basis for planning oral health-
care actions), and this partial examination has good
indications for such purposes. The findings from this
measurement corroborate those obtained by Inagaki
et al.20

With regard to the standardization of the exposure
measurement, it is important to emphasize that all
densitometry tests were performed at the same oste-
oporosis diagnostic service, with the same equipment
and under technical quality control, with the aim of
obtaining greater uniformity of results. Furthermore,
in the analyses, the covariables of age and smoking
habit were kept in the modeling as confounding fac-
tors, independent of the results from empirical analy-
sis. This is indicative of the care taken in interpreting
the findings, along with the use of education level as
an interaction factor for OM4 and OM5.

For the findings presented here to be better inter-
preted, certain limitations on the data deserve to be
discussed. Among these limitations were the small
numbers of teeth presented by the individuals exam-
ined. In addition, the sample was small and, conse-
quently, had a low power to detect the real effect of
osteoporosis on periodontal conditions. For inclusion
in this study, participants had to present a minimum of
four teeth, which minimized the number of false-pos-
itive cases when further combined with the three clin-
ical periodontal descriptors of PD, clinical attachment
level, and gingival bleeding. Moreover, the Brazilian
population is mostly characterized by significant tooth
loss, which is the historical result from caries. Hence,
setting a cutoff point for subject inclusion of a mini-
mum of 20 teeth, for example, would have restricted

the sample and implied difficulties of eligibility and,
furthermore, the non-representativeness of the popu-
lation.

Criteria of greater robustness for studies on the as-
sociation between osteoporosis and periodontal dis-
ease should envisage the complete examination of
all teeth, at all six sites, with simultaneous use of the
greatest number of periodontal descriptors possible
(clinical attachment level, PD, and BOP) to achieve
the best possible characterization of the presence of
periodontitis through periodontal support loss and the
presence of inflammation. Such criteria should incorpo-
rate a minimum number of compromised teeth and at
least a moderate level of severity. Once the present
work is an epidemiologic study, and it would be diffi-
cult to use imaging resources for diagnoses, it is fur-
ther suggested that, whenever possible, radiographs
should be used to confirm the presence of bone reab-
sorption. In this manner, it would be easier to avoid the
possibility of including individuals with a false-positive
diagnosis of periodontal disease.

Lastly, from a methodologic point of view, the
choice of diagnostic criteria partly reflects the internal
validity of the study because the disease classification
may introduce measurement errors and, thus, cause
a bias in the association measurement, compromise
the quality of measurements, and make it difficult to
accumulate consensual knowledge around hypothe-
ses that are put forward at the interface between med-
icine and dentistry.

CONCLUSIONS

According to the results from this investigation, epide-
miologic measurements may be influenced by the
outcome classification used (i.e., the diagnostic crite-
ria for periodontal disease). In other words, it was ob-
served that different findings can be obtained from
association studies when different definitions for the
factors involved are used. Thus, investigators need
to carry out prior evaluations and tests on the diag-
nostic criteria that are to be used in their studies so
that these criteria are sufficiently robust to avoid
fragility in developing the method.
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