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Since the 1960s, different clinical, laboratory and radiological recording systems have been 

used to measure the prevalence, extent and severity of periodontal diseases at individual and 

population levels. Some of these recording systems are known as ‘indices’ (i.e. numeric 

scales with upper and lower limits), requiring validity, reliability, clarity, simplicity, 

objectivity, quantifiability, sensitivity and acceptability by both the examiner and the subject 

(7, 14). This paper reviews different recording systems used to measure periodontal diseases 

at the population level and their integration into surveillance systems (Table 1). We do not 

review indices designed to measure plaque or residual accumulation around the tooth, 

indices focussed exclusively on gingival inflammation, or radiographic approaches with 

limited applicability in surveillance systems.

Early measurement tools

The first attempts to measure periodontal diseases at the population level were made in the 

late 1950s, using Russell’s Periodontal Index, an innovative recording system that scored the 

presence and severity of both gingival bleeding and pocket depth (68–71), also known as 

‘composite’ indices (15). Russell, from the National Institute of Dental and Craniofacial 

Research (formerly known as National Institute of Dental Research), participated in a series 

of nutritional studies sponsored by the Interdepartmental Committee on Nutrition for 

National Defense (8) and collected information on dental caries and periodontal diseases 

from multiple countries (69, 70). Russell designed and tested the Periodontal Index as an 

epidemiological tool in which all teeth were examined and scored using five well-

distinguished categories (0, 1, 2, 6 and 8) representing incremental degrees of disease 

severity. In the USA, Russell’s Periodontal Index was used in national surveys that reported 

mean periodontal index scores as population estimates, the effect of age on periodontal 

diseases, comparisons between racial /ethnic groups and epidemiological trends (40, 43–46, 

72).

Russell’s Periodontal Index was simple, had clear detection criteria for each score level, was 

developed and tested empirically and was able to detect differences between population 

groups. Furthermore, Russell recognized the need to train examiners to minimize between-

examiner differences in scoring. By the early 1980s, owing to a better understanding of 

periodontal diseases, Russell’s Periodontal Index had become seldom used because of 

concerns about its validity (interval scale between scores) and underlying assumptions 

(continuity between gingivitis and periodontal diseases) (14).

Simultaneously, Sigurd Ramfjord introduced the Periodontal Disease Index, a tooth- and 

site-specific measurement tool. Contrary to Russell’s Periodontal Index, the Periodontal 

Disease Index was essentially a clinical tool that used a periodontal probe (66), with marks 
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at 3, 6 and 8 mm, to measure the distance from the cemento–enamel junction to the bottom 

of the pocket (i.e. attachment loss) (64). Ramfjord preferred these cut-off point marks 

because of improved consistency in the measurements (66). In addition, Ramfjord 

recommended the assessment of six ‘index teeth’ that soon became known as the ‘Ramfjord 

teeth’ These teeth (with the notation of the Fédération Dentaire Internationale) were: 

maxillary right first molar (tooth 16), maxillary left central incisor (tooth 11), maxillary left 

first bicuspid (tooth 24), mandibular left first molar (tooth 36), mandibular right central 

incisor (tooth 41) and mandibular right first bicuspid (tooth 44). Originally, the Periodontal 

Disease Index required measurements to be made on the mesial, buccal, distal and lingual 

sides, but later it was modified to include just two sites, mesial and mid-buccal (66). 

Validation research on the ‘Ramfjord teeth’ as representing the entire mouth showed mixed 

results (32). The Periodontal Disease Index was used by Ramfjord in one epidemiological 

study among youths and young adults aged 11 to 30 from India (65). He presented these 

findings side-by-side with results from another five surveys, conducted using Russell’s 

Periodontal Index between 1957 and 1963 in Sri Lanka, Iran, Nigeria and Sudan (67). Later, 

both indices were described as reporting lower disease levels when compared with 

radiographic methods (76).

In the 1960s, O’Leary et al. developed the Periodontal Screening Examination, an index to 

screen military recruits (58, 59). The Periodontal Screening Examination is important in our 

discussion of periodontal disease measurement tools because it introduced the idea of 

examination by ‘sextants’, that is, teeth grouped into six anatomical regions, which are, in 

the notation of the Fédération Dentaire Internationale: teeth 17 to 14, 13 to 23, 24 to 27, 37 

to 34, 33 to 43 and 44 to 47.

Most of these earlier indices were widely discussed at a conference on clinical methods in 

periodontal diseases, held during May 1967 at the University of Pennsylvania (18), and are 

included in Table 1, together with other indices. We have included the original references to 

guide the interested reader. In addition, a detailed description of Russell’s Periodontal Index, 

Ramfjords’s Periodontal Disease Index, as well as other indices, can be obtained from the 

Data Resource Center at the National Institute of Dental and Craniofacial Research / Centers 

for Disease Control and Prevention (http://drc.hhs.gov/catalog.htm).

Current epidemiologic recording systems for periodontal diseases

Quantifying loss of periodontal attachment

The method proposed by Ramfjord in 1959 (64), of measuring the distance from the bottom 

of the periodontal pocket to the cemento–enamel junction using a periodontal probe and 

applied to multiple sites, the entire dentition or a subset of teeth, was the basis of what is 

currently known as loss of periodontal attachment, loss of attachment or clinical attachment 

loss. This distance represents the amount of periodontal support lost beyond the cemento– 

enamel junction. It is measured in millimeters by subtracting the distance between the 

gingival crest to the cemento–enamel junction from the distance between the gingival crest 

to the base of the pocket. When the cemento–enamel junction is exposed, the measurement 

from the gingival crest to the cemento–enamel junction is negative, adding to the total 
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number of millimeters of attachment loss. This measuring process is sometimes described as 

‘probing’ (38).

Loss of periodontal attachment measures primarily diseases sequelae rather than active 

disease because probing cannot detect inflammatory activity in the periodontal pocket. 

Probing requires the tactile identification of the cemento–enamel junction, the standardized 

insertion of the periodontal probe in terms of angulation and pressure and the reading of the 

number of millimeters marked on the probe (38, 64). With a precision of 1 mm, probing may 

be subject to measurement errors influenced by the prevalence of periodontal disease among 

participants and the physical environment where the examination takes place (49). 

Therefore, probing requires trained examiners (66), time and participant cooperation. With 

practice, clinicians develop the skills necessary to perform these examinations (up to 224 

measurements at four sites on each of the 28 permanent teeth). Despite these limitations, 

loss of periodontal attachment is the de-facto tool to measure periodontal diseases and has 

been used to test the validity of other measurement tools.

Loss of periodontal attachment has been used as a tool in epidemiological studies despite its 

complexity and limitations. In the USA, efforts in translating loss of periodontal attachment 

into an epidemiological tool have focussed on reducing the number of measurements at both 

tooth and site levels, for example, by the random selection of two quadrants (one maxillary 

and one mandibular), as used in large national surveys in the USA (11, 25, 84). Random 

selection in these partial recording protocols provides estimates with some level of 

underestimating prevalence (4, 81) while reducing the examination time (29, 37). The more 

critical issue may not be the random selection of quadrants, but the number and location of 

measurements around the tooth (50).

One important issue in using loss of periodontal attachment in epidemiological studies is the 

training of examiners, especially in multiyear surveys requiring multiple examiners. 

Organizers of national surveys in the USA have included quality assurance protocols 

reporting on examiner reliability and bias (21–23).

Data from national surveys in the USA have been questioned when unexpected disease 

levels are detected. For example, Slade & Beck (78) reported lower estimates of periodontal 

diseases in NHANES III Phase 2 (1991–1994) than in Phase 1 (1988–1991). Survey 

organizers attributed these differences to sampling variations (85). Another example is the 

‘decline’ in periodontal diseases reported when both NHANES 1988–1994 and NHANES 

1999–2004 are compared (24).

A major challenge in using loss of periodontal attachment at the population level is that 

tooth and site-specific information need to be summarized into values representing the 

individual and the population. For example, the most recent data from the USA (24) 

reported up to eight different estimates – mean gingival recession, periodontal pocket depth, 

loss of periodontal attachment, prevalence of the population at millimeter cut-off points for 

each of these three measures, prevalence of periodontal diseases (expressed as having one 

periodontal site with ≥3 mm of periodontal attachment loss and a pocket depth of more than 

4 mm), and the prevalence of moderate or severe periodontitis using the case definition by 
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the Centers for Disease Control and Prevention-American Academy of Periodontology (61). 

The public, decision making people and even some clinical practitioners may get confused 

by what these figures represent in terms of disease prevalence and severity.

The World Health Organization approach: Community Periodontal Index system

The third edition of the World Health Organization Oral Health Basic Methods proposed a 

new measure of periodontal diseases that could be translated into planning for resources – a 

needs-assessment tool (Table 1) (89). The process of developing this new measure started in 

1977 with the deliberations of the World Health Organization Scientific Group in charge of 

reviewing the epidemiology, etiology and prevention of periodontal diseases (3, 86). The 

objective of this group was ‘to seek and consider a more realistic system of measurement 

than those available’ (3). In addition, the new measurement should allow comparisons at 

national and global levels (3). The group concluded that the most useful information on 

periodontal diseases would be obtained by including gingival bleeding, the presence of 

calculus and periodontal pocket depth measurements, and proposed a prototype index – the 

TRS 621 method (86). This index was later renamed as the Community Periodontal Index of 

Treatment Needs (1).

In order to simplify the clinical data-collection process, the group recommended assessment 

of a selected group of teeth, a proposal that combined Ramfjord’s index teeth with the 

assessment by segments (sextants) (86). Measurements were obtained on the buccal and 

mesio-buccal aspects of the index teeth using a special probe with a 0.5-mm ball tip, a black 

band between 3.5 and 5.5 mm, and marks at 8.5 and 11.5 mm. Measurements were made 

within these levels of precision.

The Community Periodontal Index of Treatment Needs is a hierarchical measurement (36). 

The score identifying the sextant is based on the most severe finding among its index teeth, 

and the score identifying the person is based on the most severe finding among sextants. The 

score for each person contributes to the sample proportion of participants within each 

Community Periodontal Index of Treatment Needs category (89). In addition, the person’s 

scores in each sextant contribute to sample proportion of sextants within each of the 

hierarchical scores and the mean number of such sextants is reported (89), which, as 

originally designed, was translated into treatment needs (1).

The Community Periodontal Index of Treatment Needs was extensively tested (3, 36). The 

interested reader may review a series of papers published by the World Health Organization 

(91) and the contributing papers of a meeting in Manila (19). Overall, these papers provided 

empirical evidence for the validity of using index teeth and the proposed partial recording 

system. Because the Community Periodontal Index of Treatment Needs is a partial 

examination recording system, some under-estimation of population estimates may be 

expected (2), but some underestimation of population estimates is acceptable in surveillance 

as long as the method is used consistently (7). Indeed the Community Periodontal Index of 

Treatment Needs has been widely used around the world and comparable data exist to assess 

disease distribution and trends (63). From these data, it has been estimated that around 10–

15% of the population has severe periodontal diseases (equivalent to having one or more 

periodontal pockets of ≥6 mm). Within countries, Community Periodontal Index of 
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Treatment Needs data have been used in planning community oral health interventions and 

programs (63).

As with other periodontal disease measurement tools, the Community Periodontal Index of 

Treatment Needs has its advantages and limitations. Besides criticism about the 

underestimation of disease levels (33), others have focussed on the translation of the 

information into treatment needs. In the 4th edition of the World Health Organization Oral 

Health Surveys Basic Methods, the index was labeled Community Periodontal Index, with 

no reference to treatment needs (89). Another criticism has been its reliance on just 

periodontal pockets. In response, the 4th edition of the Oral Health Surveys Basic Methods 

also includes a measure of loss of periodontal attachment using the same probe and the same 

index teeth (90). In this later approach, loss of periodontal attachment is categorized in 

multiples of millimeters (i.e. 0–3, 4–5, 6–8, 9–11 and 12+) using the marks on the probe, but 

the examiner needs to calculate loss of periodontal attachment, not just register the values 

for the depth of the pocket and the position of the gingival crest with respect to the cemento–

enamel junction.

For the 5th edition of the Oral Health Surveys Basic Methods (upcoming in 2012) a new, 

modified Community Periodontal Index system has been suggested that addresses the 

weaknesses of the original Community Periodontal Index while ensuring simplicity and 

reproducibility. The new system reflects the effort to give higher public health priority to 

periodontal diseases as significant contributors to the burden of oral diseases. In the new 

system, the periodontal status of all teeth will be recorded using the current score system, 

except for the presence of calculus. The new system has been field tested in several 

countries of different population sizes and economic development. In addition, it is expected 

that the full assessment of all teeth would allow the identification of new index teeth for 

future partial recording systems.

Two modifications of the Community Periodontal Index of Treatment Needs have been 

proposed for clinical screening of periodontal diseases in private and public settings: The 

Basic Periodontal Examination, proposed by the British Society of Periodontists (79); and 

the Periodontal Screening and Recording, proposed by the American Dental Association and 

the American Academy of Periodontology (47). The Periodontal Screening and Recording 

uses the sextant and index teeth approach, and the probe has the same characteristics and 

marks as the World Health Organization periodontal probe. The difference is that at least six 

areas around the tooth or implant are examined: mesio-buccal, mid-buccal, disto-buccal, 

disto-lingual, mid-lingual and mesio-lingual.

Use of laboratory tests: markers of periodontal diseases and their use in 

surveillance

Improved understanding of the microbiological component of periodontal diseases and the 

host response led to the development of laboratory tests to detect the presence of elements of 

the bacterial structure (such as surface components and DNA), bacterial metabolic processes 

or the host inflammatory response (33). These tests are focussed on the detection of ‘high-

risk’ individuals utilizing ‘markers’- attributes or exposures associated with an increased 

Beltrán-Aguilar et al. Page 5

Periodontol 2000. Author manuscript; available in PMC 2015 August 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



probability of disease occurrence, but not necessarily causal (13). Most tests use samples 

from plaque, saliva or gingival crevicular fluid (33). The interested reader could start the 

review of this topic with the papers presented at the 1988–1989 symposia organized by the 

Section of Odontology of the Royal Society of Medicine and edited by Newell Johnson in 

1991. Volume 3 deals specifically with markers of periodontal diseases (41). These 

developments also highlighted the need to understand the validity and reliability of these 

tests (12, 33, 52).

In our opinion, the use of biomarkers has two main advantages: first, because they are based 

on physiological events, they may be a more accurate representation of active disease than 

clinical measurements (such as loss of periodontal attachment or pocket depth); and, second, 

depending on the validity, reliability, cost and acceptability, they may be used in clinical and 

epidemiological studies with the added benefit of reducing examiner error because they do 

not require detection of anatomical landmarks and clinical assessments. The disadvantage, 

of course, is that no test is 100% accurate and test yield varies when the population used to 

analyze the test (most of the time this population is high risk) differs from the population on 

whom the test is applied (6).

Examples of biomarkers that show promise in detecting periodontitis include salivary levels 

of periodontal pathogens (74) and inflammatory molecules such as interleukin-1beta, 

interleukin-8, macrophage inflammatory protein and matrix metalloprotease-8 (35, 51, 75). 

These biomarkers have been proposed for both disease detection and progression (35, 51, 

74, 75).

Unfortunately, these approaches have not been translated into effective chair-side tools (17), 

much less into surveillance tools. In the early 1990s, Bretz et al. (10) used the synthetic 

substract BANA (n-benzoyl- DL-arginine-β-naph-thylamide [PerioScan™]), to detect 

proteolytic enzymes produced by Treponema denticola, Porphyromonas gingivalis and 

Bacteroides forsythus (Tannerella forsythia) associated with adult periodontitis, in 

subgingival plaque samples in a large sample study. The test results were compared with the 

immunological presence of periodontal pathogens using ELISA, and clinical measures 

including bleeding on probing, pocket depth, and a modification of the Russell’s Periodontal 

Index. The BANA test showed a high degree of sensitivity against ELISA but lower 

specificity with clinical measures. We are unaware of later studies using these approaches to 

measure periodontal diseases at the population level.

Characteristics of periodontal measurements for surveillance

Surveillance approaches to measure oral diseases at the population level diverge from 

clinical approaches in terms of validity and reliability (7). Clinical studies use valid and 

precise tools to detect teeth or sites where disease is occurring in order to plan an 

intervention to stop the disease process or to identify risk factors. In contrast, surveillance of 

oral disease using clinical approaches uses reliable tools that provide consistent results when 

used by different examiners (7). In addition, a clinical study can include as many diagnostic 

aids as needed. A surveillance system for oral diseases has inherent limitations in terms of 

time, number of persons examined and complexity of the measurement tool (7).
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With the exception of laboratory tests, epidemiological approaches for periodontal diseases 

– whether for clinical studies or for surveillance – rely on a clinical assessment, most of 

which are carried out using a periodontal probe with precision in millimeters. In our opinion, 

the major concerns of using these tools to measure periodontal diseases are:

• The number of teeth to be examined (i.e. full mouth or index teeth only).

• The number of sites to be examined around each tooth.

• Precision of the measurements.

• Pocket depth vs. loss of attachment.

• Summarization of site-specific information and case definition(s).

• Reliability of periodontal disease measures.

Number of teeth and sites

The question here is which teeth or sites would provide the most valid representation of the 

presence and level of active disease or disease sequelae when a fullmouth examination is not 

possible. Based on statistical theory, a probability sample of teeth and sites would be the 

appropriate choice (4). However, this is technically challenging. An alternative approach 

used in national surveys in the USA calls for the examination of all teeth in one maxillary 

and one mandibular randomly selected quadrant (11, 24, 84). Some studies have reported on 

the bias and underestimation of these partial recordings, including randomly selected 

quadrants and Ramfjord’s teeth for different fixed or randomly selected sites around the 

tooth (50, 81). The study by Susin et al. (81) reported that bias depended not only on the 

type of partial recording, but also on the number and type of sites assessed and the severity 

of the disease in the sample. A paper by Eke et al. (29) reported underestimation of disease 

prevalence when using partial recording and fixed sites in a convenience sample of adults. 

The current NHANES protocol (2009–2012) includes a full periodontal examination of all 

teeth and six sites to assess the effects of this underestimation at the population level. As a 

corollary, these data will allow the identification partial examination approaches with less 

bias.

Precision of the measurements

Dexterity in performing accurate periodontal measurements at the 1-mm level of precision 

depends on training and repetition. Ramfjord understood this issue and proposed using less-

precise measurements (marks on the probe were at 3, 6 and 8 mm). This has also been the 

approach for the World Health Organization probe used in the Community Periodontal 

Index of Treatment Needs and the Community Periodontal Index (89, 90). The issue here is 

a trade-off between more precise and probably less reliable measurements vs. less precise 

but more reliable measurements. This is not unique to periodontal diseases and the choice 

for clinicians may be different from that for epidemiologists (6).

Periodontal pocket depth vs. loss of attachment

Both periodontal pocket depth and loss of attachment measure periodontal disease sequelae. 

Based on the pathology of the disease, pocket depth reflects directly the damage to the 
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supporting structure, while loss of attachment reflects the cumulative effects of the disease. 

Pocket depth is one of the two components in loss of attachment measurements, but while 

measuring periodontal pocket is done by direct visual inspection, measuring the distance 

from the gingival crest to the cemento– enamel junction requires the tactile detection of this 

anatomical landmark when it is covered by gingiva. In addition, loss of attachment is 

affected by recession of the gingival margin, especially in the buccal surfaces, which may 

not be associated with periodontal diseases (60). Most current ‘case definitions’ of 

periodontal diseases (discussed later) use a combination of both pocket depth and loss of 

attachment.

Summarization of site-specific data and case definitions

In epidemiological studies and surveillance, all clinical information needs to be aggregated 

and summarized into measures of the disease occurrence at the individual level – who has 

the disease and who does not – and later reported as measures of population prevalence or 

severity. Various case definitions have been proposed for periodontal diseases that combine 

loss of periodontal attachment and / or pocket depths in a specific number of sites in the 

same or different teeth (5, 54). The following are three examples of case definitions used in 

literature.

The first example is the three case definitions for ‘serious’ periodontitis as reviewed by Burt 

& Eklund (16).

• Four or more sites with ≥5 mm of periodontal attachment loss, with probing depths 

of ≥4 mmat one or more of those sites.

• Two or more sites with ≥6 mm of periodontal attachment loss, plus one or more 

sites with probing depths of ≥5 mm.

• Mean periodontal attachment loss in the 20th percentile of the distribution.

Burt & Eklund added that there is some moderate consensus in the literature for using 6 mm 

as the cut-off point between moderate and severe periodontitis.

The second example includes a two level case definition adopted by consensus at the 5th 

European Workshop on Periodontology in 2005 (83).

• Presence of proximal loss of periodontal attachment of ≥3 mm in two or more 

nonadjacent teeth.

• Presence of proximal loss of periodontal attachment of ≥5 mm in ≥30% of teeth 

present.

The consensus group also indicated that the first case definition should be considered 

‘sensitive’ because it included lower levels of cumulative disease, while the second should 

be considered as more ‘specific’ because it included individuals with substantial extent and 

severity of periodontal disease. These definitions, however, were proposed to identify risk 

factors for the initiation and progression of periodontal diseases, and not for assessing 

periodontal diseases in populations.
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The third example is the case definitions proposed by the Centers for Disease Control and 

Prevention and the American Academy of Periodontology and used in the validation of self-

reported measures of periodontal diseases (28, 61).

Severe: two or more interproximal sites with ≥6 mm of loss of attachment not on 

the same tooth, and one or more interproximal sites with probing depths of ≥5 mm.

Moderate: two or more interproximal sites with ≥4 mm of loss of attachment not on 

the same tooth or two or more interproximal sites with probing depths of ≥5 mm 

not on the same tooth.

Mild: two or more interproximal sites with ≥3 mmof loss of attachment and two or 

more interproximal sites with ≥4 mm of probing depths not on the same tooth, OR 
one or more interproximal sites with probing depths ≥5 mm.

In Fig. 1, we plotted the prevalence of periodontal disease among dentate adults 20–64 years 

of age in the USA having moderate or severe periodontal diseases (in red) using the Centers 

for Disease Control and Prevention – American Academy of Periodontology case 

definitions, and those having periodontal disease (in blue), defined as having at least one 

periodontal site with ≥3 mm of periodontal attachment loss and >4 mm of probing depth 

[This case definition represent ‘any periodontal disease’ as reported by Dye et al. (24)]. The 

reader should bear in mind that in NHANES 1999–2004 from which these data were 

derived, only two sites, mesio-buccal and mid-buccal were assessed (24). In addition, the 

prevalence of moderate or severe periodontal disease in the 20–34 years age group was not 

included in the figure because it was statistically unreliable (coefficient of variation greater 

than 30 percent). These data show that males had higher disease prevalence than females, 

and Non-Hispanic Whites and those who have never smoked had lower prevalence than 

Non- Hispanic Blacks and Mexican-Americans and current or former smokers.

Reliability of periodontal disease measures

The reliability of a measurement tool depends on the clarity of the detection criteria and the 

training of the examiners. There are no studies in the literature with head-to-head 

comparisons of interexaminer or intra-examiner reliability for different indices of 

periodontal diseases. However, reliability reported in large national surveys in the USA 

could provide some guidance. Three published papers have reported on the interexaminer 

(against the reference examiner) and intra-examiner reliability of measures included in the 

1988–1991 (21) and 1999– 2004 NHANES cycles (22, 23). Both Cohen’s kappa statistic 

and intraclass correlation coefficients were reported. For NHANES 1999–2004 cycles, 

interexaminer kappa values ranged from 0.58 to 0.77 among five examiners using a cut-off 

level for loss of periodontal attachment of ≥4 mm. Intraclass correlation coefficients for 

mean loss of periodontal attachment varied from 0.72 to 0.93 and for mean pocket depth 

from 0.55 to 0.87. In general, intraexaminer reliability estimates were higher. In 2002, 

Kingman & Albandar (48) reported on the reliability of three examiners in NHANES 1988–

1994 for different cut-off points for both loss of attachment and pocket depth, using kappa 

and intraclass correlation coefficient statistics. Examiners reported mean values of 

attachment loss of 0.03–0.20 mm below those of the reference examiner (bias), intraclass 

correlation coefficients between 0.65 and 0.96 and kappa scores between 0.51 and 0.79. 

Beltrán-Aguilar et al. Page 9

Periodontol 2000. Author manuscript; available in PMC 2015 August 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Kingman & Albandar (48) concluded that NHANES examiners had measurement errors 

similar to those reported in the literature with no significant biases in loss of periodontal 

attachment or in pocket depth, but there was some variation in their estimates of prevalence. 

However, they suggested that the latter should be assessed considering that each examiner 

examined different groups of participants (48).

The World Health Organization Oral Health Program has provided support on methods to 

calculate measures of examiner reliability for categorical indices such as Community 

Periodontal Index using percentage agreement and kappa statistics (30, 90). A study by 

Mojon et al. (57) reported on the reliability of two examiners using the Community 

Periodontal Index of Treatment Needs in individuals of 65– 80 years of age. Unweighted 

kappa statistics for intraexaminer reliability were 0.39 and 0.58 for each examiner and 0.48 

when both examiners were compared with each other. Agreement was worst in categories 1 

(bleeding) and 3 (4–5 mm pocket depths) and best on category 4 (>6 mm pocket depth).

Statistical analysis of periodontal disease data

In contrast to site-specific analysis of data for assessment of reliability (30), data analysis to 

report estimates of disease occurrence are based on personlevel scores. Teeth and sites 

within the mouth are clinically correlated (39) and statistical methods based on independent 

observations cannot be applied (31), otherwise, the statistical power would be artificially 

increased due to the larger sample size (53). In reporting clinical and surveillance estimates 

of the prevalence, severity and extent of periodontal diseases, each individual contributes, 

with one value, to the estimation of population parameters, whether that value is the highest 

score or the mean among sites / teeth or sextants. The exception is the estimation of 

percentage of sextants within each category of the Community Periodontal Index of 

Treatment Needs because of its focus on translating the information into treatment needs, no 

longer a case in Community Periodontal Index. The interested reader could review the paper 

by Kingman & Albandar describing different approaches to analyze and report periodontal 

status data (48).

Self-report measures of periodontal diseases

Self-reported measures of periodontal disease have not been widely used. Based on the 

chronic and subtle clinical process of periodontal diseases with very little symptoms, many 

people with the disease would remain unaware of their periodontal status. Thus, answers to 

the question, ‘Do you have periodontal disease?’, may underestimate the level of disease. 

On the other hand, the question, ‘Does your gums bleed with brushing?’, may overestimate 

the severity of periodontal disease by including reversible gingival inflammation. 

Furthermore, the wording of the question and the dental knowledge of the responder are 

important in the accuracy of the question and answer (9, 42). On the other hand, some 

conditions (such as diabetes) and some behaviors (such as smoking) which are risk factors 

of periodontal diseases, can be used to improve the validity of self-report measures (27). 

Such a tool, with a sufficient level of validity and a high degree of reliability, would allow 

the monitoring of periodontal diseases at the population level without a clinical examination.
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In 2005, the Division of Oral Health convened a group of experts to develop self-reported 

measures of periodontal disease for surveillance (27). The group conducted a systematic 

review of potential questions (9, 42), tested the feasibility of these questions in a national 

survey in Australia (77), submitted the final set of questions for cognitive assessment (56), 

pilot tested the questions (26) and tested feasibility using a convenience sample in the USA 

(27). The questions were included in the NHANES 2009–2012 cycle, together with a full 

periodontal examination of six sites around all teeth (three in the buccal surfaces and three in 

the lingual surfaces). These data from a nationally representative sample of the US 

population will provide validation of the self-reported questions for surveillance of 

periodontal diseases, and, as discussed earlier, identify the sample of teeth and sites 

providing the most valid representation of the loss of periodontal attachment in the full 

mouth. At the global level, the upcoming 5th edition of the World Health Organization Oral 

Health Surveys Basic Methods incorporates the question, ‘How would you describe the state 

of your gums?’, with potential answers ranging from ‘excellent’ to ‘very poor’.

Surveillance systems for periodontal diseases

In theUSA, public health surveillance has been defined as the ongoing systematic collection, 

analysis and interpretation of outcome-specific data for use in the planning, implementation 

and evaluation of public health practice (82).Documenting the levels and trends of disease is 

important for detecting and addressing disparities and identifying populations at risk. Thus, 

the importance of valid, reliable and affordable tools to measure periodontal diseases from 

data vertically integrated from the local into the national level (7).

In the USA, surveillance of periodontal diseases at the national level uses NHANES and 

site-specific measurements of loss of periodontal attachment and pocket depth (24). These 

data demand too many resources to be a feasible option at the US state level (7). On the 

other hand, surveillance of periodontal diseases at the US state level can be done indirectly 

using three surveillance indicators from the National Oral Health Surveillance System 

(http://www.cdc.gov/nohss/index.htm) – the percentage of adults aged 18+ years who had 

their teeth cleaned in the past year, the percentage of adults aged 65 or more years who had 

lost six or more teeth due to tooth decay or gum disease, and adults aged 65 or more years 

who had lost all their natural teeth due to tooth decay of gum disease (55). However, these 

are not focused specifically on periodontal diseases per se. It is expected that self-reported 

measures will be used in both national and US state level surveillance of periodontal 

diseases once validation is complete.

At the global level, the rationale, scope and components of surveillance systems for oral 

diseases (i.e. oral health status and risk factor surveillance) are included within a framework 

of oral health information (62). One of the fundamental elements of these efforts is using 

tools that comprise ‘…ease of understanding and application in all countries regardless of 

the concepts, training and experience of their dental health personnel.’ (87) and facilitating 

comparisons among countries (73). These have been the goals in all editions of the World 

Health Organization Oral Health Surveys Basic Methods (20, 87–90). The modifications in 

measuring periodontal diseases in the upcoming 5th edition of the World Health 
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Organization Oral Health Basic Methods will provide new incentives to measure the 

occurrence of periodontal diseases at the global level.

Developmental perspectives

The evolution of how wemeasure periodontal diseases shows a continuing struggle to design 

valid, reliable and feasible measurements of a disease for which a valid case definition 

(active disease) is still unavailable. This is in contrast to dental caries for which we have had 

the Klein’s decayed, missing and filled (DMF) in use for more than 80 years despite its 

limitations. The difference is rather striking considering that both periodontal disease and 

dental caries are chronic diseases, are caused by microorganisms in a biofilm and can be 

measured during the lifespan of the person by detecting disease sequelae at the tooth or 

surface levels. One potential explanation is that Klein’s index has been more resilient, at 

least until recently, to our evolving understanding of dental caries than the indices of 

periodontal diseases. Another explanation may be that it is more difficult to train, apply, 

analyze and report all measures of periodontal diseases than Klein’s DMF index. In addition, 

at epidemiological and surveillance levels, it was easier to integrate Klein’s DMF index into 

surveys than to integrate measures of periodontal diseases. Interestingly, the concepts of 

selecting index teeth and sampling quadrants or sextants used mostly for periodontal 

diseases has never been fully adapted into measures of dental caries.

It is clear that all current measures of periodontal diseases have limitations as applied into 

clinical or epidemiological studies and surveillance. Besides issues of validity, all clinical 

measures are subject to measurement error. Therefore, the choice of a measurement tool 

should follow an evaluation of level of bias and reliability that could be acceptable in each 

particular situation. For example, a surveillance system may use the Community Periodontal 

Index or loss of periodontal attachment in a subset of teeth because the focus is on 

monitoring disease for which reliability is an issue, while a clinician may opt for a full 

clinical examination for loss of periodontal attachment supplemented by radiographic 

measures because the focus is on detection of all periodontal lesions. The latter is also 

critical when assessing causality or association with other diseases or conditions.

Two nonclinical alternatives have been presented in this paper. The first is self-reported 

measures that collectively can be used as a proxy for the presence of disease sequelae. These 

measures are not designed to measure active disease but to gain in reliability and feasibility 

what may be lost in accuracy. As already noted, these questions are currently being field 

tested in NHANES against a clinical examination of loss of periodontal attachment. If 

preliminary results using these questions are confirmed, it will bring a new dimension to 

monitoring periodontal diseases in populations and will help to standardize the monitoring 

of periodontal diseases at state and national levels, using a less intrusive, nonclinical, 

sufficiently valid and highly reliable tool.

The second is the laboratory testing of enzymes from microorganisms considered putative of 

periodontal diseases. These are probably the closest to a valid representation of disease 

activity and are relatively easy to carry out, even in large studies. However, to our 

knowledge, no further development has occurred since the work of Bretz et al. (10). As we 
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rely increasingly on indirect measures and on detecting intermediate aspects of the disease 

process, it is quite possible that these tests will be reintroduced into surveillance efforts.

Surveillance of periodontal diseases needs to be integrated into surveillance efforts 

monitoring other dental diseases. Currently, the National Institute of Dental and Craniofacial 

Research and the Centers for Disease Control and Prevention have initiated the development 

of a National Surveillance Plan which started with a workshop in 2010. The elements of the 

proposed plan include details on which health conditions should bemonitored, how 

frequently they should be measured, and which methods should be used for measurement. In 

addition, the plan will provide room for future developments on novel measurement tools, as 

well as provisions for transitional periods when two measures need to be included at the 

same time to allow for valid assessment of trends. We expect this to be a true surveillance 

system for oral diseases, including periodontal diseases. New efforts on monitoring 

periodontal diseases at the global level are expected with the new 5th edition of the World 

Health Organization Oral Health Surveys Basic Methods.
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Fig. 1. 
Prevalence of periodontal disease (defined as at least one periodontal site with attachment 

loss of ≥3 mm and pocket depth of ≥4 mm) and moderate or severe periodontal disease 

(defined as two or more inter-proximal sites with attachment loss of ≥4 mm in different teeth 

OR probing depth of ≥5 mm not in the same teeth) among 20- to 64-year-old dentate adults, 

by age, sex, race/ ethnicity and smoking status. United States, 1999–2004 (24).
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