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Abstract Periodontal diseases are common and their prevalence varies in different
populations. However, prevalence estimates are influenced by the methodology used,
including measurement techniques, case definitions, and periodontal examination
protocols, as well as differences in oral health status. As a consequence, comparisons
between populations are severely hampered and inferences regarding the global
variation in prevalence can hardly be drawn. To overcome these limitations, the
authors suggest standardized principles for the reporting of the prevalence and
severity of periodontal diseases in future epidemiological studies. These principles
include the comprehensive reporting of the study design, the recording protocol, and
specific subject-related and oral data. Further, a range of periodontal data should be
reported in the total population and within specific age groups. Periodontal data
include the prevalence and extent of clinical attachment loss (CAL) and probing
depth (PD) on site and tooth level according to specific thresholds, mean CAL/PD,
the CDC/AAP case definition, and bleeding on probing. Consistent implementation
of these standards in future studies will ensure improved reporting quality, permit
meaningful comparisons of the prevalence of periodontal diseases across popula-
tions, and provide better insights into the determinants of such variation.
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Periodontal diseases are highly
prevalent with varying patterns in
different populations (Demmer &
Papapanou 2010). The prevalence
estimates are influenced by the
employed methodology, including

case definitions of periodontal dis-
eases and recording protocols (Al-
bandar 2011). Various combinations
of clinical attachment loss (CAL),
pocket probing depth (PPD), and
bleeding on probing (BOP) have
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been used in the assessment of peri-
odontal status in epidemiologic stud-
ies (Savage et al. 2009). The lack of
consensus on the case definitions of
chronic periodontitis, the variation
in clinical periodontal examination
protocols, and differences in dental
status may complicate population
comparisons or make inferences
regarding the true global variation in
periodontitis prevalence difficult.
Moreover, the lack of concomitant
presentation of exposures profiles
(diabetes mellitus, smoking status,
educational level or socioeconomic
level, health care availability, oral
hygiene behaviours, etc.) (Savage
et al. 2009) impedes a better under-
standing of the reasons for preva-
lence variation (Holtfreter et al.
2012). Evaluating inter-study differ-
ences in the distributions of these
variables may help explain the
potential differences in prevalence,
extent and severity of periodontal
diseases between studies.

In this commentary, we suggest
standardized principles for the
reporting of the prevalence and
severity of periodontal diseases in
epidemiological studies in compli-
ance with the reporting guidelines
for observational studies (ISPM –
University of Bern 2009, Simera
2014), which endorse transparent
reporting of research. We list sub-
ject-related, dental, and periodontal
data that should be presented either
within the main text of a publication
or in an Online Supplement. Consis-
tent implementation of these stan-
dards in future studies could
improve reporting quality, facilitate
meaningful comparisons of the prev-
alence, extent and severity of peri-
odontal diseases across populations
and countries and provide a better
insight into the determinants of vari-
ation in periodontitis prevalence and
severity worldwide.

Reporting study design and conduct

Study design, reasons for drop-out, and
weighting

Reporting key information pertain-
ing to how the study population was
selected is critical to comparing
study results. For example, it is
important to document if the study
participants are sampled from the
general population or if specific

inclusion criteria have been
employed, such as institutionalized,
or independently living (non-institu-
tionalized). Likewise, it is important
to report whether the study was
regional, national, or some other
construct. Any claims with regard to
representativeness of the study
should be explained and well
founded. In addition, the study per-
iod needs to be documented because
comparisons between studies with
different study periods are hampered
by the influence of (region-specific)
cohort and period effects.

To describe the study design
accurately, information on sampling
and recruitment strategies (random
sampling, cluster sampling, etc.)
needs to be reported. The planned
sample size, the number of eligible
subjects, the net sample size (subjects
included in the study) with the
respective response rate should be
provided (see Table 1). Information
on whether, how many and why sub-
jects were excluded from analyses at
different stages is important. For
example, information should be pro-
vided regarding reasons for non-eli-
gibility (persons deceased, moved, or
unable to participate due to various
reasons), non-participation (refusal
to participate, medical reasons, etc.)
or lack of response. If possible, non-
response analyses should be pro-
vided.

For complex sample designs, final
sampling weights and design vari-
ables (if appropriate) need to be con-
sidered during analyses to produce
unbiased total estimates. Design
variables identify strata and clusters,
and account for finite population
corrections at sampling stages. The
design effect equals the quotient of
variances without and with account-
ing for sampling weights and design.

Assessment of periodontal measurements
and recording protocols

Probing of periodontal pockets is
the most commonly used method to
assess periodontal status or to mea-
sure changes in periodontal status
over time in clinical and epidemio-
logical studies (Listgarten 1980,
Hefti 1997). Probing pocket depth
(PPD), distance of the gingival mar-
gin to the cemento–enamel junction
(CEJ)/recession, and clinical attach-
ment level (CAL) are assessed at
fully erupted teeth, while only PPD
is assessed at dental implants.

A full-mouth recording, which
includes periodontal measurement at
six sites per tooth on 28 teeth,
excluding wisdom teeth, is currently
regarded as the gold standard for
clinical examinations (Kingman et al.
2008). Whenever all 32 teeth are peri-
odontally scored, comprehensive
reporting of periodontal data based
on 28 and 32 teeth is recommended.
Because of limited financial and time
resources, epidemiological surveys
are often restricted to partial-mouth
recording protocols (PRP). If a PRP
is to be used, certain combinations of
probing sites are preferable, as they
result in lower misclassification bias
than other PRPs (Susin et al. 2005,
Kingman et al. 2008). Thus, the rec-
ommended PRPs in ascending order
of bias are: (1) full-mouth with MB-
B-DL, (2) followed by half-mouth
with six sites, and (3) half-mouth
with MB-B-DL. Because PRPs pro-
vide biased estimates of the preva-
lence and severity of periodontal
diseases (Kingman & Albandar 2002,
Susin et al. 2005, Kingman et al.
2008), detailed reporting of the PRP
used is important to allow conclu-
sions regarding under- or overestima-
tion of prevalence and extent and
severity estimates.

Table 1. Description of the study sample

Age, years Sample size Net sample size Response rate (%)

Females Males Females Males Females Males

25–34 n n n (%) n (%) % %
35–44 n n n (%) n (%) % %
45–54 n n n (%) n (%) % %
55–64 n n n (%) n (%) % %
65–74 n n n (%) n (%) % %
75+ n n n (%) n (%) % %
Total n n n (%) n (%) % %
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To estimate and adjust for the
bias associated with use of PRPs,
“correction factors” should ideally
be computed to enable comparison
with other studies.

In order to enable comparisons of
the disease estimates with other stud-
ies, the magnitude of the bias associ-
ated with the PRPs used in the study
should ideally be computed and
reported (Susin et al. 2005). These
“correction factors” can be generated
by examining at least a random 10%
of the total study sample using a full-
mouth approach and comparing the
full-mouth scores to those generated
by the PRP for the subsample. How-
ever, in certain situations a 10%
subsample (e.g. 10% of 100) might
not be sufficient to robustly estimate
the correction factors in specific
subgroups. These estimates of PRP
biases can then be used to calculate
correction factors, as illustrated
elsewhere (Kingman & Albandar
2002, Albandar 2005, Eke et al.
2010). Importantly, such analyses
should preferably be performed under
supervision of statistically qualified
persons. If such analyses cannot be
implemented, the possible direction
and magnitude of PRP-related bias
should be discussed referring to the
respective literature (Susin et al.
2005, Kingman et al. 2008).

Periodontal probe

Inter- and intra-examiner variability
of periodontal measurements can be
affected by the choice of the peri-
odontal probe. Furthermore, differ-
ent probes may have different
validity of measuring periodontal
disease. Periodontal probes with fine
graduation, such as those with single
millimetre markings (e.g. UNC-15
probe), are recommended for epide-
miological and clinical studies (Leroy
et al. 2010). Probes with a fine and
equidistant scale allow higher accu-
racy (Van der Zee et al. 1991) and
thus facilitate correct mathematical
rounding of periodontal measure-
ments (Tibbetts 1969). When obser-
vational studies are periodically
conducted within the same popula-
tion, use of the same periodontal
probe at all-time points is desirable
to reduce potential measurement
bias. However, when transitioning to
a different periodontal probe, under-
standing the impact of instrument

change is important when making
inferences on time trends.

Examiner reliability

When multiple examiners are
involved in data collection, timely
and intensive examiner training is
strongly recommended to reduce
measurement bias. Also, quality
assurance items including assessments
of inter- and intra-examiner reliability
should be presented. Reporting
kappa statistics for categorical vari-
ables and inter/intra-class correlation
coefficients for continuous measures
facilitate the interpretation of data
reliability. Although data reliability
can be assessed at the subject level or
the tooth level, the calculation of reli-
ability measures at the site level for
PPD and CAL is considered most
useful.

Reporting periodontal studies

Characteristics of study subjects

Differences in the prevalence and
patterns of putative risk factors may
provide information on the sources
of variation in periodontal disease
status between studies. Thus, it is
recommended that studies present a
detailed description of the character-
istics of study participants according
to periodontal risk factors pooled
for the whole study population, as
well as according to major age strata
to allow descriptive analyses of the
risk profiles. This information can
facilitate an understanding of the
factors that may account for
observed differences in prevalence
across studies.

Periodontal risk factors include
socioeconomic and behavioural fac-
tors as well as dental hygiene habits
and utilization of dental health care
services (see Table 2). Among these,
age, gender, smoking status (at mini-
mum: never, former, current), educa-
tional level, and diabetes status
should preferentially be reported. If
financial and time resources are still
available, data on tooth brushing
frequency, use of inter-dental care
devices and dental visits should be
collected. For all of these variables,
which can easily be collected in
interviews or questionnaires, careful
reporting of sources of data, details
of methods of assessment (measure-

ment), and variable definitions is
important.

Tooth loss is considered a signifi-
cant outcome of periodontal diseases
in subjects aged 40+ years (Reich &
Hiller 1993). Teeth that have been
lost due to periodontal diseases are
no longer available for assessment.
When periodontal disease experience,
i.e. CAL, is the outcome of interest,
the potential for bias increases as
tooth loss increases (Albandar 2011).
Accordingly, the number of teeth
present (including and excluding
third molars) and the proportion of
edentulous subjects should be
reported according to age strata.
Because of the increasing occurrence
of dental implants, the prevalence of
dental implants on the subject level
and the number of dental implants
per subject should additionally be
reported.

Prevalence and severity of periodontal
diseases

In epidemiological studies, peri-
odontal status is mainly described
by the use of PPD and CAL assess-
ments. We recommend presenting
detailed information on prevalence
and extent estimates for thresholds
of ≥4 and ≥6 mm for PD (World
Health Organization 1978) and ≥3
and ≥5 mm for CAL (Armitage
1999). Using these thresholds, prev-
alence estimates generally do not
converge towards 0 or 100% even
in younger or older cohorts so that
variation across age groups can be
detected.

Although prevalence estimates
allow a first insight into disease dis-
tribution between populations, they
are insufficient in providing a mean-
ingful comparison of periodontal
status as they fail to reflect the
extent of the disease (i.e. the percent-
age of sites affected at a given level
of severity). In addition, they are
sensitive to measurement bias. Prev-
alence estimates should be reported
in total and stratified according to
10-year age groups (Table 3).

Extent and severity measures
(Table 3) should include the (i)
extent estimates based on site or
tooth level assessments exceeding
defined thresholds (PD: ≥4 mm and
≥6 mm; CAL: ≥3 mm and ≥5 mm)
and (ii) mean values computed over
all periodontally assessed sites.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 2. Characteristics of study subjects with periodontal examinations

Age group, years Total

25-34 35-44 45-54 55-64 65-74 75+

Number of subjects n n n n n n n
Age, years Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD
Male gender n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Smoking status
Never smokers n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Former smokers n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Current smokers n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Socioeconomic level/Educational level
Low n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Middle n (%) n (%) n (%) n (%) n (%) n (%) n (%)
High n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Body Mass index
<25 kg/m2 n (%) n (%) n (%) n (%) n (%) n (%) n (%)
25–30 kg/m2 n (%) n (%) n (%) n (%) n (%) n (%) n (%)

>30 kg/m2 n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Diabetes mellitus n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Tooth brushing frequency
<2 times/day n (%) n (%) n (%) n (%) n (%) n (%) n (%)
≥2 times/day n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Use of inter-dental care devices
No n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Yes n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Last dental visit
Within last 12 months n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Less often n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Edentulism, %* n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Tooth count* Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD
Tooth count in dentates* Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD
Edentulism, %† n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Tooth count† Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD
Tooth count in dentates† Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD
Prevalence of dental implants n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Number of dental
implants per subject

Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD Mean ! SD

Data are presented as numbers (percentages) or means ! standard deviations (SD).
*Excluding third molars.
†Including third molars.

Table 3. Prevalence of at least one affected site and extent (proportion) of affected sites and teeth per mouth by degree of clinical attach-
ment loss (CAL, cut-offs ≥3 and ≥5 mm) or pocket probing depth (PPD, cut-offs ≥4 and ≥6 mm) and Mean in total and according to age

Measure of periodontitis Age, years Total

25–34 35–44 45–54 55–64 65–74 75+

CAL measures
Prevalence CAL ≥3 mm % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Prevalence CAL ≥5 mm % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Proportion of sites/mouth CAL ≥3 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of sites/mouth CAL ≥5 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of teeth/mouth CAL ≥3 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of teeth/mouth CAL ≥5 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Mean CAL (mm) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

PPD measures
Prevalence PPD ≥4 mm % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Prevalence PPD ≥6 mm % (SE) % (SE) % (SE) % (SE) % (SE) % (SE) % (SE)
Proportion of sites/mouth PPD ≥4 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of sites/mouth PPD ≥6 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of teeth/mouth PPD ≥4 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Proportion of teeth/mouth PPD ≥6 mm (%) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)
Mean PPD (mm) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE)

CAL, Clinical attachment loss; PPD, pocket probing depth. Data are presented as percentages (standard errors (SE)) or means (SE).
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Periodontal case definitions

The estimation of disease prevalence
clearly requires a dichotomous or
categorical periodontal disease defi-
nition (“case definition”). However,
no universally accepted “case defini-
tion” has been established so far.
This lack of a universal periodontal
disease case definition has received
considerable attention over the past
several years (Savage et al. 2009).
Recently, several proposals for peri-
odontitis case definitions have been
made (Albandar et al. 1999, Van der
Velden 2000, van der Velden 2005,
Albandar 2007, Page & Eke 2007,
Roberts-Thomson & Do 2007, Dem-
mer & Papapanou 2010, Baelum &
Lopez 2012, Eke et al. 2012b). These
case definitions either focused on
using one or a combination of the
key clinical parameters (such as
CAL, PPD, and BOP), or proposed
using age-specific definitions in the
assessment of aggressive forms of
periodontitis (Demmer & Papapanou
2010, Albandar 2014). While a con-
sensus is desirable, it appears unli-
kely that a single “case definition”
will suit all purposes (including esti-
mates of prevalence, severity, treat-
ment needs, identification of risk
factors and disease activity).

Given the current absence of a
universally accepted definition of
chronic periodontitis, it is suggested
to include a report of periodontal
findings using the case definitions
developed by the Centers for Disease
Control and Prevention and the
American Academy of Periodontol-
ogy (CDC/AAP) (Table 4). The
intent of these definitions is to pro-
vide “standardized clinical case defini-
tions for population-based studies of
periodontitis” (Page & Eke 2007,
Page et al. 2012) and, so far, have
been implemented in a number of epi-
demiological studies (Dye et al. 2007,
Holtfreter et al. 2009, 2010, Eke et al.
2012a). Data reporting based on stan-
dardized case definitions will facilitate
comparison of periodontal prevalence
estimates worldwide in the absence of
a universally acceptable periodontitis
case definition. Nonetheless, further
advancements in the understanding
of chronic periodontal disease and its
sequelae may put forward new or
adapted proposals for periodontitis
case definitions (Albandar 2007),

which might necessitate reconsidering
these proposed reporting standards.

Gingival inflammation

To assess gingival inflammation, pres-
ence of either bleeding on probing
(BoP), which is the simplest way to
assess inflammation of the periodon-
tal tissue, or another gingival bleeding
index should be measured. BoP is a

dichotomous assessment (yes or no;
0/1); therefore, the average BoP per
subject also reflects the percentage of
positive sites per mouth. Mean BoP
values (with standard deviation)
should be presented. For gingival
indices, the percentage distribution
across categories should be displayed.
Ideally, these variables should be
recorded at the same sites and teeth
as PPD and CAL, including implants.

Table 5. It is recommended to report several items, addressing study design, periodontal
examination protocol, characteristics of study subjects, periodontal disease definitions, and
other periodontal conditions in total and stratified by age group. Please provide detailed
information on the listed items

Importance

Study design
I. Study and sampling design, study period and region +++
II. Sample size, net sample size, final sample size, and response rate +++
III. Non-response analyses +
IV. Statistical consideration of complex sample designs +++

Periodontal recording protocol
I. Which sites at which teeth were examined +++
II. The periodontal probe: probing pressure, thickness and graduation ++
III. Rounding scheme ++

Characteristics of study subjects
I. Age +++
II. Gender +++
III. Smoking status +++
IV. Education level/Socioeconomic status +++
V. Body Mass Index +
VI. Diabetes mellitus ++
VII. Oral hygiene and oral care utilization +++
VIII. Number of teeth, including and excluding third molars +++
IX. Prevalence and number of dental implants per subject +
X. Number of edentulous subjects, including and excluding third molars +++

Periodontal items addressing periodontal prevalence and severity
I. Prevalence of CAL/PPD on subject level, equalling the
percentage of subjects showing a certain condition on at least one site

+++

II. Mean CAL/PPD ++
III. Extent of CAL/PPD on site level, equalling the
percentage of sites per mouth showing a certain condition

+++

IV. Extent of CAL/PPD on tooth level, equalling the
percentage of teeth per mouth showing a certain condition

+++

V. CDC/AAP case definition +++
Gingival inflammation, evaluating the percentage of
positive sites per mouth for
I. Bleeding on probing ++

+++, very important; ++ important; + less important.

Table 4. Distribution of subjects according to the CDC/AAP case definition (Eke et al.,
2012) in total and according to age.

Degree of periodontitis Age, years Total

25-34 35-44 45-54 55-64 65-74 75+

No n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Mild n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Moderate n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Severe n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Data are presented as numbers (percentages).
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For reporting, all results should be
presented for the total population
and according to age.

Summary

To help researchers, epidemiologists,
and other health data users synthe-
size the published information better,
we have suggested a number of key
items together with a ranking of
importance (Table 5) that should be
presented either within the main text
of a publication or in an Online Sup-
plement. Nevertheless, these sug-
gested standards should be
considered “ideal” and may be sub-
jected to constraints and limitations
of the available data source. Use of
these “standards” could improve
reporting quality and facilitate the
comparison of the distributions of
periodontal diseases across popula-
tions and countries. Improving our
understanding of the determinants of
periodontitis prevalence and severity
will help in devising initiatives that
could help reduce the burden of peri-
odontitis worldwide.
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