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FIELD TESTING AN EPIDEMIOLOGICAL METHOD FOR THE ASSESSMENT OF
PERIODONTAL STATUS AND TREATMENT NEEDS

M, Himmiche, P. Perruta, J. Sardo Iafirri, L. Benamghar,
A, Antczak, D. E, Barmes.

INTRORUCTION

The two most prevalent oral diseases which consume most of the oral health services
available to any population are dental caries and periodontal diseases, Methodology and
¢criteria for the diagnosis of dental caries and definition of related treatment neceds of
individvual teeth are well defined, with the exception of those for the “preclinical® stazes
of the disease, Thus it has been possible to build up a very clear picture of the status and
trends of that disease in countries around the world, However, the pleture for pericdontal
diseases is much lesg well defined, This has happened in part because controversies about
the disease processes of the periodontium have only been resolved and documented relarively
recently, but alge because of the various manifestations of the disease, some of which are
reversible and difficult to measure in a standard and reproducible way, particularly in che
early stages,

During the past 20-3C years, many indices have been developed for recording the clinical
signs agsociated with periodontal diseases. The majority were designed for specific research
prujects and were later adopted by other inmvestigators for use in epidemiological studies.
Criteria and methodelogy for these indices vary widely, and several rely on combinations or
associations of different indlcators or clinical symptoms, e.g. the Gingival Index(l) and the
Suleus Bleeding Index(2). As has been reported(3), combinations of clinical symproms present
in a subject do not always correspond exactly with an index score, 4 further problem with
many indices is the lack of reliability which stems principally from the use of visual
criteria - cedewa and colour changes - instead of actual measurement to determine sulcal or
pocket depth and subsequent scoring of gingival bleeding, This lack eof reliability was
clearly documented(4) in a study where the various investigators involved were calibrated and
then separately examined a series of subjects from different populacions. The results
obtained by edach examiner varied very widely,

Another specific problem associated with the use of previously defined indices for
periodontal assessments has been the lack of precise criteria for treatment needs in order
that appropriate programmes for control and prevention of perlodental diseases can be planned
and implemented.

Since 1968 the World Health Organization has assisted with the planning, organization and
data summarization of 160 surveys of oral health and has participated in the planning and
sample design only of a great many more. The compelling reason for WHO to advocate the
collection of data on oral disease status and treatment needs iz so that the planning,
implementation and evaluation of oral care servieces can be based on valid baseline data; it
is essential that all administrators make regular epidemiclogical surveys to guide them in
the monitoring and evaluation of their work snd to identify trends in levels and patterns of
diseases within their population, Thus, there 1s a need for well-defined survey

! methodologies that are reliable, simple and rapid, Surveys of large samples and long
duration simed at increaging precision and reliability often defeat thair purpose because of
the increased risk of examiner variabllity due to use of multiple examiners and shifts in the
interpretation of criteria over time. Other disadvantages of very large surveys are the
greater costs of data checking and punching, salary and per diem expenses of examiners and
asslstants, delays in dats availability, and the Fact that excess time spent on survey work
is lust to other activities, including response to survey findings,

It is therefore essential that recommended survey methodology will enable administraters
to undertake regular, rapid and economic surveys of oral health status and treatment needs in
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order to plan relevant services and to monitor and evaluate their tmplementation, as well as
to identify trends in levels and patterns of diseases within their communlties in tisme to
react to them effectively.

Therefore, im an effort to improve data collection for the planuing and evaluation of
services and, at the same time, to try to resolve most or all of the problems assoclated with
use of existing indices for epldemiclogical studies, the development of methodology and
criteria for determination of periodontal status and treatment needs was undertaken by a
Joint Working Group of the International Dental Federation and the World Health
Organtzation. The development and field testing of the criteria and the methodology, and the
general results of the survey are described.

In 1977, the members of the WHO Scientific Group on Epidemiology, Etiology and Prevention
of Periodontal Diseases discussed current methods of assessing the prevalence and severity of
periodontal disease. 1In particular, during the meeting a critical review of the criteria
used in these methods was made. The members of the group concluded that the most valuable
combination of criteria for assessing perlodontal diseases was not being used. They then
proposed a different approach to the assessment of diseasze and determination of treatment
needs .,

The criteria to be used in surveys of periodental status should be clear—cut observations
that can be described in concise and definite terms so that they can be easily understood by
dentists and other oral health care workers, A simple present/absent classification for the
indicators, gingival bleeding, supra— and subgingival calculus and periocdontal pockets, was
proposed(3). It was recommended, however, that the method should only be adopted as a
standard method by WHO after extensive field testing had proved that the asgessment provided
valid indications of disease starus and estimatlons of trestwent requirements.

MATERIALS AND METHODS

Recomuendations for field testing

Field testing was recommended by the members of the Sclentific Group for validation of
both the proposed clinical criteria and the partial recording method.

The members and associates of the Joint FDI/WHO Working Group I on Integrated Planning of
Oral Health Services with Special Attention to Periodontal Diseases undertook the field
testing of the proposed methodology.

Investigators were asked to examine at least 100 subjects, and preferably 200, equally
divided between the sexes and the age groupings of 15-19 and 33-44 years. The instructions
to investigators also stipulated that, 1f possible, the subjects included should be a
representative cross-—section of the population, This being rather difficulc teo achieve,
examiners were asked to record the socio-professional category of subjects included in the
snmple so that a general assessment of the sample representativity could be made.

A precoded form was designed so that all examination results could be summarized
according to a standard programme. The form consisted of four parts: '

l. General and subject specific data includipg ianformation on country, age, seX and
soclo—professiopal category.

2. A recording layout for the Periodontal Index(6}.

3. A special recording layout for the five indicators included space for all teeth except
third wmelars, and allowed for recordings to be made on both the vestibular and lingual
aspects of each tooth., It should be noted that vestibular and lingual aspects were to be
interpreted as each encompassing one half of the gingiva arcund the teooth.
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The follawing codes were defined:

Supragingival Calculus; 0 w absence
1l = presence

Subgingival Calculus: 0 = absence
1 = presence

absence of pocket

=4 or 5 mn pockets (first degree
pockets)

2 = pockets of 6 mm and greater (second

degree pocketbs)

FPeriodontal Pocket Depth:

-
Il

Gingival Bleeding: After probing, teeth were examined for
blegeding from the gingival sulcus or
pocket.

0 = po evidence of bleeding
1l = bleeding detected,

Recession 0 = root exposure of 3 mm or less
l = root exposure of 4 or 5 mm
2 = root exposure of 6 mm or more

The examinations were made with a special probe distributed to 2ll investigators by WHO.
The design of the probe and explanation of its use are shown in Fig. 1. The probe has a

shaded area between 1.5 and 5.3 mm from the ball tip. When the probe is inserted between
the tooth and the gingiva, and the free margin of the gingiva falls below the shaded

area, ne pocket is rvecorded: if the shaded area is partly visible, a first degree
pocket, of 4 or 5 mm depth is recorded; when the margin lies above the shaded area, a
second degree pocket, & mm or more is present, The probe iz alge uged to deteet
subgingival caleculus (Fig. 2).

As very little data on recession was c¢ollected during the survey, and as recession
relates mainly to status, {sometimes as a result of treatment provided), this assessment
was not included in the analyses.

4, Two boxes for recording a periodontist's assessment of disease starus and rreatment
needs, using the following codes were provided:

= no disease

gingivitis only

advanced periodontal lesions only

gingivitis with advanced periodontal lesions

Disease Status:

L b2 O
o

= ng¢ treatment

= gral hygiene education only

= oral hygiene education and sceling
= deep scaling

= periodontal surgery

Treatwment Category:

oo NI e

Space was alsy provided for cowments to note difficulties experienced in placing subjects
in the various treatment need categories.

Using data cellected in this mamner, it was possible to assess the relevance of using
various partial recording gystems. It alse was intended to compare the proposed methodology
with the Periodontal Index and with the clinical assessment of the pericdontist. However, as
assessment of the Perlodontal Index was not made by all examiners, no systematic evaluation
of these results was undertaken,
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Figure 1:

and hleeding

The probe is shaded between the 3.5 2nd 5.5 mm markings to allow for easy assessment of pocket

depth. Sulci below the shaded ares are scored 0 as normal gingival sulei, the shaded area

includes 4 and 5 mm depth pockets scored 1, and the area above the shading indicates depths of
6 mr or mere gcored 2.
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(Figure 2: Diagram showing recording of findings

1, A aormal gingival sulcus depth, The free margin of the gingiva falls below the shaded
area.

2. A gingival sulcus of normal depth but with subgingival calculus.

3. A first degree periodontal pocket with subgingival calculus. The free margin of the

gingiva falls within the shaded area.

&, A second degree periodontal pecket with subgingival caleculus. The free margin of the
gingiva falles above the shaded area,
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Tt must be remembered that although the subjects examined do not comstitute a random
sample, the number of different countries represented, and the age and sex distributionsg,
make data base an excellent tool for the investigation of assoclations between the various
¢linical symptoms or indicators of periodontal diseases and the assessment and evaluation of
various partlal recording systems.

Data collected

About 30 investigators in 12 countries particlpated in the field testing and examined
7,212 subjects ranging in age from 15-50 years. The countries were Argentina, Canada,
England, Finland, France, German Democratic Republic, Italy, Nerway, Fortugal, Scotland,
Syria, idruguay and the United States of America. A full list of all these who participated
in the field testing is given in the Acknowledgements.

Recausc of the large amount of data from each individual (4 indicators for 2 surfaces of
28 teeth), and the fact that data was collected by many #investigators from 12 different
countries, It was necessary to develop special techniques for organizing and validating the
data. The statistical analyses of the data included multiple stepwise regrescsions,
discriminant analysis and cluster analysis, The results of the analyses provide a great deal
of information about conditions and associations between different periodontal indicators
and their distribution by jaw, tooth type and tooth surface. The basic results for
prevalence of bleeding, supragingival caleculus, subgilngival calculus and pockets are reported
here. The statistical analyses and discussion of their significance are reported in the
other papers in this document,

HESLTS

Piscribucion of subjects

Table I gives the distribution of subjects by age, sex and country, Totals im all
catepories are also included. Overail, subjecrts were fairly evenly distributed between the
sexes; however, counlry and age group distributrion was wmuch less consisteant. The high
proportion of subjects in the age groups 15-19 years and 35-44 years stems from the request
te survey these age groups especially. There are also very large differences 1o the number
of subjects examined in each country.

Distribution of indicators

The term "indleator"” has bheen used In this paper as a general term for a clinical symptom
ar leslion,

Table 2 presents the distribution of indicators by country. Indicators recorded were the
presence of  supragingival caleulus, subgingival ecaleulus, bleeding and periodontal
pocketing. The percentage of all teeth with the indicater present is pgiven by tooth surface,
vestibular and lingual. For all indicators, lingual surfaces were generally affected more
than vestibular.

Table 3 =hows the distribution of indicators by age group. The percentage of teeth
affected in each age proup is given, for both vestibular and lingual surfaces. The
pertcentage of teeth affected generally increased with age for all fndicators, Comparison of
Lthe 15=19 and the 35-44 year age groups shows that for supragingival calculus the percentage
affected doubles, for subgingival calculus it triples, for first degree pockets (4 or 5 mm)
the percentage doubles and for second degree pockets (6 mm or more} it increases nearly
ten—fold consistent with the commonly held belief that advanced periodontal lesions do not
become cvident until the third or fourth decade. Bleeding, however, wag the most cowmon
indicator found, and it nearly doubled in frequency in this age range — see Table 3.

Table 4 organizes the data in another fashion. All the possible combinations of absence
and presence of each indicater on at least one surface per subject are given, along with the
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Table 4: Distribution of subjects by number of indicators present
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The unshaded hox containg
subjects with no indicators

A\

7

Suhjects with two indicators

E

Thus the 463 subjects in the fifth box on the bottom line all had at lzast
one surface with bleeding, one with supragingival calgulus, one with
subgingival calculus and one with a pocket of 4 —5 mm

Subjects with three indicators

Subjects with anly ane indicator Subjects with all four indicators
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number of subjects haviong that combination of indlcators. The number of indicators present
per subject increases from the upper left-hand corner, with no indicators, to the lower
right, with all 4 indicators present, 126 subjects (5.7%) had no indicators present, 241
subjects (11.0%) had only one indicator present, 571 subjects (26.0%) had 2 indicators
present, 618 subjects (28.2%) had three indicators present and 639 subjects (29.14) had all 4
indicators present. Thus, 57.3%7 of subjects had three or more and 83.3% had 2 or more
indicators of periodontal disease present.

Periodontal starus as assesgsed by a periodountist

Periodontal starus was assessed using the following categories: 'ng disease’,
'gingivitis only', ‘advanced periodontal lesions only', and ‘'gingivitis with advanced
periodontal lesions'. Table 5 shows the percentage of subjects in each category by country.
Alchough the majority of subjects were in categories 'no disease' amd 'gingivitis only’,
there was great varialion between countries. Table 6 gives the distribution of periodontal
status by age group. The 15-19 year age group had the least disease, and the 35-44 year age
group the most. There was a relatively constant percentage of subject with 'gingivitis only’
throughout all age groups: however, a marked increase in subjects with advapnced periodontal
lesions, with and without gingivitis, can be seen in subjects over 35 yvears of age. Overall,
"gingivitis with advanced periodontal lesions' and ‘'advanced pericdontal lesions only' were
least frequenutly recorvded.

DISCOSSION

The data presented here includes the distribution of subjects, indicators of periodontal
disease and periodontal status by sex, age and country. Although the number of subjects in
each age group and from each country varifes, overall trends ¢an be seen. Both the number of
teeth with indicators present and the number of subjects in disease categories increased with
age. Differences between countries can usually be explained by differences In age groups
examined in individual countries. The results also showed that most subjeets {83.3%) had
present at least two of the Iindicateors recorded,

* * *
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THE DISTRIBUTION OF VARIOUS INDICATORS OF PERLODONTAL STATUS
IN RELATION TO TOOTH TYPE AND POSITION
P. Kaminski, L. Benamghar, N. Chau; J, Martin, J. Sarda Infirri,
M. Himmiche, D. E. Barmes,
INTRODUCTION

Numercoua indicators have theen used to assess perlodontal status. However, the
relationship of each indicator to progressions of the disease process, had not been clearly
defined.{1, 2, 3, 4, 5) An attempt to address this issue was made by the analysis of data
collected for field testing an index for assessing periodontal status and treatment needs,
The statistical technique of wmultifactorial anelysis was used to illustrate preferentlal
localization of indicators, associatlions between indicators and the importance of position of
teeth with respect to the presence of indicators.

MATERIAL AND METHODS

The data for this analysis comes from multinational field testing of the proposed survey
methodology for periodontal status proposcd by the WHO Scientific Group. Four indicators
were measured on two surfaces of all teeth present in each of 2,212 subjects. The indicators
weret bleeding, supra— and subgingival calculus and periodontal pockets,

Stacistical analysis used the general programme LOGIST (6), developed especially to deal
with the problems posed by the repetitive nature of the data. Multifactorlal analysis {7, 8,
9, 10) allowed the formulation of hypotheses to which more classical statistical testing
could then be applied.

Three methods of analysis were utilized: principal component analysis, analysis of
correspondence, and ascending hierarchical classification.

The first method, principal component analysis (8, 9) can only be applied to quantitative
data and, technically, is deduced from a linear Fisher cerrelation table. Subjects with
incomplete data, i.e. those with missing teeth cannot be used In this analysis, so only data
from subjects with complete dentitions were included. To transform presence/absence data
into quantitiative data, it was necessary to construct scores by surface, by teooth or for the
whole mouth. For each indicater, the arbitrary wvalues attributed for absence or for
presence, were added to obtain the secores, To explain the method, it is necessary to imagine
that for each individual (or tooth, or indicator) there is a corresponding peint in space in
several dimenslons. For example, 1f each dimension (or axis) corresponds to a tooth surface,
there are 2 x 28 = 56 diwmensions. On each axis, the coordinate of the individual ia the
score for the assoclated tooth surface.

The representative points of the group of individuals form a 'clouwd' in the space. Since
such a 'cloud' cannot be represented (f the number of the dimensions 1s greater than 3, the
technique consists of projecting the imape of the cloud on a plane surface (i.e. in two
dimensions) so that it resembles as much as possible the original cloud. The choice of the
plane ls determined so that the loss of information is minimized. Each diagram is defined by
two perpendicular factorjal axes. The first axis (Fl) ecorresponds to the greatest elongation
of the eloud and the second (F2), which is perpendicular to Fl, represents the remaining
maximum elongatien, One can continue In this manner and calculate F3, F4,. and, for each
axls, the percentage of variance (degree of dispersiom) for the cloud. Usually the first two
or three axes suffice to account for a very large part {70-80%) of the varlance of the <¢loud,
thus reducing the number of dimensions required. The interpretation of these axes Is
sometimes a difficulet problem, but such analyses may provide a new approach to understanding
hiclogical prucesses.




WHO/ORH/EPID.PD/B4 .1
page 19

The sececond method, analysis of correspondence, is directly adapted to qualitative data.
In principle, it is similar to the preceding method, but techoically 1t 1s deduced from
contingency tables of the data by means of a 'distance' called "chi-square”. Here, data from
all subjects can be included in the analysis because the notion of missing teeth is itself

qualitative.

Finally, the third method utilizes an ascending hierarchical clagsification technique,
It regroups (stage by stage) the surfaces of the teeth as a function of thelr degrez of
similarity with respeet to indicators.

talgulation of correlaticn coefficient between indicator scores

For each indicator and surface (lingwal and vestibular), an ‘'indicator score' was
calculated by addiog the values assigned (absence : O and presence : 1 , for bleeding, sub
and supragingival calculus, snd 0,1 or 2 for pockets) of indicaters om the surfaces of the
teeth of an individual, The possible values for each tooth range from O to 10. The sum of
the scores for the two surfaces gives the indicator score for the tooth. The sum of all the
indicateor scores gives the total score for the subject, Each score thus represents an 'index
of patholegy'. A correlation table of these scores for the groups of subjects with no
missing teeth (1,037) ¢an thea be calculated. It should be noted that the values assigned to
the indicators are arbitrary.

A review of the deseriptive staristical results for indicators shows that bleediog was
the indicator most frequently present, nearly 40% of subjects less than 20 years of age and
more than 90% of subjects over 40 vears of age having at least one surface that bled when
probed. Supragisgival caleulus was the second most frequent, with wmore than 30% of all
subjects havipg at least one gsurfage affeeted, particularly the lingual surfaces af
mandibular incisors, Subgingival caleculus followed closely, but with a more homogeneous
distribution on lingual surfaces. Pockets were the least frequently found indicators located
preferentially on wmolars and premolars, with a slight predominance for the lingual surfaces,

The percentage of subjects affected snd the mean number of gsurfaces affected per subject
incrteased with age. Women were slightly less affected than men. Lingual surfaces were more
frequently alfected and had more severe leslons than vestibular surfaces.

The prevalence of bleeding sites was too great for this indicator to be of any use as a
discriminating factor bhetween groups of subjects,

Statistical analysis showed a stromg relationship between subgingival calgeulus and
pochets and between supragingival caleulus and bleeding, but little connection hetween these

two pairs of indicators,

The anralysis describes relationships between Indicators, between teeth and between
indicators and teeth, using the three analytical techniques.

Corrclations and principal compenent analysis between indicators and scores

Table 1 shows relationships between the Indicator scores for lingual and vestibular
surfaces of the teeth, The values of the correlation coefficients, marked *, were: ¥ = 0.84
for subgingival calculus and pockets, ¥ = 0.71 for bleeding and r = 0,66 [or supragingival
caleulus,

Considering the relationships hetween indicators, those between pockets and subgingival
calculus were greatest with the correlation cnefficient r varying from 0.36 to 0.65, followed
by bleeding and supragingival caleulus (r between 0.38 to 0.4%9). The relationships hetween
bleeding and pockets with ¢ from 0.23 to (.33 and between subgingival calculus and bleeding
with r from 0.20 to 0,37 were moderate. Weak relationships existed hetween sgupragingival
calculus and subgingival calculus with r trem 0.17 te 0.29 and theu supragingival calculus
aud pockets with r from 0.09 to 0.19.
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Table 1; Correlation table of indicator scores by tooth surface (of 1,037 missing teath)

Indicator Total Oral Cl Cy P B
Score
L v L v L. v L
c, L 0.63
v 0.52 0.66%
; L 0.73 0.29 0.17
€
v 0.72 0.27 0,24 0.84*
p L. 0.68 0.19 0.10 D.63 0.63
v 0.64 0.1  0.09 0.5  0.65 0.84%
B 6.77 0.49 0.38 0.37 0.25 0.33 0.25
*
v 0.71 0.47 0.39 0.20 0.25 0.24 0.23 o0.71
Code: €. = supragingival calculus F = periodontal pockets

C2 = gubgingival calculus B bleeding

The linear correlation coefficient r, of 2 ascores, lies at the intersection
of the line and corresponding columpn, All correlations in this table were
statigtically significant (p=0.01)

Table 2: Correlation coefficients for 'indicator scores' by tooth for the right and
left sides of the mandible

Tooth No. 47 : L6 : 45 : 44 : 43 : 0 : 41
3l 0.43 ¢ 0.45 ¢ 0.5 @ 0.%9 @ 0.72 : 0.84 : D.94%

32 0.53 : 0.48 : 0.5 : 0.61 = 0.75 = 0.85%% : 0.82

33 0.33 : 0.55 : 0.,p2 : 0.67 = 0©.78% : 0.78 : 0.72

34 0.5 : 0.63 : 0.70 : 0.73% : 0.64  0.62 1 0.57

35 0.65 : 0.68 : 0.73% : 0D.70 : 0.58 : 0.5% : 0.50

. 36 0.73 @ 0.76% 1 0,70 : 0.63 : 0.53 : 0.48 : 0.47
37 0.77% 1 Q.71 : 0.67 : 0.82 : 0.535 0.30 0.48
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The correlation of indicator scores by surface with the total indicator score for the
mouth was generally high, with bleeding having the highest and supragingival calculus the
lowest values.

The table of correlation ccefficients for all 28 teeth is comprised of 378 wvalues, All
the correlation coefficients In this table were significant (p== 0.0l). For teeth within a
quadraant, the correlation coefficlents were very high, rauging for adjacent teeth from r =
0.85 to t = 0.40 for more distant teeth,

Te illustrate the other types of correlations, Table 2 contains coefficients Feor the left
and right sides of the mandible. The highest c¢orrelatibns of '"indicator scores’ corresponded
to homologous teeth on opposite sides. These values are marked * on the diagonal of the
table. The value for continguous incisors was greatest, r = 0.%, dropping off as a function
of distance with the lowest value, r = 0.43.

Thus, using 'indicator scores' as a criteria, there exists a statistical relationship
between teeth which is a function of both prozimity and tooth type.

Fig. 1 shows the results of principal component amalysis of the correlation table. The
diagram, purely descriptive and simple, presents graphically the data of Table 1. The first
two factorial axes account, rtespectively, for 47.0%7 and 23,6% of the total variance.
Projected on the same diagram, but net included in the calculation of the principal axes, are
the total scores by indicator (B, Ci, €9, P), and the total sacores by surface (L, V).
This illustrates the grouping of bleeding and supragingival c¢alculus on one hand and of
pockets and subglugival calculus on the other. The relationship between surfaces is evident
for each indicator and is reinforced by the close proximity of total lingual and vestibular
scores (ML and MV) in relation to the total oral score (M).

Analysis of correspondence between indicators and teeth

4nalysis of correspondence deals directly with qualitative aspects of the indicators,
Here a table of correspondence between the 28 teeth, the two surfaces and the indicators
(present or absent) was made to which was added the notion of 'tooth present' and 'tooth
absent'. Each value in the table indicates how wmany times an indicator, or its absence, had
been encountered with another for ¢ach surface of a2 tooth, For example, for a group of
individuals, the oumber of times subgingival calculus was found on the lingual surface of
tvoth number 17 simultaneocusly with a first degree pocket on the vestibular surface of tooth
number 36 in cthe same mouth is contained in the table, These values are availahle for all
possible permutations of indicators and teeth.

By mathewatical techniques of analysis of the dara, factorial axes were determined in a
similar manner to those described for principal component analysis. A first series of
analyses studied the telationships between teeth and betwsen indicators, followed by an
overall analysis of all the elements simultaneously.

When this technique was applied to all subjects, the first axis explained 657 of the
total variance, and the second axis an additional 25%, making a total of 90% for FL and F2.

Twe separate snalyses were done with and without the notion of missing teeth. Fig. 2
illustrates the results of the first analysis. Here the teeth are closely positioned in
thelr anatomical order. This I5 uniquely contingent on indicator data, a3 no anatomical
information was included in the calculations, The second axis separates the maxilla from the
wandible fairly well. The left and right sides are intermixed. Note the strong separating

effect the 'tooth absent' characteristic has on teeth 36 and 46, and the much weaker effect
it has on teeth 16 and 26. Mandibular incisors and canines were positioned very close

together and intermixed.

Fig. 3 illustrates the results of the same anmalysis without the inclusiom of the notion
of missing teath. Here the first two axes give a much better separation of the two jaws, but
malntain a zone of superimposition of mandibular incisors and canines.
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fimilar results were obtained when the analysis was performed on subgroups of subjects
defined by sex, age group or country. There was close proximity, for each indicatoer, of the
lingwal znd vestibular suxfaces, with few exceptions. The structural representation of teeth
maintained three fundamental comfigurations: separvation of the maxilla from the mandible,
proximity for each jaw of the right and left sides, and placement of teeth in their
anatomical order except for a zone of superimposition for ineisors and canines.

Fig. 4 presents the simultaneous projection of all indicators by surface for each tooth
of the maxilla omly. It is consistent with previous results; the factorial axes separate
the four indicators remarkably well. In particular, F¥2 separates the pairsg
bleeding=supragingival calculus and pockets—subgingival calculus,

Ascending hieracrchical classifiecation

The third method of analysis utilizes an ascending hierarchical classification technigue
te present the contingency table of data 'indicators by surface of teeth', Fig. 5
illustrates this for all jadicators. The separation of the pairs bleeding—supragingival
calculus and pockets—-subgingival calculus can be seen ¢learly. Details of this
classification are given for bleeding in Fig., 6. Teeth are organized as a function of their
pesition, anterior or posterior, maxillary or mandibular and by surface, lingual or
vestibular.

DISCUSSION

This study confirms a strong relationship between teeth and between the four indicaters,
Multifactorial analysis gives a particularly graphic representation of these
interrelationships., This statistical technique aids in the study of rather complex data, 1In
particular, in all the three analyses used, the relationships between lingual and vestibular
surfaces of teeth and between indicators bleeding-supragingival calculus and
pockets~subgingival calculus were demonstrated, For some indicators, the presence on the
surface of a tooth carried with it a greater probability of being present on the other
surface, and on adjacent teeth. Nearly all the analytical diagrams ordered teeth (with the
exception of incisors and canines) in thelr anatomical positions, separating maxilla from
mandible, and juxtaposing right and left sides. The consistency of thege results warrants
re—examination of periodontal disease indicators from a clinical and patho-physiological
peint of view.
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Figure 4: Analysis of correspondence for all indicators for maxillary teeth
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. . . e 2 .
.Figure 5: Ascending hierarchical c¢laszification for all indicators (X - distance)
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Figure 6: Ascending hierarchical classification:
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THE RELATIONSHTP BETWEEN MISSING TEETH AND PERIODONTAL STATUS

L, Benamghar, N. Chau, J. Martin, J. Sarde Infirri, F. Abt.
TNTRODUCTION

Data from the multinational sutvey of periodontal status provides information on numbers
of teeth present, as well as on periodontal indicators for several groups of adults. When
assessing overall oral health status and treatment needs, it %5 Important to take into
consideration the number of sranding teeth, particularly with regard to fthe need for
replacement of missing teeth; likewise the types of restorative care that may be successfully
provided depend on the interface conditieons between remaining teeth and adjacent gingivae,
Furthermore the fact that a tooth or a group of teeth is missing may be the result of the
discase process being studied and therefore this information needs to be considered in the
fnterpretation of survey results. Thus the standard comparisens of periodontal status
between individuals, or groups of individuals, can only be made &f information on the
different complements of teeth at risk is included 4in the data. This paper presents
information on the frequency of missing teeth, overall and by age, sex, soclio-professional
caregory and country, and on the relatfonship between missing teeth and the presence of
periodontal disease indicators. As in a cross-sectlonal study it is 1mpossible to collect
reliable informaticn on the causes of tooth loss, this was not attempted in this study and
therefore no analysis of etlielegical factors causing loss has been possible. Multifactorial
analysls of associations between missing teeth in subjects with wmultiple missing teeth has
also been discussed,

MATERIALS AND METHODS

The data used in this analysis was provided by the WHO survey multinational field testing
of periodontal status.

RESULTS

Freguency of missing teeth

Flg. 1 shows the distributlfen of missing teeth by the number missing and the frequency.
()f the total possible number of teeth present in the subjects surveyed (28 teeth in 2,212
subjects), 7.5% were missing, glving an average of 2.06 missing teeth per subject. Just over
onie half of the individuals examined had at least one missing tooth. Considering only this
subgroup, 1.e. subjects having at least one tooth missing, the average number of missing
teeth per subject increases vo 3.8B.

Differences in missing teeth by age, sex, socio-professional category and country

Both the percentage of subjects with missing teeth and the average number of missing
teeth per subject increases with age. Table 1 presents data on missing teeth according Lo
age group,

The distribution of missing teeth was very similar for both sexes, althoeugh women were
somewhat less affected than men. Differences related to socio-professional category and

count ry were not significant in this survey.

Location of missing teeth

Tahle 2 presents data on each tooth with respect to the percentage of subjects missing
the tooth: it alse indicates the relative proportion of the particular tooth to the total
number of missing teeth, The predominant loss of molars and premolars, particularly in the
mandible, can be seen., Although anterior teeth are infrequently missing, maxillary teeth
dominate mandibular teeth in this respect, Fig 2 gives this data broken down by age group.
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Multiple missing teeth

only 1,037 subjects cut of 2,212 surveys had all 28 teeth (Fig, 1). The distribution of
missing teeth was very asyametric with 26.4% of subjects having only cne tooth missing -
13.7% having 8 or wmore wissing teeth, and one subject having 24 teeth missing. The most
frequently missing tooth overall -

Analysis of associations between miséing teeth showed, in order of decreasing frequency,
combinations of teerh 36, 37, 47, 16, 26, 17 and 27 to be most common, Statistical testing
revealed a relationship between missing teeth which was highly significant( p ==0.001).

To try and clarify this association, the theory of composite probabilities was used.
According to this theory, 1if tooth loss s independent, the frequency of loss of zany two
teeth should be nearly equal to the product of the frequencies of lose of each tooth rtaken
individually., Table 3 presents the results of this analysis for mandibular molars. In all
the posgsible comblnatlions for the 4 mandibular molars, the observed value of simultaneous
absence of any 2 reeth was at least 2.5 and up to 5 times the value caleculated by assuming
independence.

A similar, but less significant, dependence was found between maxillary posterior teeth
and there was a slightly weaker relationship between maxillary and mandibular teeth on the
same side. Maxillary incisors (12, 1l and 21, 22) demonstrated a lack of dependence in their
simultanecus absence, However, absence of these teeth was statistically linked to the
absence of teeth 36 and 46. In general, loss of canine teeth did not seem to be dependent on
the loss of any other teeth except for a very weak connection with teeth 36 and 46.

Table 1: Missing teeth by age group

Average number of % of subjects Average number of
" teeth missing for with at least missing teeth per
subjects in the one tooth subject of the
Age group age group missing group with at
least one tooth
missing
15 - 19 1.1 41,0 2.6
20 - 24 1.7 51.7 3.2
25 - 29 1.7 56.9 2.9
30 - 34 2.0 60.0 3.0
35 - 44 3.9 7.3 5.9

Data presented by age group on the average number of wissing teeth for all
subjects in the group, the percentage of subjects missing at least one
tooth, and the average number of missing teeth per subject for the sub-
group missing at least one tooth,
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Figure 2: Tercentage of subjects missing each tooth

% MISSING TEETH / AGE

This table gives, for each tooth, the percentage of subjects missing the specified tooth, in
each age group: for example, tooth number 37 was missing in 6.7% of all subjects in the 35-44
vear age group. From the centre to the circumference the following age groups are represented:
19-19, 20-24, 25-29, 30=34 and 35=44.




Table 3:
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Composite theory of probabilities applied to missing mandibular meolars

e Colutms
L T 36 37 46 47
Lines -
36 24,4 2.9 5.0 2.8
i‘: r
37 7.6 1t.7 2.4 1.3
*
) 14.1 7.1 20.5 2.4
=
47 7.2 6.3 6.8 11.5

The influences of missing teeth in examinations using a limited number of representative teeth

The fact that teeth are migsing and that no reliable information on reason for absence
can be obtained can hamper epidemiological examinations catrried cut on a limited number of
representative teeth. Ideally, teerh selected for partial recording methods would be missing
as infrequently as possible. When a tooth is missing, i1t has been advocated that the disral
tooth be used as a substitute since neighbouring teeth usually have similar lesions., There
may, of course, be cases where both a tooth and its distal neighbour are missing. The extent
of this problem can be geen by looking at two systems which examine a limited aumber of
representative teeth: the system proposed by the WHO Scientifiec Group (WSG), teech 16, 21,
24, 36, 41 and 44 and another set comprising teeth 17, 13, 25, 32, 37 and 45, computed by
regression analysis. Table 4 contalns this data, The regression calculated system (RCS)
includes teeth which, as a rule, are less frequently missing than those of the WSG system.
The WSG system, however, may be preferable with respect to replacement teeth, because the
distal neighbouring teeth are of the same anatomical type.

The relationship between missing teeth and pericdontal status

The periodontal disease iudicators wused in this survey include bleeding on probing,
presence of supra— and subgingival calculus and firsc (4 or 5 mm) and second (6 mm or more)
degree pockets measured on the lingual and vestibular gingivae of all 28 teeth. The
relationship between missing teeth and peviodontal status was analyzed from twe perspectives:

(2) the number of missing teeth in relation to the severity of disease as determined by
the presence of these indicators, and

{b) the frequency of disease indicators in subjects with wvarying numbers of wissing
reeth,

(a) Missing teeth in relation to presence of periodontal disease indicatgrs

126 subjects out of 2,212 surveyed presented none of the periodontal digease
indicaters on any teeth, but 43 of these subjects had at least one tooth mlissing.
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Figure 3:

Number of Subjects
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The average number of missing teeth for this subgroup was 3.23. The majority of
these subjects (81%) were in the 15-19 year age group, Figure 3 gives the
distribution of subjects in this subgroup by number of missing teeth, These
subjects show a high frequency of missing molars amd first prewmelars in all four
quadrants. Of the total of 139 missing teeth, teeth 16, 26, 36 and 46 account for
48.9%, teeth 14, 24, 34 and 44 account for 20.8% and teeth 17, 27, 37 and 47 account
for 16.5%.

Missing teeth in subjects having no periodontal disease indicators

g3 83
15
14
10 9
8
5 5
3 3
1
0 1 2 3 4 5 6 7 8 9 10

Number of Missing Teeth

The distribution of subjects (N = 126)with no pericodontal disease

indicators is given according to the number of missing teeth.
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Table 5 gives the number of subjects in each subgroup as defined by all possible
permutations of indicators: Table 5A for subjects with no missing teeth, aud Table
58 for subjcts with at least ome missing tooth. Overall, statistically, the two
groups are significantly different (p== 0.01). A much higher percentage of subjecte
in the subgroup 'no missing teeth’ is found in the upper left-hand area of the table
with ne, or very few, indicatore present, as compared to the percentage of subjects
in the subgroup 'at least one missing tooth' in the cerresponding area. Conversely,
the subgroup with 'at least one missing teoth' is found In a much higher frequency
in the lower right-hand area with three or more indicaters, as compared to the
subgroup with "no missing teeth'.

Table 5: Distribution of periodontal disease indicators inm twp groups:
subjects with and without missing teeth

Bleading
y 0 % 1 .
T A

T 82 10 0 134 27 1
E i 7.9% 1.07 | 0.0% [ 12.97 2.6% | 0.17% 2
e : : 0 w;
= | 26 5 1 214 81 4 8

)

°c Lol 2sz b oousz | ooz | 20067 | 7.87 | 0.43 O
v C * x c —
W 1 i o
o | 9 3 0 22 55 13 2
=
) i 0.97% 0.3% | 0.0% 2.17 5.32 | 1.3% -
o * 1 0
=, =
E ] 8 1 1 109 180 52 Z

i 0.8 | 0.17 | 0.1 | 10.57 | 17.37 | 5.0%

Periodomtal Pockets P

Table A: 1,037 subjects with no missing teeth

The tables should be read as follows: top left-hand corner, no or very few
indicaturs present; bottom right—hand corper, 3 or 4 indicators present.
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Bleeding B
<+ 0 * 1 v
- )
T 43 3 1 77 43 6
0
E 3.72 | 0.3z | 0.1z 6.6% 3.72 | 0.52 !
3 ® 0 —
I I a
- 10 4 0 167 63 5 o
] 1 ‘
— i 0.9% 0.32 | 0.01 1.47 5.4% { 0.4% L 2
o
£ ¢ 7§
5 15 2 1 36 1) 22 o
. 0 o
& ! 1.32 | 0.2z [ o0.ax | 3az | 7.2 1.92 5
a # 1 8
= o
3 I | 15 4 1 171 283 | 124 @
1 1.3% 0.3% 0.1% 14 .67 24 .17 10.5%
A v | e
ORIk )k Ok —— % —
' Periodontal Pockets P
Table B. ‘1174 subjects with at least one missing tooth
Code: C,C.., B~-0 = absent
-1 2 ‘
1 = opresent
P -1 = 4 or 5 mm pockets
2 = 6 or more mm pockets
‘ Bleeding B
¢r———————*“o~—————~*-9 5 1 =
T oy
0 4.2 4 +0.7 |-001 | v6.3 | 1.1 - 8.4
L7 ] ()]
2 + 0 a
2 1 ; :
E 1 + 1.7 0.2 |+0.1 + 6.4 2.4 0 2
Lo
- Cl ¢ d c. =
g T A 2 g
—+ +
& - 0.4 +0.1 |-0,1 - 1.0 -2.21 -0.6 o
= i g
0 &b
g \ 1 4
£l 1 . ® w
P 1 - 0.5 - 0.2 0 - 4,1 - 6.8 - 5,5
Y ¥

T AT TR e i e P e P &y ——
Periodontal Pockets P

* .
statistical significance P« 57

Table C: gives the differences between Tables A and B, nly for two groups are
the percentages significantly different between A and B: those with
bleeding and supragingival caleulus, but oo subgingival calculus or
packets for which there are more subjects with no missing teeth, and
those with bleeding and supra- and subgingival Eglculus, and first degree
pockets, for which there are more subjects with at least ope missing tooth.
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Another approach to thiz analysls is teo divide each indicater into three classes of
severity. This classification is based on the number of surfaces, out of a possible
36 surfaces per subject, which have the Indicator present: Class 1, the indicator
is not present on any surface; GClass 2, the indicator is present on 1 to 10
gurfaces, and Class 3, the indicator 1s preseant on 11 to 56 surfaces. In the cage
of second degree pockets, the last two classes are collapesed into one, with the
indicator praesent on 1 to 56 surfaces. Table 6 utilizes this classification scheme
and considers, by age group, only the subgroup of subjects with at least one missing
tooth. There is a general increase in the percentage of subjects with missing teeth
and in the mean number of missing teeth per subject with increasing age. There is
not, however, & consistent increase in either parameter with iIncreasing severity
class for any indicator for subjects over 40 years of age who have more than 10
first degree pockets. It would therefore seem that the extent to which perlodontal
digease indicators weve present 4id not relate to the number of missing teeth.

(b) Distribution of periodontal disease indicators in subjects with missing teeth

An  alternative way of analyzing the relatiomship between miesing teeth and
periodental digeage indicatorc examines the extent to which indicators are present
in subjects with varving numbers of wmissing teeth, Table 7 divides subjects into
three major categories based on the number of missing teeth: those with no missing
teeth, those with 1-4 missing teeth, and those with 5 or more mlssing teeth. Within
each category, subjects were subdivided by age: less than 20 years, 20-29 years and
30 or more years. For each indicator the percentage of subjects with at least one
surface affected is given, followed by the mean number of affected surfaces per
subject in that group. The percentage of subjects with indicarors depends preatly
on age, and only slightly on the pumber of missing teeth. With few exceptions, the
percentage of subjects and the mean number of eurfaces affected per subject
increases with increasing age for each indicator and for each group defined by the
number of missing teeth, In contrast, the change in the percentage of subjects and
the mean number of surfaces affected ig smaller and less consistent within an age
group when one compares the groups with different numbers of missing teeth for each
indicator. If one considers the subgroup of subjects with at least one surface
affected by each indicator (i.e. at least one surface with Bj, €3, Cp; and P
or Pp), it comprises L7.3% of subjects with no aissing teeth and 24,194 of
subjects with at least one missing tooth.

PISCUSSION

The data presented here confirms the results of previous studies on missing teeth, The
percentage of subjects with missing teeth and the mean number of missing teeth per subject
increases with age. The teeth most frequently missing are first molars. The relationship
between missing teeth and periodeontal status, as determined by this survey, was much less
pronounced than is generally thought to be the case. The prevalence of periodontal disease
indicators increased slightly as the number of missing teeth increased, but the number of
missing teeth did not seem to depend on the severity of the periedontal disease indicators
present, However this study population included only subjects aged less than 45 years and
very few with deep pockets or more than a few missing teeth, thus no clearly definable
progression in breakdown of the dentine in relation to severity of pericdontal involvement
could be documented here. Furthermore, except in a population where there is very low caries
prevalence and eventually almest 1007 less of teeth from periodontal diseases,
eross—sectional studies do not provide a ugeful or valid mechanism to document this process.
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HMETHODOLOGICAL ASPECTS AND CRITERIA FOR THE CHOICE OF A PARTIAL
RECORDING SYSTEM FOR THE ASSESSMENT OF PERIODONTAL STATUS

J. Martin, L, Benamphar, N. Chau, P, Kaminski,
J. Sardo Infirri, D. E. Barmes.

INTRODUCTION

Epidemiclogical investigations of the periodontal disease status of populations can be
very costly, both in time and money. In order to minimize these costs, examinations limited
in both the dissase indlcators recorded and the number of teeth examined, need to be devised
and evaluated, This concept has been usged previously{l, 2), the limited systems having been
based principally on clinical experience, A number of alternative systems and wmethods of
evaluvation of such systems are presented here. The objective is to determine a system which
gives a good representation of the overall pericdontal status by recording only a few disease
indicators om a limited number of teeth. These representations of the roral oral state of
individuals can thenr be used to determine periodontal status and treatment needs for a
population, and such data can then be used in the planning of oral health services. The aim
is not to obtain an accurate assessment of a partlicular disease in an Individual, but to get

an overall estimation of the periodontal status of a population group.

Once a set of teeth has been defimed, it is necessary to evaluate the sensitivity and
specificity of recording of methods based on that set of teeth as a function of the stated
objectives. The ability to detect lesions in a group of individuals can be statistileally
rested, and different sets of teeth can be compared in this manner.

The data available from this field study indicates that pericdontal lesions or indicators
are not randomly distributed in an  individual. An  understanding of the underlying
relationships between indicators, between teeth and between indicators and teeth is thus very
important in the determination of such examination systems. Data from field testing of the
WHO proposed survey methodology for periodontal status provides some useful information on
these relationships. The results, are summarized here.

Statistical analysis performed on the data showed strong and consistent relationships
between indicators, between teeth and between Ipdicators and teeth, Bleeding, the most
frequently found indicator, was often associated with sgupragingival ecaleulus, and had very
little vrelationship to subgingival calculus and pockets. Supragingival calculus and
subgingival ealeculus, also frequently found, had very little connection with each other.
Pockets, the least frequently found ipdicator, had a very stroug relationship to subgingival
calculus. The prevalence of all indicators increased with age, both in the percentage of
subjects affected and in the mean number of surfaces affected per subject. Although lingual
surfaces were generally affected more than vestibular surfaces, the twoe surfaces showed a
very strong velationship for any one tooth. Plagramatic projections of the results of
muliifactorial statistical analysis placed the teeth in theiy anatomicsl order and showed a
copsistent relationship between teeth of similar types on opposite sides of the jaw and
within the quadrant. All these results were consistent when the analyses were repeatsd on
subgroups of the file defined by age, sex or country.

MLL.TERIALS AND METHODS

Data on four indicators for both lingual and vestibular surfaces of 28 teeth per subject,
collected for the field testing of 2 proposed methodology for assessment of periodontal

status and treatment needs, consistuted the data base for these analyses,

There are two types of methods for choosing a limited number of teeth to be examined:
empirical, or & priori, and calculated, or & postériori, In the first method the teeth
chosen for examination are based on clinical experience or prior statistical knowledge (3).
The set of teeth proposed by the WHO Scientific Group (WSG System) was 16, 21, 24, 36, 41 and
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44, A second set based on equal distribution between the jaws and types of teeth, and taking
inte acecount ease of examination, was also evaluated. This set conaisted of teeth 11, 16,
26, 31, 30 and 46 (5Y57 1 system)

In the second wmethed (& postériori), the teeth chosen result from analyses and
caleculations performed on the data from the field survey to test the methodology. Several
methods of analysis were empleyed, dncluding discriminant function, regression and canonical
analysis. A number of limited sets of teeth can be derived this way, depending on deflned
objectives and ¢riteria used, For example, the objective may be to determine the teeth that
are most repregsentative of the wmouth for all four indicators, or for one specific indicator
only. TIf one were interested In a system which simply examined one tooth surface for one
indicateor only, the solutjon would be simple, The tooth surface most frequently affacted
should be the one chosen in order to maximize detection of subjects with disease. As soon as
one considers a more elaborate system, i.e. more than one indicator and more than one
surface, determination of the optimum teeth to be examined rapidly increases in complexity.

Two approaches to this determination were tried, The first Iinvolved principal component
analysis (on quantitative data) and analysis of correspendence (on qualitative data) to
determine the structure of the data and relationshipe between indicators, surfaces and teeth,

The second method, linear regression analysig, provided 'explanation' of a quantitative
variable, the total buccal score for all surfaces of all teeth for the indicator(s) of
interest by a linear combination equation of the explanatory variables (the scores of a
limited number of teeth). This gave a statistical prediction, or estimation, of a total
score from data from a limited number of teeth., A limitation of thls technique is that it
can only be used on subjects with no missing teethy thus, the total file for this analysis
was reduced to the 1,037 subjects with a complete dentition.

RESULTS

0f the various calculated systems, two will be detailed here, Both have been derived by
the method of prediction of a total score by regression analysis. The first set of teeth,
Kegression Calculated System (RCS 1), igs based on the additive score of all indiecators for
the two surfaces of the limited number of teeth., It attempts to predict the total score for
all teeth for all the indicators, The 6 teeth derived in this manner were 13, 17, 25, 32, 37
and 45,

Ti:e second set of teeth, 12, 17, 26, 36, 42 and 47, (RCS 2} was used to predict the same
score as the first system, but using only the Iindicator scores for subgingival calculus and
pockets on both surfaces, Since most of the I priorl systems were composed of 6 teeth, this

-

number was also used in the 3 postériorl systems,

The linear regression technique gives very highly multiplication coefficients indicating
a strong relationship betwen indicators and teeth. The score of a single tooth, number 45,
was sufficlent to obtain & good repregsentation of the total oral score, as 1ts correlation
coefficient r was greater than 0.80, When the analysis was extended to include 4 teeth, the
ones selected were evenly distributed between types and location. They were 45, 17, 37 and
25, and had a multiple correlation coefficient v of 0.965. The addition of teeth 13 and 37

increased the multiple correlation coefficient to 0.983,

Several criteria can be used to evaluate the effectiveness of these systems. Three will
be considered here: behaviour with respect to missing teeth, quality of the estimation of
the total oral score, and ability of individual detection.

Behaviour with regpect to missing teeth of the 2,212 subjects exawined; 53.0% had at
least ouwe missing tooth, with a mean loss of 3.9 teeth per subject, or 7,24 of the
dentition. If the WSG system of 6 teeth 15 uged, 35.8% of subjects have at least 1 of the
designated teeth missing, with & mean of 1.6 teeth per subject, or 26.7%2 of the teeth
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measured. For the SYST 1 system, 24.3% of subjects have at least 1 missing tooth, ond a
mean loss of 1.7 reeth per subject, or 28.3% of the dentitlon measured. The other RCE system
behaved similarly, Each of these systems detects about one half of the subjects with at
least 1 missing tooth,

The second criteria, quality of the estimationm of the total oral score, was evaluated
using regression analysis to calculate a correlation coefficilent between the total oral sceore
for each subject and the sgcore estimated by the limited examination. All four systems
resulted in very high correlation coefficients, When 6 randomly chosen teeth were evaluated
in this manner, the multiple correlation coefficient was greater tham 0,63, This relatively
high value is a consequence of the very strong statistical relatloaship between indicators,
surfaces and teeth(3).

The third method of evaluation cowmpares the number of subjects detected for a given
indicator (or group of indicators) by the limited system of examinatiom with the number
determined by a complete oral examination. This method can be applied to a number of
factors, but always uses, as reference, the results of complete examination of 28 teeth.

Table 1 gives data on the number of subjects with no indicators present detected by

complete examination and by the four systems of limited examination. Al) the limited systems
overestimated, to some degree, the number of healthy individuals.

Table L: Subjects with no indicators present as detected by various subtems

Examination by Limited Systems
Complete Examination

WG SYST 1 RC5 1 RCS 2

126 226 202 262 213

Table 2 presents data on the presence of indicators taken individually for these
systems. Only lingual surfaces were considered, but the results for vestibular surfaces were
similarc. The limited systems gave reasonable estimations for these indicators, with ne
single system being betcer, overall, than the othars, In most cases, the frequency estimated
was less than that obrained by complete examination. The least good estimation, that for
pockets, may have resulted from the very variable distribution of this indicator in the
poepuiatious being considered(3).

The 'index of detection' is defined as a comparison of the number of subjects detected by
an examination made on a limited number of surfaces or teeth, with the number of subjects

truly having the indicator as determined by a complete examination. The "index of detection'
is thus an evaluation of the quality of the system tested.

Table 3 shows the index of detection of each system for each indicator. (Qverall,
bleeding has the best index and pockets the worst.
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DISCUSSION

The structure and strength of the relationships between indicators, hetween teeth, and
between indicators and teeth, shown 4n this analysis, justify the use of a limited
examination in lieu of cowplete oral examinations, It is necessary, however, to define
clearly the objectives of such a study at various stages., Indicators of disease should first
be chosen and evaluated on a szample of the population to bhe studied. This allows
determination of the most appropriate set of teeth to exsmine in epidemioleogical surveys of
the population, It is also possible to weight the ipndicators differentially, as deemed
necessary by the study objectives, Using an index of effectiveness of detection of a Eystem,
one can evaluate the quality of the system and make corrections for the estimates. There are
a number of statistical methods available for such evaluations.

* * #*
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STATISTICAL PREDICTION OF PERIODONTAL STATUS SCORE BASED
ON A LIMITED NUMBER OF INDICATOR AND TEETH

N, Chau, L. Benamghar, J, Martims, P, Perruta, F. Abt
INTRODUCTLION

Surveys of periodental status of populations are costly in terms of personnel and time,
The principal problem assoclated with large surveys 1is increased variability and results due
to examiner fatigue and the consequent shifts in interpretation of ecriteria; however, the
other disadvantages of very large surveys are mainly the greater cosis of data checking and
entry, and the salary and per diem expenses of the examining team, These constraints make
desirable the evaluation of limited status examinations to be used in lieu of full wmouth
recordings. Such an exawination should provide, by measurement of a group af disease
indicators on a limited number of teeth per subject, a reliable overall assessment of a
population's disease status and treatment needs.

While the indicators measured in this study are similar to, or identical with, those used
in conventionzl examinations, the importanmt concept under study here is the ability to
examine ouly & small number of teeth per subject and obtain a reliable indication overall of
the periodontal status of the mouth, A anumber of investigaters have utilized this concept,
basing the teeth to be examined on ¢linical experience. FPreviocusly used groups of teath
include:; rteeth 11, 14, 26, 31, 34 and 46 used by Ramfjord in India in 1957(1), and teeth
12, 16, 44, 32, 36 and 24 used by Lie et al{2}).

The dats wused 1in this analysis pertain to the £ileld testing study of a new
epidemiological method proposed by a WHO Scientific Group in Epidemiology, Etioclogy and
Prevention of Periodontal Diseases(3). In this field rtesting four indicarors (bleeding,
supragingival caleculus, subgingival calculug and periodontal pockets) were measured on LwWo
surfaces (lingual and vestibular) each of all teeth present in each subject. This analysis
avaluates several different groups of teeth with respect to their ability to provide reliable
indications of overall disease status of a population.

MATERIALS AND METHODS

The objective in establishing a periodontal status score is te gquantlfy, by means of 2
single number, the exteant of a subject's periodontal lesioms. A score can be obtained simply
by summing the number of tooth surfaces affected by the indicatoer measgures, For the
indicators bleeding, supragingival ealculus and subgingival caleculus, the values 0 and 1 were
attributed for absence and presence of the indieator respectively. For pockets the values
used were O = absence, 1 = a pocket of & or 5 wm and 2 = a pocket of depth greater than & mm:
Tlhus the total score for the two surfaces of each tooth can range between 0 and 10, and the
overall score of a subject with 28 teeth can range from O to 280. Indicators could alsc he
weighted differently so as to reflect the relative importance of «ach indicator in the
nverall score, but this possibility was not used.

The teeth to be used in a limited status examination should give a calculated score as
close as possible to that obtained when all teeth are measured.

One method used to determine the most approprigte reeth was stepwise linear regression
(4, 5). In this method an equation is derived which uses the score of representative teeth to
estimate the actual secore recorded for all the teeth. Each tooth contributes a determined
proportion to the overall score. An example of such an equation 1s as followss

Moyp = @8 * 55y *.evvesn v 38 + E

where M_,. is the estimate given by the equation for the subject's true overall score M,
5; is the score for tooth 4 and a, b, j aund E are coefficlents determined for the group of
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subjects examined, Teeth are added to the equation in a stepwise fashion, the first, 51,
being the most highly cerrelated with the overall score M, S5, the second best complement
of the preceding term 3;, and e on until all, or some predetermined number of teeth, have
been added to the equation., For any given subject, M__.., calculated using the equation, is
not as a rule exactly equal to the true M as determined by addirion of the scores of all the
teeth. The statistical dispersion of the values 1s characterized by the ‘'multiple
correlation coefficlent' between Myep 2nd the real M, This method can be used for a
variety of indicators and numbers of teeth. It can be specifically applied to subgroups of
the population, or to the full complement of subjects,

A limitation of the linear regression method is that it does no sccept any subject with
miseing teeth. However one could attribute arbitrary values for each indicator to a missing
teoth, i,e, the values of the distal neighbouring tooth, But this approach was not used here
because it would have blased the results, Therefore, these calculations were performed only
on the subgroup of subjects examined who had all 28 teeth (1,037 of 2,212), The set of
representative teeth so determined, however, can also be applied to subjects who have missing
teeth when estimating the periodontal status of populations.

Ectilmates of a periodontal status score on the baasis of a single indicater

In this, the simplest case, the score, M, iz the total number of tooth surfaces with the
¢hogen indlcator present., M.., is determined by the equation developed with the regression
method. A= an example, consider the best repregentative teeth for the indicators first and
second degree pockets on vestibular gsurfaces only. In order of importance were teeth 36, 42,
24, 27, 44 and 16, The multiple correlatiom coefficient with 4 teeth was 0,94; with 6 teeth
it was 0.9%6.

In order of importance for second degree pockets only were teeth 36, 41, 24, 37, 32 and
17. The multiple correlation coefficient with 4 teeth was 0,89, with & teeth it was 0,94,

Table 1: Results of stepwise linear regeession uging all indicators

Step No. Explanatory Repression Multiple
Variable Coefficient Corrclation
(tocoth na.} ‘ Coefficient
1 45 4,83 0.823
2 17 3,57 0.903
3 E¥ 5.63 0.947
4 25 4. 29 0.965
5 13 4,81 0.974
6 37 2.94 0.979
In equation form:
Mest = 4.83 (score 45) + 3.57 (score 17) + 5.63 (score 32) +
4.29 (score 25 + 4.81 (score 13) + 2.%4 (score 37) + 0.20
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Estimation of a pericdontal sratus score on the basis of all indicators

When all the indicators were used to estimate the periodontal status score, the
correlation was very high. Here, a score for a tooth was the sum of all indicators present
ou :he two surfaces (vestibular and lingual). Table 1 gives the results of the stepwise
regression for a system limited te 6 teeth., The order in which the teeth were introduced
into the equation indicates their relarive ‘importance. Also listed are the regression
coefficients for each tooth and the multiple correlation coefficient of each step. The first
explanatory variable (tooth 45) already had a high correlation coefficient, r = 0.823. The
explanatory power of additional variables diminishes rapidly; for example, the second
variable (tooth 17) added 0.08, but the sixth variable (tooth 37) contributed only 0.005.
The 6 teeth cheosen were: 13, 17, 25, 32, 37 and 45. This group of 6 teeth is called the
Begression Computed System of Teeth (RCS).

The same calculatioms can be made for subgroups based on age, country, etc, These results
are simjlar to those obtalned using all subjects and can be seen in Tables 2 and 3.

Comparison of different systems

Fig. 1 displays different groups of teeth that have been used in various limited status
examination methods, Included are the systems used by Ramfjord (R), Lte and Silness (L8),
that advocated by the WHO Scientific Group (WSG)(5) and the system derived by regression
analysis from indicator data on subjects having no missing teeth (RCS5). A direct comparison
was made of the results using the WSG and RCS systems for each age group. The mutiple
correlation coefficient for each step in the regression analysis for both 'systems was very
nigh for all age groups. It was generally greater than 0,95 as soon as four teeth were
included, Although the ¢oefficient was usually slightly higher for the RCS system of teeth,
it never varied by more than 0,062, and the average difference was 0.016. Analysis using
randomly chosen groups of teeth did not give the same high correlations.

The consistently high correlation coefficients can be fairly well explained by analysis
of the interrelationships between indicators and the rearh themselves. Between indicarors,
the correlation was greatest between subgingival caleulus and pockets, (r varied frow 0.56 to
0.63). it was less between supragingival caleulus and bleeding, (r wvaried from 0.38 to
G.49), and only woderate berwsen supragingival and subgingival calulculus and between pockets
and bleeding (r was less than 0,37).

Analysis of the correlations between indicators by tooth surface shows a high degree of
asspciation between the twp surfaces of a given tooth (r 1is greater than 0.66). The
correlations between teeth were also contributory, The scores for 2 adjacent teeth had high
correlation values of between 0.75 to 0.90. The scores of ? reath of the game type in
different quadrants had correlations bewtween 0,50 and 0,80, Any 2 teeth randomly chosen had
correlations exceeding 0.40. The moderate o strong correlations between indicaters,
surfaces and teeth explain why it is possible to obtain several satisfactory models of linear
regression with such a small number of testh. 1In fact, even with only 1 tooth, it is
possible to 'explain' (in a statistical sense) wmore tham 0.823 of the variation of the
overall score {see Table 1)}. Thege high correlations mean that the data are not independent
and arve relatively interchangeable. There iz no single solution to the problem of defining a
imited group of teeth that are 'representarive' of the overall oral condition. Othey
criteriz can be used, therefore, to decide which among these groups of teeth will be used in
2 particular survey.

The W3G and RSC systems, zlthough they have no teeth in ¢ommon, are very similar with
respect to tooth types used (Fig., 1). The only ma jor difference liesz in their inclusion in
the sets of teeth that are frequently missing, In the WSG gystem, } teeth were missing with
an overall frequency of at least 5%: number 36, 13%, number 16, 7%, number 24, 5%, Only 1
tooth in the RCS system was missing at such a high frequency: number 37, 5%,
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DISCUSSION

There are a number of satisfactory solutions to the question of a limited proup of
‘representative! teeth when evaluation is based on the prediction of an overall oral seore.
This results from comsiderable interdependence of the data with respect to indicators,
surfaces and teeth. Other coustraints may therefore determine which system to use, such as
objectives of the study, or particular characteristics of the population te be examined. The

WSG and RCS systewms give gimilar results when applied to the WHO data.
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EVALUATION OF DIFFERENT PARTIAL RECORDING S5YSTEMS
FOR THE ASSESEMENT OF PERICDONTAL TREATMENT NEEDS,

L. Benamghar, J. Sardo Infirri, M. Himmiche, F. Abt, J. Martin

INTRODUCTION

A recent study to field teat a new methodology for rhe evaluation of perlodontal status
and treatment needs for the planning of personnel and facilities for community programmes of
periodontal disease prevention and control, has provided a large amount of epldemiological
data on periodontal indicators. Amalysis of this data has enabled several partial recording
systems For the agsegsment of perlodontal starus to be defined and evaluated with respect to
their possible use in epidemiological surveys for the determination of periodontal status of
population groups, It {5 important to distinguish between epldemiological studles and
screening surveys. In the first, a representative sample of a populatien ls examined and, on
the basis of the results for this sample, the types and amounts of different types of care
needed for preventlion and control of the disease in the whole population can be ecalculated.
In a screening examination, the objective is to actually ldentify those individuals that need
different types of care. Although these two types of survey activity have different
objectives, they are not d{ncompatible and it i1is possible that similar or {dentical
methodology could be used for both. The analysis of this data has indicated that there are
several sets of representative teeth that can be used for the assessment of perloedental
status.

The problem of classifying subjects into treatment groups is now addressed. The
definition of different groups of treatment need may be made in two ways:

a) Definition 'd priori’

Each lnvestigator c¢lassifies each individual he examines according to his own
professional crireria. The disadvantages of this procedure relate to differences Iin
treatment need classification which depends on the education and experience of the
examiner. There may be wide variations between examiners.

Definition '3 postériori’

This method, while grouping subjects into treatment need categories, uses not a global
appreciation of the state of the mouth, but observations recorded in a precise fashion on
the presence, or absence, of certain indicators on specified surfaces of the teeth. Imn
this way it 1s possible to classify individeals into treatment need groups ou the basisg
of the recorded data using the computer, rather than the examiner.

Using this method it is also peseible to modify the definitions and the parameters of
treatments classificatfion without having to perform additional ewaminations, or
re—examinations of subjects, an additional advantage being that the presence or absence of
each indicator may be judged separately, and the confusion relating to visual appreciatlons
of clinical changes iu the gingivae, or comblnations of such changes, is thus avoided. This
paper compares the results of different metheds of determination of treatment needs '
priori’ and '3 postériori', using the results of the FDI/WHO multinational survey. It also
evaluates the different partial recording systems in their efficiency to classify correctly
subjects inte rhe various treatment need categorles.

MATERIAL AND METHODS

In this study, the state of the perlodontium in each subject was assessed vizually by the
examiner and coded in the following categories: O = no pathology, 1 = gingivitis only, 2 =
advanced periodontal lesions only, 3 = gingivitis, with advanced periodontal lesions.
Subjects were then classified into four treatment categorles (TC):
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TG 1 no trestment NeCeSSary

TG 2 education and oral hyglene needed
TC 3 deep scaling

TC 4 SUrgery

In addition, each subject was also classified into a treatment need category (TN) on the
basis of the associations of periodontal indlcators that had been recorded during the full
mouth examination, as follows:

N 0 no treatment needed: no bleeding, calenlus, nor pockets
™ 1 oral hygiene education only: bleeding and no caleculus or pockets
TN 2 oral hyglene education and scaling: bleeding and e¢aleulus, and/or

pockets of the first degree (4 and 5 mm): no deep pocketrs.
TN 3 complex treatment: presence of pockets of depth & mm and more.

Evaluation of the efficlency of partial examinations

The results obtained by the exanination of the whole mouth (vestibular and lingual
surfaces of all teeth in the wmouth) aud those obtained by using different partial recording
methods can be compared to evaluate their efficiency in placing subjects in the various
treatment need categories, This evaluation compared;

1, the set of reeth proposed by the WHO Scientific Group meeting (WSG)

2. the set of teeth computed by regression analysis (RCS)

3. other sets of teeth of similar distributlon based on clinical experience,

Comparison of the two methods of evaluation of treatment needs

Table 1 give the results of subjects classified into treatment categories by cliniecal
assessment of periodontists (TC), and Table 2 the same subjects classified inte treatment
need categories on the basis ¢f results of the full mouth examination (TN),

Table 3 gives the comparlson befween the numbers in the different treatment need groups
according to the two methods. The categories corresponding to the first method are indicated
on the top of the table, and those using the results of the full mouth recordings of
indicators on the lefr-hand side of the table. Because of rhe difference in classification
and criteria used for the two methods, a strict comparison is difficulr. However, certain
discordances are quite clear. For example, the first row of the table corresponds to
subjects where no perlodontal indicator was found on a full mouth examination, However, 40
subjects were classified in TC I and 11 in TC 2 by the ¢linical assessment, The first column
of the table corresponds to subjects for which no treatment was indicated by the periodontal
examiner, and rhere are 233 subjects in this group, According to the full mouth examination,
59 of these subjects needed oral health educaticn and a further 101 had need of oral health
education and scaling. Other, quite wide, diserepancies are evident,

Comparison between the complete examinatiom and partial examination using different sets of
teeth

Full mouth examination is considered the reference examination classifying all subjects
into one of the treatment categories, as alteady defined. The iImperfect efficiency of any
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Fable 1: SubQECts classified inte treatment categories (TC) by clinical assessment for all
subjects and by age groupings
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Table 2:

Subjects classified into treatment
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need categories (TN) on the basis of results of

the full mouth examination for all

gubjects and age groupings

A1l TNCO TNC1 TNC2 TNC3 Total
Subjects

a 126 211 1643 232 2122
y 5.69 9.53 74,27 10.48 100
Age n 108 142 671 30 951

15 - 19
v 11.35 | 14.93 70.55 31.15 100
- 6 31 244 17 298

20 - 24
7 2.01 | 10.40 81.87 5.70 100
n 5 8 212 71 246

25 = 29
7 2,03 3.25 86.17 8.53 100
n 1 1 96 12 110

0 - 34
7 0.90 0.90 87.27 10.90 100
n 4 25 3.87 131 547

35 - 44
% 0.73 4.57 70.74 23.93 100
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Tabie 3: Comparison of Table 1 and Table 2 treatment need asgsessments

\ TABLE 1 ASSESSMENT
TABLE 2
ASSESS— TCO TC1 TC2 TC3 TC4 Errors Total
MENT Blanks
THO 72 40 11 0 0 3 blanks 126
TNL 59 137 12 2 1 0 211
TH2 101 190 996 231 111 5 errors 1643
9 blanks
TN3 1 4 46 a7 90 2 errors 232
2 blanks
TOTAL 233 371 1065 320 202 7 errors
14 blanks

partial examination will result in a certain number of subjects being misclassified. A
misglassification in one subgrouping will result automatically in errers within the other
treatment need classifications, The index of detection of a partial recording system, will
tuerefore be determineu for any one category of treatment need by comparisen of the number of
subjects clussified into this category on the basis of the partial recording system, compared
te the number of subjects classified according te the whole mouth, or reference examination,
The cleoser this Tatio is to one, the more efficient is the partial recording system. If it
is greater thaun one, it means that more subjects are being classified in the category than
should be and the method is not sufficiently specifie, If it is less than one, then this
indicates too few subjects are being placed in the correct category and the examination is
not sufficiently sensitive, The efficiency of the following partial recording systems was
considered.

The first tvpe was proposed on an empirical base (eclinical experlence, notien of symmetry
and use of the different tooth types). These systems generally include between four and
eight teeth, One such system was propesed by the WHO Scientific Group (W5G) meeting and
inciudes teeth 16, 21, 24, 36, 41 and 44, Another, rather similar, set of reeth proposed for
testing was teeth 11, 16, 26, 36, 31 and 46, being 2 system more simple to remember and thus
easler tu learn, The following sets, calculated by discriminant analysls and stepwise
multiple regression(2j, were included; regression caleculated system (RCS), including teeth
13, 17, 25, 32, 37 and 45, calgulated using all indicators; RCE2 caleculated to predlct full
mouth scores using only scores for subgingival calculus and pockets, including teeth 17, 24,
26, 36, 37 and 4L. Finally, two systems coutalning teeth 11, 16, 26, 31, 36 and 46, plus
teeth 17, 27, 37 and 47(l), and another system containing the same basic six teeth, with the
addlition of the four second molars and the four second premclars,
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Table 4 indicates, for each partial examinarion system, and for the reference system, the
number of subjects c¢lassified in each treatment need caregory overall and by age group and
the detection index., As is to be expected in any partial recording system, the overall oral
pathology is underestimated. All the systems overestimate category TNO, absence of aral
indicators, and TNI, bleeding only, and tend to underestimate categories TN? and TN3. The
detection indices are improved on increasing the number of teeth examined, as ic demonstrated
by adding the second molars to the system 16, 11, 26, 36, 31 and 46, the improvement is
considerable for TNl, marginal for TN2 and of great importance inm TN3. Adding the =second
premolars to the same group of testh only improves group TN3 index of detection from 0.84 to

0.89. However, it is necessary to define very precisgsely the objectives of a calculation in
order to define the best set of teeth.

Analysis of TN 2

The group TN2 (presence of at least one teooth with ecaleulus and/or a pocket of first
degree, but no pockets of second degree) is the largest subgroup in this survey. Table 5
indicates the subjects detected by the complete examination of 28 teath, by examination of
the WSG set of six teeth and by examination of the RCS, and gives a breakdown of this
subgroup inte the different contributing indicators for two of the systems used, Thus it c¢an
be seen that if the most important objective is the identification of calculus, the group of
teeth proposed by the Scleutific Group (WS5G) is better than the RCS set: on the other hand ,
RCS is superior for the detection of first degree pockets,

Table 3: Subjects classified according to identification of disease categories by various
partial examination gystems compared with full mouth examinations

Full Examination Examination Using Examination Using
of 28 Teeth Teeth 36-41-24-16 Teeth 45-17-32 25
44821 13437
number nutthar of index of number of index of
examined subjects detection | subjects detection
detected detectred
Bleeding 1345 1291 96.0% 1270 94,47
Supragingival 1203 1173 97.5% 1025 85.2%
Calculns
Subgingival
917 827 90 .07 790 86.27
Calculus
Pockets 1 717 443 6l .87 562 78.8%
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DISCUSSTION

In the past investigaters have chosen, 3 priori, proups of reptesentative teeth in order
Lo formulate partial recording systems, In general, they have included teeth from the four
quadrants of the mouth, based on a clinical experience. It 1s evident from the regults of
these gtatistical analyses that six teeth, more or less symmetrically distributed in the four
gquadrants of the mouth, can proviude a satisfactory partial recording system, The method of
evaluation of thegse systems can be generalized to all defimitions of groups of treatment
need, The determination of the detection index for a partial examination made on a group of
subjects that are representative of the population under study would permit the calculation
of a proportional factor of correction that would substantially fmprove the estimations of
treatment needs for subsequent surveys,

CONCLUSION

The definition of treatment need groups on the basls of observations of indicators in
order to decide which treatment needs or preventive actions to apply is an objective and
satisfactory methed. From the epidemlological peoint of view, if one wishes to extrapolate
results of a large population, it 16 necessary to test the use of partial recording methods
chosen on a more representative sample, In these conditions ome could, using the detection
index, from a2 limited system of teeth carefully chosen in accordance with the precise
ob,ectives of a study, calculate a coefficlent of correctiom,
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