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ABSTRACT

To develop 8 new perlodontal index for longitudinai studies
of the perliodontal disease was declded following a critical ;en
vieﬁ of existing knowleﬁgé. As the first phase of 1n%ex deqén
lopment, thls study was to determine the lnter-~ and intra-obser-
ver variation in gssessing the parameters of gingival Btlppiing,
ginglval redness, gingival bleeding, pocket pus, gingival ulcer-
ation, gingival recession level and pocket depth, as well as to
determine the inter~parameter relationship. Each of three ob-
servers examined these parameters on buccal periodontal tissues
of upper first or second melar in 126 dental emergency patients
and re-examined them in 44 subjects who retuined about a week

later, The results indicate that the majority of study subjects
did not have gingival stippling, but presented various degrees

of gingival redness aﬁd[epithelial detachment, In very few ca;
sSes only was pus or bleeding observable. No ginglval ulceration }’”
was observed. Inter- and intra-observer agreement was very good -
for gingival stippling and gingival redness estimates, but was ,
rather poor for gingival bleeding estimate and pockgt pus JudgeJ g)
men% when subjects with positive signs only were considered. )
For the measurements of gingival recession and pocket depth, ob- .
‘ server variation was greatly reduced by 1ncreasing the number of
severity uategories,' There was a weak, though statistically
significant, relationship among the paramg;ers. To conclude,
gingival stipplipg, gingival redness, gingival recession and

' pocket depth are the four parameters suitable for further deve-

" lopment of the periodonctal index.
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Résumé

/

L'examen critique de 1'étét actuel des connaissances sur,
la parodontopathie/é{z:;rait nécessaire de développer un nouvel
indice pour %9546%2d68 longitudinales sur la dite maladie, Dans
la premidre phase du développement de 1'indice, notre travail
consistait tant A d&terminer les sept paramdtres choisig qu'&‘
déterminer le rapport parmi les paramétree ci-mentionné., Chacun
des trois observateurs avait examind ces paramdtres sur les

tissus parodontaux buccaux de la premidre ou la seconde molaﬁ%%
supérieure chez les 126 patients d'urgence et a;ait réexaminé

les mémes ‘parambtres chez les 33 sujgts qui revenaient environ
une semaine plus tard. Les résultats indiquent que la plupart

des sujets n'avaient pas de pointillé gingival, mails montraient .
de différents degrés de 12 rougeur gingivale et du décollement
épithélial. Dang trds peu de cas, seuls le pus et 1'hémorragie
ftaient observables. Aucune ulcération gingivale n'étalt observée.
L'accord des observateurs &tait jugé trds bon pour les estimations
du pointillé gingival et de 1la rougeur gingivale, mals plutdt
médiocre pour 1'estimation de 1'hémorragie gingivale et le juge-
ment‘dq pus de poché lorsque seuls les sujets avec signes positifsz

8talent considérds. En ce qui a trait A 1a classification de la

régression gingivale et de la profondeur de poche, la variation

des observateurs s'Stait grandement r&duite au fur et } mesure
que le nombre des catégories graves augmentait.£f13y“avait un
rapport faible, quolique statistiquemeﬁt gigpifiﬁatif, parmi les
paramdtres. Notre &tude nous aboutit & 1a conclusion suivante

que le pointillé gingival, la?rougaur gingivale, la régression
: ¥ » . .

‘ .
! ¥
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‘Ii gingivale ainsl que la profondeur de poche sont les ‘quatre
parametres appropriés pour le développement avanché de 1'indice

parodontal .
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,"/’ Chapter 1 f

’ ‘ AIMS OF THE PROJECT

1.1 Specific aims of this study
The apecific aims ofithis study are two folds:

a. To make an oxtensive and critical réviewﬁbf exigtiﬁg §
knowledge with rgspéct to the epidemiological pattern,
indices fovxmgasurement, various suspected etiological
facﬁors and possible preventive mea;urps of the perio-
dontal diseasa, ,
ﬁ’ b. To conduct an initial phase gf atudy which comprises
’ three major aspects as follows: .
; 1. To select objective ggréhatars which will represepg:f}
| so far as possible, the whole range of pericdontael '
health and disease. . )
1i. To test, far(baah‘;grametsruestimate or measurement,
the iﬁterm and intra-observer variation, and the
asgoclation in selected pairs of parameters.
114, With’results from this study, to evaluate and com-

ment on the validity of conclusions made by some

investigators from thelr oclinical trials.

1.2 Broad and final aims

8, Based on the results from the present study, parameters

which allow a reasonable'inter~ and intra-observer agrée-
ment in estimation or measurement are selected for the
developmenf of a new periodontal index, Such an index

. ' - should be specifically suitable for longitudinal epide-




miological studies of periodontal disease. Therefore, it

must satisfy so far as possible the following characteris-

By

ticg and requlrementsa:

i,
ii.

144,

174

b, To

Simple to'use with a min}mum of instruments.

The inter~ and intra-obsérver variation for cohort stu-
dies must be both small and readily estimated.

JThe index must include parameters whioch adequately des-
cribe both minor and major disease conditions,

Fach component periodontal parameter im the new index
should be weighted through field studies of the natural
development of periodontal disease, so thét the final
index has prognostic value. 0

employ thig periodontal 1ndax for longitudinal studias

of periodontal dlse&se 80 that more direct association be-~

tween suapect§§ etiological factopa’and periodontal tissue

conditions can be studieﬁ,' The index will also permit be-

tter evaluation on the effects of various preventive mea-

/ sures against éhe periodontal disease -~ the final goal,
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Chapter 2

2

! CRITICAL REVIEW OF P NOWLEDGE

2.1 Introduction

Theie are two main areas of investigatioﬁ indicated in the epl-

‘demiology of periodontal disease. The first area describes the

distribution of the periodontal disease in terms of age, sex,
race, geography etc. The second area involves explanation of
patterns of distribution of the disease in terms of causal fac
tors, '

Most current information concerﬁing the distribution
of periodontal disease In population groups hag been collected
following the introduction of various indices for measuring the
prevalence and severity of the periodontai disease, Some epide~
miologlcal findings cast doubt on traditionally held significance

of nutrition, systemic physical condition, malocclusion and trau-

//m& from occlusion in the initiation and progression of periodon-

_tal disease, These data also contradict the results from clini-
cal trials relating various nutritional and dietary factors to
periodontal disease.

A critical and extensive review of current knowledge is
presented in Appendix I. 'It presents Qurrently acceptablf know-
ledge concerning the ep;demiological pattern of the disease as
well as some contradictory conclus}ons existing among clinical
impression, clinical trials and population studies with respeoct
to the etlological significance of nutrition and general physi-
cal ocondition in perlodontal disease. When possible, such dis-
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o QY
crepancy 1s explained in terms of the study designs, date treat-

ment, interpretation of the results and 8o on.

In t%;s section, an attempt is made to summarize the over-
all 1mp11éaéion (rather than conclusion), from the review. Ef-
fort is made to present information for which suffiocient know-
ledge is avallable and to point out some a;eas for which only
1imited or no kn;wledge exists. For detailed review and the
sources of Ainformation, the reader is advised to refer to Appen-

dix I. ' ,
o

2.2 Morbidity and severity data for periodontal disease R
The terminology of incidence, prevalence and Be;e;ity has -been
greatly abused and misused in.the literature. There arepéx%rea
mely little data about the incidence rate of periodontal disease.
When incidence rate is mentioned in the articles, more often
than not, it 13 actually prevalence rate,

If deviation from perfect peripdontal health is used as
a yardstick, practically all human beings have periodontal di-
sease., It is often useless toacompare the prevalence of perio-
dontal disefse in different populations as prevalence of some
kind will be close to 100 per cent in fmost populations. To in-
creage the comparability, severity indices have been introduced
and become the major measurements of periodontal disease. Se-
verity of periodontai disease 18 aomgfimes expressed in prevas-

lence rates of various stages of periodontal condition, such as

without periodontal disease, with ginglvitis oﬂly or apparent
periodontal pocket formation.
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'Sinoe periodontal disease, in general, progresses very
slowly, like other chrénic disease, it is very difficult to make
a direct assessment oéfsuspected causes based on prevalence da-
ta alone. Factors whiéh initlate and promote the d%sease may
also-differ, Whi}e the latter factors may be studled with some
degree of reliability, with the prevalence data, only incldence

data can allow for any direct evaiuatlon‘oﬁ the former factors.

Q

2.3 [Relationship between prevalence and severity of periodontal

disease and suspeocted etiologic factofg

2.3.1 Age

The gingivitisfoccurs'at very early age. 1Its prevalence rate
and severity reaches a flrst‘peak at early teens and levels off
or‘declines thereafter untll the late teens. In edult popula-
tions,both prevalence and severity increase slowly with increa-
sing age. Exceptlon to this general trend is not uncommon, es-
pecially during the period of mixed dentition when fluctuation
of gingival tissue condition of the permanent teeth is substan-
tial and geverity assessment’ for gingivitis is comparatively dif-~
ficult, ) |
The destructive periodontal dlsease (appearance of true
periodontal pocket) may actually occur as early as 10 years old.

With practically no exception, its prevalence and severity con-

" tinues to rise with increasing age. The average severity may

not increase at the same rate from one age group to another.
Indeed, a sharp break can be observed betweén the age group of
15 to 19 years and 20 to 24 years in some population., The rela-




b

tionship between age and chronic destructive periodontal disease
is so strong that such relationship holds 1rreapectﬁa which pa-
rametér being employed to describe the sa#er.tty of tﬁe disease,
be 1t an index score (such as the Russell’s PI), simply average
pocket depth per subject or tooth, degree of alveolar bone loss,v
gingival recession rate, ete. Naﬁuraly, these parameters are
| well correlated with each ‘other. |

Pespi’ce an apparent relhtionship betvreen pericdontal di-
‘geage and age, it is not certain whether age factor has any eti-
ological significénoe in periodontal diseagse. From the fact
that in U.S. adults of 55 t‘o 64 years of age, sbhout one-sixth
gshows no datectable periocdontal 3disease and only two-fifths hava
true periodontal pocketa, it seems unlikely that aglng process
itself is responaible for the initiation and progression of pe-
riodontal disease. Ihstead, age may be only an indirect indica-
tor of the duration of existing etioibgu;al factor or factors
which may or may not be related to age, and of the duration of

disease's natural course since its ineception.

-~ £
,.:..)(> {

2.3.é Sex
Practically all studies conducted on well developed populations

and some studiés made on less developed populations reveal that
reriodontal disease ocours more frequently and severely among
male than female adults, For younger age group, there seems to
have no definit; sex difference in the prevalende and severity
of periodontal disease. In all studies, difference in periodon-
tal condition between two sexes can be accounted for by their

‘ corresponding difference in oral _oleanlinéaa and cleaneing fre-
quenoy; - ‘ \

4 \
/
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However, in under-developed populations, periodontal disea-
se is worse among adult women than men. Though, in most cases,
the disease is still worse among boys than girls. Differences
between two sexes in oral cleanliness or cleansing frequency can
not account for all their difference in periodontal condition; i
Whether worse physical condition due to frequent child-bearing

1n those female adults, as suggested by Waerhaug,results in worse

i periodontal condition in themselves is not at all certain,

Considering inconsistent re}ationship between sex and pe-~
rlodonghl disease, it seems reasonable to believe that the in-
termediate factor or factors rather than sex ltself are directly
responsible for the inltiation and progression of the periodon-

tal disease. The intermediate factors may be oral cleansing ef-

‘flciency, systemic resistance as well as other factors yet to

‘berdisGOVered.

v
|

2.3.3 Geographic distribution and ethnic factor

Epidemiologic studles of the prevalence wnd severity of perio-

> dontal disease have been made on populations in more than 50 L

geographic areas., To compare most prevalence data as assessed
by different investigators 1s, however, severely handicapped by
great observer variation 1n‘d1§ease measurement, even if same

index is employed. Acéorﬂ;né to prevalence and severity data

collected by a research team (Epidemiology Branch, N.I.D.R., U.
S.A,) as wéll’as by persons who have worked with the same team,
the more developed populations and regiops are agsdoiated with

less prevalence and severity of pepiodontal disease,
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When differing ethnic groups reaﬂtdé‘&,ln completely differ-
ent geographic region, it 1s almost impossible to decide whether
1% 18 ethnic factor or region which is mainly responsible for
differing periodontal health. However, studies have been made
on various ethnic groups llving within & well defined geographic .
region. All these studies indicate distinct prevalence and se-
verity of perliodontal disease among éthnie groups.

Factors assoclated with differing socio-cultural pat;;ema
among populations of global geographic regions as well as amoné
various ethnic groups living within a defined geographic area
may be responsible for the distinot prevalence and severity of
periodontal disease, But the underlying determinants of disease
prevalence and se;erlty are fgx: from understood. Oral clean-
sing frequency and cleanliness gometimes can account for allmost
all variation of periodontal condition among ethmic groups or
populations living in distinct geographic areas, but can account
for only small part of the variation in ma.ny other occasions,
su;xh as among four ethnic groups in Ceylon. Occasionally, oral
cleapliness is \totally unable to account for the different pe-
riodontal health between etimic groups. In Trinided, East In-
dians exhibit a 8lightly mores severe periodontal disease but
better oral cleanliness than Negroes, Similar phenpngenc;n also

exists among three #ajor etimic 710111:3 in gingapore.

2.%.4 Socioeconomic factor
Sooloeconomio status which is besed on years of formel education,

family income, occupation or a combination of social and econo-

mic variables, has been consistently demonstrated to have an in.

*

}

,)'5
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., verse association hw}th the prevalence and ,J;everity of periodon;
tal disease., Years of formal education, in comparison to family
1ncome and occupational classeg} i1s more closely associated with
gseverity of periodontal disea;;.

In more developed countries, most of the disease variation -
among varlous socloeconomic classes can be accounted for‘by the
degree of oral cleanliﬁess, toothbrushing frequency, dental
awareness and profsassional dental care received. In less deve- g K
loped. countrie%, malnutrition and other unknown factor or fac-
tors which are éésociatgd wlth poor living standard seem to be
the more responsible variables than previously mentioned factors
for worse periodonfal condition among poverty-stricken low so-

cloeconomic persons when cbmparediwith the higher status groups.

s
’ "

2.3.5 Urban-rural comparisons

Rural as compared to urban population tends to have greater pre-
valence and severity of periodontsl disease. The extent of the
difference in most cases is, however, little or negligible.
Study in Trivantrum evenreveals greater prevalence and severity
of periodontal disease in urban than rural population.

Corresponding to the urban-rufal difference in periodontal
pealﬁh, rural in comparison to urbanhgqpﬁlation also accumulate
ﬁére oral deposits, '

Despite apparent relation betwéen urban-rural factor and
socloeconomic status and avallability of professional dental
care, no studf has ever taken into consideration of these social.
. factors when périodontal health is compared between urban and

© rural populations., In Indiana,"medlian school years of rural
‘ : #




ey 1)

persons 25 years or older 1n‘county" rather than "the percentage
of county residents classified as . rural® is associated with the
PI scores of periodontally involved chi‘ildren. It is therefore
conceivable that the urban-rural difference in periodontal con-
dition, if present, may drop to negligible Vlevels Af sogioeco—

nomic status is held constant.

2.9.6 Ocoupational hazards

Iﬁjurles of the periodontal tissue as a result of the occupatio-
nal exposure to various specific agents are raéher common. HMost
of such knowiledge is however not obtained from specific perio-
dontal surveys on various ocoupational groups. |

Lead, bisnmth, meroury and their compound in dust form can
cause distinct pigmentation, without toxic symptoms, on 1nflam-
med marginal gingiva. Since the degree of gingival pigmenta-
tion of these metals depends to a large extent on pre-existing
inflammation, 1t should not be considered as an accurate index
for estimating the degree of exposure. Acute intoxication from
these metals may result in acute ulcerative gingivostomatitis
or ev\en destruction of‘ﬁhe underlying bone. Exposure to chemi-
cals such as phosphorus, arsenic, chromium and benzene may cause
necrosis of alveolar bone with loosening and exfoliation of the
teeth.

Despite rapid industrial development and growing awareness |
and Imcwlledge of occupational hazards in general during last
two decades, most knowledge of oral manifestations of -occupatio- '
nal hazards came from studies made during the first halr of this
century. Indeed, more studies are needed .to examine poasible

e
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harmful effect of periodontal tissue through cccupat'lo;'ml ex- .

posure to various new chemicals, espeéialiyvorganic chemicals.

2.3.7 HNutrition, diet and systemic conditions

2.3.7.1 Nutritional factors and dletary habit

World-wide nutritional survey conducted by Epidemiology Branch,
U.S. National Institute of Dental Research as well as some stu-
‘dieé conducted by individual 1nvestigator fail to demonstrate
that the daficiemy of any speciflc or group of mutrients, as
detarmiineﬁ by biochemical analyses, 18 significantly aseociated
with the severity of periodontal diae&é\eg These negative find-'

ings may result from rather homogenous matritional state and wide

age range within each study population. \Results from other:

studies, in Ceylon and Western Nigeria for\example, suggest that
protein malnmutrition may be responsible for \greater severity of
ﬁériodonml disease among poirerty-strlcken people as compared
~ vith better nourishe;lwgroups dwelling within the same geographic
area, Protein malnutrition is an important responsible factor |
for the disease only in the absence of good oral hyglene regl- ‘
men. 1t is therefore reasonable to balieve that protein malmi-
,trition is associated with the progression rathe than initia-
‘tion of the periodontal disease.
- Thére are many clinical ﬁxk-ialq\ aiming to determine any
harmful effect of carbohydrate sﬁpplements or benefiicial effect
- from proégiﬁ\and\ arious vitamin supplements. Unfortunately,
results from these studies Tisve\n%eatly substantiated or

clarified the nature of felationship befnean dietary and nutri-
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tional }acfors and fhe prevalence or severity of periodontal -
disease as foﬁnd.in popuiatiop surveys, While results from

many clinicgl trials indicate .that severity of periodontal ai-
sease may be reduced by withdrawal of sweet driﬁks; and by sup-
plemen%ation of protein and various vitamins, their validity is
quite questionaple due to following reasons. First,,né'evidence
of deficiency in speciflc nutrlent émong study subjec:tso Se-~
cond, possible failure in blind assessment. Third, relatively
short study peribds. Fourth, no control over diets in placebo
or control group. Fifth, failure to contréi disturbance varia-

bles in the study, and sixth, incorrect methods of data analy-

ses. ) Yy

Thelsnly finding which seems to be more or less consis-
tency throughout the dietary and nutritional studies 18 the re-
duction of gingival inflammation following vitamin C supplemen-
tation in subjects who initially have apparent vitamin C defi-
ciency., Results from other studies do not allow any definite
conclusioﬁo
g‘ Although boﬂh population surveys and clinlcal trials so
far fail to reveal precisely the etlologic lmportance of die-

" tary and nutritional factors in the severity of periodontal di-

sgase, they however have demonstrated very clearly the fact that
A

these factors are unlikely the major variable and certainly not

the only ones responsible for the §ever1ty of perlodontal disea-
se.

There are nine population surveys which study the relation-

ship between fluoride concentration in drinding water and perio-
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dontal, healtha The results show that most of the differences
in periodontal health bet&éeu conmunities’ having high and 1ow
fluoride concentrgtion in domestic water are not great if they
do exist at .al?!., , Hence, there is no adequate evidencé to sup-~

port the hypothesis that the use of fluoridated water results

"in improved periodontal health. The findir;gs are, however,

wholly ineompatiblg/%ith any hypothesis that the periodontal
7 ! :
tissue of childrer or of adults are harmed by use of & fluoride-

bearing domestic water.

2:3.7.2 Organic mystemic disease

Many studies have b«aen conducted to determine the interrslation-
ghip between various systemic dikeases or conai‘tj,ons and the
prevalence and severity of periodontal diseaaa@ The overall

1mpre§aion from these study results can be presented separately

for those which have adequate knowledge and those which are not

certain. o @

It seems certain that periodontal disease tends to be more
severe in persong with. following disorders or disease: poorly
controlled diabetes, mongolism, oth’er\ mental defects or retarda-
tion, cerebral palsy, increase of systolic blood pressure, peri-
pheral arterial disease, retiml vascular changes, sickle-cell
anemia, cycllo neutropeni.&, agmnulocytosia, thrombocytopenia,
leukemia malignant neoplasms, liver cirrhosia, obstmctive pul-

monary diseasa, albéminuria and presenile osteoporosis,
The associations between periodontal Aisease and the fol-

lowing disorders or diseasesare less convincing: mild or well.
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conrolled diabetes, glucosg toler&ndg within normal range, CoO-
ronary or hypertensive heart disease, elevated diastolic blood
pressure, arteriosclerogis, allerg%o diseases, gastrointestinal
disease; genltourinary diseases“or other resplratory diseases.

This summafy 15 by no means exhaustive, Knowlédge in this
area 18 far from complete, Thls 1s mainly the result of a fai-
lure in Tany previous investigations tostudy gystemic disease
on th basis of & disease entity or of a épecific pathologic
process involved., Another reason for insufficlent knowledge is

the incomplete history record about chronic systemic disease

iy}

_and chronlc perlodontal disease, which make the interpretation

'of their relgoionship very difficult, W« '

2.%.7+3 Mental illness, psychological factors and personality

The investigations on the relationship betwepn mental,
psychologioal and personality factors and the periodontal health‘
have been conducted on three kinds of gopplations: 1, emotion-
ally disturbed subjects;’2, bersons wiéh periodontal disease;
3, speclal population such as military“personnel orxstudents,

A general impression from these@ktudies i1s that when the

study population consists of mentaliy 111 and normal subjects,

" some degree of association between periodontal condition aqd

emotional stress can be found. If the study subjects are from
periodontal patients or spec;fic population group, such assoclia-
tion 1s less llkely demonstratable. Therefore, it impllies that
only very severe‘omotional distyrbance may contribute to the

severity of periodontal diseage. The mechanism by which mental

q
A8
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factors affect periodontal tissue remains to be answered.

2.3.7.4 Puberty, menstruation, pregnancy and menopause

Puberty is frequently accompanied by an exaggerated response of
the gingiva to local irritation and by an increase in calculus
formation. Chronic destructive perlodontal disease progresses
rapidly after puberty. o B

There is a Jack of good, controlled gtudies of the gingi-
val cnal‘ages du%',}ng each‘ /;nenstm,al cycle. The studies so far
seems to indicate a periodic fluotuation of salivary becterial .
cc'mntsg a variation of gingival exudate and cimngga in the na-
ture of gingivitis as a function of the menstruation cycle.
There is, k(lowever, a lack of quantitative date dbout the seve- o
rity of gingivitis which demonstrate any definitive fluctuation
in gingi%al disease in relation to the mémstruation cycle.

Many studiea have shown that pregnancy is associated with
greater severlty of g}ngivli:is which can not. be explained by co-
rresponding increases in oral debris or calculus deposition.
Increased severity of gingivitis seems to have no lasting deter-
lorating effect after delix;ery:. There 1s no consistent flnding«:"
with respect to the fluctuation in severity of gingivitia_ th'rou-s
ghout pregnancy. Monthly assessment on a cohort group is neadéd

to clarify thﬁa controversy. Gingivitis d{gzg be abolished and

_gingival normality maintained during pregnancy provided that ~
. gingival areas on the teeth are kept clean -~ suggesting that

pregnant state 1s a modifying rather than an initiating factor
in gingivitis. Pregnanoy is not assdciated with apioal migra-
tion of the epithelial attachment. -




Research concerning the possible effect of menopause on

periodontal disease is far from completed. Based on very limi-’
ted data, there is an indication of greater severity of perio-

Aontal disease among postmenopausal women than one might expect.

d

More studies with better designs are needed.

%

{

2.3.8 Oral hygziene factors

i

2.3.8.1 Studies on aevegity of periodontsl disease in relation

to frequency and technique of oral cleansing

If oral cleansing methods are relatively standardized, more fre-
quent cleansing 1s assoclated with a decrease in oral sofG‘deb_)
ris, better gingival health and lower PI score. There 1s no
sufficient evidence that oral cleansing frequency 1s associated
with alveolar bone loss or epithellal detachment. Withdrawal

of oral cleansing always results in more accumulation of plaque
and calculus and a,greater degree of gingivitis. Re-adminlstra-
tlon of oral cleansing without 1ong delay can restore the tissue
back to thelir original condition. Proper oral cleansing methods,
increased frequency of cleansing and perlodical oral prophylaxis
by dental professionals are all essential for %emdving'éoth soft;
and hard oral deposits andrfor keeping healthy gingivae. A mouth
riﬁée with water alone is not sufficlent for oral cleansing, but
antiblotic containing mouth rinse may help to maintain gingival

health., The advantage of the automatic over manual toothbrush

In oral cleansing is not substantiated.
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2.3.8.2 Studles on severlty of perlodontal disease in relation

to oral deposgition

The prevalence and especlally severlty of perioGontal disease
is asgsociated Qith the amoun%»of oral debris and calculus.
Such correlation i1s stronger if study population vary greatly

in age, are more privileged in material needs and belong to

higher soclal status. Oral debris seems to be more associated
with gingivitis at younger age, whereas calculus emerged as
stronger or even the only associated oral deposit with more se-

vere form of periodontal disease as population become older,

2.3.8.3 The fallacies of using the Oral Hygiene Index and

other similar indices 8s a measure of oral cleansing

effect
J ‘lp Following the introductlion of the Oral Hygiene Index as well as .

other similar indices, the term "oral hyglene" has been loosely

used to denote both oral cleanliness and oral cleansing. Evi-
dence shows that these indices actually measure not only oral |
cleansing effect, but also dietary, nutritional and constitu-
tional factors. 1In addition, these indices may even measure
part[of the periodontal disease itself. Therefore, taking amount
of dental deposlts as an index of 6ra1 cleansing effect in the
epidemiological studies of periodontal disease will result in
mis-interpretation of the pathoggnesis of this disease and in )

. |
less effectiveness from preventiye measure subsequently.

2.3.8.4 The fallacles of evaluating the association of perio-
. dontal disease with variables other than the QOHI score

J and age by standardization of the latter two variables

i

;_
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There is a great deal of data to suggest that an individual'’s
OHI score is, to some exﬁent, a function of nutritional, die-

tary and systemic factors -as-well as an indirect measure of age,

that subgingival calculus may be the result rather than the

caugg}of the periodontal disease, and that individual's nutri-
éigﬂgigstgtua'also depends on age. To evaluate the relation-
ship between periodontal disease and variables other than OHI
score and age by standardizing the latter two variables, such as
1s being done in most epldemiological studies of periodontal
disease has . likely Kggulted’in erroneous conclusions regarding

the true relationship between periodontal dlsease and the sus-

pected etiological factors.

2.3.9 Effect of smoking, betel nut chewing and alcohol drinking

There 18 now a general consensus that smoking tended to increase
the prevalence of ulceromembranous gingivitis, simple gingivitis,
active periodontal disease as measured by PI or PDI as well as

destructive phase of periodontal disease. Corresponding to this

asgociation 1s a similar relationship exfsting between cigarette

‘consumption and amount of soft and hard oral deposits. If fac-

tors of agé and oral deposits are held constant, relationship
between cigarette consumption and periodontal disease is great-
ly reduced in most cases and’ disappears completely in others.
Betel chewerslin comparison to non-chewers t;nd to have hi-
gher prevalence and severity of periodontal disease and greater
amounts of oral deposits. Betel consumptlon is & more destruc-

tive factor than is tobacco smoking as far as periodontal tissue
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| .
I8 concerned. It may be one of the important factors responsi-

ble for higher prevalence and severlty ofyperiodontal disease
in the Aslatic countries.

\The effect of alcohol drinking on periodoﬁtal tissue has
not been studled adequately. Based on very limited data, there
seems to be 1little, If any, relationship between alcohol consump~

tion and periodontal health.

-

2.3.10 Association with dentai caries

(.

The research data so far fail to demonstrate any simple clear—
cut relationship between dental caries and perlodontal disease.

Nelther the commonly held opinion that these two dental diseases

are essentially the disease of dental plaque is supported. Quite

contrary, résearch data suggest that these two dental dlsease
have distinct epidemlologic patterns and do not share many com-
mon dlsease related variables, and that their association may
vary from one disease stage to another, from age to age, and
depend on particular human environments. In fact, the definite
beneficial effect of fluoride intake to reﬁuction of dentai‘ca-
ries and lack of such effect on periodontal disease also implies
th%t the prevalence of these two dental diseéses are rather in-

dependent one from another,

2.3.11 Malocclusion, trauma from occlusion and oral habits

The degree of malocclusion seems to correlate with severity of
periodontal disease, though the strength of the association va-
ries frém one feature of malocclusion to another, —One must bear

/
in mind that most malocclusion indices are’designed for the pur-

|
1
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pose of orthodqntic treatment and, therefore the weights assigned
to various comboﬁant features within each index.may not be much
meaningful in terms ofjtheir relative lmportance in the patho-
genesls of periodontal disease. l

Research on the possible effect of trauma from occlusién
on periodontal tissue is greatly handicapped by the poor.agreeu(
ment as to the criteria of trauma from occlusion itself. Taking

the over-all findings from‘varioua approaches, it seems unlikely

into periodontal ligament and causing pocket formation is not
certain.

Oral habite such as tongue thrusting, bruxism, clenching,
clicking have been suspected olinically for possible damaging
effect on periodontal tissue. Yet practically all studies which
compare the periodontal health of those with and those without
these oral habité fail to find any such association. The only

-oral habit which is more consistently qund to be assoclated

with the periodontal disease is mouth breathing. It apparently

causes some degree of ginglvitis in the anterior teeéh, Its

{ ‘
mechanism:is however not certain, s
| i
!

2.3.12 Hicroorganisms
y ) R ,
It is only during last decade that a great deal of works have

. been directed to examine the role of microorganisms in the pa-
thogenesis of periodontal disease in human. These studies have

provided strong evidence that oral bacteriae are quantitatively

associate&?withwgingikal inflammation. However, stidies so far
1 ,
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. o fall to demonstrate any single specles or a group of microorga-

nisms which are responsible for ginglval inflammation. The me-
chanisms by which bacteriae cause destruction of the periodonpql
tissues is not yet understood. Whepher or not the periodontaiﬂ’
disease is transmissible through bateriae from one person to
another remained to be answered, There is no single study so
far to investigate the possible role of virus in the prevalence

or severity of periodontal disease.‘

2.3.13 Iatrogenic (faulty dentistry) factors

ﬁlthopgh numerous kinds of faulty dentsl restorations and ortho-

~ dontic-appliances have been condemned for causing various stages

= e

of perlodontal disease, very few research has been done to cla-
rify the exact nature. However, overhanging restorations, un-
satisfactorllly constructed partial dentures and removable splints
seéﬁ 1likely to have detrimental effect on periodontél tissues .
elther through bacterial accumulation, or faulty force on perio-
dontium or both,

i

" 2,h Existing indices used for studles of periodontal diseage

Since periodontal disease occurs in almost every subjectg, the-~
refore, several indices have been developed which take stages

of the periodontal disease into consideration. No one should
exvect to find an index which will serve all purposes. Russell's
PI is possibly adequate when population prevalences of periodon-

tal disease are compared, provided that all the measurement is

. made by same person or persons Wh%have achieved very reasonable

observer agreement in measurement through intensive calibration.

~

i
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Ginglvél Index from‘Loe and Silness seems/to be suitable for
clinical trials relating to alteration in ginglvitis severity.
Periodontal Disease Index by Ramf jord, Gingivalngriodontal Inun
dex by O'Leary et al and Gingival-Bone bouﬁy:b& Durming and.
Leach can improve the sensitivity of Russeii's PI.

It is very questionable whether the arbitrary score assig-
ned to each gingivitis severity, epithelial attachment level or
alveolar bqne loss is prognosticqlly meaningful. Assigning three
interval scores forﬂggiphélial atﬁéchmént level or alveolar bone
logs, instead of taking exact measurement such as millimeter,
mey also greatly reduce\the measurement sensitivity. Giving
higher scores for either of these two parameters and 1éwer score
for gingivitis and combining them into a single index is Justi- o
fied only if the prog§§§§ion of gingivitis indeed resuits in ,
epithellal detachment and alveolar bone. logs —~-- an-assumption— - —
remaiping to be proved. The observer reproducibility for-some
indices has been shown very poor and for others has'never been
evaluated. ‘

Hence, it is apparent that none of the currently availa-
ble indices is very suitable for longitudiﬁal studies of the
periodontal disease, .

Corresponding to the development of periodontal indices
and their application in the field studies, various indices for

.measuring the quality and quantity of oral deposits and ilrritants

have been introduced. Like periodontal indices, the selection
of an index depends on the type of study. In general, compari-

son between populations requires a simple index, such as Simpli-
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fied Oral Hyglene Index. For clini/gi trials and other longi-*

tudinal studies, more sensitive/gnd reproducible 1nd1ces are
required. As discussed in the sectlion of oral hygiene factors,

it is not wvery certain yet whether these indices have contribu-

ted to the understanding of the etiology gg/pefiodontal disease.

4//
—
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2,5 Conclusion from review of current knowledge

The descriptive data for periodontal disease which are collected

with cross-~sgsectional studles have contributed to the understan-

ding of the epldemiological pattern of the disease. However,

some of theSé data are contradictory to many traditionally held
opinions and clinical ﬁ%ndings with respect to the 1mportance
of dietary, nutritional and general physical conditions and di-~
seases in the initiation and progression of periodontal disease.
While undesirable study designg in most clinical trials and sub-
jective clinical Judgement are responsible for part of the con-
tradictory findingsga major part of disagreement possibly is the
result of inherent shortcoming of employing cross-sectional stu-
dies for 1nveséigat1ng a chronic disease, such as perlodontal
disease., The etlologlical factors may not be actively present
at time of study.

A longitudinal study should be able to provide more direct
assessment on the cause-and-effect rel&tionsﬁip. Furthermore,
it willl provide a natural history of the disease and exact re-
lationship between periodontal digease and dental caries at va-
rious ages.

For these longitudinal studies, a periodontal index which

is designed specifically for such purpose is essential.
-

<
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Chapter 3
MATERIALS AND METHODS

The proposed periodontal index was to be developed in
Fhree phases. The objective of the first phase was to test the
inter- and intra-observer estimate or measurement ygriations in-
curred with the use of a varlety of parameters which 'describe
the periodontal tissue alterations. Based on the results of
phase one, on1§ parameters, which have a reaéonable degrée of
in}ers and’intra-observer agreement were to be chosen for fur-
ther study. The main purpose of the second phase was to assign
welghts to the selected parameters so that an index comprising
'the weighted parameter estimates would have severity implication.
In principle, the parameter weights should be based\on assess-
ments such as histological findings which are more{indicative
of disease severity than are the usual clinical means of severi-
ty. Since such assessments are usually impossible to obtain,
the alternative is to assume that the average of thelclinical
severity estimates made by a group of periodontologists would
give the best avallable clinicAl estimates, To elaborate, a
group of perlodontologists estimate the periedontal disease se-
verity in one tissuearea of the subjects. The severity scores
should range from clinically normal (0) to very severe (say, 10).
At the same time, an indépendent investigator obtains measure-’
ments for the gélected index parameters on the tissue area in
question. The parameter welights can then be obtained by a prin-
cipal component analysis or a mqltiple regression technique ta-

king the selected parameters,as the independent variables and

average clinical severity estimates as the dependent variable.

AY
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The third phase was to validate the obtained weighted index.
The point in question is whether periodontal tissue with high
indexoscores have a poorer prognosis as judged by progressively
impaired tooth function due to the tissue destruction. Henc V
a longitudinal study is requirgd to test that,

The present study covers the first phase only of index de-
velopment; namely, the examination of inter-~ and intra-observe
variation in measuring periodontal paramétera. Since observer
variation depends on the distribution of the examiﬁed parameter,’
it was originally planned to examine & group of people more or
 less representative of the general population with respect to \

¢ Q . \
periodontal disease. As such a population was not readily at \

hand, a practical alternative was to examine those who presented
for dental emergency service in the dental faculty. Subjects
from this group were asked to volunteer for the study. For the
inter—bbserver variation assessment, three observers examined

" the same tissue area on the same subject and independently re-
corded the paraﬁeter scores or measurements. For the intra-ob-
server error assessment, the same tissue area was examined by
the same observers one week later. The interval between the

two assessments was considered adequate to reduce observef me-
mory from influencing the second assessment and in addition, sub-
Jects generally preferred to return for dental examination on

the same day of the week.

3.1 Data Collection
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3.1.1 Study Bopbiation

Over an eight~we?k period, every subj)ect who presented at fhe
emergency dentalﬁservice at the Montreal General Hospital was
asked to volunteer ;Sﬁxthe'study.” To increase the study popu-
lation, ten third-year dental students also volunteered to act
as subjécta. To enter the study, each subject had to have at
least: one upper first or second molar which was not the tooth

of chief complaint for emergency service.

3.1.2 Observers

Ideally, observers in this ty?e of study should be thoroughly
familiar with periodontal tissue anatomy, but not have clinical
experience in periodontal treatment, so thab‘oﬁjeet%ve estimates
and measureménts of tisside alperatlon rather than subjective

- diagnosis of the disease are recorded. Three observers ( I.
Habbi#*, H. Kamenesky®*, and H.C. Kuo*#*) served for the duration
of the study. For convenience of description, they will be re-
ferred to as observers A, B, and C respectively. Before com-
mencing the clinical examination the methods of data collection
were explain;d and discussed among the three observers. Stand-
ardization (calibration) damong observers in estimating and mea~
suring each parameter was carrled out for the first few subjects.
Thereafter, the author regularly(supervised the two observers
with regard to the criteria of measurément for each periodontal
parameter, This was to ensure, as far as possible, that the

same ¢riteria were used by all observers though they remained

¥ Third year dental students at time of the study -

*# . Pregsent author




27

entirely free to decide what they considered the correct score.

The observers saw each subject in the same order.

3.,1.3 Site of Periodontal Tissue Measured

Only the buccal periodontal tissues of one upper first or second
permanent molar were examined. To increase homogeneity of the
tissue measurements, the right first upper mola§ was theﬁfirét
choice., If it was mlssing, required immediate treatment, or if
it demonstrated cervical caries, a clags V dental restoration
which included the cement9~enamel Junction,an alternate tooth
vias selected‘in the folloﬁing preference order: left upper first

molar, Pight'upper second molar or left upper second molar.

A

3.1.4 The Selec{}Gn of Periodontal Parameters

The definition dé a basic ginglval uﬁit employed in the study ~

was similar to that of Jackson (197$,and 1s shown in Fig. 1.
Seven periodontal pafameters were selected for measurement.

These were:

Lg) Gingival stippling

b) Gingival rednesé‘and/or swelling

c) Giﬂgiv&l ulcé;atién

d) Gingival bleeding /

e) Pocket pus

f) Gingival recession level

g) Gingival or periodoﬁtal pocket depth
The algebraic sum of the last two measurements was taken,

as the epithelial attachment level. Table 1 shows the observer's

recording sheet,

N
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Fig.l Demarcation of Gingival Units

L o=meee Papillary gingiva
2 e Marginal ginglva
3 e Attached gingiva
{ ~emo Alveolar mucosa
<
O




Table 1
- I\\ o
/\\,-.,‘ Observer Recording Form for Periodontal Conditioms | P
Series number: Examination 1 2 Date
Name of subject L © Observer
Age . Sex. - Telephone _Tooth examined .
c
b4
Present =
Parametex’ Absent Buccal marginal eingiva ~ Attached_gingiva °
Part Whole
Gingival stippling - or 3 + or 1.5 (part)
’ ++ or O (whole)

Gingival redness and/or swelling 0 ' 1 2 3 )
Gingival ulceration V 0 1 2 . 3
Gingival bleeding 0 1 2 3

) {Mechanical pressure) {Compressed air) (Mouth rinse)
Pocket pus - or 0 + or 3 ;
Gingival recession level mm,
Pocket depth + m,
Epithelial attachment level = mm. )

~qd2-

Faal
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. Gingival stlppling, a sign of health, was scored (0-1.5)
according to its presence on the whold or a portion of the at-
tached gingiva., Complete absence of stippling, was scored as

3. For the parameters of gingiv%l redness and/or swelling and
gingival ulceratlion, absence was scored as 0, presence on a por-
tion of the marginal gingiva as 1, on the whole marginal gingl-
va as 2, and 1f on the attached gingiva, 3 was the recorded
score. The severlity of glingival bleediﬁg was determined accor-
ding to 1ts presence following a mouth rinse prior to the exami-
nation (3), following a stream of compressed air into gingival
crevice or pocket (2), following external pressure on surface
to be examined with the flat handle end of a Williams probe (1),

(pressure equivalent to that which would cause paleness on &

finger . nail). In the case of no bleeding after mechanical pres-
sure, the tlssue was gcored as 0. Since gingival bleeding was -
not reversible withih a few minutes, only the first observer
applled the various stimull to the periodontal tissue, while
“each observer examined the result at the same time and recorded
1t without the knowledge of the others' scoring. Presence (3)
or absence (0) of pus within gingival creviceé or pocket was de-
termined grossly following the application eof mechanical press-
ure on the gingiva. , ) . o
Ginglival recession level and pocket depth were measured c
ith a Williams period&ntal probe at £he mid-~line of the buccal
Xngiva and recorded/to the nearest one-half millimeter imm).

Cé@culué wasg removed, 1if necessary, toc expose the cemento-enamel

. Junction (C-E J). Three situations could arise with regard to .
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the location of the gingival margin and epithali:al attachmeni;,j' :
‘ in relation to the C-E J. See Figure 2.

a. Both the gingival margin and the epithelial attach-
ment were on enamel. | ,
The cemento~enamel junction could not be felt by the.
periodontal probe. The .depth of the gingival crevtbé K
was taken as "pocket depth" and its minus value as "

2 gingival recesslon level"”. Epithelial attachment le-
vel was therefore 0. |

b. The ginglival margin was on the enamel, but the level

? -
of epithelial attachment was apical to the cemento-ena-

| mel juncvft;rf. R - f

i The distance from gingival margin to cemento-ensmel
Junction was recorded in negative wvalues as "gingival
recession level", and the Qistance from the gingival
margin to the epithelial attachment level or pocket
bottom was the pocket depth.

¢. The gingival margin was on the cementum.
The distance from cemento-enamel junction to gingival
margin was taken as the "gingival recession level”,
The distance from the gingival margin to the epithelial
attach;nept level or pocket bottom was recorded as the

pocket depth. .

Each patient was examined on a dental chair under artifi.
cial light. Mouth mirrors, Williams calibrated periodontal poc-

. ket probes, Ivory C.I. superfici@l scalers and compresse& air
were used routinely in the examinations. Foilowing the first
» ./ L
la s ‘/ R
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Fig.2

i

Three Possible Locations of the Gingival Margin and the Epithelial Attachment Level in Relation to
the Cemento-enamel Junction ‘

ra

— T = — Gingival margin .
*e+=<-=---. Epithelial attachment level

1

Both the gingival margin and the epithelial attachment level were on the enamel

The gingival margin was on the enamel, but the level of epithelial attachment was apival to the
cemento-enamel junction ’

The gingival margin was on the cementum

-968 -~
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examination, each subject was given an appointment for a secdnd
examination. The duration between two examinations was set as
close as possible to one week. Therefore, each subject was to
receive two assessments by‘all three observers. \

Throughout the study period, about three—guarten;of ail .
invited subjects were only interested in receiving emergency
treatment and did not want to be\studied° or thoégjwho volun-
teered for the study approximately one-fifth were not’acceptable
due to absence of previously outlined conditions. Thus, only
a total of 126 subjects volunteered for andﬁcompleted the ini-
tial examination. Although there was no adequate information
with regard to their representativeness for all emergency patients
or even for general population, based on thelr clinical picture,
any such slight deviation from norm did not seem likely to cre-
ate seriouvs effect when they are used for studying observer va-
riation in perlodontal disease param%ter estimation. There were
73 males and 53 females. ~ -

Of 126 subjects who recéived the first examination, only
i or 34.9% returned and completed the second examination. These
broke down as 28 males and 16 females. The age distribution of
all subjects who were examined, thosé who completed the study
and those who did not complete the study was shown in Table '2.
Of the 82 subjects who did not return for the second examination,
L5 were males and 37 were females. Proportionally, more males
completed the study (38.4%) than the females (30.24). Putting
both sexes together{ older subjects were more willing to be pre-

sent f..r the second'examinatién than were the younger subjects.
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Table 2

Age Distribution of All Subjects Who Were Examined, Those Who

Completed, and Those Who Did Not Complete The Study

Age group (years)

16~25 26-35 36-45 Mb6-55 56-65 65+ Total
All examined subjects
Number 55 28 22 10 126
Per cent 43,7 22.7 17.5 7.9 6.3 2.4 100.0
. Subjects who completed fhe study
Number 16 - 8 8 6 5 1 hiy
Per cent 36,4 18.2 18.2 13.6’ “11.4 2.3 100.0
Subjects who did not complete the study
Number 39 20 14 4 3 \ 2 82
Per cent b7.6 2.4 17,1 h,o 3.7 2.4  100.0
Per cent within each age group
Completed 29.1 28,6 36.4 60.0 62.5 33.3 3.9
70.9 71.4 63.6 40,0 37.5 6647

Not completed

6501 )
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3,2 Method of data analyses

The freqhency distributions of qualitative data, such as gin-
gival stippling, ginglval re&ness and/or swelling, gingival ul-
cerat;on, tendency to bleeding and presence or absence qf pus
within gingival or periodontal pocket, were highly skewed and‘
far from Gaussian (normal) distribution., Thus, regréssion ana-
lysis was not an appropriate method for the estimation of obser-
ver agreement in these parameters.

The inter-observer reproducibility or variation could be

simply expressed as the percentage of times the same Jjudgement

or estimate was made by two independent observers, Since there
were three observera in this study, the median of three observers'
eatimates on each parameter in the same subject was takeﬁ ag the
reference estimate for further compariscns, To describe the in-
ter-observer variation, observer's scores were plottéﬁ against
reference scores in a two-way distribution dlagram as shown in
Figure 3, such that the number and proportion of complete agree-
ments and of various degrees of discrepancy could be estimated.
The assessment of inter-observer variationrin the qualita-

tive data was made by convertion to a quantitative analysis in

terms of the average amount of information transmitted (AIT):

The theory and technique of AIT analysis was developed for use
in communication (90,387) but has been previously applied as an
inverse measure of observer error (237) i.e., the greater the
information transmitted, tﬁe lower the observer error(variation).

AIT also has the merit of taking into account both sensitivity

: ‘I’ and consistency. Its calculation is based on the same twg-way
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Fig. 3 A Two-way Distribution Diagram for Each Par

X Observer Estimate Against the Reference E

ameter Showing Agreement or Disagreement of
stimate
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Number of agreement or disagreement

Percent of agreement or disagreement =—mme—e——ace-
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frequency distribution diagram (Figure 3). It 1is analogous to

analysis of variance for quantitaetive data. Appendix II shows
the details involved in an AIT analysis. |
For quantitative data such as gingival recession, pocket R
depth and epithelial attachment level, the median of three ob-.
servers' measurements was agaln taken ag the reference measure.
Both deécriptive methods and AIT were employed to estimate the
obgerver variation. Observé; variation &as also estimated in
terms of the standard deviation of the distribution of variation

and was calculated by the equation:

Se = (Edz/ZN)l/z

where d was the difference between the replicate measurements,
(in this case, the observer's estimate and the reference estima-
te) and N was the number of replicate measurements performed
(417), |

The above methods for estimating inter-observer variation
for specifle parameters were also employed to assess the intra-
obgerver variation between first and second assessments., However,
instead of plotting each observer's estimates or measurements
ag;inet the reference ones, results frgm second assessment were
plotted against the first ones for the same observer.

Again, an AIT analysis was employed to test -the strength

of association between selected pairs of parameters.




Chapter 4

RESULTS

.1 Prevalence of each perlodontal disease parameter

b,1.1 Prevalence of gingival stippling

The prevalence of gingival stippling in 126 subjects who re- B
ceived the initial examination is shownxin Table 3. Baged on

the medién of tbree,observers' findings,’gingival stippling

appeared on the whole area of attached gingiva in only 5 (4%)

of the subjects. The stippling was observed on a part of the
attached gingiva in one-third of the subjects. WNearly two thirds
(62.?%) of all subjects presented mno gingival stippling. As

shown in Table 3) gingival stippling Jjudgement varied greatly

from .one observer to another. Whereas examiners B and C obsgser.

ved stippling in 53 and 55 subjects respectively, the presénce

of this parameter was reported in only 41 subjects by obssrver
A. Gingival stippling, when present, existed mainly on the sub-
papiélary area and only 1ln some cases was it observable through-
out;&he attached gingiva, -
Comparing prevalence data of the 44 completed subjects .
wi}ih all those initially examined (Table 3), it is evident that
the former group was fairly representative of the latter in that
gingiva of;ggarly two—thiﬁ&s of the suqucts did not have obser«
vable stippling., Despite the fact that observers B and C inde-
pendently detected in some cases, the appearance of stippling
throughout the attached gingiva, in no cese was such phenomenon

agreqd upon.by both observers.
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Table 3 .
Prevalence of Gingival Stippling’ as Estimated by Three Observers

Observers

M u

Severity # A - B_ C Median

M) R
number % number % number % number %
’ /

In all 126 subjects

. 1 0.8 9 7.1 15 "11.9 5  b,0
+ bo, 31.7 W% 3.9 b0 31.7 42 33.3
- 85 67.5 73 57.9 71  56.3 79 62.7

In 44 completed subjects

-+ 0 0.0 2 .5 5 1.4 0 0.0
s W 1.8 20 M55 12 27.3 17 38.6
- 30 68.2 22 50,0 27 6l.4 27 61

® 4+: Present on whole area of the attached gingiva
+: Present on part of th; attached gingiva
-: Completely absent

[ —
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4.,1.2 Prevalentce of gingival redness and/or swelling

About one- third of all subjects who underwent the initial exa-

mination show d no gingival redness and/or swelling (Table 4),

Based on median data of three observers' estimates, redness and/
or sw iling appeared on either part or whole marginal gingiva
in 60% of all subjects. There were only 9 (?7.1%) subjects in
whom both the marginal and the attached ginglva showed redness
and/or swelling, ) ‘ /
, In comparison to observer A and B, observer C tended to
éeport higheﬁ"éeverity for this parameter. I§ is noteworthy
that-in this study, not a single subject demontrated gingival
swellfng without concomltant redness of the-tissue.

‘The'initial prevalence of ginglival redness and/or swelling
in Uh subjects who completed the study is 2lso shown in Table I,
Based on median‘@atg of the three observers' estimates, it appe-
ars that those whoucompleted the study héd a slightly lower pre-
valence of the parameter. As before, the three observers differed

conslistantly in their ability to estimate the extension of fgdness

and/or swelling.

4.1.3 Prevalence of gingival bleeding

As mentioned in the section of Materials and Methods, prevalence
and severity of giqgival bleeding was examined after three degrees
of -gingival atimulation; namely, mouth rinse, compressed air into
the gingival sulcus or pocket, or mechanical pressure on the gin-
gival maﬁgin. It was unfortunate that in some cases, the para-
meter following each stimulation was not examined at the same

time by all observers. Consequently, when bleeding did occué,

{
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Table 4

Prevalence of Gingival Redness and/or Swelling as Egtimated

A ' by Three Observers

Observers

Severity # A B C Median

number % number % number % number ¢

In all 126 s&hjects

0 W5 35.7 43 3.1 M4 3h.9 b2 33.3
1 53 Bb2,1 61 484 k2 33,3 56 b
2 21 16.7 17 13.5 16 12.7 19 15.1
3 7 5.6 5 40 24 19,0 9 7.1
In 44 completed subjects
0 17 38,6 19 k3.2 17 38.6 - 18 40.9
1 18 40.9 19 - 43.2 13 29.5 17 38.6 |
2 7 15.9° 5 114 5  1l.b4 6 13.6
3 2. 45 1 23 9 20.5 3 6.8

# 0: Absence of redness or swelling on the gingiva
*1l: Presence of redness and/or swelling on some part of
marginal gingiva |
Presence of gedness and/or swelling on whole area of
marginal gingiva .
Redness and/or swelliné extends to the attached gingiva
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'I" j\\L/ the observer who did the last examination tended to report its
. appearance at a ﬁore severe stage. Table 5 btings out the re-
sult of this dilemma. In comparison to observer A and B, 6b~
s;rver C recorded more severe gingival bleeding when 1t was pre-
sent, Based on the same dgta, less than 10% of this study sub-
jects had glingival bleeding which appeared mainly following\ﬂe«
chanical pressure from & blunt hand instrument. Prevalence éhd
severity data again showed that 44 subjectg who completed the
project were reasonably representative of those that began the

study (Table 5).

4,1.4 Prevalence of gingival ulceration

Duri%g the stﬁ@g period, no” subject demonstrated sm ulcerated
gingival surface detectable to the hﬁkeﬁueye, However; ulcera~ |,
tion méy have been present on the lateral walls of gingivai or
periodéntal pockets since this couid pot be verified by 8 visual

examnination,

A

L,1.5 Prevalence of pus within gingival'éf‘periodontal pockets

The presence or abserice df Pus was ‘examined after the gingival
margin had been subjected to a pressure from a blunﬁ hand ins-
frument, The median data of the three observers' estimates in-
dicéfga/khat in only 5 (4.0%) of 126 subjects was pus observable
(Table 6). | |

Table 6 also shows that the prevalence of gingival or pe-
riodontal pocket'pug in the 4% subjects who‘completed the study
was quite similar to that in all 126 subjects.

/

T




~35a-

Table 5
h.Prevalence of Gingival Bleeding as Estimated by Three Observers

Observers

A/

Severity A B . c Median
L .

}
number (% numbeR %  number % number %

In all 126 subjects

0 114 90.5 11k 90,5 115 9.3 116 92.1
1 9 7.1 10 7.9 6 h.8 7 5.6
2 2° 1.6 1 0.8 3 2.4 2 1.6
3 1 0.8 1 0.8 2 1.6 1 0.8

In bi completed subjécts

q ,
0 (’ M1 93.2 38 -86.4 k& 955 4O 90.9
1 2 5 4 9,1 0 0.0 2 4.5
2 1 23 1 23 1 2.3 1 2.3
3 1 2.3

0 0.0 1 2.3 1 2.3

* 0 Absegge of gingival bleeding even under mechanical pressure
1: The gingiva starts to bleed following an application of
,mechénical pressure |
2: The gingiva starts to bleed followingtan application of
compressed alr |

3: Presence of gingival bleeding following mouth rinsing
\\
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Table 6
. Prevalence of Ginglival or Periodontal Pocket Pus as Judged by

Three Observers ‘

Observers

Pocket pus wA“”"‘N ‘ B c Median

number % number % number % number, %

In all 126 subjects

Absent 120 95,2 117 92.9 124 98:14' 121 96.0
Present 6 4.8 9 7.l 2 - 1.6 5 4,0

In 44 completed subjects

Absent 41 93.2 41 93.2 . 43 97.7 b2 95,5
" Present 3 6.8 3 6.8 1 2.3 2 k.5
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4,1.6 Prevalence of gingival recession

Gingival recession, here defin:ad&as the distance from cemento-
ename) junction to gingival margin, was expreésed as positive
when the gingival marginwas axl:ical to C-E 3unction and as ne-
gative wheﬁ the margin was on coronal portion. Table 7 shows
the preval/e_nce of gingiygl recession in the 126 subjects who re-
celved the initial examination. The median data of three obser-
vers" estimates indicate that in M‘ 'sub:‘)ects (35%), the gingival
margin was located on the crown, and in 33 cases (26.2%), the
gingival margin was at the level of C-E Junc?ion,‘ In the re-
maining 49 subjects (38.9%)," the C-E Junction was completely ex-
pose}i, There was one subject ;Jheseggingiva' had recededsnearly
7 mm apical to the C-E junction, In an additional six persons
the root was exposed for between 4.0 and 6.5 mm. |

Tllxere seemed to be a considerable variejt;’n.on among the three
examiners in identifying the C-E junction. Whereas examiner C
reported 71 subjects whose gingiva was on the _.cerown and 11 sub-
jects whose gingival margin was on the C-E junctior‘l; these "two
sltuations were recordeav":*by obgerver A in 31 and 46 cases and
by observer B in 41 and 35 subjects respectively. The totai
number of subjects presenting with either of these two situations
appeared \}ery similar, being recorded as 77, 76, and 82 by ob-
serverlA, B and C respectively. '

Comparedlto the data from all initially examined subjects,
the data from the group who completed the study indicated a grea-

ter amount of gingival recesslon (Table 7). Variation among ob-

~

1

13
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Table 7 -

" Prevalence of" Gingivgl Recession as Measured by Three Observers
A1l 126 subjects bly completed subjects
. By observers By observers
| Gingival . < e
recess, A B C Median A B c Median
, mm. no. no. no. no. % no. no. no. n0. _Lj( )
) -3.5 0 0 1 0 0.0 0 0 0 0 0.0
~2.0 1 1 5 2 1.6 0 1 2 1 2.3
~1.5 1 2 7T 2 1.6 00 1 0 0.0
~10 13 14 37 16 12.7 3 & 8. 5 11.4
— ~0.5 16 24 22 24 19.0 1 5 6 3 6.8
0 46 35 11 33 26.1 13 8 6 .9 20.5
+0.5 1411 12 13 10.3 6 4 1k 92
4.0 6 11 9 8 6.3 5 7 7 7 15.9
+1.5 6 7 5 8 6.3 4 f 3 3 4 9a
+2.0 11 8 7 7 5.6 5 5 2 & 941
+2.5 1 0 1 1 0.8 0 0 1 0 0.0
+3.0 5 & 3 5 4,0 r 101 1 2.3
+3.5 o o 1 o b.0 0 0 1 0 0.0
+4,0 2 5 0 2 1, 1 2 0 1 2.3
s 1 0 1.1 08FJ1 0 1 1 23
+5.0 2 3 3 3 2.4 2 3 3 3 6.8
o | +6.0 0 0 1 o0 0.0 © 0 1 0 0.0
+7.0 2 1 0 1 0.8 2 1 0 1 2.3
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servers in identifying the C-E junction was quite apparent when
agsegsment on the 44 subjects was considered alone. Whereas 65_
server A, B and C respgctively reported 17, 18 and 23 subjgdég
with gingival margin 1 atéd either on or coronal to the ¢~E
Junction, the total numbeir~of subjects whose tooth roots were
equged for 0.5 mﬁ or less (including not exposed) was 23, 22
and éh respectively for observer A, B and C. It appears that
the variation among observers in locating the C-E junction was

about 4+0.5 mm,

4,1.7 Prevalence of gingival or periodontal pocket depth

The gingival or periodontal pocket was measured from the gin-
gival margin to the level of the epithelial attachment or to

the pocket bottom, disregarding the level of gingival margin

on the footh surface. The median data of three observers' mea-
surements showed that in 53 of the 126 subjects (42%) who re-
ceived the initlal examination, sulcus or pocket depth was 1 mm
or less (Table 8). Only in 11 subjects (8.7%) of~those eiﬁmined,
were pockets deeper than 2 mm of which one subject had pockets

of 4 mm in depth.

In comparison to all persons examined, theuhu subjects who
complefed the study had slightly deeper pockets (Table 8). Po-
ckets deeper than 2 mm were diagnosed in 8 (18%)rof these sub-
jects. i

As expected, there was some observer variation in the pre-
valence.data. In general, observer C tended to obtain higher

readings in measuring pockets of 2 mm or more than did observers

A and B,
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‘ Table 8
. ' Prevalence of Gingival or Perlodontal Pocket as Measured by

Three Observers

A1l 126 subjects bl completed subj/ects
By observers By observers

Pocket S~
depth A B C Median A B C Median
mm., no. no. nNo., no. L no. no. no. no. 3 ,
0.0 2 2 1 2 1.6 L1111 2.3
0.5 15 18 9 15 11.9 5 6 1 5 11.b4
1.0 k1 33 49 36 28,5 15 11 18 11 25.0
1.5 3% 34 27 37 29.b4 11 10 10 14 31.8
2.0 21 26 21 25 19.8 b7 6 5 11.b
2.5 6 6 9 6 4,8 L 5 3 5 11.b4
3.0 6 6 8 L 3.2 3 3 4 2 bL.s
3.5 0 0 1 0 0.0 o 0 0 0 0.0
4.0 0 0o 1 0 0.0 0 0 1 0 0.0
4,5 1 ¢ O 1 0.8 1 0 0 1 2.3
5.0 0 1 0 0 0.0 0 1 0 0. 0.0
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.' 4,1.8 Prevalence of the epithelial attachment level

The qpithélial attachment level measures the distance from the
C~-E junction to either the epithelial attachment or the ﬁerlo«
dontal pocket bottom. The prevalence data are presented in Ta~
ble 9 for 126 subjects who received the initial examinationﬂand
for the W4 subjects who completed the study. Summarized prgia—
lence data are also shown in Table 10.

When the C-E Jjunction is covered ﬁy the epithelium, it
should be impossible to measure theqepithelial attachment level,
and in principle, a zero value should be recorded. In a few ca-
ses, however, the attached level was clearly located on the co-
ronal ﬁortion of the tooth and therefore a value of -0.5 mm.was
assigned for detachment. Median data of the three observers!
measurements (see summary table 10) showed that while only one-
eighth of the subjects had no measuraﬁle eplthelial detachment,
less than one-elghth of all subjects had an epithellal detach-
ment of greater than 3,é§@m. All 5 of the 126 persons with
greatest detachment (greater than 6.0 mm) had comple%gd the stu-
dy. ) 1

Also shown in Table 10 is the great variation among obser-.
vers in deciding whether epithelial attachmeﬁg 1@%@1 ﬁaa on or
apical to the C-E junction. In contrast to observer A and B,

- observer C consiqﬁgntly recorded more subjects without a detec~
table qpithelial detachment., Observer A wag inclined to find

detached eplithelium on cementum.
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) ‘ Table 9

. ' Prevalence of Epithelial Attachment Level as Measured by
Three Observers
All 126 subjects ki completed subjects
o By observers By observers
.Epithel. .
attach. A B C Median A B C Median
) mm. no. no. no. no. no. no. no. no. %

~0.5 3 L 2 1 0.8 0 2 0 0 0.0

0 5 11 44 16 12.7 S 3 11 5 11.4

+0.5 27 16 11 24 19.0 8.5 3 6 13.6

+1.0 23 26 10 19 15.1 7 4 4 4 9.

+1.5 15 13 /11 15 11.9 2 3 2 3 6.8

+2,0 16 18 15 16 12.7 6 7 5 6 13.6
+2.5 6 9 8 Ly 3.2 2 4 5 2 b4.5

+3.0 7 8 8 11 8.7 5 6 3 9 20.5

+3.5 8 5 3 L 3.2 L 0 2 0 0.0
+4.,0 3 1 3 3 2.4 2 1 2 -1 2.3

.5 3 04 1 3 2.4 1 2 0 2 45

+5.0 2 2 5 2 1.6 0 1 2 0 0.0
+5.5 1l 3 0 2 1.6 0 1 0 1 2.3

+6.0 1l 0 1 1 0.8 0 0 1 0 0.0

+6.5 2 .1 0 1 0.8 ) 1l 0 1 2.3

+7.0 1l 1 1 1 0.8 1 0 1 1l 2.3

+7.5 0 1 0O o0 0.0 0 1 0 0 0.0

+8.0 0 1 2 1 0.8 0 1 2 1 2.3

+9,0 0 0 1 0 0.0 0 0 1l 0 0.0
+9.5 2 0 0 1’ 0.8 2 0 0 1 2.3
+10.0 1 2 .0 1 0.8 1l 2 0 1l 2.3
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Table 10
Epithelial Attachment Level as Measured by Three Observers:

Summarized Data

Obsgervers

Epithel.

attach, A B ‘, C Median

(mm, ) Qumber 4 number % number ¢ numbér % .

, In all 126 subjects
0 8 6.4 15 12,0 46 36.5 17 13.5

0.5-3.0 oh 74,6 90 71.3 63 49.8 89 70,6
3.5-6,0 18 14,3 15 12,0 13 10. 4 J 15 * 12,0

6.5+ 6 4.8 6 4.8 b 3,2 5 4,0

SN
In 44 completed subjects
"0 1 2.3 5 11.4 11 25.0 5 11.4
. 0.5-3,0 30 68,2 29 65.9 22 \50.0 30 68.1 (

3.5-6.0 7 15.9 5. 11.4 7 15.9 b 9.1 '

6.5+ .6 13.6 5 11.4 b 9.1 5 11.4

T
i
b

< P
4
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L,,1.9 Summary of prevalence data

To summérize, the buccal periodontal tissue of the upper first
or second molars in this study population showed the following
characteristics: most attached gingiva did not have a stippled
appearance and when present, it was located on the subpapillary
areas; one-third of the subjlects showed no gingival vedness or
swelling and in nearly two-thirds of the cases, part or all of
the marginal gingiva gas red in colqur; such & colour change
usually did not extend to the attached gingliva; there was no
observable gingival ulceration and in only 4% of the cases was
pocket pus observable; in more than nine;tenths of the subjécps,
gingival bleeding could not be induéed witﬂ a mechanical pres-
sure; the gingival margin wasg locatéd on the coronal portion of
the teeth in more than one-~third of the subjects and on the C.E
Junction in an additional one~quarter of the subjects; in less
than one-tenth of the subjects were the gingival or periodontal
pockets deeper than 2 mm; and when ﬁﬁe epithelial detachment was
taken as an asgémate of def}nitiVe destiruction of periodontal
tissue, one-eighth of the subjects showed no sign of epithelial
detachment while in an additional 70% of{the subjects was the
detachment no more than 3 mm apically to the C~E Jjunction.

It would appear that the study group had some degree of
gingival inflammation without grossly observable bleeding, ul-
ceratlon or pocket pus. The majority of the subjectsidemonstra-
ted incipient destruction of the periodontal ligament as mani-
fested by aplcal kigration of the epithelial attachment, but
only in & few cases did sucqwdestruction start to affect the mas-
ticatopy function.
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‘ . 4.2 Inter-observer variation of rarameter estimate or measure-

ment . |

The inter-observer variation for all parameters couid be presen-
ted in two ways: one, by displaying a frequency dist;ibutién of
the deviation of each observer estimate or measurement from the
reference estimate or measurement which was the median of three
observer estimates; and second, employing the statistics of the
average amount of information transmitt:?/as an inverse measure
of observer error or variation. The statistic of measurement

error or variation was also used to esﬂémate 1nter«;bserver Vo~
riation for gingival recession, pbcket depth agd eplthelial at-

tachment level due to their parametric ﬁature,
/

/
4,2.1 Inter-observer variation of gingival stippling estimate

Inter-obser#er varlation fop the/gingival stippling estimate in
126 subjects is shown in Fig, k., Complete égreement of each ob-
server's estimate with the referencg estimate wvas 87% for obser-
ver A and g and 75% for observe% C.k Ip genersl, observer A tend-
ed to underestimate the gingival stippling, whereas observer C
reported greater prevalence and amount of stippling. Siﬁilar
inter-observer variation was observed in initisl and final gin-
gival stippling assessment on the 44 subjects who completed the
study. { ' '

The crude impression of inter-observer variation was sub-
staﬁtiatéd by the average amount of information transmitted (¢
AIT), Table 11. _The AIT based on the data from 126 subjects

. was 0.48, 0.67 and 0.43 for observer A, B and C respectively,
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Fig. 4 1Inter-observer variation of gingival stippling estimate in 126

9

subjects
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Table 11
Inter;observer Variation in Each Periodontal Parameter Estimate

!

Average amount of information
transmitted (binary digits)

PRy

According to study subjects of:
Parametefé‘ Observers All 126 Initial 44 Final 44

amount Z%  amount I amount .4

0.48 42.3 0,46 b7,5 0,43 47,2
0.67 59,0 0.3 Ak 4 0,54 59,0
0.43 37.9 0.3 MU, 9 0.53 58.0

1.15 66,5 1,15  67.1 0.98 61,3
0.95 54,9 0,98 51.9 1.38 86,1
0.7 41,0 0.75 B13.8 0,71, hb,2

0.4 89,8 0.42 73.7 0.36 84,9
0.40 81.6 0.48 84,2 0.%2 100.0
0,17 34.7 0,31 54.2 0,16 37.3

0,21 87.5 0.20 76.1  0.16 100.0
0.17 70.8 0,20 -76.1 0.I1 71.0°
0.00 0,0 0.00 0.0 0.00 0.0

2,21 69.7 2,31 69.2 2.65 79.6
2,35 74,1 2.82 84,6 2.75 82.h4
1.71 53.9 2.45 73,4 2.0 72,0

1.64  68.9 1.86 73.0 1.36 60,1
1.61  67.6 2,04  80.3 1.52  67.4
0.90 37.8 0.99 38.8 1,05 46.4

2,50 72,5 271 78.2  2.81 79.4
2.4% 70,7 2,92 844 2,58 73.1
1.75 50,7  2.45 70.8  2.51 7.1

Ging. stippl.
Ging., redness
.Ginge bleed.
Pocket pué
Ging. recess,
chket depth

Epith. attach.

oOw> QU o> QP> oo oo P ag >

# Percent of information transmitted out of actual maximum
information
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indicating that phe variation wag least for observer B and great.
est for observer C, These values were less than one-half of the
actval mgkimum Ainformation avallable. Same table also shows

that there was a slight improvement in inter-observer agreement
from the initial to the final gingiva£ stippling estimate for
the 44 subiects who completed the 'study.

h,2.,2 Inter-observer variation in gingival redness and/or swell-

ing estimate

Baéed on data from all 126 subjeéts (Fig. 5), complete agree-
meni of observer estimates with reference estimates was quite
good. for observer A (88,1%) and B (8%.1%4) ., The same applied to
observer C only in 66,74 of the cases. The figure also showed °
that whilec observer A and B tended to underestimate the preva-
1ence,and severity of the parameter,. observer C frequent.y over-
estimated it. In some cases, gingival redness and{orlsuelling
was scoreq by observer A and B as 1 while 1t Wwas scored as B:by
obéerver C., Data from 4% subjects who completed the study élso
" showed similar inter-observer variation im the parameter estima-
tes, 'During the final examination of the 44 subjects, overesti-
mation occurred only once in the case of observer A and B, and
12 times in the case of observer C.

The average amount of information transmitted in the gin-
gival redness and/or swelling  estimates on 126 chses were 1.15,
0.95 aqd 0.7)1 for observer A, B and?C nespecﬂiva](yt supporting
the notion that observer A had the least and C the greatest va-

riation from reference estimates as shown in Flgure 5. A simi-

lar vayiation.among‘three observer iniiial estimates on the 4l



~4la-

ing

1 redness and/or swell

ingiva

4

rig.

5 Inter-obsexver variation of g

i

jects

126 sub

mn

estimate

~100

-~ 90

- 80

ued 13g

Q
n
i

~ 40

—

b 60

120

110~

100

20

80—

& o

P~ =

b
=
wn

s3osf{qns jo Isqumpy

40~

30~

20

10+

[

te

.

S

iaty

Deyv

ma

i‘

;

n of each observer estimate from reference edt

)

¥

o

4



N

=ho_
/

subjects was observed. At the final assessment, observer B was
in best agreement with reference estimates as indicated by the

greatest AIT value (1.38) see Table 11.

h,2.3 Inter-observer variation in gingival bleeding estimates

Inter-observer variation of the ginglval bleeding estimates is

_ shown in Fig..6 for the all 126 cases. In particular, observer

estimates completely agreed with reference estimates in more
than 90% of the cases. REstimates by observer A and B agreed
with each other more freqﬁéntlj‘ihéh”w1th observer C. Similar
inter-observer variation of this parameter estimate in initial
and Tinal assessments for 44 completed subjects was found.
Despite the pelatlively good agreement in three observer
estimates based on deviation frequency distribution, there is
great variation among them in the amount of inférmation trans-
mitted (Table 11). BEstimates by obsérver A and B transmitted
73% or more of the information from the reference estimates,

whereas it was 544 or less for observer (C's estimates.,

4.2, Inter-observer varlation in judging the presence or ab-

sence of pus within ginglval or periodontal pockets

JARRECTEN

The f;éqgené& distributlion for the dgviation ol each observer
estimate from the reference estimate in pocket pus assessﬁéxt

is presented in Fig. (7 for all 126 subjects,’ In more than 9¢%
of the cases, estimates made by observer A and B agreed comple-
tely with the reference lestimate while observer C achiéved agree-
ment in 93% or more qf the cases. This was mainly because ob-

o N ’
server A and B tended tp:agree with each other on the presence
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of pus more frequently than did observer C. During final asse-
ssment of this pax;iameter on Lit subjeqts, only in one case did
observer B and C differ from the reference while observer A co-
incided completely with the reference estimate.

In comparison with the gingival bleeding estimate, the po-
cket pus estimate had much less maximum information available
which was 0.26 or even less. The observer A and B's estimates
transmitted 704 or more infoﬁnation f'ivom the reference estimates.
Despite the fact that over _90% of the observer C's eétlmates were
in complete agreement with the reference estimates, the former

transmitted no information at all from the latter (see Table 11).

) .
4,2.5 Inter-observer variation in gingival recession measurement

The frequency distribution of each observer measurement devia-

- tions from the reference estimate of gingival recession are shown

in Fig. 8 for all 126 cases. When deviation from reference mea-
sufements was considered, nearly 80% of observer A and B's mea-
surem;nt were in complete agreement with éhe reference mea\sfre-
ment whereas only 38% of observer C's measurements agreed with
the reference. An additional 52% of cases were undermessured
by observer C by either 0.5 or 1.0 mm. Such a systematic mea-
surement difference between observer C and observers A and B
persisted at the final assessment for the 44 remaining :ubjects.
Measurement error (variation for the three obsérvers ranged from
0.2 to 0.5 mm, the smallest be;onging to observer B.and the lar-
gest to observer C (Table 12).

In comparison with the four preceeding parameters, the _a)ctf-

{
ual maximum information for this parameter was much greater,

@
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Fig. 8 Inter-observer variation of gingival recession measurement
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Table 12

"’ The Measurement Error ( Variation ) as an Estimate of Inter- and

Intra-observer Variation in Measuring The Gingival Recession

Level, Pocket Depth and Epithelial Attachment Level

L

Measurement error (mm.)

Inter-observer Intra-observer
All Initial Final bl

- 126 Iyly Ly completed
Parameters Observers cases - cases cages - cases
U Ging. recess, A " 0.29 0.42 0.21 0.52
B 0.22 0.21 0.21 0.25
C 0.47 0.42 0.54 0.47
Pocket pus A 0,19 0.2 0.25 0.38
B 0.16 0.15 0.23 0.34
c 0.33 0.35 0,27 0.46
Eplth. attach. A' 9.29 0.39 0.39 ’ 0.73
B 0.28 0.28 0.35 0.46
©0.49 0.49  0.49 0.55

Y
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an& the average amount of information transmitted in each ob-
server measurement increases'considerably (Table 11). Conse-
quently, despite a fair amount of deviation in each observer's
measurement from the reference, the information transmitted was
well over 56% of thea\actual maximum 1ﬂformation available, and

in most cases it was 70% or greater,

h,2.6 Inter-observer variation in gingival or periodontal poc-

ket depth measurement

During the initial popket depth measurement in the 126 subjects,
observer A and B respectively achleved 83.3 and 81.0% agreement
with the reference meaéurement while observer C achleved agree-
ment in only 57.9% of the cases (see Fig 9). In situations where
observer measuremerts differed from the reference measurement
by less than +0.5 mm, these cases were pooled together with ca-
ses of complefe agreement. Thig resulted in 97.6%, 99.2% and
90.5% agreement for observer A, B and C respecgivelyo The mea-
surement er}or(variation)was least (0.16 mm) for observer B and
greatest (0,33 mm) for observer C (Table 12). |
When the M subjects who completed the study were consi-
dered, data from initlal assessment showed inter-observer varia-
tion similar to that outlined above. At the final asséssment,
the degree of inter-observer variation among the three observers
was quite similar. Measufgment erroy(variation)for observer A,
B and C was 0.25, 0.23 aﬁd 0.27 respectively, (see Table 12).
The actuallmaximum information of this parameter was much
less than that of gingival recession estimate. Observer A and

B's measurements transmitted over 60% of actual maximum informa-
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tion available, whereas AIT for observer C was less than 40% of
all available information during initial asgssessment (see Table
11). Despite a relatively equal degree of deviation for each
observer measurement from reference measurement at the final
assessment on 44 remaining subjects,'the information trénsmitted

wag still muqh less for observer C than by observer A and B.

4.2;7 Inter-observer variation in epithelisl attachment level

measurement

Since the epithelial attachment level was obtained by summing
of the gingivai recession level and the pocket depth, inter-
Aobserver variation in the epithelial attachment level measure-
ment is a funaﬁion of the variastion in the two component para.
meters. The frequency distribution of observer measurement de-~
viations from the reference estimate are presented in Fig. 10
for all subjects., The figure indicated that while observer C
markedly underestimated the epithelial attachment level, obser-
ver B and particularly observer A, overestimated it. About 90%
of the 126 cases were measured as being in the variation range
of 0 to 1.0 mm by observer A and B and within -~1.0 to 0.5 mm by
observer C. The measurement error (variation) was 0.29,30.28
and 0.49 mm respectively for observer A, B and C (Table 12).
Such systematic inter-observer variation persisted throughout..
fhg study.

| As an inverse measure of inter-observer vari&tipn,,AIT
supported the general impression regarding the inter-observer
vafigtion derived fro?/the data of the deviation frequency dis-
tibution and measureﬁent error (variation). - However, it was

interesting to discover that in the final assessment of 44 sub-
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Jects, although observer C markedly underestimated the para-
meter whereas observer A and .B only slightly overestimated it,

there was only a slight difference in AIT values for the three

observers, T /

4,2.8 Summary of the inter-observer variation in parameter

estimate or measurement o

The nature of the inter-observer variation for each parameter
assessed suggests that there were three major groups of para-
moters each with rather distinct characteristics with regard to
the infer»observer variation in the estimates. 1In the first
group, gingival stidppling and gingivdl redness, complete agree;
ment of each observer's estimate with reference estimate was
greater than 80% for observer A and B and sabout 70% for obser-
ver C. The averagé amount of information transmitted was mo-
deratenm about 0.5 for gingival stippling and 1.0 for gingival
redness, Respectively, this accounted for nearly 50% and 60%
of the actual maxim?m information 1n each parameter. 1

Iin the second}group were gingival bleeding and pocket pus.
Since oniy a few caées demonstrated positive signs, more than

!

904 of the observer! estimates were in agreement with reference

estimates, In the %ases where gingival bleeding or pocket pus

AN

_existed, estimates %mong the three observers varied considerabiy,

especially obsgryerTC aggainst observers A and B. Whereas obser-
ver A and B's estimates sometimes transmitted nearly 100% of . |
acfu&l maximum information, observer C's estimate transmitted

practically no informaticn despite the fact that there was over

90% agreement among the three observers. .
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The last group contained gingival recession level, pocket
depth and epithelial attachméht level. Both the amount of in-
formation transmitted and the percentage of actu%l maximum in-
formation rose considerably. The inter-observer variation was
significantly reduced. In many cases in which observer A and
B recorded 0 mm of gingival recession, observer C measured 0.5
?o 1.0 mm less gingival recession. 1In comparison to observers
A and B, observer C slightly. overmeasured the ;ocket depth.
Consequently, for ’tl}e parameter of epithelial attachment level,
observer A and B glightly overmeasured (0.5 to 1.0 mm) and ob-

undermeasured 1t (-0.5 to ~1,0.mm). The

server C moderatiﬁ,
measurement error/or varlation in epithelial attachment level
wa.s approximgtely 0.4 mm, 0.3 mm and 0.5 mm for observer A, B

and ( respectively.

o

4,3 Intra-observer variation,o% each paremeter estimate or

measurement

Although each subject was asked té return for a re-assessment
on the 7th day following the initlal examination, the interval
between two assessments varled greatly from one subject to ano-
ther. Of the 44 persons who completed the study and were con-
sequently available for intra-observer variation assessﬁent,
only 18/ieturned on the 7th day. An additional 9 persons ocame
back bééween the 4th and the 6th day, whiié 12 and 4 subjects
returqgng during the second and third week rgapectivelyo One
person came on the 27th day after inltial asséssment. It is
reasonable to assume that some, "however sligﬁt,/changes in pa-

7

v y;jv
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rameber severity may have occéurred between the two examin&tionsp

especially those Involving gingival tissue only. Therefore, the
!

?fulmaf@ of Intra-observer variation in f£his sbudv actually 1nn

cludes, in addition to veal in?ramobservar vaviation 3o0me Pog-

siblg‘severity changes taking place between the two assessments.

4,31 Intramobserver variation in ginglval stippling estimate

The Trequency distribution of the deviations between the first
and. the second gingilwval stippling estimataa 1s/shown in Fig. 11.
In 33 or more cases, each observer made the same estimate for
the Tirst and,seéond scoring., Duriné the second assessmentg

all observers estimated 1ower\scores than they did initially.
Based on the d@viaﬁiom distribution, observer A seemad to achie- '

ve the best scoring reproducibility. VWhen the statistice of the

average amgunt‘of information ére consldered, data from observer
A actuelly transmitted the 1lefst ‘amount -of informationsbtherem
foreg 1nd308t1ng thes greatest within observer variation (see Ta-
’ble 13). Data {rom observer B snd C are quite comparabie for
both deviation-distribution and average amount of infoﬂm&tion
transmitted (AIT).

P o,
Comparing AIT{ for inter- and intra-observer variation (
! ,

Table 11 and 13), the data indicate that botH observer B and C
are given to similar inter and intra-observer variation in éin;
gival stippling estimate., Observer A, however, achleved better

 agreement with observers B and C than he did with himself.

433.2 Intra~obser§er variation in gingival redness and/or

. swelling estimate B
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// Table 13

Intra-observer Variation of Each Parameter Assessment in 44

Subjects Who Remained in The Study

Average amount of information
transmitted (binary digits)

Observers

Parameters C o A B \ c
Ging. stippling amount 0,23 C0.hb 0.h2
percent 25,6 36,1 32.3
Ging. redness amount % 0.75 0,87 0.82
percent b 6 56.9 k3.7
Ging, bleeding . . amount 0,10 0.27 0.16
N percent 23.8 36,2 51.6
Pocket pus amount 0.02 0.20 0,00
pe}cent 5.6 5630 0.0
Glng. recession =  amount 3..65 24044 2,15

) . '\5‘ 5
percent 53.2 73,7 62,3
Pocket depth amount 0.95 1.15  0.68
peréent 37.6 - k3.1 28.9
Epith. attachment amount 2,141 . 2.46 2,41
| ;
percent 61.6 - 66,9 /70,1
i@ » o

1‘:{‘ /
# Percent of information transmitted out of aéﬁgél maximum
information ‘ '
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The intra-observer variation'in gingival redness and/or“swelling |
estimates by each observer is presented in Fig. 12, Observers
A, B and C achieved complete reproducibility in 34 (77.3%), 36
(81.8%) and 31 {70.5%) of the 44 completing subjects. Practi-
cally all the intra-observer estimatd differences in the re~
maining subjects were the result of under or over-~scoring by

one unit,

The statistics of€$he average amount of informat;on tran-
smitted (A1T) were 0.75, 0.87 and 0.82 for obser{ey A, B and C
respectively {(see Table 13), indicating that intra-observer va-
riation was 1east‘for observer B and, greatest for observer A.
Comparing these data with the AIT in Table 11, it becomes clear
that while observers A and B agreed well with each other and to
a lesser extent with observer C, yet in terms of reproducibi}ity,
each observer achieved relatively the same degree of intra~ob-

server variation.

4.3,3 Intra-observer variation in gingival bleeding estimate

The reproducibility in gingival-blee&ing asgseisment wa?yaohie-

ved in 38 subjects (86.4%) by observers A and B and in 42 sub-

. jects (95.5%) by observer C (l?;ig;.\o 13) . Practically all the re-

maining subjects were over- or under-scored by one unit only in’

-

successive assessments.,

For the gingival bleeding estimaté, the average amount of

-

information transmitted was 0.10, 0,27 and 0.16 for ob%ervgrs

ﬁ, B and C respectively (Table 13). This indicates that the
» !
intra-observer variation was least for observer B ani greatest

o

for observer A.
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Intra-observer variation of gingival redness and/or swelling

estimate in 44 subjects who remained in the study

Fig. 12
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- Fig. 13 Intra-observer variation of gingival bleeding estimate in 44

N

subjects who remained in the study
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Comparing these results with those of inter-observer va-
“riation (Table 11), the data indicate that observer B agréed

well not only with observeré A and C, but also with himseifa N

observer A achieved better agreement with observer B and C than"aj

¢

he did with himself, and that observer C achieved better agree-~
ment with himself than he did witﬁ‘observers A and B,

bh,3.4 Intra-observer variation in judging the presence or a8bs-

ence of pus in gingival or periodontal pockets

Iﬁ successive assessments of the presence or absence of pus in
gingival or periodontal pockets, observers B and C recorded the
same estimates in 43 cases. Observer A obtained identical scorés
for 40 subjects (Fig. 1t).

Dgspite such good neproducibility, the average amount of .
informetion transmitted was only 0.02, C,20 and 0.00 for obser-
vers A, B and C respectively (Table 15). ”Thus, the application
of the statistic of AIT as an inverse measure of observer varia-
tion wag of limited use. This was true in the case of dbserver
A and particularly so for observer C,.

Based on 1n§er~6bserver variation (Fig, “7) and ﬁtra»qb~
serVerxvariationw(Figa‘14),‘?bserver C's estimates corresponded
pbofly to those of observer A and B. Observer A achieved least

reproducibility in successive assessments. .

4,3.5 Intrasobserver variation in gingival retession measurement

The frequency distribution of the'deviations in repeated assess-

ments of glngival recession is shown in Fig. 15. There wére 19

(43.2%), 28 (63.6%) and 14 (31.8%) éubjects for whom observers /
< , \ ¢
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Pig. 14 Intra-obsexver variation in_judging the presence or absence of pus in

gingival or periodontal pockets of 44 subjects who remained in the study
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_cases (50%) and 16 ceses (S6.4%) for observer A, B and Cr spec--_,

A, B and C respectively reproduced the same measurements., If
one congiders all deviatlions of #0.5 mm as being negligible,
then observers A, B and C achleved reproducibility for 32 sub-
jects (72.8%), 42 subjects (95.5%) and 3k aﬁbjects (77.3%) res-

pectively. The ma%gmum difference in repeat assessments was |

[¢]

+240 mm.

Measurement error (vgriation) provides a precise data for
T .
each observer's reproducibility in making the measurement, It

was 0.52, 0.25 and 0.47 mm for observer A, B and C respectively,

——

see Tablg 12. Thus, observer B was considerably morélgonsis—

tent in assessing gingival recesslon. ‘ 1
The averagexamount of information transmitted for observers,
A, B and C was 1.65, 2.4%4 and 2.15 respectively (Table 13).
These dats substantiate the conclusion dra#g from both deviation °
frequency distribution and measurement error.
Judging from both AIT and measurement error, there is some
indication that measurement variation within observers was grea-
ter than that between observers, see Table 11, 12.and 13. This

is particularly obviqy§ for observer A and less so for observers
%
' /

s

B and C,

4,3,6 Intra-observer variation in gingival or ﬁer}odéntal POC~ .

ket depth measﬁrement

The frequency distribution of ,thé varlation in repeated measure-

ments of ginglval or periodonfal pocket depth is shown in Fig.
16. Complete reproducibilifty occurred in 19 cases (43.2%)

tively, If deviation of /+0.5 mm were considered as being negli-
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1 or periodontal pocket depth
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£1blé, reproducibility was achieved in 37, 38 and 34 subjects

réspectively for the same %yrae observers, The maximum devia-
tion wag +1.5 mm. ,

The observer B achieved the lowest measurement error (Ooj%’ ¢
mm)fénd wag followed by observer A (0,38 mm) and G (60#6 ;nm)D
see Tablae 12, The statiatics ofhﬁlT wers 0,95, 1.15 and 0,68 . -
respectively for observers A, B and C (Table 13). Thus, all | (&ﬁ
data presented hitherto indicate that observer B was able to
achieve the best‘reproducibility in the mgasuregent of pocket

depth. |

Considering all observers together, intra-observer varis-

tion for this parameter is considerably greater than inter-ob-

server variation, see Table 11, 12 and 13.

h.3.7 Intra-observer var}ation in epithelial attachment level

measurensent

The frequency distribution of within observer variation in re-

peated agsessments of epithelial attachment level 1; presented

in Fig. 17. COﬁplete reproducibility in measurementsﬂwas achie-

ved for 13 (29.5%), 18 (40.9%) and 17 (38.6%) by obéeévers A,

B and C respectively. Adding the cases with a deviation equal “\J

to or less than +0.5 mm in repeated meahureménts, reproducibility
increasés to 2 (54.6%8), 34 (77.3%) and 35 (79.5¢) subjects res-
pectively. In more than 90% of the cases measured by observer

"B and C afid 80% by observer A, the differences batween repéated
measurements are 1 mm}or less. | |

'\ b The measurement errors by observers A, B and C were 0.7

mm, 0.46 mm and 0.55 mm respectively (Table 12). These values
o R ~
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The average amount of information transmitted {rom repes-
tcd epithelium attachment level measurements was 2.1, 2,46 and .
2.1 for observor A, B and C ﬁespaativaly (Table 13). The ato-

© tiatics of -both AIT and messurement error 1ndicat@ a better in-

«4“5

tra~obgerver agreement by observer B and C measurements than by

o

]

obgerver A,

5.3.8 Summary of intra-observer variation in parameter estiniate

or_measgurement

In obtaining suceessivegmeasurements of gingival stippling and
gingival redness, each observer achieved complete reproducibi-
14ty in 75% and 70% of the subjects assessed. The statistic of
| the average amount of informaticn transmitted auggests that wi- "
thin observer variation was greater for obsarver A than for ob-

/
gserver B and G,

. 'Because of the few égaes which demonstrated gingival blee-
ding or pus within the gingival or periodontal pocket, in over
90% of the cases the three observera achleved complete reprodu-
cibility in estimates or judgemants, The statistic of AIT 13
however, of 1ittle use in the case of the ging1v71 bleeding o8-
timate and of no use in the case qf pocket pus. Here, AIT feils
as an inverse measure of ;ntra-observer variation.

For repeated assessments of ginglival recession and pgcgét
depfh" inira-observer measurement differences of 0.5 mm or less,
were achieved by all observers in more than 70% and 77% of cases
raspectlvel » The measurement é/;or for ginglvay fecession as-

sessmant vgried from 0,25 mm for observer B, to 0.52 mm for oba§r~

e

-

el

N\

A
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ver A. The corresponding variation 1n pocket depth assessment
varied from 0.34 mm for observer B to 0.4% mm for observer C,
and in epithelial detachment from 0.46 mm for observer B to
0.73 mm for observer A.

" For all parameters, Soth the statistics of measurement
error and average information transmitted suggest that observer
B's estimates and measurements hag the least intra- and inter-
observer variation. Observer C'Bbestimates and measurements
had less intra-observer but greater inter-observer variation
than had observer A. It is also apparent that intra-observer
variation was greater than inter-observer vaLiation'for all pa-
rameters assessed.

\ o
4,4 ¥The association in each selectedApa{r of parameters

Since the periodontal index under discussion 1s a {ynction of
the component parameters, its construction is strongly depen-
dent on the interrelationship among parameters, Gingival red-
ness and each of the other parameters except‘glngival or perio-
dontal pocket pus were considered in pairs for preliminary tes-
ting of the parameters' interrelationship. In addition, tgftge-
lationship between the gingival recession level and pocket depth
was also studied. Both observer C and median initial estimates
or measurements were used for this purposs.

The average amount of information transmitted by each pa-
rameter pair is shown in Table 14. Of the 1.73 of actual maxi-
mum 1nformat§?n in the median gingival redness estimate, pnly Ny
0.29, 0.08, 0.55, 0.20 and 0.54 are associated with gingival
stippling, gingival bleeding, gingival recession, pocket depth

/



. | ) Table 14

* .-The Relationship Within Selected Pairs of Parameters: The AIT iy

Estimation Based On Original Severity Classification

Average amount of
information

transmitted %

/ Number of
* s'everity Source of data
) Parameter pair categories Median Observer C
Ging. stippl. vs ging. red. 3, 4 ) 0.29\ 0.40
Ging. bleed. vs ging. red. b, 4 0.08 0.09
’ Ging. recess., vs ging. red. 19, &4 0.45 0.58
~ Pocket depth ve gimg. red. 10, b 0.20 0.29
Epith. attach. ve gin. red. 20, 4 0.54 0.63
Pocket depth vs ging. recess. 10,19 0.59 0.78
* The a:tual maximum information in gingival redness estimate b

* 1s 1,73 and 1,89 respectively for median and obssrver C data,
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and epithelial detachment estimates respectively. Despite the

fact that these values are relatively small in proportion to the

total information for gingival redness, Chi.square tests revgaled
that except for gingival bleeding estimates, the two-way distri-
bution of gingival redness estimate with each of gingival stip-
pling, gingival recession, pocket‘depth and epithelial detach-
ment level was far from being a random distribution, Data
from observer C estimates showed slightly closer association
in each parameter pair than did those frpg the me@ian estimates
(Table 14), I

The average amount of information transmitted by each pa-
rameter with regard to gingival redness is to a great extent in-
fluenced by its number of severity categories -- for a constant
relationship, the more classifications a parameter has, the more
information it ,will transmit. This phenomenon is well demonst-
rated in Table 14. Except for gingival stippling, the amount
of AIT is propo;tionally associated with the number of severity
classifications in each parameter. It is, therefore, not total-
ly Jjustified to compare the AIT between p@i;; in order to deter-
mine the relative strength of the assooiat}on. For this reason,
measurements of gingival recession level, pocket depth and epi- |
thelial detachment level, which had greater than 4 severity ca- ‘
tegories, were each re-grouped into four groups according to se-
verity gradients (see footnote of Table 15). The cutting points
between groups were chosen so that the final frequency distri-
bution would not be highly skewed in one direction. 1In addition,
groupings were choFen to be compatible with the generalﬁﬁainical

/
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Table 15

The Relationship Within Selected Pairs of Parameters: The AIT
A
Estimation Based on An Equal Number of Severity Classification *

Average amount of *
information

transmitted #*#

Number of
severity Source of data
Parameter pair categories Median Observer C

Ging. stippl. vs ging. red. 3, 4 0.29 0.40
Ging; bleed. vs ging. red. b, 4 0.08 0.09
Ging. recess. vs ging. red. 4, 4 0.26 0.45
Pocket depth vs ging. red, b, & 0.15 0.16
Epith. attich. ve ging. red. b, i 0.21 0.40
Pocket depth vs ging. recess. b, b 0.18 0.06

* Gingival stippling has only 3 severity categories. The estima-
tes of gingival recession, pocket depth and epithelial attach-

ment level were re-grouped into 4 categories as follow:

Parameter Group 1 Group 2 Group 3 ‘Group 4
& -
Ging, recess. (mm) <0 0+0-1.0 1,5-3.0 . 3.‘54 P
Pocket depth (mm) 0.0-0.5 1.0-1.5 2.0-2.5 ° 301;
Epith, attach. (mm) <O 0.5-1.0 1.5-2.0 2.5+
. b 4

#% Actual maximum information in gingival redness estimate is 1.73
and 1.89 respectively for median and observer C data.
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concept of normal, mild, moderate and severe stages for each pa-
rameter. Table 15 presents the results when re-grouﬁed data of
equal classifications were used for AIT estimation. In contrast
to the relatively greater amount of information transmitted by
gingival recession and epithelial detachmefit than by gingival
stippling when the original classification was used (Table 14),
the information transmitted’by the first two parameters was si-
milar to or less than that by the third parameter when equal
classifications were employed. Thus, the gingival redness es-
timate is about equally associated with gingival stippling, gin-
gival recession and epithelial detachment. None of these para-
meters transmitted morq than one-quarter of the actual maximum
information given by gingival redness estimates. There is a
strong indication that pocket depth has much less association
with gingival redness than gingival stippling or gingival rece-

ssion. The epithelial detachment level tended to transmit slight-

ly less information with regard to gingivgl redness estimates
than gingival recession alone when equal classificatidns were
used, Due to the paucity of subjects demonstrating gingival
bleeding, the AIT gives very little indication of its associa-
tion with gingival redness. Acdording to the original classi-
fications, there was a strong relationship between pocket depth
and gingival recession measurements as judged from the AIT va-
lue (Table 14), When only four categories were used, such asso-
ciation decreased markedly.

As the severity of the gingival redness increased, less
stippling could be found. While the disappeargpce of gingivai
stippling 1s not neceesarily associated with gingival redness,
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when the former is present on whole attached gingiva, the latter
is seldom detectable., In subjects who demonstrated stippling -
on part of the attached gingiva, redness either did not appear
or was restricted to only part of the attached gingiva (see Ta-
ble 16). |

In the absence of redness, the gingiva did not bleed upon
" mechanical stimulation. When the gingiva appeared red in colour,
the majority of subjects still had no bleeding tendency. When
subjects demonstrating considerable extension of gingival red-
ness (score 1 to 3) were considered, the relationship between
the degree of gingival redness and bleeding was again very weak
(Table 17).

Table 18 shows that there were many s;bjecta‘whose gingi-
vae had receded 3.0 mm apical to the cemento-enamel Jjunction,
yet shgwed no gingival colour changes. The data also indicate
that from one-half to nearly two-thirds of the subjects whose
gingival margin was on the coronal portion of the tooth still

manifested mild to moderate extension of the redness. However,

Al

b
there 1s a positive correlation between these two parameters.

Such a relationship was more apparent if only subjects whose éin—
givae demonstrated redness were considered. '

A positive assodiation 18 also apparent between gingival
redness and pocket depth (Table 19). When pocket depth was 0.5
mm or less, the majority of the marginal gingivae and all the
attached gingivae showed negligible redness. As pockets deepen-
ed from 1.0 to 4.5 mm, the gingival area demonstrating red co-
lour change also inc¢reased. There were exteptions to this trend.
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., Table 16

The Relationship Betxﬁen Gingival Stippling and

Ginglival Redness

Gingival stippling
/

Gingival ; "
redness - 4+ ++ jI‘otal
/ /*
, Based on median estimates
{
0 / 11 26 5 b2
1 4 15 0 56
2 19 0 0 19
3 8 1 0 9
Total 79 42 5 126
Based on observer C estimates /
0 10 20 14 Lyl s
I 22 19 1 42
' 2 © 15 1, 0 16 -
3 24 0 0 24
5y S
a Total *n o 15 126 ’
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Table 17

The Relationship Between Gingival Bleeding

and Gingival Redness

Gingival bleeding

Gingival
redness 0 1 T2 '3 Total
Based on median estimates

0 42 0 0 0 L2

1 51 L 1 0 56

;2 16 2 0 1 19

3 7 1 1 0 9

Total 116 7 2 1 126

Based on observer C estimates

0 ’ Ll 0 0 0 Ly

/ 1l 36 2 2 2 42

2 15 T 0 0 16

3. 20 3 1 0 24

Total 6 3 2 126

115
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Table 18

The RelJ&ionship Between Gingival Recession Level and Gingival

Redness

Gingival recession level (mm)

Gingival
redness <0 0.0-1.0 1.5-3.0 N3.5+ Total
Based on median estimates
0 14 22 6 0 42
1 26 26 2 2 56
2 4 8 2 19
3 0 5 3 9
(
Total 4s 53 21 7 126
Based on observer € estimates
0 31 10 3 0 by
1 27 14 1l 0 b2
) 14 0 0 16
) .3 0 12 6 24
Total 72 32 16 6 126
/
o o
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Table 19

The Relationship Between Pockest Depth and Gingival Redness

Pocket depth (mm)

Ginglval
redness 0.,0-0.5 1.0-1.5 2.0-2.5 3.0+ Total
Based on quian estimates
0 10 28 L 4} 42
1 6 34 14 2 56
2 1l 7 10 1 19
3 0 , 3 2 9
Total 17 73 31 5 126
Based on observer C estimates
0 6 34 3 b 4l
1 2 23 14 a3 b2
2 2 6 7 Rl 16
3 0 13 5 2l
I \\\
’ Iptal 10 76 30 10 126
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Practically none of the pockets deeper than 3 mm were associa-
ted with normal gingival colour. ?

Table 20 shows a positive association between the degree
of epithelial detachment and extension of redness on marginal
and attached gingivae, In persons whose epithelial attachment
wéé on or coronal to the cemento-enamel junction, about 50% de-
monstrated no gingival redness and most of the others demonstra-
ted rednéss on only a part of the marginal gingiva. In none of
the subjects whose epithelial attachment was less than 1.0 mm
apically to the C-E junction, did the attached gingivae demon-
strate a red colour change. Subjects whose epithelial attach-
ment was located 2.5 mm or more apically to the CEJ, commonly
showed more extensive colour changes involving the whole mar-
ginal gingiva and even some attached gingiva.

In subjects whose gingiQal or periodontal pockets were 0.5
mm or less in depth, the gingival margin did not recede beyond
1.0 mm apically to the CEJ. When the pocket depth was 1 mm to
2.5 mm, the majority of cases still showed 1lmm or less of gingi-
val recession. In the subjects with pockets 3 mm or deeper,
chances of having greater gingival recession increased consider-
ably (see Table 21).

In summary, the association between gingival redness and
each of gingival stipﬁling, gingival recession, pocket depth and
epithelial detachment estimates was rather weak though the two-
way distribution of each pair was far from random. Simglar re-
laxionéhips also existed between gingival recession and pocket

depth measurement. The association between gingival redness es-

4
~
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Table 20

The Relationship Between Epithelial Attachment Level

and Gingival Redness

Epithelial attachment level (mm)

Gingival
redness <0 0.5-1.0 1.5-2.0 2.5+ Total
Based on median estimatqgl
0 7 20 8 7 L2
1 7 21 19 9 . - 56
2 1 2 5 11 \ 19
3 .0 0 1~ -~ 8 9
Total 15 43 33 35 126
Based on observer C estimates
0 26 8 5 5 4l
1 14 10 13 5 42
2 2 5 2 16
3 Y 0 3 21 24
. /
Total 47 20 -26° 33 126
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Table 21

The Relationship Between Pocket Depth and Gingival

Recession,Level <y

&
-~

. Gingival Pocket depth (mm)
recession ‘ —
16Vé1 (mm) 00.0-005 1.0-105 2.0-2.5 300+ TOt&l

PP

~

. ™ Bagsed on median estimates

Y

<0 9 23, 13 0 45
0.0-1.0 8 35 10 0 53
1.5-3.0 0 13 6 2 21
3.5+ 0 oz 2 3 7
Total 17 73 31 5 126

Based on observer C estimates

<0 8 ¥ . 15 n . 72
0.0-1.0 Z... 18 10 b 32
1.5-3.0 o wm 3 7 2= 16
© 3. 5+ 0 2 2 > 2 3
Total ~ 10 76 30 10 126
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timates and gingival bleeding tendency was negligible. Accor-
ding to the AIT calculated from the data of the original classi-
fications for each parameter, the relationship with gingival red-
ness estimates was greatest for eplthelial detachment followed

in decreasing order by gingival recession, gingival stippling,
pockét depth and gingival bleeding estimates. If equal numbers
of severity categories were used, gingival redness estimates

were about equally correlated with parameter estimates of gin-
gival recession, gingival stippling and epithelial detachment,
and were dssociated less étrongly with pocket depth mggsurements
and again, least with gingival bleeding estimates. The relation-
ship between gingival recession and pocget depth measurements

was weak when measurements of both parameters were regrouped

into four categories. Two major variatlions from the correlation
trend are responsible for the weak relationship in each parame-
ter pair. PFirst, to; much deviation at the two extremes of the
severity scale, for example, the absence of gingival stippling
and/or presence of marked gingival recession without simultaneous
presence of gingival redness, Second, a falr degree of variafion
in the middle range of severity, for example, in subjects whose
gingivae showed mild or moderate bleeding and/or 1.0 to 2.5 mm

of gingival recession had a similar tendency to demonstrate va-

rying degrees of gingival redness.



Chapter 5

DISCUSSIONS

5,1 On prevalence, data

Since prevalence for individual periodontal disease parameters
rather than index of gingivitis or periodontal disease was asses-
sed 1in this study, it is almost impossible to compare the pre-
valence data of this study with thbse of others, The differences
in the origin of study population as well as inher'ent inter-obser-
ver variation in estimating and measuring the periodontal disea-
se prevalence an; severity would further reduce the validity from
such comparison. For example, in their study on the employees
of Ontario Highway Department, Freedman et _al reported the asses-
sed Russell's PI scores on the upper first and second molars be-
ing, in average, 2.34 ahd 2.54 respectively (116). These data
indicate only that the average severity of the periodontal disea-
se in those employees is something more severe than gingivitis
alone. In tﬁé study made by Mehta et al on Ontario civil servants,
clinical diagnoses such as perioddéntitis simplex, necrotic peri-
odontitis and periodontitis complex were used in thevprevalence
assessment of the periodontal disease (289). Hence, results from
these two Canadian studies simply can not be used for comparison
with those from the present study.

If gingival redness and/or swelling is taken as a measure
of gingivitis, then approximately one-third of the study subjects
were free from gingivitis. Based on4med1an data, only one-eighth

of the subjects showed no sign of epithelial detachméit. These

i +

b
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data suggest that, in many cases, while the gingivae showed no
observable colour or texture changes, the epithelial attachment
had already migrated apically. This finding is observable mainly
in some dental student participants whose'ginﬁivae though have
receded apica]lyato the C-E junction are in perfectly normal co-
lour and texture. Data from sampled U.S. adult population reveal
that while one-quarter of subjects are free from any periodontal
disease, only another quarter of subjects have true gf%iodontal
pockets, 1.e.,, epithelial detachment (202,212). Hence, it seems
to suggest that present study subjects have greater prevalence

in epithelial detachment than the representative U.S. adult popu-
lation. Such comparison is however subjected to serious error
because the origin of study populations and the age distributions
between two groups differ greatly. The small number in each age
group of present study subjects does not allow for comparison of
the age specific prevalences between two study populations. The
Judgement of the epithelial detachment may also differ between
two studies that make any comparison completely meaningless. To
generalize the prevalence data from this study subjects who sought
for emergemcydental treatment, to the population which they belong
, to may also caus; serious misleading. Since the purpose of pre-
sent study is to estimate the inter- and intra-observer variation
in each parameter estimate or measurement, slight variations from
the general population should not seriously affect its validity
for generlization.

According to the original plan, standardization (calibra-

tion) among three observers in measuring each parameter was to
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be made prior‘to the actual data collection. Such standardiza-
tion has been shown to improve inter- as well as intra-observer
agreement in periodontal disease measurement (77,356,416). The
course of such standardization was however cut short due to very
few subjects willing to be studied. Therefore, the author resor-
ted to frequent explanation to other two observers regarding each
parameter score. Such alternative effort proved to be not total-
ly satisfactory as reflected in prevalence data assessed by the
three observers. For example, lack of unanimity in identifying
the anatomical demarcation between the marginal and attached gin-
givae causes observer C to record more attached gingivae belng
in red colour than those found by observer A and B. Inconsisten-
ce in locating the C-E junction also results in great variation
in recording the prevalence of gingival recession and epithelial
attachment level, namely, observers A and B over-estimated them
while observer C underestimated. Thus, of 126 subjects, epithe-
1ial detachment was respectively recorhed by observer A and B in
118 and 111 subjects, its was 80 subjects according to observer
C's assessment., With such big differences in three observers'
assessments, the median prevalence of this parameter (109 in 126
subjecté) provided limited usefulness for comparison with find-
ings from other studies. N
The results indicate that nearly two-thirds of all subjects
had gingival redness and yet only a few of them had gingival bleed-
ing. Such phenomenon cast some doubt on the diagnostic procedures
which emphasize gingival bleeding as the main criteria in gingi-
vitis index (249). '
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The negligible frequency with which gingival ulceration and
gingival or periodontal pocket pus was observable under the des-
cribed condition in this study, despite the reasonable distribu-
tion in other parameter scales, suggests that either the detec-
tion methods were not sensitive, the parameter can occur only in
much more severe stage of the disease than that was observed in
this study population, or these two parameters are of little use-
fulness for the development of the periodontal disease index.
occasionally,it was difficult for some observers to differentiate
the pocket pus from tissue exudate which frequently mixed with
plaque substances while emerging from the pocket. Such a diag-
nostic problem contributes to the variation among three observers

in pocket pus prevalence estimation.

5.2 On inter- and intra-observer variation in each periodontal

disease parameter estimate or measurement

5.2.,1 On gingival stippling estimate

There has been no study which assesses the inter- or intra-obser-
ver vafiation in gingival stippling estimate. Results from this
study indicated that successful replication among three observers
and within each observer from re-examination was made in 75% or

more of the cases. Such a relatively good result seems to be due

to the fact that more than half of ‘the study subjects had no gross-

1y detectable gingival stippling— an estimate on which all the
observers or the same observer 1is likely to agree. In their stu-

dy on the pattern and distribution of gingival stippling, Rosen-

s
,
bt o]

4



berg and Massler reported that the depressions which gave the

stippled appearanqp were barely visible to the naked eye, but
are readily apparént under three to five times magnification
(348) ., h diagndstic difficulty has not been reported by others
nor w‘g/i::ticularly experienced by the present examiners. It

is therefore unlikely that the inter- and intra-observer varia-
tions in stippling estimate of this study are the consequency of
a deficient diagnostic procedure. 9

Despite the fact that frequency distribution of deviation
data of each observer estimate from the reference estimate and
of the seco%ﬁ from the first estimate by the same observer shows
a relatively good inter- and intra-observer agreement, the aver-
age amount of information transmitted (AIT) in each occasign was
less than one-half of the actual maximum information avaiiable,
This can be partly explained by the skewed frequency distribution
of this parameter and the degree oﬁ/deviation in relation to only
three severity classifications for ‘this parameter.

The major difference betweenzéhe frequency distribution of
deviation data and the statistics o? the average amount of infor-
mation 1s that the former‘considers/oniy the occurrence of net
deviation, whereas the latter takes into account both net devia-
tion and the estimates such deviation actually taking ;aace. For
example, the deviations of score 1.5 from 3.0 and of 0 from 1.5
make no difference for/thbJ}requency distribution of deviation,
but provide different information when AIT is considered, because

they give different two-way distributions from which the statis-

tic of the average amount of information is estimated. This ex-
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plains the apparent contradiction that observer A who, though

seemed to achieve, the best scoring\reproducibility if judged from
frequency distribution of the deviation data, actually transmit-
ted the least amount of information in comparison with observer
B and C. This phenomenon appeared not only in gingival stippling

estimate but in other parameter estimates and measurements as

well,

5.2.2 On gingival redness estimate

Although no one has ever tried to assess inter- or intra-observer
variation in the estimate of gingival redness itself, observer
variation in gingivitis assessment has been evaluated by some
investigators. Since practically in all these studies, the gin-
givitis was diagnosed according to the presence or absence of
the gingival redness and/or sweiling, it seems to be most appro-
priate to compare the observer variations in gingival redness es-
timate of this study with those in gingivitis estimates by others.

In an epidemiological training course, Davies et al obser-
ved that the examination on the periodontal disease, especially '
the gingivitis was most unreliable. In 416 teeth of 13 patients
who were examined by each of 13 examiners, the number of teeth
being diagnosed to be assoclated with gingivitis ranged from 22
to 246 according to the observers (82). The present study seems
to show much better inter-observer agreement based on the preva-
lence data which are 81,83 and 82 in 126 subjects respectively
for observer-A,B, and C.

Sandle evaluated the inter-observer variation in P-M-A

scoring in which each of the eight participant dentists examined

-




the same 10 patients. The results showed that in about 50% of

P,M and A assessment did the differences among the examiners'
estimates occur more than by chance (370). Recently, using DHC's
Gingivitis Index (Dental Health Center) for studying observer va-
riation, Suomi found that the differences in mean gingivitis score
between any two of three observers ranged from 0.15 to 0.17
432), These data, however, provided little information about

the actual inter-observer variation becayse cases ﬁhich were ovér-
and under-estimated will be cancelled out in the course of aver-
aging the difference. Furthermore, from the results of present
study, there is much doubt about the Justifica?ion for making an
average of the v%riations/or deviations because their distribu-
tions hardly eve;‘appfbach to the Gausslian, Hence, 1t is very
difficult to compare the results from Suomi with those from the
present study.

The ma jor source of inter-observer variation in the present
study lies in deciding the location of gingival redness either
within the marginal gingiva or extending to the attached gingiva.
For this reason, observer C in comparison to observer A and B re-
ported more subjects with score of 3., Variation arised from this
‘reason could have been greatly reduced if better standardization
and calibration had been made prior to data collection.

From the same epldemiological training courses, Davies et
al (82) also found very poor replication in gingivitis estimate
made by each of the 13 participant examiners. In a total of 416
teeth, one examiner recorded the presencé of ginglvitis in 22 and

80 teeth respectively on the first and second day of examination.
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Even the examiner who achieved the best intra-observer agreement
in gingivitis estimate made the identical score in only 56.3% of
the cases. The consistency ratio for gingivitis estimate (which
is defined as the percentage of the number of occasions in which
gingivitis was recorded as present at both occasion in the total
number of occasions in which gingivitis was recorded as present
at least once) ranged from 18.7 to 76.4%. The corresponding ra-
tios for the present three observers ranged from 83.3 to 93.2%.
Comparing these percentage with the fiindings from the frequency
distribution of deviation data and the statistic of the average
amount of information, it 1s clear that the "consistency ratio"
is a much less sensitive measure for intra-observer variation.
Smith et al demonstrated that an identical ginglvitis es-
timate could be made on 84% of replicates using Ramf jord's Gin-
givitis Index and in 82.4% of replicates using.DHC Gingivitis
Index (416). Such a very good intra-observer agreement is pos-
sibly attributed to the relatively healthy gingivae in their stu-

dy subjects (50 male recruits at U.S. Naval Training Station )

and to the fact that the subjects were re-examined only one hour ,

following the initial examination. For such a short lag between
two examinations, the gingival tissue does not likely alter and
examiner may still have quite fresh memory from the initial as-
sessment., Suoml et al also examined institutionalized young
adults. On each morning four subjects chosen randomly from all
-participant subjects were re-examined one hour following the ini-

tial assessment. The identical gingivitis estimate was made by

observer A in 81% of the teeth which improved tp 98% on the fifth
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morning. The corresponding data for examiner B were 89 and 93%
respectively on the first and fifth morning (Q35)- Considering
the simplicity of the‘DHC Gingivitis Index they used, the inter-
val between two examinations and the number of subjects (and
teeth) re-examined each morning, such a‘°good intra-observer re-
producibility may not be too difficult to achieve. The identi-
cal gingivitis estimates were made in this study in 77.3,81.8
and 70.5% of the casés by observer A, B and C respectively.

Such results méy not be too poor in comparison with the findings
hitherto presented because the longer interval between repeated
assessments as used in this study not only reduce the possibility
6f observers' memory but also involved the fluctuation of the
gingival tissue condition. Hoover and Lefkowitz reported the
fluctuation of gingival areas in 25 dental students (i.e., the
percentage of the‘areas‘changed from normal to disease or disea-
gse to normal ) in each two-week period remained relatively cons-
tant at approximately 24%. Only in 40.9 of 501 initially in-
flammed areas and 40.9% of 903 initially normal areas remained
the same condition throughout the ten-week experimental perilod
(174), Apppoximately 20% of such fluctuation in each four-week
period were observed by Suoml et al (435). To an unknown extent,
those reported fluctuation might have actually been resulted
from the intra-observer variation alone,urather than from real
fluctuation. It is also very clear that all those fluctuation
data were based on the presence or absence of gingivitis only.

It is not certain what extent of fluctuation of gingivitis would
%y
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be if the changes 1n"severity had also been considered. The
comparatively older ages in present study subjects than those

of other studies may also increase the inter- and intra-observer
variation éecause more squects had gingivitis,for which severi-
ty the observers are poorer to agree with than for a healthy
gingiva,

There is systematic variation in this parameter estimate
between observer A and B on the one hand and observer C on the
other. In contrast to observers A and B, observer C tended to
systematically overestimate the severity of the parameter. For
this reason, despite the poor inter-observer agreeme?t, each ob-
server achieved relatively the same degree of intra-observer
agreement.

The findings and discussion hitherto presented also cast
serious doubts about the validity of the conclusions drawn from
some clinical trials on the relationship of various dietary sup-
plements and the gingival health (50,60,61,229,233,339,346).

The comparatively short period of experiments, mostly three days
only, and few study subjects may have precluded any possible
blind assessment because of memory effect. The slight difference
between the experimental and placebo (or simply control) groups
in mean gingivitis scores at the end of the studies may well be
the results of intra-observer variation in gingivitis estimates
unless such varilation affects both grouﬁs equally.

To extend the experimental period, on the other hand, would
likely to involve the natural fluctuation of the gingival tissue

condition. It will also increase the intra-observer variation

£
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in gingivitis estimate as a result of 1apking in scoring praé-
tice. However, most of these variations can possibly be resol-
ved 1f initial matching in pairs between the experimental and
control groups is carried out accordipg to the gingivitis se-
“verity, énd if several observers examine each subject throughout
thé study. The former provision would prevent or reduce the de-
gree of unequal gingival fluctuation taking place in the course
of experiment in two groups. Taking an average or median value
of several observers' estimates for a subject would to some ex-
tent reduce the unusual great intra-observer variation from re-
peat assessments by a single observer. Such variations are un-

likely to be in the same direction among observers, thus, cancel

out altogether.

5.2.3 On gingival bleeding estimate and judging the presence

or absence of the gingival or periodontal pocket pus

‘Since there were only a few cases (less than 10%) in which the
gingivae showed bleeding fo}lowing varying intensities of sti-
mulation and evén fewer cases (less than 5%) in which the gin-
gival or periodontal pocket pus was clinically detactable, the
likelihood of inter- and intra-observer agreement became very
great. Thus, for gingival bleeding estimate, observers A, B
and C achieved an identical estimate with the reference estimate
in 98.4, 97.6 and 90.5% of cases. However, if only cases which
were once, at least, scored 1 or greater%ﬁgcording to the re-~
ference or observer estimates, were considered, the identical

estimates were achieved by observers A,B and C in 83,2, 75.0

and 25.0% respectiyely. The corresponding three observers' data
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from intra-observer compafison are 86.4, 86.4 and 95.5% for all
cases, and 0, 14.3 and 33.3% for cases which were once, at least,
scored as positive. Therefore, it seems apparent that the con-
sistency ratio was rather poor and that the ma jor contribution
to inter- and intra-observer agreement comes from the cases in
which the gingivae did not bleed at all. These same phenomena
of observer variation also occurred in pocket pus assessment.

Considering the fact that there are only a few cases in
which the gingival bleeding and pocket pus were clinically de-
tectable and rather poor inter- and intrg—observer agreement
among tﬁese few cases with positive signé, to conduct a clinical
trial aiming to improve the gingival health by assessing these
two parameters alone is not likely to be a rewarding study (427).
To include and emphasize these two in addition to other para-
meter estimates will not likely supply one with additional in-
formétions either.

The statistic of the average amount of information became
less usefui for the parameter which has very low prevalence,
Based on the mathmatical calculation of this statistic (see ap-
pendix II), a frequency distribution of such low prevalence re-
sults in two major disadvantages; first, the actual maximum in-
formation available is less than with a fairly equal distribu-

tion for all severity scores; second, the information lost would

be 1ittle only as long as, in the case of inter-observer varia-

tion, each observer estimate does not result in any further in-
creases to the group having the greatest frequency according to

the reference estimates, (or, in the case of intra-observer va-




— - Ticmeet 7

a -72-

riation, the second assessment does not result in any further
increase to the group having the greatest frequency according

to the first assessment), otherwise, the information lost would
be tremendous. For example, during the initial gingival bleeding
estimates in the 44 subjects, the reference estimate was 0 in

4o subjects. Thére were two cases in which the gingival bleeding
was overestimategaby observer B and was underestimated by ob-
server C. Therefore, the number with a 0 score was 38 and 42
according to observer B and C estimates respectively. However,
the information lost was 0.09 and 0.26 binary digit respective-
ly for observer B and C,

The application of the statistic of the average amount of
information transmitted as an inverse measur%%ggr inter- and
intra-observer variation of pocket pus estima;e was further 1i-
mited to the point of completely useless. Tw?/factors are res-
ponsible for such limitation; first, the prevalence of pocket
pus was even lower than that of gingival bleeding; second, while
there are four severity classifications for gingival bleeding,

only two categorles are assigned to the pocket pus.

5.2.4 On measurements of the gingival recession, pocket depth

and epithellal detachment

From an epidemiological training course, Davies et al (82) re-
ported that the prevalence of periodontal pocketlés assessed by
13 examiners on the same 13 subjects was tot&lly unreliable.

Tge total number qf pockets recorded by the observers ranged a
from 4 to 29 during the first assessment and from 2 to 19 during
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the second assessment. Thelir results also indicated that the
variability between ex&miners-indgssessing pocket formation was
as much as the actual variation of pocket formation in the pa-
tients. In the same study: each examiner re-examined the same
13 subjects on the following day, and their consistency ratio
ranged from 0 to 26.3% indicating very poor 1ntra-observer ag-
reement. Such low consistency ratios are possibly the result
of relatively low prevalence of true periodontaf pocket in theilr
study subjects, that a slight difference in measuring pocket
formation on potentially positive cases would greatly reduce
the consistency ratio. Result from present study in epithelial
detachment measurement whkich is equivalent to the pocket forma-
tion in the study by Davies et al, showed much better consis-
tency ratio by three observers (93:2, 90.7 and 83.5).

Suomi (432) reported that the mean pocket depth (in fact,
epithelial attachment level) as measured by any two of three
observers on the same ten subjects differed for 0.17 to 0.60 mm.
These mean differences are rather great if one considers that
. the mean pocket depth of the .study population, from- which 10
subjects were randomly ch;sen for study of inter-observer varia-
tion, was 0.83 mm only, and that mean difference rather than
standard deviation of individual differences (method error) was
estimdted. Repeat aésessment for 20 subjects on successive mor-
ning by the same observers resulted in difference in mean pocket
depth for 0.12 to 0.21 &m depending‘on observers, Studies madg'
by Davies et al (82), Suomi (h32) as well as by Castenfelt (48)

all reféaled a systematic variation among observers in measuring

"
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the pocket depth and ebithelial attachment level. Such varia-
tions persisted even following intensive effort of standardiza-
tion and calibration among the examiners. This phenomenon was
apparent also in the present study in that observers A and B in
comparison to observer C systematically over-measured both gin-
gival recession and epithelial attachment level.

Recent study made by Smith et 81 on 50 male recruits at

U.S. Navy Training Station showed that very good intra-observer
agrcement on the measurements of the gingival recession, pocket
depth and epithelial attachment level could be achieved, The
percentages of the agreement for the three parameters respecti-
vely were 82.3, 81.2 and 94.5 (416), Such a good reproducibili-
ty is possibly attributed to relatively short interval betweeﬂ
two assessments (one day) and rather healthy per;odontal tissue
in their study subjects (mean values for thrge parameters were
-2.25, 42,31 and +0.06 mm ). Since Smith et al recorded the mea-
surements in complete millimete; whereas one-half millimeter in-
tervals were recorded in this study, to meke our data comparable
to theirs, the percentages of assessments with repeat measure-
ments differing within +0.5 mm were ﬁooled together. Thus, the
percentages of agreement in replicate measurements by observer
C were 77.2, 77.2 and 79.5% respectively for the same three pa-
~ rameters. The corresponding data for observer A were 72.8, 84,1
and 54.4%¢ and for observer B were 95.5, 86.4 and 77.2%4. Hence,
intra-observer variations in the three parameter measurements
were greater in this study than those by Smith et al. One possi-
explanation is that in comparison to the study by Smith et al,
present study subjects had relatively moreosevere periodontal

disease.
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Glavind and Loe (135) once reported that the method errors
bf the same observer in measuring the pocket depth on‘£39 buccal
surface of the upper right and left first molars were 0.26 and
0,17 mm rggpectively. The corresponding data for epithelial at-
tachment level were 0.26 and 0.39 mm., In comparison to the same
data in this study, it is apparent that Glavind and Loe are éet-
ter than us in intra-observer agreement for these parameter mea-
surements. Yet to what extent the rather short interval between
reblicate assessments (15min.) they selected,and the relatively

healthy periodontal tissue of their study subjects (20-30 years

of age) contribute to such difference is not certain.

Results from the present study as well as from others hi-
therto presented with respect to ®he intra-observer variation,
expressed as method error, for the parameters of pocket depth
and epithelial detachment suggest that a reduction in sulcus
depth from an average of 2.3 to 2.1 mm or from 2.2 to 2.0 mm
following four-day protein supplements (51,341) or from an aver-
age of 2.20 to 2.13 mm or 2.12 to 1.96 mm following four-day re-
gular or sustained-release multivitamin supplements (54) may not
mean anything other than intra-observer variation 1ﬁ’repeat as-

sessment of the parameter. In comparison tqathe gingival reces-~

- sion and pocket or sulcus depth, epithelial attachment level is

-
a more stable parameter for the measurement because it 1s mea-

sured from a fixed anatomical landmark, i.e., C-E junction.

.Its apical migration along the root surface is however in most

cases very S8low. Hence, for a longitudindi study such as a cli-

‘nical trial,it should be carried out for a fairly long period

of time to allow for enough parameter changes to take place,
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so much so that the disturbing effect of intra-observer varia-
tion is greatly reduced. To study the control pairs simulta-
neously would also eliminate the systematic variation in subse-
quents assessments by the same examiner.

As stated in the discussion section on prevalence, obser-
vers A and B tended to record the gingival margin as being at
the C-E junction (recession 0 mm), while in some cases observer
C found one-half to one millimeter of the crown coronal to C-E
junction covered by the gingival margin (recession -0.5 to -1.0
mm). This inter-observer difference in gingival recession also
reflected in epithelial attachment level measurement, namely,
observer C markedly undermeasured it while observer B and parti-
cularly observer A overmeasured 1t: Hence, when each observer
measurement was compared with the reference measurement which
was the median of three observer measurements, the deviation was
much small for observers A and B anl greater for observer C.
This again reflects in the same manner for the observers' varia-
tion on the estimate of method error.

For any specific measurement or estimation, each examiner,
in general can agree better with himself than with others. This
phenomenon has been demonstrated in the assessment of gingivitis
and pocket depth by Davies et al (82) and Suomi (432). However,
results from the present study showed greater intra- than inter-
observer variation in most parameter assessments. This is pos-
8sibly resulted from the fact that in contrast to only one day
interval between replicate assessments in those two studies men-

tioned, one to two weeks interval in general, was employed in

LN
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present study. Thus, marginal gingival tissue alteration cau-
sed by inflammatory changes during the course of the study may
actually have,to a certain extent, affected the gingival reces-
sion and gingival or periodontal pocket depth. The epitﬁelial
attachment level, however, was much less affected by the study
period because the'épithelial attachment or pocket bottom is un-
11ke1x‘to change within such a period of time. The fact that
each observer's me%hod error in epithelial detachment measurement
18 very much smaller than the the sum of the method errors of
his own gingival recession and pocket depth measurements (obs-
erver C, for example, they are 0.55 mm_against 0.47 and 0.46 mm)
also substantliated this explanation.

Since many more severity classifications were assigned for
the measurement of gingival recession, pocket depth and epithe-
ligl detachment than for other parameters previously discussed,
both the actusl maximum information available and the informa-
tion transmitted greatly increased. This finding supports the
conclusion made by Liddell in his study on inter- and intra-ob-

server error in x-ray readings (237).

5.3 On the association in each selected palr of the parameters

A weak association between gingival redness and each of gingival
stippling, gingival recession, pocket depth and epithelial atta-
chment level found in this study is not unexpected. Absence of
stippled appearance in the presence of normal gingival colour
has been reported (152). Same study also revealed that gingival
stippling did not reappear following a successful gingivectomy
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treatment . In some of present study cases, gingivae receded
apically to C-E junction without concomitant colour changes sug-
gesting causes other than inflammatory origin, such as faulty
toothbrushing method, or that the inflammation had subsided fol-
lowing either better oral hygiene regimen and/or professional
treatment. If cases which had these particular case histories
had been identifled and excluded from the estimation for the pa-
rameter pair relationship, the natural correlation between gin-
gival redness and gingival recession is likely to be much greater
than that previously presented. In some cases with very chronic
periodontal disease, the connective tissue under epithelium be-
comes so fibrotic that the gingival colour can not be easily dif-
ferentiated from the normal pink colour. Thus, some cases with
fairly deep pockets showed no gingival redness, while other ca-
ses with very shallow gingivdl sulcus presented very extensive
colour change. EThese cases contribute to the rather weak rela-
tionship between gingival redness and pocket depth. Since epi-
thelial attachment level is the sum of the estimates of gingival
recession and pocket depth, its association with gingival redness
is, therefore, the function of the association between its com-
ponent parameters and gingival redness,

As has been demonstrated in the section of Results, the
strength of the association between parameters strongly depends
on the numbers of the severity categories in each parameter.

With a constant relationship between two parameters, the more
categories a parameter has, the greater average amount of infor-

mation that parameter estimates can transmit from the another
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parameter estimates. In the course of the study the author have
observed the possibility to estimate gingival redness according
to its intensity in addition to anatomical extension. To do so
would apparently involve some subjective judgement, yet likely

to improve the correlation estimates between this parameter and
others. Such scoring method would also reduce the inter- and
intra-observer variation because the average amount of informa-
tion transmitted, which is an inverse|measure of observer error
(variation), increases a&s number of catergories for the parame-
ter increases (237). It would be a worthwhile study to determine
the practicability of such scoring system for gingival redness
and to reassess this parameter's relé onship with other para-
meters as well as the observer variation in this parameter assess-
ment.

The relationship between gingival recession and pocket depth
1s stronger than other parameter pairs when both parameters are
measured at 0,5 mm interval, Such relationship would be even
stronger than which was presented if cases whose gingivae rece-
ded apparently as a result of faulty toothbrushing techniques
and cases who had received, prior to examination; a successful
treatment for chronic gingivitis or periodontitis had been ex-~
cluded from the relationship assessment. In the former cases,
the gingivae receded with little concomitant changes in pocket
depth. In the latter cases, the treatment resulted in slight
gingival recession and reduction in pocket depth due to disap-
pearance of the pseudo- or true pockets.

There is a rather weak relationship between gingival red-
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ness and bleeding. It suggests that with severity based on ana-
tomical extension alone, the gingival redness gives 1little in-
dication of b;;eding tendency. Intensity of the gingival colour
change may be more associated with thé bleeding tendency. Impro-
ving sensitivity for gingival bleeding detection, inserting a
filter paper into the gingival sulcus or periodontal pocket for
exampie, may increase the prevalence of this parameter which in
turn will improve its correlation estimation with gingival red-
ness if thelr relationship indeed exists.

Since there are some relationships among these periodontal
disease parameters any clinical trial or epldemiological study
which intends to investigate these parameter conditions has to
deal with them simultaneously. Any inferential statement con-
cerning one parameter will consequently affect the inferences
to be made for other parameters. Hence, to make sgparate report
for each periodontal disease parameter from a study dealing with
several parameters is totally unjustified (49-51,53-57,59-62,99-
101,339,340,342). For the same reason, to construct a periodon-
tal disease indeX with these component parameters, one has to
take inter-parameter relationship into account by means of mul-
tiple regression technique or the analysis of principal compo-

nent,



Chapter 6

CONCLUSIONS

From both the review of exlisting knowledge and the first phase
of index development, the following conclusions seem to bé app-
roprate.

i. A new periodontal index which is specifically suitable for
longitudinal studies of periodontal disease is needed
for clarifying some curréntly contradictory findings
with respect to the possible roles of nutritional and
systemic factors in the initiation and progression of
the periodontal disease, and for direct assessment on
the cause and effect relationship.

ii. Further refinement in estimating gingival redness and, ‘es-

pecially, gingival bleeding and pocket pus seems to be

necessary for greater sensitivity and less observer va-
<

riation,

jii. Since both inter- and intra-observer variations are very
small in estimation of gingival stippling and gingival
redness and in measurement of gingival recession level
and pocket depth, these four parameters are suitable
for further index development.

. iv_ The apparent interrelationship existed among these four
periodontal parameters has to be taken into account in
construction of the index.

v. Based on observer variation in gingival stippling estimate
and epithelial attachment level measurement, the vali-

dity of many conclusions made from some clinical trials

f
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‘ ’ , with respect to the heneficial effects of various nu-
trient supplements on these parameters health is very ’

questionable,




APPENDIX 1

CRITICAI, REVIEW of EXISTING KNOWLEDGE .

( The references quoted in this review are presented in the

section of BIBLIOGRAPHY).

I.1 Introduction,

Epidemiology 1s the study of the distribution and determinants
of disease frequency in man. Two main angaé of Investigation
are indicated in this definition - the study of the distribu-
tion of disease and the search for determinants of the obser-
ved distribution. The first area, describing the distribution
in terms of age, sex, race, geography, ets., might be consider-
ed an extension of the discipline of demography to health and
disease, The second area involves explanation of patterns of
"distribution of a disease in terms of causal factors (262). Un-
der the heading of epidemiology may also be placed the clinical
trial, the purpose of which is to ascertain to what extent a
preventive measure, a therapeutic method, or a-particular drug
may change the course of a disease for the better or worse (462).
This review will focus mainly on epidemiologic knowledge of pe-
riodontal disease.

Mest current information about the distribution and severity of
periodontal diseasé in population groups has been collected wi-
thin the past fifteen years., Mehta et al (288) in their review
found 1ittle to present beyond clinical impression. Since then,

a series of fleld indices has been developed which will be diqﬁ

/
cussed in detail at the latter part of this review. All are/de-
. /

/’/ /

4
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vices for quantitating data so that statistical analysis may

be employed. To date at least some indices have been useful
for comparisons of population prevalence and severity, while
others have been suitable for clinical experiments. Follow-
ing the development of the Oral Hygiene Index (156) and the
Simplified Oral Hygiene Index (157), which are used to esti-
mate amount of oral debris and calculus, dental deposits on
teeth and age have been reported to account for the major pro-
portion of variation in severity of periodontal disease among
populations of distinct demographic character. The epidemio-
logical findings cast doubt on traditionally held significance
of nutrition, systemic hgalth and disease, malocclusion and
trauma from occlusion in the initiation and progression of pe-
riodontal disease. These data g}so contradict the results from
clinical trials relating various nutritional and dietary factors
to” periodontal disease.

The following review will attempt to fulfil four objecti-
ves: 1) to provide current accepted knowledge concerning the
epidemiological patternvbf the periodontal disease,Jz) to pre-
sent the contradictory or confusing conclusions which exist be-
tween clinieal impressions, clinical trials and population stu-
dies concerning tﬁe relationship between nutrition, systemic
health, and periodontal disease, and, if possible, to explain
the reasons for the discrepancy in terms of study designs, data
treatment, interpretation of data and so on, 3) to point out po-
ssible deficiencies in the taking of oral’ deposits as evidence

of neglect of oral cleansing as well as the fallacies inherent
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in standardizing the factors of oral deposits (®oral hygiene")
and age, whenever correlation of periodontal condition with
other factors is estimated, 4) to explain why longitudinal po-
pulation studies are essential to better investigate periodon-
tal disease, clarify the current controversial conclusions, and

to provide reasons why there is a need to design a new index sui-

table for these studies, \‘k

I.2 Morbidity and severity data for periodontal disease

In assessing periodontal disease two morbidity statistics have
been used - incidence rate and point prevalence rate. The in-
cidence rate is defined as the number or new illnesses begin-
ning within a specified period of time, related to the average
number of persons to risk during that period, whereas the point
prevalence rate 1is defined as the number of illnesses existing
at a specified point of time and related to the number of per-
sons exposed to riék at that point of time (168).

. There is very little data about, the incidence rate of pe-
riodontal disease. Parfitt's five year longitudinal study of
gingivitis in England (316) and Hoover's sﬁQ&y of the fluctua-
tion in marginal gingivitis (174) are exceptional examples. If
deviation from perfect dental health is used as & yardstick,
préctically all human beings have periodont:} disease (462).
But one person may have a slight gingiéal inflammation.an a sin-
gle gingival unit as compared with another one in whom most of
the supporting structure around all the present teeth is broken

down. The public health significance between these two cases

differs greatly, It is often useless to compare the prevalence
M

>
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of periodontal disease in different populations as prevalence
of some kind will be close to 100 per cent in most populations.
To increase the comparability, severity, as well as indices to
measure it, had been introduced and become the ma jor measure-
ment of periodontal disease,- Severity of periodontal disease
is sometimes expressed in prevalence rates of different stages
of periodontal condition. For example - among the 90 million
adults with teeth, about one in four had destructive periodon-
tal disease (with pockets), two in four had gingivitis ranging
from mild inflammation involving a few teeth to severe inflam-
matior involving all teeth (with periodontal disease, but no
pocket) and the remaining one in four exhibited no signs of pe-
riodontal disease (212). Severity may also be measured as ave-
rage number of pockets per person and per tooth (289).

The terminology of prevalence, severity and incidence has been
greatly abused and misuﬁed in the literature, and when inciden-
ce rate is mentioned in the articles, more often than not It is

actually prevalence rate (9,23).

1.3 Relations between severity of periodontal disease and sus-

pected etiological factors .

I.3.1 Age

Prevalence and severity of periodontal disease, in general, in-
creaée with age. Since different parameters of periodontal di-
sease havﬁt:een employed in epidemiological studieé, their asso-
ciation with age also differ to some extent.

- A8 proportion of subjects with gingivitis was considered,

most studies shqggd that At occurred at a very e?rly age and rea-
3

€
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,
ched a first peak at early teen and leveled o%f or declined
thereafter until the late teens (20;278,316). Studies which
included adult'populations also demonstrated a slow progression
of g%ngivitis prevalence with increasing age (9,278). Y"okelau
islanders, however, did not show biphasic prevalence of gingi-

vitis alorg the age scale and reached the maximum prevalerice at

the age group of 25-29 years (22). Quite contrary to these fin-

‘dings, Brown et al (40) found no consistent age trend of the

same parameter when they studied school children of three Onta-

rio towns. Similar findings among Bostonean adolescents and a- v
dults were mainly due to high proportion of subjects having gin-
givitis since early adolescence (273).

Severity of gingivitis usually progressed rapidly during
childhood and reached the first peak between the age of 9 and "
13 years (316,350,352). No such age trend was found by Brown
et al (40). Benveniste et al also reported hiéher gingivitis
scores among persons of 17 years or older than among those who
were less than 17 years of age (30). )

With one exception which observed the population of very narrow
age range (288), the proportion of subJects with periodontal di-
sease continued to rise with increasing age (17,26,37,83,202,212,
213,289,358,373,385,420). One study demonstrated it as a cumu-
lative curve pattern with two inflections occurring at age QS
and 55 years respectively (373). Oral deposits, expressed gs
OHI scores or CI scores, were also found to increase as age in-
creased (213,289). f |

Russell's Periodontal Index (PI) has been widely used for field
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stpdies since it was developed. With the few\;xceptions (105,
153,156,402), in which only populations of narrow age ranges
were studied, the average PI scores 1ﬁcreased consistently with
age (1,17,18,22,25,73,93,103,109,116,153,154,159,164,202,212,
213,243,247,259,267,350,352,358, 364, 367, 368,395,396,400,401, 414,
463,469). The index did not increase at the same rate from one
age group to anoth?r, and indeed, a sharp break could be obseéer-
ved between the age group of 15-19 years and 20-24 years among
rural Maori population (22), between the age group of 15-19
years and 20-29 years among Ecuvador civilians and Montana In-
dians (154), and between 15-19 years old and 20-29 years old
among Ugandans (414). When oral deposits, measured as OHI and/
or CI scores were assessed, corresponding increases in scores
with age were found (109,154,159,164,213,243,259,368,395,400,
401,414,469). But such increases in OHI and/or CI scores could
only partly explain the increase of PI scores with age due to
the fact that even when PI scores of the subjects who had like
OHI scores were considered, the older subjects, when compared
with younger ones,, still had higher average PI scores (213,247,
&63). In one study, the age factor alone was reported to ex-
plain 47.2% of the total variance of the PI scores (368) .

With the exception of the Ontario school children study (283),
prevalence of subjects having one or more periodontal pocket in-
creased with age (17,20,202,212,213,247,330,358,400,402,410).
Periodontal pockets may start to appear in people as early as
10 years of age (20,283,358), between age of 10 to 14 years (
247,330,400,401) or between the ages of 15 to 19 years (17,400).
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Since there might be observers' bias, such differences among va-
rious study populations may not be meaningful. There was also
an indication of increasing rate of pocket prevalence during
~early adulthood (401) and during middle age (247,358). Co-
rresponding rise of OHI and/or CI scores with age was also ob-
served (213,330,400,401) with one exception being the study by
Sheiham of Surrey school children (402). Like the prevalence

of subjects with periodontal pockets, the average pocket depth
per subject also became greater as age increased (30).

Alveolar bone loss, which is measured from radiographs, was
found to progress as people became older (16,375,394,413). The
correlation coefficients between age and alveolar bone loss ran-
ged from +0.37 (394) to +0.81 (413) depending on age ranges, si-
ze of samples, and possibly also other characters of the study
populations,

There are some other parameters which also measure preva-
lence and severity of periodontal disease and were found to rise
with increasing age in various populations. They were gingival
recession rate (GRR) (18), percent of subjects having gingival
recession (149), percent of subjects having both gingivitis and
periodontal pockets (22), percent of subjects having chronic
destructive periodontal disease (273), average numbers of poc-
kets per subject (283,289), average numbers of pockets per tooth
(289), and Slome's periodontal score among Jewish women (415),
Ramf jord's Periodontal Disease Index scores (PDI) was found to
progress with increasing age among adult population (439), but

to have no consistent age trend among children and adolescents

b '
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(330.439).

There was some fluctuation in the proportion of children
with abnormal gingivae between the ages of 5 and 13 years among
school children of four Canadian provinces for which data are
available (235,236). To cover as many aspects of periodonta}
disease as possible, it is worth mentioning that in South India,
about one-half of the males and two-thirds of the females who
had acute necrotizing gingivitis (ANG) were less than 10 years
of age (322), and that in Bombay City, periodontosis mainly oc-
curred among subjects of the age group 20-25 years (332).
Although periodontal disease progresses in prevalence and seve-
ri?y withiage, we still do not understand the responsible me-
ch;nism. Since surveys on adult populatio?s in the U.S.A. re-
vealed that about ohe-seventh of the males and one-fifth of the
females at the age group 05/55 to 64 years had no detectable
periodontal disease, and that, for the same age group, only 45,6%
and 35.5% respettively among the males and the females had true
periodontal pockets (202,212), it seems unlikely that the aging
process itself would initiate or promote periodontal disease,
Instead, age may only an indirect indicator of the duration of
the etiological factor or factors which may or may not relate
to age, and of the duration of the periodontal disease since

its inception.

I1.3.2. Sex . -

Of the studies which consisted of both children, adolescents
and adult populations, the perlodental disease occurred, in

general, more frequently and more severely among the males than
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females (1,22,116,149,159,164,202,212,258,273,289,368,420,430).

At the same time, male subjects were found to brush their teeth
less frequentlz/than females (273), to have more persons, pro-
portionally, with more oral deposits (289) and to score higher
with regard to OHI, CI and/or DI (1,159,164,213,368). Studies
among adult populations in the U.S5.A. demonstrated, however,
that differences in PI between sexes disappeared when compari-
son was made between sexes with like age and simplified OHI
scores (213). Studies among rural Maori population did not
reveal obvious difference in CI or DI scores between sexes, in
spite of the fact that males had higher average PI scores than
females for each age group (22).

Several studies has indicated no consistent sex difference
at young ages, only slightly higher prevalence of periodontal
disease among teenage girls than boys, and generally more sig-
nificant differences in periodontal conditions among adult men
and women (37,154,122,352,358,401,414),. Oral deposits followed
this same pattern in a Ugandan study (414), but were found to
be consistently worse among males than females throughout all
age ranges in two other studies (154,401).

Contrary to the above findings, studies in Ethiopia (247),
rural central India (267), Sudan (103), among Bedouins in Israel
(350) and Tokelau Islanders (22) demonstrated worse periodontal
condition among boys than girls and among adult women than men.
Males among Bedouins in Israel scored, for each age group, hi-

/

gher CI and DI than females (350). Waerhaug reported consis-

tently higher average PI scores among Ceylonese females than

- ‘ TS )
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males who had the same age and simplified OHI scores (463),
Prevalencé of periodontosis was shown to be higher among women
than men in Bombay City (332). We do not understand exactly
why female populations in general and adult women in particular
had higher prevalence and severity of periodontal disease than
the males of these populations (22,103,247,267,332,350,463),

but it seems interesting to find that these study populations
come from less developed geographic regions, and it was sugges-
ted by Waerhaug in his study among Ceylonese (463) that frequent
child-bearings among these women, in contrast to women in more
developed areas, might have adverse effects on periodontal health.
But such a hypothesis remains to be proved.

Studies in Chileans (17,18), Melbourne suburbanites in Austra-
lia (276) and Bostoneans (273) revealed no consistent sex diffe-
rence in the prevalence of periodontal disease. Arno and his
associates observed no difference in the prevalence of gingivi-
tis among male and female employees who belonged to the same age
and oral deposit categories and smoked the same number of ciga-

~

rettes (9).
When children and teenagers were considered, French Polyne-
sians (20) and Ontario school children (40) were observed to
have higher prevalence of gingivitis among boys than girls. No
such obvious sex difference was found among Israeli rural chil-
dren (352), Bedouin children in Israel (350), or Ibadan children
in West Nigeria (105). éontrary to this, girls, as compared with
boys, at Surrey school in Kingston had a higher average PI score,
a higher proportion with pockets as well as a higher average OHI

score (40é).

L5
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Thus, there seems to be no definite sex difference in
the prevalence and severity of periodontal disease, and/npen
they did exist, most of such differences could be expléin;g
by intermediate factors, suoh as degree of oral deposk{; and
cleansing. Although there are still some studies in which one
can not explain the differences between the sexes in periodon-
tal condition, one must also realize that the sample bias of
these studies may have been so great that this itself may have

caused such differences in periodontal disease prevalence.

1.3.3 Geographic distribution and ethnic factor

Epidemiological studies of the prevalence of periodontal disea-
se have been made on populations from more than 50 geographic
areas (1,17,20,22,38,73,93,103-105,109,110,116,153,154,159,163,
164,180_196,201,202,212,230,235,236,243,247,259,267,273,279,
282,283,288,289,322,330,350,352,358, 361,363, 364,367, 368,400,
Lo1,402,414 ,415,461,463,469). To obtain a rough idea about
the prevalence and severity of the disease among populations of
various geographic regions, these studies are summarized accor-
ding to:

(A) Prevalence of periodontal disease

(B) Prev;ience of gingival abnormalities

(C) Percentage of subjects with one or more pockets, and

(D) Mean PI score (Russell's PI index)

To compare the prevalence of periodontal diseasg among
different populations assessed by different observers was al-
ways handicapped by great observer variation, even when the

same index was employed (82). And there is no way to make a




-93a-

(A)  Prevalence of Periodontal Disease

\
Study population Age % without Reference .
(years) P.D. number \\\\
Norwegian army 19-25 0.4 38
Ontario civil servants 20-24 L,o 289
Bambay City, India 11 5.1 288
Bémbay and Bassein, India 11 0.6 330
13 0.0
Madhya Pradesh, Central , 16-20 1.1 267
Indian rural population 26-30 0.0
Icelanders | It 93
Chileané 25-29 31.3 17
30-34 24,2
35-39 18.8
Lo-44 11.8
U.S. adult population, 25-34 M: 26.3 202,
probability sample F: 37.6 212
35-44 M: 22.1
F: 33.1
U.S. urban p(jpulation 20-29 52.7 358
.30-39 ké.5 ,
Lo-49 36.5 -
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(B) Prevalence of Gingival Abnormalities

!

Study population Parameters Age Percent Reference
(years) number |
Thailand % with gingivitis = 8-12 100.0 230
| Scotland % with gingivitis 13 99.4 282
Boston % with gingivitis 13-15 M: 88 273
. F: 75
Tokelau Island, % with gingivitis 10-14 M: 11.5 22
N.Z2. (primi- | F: 7.4
tive life) 15-19 M: 20.0
F. 15.3
20-~24 M. 48.1
) F. 59.4
Canada: B.C. % with abnormal 5-13 24,7 235,
Sask. gingivae 19.9 236
Ont. 31.3
N.S. 48.0
French Poly- 4 with gingivitis h_9g M: 14.4 20
nesians F: 13.4
/ 10-14 M: 31.1
F: 23.3.
15-19 M: 33.3
' ) F: 21.9

e .
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(C) Percentage of Subjcets With One or More Periodontal Pocket

b .

el

Study populations % of subjects with pocket Reference

Lo-4h4 yrs U45.49 yrs

Chilean Lé,2 59.7 17
Madhya Pradesh, Central M: 92.20 92.30 267
Indian rural population F: 90.55 93.40
Rural Nigeria: Yoruba 90 93 Loo
Ibo 61 70
London and Warrington, M: 97.3 99.2 Lol
Great Britain F: 100.0 97.1
35-44 yrs U45-5h yrs
Tokelau Island, N.Z. M: 48.8} 76.6 22
‘ ﬂ F: Ly .0 83.3
U.S. adult population, ‘M: 29.7 36.9 202,
probability sample F: 20.5 29.6 212
4o-49 yrs
Ethiopia 47.0
U.S. urban population 33.1
9 yrs 11 yrs
Ontario children ' 82 73 283

12 yrs 13 yrs 15 yrs

Bambay and Bassein, India . 0.6 . 2.0 9.2 330
Surrey School children, M: 6.8 15.7 21.4 ho2
Kingston, England F:21.4 27.5 L7.4
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(D) Mean Periodontal Index Scores (Russell's PI)

|

I. Studies made by members of a research team (N.I.D.R., U.5.A.)

-

Mean PI at 40-49 yrs

Study population Reference
Civilian All study
only population
Chilean 2.74 2.09 17,185
Ethiopia 1.86 1.86 181, 247
Alaska: primitive Eskimo 1.17 1.45 180,367
urban Eskimo 2.31 ——
Ecuador 1.85 4 1.43 183,368
South Vietnam: Vietnamese 2.18 q 2.62 184,368
Hill-tribemen 3.97 ———
Columbia .21 2.28 - 186
Thailand j.BO 3.06 187
Lebanon: Lebanese .98 3.02 188
Palestinian-refugees 3.52 ———
Burma 3.58 3. 24 191
Jordan: Jordan civilian 3.96 ———— 192
Palestinian-refugees | 4.41 ———
Trinidad: East Indian 4,16 4,16 189,469
Negro 3.72 3.72
West Indies | —— k.36 189
Baltimore: Wiite / 1.03 — 73
Negro / 1.99 —
U.S. urban white populatio 1.34 —— 358
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(D) Mean Periodontal Index Scores (Russell's PI) -~ Continued

. II. Studies made by other observers
Study population Mean PI Reference
UO-#QAyrs
Hailuoto Islander, M: 4.82 1
Finland . F: 3.02
Osegere villager, W. Nigeria 5.80 109
Chinese Army personnel 1.26 110 -
Ecuador civilian and M: 2.31 154
Montana Indian P = 1.97 .
Iran urban population o 3.37 163,164 .
U.S. urban population M: 1.58 358
F: 1.26 -
Ceylonese . h M: 4,22 ‘bbifh63
F: L,96 !
4 ethnic grs.: Shinhalese 4,50 ’
Tomil 4,29
Moor 4,08
Others 2.63
3 places: Anuradhapura V., 5,06
Jaffna Village 4,36
Colombo ( 3.49
_bo-4k4 yrs 45-49 yrs
Ont. Dept. Highway M: 1.92 3.33 116
. empléyees, Canada LF: 1.76 2.92 )
” ‘ Melbourne, Australia M: 3.20 3.05 ’21&3

F: 1.64 2.59
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(D) Mean Periodontal Index Scores (Russell's PI) -- Continued

IT. Studies made by other observers -- continued
Study population \\ . Mean PI Reference
\
\\\ ho-44 yrs L45-49 yrs
Rural central India \ M: 4.45 4.80 267
at Mgﬁhya Pradesh F: 4,63 4,88
Rural Nigeria: Yoruba , 3.3 3.6 koo
Ibo 1.8 3.2 r
" London and Warrington, M:  4.70 5.16 Lol
Great Britain F: 4,51 4,73
35-44 yrs U45-54 yrs
Rural Maori, N.Z. M: 475 4.86 22
F: .53, 3,58
Uraguay 478 b 42 190
t.S. adult popﬁlation: M:  1.27 1.62 202,212
F: 0.82 1.23
White M: 1.22 1.55
F: 0.74 1.11
Negro M: 1.67 2.06
F: 1.30 1.92
Maori population at ‘ 3.90 L, 43 259
Tiki-TikiRaggitﬁkia
Israel rural settlement M: 2.10 2.77 352
“ F:  1.56 2.71
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L

g
- (D) * Mean Periodontal Index Scores (Rfssell's PI) -- Concluded

‘ II. Studies made by other observers -- concluded
L)
Study population Mean PI Age (yrs) Reference
Norweglan Army M: 0.80 19-25 38
Sudan ] , 2,42 30-39 103
’ M: 2.3
=T PR 2.5 v
Rural Indian (Bassein) 1.53 19-30 153j
Dental students in Calcutta 1,40 21.78 201
India and Norway: Patna 1.4 22,45
Lucknow 1.10 22.15
Bombay 1.14 24,34 :
Oslo 0.32 23.89
)Singapore: Chinese : 0.91 21.45 279
Malays 0.70 21441
Indian-Pakistan 0.86 21.40
. Ugandép: Tribe Pistrict
. Bakiga Kigezi 1.14  20-29 414
Batoro Toro 2.19
Acholi  Acholti 2.40
Bagisu Mbale 2.55
J' e

-~




-9l

closer guess about such observers' errors. As an example,
Sheiham (hdl) observed the periodontal disease severity in
British workers in London and Warrington to be roughly three
times that of the U.S. population (202,408). But we do not
know how much the observer variation attributes to such high
scores amoung British data. Even when comparing simpler indlices
such as the percentage of subjects with positive periodontal
findings (212,289), or with one or more periodontal pockets
(153,212,288,402), the definitions seemed to differ from one
observer to another. This explains, at least partly, why On-
tario civil servants (289) had such higher proportion of sub-
Jects with periodontal disease than other western population
(17,202,212), and why Ontario school children (283) and Nor-
wegian army personnel (38) had incrediBly higher percentages

of subjects with periodontal pockets than Indian children (330),
Surrey school children (402), and French Polynesians (20).

It is quite fortunate that there have been studies (17,73,
180,181,183;189,191,247,358,367,368,@69) carried out by members
of a research team (Epidemiology Branch, NIDR) who had standar-
dized their methods and criteria before they went into the
field. Other data were obtained by examiners who had worked
with the same research team long and closely enough so that a
useful degree of comparability could be assumed (22,109,£16,
153,159,163,164;,190,194,243,259,267,352,400,461,463). When
data from these two sources were arrayed together, a regio-
nal distribuflbn in periodontal disease could be seen. 1In

general, the more developed populations and regions were asso-
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ciated with less prevalence and severity of periodontal disea-
se.

When different ethnic populations reside in completely
different geographic regions, it is almost impossible to de-
cide which one of these two factors, ethnic or region, is the
main factor responsible for the different prevalence of perio-
dontal disease among various ethnic groups. There are some pe-
riodontal studies, however, which were conducted among various
ethnic groups living within one well defined geographic region
(20,73,202,212,213,243,279,352,366,367,368,400,414,415,463,469).

A periodontal study among 9 ethnic groéups in Israeli ru-
ral settlements revealed great variations, bothin the severity
and prevalence of periodontal disease (352). The study was not
designed to explain such variations. Slome (415) also reported
that post-partum Jewish women in Israel who were born 1in East
Europe and the Near East had a higher periodontal disease pre-
valence than yhose born in West Europe, North Africa, Far East
and Israel. éince age was not standardréed in this comparison,
the conclusion was of doubtful validity. When different seve-
rities of periodontal disease were found between Vietnamese and
Vietnam hill tribes (368), between Yoruba and Ibo rural Nige-
rians (400), among four distinct tribes in Uganda (414), and
among five ethnic groups in French Polynesia (20), corresﬁbn—
ding differences in calculus and/or debris were also demonstra-
ted. Wertheimer and his co-worker reported, however, that in
their study in Trinidad, East Indians exhibited a slightly grea-

ter severity of periodontal disease in several age groups than
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the Negroes even though the OHI scores of the East Indian tended
to be slightly lower than those of Negroes (469). (Transpositiop
of the headings of Negro and East India on their table  has
been confirmed by authors of this study through personal com-
munication). This unusual relationship between PI and oral de-
posits (in this study, materia alba), was also observed by Mc-
Combie_é;mgl among Chinese, Malays and Indian-Pakistanese in
Singapore (279).

In the U.S.A., white persons had, on the average, much
better periodontal health than the Negroes of the same age (
73,202,212,366). It was also found that the Negroes presented
with more materia alba (366) and higher OHI scores (213). Ta-
king factors of age and materia alba or QHI scores into con-
sideration simultaneously, the difference in PI scores between
white and negro persons practically disappeared (213,366). Si-
milar findings were reported by Lilienthal et al in their stu-
dy of British-Europeans and Mediterranean-Asians in Melbourne,
Australia (243). On the other hand, Waerhaug demonstrated that
OHI scores and age factors faaled to explain adequately the dif-
ferent severity in periodoqtal disease among four ethnic groups
in Ceylon (463). This was more apparent when such comparison
were made among those who belonged to high OHI categories. It
suggested an interaction between OHI and other unknown factors
in regard to their effect on PI scores. Waerhaug suggested
that variation in protein intake among four ethnic groups might
be responsible for their differences in severity of periodontal

disease, although direct evidence of protein intake in relation

|
\
|
|
|
/
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Populations and Reglons with Relative Degrees of Prevalence

and Severity of Periodontal Disease

Low (PI: 1.03 to 1.34):
U.S.thite population.

' Alasﬁa_primitive Eskimo

Low median (PI: 1.85 to 2.62):

U.S. negro population

Urban Eskimo o0
Canada

Australia

Ecuador and Columbia

Vietnam-Vietnamese

Ethiopia and Nigerié-lbo

Israel

High Median (PI: 2.74 to 3.97):

Chile

Trinidad-Negro

Lebanon, Jordan civiliam and Iran urban population

Malaya, Thailand, Burma and Vietnam-Hill tribes

Nigeria-Yoruba j
High iPI: 4,10 to 5.80):

Uruguay - ‘ ; .

Trinidad-East Indian

Jordan-Palestinian refugees

Maori population, N.Z. -
India and Ceylon

. West Nigeria-Osegere villagers
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to periodontal condition is still very weak,

Various ethnic groups who, though residing within a de-

fined geographic reglon, often belong to different social class-

es and cultures, Therefore, their dietary habit, nutritional
status, personal hygiene practice, professional dental care and
other factors associated with social or cultural patterns may
well vary from one eehnic group to another and may be responsi-
ble for the diff'erent prevalence and severity of periodontal di-
sease among these groups. N

Thus, it seems clear tlat there is a distinct prevalence
and severity of periodontal disease among populations of various
global geographic regions and among distinct ethnic groups with-
in a defined region, and that factors associated with socio-cul-
tural pattern may be responsible for this distribution. But the
underlying determinants of disease prevalence and severity are
far from understood. Oral deposits, either debris, calculus or
both, sometimes, but not always, can explain part of the varia-
tion of disease distribution among various populations, but their
exact role in the pathogenesis of periodontal disease is still

an unanswered question which shall be discussed in detail in sec-

tion I.3.6.

I.3.4, Socioeconomic factor

Socioeconomic status is a theoretical concept still awaiting
clear definition. So many variables, such as years of formal
education, occupation, family income, living condition, social
prestige, and so oﬁ, are encompassed in the concept that in prac-

tice a single variable which can be objectively defined is com-
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monly used as an indirect indicator for epidemiologic purposes
(262).

Years of formal education, famlly income and occupation
are the three variables which have been most commonly used as
indicators of socioeconomic status in epidemiologic studies of
periodontal disease. Many surveys demonstrated that better pe-
riodontal condition was associated with more years of formal e-
ducation (24,38,175,212,296,366,415,463), more family income
(164,212,288,463) ,and more favorable occupation (9,164, 255,278,
296,366,401,415). Whenever periodontal conditions of military
and civilian groups studied, the former group consistently had
much better periodontal health than the latter group of compa-
rable age (154,361,368,424),

Corresponding to better periodontal health among persons
of higher socioedgn?mic status, this group also had less dental
deposit, measured as debris, calculus or both (38,154,164,175,
213,255,361,463) and brushed their teeth more frequently than
did the lower socioeconomic group (24). If the factors of age
and dental deposits or toothbrushing frequency are held cons-
tant, the difference in periodontal severity between higher and
lower socioeconomic groups dropped to negligible levels in most
studies (9,213,243,368), but remained significant in adult popu-
lations in Ceylon (463) and Birmingham, Alabama (366). 1In his
study in Ceylon, Waerhaug compared PI scores of various educa-
tional level and family income groups who belonged to the same

category of age and OHI-S score, and found no difference among

subjects who scored low in OHI=-S, but major &ifference in PI
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still remained among subjects who had high OHI-S score (463).
Thus, these results indicated an interaction between OHI scores
and factors associated with these two socioeconomic variables,
in regard to their actions on periodontal condition. It was
not fully understood which factors interact with oral deposits
on periodontal disease Of Ceylonese adults, but from the fact
that such an interaction phenomenon was not apparent among de-
veloped countries such aé the U.S.A. (213), Norway (9) and Aus-
tralia (243), malnutrition among low socioeconomic persons in
Ceylon may have been the most likely factor which ma@e perio-
dontal tissue less resistant in these people than that of well-

nourished persons, to equivalent amount of oral irritants. Ru- !

ssell and Ayers reported that, among adults in Birmingham, Ala-
bama, more educated persons continued to have lower average PI
scores even after age and presence or absence of materia alba
were held constant (366). Since they considered only prevalence
of materia alba, instead of debris and calculus, their results
should not be considered as contradictory to the study made by
Kelly et al on U.S. adult populations (213).

Al though years of formal education, family income and oc-
cupation are used as indirect indicators of.socioeconomic status,
each variable may measure a different component of the socioeco-
nomic complex, and it is not surprising that degree of associa-
tions between disease and socioeconomic status ma&,differ accor-
ding to which measure is used (262). Kelly and Van,Kirk inter-
preted that family income implied the ability to purchase dental

care, whereas years of formal education implied a greater aware-

/
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ness of what appropriate dental care was (212). Their study on

U.S. adult populations showed that the correlation of \PI score
1

was higher with years of formal education than with fanily in-

es attributable to family income to

come, and that adjustment for years of education reduced the va-
riance in the mean PI scg&

roughly a quarter of the original value (212). A periodontal
study on an adult population in Birmingham, Alabama revealed
that, among white persons, those favorable occupations had, in
general, much milder periodontal disease than those with unfa-
vorable occupations. Data from Negroes showed the same trend,
but there was little difference either in educational level or
mean P1 score between Negro craftsmen and foremen, operators
and service workers, and common labourers which ranged from the
third to the fifth occupational classes. Hence, for either race,
the data suggested that years of education rather than occupa-
tional class was more closely associated with the periodontal
condition (366).

Socioeconomic status which is based on a number of va-
riables was employed in three epidemiological studies of perio-
dontal disease (109,296,299). Mobley and Smith devised a so-
cioeconomic index which was based on occupation, source and
amount of income, education of parents, home ownership or ren-
tal, number of. children in the family, crowding in the home,
home facilities, types of house and dwelling area. Their stu-
dy on negro children in Tennessee revealed that low periodontal
disease scores tended to occur in persons in the upper status

and high periodontal disease scores in those of lower status (
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296). With similar criteria of socioeconomic status, Moore
et al reported better gingival condition among children of hi-
gher socioeconomic status in Indiana (299). Enwonwu and Edozien
studied periodontal disease among L02 Osegere Villagers and 539
foruba family members in Nigeria (109). These two populations
differed greatly in iiving standard, dietary habits, nutrition
and general health status such that the former group could be
classified as being of a low social class and the latter group
as coming from a high social class. The authors found that for
each age group, Osegere Villagers had much higher mean scores
of PI, DI-S, CI-S and OHI-5 than Yoruba family members. Within
the same categories of age group and CI-S score, Osegere Villa-
gers had still much higher average PI score than Yoruba family
members. Furthermore, the percentage of the total variance of
PI scores which could explained by age, DI-S and CI-S differed
markedly between these two populations, about 30% for Osegere
Villagers and 81% for Yoruba family members. It, therefore,
suggests that among Osegere Villagers, factors besides age and
oral deposits were responsible for the greater severity of peri-
odontal disease tlan that observed in Yoruba family members.
The four previously mentioned social variables remailned to be
further examined as to their exact role in the pathogenesis of
periodontal disease among poverty-stricken populations (109).
Demand for and degree of professional dental care were
occasionally used as indirect indicators of socioeconomic sta-
tus, because persons of greater formal education, income or oc-

cupational status received more dental care relative to their

i
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needs and made more preventive dental visits (208,209). Stu-
dies made on volunteer employees from Ontario Department of Hi-
ghway (116) and post-partum Jewish women in Israel (415) reveal-
ed thAt severity of periodontal disease was inversely assocliated
with the frequency of dental visits. McCombie and Stothard found
that among children of Greater Vancouver, the proportion of chil-
dren having gingivitis was lowest among those who had received
complete treatment for dental caries, highest among treatment-
neglected children and intermediate among those who never heeded
caries treatment or only regeived partial treatment for caries
(420). Similar findings were reported by Russell and Ayers in
their study on adult population in Birmingham, Alabama (366).
The school system in Dallas classified children into accelera-
ted and non-accelerated classes. Zimmerman and Baker reported
that children of the accelerated classes had a lower average
periodontal score than those of non-accelerated classes (475).
There were three studles which did not show consistent or
significant association between socioeconomic status and perio-
dontal condition (112,401,402). Sheiham reported that of male,
employed persons in London and Warrington, Great Britain, those
belonging to higher social status, as compared with those of
lower status, had lower PI score. There was, however, no con-
sistent pattern of severity in periodontal disease among female
subjects in each age group and of the inherent weakness in the
Registrar General's social classification whereby the daughter
or wife of social class 1 male may be classified, for example,

as social class 3 if she is employed as a clerical worker (401),.
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Sheiham also conducted a dental survey among Surrey school chil-
dren age 11 to 17 years. He found that although children of hi-
kgher social classes had less oral deposits than those from lower
social classes, no consistent difference in PI score among chil-
dren from various social classes was observed (402). It might
be concluded from the data that children of this age group had
not been sufficieﬁtly influenced by their family's social class,
and that Russell's PI might not be sensitive enough, as compared
with gingivitis indices, to discriminate the degree of gingivi-
tis among children. Finestone studieé the periodontal conditi-
on of 189 diabetic patients and reported no significant associ-
ation between PI score and socioeconomic status (112). Since
his study subjects came from low or low-middle income families,
such small variation in socioeconomic status would, in theory,
be of 1ittle use in describing the variation of severity in pe-
riodontal disease.

Thus, socioeconomic status which is based on years of for-
mal education, family income, occupation or a combination of so-
cial and economic variables, has been consistently demonstrated
to have an inverse association with severity of periodontal di-
sease, Years of formal education, as compared with family in-
come and occupational classes, 1s more closely associated with
severity of periodontal disease. In more developed countries,
most of the difference in periodontal disease variation of va-
rious socioeconomic classes can be explained by oral deposits,
frequency of toothbrushing, dental awareness and profﬁssional

dental care received. In less developed countries, malnutrition
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and other unkown factors which are associated with poor living
standards seem to be more responsible than oral deposits for
>

the more severe periodontal disease among poverty-stricken low

socioeconomic persons when compared to the higher status group.

I.3.5 Urban - rural comparisons

Rural as compared to urban populafion tended to have higher pre-
valence and greater severity of periodontal disease (28,153,212,
296,330,469). The extent of the differences varied greatly
from one study to another. Data from the U.S. National Health
Survey showed that actual and age-sex ad justed expected perio-
dontal disease scores did rnot differ greatly enough to indicate
that perliodontal disease was associated eilther with population
density or with place description which included urban-rural
comparison (212). DNobley and Smith reported similar findings
in high school negro students in Tennessee (296). Benjamin et
al studied rural children of 25 Indiana counties and observed
that mean PI of county children tended, though not consistently,
to increase as "percent of rural residents of the county" be-
came greater (28). Russell analyzed the.same data, but report-
ed that this particular county variable'was not associated ei-
ther with presence or absence of periodontal disease or with

PI scores of the periodontally involved children (359). Con-
trary to the small urban-rural difference in periodontal con-
dition in the U.S.A. there was a greater difference between
school children at Bombay (urban) and Bassein (rural) in In-
dia (153,330), and between rural and urban populations, age

15 to 50 years and over, in Trinidad (469). Gupta's study in
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Trivandvum, India, revealed, quite surprisingly, that the mean
PI for the urban population in all age groups was higher than
that of the rural population except for the age groups sixty
and over (159). The author did not interpret this unique phe-
nomenon though his sampling method may have been of doubtful
validity.

Corresponding to the more severe periodontal disease among
rural than urban residents, the former group also scored higher
OHI (153,213,469) CI and DI (153) and Plaque Indices (330).

Although urban rural populations may differ in socioeco-
nomic status and availability of professional dental care, no
studies have consedered both variables simultaneously when com-
parisons of prevalence and severity of periodontal disease were
made between urban and rural groups. .Since Russell's study on
rural children in Indiana counties indicated that "median school
years of rural persons 25 years or older in county" rather than
"the percentage of county residents classified as rural' was
associated with the PI scores of periodontally involved chil-
dren (359), it is conceivable that the urban-rural difference
in periodontal condition, if present, may drop to negligible
levels if socioeconomic status is held constant.

It seems fair to conclude that though rural populations
tended to have higher prevalence and sevérity of periodontal
disease than their urban counterparts, such differences were
in most cases not great, or negligible., Oral deposits are asso-~
clated with urban-rural differences in periodontal conditions.
Simultaneously consideration of socioceconomic status in future

studies of urban-rural comparisons of periodontal disease is

N
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essential.

I.3.6. Occupational hazards

Injuries of the periodontal tissue which occur as a direct re-
sult of the occupational exposure to various specific agents
are rather common. Most of this knowledge was, however, not
obtained from specific periodontal surveys on various occu-
pational groups, due obviously to the fact that periodontal
involvement caused by occupational hazards was, in most cases,
only part of the systemic manifestation.

Comprehensive studies of oral and particularly periodon-
tal manifestations of occupational hazards were made by Schour
and Sarnat (377) and by Walters and his co-workers (464). The
following is a summary of periodontal manifestations of occupa-

tional disease according to specific etiologic agents - taken

™

from the study by Schour and Sarnat (377).

The deﬁtal profession has been most familiar with the ha-
zards of metallic intoxication, especially from lead, bismuth
and, mercury and their compounds, with regard to periodontal di-
sease, These metals, in dust form, can cause distinct pigmen~
tation, without toxic symptoms, particularly on inflamed margi-
nal gingiva (2,167,204), In acute intoxication, acute ulcera-
tive gingivostomatitis.together wiﬁh gingival pigmentation has
been observed, and in cases of mercury 1ntoiication, destruction
of underlying bone has been reported (2). Since gingival pig-
mentation can appear in the absence of real intoxication, it
has for some time beeri used as an indicator of chronic exposure

to these metals; yet 1t is a very crude index because the degree

)
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of gingival pigmentation depends to a large extent on pre-
existing inflammation.

Other chemicals such as phosphorus (377), arsenic (178)
and chromium (238) may cause necrosis of alveolar bone with
loosening and exfoliation of the teeth. Inflammation and ul-«
ceration are usually/§§sociated with destruoction of the under-
lying tissue. Benzene intoxication is accompanied by gingival

bleeding and ulceration with destruction of underlying bone (

I\

377).

Most knowledge of oral-manifestations of occupational ha-
zards came from studlies made during the first half of this cen-
tury. Since then rapid industrial development has 1led td‘a far
greater potential occupational exposure to each specific et}o-a
logic agent (121)1 In addition to this, remarkable advances
hajg.been made in application of organic chemicals in indust-

rial techniques, but few or no studies have been conducted to

assess these new agents as to their implication on periodontal

¢

health,

Thus, there are definite periodontal manifestations from
various occupational exposures. Although early recognition and_
treatment of oral disease are important, the prevention of these

+

Adisease should be part of a total occupational disease preven-

4

tion program.

I.3,7 Nutrition, diet and systemic conditions

I.3,7.1. Nutritional factors and dietary habit
AY

A

It3.7.1.i. Population surveys
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There were three studies which attempted to relate the ascor-
bic acid levels to periodontal condition among selected popu-
lations (317,318,388) and none of them found significant asso-

ciation between these two variables. For any one who tried to

assess the periodontal effect of a nutrient on a population whose

intake variation of that nutrient was well within normal range

(388) or relatively small (317) as compared with possibly much

greater variation if a population of wider social background had

been studied, nd-association between the nutrient and perio-
dontal score can be expected. A study by Perlitsh on person-
nel wintering in Antaractica (318) did not simultaneously con-
sider other factors such as age, brushing frequency and so on,
instead it only tried to correlate plasma ascorbic acid level
with giﬁgivitis in indoor and outdoor workers.

Slome reported that postpartal Israeli women with low he-
moglobin levels, irrespective of their parity, had healthier
gingivae than women with hemoglobin of 10% and over (415). But
he explained that the anemic gingivae might have masked the in-
flamed gingivae by their anemic paleness. This effect might
also have been due to his small study sample.

A study on dental patientsuby Lainson et al demonstrated

no association of PI with either mocrohematocrit, hemoglobin or

total R?B;C. count (231). This was possibly the result of se-
lecting patients who had moderate to severe periodontal disea-
se, instead of including subjects with a wider spah of disease,
thus, althqugh three;fifths of‘the:female éubjects had a low

microhematocritglevel, still no association between microhema;

€
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tocrit and periodontal score was found.

A periodontal survey by Emslie among children and young
adults in Sudan and Nigerla (105) revealed that neither acute
ulcerative gingivitis among Nigerian nor periodontal score
among Sudanese correlated with protein malnutrition. 1In Su-
dan, girls at age of 10 to 19 years had a much lower hemoglo-
bin level than boys, but the former also had a lower average
PI for each age than the latter., It is difficult to interpret
this finding because growth differs greatly between sexes at
this age as do other factors such as tooth cleansing.

Enwonwu and Edozier studied children and young adults in
Western Nigeria (109). They found that among subjects of the
same age and calculus score, the group PI score was higher among
the low S-E group than in the high S-E group. Children from
low S-E classes had lower serum albumin, higher globulin, lower
ratio of albumin to globulin, and lower hemoglobin levels than
did children from high S-E classes. Protein malnutrition, the-
refore, might be responsible for the progression of periodontal
disease among children from low S-E classes.

In his study in Ceylon, Waerhaug reported that vitamin B
deficlency, as diagnosed clinically, was associated with higher
PI score, and this association exaggerated when the OHI score
increased, but nearly di;appeared when the OHI score was very
low. While the difference‘}n PI of each age between well nou-
rished and malnourished m%le; was not apparent, such difference
among females was more pro’ed (463)., All these facts poin-

ted out aniiﬁteractive relation between nutritional factor and
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OHI score as well as betﬁéen nutritional factors and frequency
of child-bearing in women living under primitive conditions,
in terms of their effect on the progression of periodontal di-
sease,

There have been many dental surveys carried out in con-
nection with the nutritional studies sponsored by the Inter-
departmental Committee on Nutrition for National Defense (I.
C.N.N.D.) which have covered many geographic areas throught
the world., The most common biochemical tests carried out were
total serum protein, hemoglobin level, serum ascorbic acid, se-
rum vitamin A, urinary excretion of thiamin, riboflavin and
N' methylnicotinamide. A study by Littleton in Ethiopia showed
that for similar age groups, those with low or deficient vitamin
A or C levels had significantly higher group PI scores and G.R.
rates (247). Other studies which had assessed a simple linear
correlation co-efficient between PI or G.R. and each biochemical
data indicated occasional significance (17,368). The magnitute
of associations was not great and could happen by chance from
the large number of significant tests in a single study. Further-
more, part of these associations diminished when partial corre-
lation co-efficients were tested in which factors of age and
OHI score were held constant (18,247,362,368). 1In one article
the authors made following statement: "less than 10% of the va-
riance in group PI scores remain to be explained after the com-
bined influence of age and mouth cleanliness (debris and calcu-
lus) has been estimated. A residual factor wholly independent

of age or hygiene (debris and calculus), therefore, tan have
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little effect on periodontal disease as scored by PI." (362).
Some comments have to be mgde about these population sur-
veys before meaningful conclusions can be drawn. 1) when a po-
pulation survey was conducted in a geographic area where the
population nutritional status was homogenous, ie. very poor in
all foregoing studies, because of the small intake variation of
each nutrition, little or no association between nutritional
state and periodontal score could be expected. 2) Since some
biochemical data also were associated with age and OHI score (
18,368), partial correlation coefficients between biochemical
data and periodontal scores with age and OHI standardized would
certainly lead to less correlation than their simple correlation
coefficient. 3) Since we do not yet understand what role ----
cause, result or both? ---- which subgingival calculus plays in
the pathogenesis of periodontal disease, standardization of this
variable when correlating nutritional factors and periodontal
scores, therefore, becomes a dubious procedure. 4) No one knows
for certain what role age actualiy plays in the disease process
either, but a logical guess is that it mainly indicates, indi-
rectly, the duration of existing periodontal disease and etio-
logical factors. Age, therefore, may be an important factor in
disease progress rather than disease initiation. Thus, when a
multiple correlation‘ coefficient for a nutritional factor and
age over a rather gide range with periodontal severity is esti-
mated, age will almost completely dominate such correlation.
5) Biochemical .data indicate nutritional status immediately pre—h

ceding the tests, whereas periodontal disease is a longstanding

b
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chronic disease; a great deal of caution is therefore required
in interpreting the association of these two variables in a
cross-sectional study.

With these considerations, it is easier to understand why,
from studies in Chile and Ethiopia, the combined effect of age,
sex, oral debris, supragingival calculus, all biochemical data
and molar attrition score explained only one-third and one-half
respectively of the total variance of PI and GR (18[2h7),whereas
from studies in Lebanon and South Vietnam (362), the combination
of age and OHI (including subgingival calculus in addition to
oral debris and supragingival calculus) explained nine-tenths
of the total variance of group PI score. In their study on Es-
kimo national guards in Alaska (367), Russell et al found that
although their study population had high prevalence of gingivi-
tis, it had relatively little loss of alveolar bone. They also
reported that supragingival calculus was not significantly asso-
cited with alveolar bone loss, and suggested that high protein
intake might have prevented alveolar bone resorption. A study

by Enwonwu and Edozien in Western Nigeria (109) also revealed

the combined effect of age and OHI explained four-fifths of the

total variance of PI among subjects from higher social class (
Yoruba family members), whereas it accounted for only three-
tenths o% the variation among those belonging to low #ocial
class (Osegere Villagers). Thus, great difference in hemoglo-
bin and other serum protein levels between the high and low so-
cial group in this study might be the most important factor re-
sponsible for much greater periodontal severity in the %ow SO~

s
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cial group (Osegere Villagers).

To summarize, most population surveys d4id not find that
the deficilency of any specific or group of nutrients, as de-
termined by biochemical analyses, was significantly associa-
ted with periodontal severity. These negative findings might
result from rather homogenous nutritional state and wide age
range of the study populations. Other studies suggested that
protein malnutrition might be responsible for greater periodon-
tal severity among poverty-stricken people as compared with be-

tter nourished groups dwelling within the same geographic area.

I.3.7.1.2 Clinical Trials

Although clinicians have long been impressed by the detrimental
effects of nutritional deficliency on periodontal health, the de-
layed appearance of population data and the general lack of apb—
lication of epidemiology and ?tatistics in clinical trials by
the dental profession have gréatly handicapped extensive use of
this method in periodontal research. Lacking a solid scientific

grounding, many periodontal studies are open to criticism.

A) Carbohydrates

) qpoosing systemically healthy dental students of a study,
Cheraskin, Ringsdorf and their associates initially scored on
gingivitis (61), measured sulcus depth (55,57) and estimated cli-
nical tooth mobility (56,59). The students were then divided \.
randomly (arbitrary?) into an experimental and a control group.
During three experimental days, the former group drank either
sucrose (55,56,61) or glucose (57,59,61) solutions and the la- |

tter group consumed artificial sweet drinks. On the fourth day,
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the parameters were estimated again by the same examiners who
were supposed to have no knowledge of either the kinds of drink
or the initial scores of each individual. They reported that
while no significant changes in mean scores of parameters se-
cured among the control group, the experimental group showed a
significant score increase in all three parameters studies.
From.their data however, it became obvious that: 1) random di-
vision into experimental and control group sometimes resulted
in quite different initial mean scores (56); 2) the differences
in parameter scéres either between experimental and control
group at the end of the experiment or between the initial and
the final mean scores within each group were so small that they
could have occurred well within observers'error; and 3) the
surprising consistency in a very high proportion of experimental
subjects to have increased scores of all studied parameters with
no change for the remainders while a very low proportion of con-
trol subjects had increased parameters' scores, casted doubt as
to whether planned blind assessment actually worked out at all.

Thus, the effects of sweet drink on gingivitis, sulcus

i1l not very clear.

Better study design such as matching for pairs

depth or clinical tooth mobility a

tween two
groups, larger sample size and longer exp ental period, as
well as more appropriate methods for data analyses are essen-

tial for future studies. <~\

B) Protein

Cheraskin, Ringsdorf and thelr co-workers studied the éf-

fect of protein supplementation against placebo supplementation
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on the periodontal disease of dental students (49,50, 51,339,
342), and adult personnel of the Medical Center and Fire De-
partment in Alabama, U.S.A. (60,62). Initial bilochemical ex-
amination of serum protein, albumin and globulin levels indi-
cated all subjects to be within normal range. Following ini-
tial estimation of the gingivitis score (50,60,339), sulcus
depth (51,342) and gooth mobility, (49,62), the study subjects
were randomly (arbitrary?) divided into an experimental and a
placebo group. The former group received daily protein supple-
ments which were either a mixture of essential amino acid (339,
342) or animal protein (49,50,41,60,62). Each experiment ran
for either three days among dental students or two weeks among
adult personnel of the Fedical Center and Fire Department. At
the end of each experiment, the same observer estimated the con-
dition of the same parameter with no supposed knowledge of the
kind supplements or initial score of each individual. Results
showed that while there was significant improvement in the con-
ditiop of periodontal disease among experimental subjects, 1li-
ttle changes occurred among placebo group. From their study of
sweet drink same questions could be asked here too.

With a sort of cross—control design, Lederman and Hazen
studied the effect of protein supplements on gingival disease
among young adults (233). Palrs of experimental and control
subject were matched according to initial gingivitis score.

The authors reported a beneficial, though transcient, effect
of protein supplements on gingivitis severity among subjects -

who startéd with protein supplementation during the first three

/
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weeks and changed to the placebo during the next weekqeg No ini-
tial nutrient data or other quantitative data were reported.

It was rather difficult to accept the conclusion that se-
verity of periodontal disease among those young adults could be
improved by supplements when there was no evidence éf protein
deficiency to begin with, Until data from more critical studies

are available, no conclusion is immune to serious questioning.

C) Vitamin C

Vitamin C in pure form as well as in natural fruits such as
orange and grapefruit has been used as a supplement in many cli-
nical trials.

A clinical trial on subjects whose initial levels of as-
corbic acid in plasma and tissue was relatively low, indicated
that vitamin C supplements reduced the severity of gingivitis
(99,229,260,281,346), sulcus depth (100) and tooth mobility in
the experimental group (101). Parfitt and Hand made a similar

tudy on inmates of a mental institute who initially had very
Sow plasma levels of ascorbic acid, but they did not find any
significant reduction in severity of gingivitis among’' the supple-
mented subjects (317). The authors also reported th%t although
the experimental subjects had receiyed 500 mg of vitamin C daily
for a total of six weeks, their ascorbic acid in plasma did not
reach to normal levels by the end of the experiment.

+ Studies on subjects who initially had very high (232,319)
or optimal levels (141) of plasma ascorbic acid showed no reduc-
tion in gingivitis score following dietary supplementation of
vitamin C. Glickman and Dines showed that by the end of the

- o o
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experiment the ascorbic acid levels in plasma of the supple-
mented subjects increased, while little change occurred in the
tissue level (141). They also reported that subjects whose gin-
givae were treated immediately following initial assessment of
gingivitis score had significantly better gingival health than
others at the end of the study. Results from this study (141)
as well as from others (99,100,101) which had considered effects
of both supplementation and initial prophylaxis, indicated that
co-existing factors, both local and systemic, were responsible
for progression of the disease.

Thomas et al studied gingival hue (443) and resorption of
alveolar bone (442) among dental students. They not only supple-
mented the diet with orange Jjuice of experimental subjects but
also requested control subjects to eliminate citrus fruits from
their dietssthrougﬁbﬁtCQhe study period of one year. The re-
sults showed a marked réﬁuction in scores of gingival hue among
the experimental subjects and increase in severity of gingival
h%? amQQ%‘control persons, But there was no significant diffe-
rence in the height of alveolar bone between the two groups at
the end of the study, although the average rate of decline of
alveolar bone height suggested slightly slower alveolar bone re-
sorption among experimental students than control ones. It 1is
questionable that a study lasting onl& one year and lacking a
reproducible method for measuring height of alveolar bone could
yield significant information in this area.

Roth (354) and Carvel (47) reported & redu¢tion in the se-
verity of gingivitis following dietary supplementation with bio-

A
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flavonoid and vitamin C. Since their study subjects were clini-
cal patients with varying ages, were small in number and provided
no information about the level of vitamin C in plasma or tissue,
only limited conclusions can be drawn from these two studies.
Four other studies demonstrated no significant reduction
in the severity of periodontal diséasé following supplementation
with vitamin C (75,227,311,427). None of them assayed either
initial or final ascorbic acid level in the plasma of study sub-
Jects. For a study population like the young adult personnel
in the Royal Air Force (427), it seems unlikely that a sévere
deficiency of vitamin C could have existed. 1In Kutscher's stu-
dy on dental patients, the initial scoring of gingivitis was
done according to the gingival bleeding and sensitivity by sub-
gingival curretage over one-half of each mouth, while the final
scores were made in like fashion on the previously unscaled
half. Thus, initial and final score did not represent the same
tissue area (227). All children and adolescents studied by Co-
ven, received an initial thorough whole mouth prophylaxis,.
The experiment lasted only 28 days. Marked improvement in the
gingival health of both experimental and placebo groups, with-
out a significant difference in the degree of improvement, in-
dicated that beneficial effects from initial prophylaxis over-
ruled supplementary effects in such a short study period (75).
O'Leary et al employed very small samples, four or five sub-
jects in each of four groups, whose age also varied greatly,
hence, their negative resul;s should not be interpreted as

showing no association between vitamin C and gingival disease.

I



-119- i

In summary, vitamin C supplements could not reduce the
severity of periodontal d1§ease in subjects who had no evi-
dence of a vitamin C deficiency. For subjects who had an appa-
rent deficiency in this vitamin, supplementation with vitamin
C in its pure form or in natural fruits might, to some extent,
improve gingival health and reduce sulcus depth. Its effect on
alveolar bone resorption is not certain. Considering the fact
that there were only two studies in which the control subjects
were asked to eliminate citrus fruits from their diets, and that
vitamin C deficiency was likely to be only a minor factor of
many responsible for the severity of periodontal disease and
that most foregoing trials did not consider simultaneous other
factors, especially tooth cleansing, it should not be too sur-
prising to find that the effects of vitamin C supplementation

varied greatly from one study to another.

D) HMultivitamin supplements

The beneficial effects of dietary multivitamin supplements on
gingival health and tooth mobility were reported to be slightly
masked by the destructive effects of orthodontic banding (96).
Ringsdorf and Cheraskin supplemented dental students with mul-
tivitamin- trace mineral for three days and found a significant
reduction in gingival inflammation (340) and sulcus depth (3&1).
Since there was no evidence of vitamin deficiency among those
students, and ghe differences in periodontal parameters between

experimental and placebo groups as well as between initial and

final scores of the same groups were not great and could. occur

7from observer error, their results could be taken only as a mo-
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tivation for more critical studies.

Keller et al reportga no reduction in gingivitis score
on hemiarches of subjects who had received multivitamins for
three weeks (210). This result was interesting because these
subjects started with moderately low levels of ascorbic acid in
the plasma and demongtrated increased levels at the end of the
experimeﬁt. The ascorbic acid levels in tissue were not tested.
Although Dachi et al found no reduction in sulcus depth on ex-
perimgntal subjects supplemented with multivitamins for five
days (78), this may have been because the study subjects, den-
tal students, had initially very shallow gingival sulci (only‘
10% of them had sulci deeper than 2 mm), therefore any possi-
ble beneficial effect on sulcus depth could have been masked
by observer error. Comparing the effects of a placebo, a vi-
tamin B complex alone or together with vitamin A, D or C on
the reduction of gingival inflammation among children and young
adults, Coven reported that the best results came from the sub-
jects who had received a combination of vitamin B complex, A,

D and C (75).

Finally, to compare effects on periodontal parameters be-
tween regular and sustained -release multivitamin supplements,
Cheraskin and Ringsdorf conducted a four day experiment on fifty
dental students whose initial vitamin 1evelslwere not stated.
Half of the subjects received the sustained - release formula,
whild the remainder took the regular - release type. Results
showed that while both groups ;mproved in periodontgl health,
subjects who had received the sqgtained - release formula, as

compared with those of the regu%df -release formula, had greater
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reduction in gingivitis scores (53), sulcus depth and tooth mo-
bility (54). 1In a separate report from this 3tudy, Rechards et
al reported a higher average ascorbic acid level in the tissue
at fhe end of the experiment among the "sustained" as compared
éo the "regular" group (336). Since no placebo group was inclu-
“ded in this study design, the exact depree of improvement in pe-
riodontal health from these twotiinds of supplements is an open '
question., Also from the data, it was obvious that the differences
between the two groups in sulcus depth and tooth mobhility was
not great (54).

Same comments and conclusions about vitamin C supplement
are applicable here. None of the studies mentioned above attemp-
ted to standardize other disturbing %&étors when comparisons were
made between multivitamin and placebo supplements in terms of
effects on periodontal disease. Thus, supplementary effects might
have been over - or under-estimated. Until data from more criti-
cal studies become available, the best conclusion one can make
is that multi;itamin supplements tend to reduce gingival infla-

mmation and that their effect on sulcus depth or tooth mobility
20 .

is ijﬂ certain, -
\

E} Summary f(6h clinical trials .
h

Results from e foregoing clinical trials did not greatly subs-

4

tantiate or cfgrify the nature of associations between nutrients
and the severity of perio&ontal disease as found in population
surveys. wﬁile the results from many clinical trials indicated
that periodontal dissase tended to be reduced in severity by

withdrawal of sweet drinks, and by supplementation of protein,
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vitamin C as well as multivitamins, their validity was quite ques-
tionable due to: 1) no evidence of deficiency in specific nutri-
ent among most study subjects, 2) the possible failure in blind
assesément, 3) the relatively short study periods, 4) no control
over diets in placeBo groups, 5) the failure to control other
disturbing variables in the study, and 6) the incorrect methods

of data ahalyses. The only finding which seemed to occu? more /
or less consistently throughout this review was the reduction 6?“‘\4;
Finrival inflammation following vitamin C supplementation f; sub- L/
jects who initially had apparent vi?amin C deficiency. That does

3
not exclude the possibility of periddontal diséase due to a de-

ficiency of other nutrients. Instead, it means that current da-
ta do not allow many definite conclusion.,
' In spite of all these drawbacks, -clinical trials have de-
S 5

monstrated the fact that nutrient factors are not major varia- °

bles and certainly not the only ones responsible for severity

of the periodontal disease. \\\\\-

1.3.7.1.3 Fluoride in drinking water --- a specific nutrient

There were nine population surveys which investipgated the asgo-
ciation between fluq{ide concentfation in drinking water a pe-
riodontal disease. Four .of them were made on childreﬂ adoles-
cents and five others on adult populations.

Brown and his associate (40) assessed the prevalence and
severity of gingivitis among schooi'children of age six to four-
teen years in Brantford, Sarnia and Stratford, Onéario. ..The di-

sease was found to be equivalent in Brantford, where drinking wa-
- 4
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ter had been artificially fluoridated for 8 years, and in Sarnia
where water was fluoride free. In Stratford, where drinking wa-
ter centained 1.3 ppm natural fluoride, the prevalence and seve-
rity of gingivitis were much worse than in the other two commu-
nities. This was explained by the authors as a reflection of pub-
1ic carelessness in tooth cleansing attributable to a low caries
rate of long standing. Quite similar results were reported by
Moore et al (299) who compared prevalence and severity of gingi-
vitis among 1123 white children, aged 7 to 12 years in Blooming-
ton, Frankfort and Indianapolis, Indiana, the water of which con-
tained fluoride ranging in concentration from 0.1 to 1.1 ppm.

Ast and Schlesinger (11) s%udied 438 children, aged 6 to 16 years,
in Newbourgh where water had been fluoridated for 10 years, and
612 children of the same ages in Kingston where there was a very
low fluoride level in the water. Slightly, but significantly
more gingivitis was observed among latter children. Russell (368)
surveyed thses same populations, but included only those whose
ages were between sevenpto fourteen years and ascertained the PI
instead of the P.M.A. He drew similar conclusion for each of
three age groups, but added that the difference in PI between

two communities was due wholly to the higher prevalence of di-
sease in Kingston. When present, disease was of about equal in
the two communities. Englander and White (107) investigated the
pervalence and severity of periodoﬁtal Qisease in 838 white na-
tive life-time residents, aged 13 to 17 years, in Aurora, water
of which contained £.2 Ppm of naturai fluoride and in 823 teen-
agers of similar nature in Rockford, Iil., which"hagﬁonly 0.1 ppm

-

o
\
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of fluoride in water. Study subjects in both cities were distri-
buted similarly according to age, sex, socioeconomic, educational
levels, health and quality of dental care. No salient differences
were found in either the PI or the OHT scores between teen-agers
of these two cities.

Zimmerman and his co-worker’s (476) studied periodontal di-
sease on older persons in Bartlett, the water of which, until the
recent defluoridation program contained 8 ppm of natural fluoride,
and Cameron, Tgﬁas @bich had only 0.4 ppm of fluoride in water.
.Little differeécps‘in gingivitys or alveolar bone resorption, as
assessed by the FMA and X-ray respectively were found between two
groups examined. These populations were later studieé by Russe%l
(360) who assessed the periodontal disease according to percentages
with pockets, mean PI scores and percentage with edentulous ar-
ches. He reported the two groups to have no significant differen-
ces in overall disease severity. Russell (359,360) compared peri-
odontal disease between 379 subjects aped 20 to 40 years in Colo-
rado Springs, the water of which contained 2.5 ppm of natural flu-
oride and 144 persons of similar ages in Boulder, Colorado, which
had practically no fluoride in the water. For each of five age
groups, subjects in Colorado Springs had consistently higher per-
centages of negative periodontal involvement, lower percentages
of subjects with pockets and lower group PI scores. Once initia-
ted, however, the disease was equally sever in the two communities.
The observed differencés were, therefore, wholly due to higher
prevalence of disease in the community using the fluonide-frgg

13

water. These findings were more interesting when taking thé:}act
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that the study subjects from Boulder had, in general, more years
of education than those from Colorado Springs (359). In addition
to their study on teenagers in Aurora and Rockford (107), Eng-
lander et al (106) also investigated the periodontal disease among
gdult populations in these two communities. Their results showed
that, for each age group, mean PI scores and percentages of sub-
jects with pockets were consistently lower among residents of the
naturally fluoridated city, but subjects in both cities had simi-
lar OHI score. Barros and Witkop (17) reported that while flu-
oride concentrations in the water varied a greaf deal geographi- N
cally in Chile, no such variation in periodontal condition were
found? ' A
It is obvious that néne of the aforementioned studies was
conducted to assess the periodontal disease blindly, and it is
really a question of how much observer bias due, for example, to
the emotional favouring of fluoridation, affected the study results.‘
It seeés, therefore, appropriate to mention the study by Russell
(360), in which he compared the periodontal conditions between
the natives and migrants in fluoridated communities. The native\
school children in series of communities, each with about 1.Q ppm\
of fluoride in 1ts domegtic water, were compared with migrant
children in the same commmities. There was a weak }endency for
the periodontal health of native children to be better relativwﬁ”
to that of migrants, depending on how long the latter had lived

in the fluoridated community. This was, nevertheless, a very .

.crude test because the whole community served as a unit for com-

péfisbn. .
"—u--\/ . &
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It is fair to conclude from these studies that most of the
differences in periodontal condi@ions between communities having
high and low fluofide concentrations in domestic water were not
great if they existed at all. There is, therefore, no adequate
evidence to support the hypothesis that the use of fluoridated
water results in improved veriodorital health. The findings are
however, wholly incompatible with any hypothesis that the peri-

.odontal tfasues are harmed by use of fluoridated domestic water.

/}[Cl?.é Organic systemic disease

1.3.7.2.1 Diabetes mellitus

Rudy and Cohen reported that of 581 diabetes treated in a hos-
pital, 219 or 37.7% were edentulous,‘and that of 18 diabeticgs
agedrfrom é to 30 years, only one had periodontosis (355). Stu-
dies by Sheppard on diabetic patients ?évealed that diabetic du-
ration and severity wef@\ggsitively associated with the degree
of alveolar bone resorption assessed from radiographs (404,405).
Considering the rather wide age range and the small number of
study subjects, the association is only suggestive., None of the
aforémentinned studies had contrdf groups for comparison.

There were studies which demonstrated significant diffe-
renoesvin severity of periodontal disease between diabetic and
control subjécts (6,25,65,112,136,257,335). In his study on 200
hospitalized patients with ten kinds of disease categories, Arif
(6) found that diabetics as well as patients with neoplasms or
gastrointestinal disease, had -a higher mean pocket depth than did

other patient. But in this study, diabetics were on the average,



-127-

1
re
PR

older and had more oral deposits than did persons with other di-

A

seases.
Belting et al studied poorly controlled diabetic patients
and found that for the age groups 30 to 39 years and 40-40 years,
scores of periodontal disease were significantly higher among dia-
betics than controls (25). *Taking all ages together and standar-
dizing for toothbrushinéjfreqnency and amounts of calculus, the
diabetics, in general, had more severe periodontal disease than
the controls. Similar results were reported by Fineston and Bo-
orujv (11?2) and by Ray and Orban (335). By comparing between 51
patients Qisiting a hospital for other illness, Glavind et al re-
ported that for the ape groups of 21 to 30 and 31 to 40 years,
more resorption of alveolar bone and greater epithelial detach-
ment were observed among diabetics than the controls, but a sta-
tistical significant difference occurred in epithelidl detachment
of the older age group (136). LOVestedt and Austin observed peri-
cdontoclasia in diabetics who were slightly older than controls
and reported that such slight difference in age could not exp-
lain the greater proportion of diabetics with severe periodon-
toclasia and edentulous (257). Cohen et al cénducted a three
year longitudinal study on 21 female diabetic patients and 18
fémales without any metabolic disease (65). The study subjects
ranged in age from 18 to 35 years. Annual periodontal disease
examination revealed that the diabetics had consistently h;gher
mean gingivitis scores and PI scores, but had equivalent or less
amounts of soft and hard deposits than did controls. Thus rapid

progress in severity of periodontal disease among diabetic patients
‘ /

& . ’
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could not be explained\by coressponding increases in oral de-
posits. \

Of six studies which did not show significant difference
in periodontal parameters between diabetic subjects and control
groups, five studies investigated diabetic patients whose dia-
betes was either very mild (30,177,285) or was already under
perfect control (136,261). The study sample derived from pro-
bability sampling of U.S. population, included only a few dia-
betic subjects, thus, althourh male diabetics had, on the aver-
age, higher PI scores than age-ad justed expected scores, the di-
fference was not statistically significant (211). Diabetic sub-
jects studied by Glarind and his associates (136) were already
under control and did not have a higher group plaque score, gin-
gival score or deeper pockets than did their controls. But the
diabetics had grealer epithelial detachmenk and more resorption
of alveolar bone than the controls which might indicate either
that resorption of alveolar bone had taken place before diabetes
was under control or that controlled diabetes affected only hard
periodontal tissue, ie., alveolar bone, and gingival tissue was
more associated with local deposits. Since Hove and Stallard
employed routine dental patients as control subjects, any possi-
ble slight increase in.severity of periodontal disease among very
mild diabetic subjects, therefore, could not easily have been
observed (1%7).

Although there were three studies which indicated signifi-
cant association between duration of diabetes and severity of pe-

riodontal disease (112,136,404), such association might have re-

]



-129-

sulted from the different ages between diabetics of longer and
shorter duration. ‘Another study failed to show association (
177). There were four studies which revealed no association
between severity of. periodontal disease and severity of dia-
betes (25,112,136,177). Although Sheppard reported a positive
association between insulin doses and resorption of alveolar
bone (udu), the small number of his study subjects and the great
variatjon in age limited any clear-cut interpretation. Glavind
et al §ﬂ50 observed that diabetics whose retinal change was ob-
vious, had, on the average, greater epithelial detachment than
did the controlrs (136), but age also differed very much between
two groups. .

There were three histological studies on the gingival ti-
ssue of diabetics and non-diabetics and all revealed that diabe-
tic gingivae had a much greater vascular change thaﬂ did those
without diabetes or hypertension (285,360.425), but there was

no relation between the degree of vascular changes and severity

of gingivitis (285). No characteristic change of periodontal di-

sease with diabetes has yet been observed (261,335,405).

To summerize, poorly contqﬁlled diabetics had more severe

gingivitis, deeper pocket, more loss of alveolar bhone and greater

epithelial detachment than did controls. For persons with mild

diabetes, there was not enough evidence that they had more severe

periodontal disease than persons without diabetes. Persons whose

diabetes was well under contral had no greater severity of gingi-
vitis than did control subjects, but might have lost more alveo-
lar bone which had taken place, most likely, before diabetes was

E
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controlled. Although gingivae from diabetics as compared with
those from non-diabetic or non-hypertensive subjects had more
vascular changes, such changes were not associated with severity
of gingivitis, Finally, there was no characteristic change or

periodontal disgease associated with diabetes mellitus.
[

ranc
In some studies, persons with varying severity of periodontal
disease were examined for glucose tolerance and the correlation
between these two variables was studied. Glucose tolerance was
separated from diabetes mellitus in preceeding section because
of the fact that glucose tolerance was not a factor which decided
the selection of study subjects and that except for very bad glu-
cose tolerance, glucOse tolerance was not necessarily, related
with*diabetes mellitué. \

Ostrom and his associates tested fasting blood glucose le-
vel and glucose tolerance on 41 subjects with chronic periodon-
tal disease. They found that although there was no difference
in group glucose levels between subjects with chronic periodon-
tal disease and conbrols, a trend existed in which the overall
curve of the glucose tolerance test was higher among former than
latter group of comparable age (315): The small number of the
study subjects in each age group suggested a need for expansion
of the study. A study by Moller and Cheraskin revealed a para-
bolic relationship between interval scores of oral signs, 1e.
tooth\mgbility and/or missing teeth and glucose levels. 1In

other word, persons.with hypo- or hyperglycamia; as compared -
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with those with normoglycemia, had higher scores of the oral
sign (298). Such parabolic relation also prevailed when only
subjects within small age ranges were consldered. Since their
material showed an extremely high coefficient of variation of
glucose levels, the results obtained by distribution-bound test
methods would have distorted a great deal of true association
between glucose tolerance and severity of periodontal disease.
Data of a similar nature but with more obvious statistical weak-
ness were presented by Cheraskin and Ringsdorf.(SZ). They tes-
ted two groups of dental patients, one with and one without gin-
gival pathosis, for either classic or cortisone glucose toler-
ance and reported that only the one- and two- hour determina-
tia£s for cortisone G.T.T. showed a significant difference in
group glucose levels between the subjects. The group with gin-
gival pathosis had much greater variation in the glucose levels
than did the group without. Looking at their data, however, one
would realize that .differences in both means and variances of
glucose levels between two groups arose solely from data of one
subject who had gingival pathosk*s and whose glucose ‘levels were
more than twice that of the other patients. There was no appa-
rent difference in levels or distribution between the subjects
with gingival pathosis and those without the pathosis. ('Leary
et al reported no difference between periodontal patients and
control subjects with respect to glucose levels at any point

of testing time with oral or intravenous method of G.T.T. (313).
A1l studies conducted by Shannon and his associates on new army

'recruits failled to show any associationibetween glucose toler-
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ange tested in various ways and parameter of periodontal patho-
sié (219,389,390,391,392,393). Since their study subjects were
young (17 to 22 years of age), systemically healthy, able to
take unlimited minitary duty and within normal glucose toler-
ance, these results could only be interpreted as applicable to

a population similar to theirs; glucose tolerance had no predic-
tive value in the severity of periodontal disease. Kelly and
Engel also studied glucose tolerance on the subjects derived from
the probability sampling of the U.S. adult population (211).
They reported that male subjects whose blood glucose levels
were above 208 mgS had higher group PI score than the age-ad jus-
ted exvected value, but the excess was not quite statistically
slgnificant. Summers and Oberman studied 324 subjects 20 years
or,older in age, which consisted of a 10% probability sample of
thé Tecumseh Health Study. They reported a significant correla-
taon coefficient between serum glucose levels and Periodéntal
Disease Index (PDI) scores (430). But a partial correlation co-
efficient, holding constant the age and cigarette consumption,
indicated that the original correlation diminished to a non—sﬂg—
nificant level.

As an example of how different results could occur in stux
dies on the association between glucose tolerance and severity
of periodontal disease, it would be worth to mentioning the stu-
dy by fuckman et al (447). The study subjects consisted of 41
routine dental patients seeking oral diagnosis as well as 13 den-
tal students. The authors first selected 2 groups of 12 subjects
from the h& dental patients, one with the highest and one with the

4
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lowest PI scores, and found no significant difference in aver-
apge flucose tolerance between the two groups. They than selec-
ted the subjects in the same fashion but from all 54 subjects.
A11 12 subjects with the hipghest PI scores came from the U1 den-
tal patients and all but one of 12 subjects with lowest FI scores
came from the 12 dental student. There was significant differ-
ence in average glucose bolerance between these two groups.
Since’age differed markedly between the two groups, an analysis
of covariance was done to adjust for age differences. The result
showed that the differernce in average glucose tolerance between |
two groups remained significant.-

Thus, except for subjects with clinical diabetes, glucose
does not correlate strongly with the severity of periodontal di-
gease. Glucose tolerance is not the only or major factof asso-
qiated with progression of periodontal disease, Therefore,lwhen
@tudying a population whose\gluc@se‘tolerance is within normal

range and/or who had relatively mild periodontal disease. no

-a

significant association between these two variables can be ex-
pected. Instead, one should study a population who, preferably,
had glucose tolerance along the whole pogsiblé scale or, less de-
sirably, had wide\range of severity of periodontal disease. On-

¥
ly then may the association between these two variables be shown.
| -

1.3.7.2.3 Mental retardation and related birth defects

All studies on mongoloid subjects showed a high prevalence and
severity of periodontal disease (41,221,284,439), 'Mongols, stu-

died by Brown and Cunningham, suffered-from severe destruction of

i
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periodontal tissue which had little relation to local deposits.

Calculus formation was uncommon and-there was correlation be-
tween the amount of oral deposits and the severity of periodon-
tal disease (41). Studies conducted by Kisling and Krebs on «
young adult mongols (221) and by Sznajder et al on mongoloig
childreh and adolescents (439) demonstrated, however, a signi-

4

ficant correlation between the amount of calculus deposition,
but not'plaque: and the severity of periodontal disease. But
the proportion of variation in the severity of périodontal di-
sease w#ich could be explained by calculus amount was rather
small. Mchiillan and his co-workers also obﬁervea high propor-
tions of missing teeth and even edentulous arches int the mongo-
loid adults (284). Although none .of the aforementioned studies
had control groups for comparisons, the high prevalence, sevgri-
ty and characteristics of periodontal disease Qere remarkable
enough to suggeéf a close relation between mongolisﬁ itgelf and

~

-periodontal disease.

. e,
‘ When mongoloid and non-mongoloid mentally defective sub-

jects of similar age and habitat were compared,%he former always
had higher prévalence and seVéri£y of periodontal disea;e and
greater loss of alveolar bone (70,203, 437). 1In one study which
had ald4o mentally normal subjects for compargsons, the author re-
poryed that while resorption of alveolar :bone occurred in 96%
d 40%ﬁnespectively among mongoloid and non-mongoloid mentally

gefeétive subjects, it occurred in 6% only among controlisubjects
(70). Johnson and Young aléo-pbsérved that periodontal disease

3
in non-mongoloid mentally defective children was %haracterized

’ ’ ~h7”~‘ o ™~ \
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by chronic inflammatorz/periodontitis leading to slight resorp-

'tion of alveolar bone. In mongols, however, the pattern and pro-

gress suggested a form of Vincent’s infection and periodontitis
complex superimposed on an acute ulcerative gingivitis (203).
Swallow reported that althougﬁ periodontal disease was much more
severe among mongoloid than non-mongoloid mentally defective pa-
tients of similar age, no difference between two groups in oral
debris or calculus could be found (437).

When periodontal disease of mentally retarded children (43),
mongoloid or non-mongoloid mentally defective children (437) was
compar?d with other normal subjects, the formers always presented
higher prevalence and severity of the disease. But a correspon-
dingly higher prevalence of "inadequate cleanliness" was also ob-
served among the former.

The above studies suggested that mongols had ve#y, low re-
sistance to progressive periodontal disease and this was not at-
tributable to poor nutritional status (70).

" The rather high prevalence and severity of periodontal di-
sease was only partially explained by the presence of oral depo-
sits (41,203,221,437,439). As the degree of mental retardationc
increased, the proportion of variétion in severity of periodon-

LY

tal disease which could be accounted for by the amount of oral

deposits decreased (70,437). .

1.1;7.241& Cergbr‘al %18!
All studies on cerebral palsy children revealed a high prevalen-

’ <

ce and severity of gingiviﬁis than in non-C.P. controls (113,263,

N
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. 465,468)., Watson reported that C.P. children had only- slightly
higher prevalence of gingivitis than children without C.P. (465).
Weisman found that C.P. children had much higher prevalence of
marginal gingivitis than expected, that 90% of the C.P. children
had one or more teeth with a pocket depth greater than 3 mm (468).
Although he'did not include non~C.P. children for comparisons,
these findings were impressive. . Magnusson and De Vol compared /
gingival disease between 76 C.P. children and an equal number of
' controls each of whom was matched with a C.P. subject for sex and
~dat. of birth. The authors reported that the prevalence of gin-
givitis‘in C.P. children was about three times that of the controls.
About half of the C.P. subjects with gingivitis presented gingi-
val hyperplasia, possiblf, due to dilantin treatment. Among C.P.
subjects, the prevalence of gingivitis was not associated with
type of C.P., intelligence, degree of handicap, mouth breathing
habit or bruxism. Although no apparent difference in frequency
of ' toothbrushing between C.P. and control subjects existed, the
former tended to have more abundant soft and hard deposits on
tooth surfaces (263). PFishman et al also observed significantly
higher group PI score-among C.P. children than among other non-
C.P. siblings at each of four age groups, No significant differ-
. ence in OHI-S score could be found between C.P. and non-C.P. sib-
lings, though there was a tendency for older C.P. children to
have higher OHI-S score than corresponding controls (113).
Thus, it seems fair to conclude that C,P. children in ge-
neral had higher prevalence and severity of gingival disease than

is general pbserved in non-C.P. children. Such excess could not

¢
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be entirejy explained by relatively more oral deposits in C.P.
children. Sznajder and Feniak, however, reported that systemic
influence of C.P. itself on gingival disease was less than that

of mongdlism (440).

[&]

I.3.7.2.5 Cardiovascular disease b
In a study on 1299 white, male, hospitalized veterans, Sandler ;
and étahl reported that alveolar resorption tended to be greater
in subjects with cardiovascular disease thén in comparably aged
patients with other illness (371). Their later study on a simi-
lar population revealed that the percentage of patients with chro-
nic periodontal disease was higher, but not significantly so, in
patients with arteriosclerosis than in "other" patients at each
age group (373). MacKenzie et al however, observed no signifi-
cant difference in resorption of alveolar bone between arterio-
sclerotic subjects and their agé-matched control (261).

Summers and Oberman studied a probability sample of 32@
adults in Tecumseh, Michigan, and found that both systolic and
diastolic blood pressure levels correlated significantly with
Ramf jord's PDI scores in femal subjects. Correlation coeffici-
ent of sfstolic blood pressure level with PDI scores remained
significant eveq'after age and cigareéte consumption were held
constant (430). Howevér, the proportion of PDI variance which
was accounted for by systolic blood pressure level was quite
small (about 7%). In separate paper, the authors also reportéd

that the prevalence of coronary heart disedse was more than twice

as great in the edentulous persons (6 of 84 or 7%), as compared

Ty




* authors' findings were summarized as follows: 1) Women with hy-
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with the dentulous persons (9 of 32& or-3%). When the percent-
ages were ad justed for age, however, there was no significant dif-
ference in the rate between the edentulous (4.59) and dentulous
(2.8%) persons (431).

The most comprehensive study on & properly representa-
tive population with regard to the association between cardiovas-
cular disease and severity of periodontal dlsease was conducted

by Kelly and Engel on probability sample of U.S. adults. The

pertension had a statistically significant elevation of their pe-
riodontal scores,and hypertensive men had a near-significant ele-
vation., 2) Periodontal scores of men and women rose with increa-
sing systolic and diastolic blood pressure., 3) People whose pe-
ripheral pulse could not be palpated had more periodontal disease
than those with palpable pulses. The elevation in periodontal
scores in men was statistically significant., 4) Men and women
with increased retinal light reflex had higher, than expected,
periodontal scores. The elevation of scores associated with in-
creased light reflex was statistically significant. 5) People
withtdefinite coronary heart or with hypertensive heart diseasel
had relttively high periodontal scores. 6) People with abnormal
ECG tracing generally tended to have higher periodontal scores
than those with normal tracings.

Thus with currently available data, there 1is §Ffficient
ev{dence to indicate that severity of periodontal diéease was
positively associated with systolic blood pressure in females,

peripheral arterial disease in men and with retinal vascular
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changes in both men and women. Relation between periodontal
disease and coronary or hypertensive heart disease was less con-

vincing though a similar positive correlation was occasionally

observed.

?

1.3.7.2.6 Hematologlc disease o

Some hematologic disorders manifest in periodontal tissue as
a combination of both specific phenomenon from hematologic di-
sease and non—specific~in@lammatory reaction to local irrita-
tion.

According to ®udies by Robinson and Sarnat, a majority
of patients with sickle-cell anemia exhibit a peculiar step la-
dd;; alignment of the trabeculae at the interdental septa. There
are no alteration in the lamina dura or periodontal membrane (345).
Similar findings were reported by Morris and Stahl (301), Mit-
tleman et al and by Prowler and Smith (328), not only in patients

with sickle-cell anemia, but also in many with only the sickling

0

t!‘ait. Ty ' o

Patients with c&clic qgutropenia may exhibit cyclic, se- (
vere gingivitis which eventually may result in mild to severe
loss of superficial alveolar bone even iﬁ children (66), Ne-
crotizing ulceration of gzhgivae 1s sometimes observed in patients
with agranulocytosis; the absence of a . notable inflammatory re-
action because of lack of granulocytes is a striking fedture (269).

Gingival and periodontal manifestations occur with great
frequency in acute and subacute monocytic leukemia, less fre- ‘

quently in acute and subacute myeloid or lymphoid leukemia and
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. seldom in chronic leukemia (42,92,138). 1In acute form, the most
” common periodontal manifestations are marked gingival hyperplasia,

gingival swelling due to infiltration of leukemic cells into mar-
ginal and attached gingiva, gingival hemorrhage resulting from
ulceration of the gingival sulcus epithelium and necrosjis of un-
derlying tissue, and rapid 1oosing of the teeth due to necrosis
of the periodontal membrane (42,92). In chronic leukemia, gene-
ralized alveolar bone resorption, absence of the lamina dura and
diffuse and irrepgular periodontal space may occur (27). Diffe-
rence in the degree of local irritation accounted for the great
variation in the periodontal manifestations seen in different
patients (138).

One of the prominent manifestatioq«of thyombocytopenic pur-
pura is severe and often profuse gingival hemorrhage which occurs
in majority of cases. The gingiva is swollen, soft and friable,
which again varies in severity by the degree of local irritation

(138).

Hence, sickle-cell anemia, c¢yclic neutropenia, agranulocy-
tosis, leukemlia and thrg;bocytopenia can progressive periodontal
d1§ease. More studies, however, are needed to assess the extend
tgywhich local prophylaxis can prevent or delay such progression.
J1.3.7.2.7 OQther systemlc conditions and disease

By comparing the severity of periodontal disease in hospitalized

patients with different systemic diseases, several investigators
o have reportéd that patients with malignant neoplasm and liver cir-
. rhosis had unexpectedly high periodontal scores (6,371,373).

-
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‘ Persons with gastrdintestinal disorders also tended to have
more severe periodontal disease (6,373). Results from a po-
pulation survey in Tecumseh, Michigan indicated an inverse as-
sociation betweén FEV1. and the severity of periodontal gisease
(430,431). Gould and Picton found that cyanotic children and
young adults had more gingival abﬁormalities and deeper gingi-
val pockets than their controls who had a similar age distribution,
but the cyanotic subjects in general also had more dental deposits
than did the controls (150). Groen et al observed that of 38 pre-
senile o§teoporotic patients whose ages ranged from 43 to 78
years, dnly.two subjects had no sign of periodontal disease,
27 subjects presented a terminal stage of periodontal disease
and the remaining 9 subjects had all teeth in the mobile state.
Although the authors did not include control subjects for com-
parisons{ the remarkable severe periodontal disease among those
osteoporotic patients was impressive (158). In their study of
periodontal disease among 381 employees of the Department of Hi-
ways in Ontario, Freedman and his co-workers failed to find a
significant association between allergic history and periodontal
scores. Age or oral cleansing was not considered in the compa-

risons. .

‘ Although studies on diabetic persons (218) and mongols (

1 394) revealed no particular relation betweeg blood citrate levels
and the degree of alveolar bone loss, higher blood citrate levels:
were reported to be associated with greater loss of alveolar

. bone in study on 30 females with periodontal disease (413).
‘l' Subjects who had severe early destructive periodontal disease
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(4l45) and periodontosis (446) had higher blood citrate 1evéls
than their age-matched controls. It was, however, not certéin
whether or how blood citrate acted in the pathogenesis of peri-
odontal disease. There was no significant association between
serum cholesterol levels and periodontal scores following stan-
dardization for age (211,430,431). Kelly and Engel reported
.that a s;gnificant rise in periodontal scores among men was
associated with traces of albumin in the urine (211), It should

be noted, however, that the actual number of people with albumin

in the urine was quite small. -

>

éo conclude, subjects with malignant neoplasms, liver cir-
rhosis, obstructive pulmonary disease, albuminuria or presenile
osteoporosis are likely to have more severe destructive perio-
dontal disease than subjects without these or previously men-
tioned organic diseases. Evidence of assoclation between the
severity of perliodontal disease and allergic diseases, gastro-
intestinal disease, genitourinary, or other respiratory disease

are elther weak or lacking (116,371,373).

I1.3.7.2.8 Summary of organic systemic diseases

From the present review of the interrelation between periodon-
tal and systemic disease, it seems certain that periodontal di-
sease tends to become more severe in persons with the following
disorders or diseases: poorly controlled diabetes, mongolism,
other mental defects or retardation, cerebral palsy, increase
of systolic blood pressure, peripheral arterial disease, reti-
nal vascular changes, sickle-cell anemia, cyclic neutropenia,

agrénulocytosis, thrombocytopenia, leukemia, malignant neoplasms,
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liver cirrhosis, obstructive pulmonary disease, albuminuria
and presenile osteoporosis.

The associations between periodontal diseake and the
following disorders or diseases are less convincing: mild or
well- contﬁplled diabetics, glucose tolerance within normal ;
range, coronary or hypertensive heart disease, elevated dia- |
stolic blood pressure, arteriosclerosis, allérgic diseases,
gastrointestinal diseases, genltourinary diseases or other
respiratory diseases.

This summary is by no means exhaustive. Knowledge of
the interrelation of periodontal and systemic diseases is still
far from complete. This is mainly the result of a failure in
many previous investigations to study systemic disease on the
basis of a disease entity or of a specific pathologlc process
involved. » Too often our studies of periodontal and systemic
disease have made comparisons involving such ill-defined cate- ,
gories of systemic disease as cardiovascular disease, gastro-
intestinal disease, respiratory disease, kidney (373) or en-
docrine disease (371). Another reason for our lack of knowle-
dge of interrelation of periodontal and systemic disease is the
incomplete history record about chronic syé@gmic disease as
well as chronic periodontal disease, which make the interpre-

tation of the relation between the two diseases very difficult.

I.3.7.3 Mental illness, psychological factors and personality
The studies about mental status and periodontal disease can

be discussed according to three types of populations.
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‘ (* 1,3.7.3.1 Studies on emotionally disturbed subjects .

Miller et al administered the Minnesota Multiphasic Bersonas
lity Inventory (MMPI) to 50 clinical patients and found a pos-
tive, though not significant, correlation -between periodontal
disease and anxiety (293). However, their study lacked proper
controls. Baker and others(16) conducted a study on 26”psycho-
tics,36 psychoneurotics and 40 normal subjects to investigate
the relationship between personality factors aséessed with the
MMPI and the severity of periodqntal disease measured as alveo-
lar bone resorption and pocket depth., The results indicated

a positive relationship between periodontal disease and factors
such as age, sbroken home, marital adjustment, somatization, hys-
teria and the MMPI scale. The authors (16) concluded that dif-
ficulty in personality adjustment might correlated with perio-
dontal disease. Studies by Belting and Gupta (23,24) on 104
psychiatric patients and 122 patients for medical care other
than psychiatric treatment revealed that the former had greater
}everity &f periodontal disease in all age groups, and such 4if-
fere ;ﬁéined even after brushing frequency, amount of cal-
culus and the habits of bruxism and clenching were held constant
in the two groups. When only psychiatric patients were consi- -
dered, the severity of periodontal disease 1ncrea§ed significant-
ly as the degree of;anxigty increased. Davis and Jenkins (81)
tried to correlate emo#lonal stress, as measured with the MMPI,
and PI scores among 89 patients who were admitted to a psychia-
. " tric center. A simple correlation co-efficient showed that

° there were significant associations between PI scores and

O !
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emotional factors, ie; depression, schizophrenia, ‘mania and
Welsh:anxiety. By means of partial correlétion bo-efficients,
they further demonstpated that anxiety was the main element in
schizophrenia, depression and. mania which led to the high PI
scores. The authors also reported that factors of "ora% hy-~

giene" (not defined) and age could not explain the relation-

3

<

ship between degree of‘anxiety and PI scores.

I.3.7.3.2 Studies on subjeéts‘with periodontal disease

Manhold and Manhold (268) studied 50 subjects with periodontal
disease in the Great Lake Naval Training Center. They observed
that the persons‘whosé neurotic or introversion-extraversion
tendency percentiles were above the tﬁird quintile, as compared,
as.comparedﬁwith those beloﬁ it; presented morezéevere periodon-
tal dise§se. Since the psychological tests employed in tﬁis
Etudy were consldered to be of doubtful validity, and the arbi-
trary dichotomy of severlty of periodontal disease invited great
observer error, the validity of this study remains a question.

A detalled case history study was carried out by Moulton‘ggigl
on 6 cases of acute necrotizing gingivitis and 16 cases of chro-
nic periodontitis (303). Acute necrotizing gingivitis was, in
all instances, precipipated by acute anxiety arising from a

life situation of conflict about dependency and/or sexual needs.
Local factors ané 6ral habits were minimal. The subjects with
chronic periodontitis had a background of longstanding, less
acute conflict, mainly involving dependency needs. Bleeding

gum was noticed to occur at times greatest anxiety. Although
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their study was comprehensive, the small sample size and the
lack of other quantitative data limited any generalization.

By comparing personality states between subjects with acute
necrotizing gingivitis and those with "other" gingivitis in

66 military subjects who had periodontal disease and were con-
sidered to be in acute emotional stress, Goldberg and his co-
workers (147) reported no effect due to personality differences.
However, on the basis of interviews, patients with acute ne-
crotizing gingivitis tended to have more personality ad justment
problems than those with other gingivitis. Barry and Dukovic
made 4 psychological tests on 50 periodontal patients and com-
pared the results with data from mormative groups (19). These
tests were anxiety, neurotism, extraversion and authoritarian.
No significant difference in any of’the four psychological
scores was found between their patients and the normals. Since
the "normal' groups differed greatly from their patients in age,
occupation and marital status, Jjustification for such comparison
was doubtful. The authérs aiso doubted the severity of these
four psychological tests. Recently, Formicola and others (114)
“made 15 personality trait tests on 41 subjects with acute necro-
tizing ulcerative gingivitis and other 41 subjecés with Healthy
gingivae, All of them'were preflight student%‘rn the indoctri-
nation phase of training. The authors found fhat there was a
significant positive correlation between scores of dominance
trait and gingivaf scores and significapt inverse correlation
abasement trait and gingival scores. But the variance of gin-

gival scores explained by these two variables was rather small,
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ie; 6.3 and 6.8 percent respectively,

I.3.7.3.3 Population surveys

Shiller reported from His study on 298 enlisféﬁ‘propective
submariners, 19 to 32 years inqége; that sub jects who had high
anxiety and/or low motivation brushed their teeth significantly
less frequently and had more debris on their teeth than other
;ubjects. But he did not find significant association between
PT scores and either of these two emotional variables (408).
This was possibly due to the fact the study subjects were re-
latively young and healthy and }hat the PI was not sensitive
eyough for measuring minor gingival changes which were commonly
associated with emotional stress and oral cleansing. As part
of their study to correlate social variables and periodontal
disease among Negro high school students, Mobley and Smith (
297) demonstrated a significant relatigpnship between periodon-
tal scores and schizophrenia on 72 subjects. Other personality
traits which were also related with periodontal scores, though
not significantly, were hypomania, psychasthenia, social intro-
version and depression. Thelr findings agree well to those of
Davis and Jenkins (81). From their study on the U.S. adult po-
pulation, Kelly and Engel (211) found a non-significant ele-
vation in peridontal scores for both sexes who answered §es to
having history of nérvous breakdown. ?hey also reported that
for women, but not for men, there was a trend toward higher pe-
riodontal scores with 1ncreasinglnumbers of nervous symptoms.

Thus, & general 1mpression'from these studies is that

when the study population consisted of mentally 111 and normal

! .
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‘ subjects, ‘some degree of association b&:w\gen periodontal di-
sease and emotional stress could be found. If the study sub-
Jécts were from periodontal patients or pdpulation sample, one
had less chance to dgmonstrate suchfassociation. 1t, therefore,
implies that emotional factors may contribute to severity of
periodontal disease 1is relatively small. The mechanisms by

N which mental factors act on periodontal tissue® were suggested
and discussed without substantive evidence in two articles (

160,343). )

1.3.7.4 Puberty, Menstruation, Pregnancy and Menopause

I.3.7.4.1 Puberty

Puberty is often accompanied by increased éingival inflamma-
tion. Following puberty, the severity of the gingival reac-
| tion diminishes even if the local irritants have not been re-
| " moved (138,422). From the fact that gingivitis is not a uni-
vérsal occurrance during puberty, it seems that physiological
changes associated with puberty have increased the severity of
ginglivitis rather than initiating g;ngiwitis. Pronounced in-
flammation and sometimes severe enlarg;;ent of the gingiva re-
sult from a degree of local irritation that would ordinarily
elicit a comparativelx'mild gingival response, suggesting an
exaggerated respohse to a local irritants atnpuberty (12,68,
228). '
In a 'series, of world-wide studies which ircluded popu-
. lations with age ranging from 5 to 59 years and overu, there

was a biphasic distribution of mean PI scores along age scale |
' B

g
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(15%4,198,368). In general, before age of 20 to 25 years, mean
PI showed little changes with age; after 25 years of age, PI
scores increased precipitously. OHI scores showed a similar
pattern of changes, which was gtpributed primarily to changes
CI scores (154). In the case of CI scores, however, the slope
was steepest 1? the pre- and early "teen®' ages and its rate of
accent decreased in the latter years. Furthermore, whereas the
change of slope for Pl scores occurred at approximately 25 years
of age, such change for CI'scores took place at an eafiler age,
ie; about 17 to 18 years. At present, no one can explain the
biphasic distribqﬁion of mean PI scores besidés its possible re-
lation ﬁith calculus formation (421). A study by Vogel and Am-
dur suggested that a decrease in the concentration of inorganic
pyrophosphate in the parotid duct saliva after puberty;might be
resﬁbnsible for an increase in calculus formation (450).

Thus, puberty is f?equently accompanied by an exaggerated
response of the gingiva to local irritation and by an increase
in calculus formation. Chronic destructive periodontal disease

progresses rapldly after puberty.

I. 3.7.4.2 Menstruation

There is lack of good, controlled studies on the gingival changes
during each menstrual cycle. Stoloff observed on oral syndrome

(periodic transitory meno gingivitis) which occurred Jjust prior

- to0 menstruation, in amenorrheas of different types, in post-hys-

tectomy, prior to and after unruptured ectopic pregnancy, and

during and after menopause. Such an oral syndrome consisted of
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discomfort, sensitiveness, redness and congestion, with bleed-

-
ing under the normal stresses of mastication (428), Hirschfeld

also reporté@ recurrent gingivitis (mens}fuation gingivitis) ap-
pearing several days before the onset of the menstruation pe-
riod, which is characterized by periodic recurrent hemorrhage
with bright red and rose-coloured proiiferations of the inter-
dental papillae (170). ﬁately, Lindhe and Attstrom observed a
definite 1increase in gingival exudate at ovulation (244).
Prout and Hopps studied six healthy female students aged 20 to
22 years, whose samples of saliva were collected daily over two
and a half months and were counted for total bacteria. They
found an increase in salivary bacterial counts during menstru-
ation and at ovulation (327).

Sheiham fouﬁa no marked difference in PI scores between
289 pre and post-menarche girls aged 11 to 14 years, although
there was a slight tendency for PI scores to be lower in girls
who commenced menstruation (49,339) or 25 months before than
non-menstruating girls of same ages (402).

. Since PI 1s not a sensitive index for minor gingival chan-
ges, it is not known whethér significant differences in the se-
verity of gingivitis between two groups of girls can be demons-
trated if the gingivitis index had been used instead. Frpm the
three preceeding studies (170,244,327), there is periodical fluc-
tuation of some oral‘parameters as a function of menstrual cycle.
The time for ginéi%al assessment on each girl after commencement
of menstruation, in Sheiham's study (402), may also affect the

gingivitis gcore and the comparison with non-menstrueting girls.
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Thus, there seems to be a periodicﬂfluctuation of salivary bac-
terial counts, a variation of gingival exuadate and changes in
the nature of gingivitis as a function of the menstruation cy-
cle. There is, however, a lack of quantitative data about the
severity of gingivitis which demonstrate any definitive fluc-

tuation in gingival disease in relation to the menstruation

cycle.

I1.3,7.4.3 Pregnancy /

{

Maier and Orban studied on 530 pregnant women aged 16 to 42 years
and found that the severity distribution of gingivitis did not
differ significantly from that of nonspregnant subjects. Cli-
nical and histopathologic features revealed no diagnostic or
characteristic findings in pregnant gingivae (264).

There were eiqht other cross-sectional studies of perio-
dontal parameters aﬁbng pregnant and postpartum or control sub-
jects (98,207,248,251,338,344,410,411). A study by Ringsdorf
gﬁ_gifrevealed significantly greater tooth mobility among preg-
nant than postpartum women (338). But there was no significant
difference in PMA gingivitis counts either between pregnant and
postpartym subjects or among preggant women iﬁ the third tri-
mesters (344). Loe and Silness (248,251,410) studied 121 preg-
nant and 61 postpartum women and found that the pregnant women
had higher GI,PI and deeper pockets. GI and PI scores increased
at the second month of gestation, reached a second peak at the
eighth month and decreased during the last month of pregnancy.
Né such marked fluctuation in pocket depth was found. The quan-

tity and nature of oral debris did not differ between pregnant
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and postpartum women. It was interesting, also, to find that
correlation co-efficients of GI scores with PL I(Plaque Index)
scores and/or with CI scores were much lower during pregnancy
than postpartum, suggesting that during pregnancy some factors,
in addition to amounts of dental plaque and calculus, contribu-
ted to the greater severity of gingivitis. - Changes of gonado-
tropin, estrogen, progesterone and relaxine during pregnancy
were speculated by the authors to be some of the responsible
factors (248). Results from the same study (251}/6T§;/Eugges—
ted that the increase in pocket depth at pregnancy was mainly
due to gingival enlargement rather than apical movement of the
epithelial attachment, because of the fact that pocket depth de-
creased significantly after parturition and that there was no
significant difference between pregnant and postpartum groups
with regard to occurrence of destructive periodontal disease.

A further study by the same authors (411) on 33 pregnant women )
who received conservative local therapy, consisting in removal

of hard dental deposits and correction of overhanging margin of
dental restoration, revealed that gingivitis could be abolished

and normality maintained during pfegnancy provided the gingival
areas of the teeth were kept clean. Such finding also suggest

that although bacterial plaque was responsible for the initia-

tion and Tgintenance of gingival inflammation in pregnant wo-

men, the altered tissue metabolism at pregnancy accentuated the
inflammatory response. 1t is, howev?r, wise to keep in mind

that these were cross-sectional studies, and that for each month

of pregnancy and postpartum, there was only 10 to 20 subjects




o~ '
-153-

whose age distribution was not stated. How much would this va-
riable, ége distribution, could contributed the variation in
gingivitis scores at different stages of gestation and post-
partum remains unansyered.

' Two other cross-sectional studies (98,207) were designed
to compare the periodontal parameters between pregnant and non-
pregnant women of comparable age, %;/weil as in pregnant women
during their three trimesters. Both studies revealed signifi-
cantly higher gingivitis scores among pregnant than in the con-
trol women. Whilé one study (98) showed gingivitis scores of
the women in their third trimester to be remarkably higher than
those in the first and second trimesters, no consistent trend
of gingival scores of the third to nineth month of pregnancy
could be found in another sﬁudy (207).

Cohen and others (64) carried out a longitudinal stwdy on
16 pregnant women. FEach study subject was examined at the end
of three trimesters and three months postpartum. Results showed
that the gingivitis scores increased throughout the pregnancy
and partly decreased three month postpartum. Only negligible
changes in epithelial detachment could be noted. Hard deposits
also increased throughout the pregnant and postpartum, but there
was no consistent trend in the build-up of soft debris. Their
findings of lower cé;relation co-efficients between soft debris
and gingivitis scores as well as between hard deposits and epi-
thelial detachment at pregnancy in comparison with the same si-
tuation in postpartum women agreed well wilth the studies by Loe
and Silness (248,410). But Cohen et al (64) aféo reported that
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correlation between hard deposits and gingivitis score was
higher at pregnancy than at postpartum, which was contrary to
the findings by Loe and Silness (248,410). 1In a further study
by Cohen et al, each pregnant women was age-matched to a non-
pregnant control, and an additional examination was made in
fifteenth month p§stpartum. Analysis of variance revealed that
both pregnant women and their controls had éignificant changes
during the five examinations in Gingival-Periodontal Index (
GPI) and CI, but no sipgnificant changes in epithelial detachment
and Plaque Index {PL I). While pregnant women had significant
changes in tooth mobility but not in GI during the five exami-
nations, their controls demonstrated changes of these two pa-
rameters in the opposite direction. When the means of each pa-
rameter between pregnant women and controls were compared for
each examination, significantly higher GPI,GI and tooth mobility
among pregnant women at various stage were found. Such differ-
ences were not found for CI,PLI or epithelial detachment. These

findings, therefore, suggested that the main periodontal patho-

,8is associated with pregnancy was gingival inflammation rather

than epithelial detachment, that increase in soft or hard de-
poslits and that an increased severity of gingivitis at pregnan-
cy was maintained fifteen month post-partum, These findings
again agreed very well to those reported by Loe and Silness (
248,251,410). It should be understood, however, that none of

oral asgessments of pregnant women were made blindly. Slome

studied periodontal disease on post-partum Jewish women in Is-

rael (415), For the age group 25 to 29 years, periodontal score
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was found to be highe} among subjects with parity of 6 or over

than those of 1 to fige. It was not clear whether this diffe-
rence came from incomplete recovery of periodontal diséase be-
tween pregnancles among women with more children, or from other
socioeconomic differences between women with large and small

families.

In conclusion, pregnancy 1is associated With greater seve-
rity of gingivitis which can not be explaimed by cor;esponding
increases in oral debris or calculus deposition. Increased se-
verity of gingivitis seems to have no lasting deteriorating ef-
fect after delivery. There is no consistent finding with res-
pect to the fluctuation in severity of gingivitis throughout
pregnancy; monthly assessment on a cohort group is needed to
clarify this controversy. Gingivitis can be abolished and nor-
mality maintained during pregnancy provided tlmt gingival areas
on the teeth are dept clean —--- suggesting that pregnant state
15 a modifying rather than an initiating factor in gingivitis.
Pregnancy 1s not associated with apical migration of the epi-

thelial attachment.

1.3.7.4.4 Menopause

There is a lack of research concerning the effect of menopause
on periodontal disease. Data from population surveys did not
allow for any estimate of the menopausal effect on periodontal
disease due éo crude age groupings such as 50 or 55 years and
over, for example, and the few study subjects in the older

age groups (154,198,368). Data from population surveysgbn U.S.
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adults, however, indicated a steeper increase of PI score in
woﬁen from the age group of §S to 44 years to those of 45 to sb
years than t;ose before 35 years old. No similar change tooth
place in men of comparable ages (212). Recently, a cross-sec-
tional study was made by Hochman et al among 30 pre- and 30 post-
menopausal women (171). They found that the formers had, on the
average, significantly lower OHI and PI scores and fewer teeth
lost. Significant correlation co-efficients between OHI and age
were also found. The authors did not employ analysis of covar-
lance to compare, between the two groups, PI or OHI adjusted for
age which very likely differed between the two groups. Thgy}did,
however, found that 9 older women in the reproductive cycle as
compared with 10 women shortly after menopause had a‘significant-
1y lower PI score but not OHI score, suggesting menopausal ef-
fects on PI score without corresponding change in the OHI score.
One must realize that it was not a cohort study and that the da-
ta were based on 10 or fewer study subjects; generalization from
this study, therefore, is very limited.

Hence, from very limited data, there is an indication of
greater severity of periodontal disease among postmenopausal wo-
men than one might expect. More investigations with better de-

signs are, however, needed before the menopausal effect on pe-

riodontal disease can be more precisely stated.

1.3.8, Oral hygiene facfors

—

1.3,8,1 Studies on severity of periodontal disease in relatio
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to frequency and technique of oral cleansing.

McHugh and his associatges reported that the average OHI scores
of the 13 years old Dundee school children decreased signifi-
cantly as toothbrushing frequency increased (282). Studying
fhe interrelation of toothbrushing frequency and plasma level
of ascorbic acid with respect to the dental debris score in
adult subjects, Clark et al found that among subjects who had
optimal levels of plasma ascorbic acid, toothbrushing frequen-
cy was slgnigicantly and inversely assocliated with debris score.
No significant association was found among persons who had ra-
ther low levels of plasma ascorbic acid (63).

Stué}gﬁspy Greene (153) and Ramf jord (330) on Indian chil-
dren aged 11 to 17 years revealed that most Indian children
cleansed tieir teeth with fingers aind abrasives, and only a few
used a toothbrush or stick. Although the data showed that tooth-
brush users tended to score lower on the PI than those used ei-
ther fingers or stick, no statistically significant difference
in averaée PI scores among the three groups was found, due pos-
8ibly. bo the small number of toothbrush and stick cleansers.
Held compared the amognt qf oral deposits and the seQLrity of
periodontal disease Between those who cleansed their teeth with
fingers and those employed a toothbrusﬁ in Iranian teenagers and
adults. He found a significantly higher PI and OHI scores among
finger cleansers than toothbrush users for)comparable age groups
(164). As part of a clinical trial to compare the effect of
toothbrushing frequency on gingival heaith, Swallow and his

associates observed no significant difference in average gingi-
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vitis scores between subjects using manual as agginst aufomatic
toothbrushes at the end of three experimental weeks (438),

Greene's study on Indian children also showed no signi-
ficant difference in average PI scores between children who.
cleansed teeth with varying frequency.(153). Such results might
be due to varying cleansing methods as well as thelr unpredic-
table efficiency. Belting and Gupta observed that among psy-
chiatric patients or patients with other pﬁysical illness, the
average PI score was higher among subjects who brushed teeth less
frequently. Such a trend was not statistically significant
which might be due to not contrglling the age factor which ran-
ged, in their study subjectd, from 20 to 65 yedrs (24). Similar
findings were also reported by Belting et"al in their study on
diabetics and patients with other physical illness (25).

Studies conducted upon young adults in Singapore (279),
pregnant women in Alabama (344), postpartum Jewish women in
Israel (415). enlisted prospective submariners in U.S.A., (408),
and Melbourne residents in Australia (243) have demonstrated a
significant inverse associgation between average periodontal score
and toothbrushing frequency.

Toothbrushing frequency has also been correlated with both
periodontal score and amount of oral deposits\fihnltaneously in
cross-sectional studies upon Norwegian army recruits {38), young
soldier in Sydney, Australia (79), white school children in At-
lanta, Georgia (414), Adventist and non-Adventist teenagers in
Tennessee (172), some Caucasian adult patients from three cli-
nics in U.S.A. (176), Surrey sthool children in Kiﬁgston, Eng-
land (402), and institutionalized inmate adult s(432). The un-
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animous significant inverse correlation of toothbrdshing fre-
quency with scores of per}odontal disease and oral debris in
all these studies was truly convincing.

The association between toothbrﬁshing frequency and‘cal-
culus score, on the other hand, was less predictable from one
study to another (38,172,402). Since rate of calculus formation,
especially supragingival calculus, differs from one person to
another irrespective of oral cleansing4(450), and calculus can
hardly be\remnggd from the tooth surface through toothbrushing
once it matures: the inconsistent agsociation between calculus

and toothbrushing frequency is not unexpected.

Withdrawal of oral hygiene measures always resulted in

'‘an increase in prevalencey(l?B) and severity (117,252,426) of

gingivitis and in the dental plague (117,252) and calculus score
(426). When oral hygiene measures were readministered without‘”
long delay following the appearance of gingivitis, all soft de-
posit as well as most of thé newly formed loose calculus could
be easily removed with a toothbrush and the deteriorated gingi-
val tissue could recover to the initial state (252,426).

Giving instruction of téothbrushing methods to various po-
pulations has been shown to improve gingiva} and periodontal
health when compared with non-instructed subjects (38,39,226,
317). A corresponding reduction in the amount (38,39) or change
An quality (226) of oral soft depdsit among instructed squects.
was also observed. Swallow et al conducted a study on 80 men-

tally bandicapped adults in which every group of 20 subjects

received toothbrushing care by two operators either once daily,
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twice weekly,>once weekly or not at all (as a control’ group).

At the end of the three week-experiment, the authors found that
whereas the control group did not change much in GI score, all
experimental subjects had improved their gingival health.

There was no statistical difference in the reduction of the GI
scores ameng the three experimental groups, due possibly to the
great differences in their initial GI scores (@38).‘ Goyings and
Riekse brushed the teeth of their experimental subjects for a
total of 60 days following an initial oral prophylaxis which was
given to both experimeﬁtal and control groups. They found that
only experimental subjects had significantly improved periodon-
tal health and reduced amounts of plague and calculus (151).
Lovdal et al reported that periodontal scaling and toothbrushing
instruction given to industrial employees for fove years had

markedly reduced the prevalence of gingivitis. The authors,

.however, added that the absence of pathological pockets was ess-

ential for success (254). Silness and Loe demonstrated that
initial prophylaxis, correction of overhanging margins of den-
tal restoration and toothbrushing instruction had consistently
reduced mean scores of plaQue, calculus, GI and pocket depth
émong women in early pregnancy (#11). Lighter st al made a
clinical trial on young men in U.S.A.F. and observed that the
ﬁlaqge score was reduced mainly through toothbrushing instruc-
tion, hard deposit through more frequenﬁvscaling and that both
the gﬁﬁgivitis score and the Irﬁitagt Index score (materia alba,
calculys and/or subgingival overhangs of dental restoration) were
reduced through more frequent scaling and toothbrushing instruc-

tion. The authors, however, reported na.change in PI score

o

¢
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throughout a 46 month-experimental period (239,241), possibly
because of relatively young age of the study subjects and the
scarcity of subjects with destructive periodontal disease, thus
making the index not really sensitive to the improvement in
periodontal health of this study population. Although the same
authors also reported that subjects who had received toothbru-
shing Instruction and more frequent scaling annually, had a
lower Incidence of epithelial detachment at the end of expe-
riment, it had 1ittle meaning because no initial data about this
parameter was available (241). Suomi et al conducted a similar
trial on industrial employees in which the experimental subjects
received annual toothbrushiné instruction as well as five sca-
lings in the first year, four in the second ¥%E£ and three in
the third year. The control group did not receive toothbrushing
instruction or scaling. Both groups were initially matched in
pairs according to periodontal score, oral hygiene status, caries,
age and sex giving a predetermined weight for each factor. BRe-
sults showed that while the experimental group did not change
m{gh in ®Their scores of debris, suprasubgingival calculus, gin-
givitis index, or 1in degree of epithelial detachment and alveo-
lar bone loss; the control group had consistently higher in ave-
rage scores for all these indices and parameters (433,434,436).

| Stallard and his co-workers put dental students on one of
three oral hygiene programs, i.e., toothbrushing, control mouth
rinse or antibiotic mouth rinse, at a weekly shifting schedule
for a total of seven weeks. They reported that because of rela-

tively low initial scores of plaque, calculus and gingivitis in-
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dex, toothbrushing did not greatly improve these scores; but
control mouth rinses without tootgprushing always resulted in
an increase in all these indices, and antibiotic mouth rinses
allowed plagued accumulation but maintained the same amount of
calculus and same degree of gingivitis (426). In a study to
find relative effects of oral prophylaxis and protein supple-
mentation on gingival health, Cheraskin et al rep;rted that
whereas protein supplement with or without oral pfbphylaxis
significantly reduced gingivitis scoreé, oral prophylaxis alone
did not significantly improve gingival health (60). Since the
protein supplemented group had initially a higher average gin-
givitis score than the plagebo group and the final average
gingivitis score ‘of two groups were practically the same, it is
difficult to interpret the effect of brotein supplemént on gin-
givitis if fluctuations of gingivitis which‘can occur during
a two week period (174,435) were taken into account. However,
it was obvious that oral prophylaxis alone without toothbrushing
instruction did not significantly promote gingival health.

To summerize, 1f oral cleansing methods are relatively
standardized, more frequent Bral cleansing is associated with
a decrease in oral soft debris, better giﬁgival health and lower
score in PI. The relationshipﬁbetween frequency of oral clean-
sing and the amount of calculus deposition is much less consis-
tent. There is no sufficlent evidence that oral cleansing fre-
quency 1is associated with alveolar bone 1088 or epithelial de-
tachment. Withdrawal of oral cleansing always resulted in more

accumultation of plague and c¢alculus and a greater degf;e of
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gingivitis. Readministration of oral cleansing without long
delay can restore the tissue back to their original condition.
Abserice of true periodontal pockets, correct oral cleansing me-
théds, more frequent cleansing, and periodical oral prophylaxis
(scaling) by dental professionals, are all essential for remo-
ving both soft and hard oral deposits and for deeping healthy
gingivae. A mouth rinse with water alone is not sufficient for
oral cleansing, but antibiotic mouth rinses may help to main-
tain gingival health. The advantage of the automatic over the

manual toothbrush in oral cleansing 1s not substantiated.

I.3.8.2 Studies on severity of periodontal disease in relation

to oral deposition

Studying on industrial workers and staffs, Arno, Lovdal, Schei
and thelr co-workers found that, for each age group, the amount
of soft deposit on tooth surface was significantly associated
with the prevalence of gingivitig (9,255), pocket depth (255),
percentage of mobile teeth and of alveolar bone height (256,375).
Same authors also reported a positive correlation between sub-
gingival calculus and gingivitis scores (255). Mehta et al ob-
served from Ontario civil servants in Toronto,'that average num-
ber of pocket per person and per tooth‘inereased with age, and
that efficjency of oral hygiene measures, according to amount
of oral deposits, became worse as agé increased (289). These
facts certainly 4id not, iq themselves, proved an association
existing between amount of oral dépes;ts and prevalence of poc-
ket formation. Same authors,. however, als6 found that the pro-

portion of subjects having more oral deposits were greater among
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those who had complex periodontitis which was a more severeform
of periodontal disease (289).

O'Leary et al found that among newly recruited young sub-
Jects the mean plaque score was greater in those who had no gin-
gival recession than those had. It was thus postulated that more
vigorous and thorough toothbrushing among this study population
had resulted in less plaque, healthier gingiva and presence of
gingival recession (309).

Following the introduction of the Oral Hyglene Index (
OHI) hhich measures the amount of oral debris (DI) and calculus
(C1), by Greene and Vermillion (156) and later of the Simplified
Oral Hygiene Index (OHI-S) by the same authofg (395), many stu-
dies have shown that average scores of PI, CI and OHI increased
with age (1,212,213,395,396,469), which can only be taken as a
suggestion of an assocliation between scores of PI with both OHI
and CI. When a population of smaller age range was studied,
there was no consistent pattern between age and either PI, CI
or OHI (402).

The mesan severity score of periodontal disease had been
observed to increase in the same direction with mean score of
OHI and its intermediate indices, i.e., DI and CI (24,25,38,153,
201,213,221,243,247,261,279,280,282,332,361,366,395,402,408,415,
bhlh 463)e¢ Age factor was not standardized in some of these stu-
dies desplite the fact %hat it varied greatly among study sub-
Jects, the relation between severity of periodontal disease and
OHI score would therefore be subjgcted to varioys interpretations
(24,25,332,415). All other studies have considered age fac-
tor by studying population of small age range (38,153,201,
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221,247,279,280,282,408,444), or by comparing the severity of
periodontal disease among persons at various OHI score inter-
vals but belonged to same age category (213,366,395,396,402,
465), or by comparing the percentage of alveolar bone loss

ad jacent to tooth surface with calculus than that without cal-
culus (261). Of the reports which have shown correlation of
both scores of CI and DI with PI score, average CI scores showed
better discrimination, than DI score, among different severi-
ties of periodontal disease within each study population (53,
213,221). Study made by Lilienthal et al in Melbourne, Austra-
l1ia revealed that for males and females aged 5 to 9 years, oral
debris alone influenced the PI score, that up to age of 20 years
for females and 24 years for males, both oral debris and calcu-
lus strongly influenced the PI score and that in older age-group
only calculus affected the PI score (243). The OHI score has
also been shown to explain different severity of periodontal
disease associated with sex, race, income, educatipn and occu-
pation (213,361,366,463). Waerhaug observed that although Nor-
wegian recruits, aged 19 to 21 years, as compared with Ceylonese
male students of the same age, scored much lower in average PI
score which were 0.80 and 1.14 respectively, when these popula-
tions were distributed according to OHI scores, the PI scores

of the two pobulations within equivallnt OHI groups were very
much the same (463). This interesting phenomenum was confirmed
later by Johansen in his study on dental students both in India

and 0slo whose mean PI scores were 1.184 and 0.319 respectively,

though in this case PI stores of the two populations with equi-

’
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valent DI scores, instead of OHI scores were compared due to
the fact that 0slo students had practically no dental calculus
(186).

The simple correlation co-efficient of PI and OHI scores
has been estimated in many studies (38,93,109,154,156,176,201,
368, 388,395,396,409,444). The values ranged from 0.50 (444) to
as high as 0.85 (395), depending, partly, on the age ranges and
specific social char;;ters of the study populations. In general,
the greater the age range of a study population, the better the
correlation between PI and OHI scores existed (f39,368,396).
More privileged population when compared with less privileged
ones, tended to have greater correlation between scores of PI
and OHI too (109). When only young subjects were studied, PI
scores tended to correlate better with DI score than with CI
score (38,154,156,414), But when population of whole age-ranges
or especially only older subjects were considered, PI scores co-
rrelated much better with CI score than with DI score (109,154,
176,201,414),. Loe's plaque Index score has been found to be
highly correlated with his own Gingival Index score (410) and
Periodontal Score (409). The correlation between Plaque Index
and Gingival Index was much greater than that of Calculus Index
and Gingival Index among women at pregnancy and postpartum (410).
The OHI score has also been reported to correlate positively
with Gingival Recession Score (18,368) as well as degree of
alveolar bone loss (394).

Since there are enough evidences that factors such as age,
OHI and other speculated etiological variables are not in them-

gselves independent one from another (18,109,154,247,368,394,409),
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technique of multiple correlation co-efficient has been employed
to estimate the proportion of severity variance in periodontal
disease which can be explained by sombined effects of all these
variates (18,109,154,247,368,469). Studies made in Chile (18),

.Ethiopia (247) and South Vietnam (368) had taken factors of age,

sex, OHI score and five or more biochemical data of nutritional
status into consideration., In general, about 50% of the variance
in PI as well as Gingival Recession Score could be explained

by combined effects of these variates, and factors of age and
OHI score alone accounted for about 90% of the variance explained
(18,247,368). There was a definitive phenomenum that variance
in Gingival Recession Score was more accounted for by age than
by OHI, whereas PI variance was either equally explained by

age and OHI (18) or more explained by OHI than by age factor
(247). 1In his study in South Vietnam and Lebanon, Russell con-
cluded: "Less than 10% of the variance in group PI scores remain
to be explained after the combined influence of age and mouth
cleanliness has been estimated."(368). Since this author esti-
mated the multiple correlation co-efficient from "group scores"
of PI and OHI about which he did not specify, rather than scores
of PI and OHI of individual subject, hence, his statement: " a
residual factor wholly independent of age and oral hygiene,
therefore, can have little dffect on periodontal disease as
scored by PI," (368) is really not justifi&d. Other studies

also revealed that the proportion of the variance in PI scores
which was accounted for by factors of age, DI and CI ranged from

30% among Osegere Villagers in Nigeria (109), 55% among 456 South
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Vietnamese (368), 58% among Ecuadorian civilians and Montana In-
dians (154) to as high as 81% among Yoruba family members in Ni-
geria (109).

Thus, prevalence, especially severity, of periodontal di-
' sease 1s associated with the amount of oral debris and calculus.
Such correlation is stronger if study population vary greatly
in age, are more privileged in material needs and belong to hi-
gher social status. Oral debris seems to be more associated
with gingivitis at younger age, whereas calculus emerged as
stronger or even the only associated oral deposit with more se-

vere form of periodontal disease as population become older.

I 8 The fallacies of ugsing t a a

similar indices as a measure of oral cleansing effect

Following the introduction of the Oral Hygiene Index (OHI) (156)
and Simplified OHI (157) by Greene and Vermillion, the term "
oral hygiene" has been loosely used to denote both oral clean-
liness as well as oral cleansing. The following quatations ex-
amplify this quandary: "Propﬁyiaxis and improvement of oral hy-
giéne may decrease the average mobility as much as 25 percent"
(462). "A residual factor wholly independent of age and oral hy-
giene, therefore, can have 1little effect on perliodontal disease
as scored by PI." (368). The OHI is introduced as a measure of
the amounts of soft debris (DI) and calculus (CI) on the tooth
surfaces (156), it, therefore, is not synonymous with oral clean-
sing effect.

Despite the fact that studies both from case history and
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clinical trial indicate less amount of oral debris deposition
can be achieved from more frequent tooth cleansing (38,39,79,117,
156,172,176, 239,259,402,411,432,433,434), amount of calculus is
however less consistently or not at all related to frequency of
tooth cleansing.(38,39,156,259,402,432). Even debris formation
is partly depended on nutrition (58,63,69,75,96). Although it
1s now well accepted that the soft, adherent, non-calcified pla-
que containing myriads of micro-organisms represents the initial
phase of supragingival calculus formation which is subsequently
and rapidly calcified (266,448), supragingival calculus has also
been found to be related to salivary viscosity (371), inorganic
pyrophosphate concentration in the parotid saliva (450), vitamin
A deficiency (368) as well as coronary heart disease proneness
(471). Study made by Lightner et al on U.S.A.F. new recruits
revealed that while toothbrushing reduced plaque accumulation,
calculus was removed mainly through frequent scaling (239).
Suomi et 8l also conducted a clinical trial on industrial emplo-
yees in which the experimental subjects received three or four
scalings and toothbrushing instruction anhually, the authors
found that while debrls score of the experimental years, their
supra- and sub-gingival calculus increased rapidly during the
first two years.(433,434). Such descrepancy between oral clean-
sing frequency an& amount of dental deposits, especially dental
calculus wids also observed among rural Maori population who
hardly brushed thelr teeth and yet had relatively little cal-
culus in contrast to great amount of debris (243), among adven-

tist teenagera who, as compared with non-adventist teenagers,
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brushed more oftenly and yet had more debris and calculus (172),
and among Atlanta teenagers who scored higher in DI but much
lower in CI than urban Indian teenagers (153).

We have very little knowledge about the exact role of the
subgingival calculus in the pathogenesis of perlodontal disease.
We are still far from reaching an agreement whether subgingival
calculus if the cause, the result or both in the disease process
(7,169,265,422),

Hence, indices which score the amount of dental deposits
actually measure not only oral cleansing effect, but also die-
tary, nutritional and constitutional factors. In addition,
these indices may éven measure part of the periodontal disease
itself. Therefore, taking amount of dental deposits as an in-
dex of oral cleansing effect in the epidemlologlical studies of
periodontal disease will result in misinterpretation of the pa-
thogenesis of this disease and in less effectliveness from pre-

ventive measure subsequently.

¥

I1.3.8.4 The fallaclies of. evaluating the assocliation of perio-

dontal disease with variables other than the OHI score and age

by standardization of the latter two variables.

As it is discussed at the preceding section that amount of den-
tal debris and calculus are to some extent the functions of fac-
tors such as nutrition (18,58,63,69,75,96,247,368), diet (172),
saliva (379,450) and other constitutional variables (471). Nu-
tritional factors (18,247,368) and general metabolism (430) are

also closely associated with age factor. It follows, then,
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that debris, calculus and age can not be held constant when eva-
luating those systemic factors as potential etlologiqal factors
of periodontal disease. 1Instead, one should study the effect

of systemic factors on periodontal disease among people of si-
milar age whb practise at various degree of fairly standardized
oral hygiene care --- an analogous study design of analysis of
covariance,

In addition, if the formation of subgingival calculus is
part of the result rather than the cause of the chronic destruc-
tive periodontal disease,(7,169,265,422), and if its amount mea-
é;red from cross-sectional study also reflects partly the dura-
tion of the existing disease or an indirect measure of age of
each study subject, it, then, seems very unlikely that following
the standardization igr subgingival calculus score and age, there
is8 much variance in PI score remaining to be accounted for by
other suspected etiological factors --- a mechanical phenomenon
of step-wise regression analysis. And yet such finding dose not
contribute to the knowledge regarding the real etiology of peri-
odontal disease. Unfortunately, many data from cross-sectional
studies have been analized in this fashion and concluded no evi-
dence of association existing between periodontal disease and
nutritional factors (18,2147,368,463,469), or systemic metabolism
(430).

Thus, there are great deal of data- to suggest that an in-
dividual's OHI score is, to some extent, a function of nutrition-
al, dietary and sustemic factors as well as an indirect measure

of age, that subgingival calculus may be the result rather than

A
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the cause of the periodontal disease and that individual's nu-
tritional condition also depends on age. Evaluating the asso-
ciation of periodontal disease with variables other than OHI
score and age by standardizing the latter two variables, such
as being\conducted in most epidemiological studies of periodon-
tal disease has, therefore, resulted in possible erronemus con-
clusion regarding the true relationship between periodontal di-

sease and other suspected etiological factors.

1.3.9 Effect A{ Smoking, Betel nut chewing and Alcoh

I.3.9.1 Effect of gmoking

Reference (320) to a relationship between smoking and periodon-
tal disease date back to 1859. However, relatively little re-
search regarding this relationship had been reported in the 11-
teréture until last 25 years. There is now a general consensus
that smoking tended to increase the prevalence gf ulceromembra-
nous gingivitis (133,287,320), simple gingivitis (9,115,320,321),
active periodontal disease as measurgd by PI or PDI ( 38,403,420,

430,431) as well as destructive phae of the periodontal disease

(8,403), corresponding to this agBsociation is a similar relation-

ship existing between cigarette consumption and amount of soft ”
deposit (8,9) hard deposit (115,320,321) or both (38,403).

Other studies reported a similar trend regarding the as-
sociations of cigarette smoking with periodontal disease and
oral deposits, but falled to demonstrate a statistical signi-

ficance of such trends(164,201,408).
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Some of the studies mentioned above have been tried to
.standardize the factors of age and/or oral deposits, thus, to
estimate the residual association between clgarette consumption
and periodontal disease. The results revealed either reduction,
though still remaining to be significance of (8,9,321,430) or
nearly absence of (38,243,403) the original correlation between
cigarette consumption and periodontal condition. Two of these
studies (8,38) also showed that the effect of smoking reduced
to minimum in persons who had "good oral hyglene". Such pheno-
mena are interpreted as that the effect of smoking on periodon-
tal disease is not as great as "oral cleanliness" (266), without
considering the possibilitf that both soft and hard deposits
may be, partly, the result of smoking and even periodontal di-
gease itself, and that a smoker may require more effort than

non-smoker to keep an equivalent amount of oral deposits.

I.3.9.2 Effect of betel nut chewing

Betel .1s a leaf of a tropical tree. In this is packed the are-
ca nut, some tobacco, various spices and lime. The package, or
quid, 1s put into mucobuccal fold. It is consumed mostly by
Eastern people. Mehta et al found that the teeth of the mandl-
bular left side where the quid 1is kept were more affected by
periodontitis and subsequent alveolar bone resorption than the
teeth of the right mandibular side (287). Gupta's study in Tri-
vandrum, India confirmed this finding in wh;ph he use PI as a
measure of active periodontal disease (159).

In a survey, comprising about 8,000 Ceylonese, waerhaug

(463) observed that, for the subjects of 20 years old or above,

t
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betel consumers consistently scored higher average PI than non-
consumers of the same age groups. Corresponding to this is the
higher proportion of the betel chewers than non-chewers to have
higher OHI-S scores. When the betel chewers and non-:hewers of
the 1ike age and OHI-S scores were compared, the former remained
to score higher PI than the latter in most comparisons, though
their differences reduced to a lesser degree. It 1s also inter-
esting to find, that this same study (463), the smokers consis-
tently had lower PI scores than non-smokers. However, the au-
thor observed that the alternative to tobaccosmoking is very
often betel chewing in this study population. Therefore, the
group of tobacco smokers has in 1ts control group all the be-
tel chewers, and the control group with whom the betel consumers
are compared, contains most of the tobacco smokers. Oﬁviously,
betel consumption is a more destructive factor than is tobacco
smoking. Most recently, Johansen conducted a dental survey on
some Indian dental students (201). There were only 11 male be-
tel chewers who also smoked clgarette. They were compared with
25 male smokers who did not chew betel. The results indicated
the former, as compared with latber, scored, in average, higher
PI,CI-S, DI-S. None of these comparisons was significant sta-
tistically, possibly, due to small number and relative young
age 6f the study subjects.

It seems fair to conclude that betel chewers than non-
chewers tend to have higher prevalence and severity of perilo-
dontal disease as well as more amount of oral deposits. 1t

may be one of the important factors responsible for higher pre-
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valence and severity of periodontal disease in the Asiatic coun-

tries.

1.3.9.3 Effect of alcohol drinking

It is really a surprise to find that only one epidemiological
study of periodontal disease has considered alcohol drinking
as a possible etiological facotor. Summers and Oberman studied
408 subjects 20 years old or more, consisting a 10% probability
sample from Tecumseh, Michigan. Correlation analysis was made
between periodontal disease, measured as PDI and 12 intrinsic
variables including alecohol consumption amouht. Results showed
no significant correlation between weekly alcohol consumption
amount and PDI score either with or without holding age cons-
tant (436). Further analysis of the data indicated\no statis-
tical significant difference of weekly consumption amount af
alcohol among three groups of PDI gradient and edentulous sub-
jJects (431). More studies are needed before any generalization
can be made from this study.

In summary, cigarette smoking tends to increase the pre- y
valence and severity of both acute and chronic‘periodontal di-
sease, bx possibly more accumulation of dental deposité. Betel
nut chewing can have even greater detrimental effects than smo- -
king on periodontal tissues. There is not enough studies inves-
tigating the effect of alcohol drinking on periodontal tissues,
though the data available seem to indicate little, if any, re-

lationship between these two variables.

[&3)
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I.3.10 Association with dental caries

There is a commonly held opinion thaé‘ﬁariodontal disease is
inversely associated with dental caries. In the early fifties
of this century, some extensive revi®ws and discussions were
directed to this problem (32,216,271). Kesel concluded from
clinical reports and laboratory studies that the weight of
evidence pointed to an antagonism between periodopta; disease
aﬁd dental decay (216). Marshall-Day believed from epidemio-
logical data that'these twﬁ“@iseases varied independently of
each other (271). And Biddy stated that data based upon ‘epi-
demiological studies, physiological, systemlc as well as local
factors did not give clear cut evidence indicating the antago-
nistic relationship between these two dental disease (32).

- Cross-sectional epldemlological data suggest that some
demographic factors provide indirect evidences*tﬁat dental ca-
ries and periodontal disease do not have similar distributions.
Factors like sex (202,258,291), socio-econopical factors (212,
214,270), race (202,214), ;ulture (172), {ocal geographic dis-
tribution (367), world distribution (270,271,363,368), as well
as war environmeﬁt (220) are commonly correlated with dental
caries and periodontal disease in an opposite direction as far
?as a population 1s concerned, which has been takén as evidences
of antagonistic relationship between these two diseases. In ad-
dition to this, the distinct differences in prevalence accordi
to age of subjects (32,272,291) and mSiphological types of th

‘ (222,292,470) between caries and periodontal disease also sug-
gest that these two disease are unlikely caused by the same agents.
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. ‘ Untreated caries seems to be positively associated with
more gingivitis and PI score, whereas filled teeth are inversely
associated with gingivitis and PI score (280,366,399,470). Al-
though study made by Barros and Witkop demonstrate a significantly
positive corelation between DMF-teeth and PI score as well as.
GR score (78). Other studies do not support significant rela-
tionship between DMF-teeth and PI score (103,279), DMF-teethfand
prevalence of gingivitis (280) or between DMF-teeth or surface
and the severity of gingivitis (276,277).

As mentioned previousiy that active pe¥iods between caries
and periodonatl disease differ distifnctly (32;272,291), a cross-
gsectional study may not reveal & true relationship of disease
activity or incidence between these two diseases., To demonstra-
te the péssible fallacy which may result when a cross-sectional
study method 1s employed to correlate two chronic diseases, such
as dental caries and periodontal disease, Russell conducted a
one-year longitudinal study on 506 school children, aged 13 to
14 years. From cross-sectional data, four correlation co-effi-
cients of total DMF-teeth with PI scores in 13- and 14- year-old
boys and girls range from --- 0.24 to +0.57 which do not allow
any consistent éonclusion. But when mean PI scores at the be-
ginning and the end of one year are correlated with mean num-
bers of new DMF-teeth, 1t becomes clear that for children with
simple gingivitis only or PI scores below 0.75, PI scores are
correlated positively with new DMF-teeth, caries activity 1§‘

however, at a near standstill in children with advanced des-

tructive stages of periodontal disease or PI scores above 0.80
(387).
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Thus, the research data so far fall to demonstrate any
simple clear cut relation between caries and periodontal disease.
Neither the commonly held opinion that these two dental diéeases
are essentially the diseases of dental plaque 1is supported.
Quite contrary, research data suggest that these two dental di-
seases have distinct epidemiologic patterns and do not share
many common disease related variables, and that their associa-
tion may vary from one disease stage to another, from age to age
amd depend on particular human environments. In fact, the defi-
nite beneficlal effect of fluoride intake to reduction of den-
tal caries and lack of such effect on periodontal disease also
implies that the prevalences of these two dental diseases are

rather independent one from another,

I,3.11 Malocclusion, trauma from occlusion and oral habits

I,3.11.1 Malocclusion

Malocclusion of teeth has long been considered by clinicians

a likely causative factor in disease of the supporting struc-
tures of the tooth. But there are few reports available in 1i-
terature that can supply quantitative data to support them.
Ditto and Hall studied on 143 periodontal patients apd reported
that Angle's classification of malocclusion (5) did not affect
the percentage distributian of cases in the periodontal classi-
fication (88). On the other hand, studies made by Miller and
Hobson on school children (290) and by Geiger on 188 consecu-
tive cases on periodontal disease (123) revealed that subjects
with normal occlusion had milder periodontal Qisease than those

who belonged to one of three Angle's ifications. Except

Geiger's data (123), tooth cropding has been found to correla-
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. te positively with prevalence of periodontal disease (88), gin-
givitis (277,280,290,351,374) ,and PI scores (33,324). Beagrie

| and James (21) reported no significant relationship between mo-
i difted Russell's PI index score (Galloway index (122) and either
‘ axial inclination measured from radiograph or malalignment in-
dex designed by Van Kirk and Rennell (449). Neither did Wade
find a significant association between gingivitis and tooth align-
ment from his study on British and Iraqui children (454). Suo-
mi reported, from a population study, that the degree of contact
of two neighboring teeth insignificantly associated with the poc-
ket depth at interproximal surfaces (432), The relationship
betwegn periodontal disease and overbite or overjet is not very
consistent elther. It is, however, possibly ﬁesulted from the
facts that those studies which come out negative findings (88,
123) do not employ quantitative measurements of periodontal di-
sease, overbite or overjet, nor hold age in constance when com-

parisons are made. With severity scales, PI score (33,324) and

prevalence of gingivitis (280) are found to be significantly cor-
related with degree of overjet and overbite. Following the in-
troduction of quantitative indices of malocclusion, such as
Occlucal Feature Index (OFI) by U.S. National Institute of
Health, Dental Research (324), Handicapping Labie-Lingual De-
viations (HLD) by Draker (89) and maloccluded teeth counts by
Massler and Frankel (275), these indices have been found to be
correlated significantly with PMA index (277,351) and PI score

(33,328).
o

Thus, it seems very 1ikely that the degree of malocclu-
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‘ sion correlate with severity of perlodontal disease, though the
strength of the association varies from one feature of malocclu-
sion to another. One must also bear in mInd that most malocclu-
sion indices are designed for the purpose of orthodontic treat-
ment and, therefore, the weights assigned to various component
features within each index may not be much meaningful in terms

of their relative importance in the pathogenesis of periodontal

disease,

1.3.,11,2 Trauma from occlusion

Karolzi in 1901 suggested that excessive occlusal forces lead
to pyorrbea(206). That statement is still a controversial is-
sue today. Trauma from occlusion is defined by Glickman as "
the injury to periodontal tissue caused by occlusal forces (138).
Since the introduction of a concept by Glickman and Smulow (142)
and by Glickman alone (137,139,140), through experiments on the
monkey, that inflammation and trauma from occlusion are co-des-

. tructive factors in chronic perlodontal disease and that the ex-

t

. cessive occlusal forces alter the pathway of gingival inflam-
mation and constitute a significant factor in determining the
pattern of bone destruction in periodontal disease, Glickman
and Smulow have confirmed these findings in human autopsy ma-
terials (143,144),80 has Ross supported the concept from his
clinical observation (353). But rfcently, neither monkey's ex-
periments made by Glickman and Smulow (145) and Comar et a8l (72),
nor human blopsy material by Stahl (423) could demonstrate the

&
' progression of inflammatory response into periodontal ligament.
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The possible explanation to foregoing contradictive find-
ings is the poor agreement as to the criteria of trauma from oc-
clusion. Studlies on human suBJects have employed one or combi-
nation of the parameters, such as increased mobility, various
type of bone resorption, increased width of periodontal space,
increased thickness of lamina dura and premature contact, as
criteria of trauma from occlusion (143,144 353,423). However,
these clinical and roentgenographic study, Posselt and Mauns-
back (323) reported that mobility from occlusion, as a diagnos-
tic criteria of trauma from occlusion, seldom accompanied by
roentgenographic signs and that roentgenographic signs were
not always accompanied by mobility from occlusion. Whether mo-
bility from occlusion is a correct criteria of trauma from oc-
clusion remains a question. 1In a survey, Lovdal et al divided
the subjects into two main groups: one having eight teeth or less
and the other having more than eight teeth in contact during
occlusion and chewing. Thelr results showed a significant hi-
gher gross tooth mobility in first group than in second group
which was independent of the amounts of soft deposits, but there
was no significant difference in alveolar bone resorption and
pocket formation (256), Similar findings were reported by other
investigators (304,325,326). Ringsdorf et al also failed to ob-
served the difference in PMA scores of pregnant women between
those who had 18 teeth or less and those of 22 teeth or over (
i) .

Thus, the best conclusion one can draw from these reports

is that trauma from occlusion itself does not likely initiate
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periodontal disease and that it is really not clear whether
trauma from occlusion can faclilitate the progression of inflam-
mation into periodontal l1ligament and, hence, cause pocket for-

mation.'”

I.3.11.3 Oral habits

Tongue thrusting is a habit which entalls the persistent wedging
of the tongue against the teeth, especially in the anterior re-
gion. Carranga et al (46), Dechaume (85) and Sheppard (406)
feel that tongue thrusting produces excessive lateral pressure
which may be traumatic to the periodontium. Glickman (138) also
reported that togue thrusting causes spreading and tilting of
the anterior teeph, with an open bite, anteriorly, posteriorly,
or in premolér area, The antagonism between forces that direct
the teeth labially, and inward pressure from the lip, may lead
to tooth mobility (138). All these reports are based on cli-
nical case observations, and, so far, no quantitative data are
available.

Bruxism consists of aggressive, repetitive or continuous
grinding or gritting of the teeth during the day or night or
both, Clenching or clamping entalls continued, intermittent
or pulsating pressures, usually with the teeth intercuspated.
And clicking or tapping of the teeth may be performed with the
teeth in functional or abnormal positions (138). Al these ha-
bits are sometimes refered to by the term "parafunction" which

designates tooth contacts in activities other than chewing and
swallowing (91).

Ty
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Bruxism causes excessive tooth wear which is character-
1zed by facet. on tooth surfaces not ordinarily reached by func-
tlona} movements and pronounced facets’ in normal functional areas.
Frisch et al examined a group of 95 patients with varying de-
gree of periodontal disease, and found that all of them revealed
some faceting.(119). However, in a later study of 200 patients
who had normal periodontal tissue, they, again, found varying
degree of faceting (118). Their results, therefore, tend to
negate the belief that the presence of facets necessarily ac- ,
companies with periodontal disease. Studies made by Belting
and his co-workers on psychiatric patients anq non-psychiatric
patient (24) and on diabetic patients and their controls (25)
failed to reveal any correlation between bruxism and severity
of perlodontal disease, Baer and co-workers pointed out that
occlusal wear did not in itself produce alveolar destruction
(13). The periodontium in patient with bruxism often responds
favorably to the increased function by thickening of the perio-
dontal ligament and increased density of alveolar bone, and clen-
ching and tapping habits which concentrate on isolated teeth
or section of the arch are more likely to be injurious than
the generalized grinding in bruxism (138). The suggestion, ma-
de by Ingle (179) and Leof (23%), that bruxism and clamping
could aggravate existing periodontal disease and lead to tooth
mobility remains to be proved, or disproved, by a better study
design other than clinical impressions.

Mouth breathing 1s another habit often associated with
gingivitis (138,246). The gingival changes include erythema;
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edema, enlargement and a diffuse surface shininess in the ex-
posed area. The maxillary anterior region is the common site

of such involvement. 1Its harmful effect 1s generally attribu-
ted, without any substantial evidence, to irritation from sur-
face dehydration. Since experimental study of simulated mouth
breathing failed to support the dehydration theory (339), there
is still much to be lpérned about the exact manner of production
of the gingival reaction from mouth breathing.

To conclude, subjects having severe malocclusion tend to
have more severe periodontal disease. Trauma from occlusion
itself does not likely initiate the disease, and its role in
progression of periodontal disease 1s uncertain. Mouth brea-
thing is frequently associated with gingivitis of anterior teeth.
There i1s a need for epidemiological studies about the effect
of other oral habits on periodontal tissues.

I.3.12 Microorganism

It is only during last decade that a great deal of works have
been directed to examine the role of microorganisms in the pa-
thogenesis of periodontal disease in human. There are a few
articles in which extensive reviews have been made regarding
various microbiological aspects of periodontal disease (14,102,
125,250,381,418,422),

Evidences of bacterial role in the etiology of periodontal
disease in human are substantial indeed. Acute necrotizing ul-
cerative gingivitis has been found tq be suspectible to the ac-
tion of local or systemic antibiotics'(1b8,166,29h,380). There
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are also reports of varying degree of prevention or reduction
of non-specific gingivitis through mouth rinse or systemic
administration of antibiotics (80,253,426,429)., Since bac-
terial debris 1s almost entirely bacteria in nature (9) the
remarkable correlation ofqbacterial debris with severity of
gingivitis (10,312,397) ;;ggests that bacterial bodies bear

a direct relationship to the severity of gingival inflammation.
Study conducted by Schei et al (375) further demonstrated the
amount of bacterial mass on the tooth surface as a most impor-
tant attributing factor to the alveolar bone loss, as well as
to tooth mobility in their separate report (256). The most
direct evidence, of course, comes from experiment such as by
Loe, Thellade and Jensen (252) who showed that a group of 12
dental students developed accumulations of soft debris (plaque)
and clinically observable inflammation of gingiva when all oral
hygiene measures were withdrawn. The plaque material was remo-
ved following the reinstitution of oral hygiene measures, and
the gingivitis subsided. While these results do not, in them-
selves, prove the initlating role of bacteria in periodontal
disease, the fact that the change in microflora occur?ed be-
fore gingivitis was clinically diagnosed, may indicate that the
microorganisms play a role in the initiation of periodontal in-
flammation (252). They later repeated the similar experiment
and achieved the same results (441). Furthermore, in their
later short-term study, antiblotics were effective in cutting
down subclinical gingival inflammatory signs (253). To add ad-

ditional evidence, pure cultures of certain human gingival cre-

/
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vicular organisms have been shown to initiate a periodontal syn-
drome in laboratory animals (127,128,398,419). Although these
data did not prove the etiologlic role of these organisms in pe-
riodontal disease conclusively, they did clearly demonstrate
the potential of human oral organisms to cause periodontal des-
truction.

The research, so far, fails to find a single species or
group of microorganisws which are responslble for the produc-
tion of gingival inflammation (102,250,381,418). Indeed, a num-
ber of studles have shown no marked difference in the microbial
composition of gingival debris obtained from healthy versus di-
seased gingiva (97,132,300,419,441), The only microbes which
seem to be different between the flora of the gingival crevicu-
lar area of children in comparison with adults are Bacteriodes
melaninogenicus (15,84,215) and certain spirochetes (84) and
even the appearance of these two kinds in adult population seem
to be more related to ‘thelr specific 1living environments and
nutritional requirements than potential to produce periodontal
disease (15,413). Thus, the only significant alteration asso-
ciated with periodontal disease appears to be one of the total
quantity of bacteria present (300,397).

It seems apparent that plaque formation is the first step
initiating the periodontal disease (418). Streptococci mutans
isolated from human gingival crevice is reported to form dextran
which glue the organism to the tooth surface and .to other orga-
nisms of the same type (126,128,129,131). Jensen et al reported
that despite the suppression of the Gram-positive flora and
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spirochetes from daily use of vancomycin mouth rinse, plaque
still formed which consisted all Gram-negative organisms '(200).
Once the microorganisms have accumulated, it is not clear how

they lead to the destruction of the periodontium. It has been

suggested that bacterial products in gingival crevices, such

as lytic enzymes (74,86,130,165,382,384), endotoxin (412) and
other toxic metabaolites (102,250,381,418), all of which have
the capacities to destroy the periodontal tissue, may be res-
ponsible for periodontal destruction. But it is also true that
most of these lytic enzymes can be producgd by the gingival ti-
ssues themselves (29,31,120,146,337), and that no differences
have been observed in the specific activities, on wet weight
basis, of various enzymes in gingival crevice debris obtained
from normal and periodontally involved patients (74,300). One
must, however, also bear in mind that the total mass of orga-
nisms is larger in periqdontally involved individual (397) and,
therefore, more bacteriai products which may be capable of des-
troying the periodontal tissues (250,300,397,418,419).

Hypersensitivity and allergic phenomena as a mechanism
of periodontal dﬁsease has been postulated and some researchers
have demonstrate antibodies in sera and gingiva and skin aller-
gic reaction to specific oral bacterias (305,306,307,376). Un-
fortunately, there is 1little evidence that immunopathologic
processes actually operate in naturally occurring human perio-
dontal disease (124,418).

In fact, one might even wonder whether there, is sound evi-

dence that the inflammatory process in the gingiva 1is destruc-
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' tive at all (418).
It 1s probably safe to state that the mechanism by which

bacterias induce destruction of the periodontal tissues is not
known (418). So far, we have found that some agents and pro-
cess, which are suspected of being significant in the etiology

: of periodontal disease in human, are present in gingival cre-
vice and periodontal tissue, and can induce the periodontal di-
sease in experimental model systems., But we fail to demonstrate
that these agents and process actually have an effect on the
periodontal tissues in the course of human periodontal disease.

Des%ite the fact that transmissiblility of periodontal syn-

‘ drome in experimental animals has been demonstrated (87,205,217),

nothing of this nature in human periodontal disease has yet

been reported.

-

To summarize, there is strong evidence that oral bacterias
are quantitatively associated with gingival inflammation. Stu-
dies so far fail to’;emonstrate any single specles or a group
of mlcroorganisms which are responsible for gingival inflamma-
tion.

The mechanisms by which bacterias cause destruction of the
periodontal tissues is not yet understood. Whether or not the
periodontal disease is transmlssible through bacterias from one
person‘to another remains to bé answered. There 1s)no single
study so far to investigate the possible role of virus in the

prevalence or severity of periodontal disease.

o [.9.17 Iatrogentc (Faultr dentistry) ,
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The harmful effects created by professional dental care such
as offerative and prosthetic dentistry (302,347,473) and ortho-
dontic treatment (333,466) have been studied and reviewed.

The single factor which has been most extensively stu-
died is overhanging of the restoration. Clinical impression
seems to 1lndicate that overhanging restoration usually accom-
panies with gingival inflammation adjacent to it (138). Some
clinical surveys substantlate such impression with statistical
data (3,466,473) while others fail to demonstrate significant
association between overhanging restoration and gihgivitis (134,
L432). The reason for the non-association finding in the study
made by Gilmore and Sheiham (134) may be that a large percentage
of overhangs may not have been In direct contact with the gingi-
vae. There are two studies show that alveolar bone heights ad-~
jécent to overhangs are significantly lower than those of homo-
logue teeth without such overhangs (34,134). One of these two
studies also indicates Ehat the more the overhang is in excess
to gingival margin, in lower the alveolar bone heilght is as com-
pared with that of the contralateral tooth (34).

Several reports h&ve shown that gingival inflammation,
mobility and bone destruction increase dramatically in teeth
ad jacent to partial dentugg.(44,45,111,386). In two well con-
trolled clinical trials, tge effect of removable splints on
tooth mobility was investigated. Instead of reducing mobility,
splinting led to increased mobility as compared with patients
who received ordinary local hygienic treatment (334,474). These
findings certainly can easily be criticized in terms of the
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desirability of the constructed removable partial dentures

and splints. On.the other hand, more research works are
urgently needed to clarify this dilemma.

Other faulty restoratiéns, such as fallure to reproduce
the contour of the buccal surfaces, inadequate or improperly
located proximal contacts, failure to re-establish adquate
interproximal embrasures and failure of the restoration to con-
form with occlusal wear patterns have all been mentioned as com-
mon causes of gingivitis and periodontal disease (138,302,347),
but very few studies are avalilable tq support these opinions.

After a series of studies about tissue reaction to arti-
ficial crowns (455), rough surfaces (456), zinc phosphate ce-
ment fillings (457), gold foil (458), and metal wires (459).
Waerhaug concluded later that subgingival restorations were
among the major factors in periodontal disease (&60), which was
not resulted from mechanical or chemical irritations of filling
mater;als, but was caused by the bacterial plaque wh}ch formed |
in spaces between the crown and the tooth preparation. Since
the bacterial plague in these areas can not be removed complete-
ly, and some of 1t will be left in those space and from these
retaining microorganisms the apical proliferation of the plaque
will occur. Thus, Waerhaug suggested that it was better to fi.
nish the restoration above the gingivaljmargin whenever perfect
adapted artificial crgwh was not attainable (460). - .

To summarize, although numerous kinds of faulty dental-
restorations and orthodontic appiliances have been condemned for

"

varlous stages of periodontal disease, 'very few research had been
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. done to clarify the exe/tct nature. However, overhanging res-
torations, unsatisfactorily constructed partial dentures and
remoyable splints seem 1ikily to have detrimental effect on
periodontal tissues either through bacterial accumulation,

faulty force on teeth or both.

' &
1.4 Existing Indices used for studies of periodontal disease

I.4.1 1Indices to estimate the altermation of the periodontal

tissues

The high prevalence Pf periodontal disease almost in every po-
pulation makes comparison of prevélence of the disease' between
populations very little meaning. Therefore, several scoring
methods or indices have been developed which takes stages of
the periodontal diseas? into consideration. The measurement

of periodontal disease is much more difficulty than that of den-
tal' caries due to three facts; 1) ﬁudgement of gingivitis seve-
rity is very subjective and the inflammation is reversible.

The alveolar bone can hot be directly observed without radio-.
graph. Its resorption is chronic in nature, and yet the best
measure of periodontal tissue damage. 2) to' transfer qualita-
tive data into numeric index involves arbitna;y aasignhent of
the gradient scores. It is especially difficult when one has
to combine both gingival inflammation and alveolar bone des-
truction 1ﬁto a single index. Because no one has proved that
gingival inflammation actually progresses to periodontitis or
alveolar bone loss (155,418). 3) there is no way to deal with
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missing teeth, because lack of history about the cauges of mi-
ssing or extraction.

It is commonly believed from clinical observation that
gingivitis per se can recover to healthy and origingal condi-
tion, whereas gingival recession, apical migration of epithe-
lial attaphment and resorption of alveolar bone can not recover
to original tissue state., Therefore, indices for periodontal
disease have been arbitrary classified into irreversible and

composite fndices (462).

I.4,1,1 *“Irreversible®” indices

I.4.1.1.1 1Indices of alveolar bone loss

Indices measuring alveolar bone loss are possibly the earliest
periodontal disease indices for epidemiological studies. Both
Sheppard (404) and Marshall-Day and Shouri (272) used it for
studying hospitalized patients and tried to measure to one-
tenth of the root length. Later, Sandler and Stahl (371) and
Cohen et al (368) assigned 4 or 5 point-scale respectively for
the proportion of bone loss. To refine the scale, Sthei et al
(375) placed a translucent ruler on the top of the radiograph,
by this device the length o( the root 1s divided into 10 equally
long areas, and it was possible to assess the height of bone or
bone loss with an accuracy of 1/20. Most recently, Bjorn et al
(35) designed a ruler which had 20 divigions or radii, and they
agssaesged the marginal bone loss by representiné it as proportion
of the alveolar bone of the total tooth instead of root length.

Although radiographiq assessment of alveolar bone loss
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appear to be the most objective method, it has many shoftcomingq:
1) - very high percentage which are not measurable for various
radiographic reasons (35,375). 2) difficulty to standardize
radiographic technique, especially angulation of x-ray cone to
the teeth. 3) the index gives no information about the condi-
tion of soft tissue .or the presence or absence of active disease.

4y it is time consuming and requires heavy equipment.

b,1,1 Gingiva cession Ind

This index is considered irreversible because it is believed
that gingival recession to the extent of cementum exposure is
asgociated with some resorption of alveolgr bone (424). The
index represents the percentage of teeth in which the demento-
enamel junction is exposed (371,424)., It takes very little time
to score it for one individual. It is, however, 8 very crude
index because it does not differentiate slight versus marked re-
cession. Still the biggest drawback of this index is the fre-
quent lack of assocliation between presence or absence of reces-
sion and activity or even severity of fhe overall periodontal
disease. When used together with other reversible indices on
adult population, it has been shown to glve additional informa-
tion (17,18,247,367,368).

I1.4.2.1,3 Level of epithelial attachment

This parameter has recently been taken as a separate measure-
ment for the destructive phase of the periodontal disease (432,
433)., It requires two intermediate measurements, namely, the
distance from gingival margin to cemento-enamel Junction and the

distance from gingival margin to epithelial attachment level.
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The algebralc difference of these two lntermediate measurements
13 the level of epithelial attachment in relation to cemento-
enamel Jjunction, or epithelial detachment level. 1Its reprodu-
clbility is only recently subjected to serious evaluation both
by present author in this thesis and by Suomi et al (433).
Owing to its slow progression, 1t shares some disadvantages in-
herited in the index of alveolar bone loss, though it is less
time consuming and does not need heavy equipment. Furthermore,
it allows for assessing four surfaces of each tooth. Using
this index together with gingival index is now under study (
135,416,433,434).

I,4,1.2 "Reversible" indices

‘One class of reversible indices 1s exclusively concerned with

the clinical signs of active gingival inflammation (gingival
indices). Another class takes into account also the destruc-
tive phase by glving more welght to pocket deepening and bone

resorption.

I1.4.1.2.1 Gingival indices

The P-M-A index by Schour and Massler (378) is probably the first
index which scores the active periodontal disease. The three
letters stand for papillary, marginal and attached gingival

unit. The originators postulated that the inflammation would
start from the papillary gingiva and spread thereafter to the
marginal gingiva and finally reach the attached gingiva. There-~
fore, P-M-A count will itself give some crude information about

severity. Massler (274) later suggested to assign, to each gin-
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gival unit, various score for sevg;ity of inflammation. The
application of P-M-A index has been changed many times and va-
rious modifications have been introduced (40,77,197,316,349,467).
Early, Brown et al (40) and Rosenwelg (349) applied different
weights to P-M-A., Weisinger et al (467) proposed "the percenta-
ge of areas involved" as an alternative presentation. They fur-
ther suggested giving 0-4 score for each gingival unit so as to
obtain "the percentage of the highest possible P-M-A score.”
Three other studies (77,197,316) have taken both intensity of
inflammation and anatomical gingival unit into consideration.

In clinical test, gingivitis hardly occurs only on papilla with-
out marginal involved (316), thus any weights giving to these
three gingival units are very questionable, When severity scale
1s incorporated into original P-M-A index, it is hoped such re-
finement will increase sensitivity. Unfortunately, the criteria
of severity involve a great deal of subjective judgement, that
make calibration very difficult and reproducibility rather poor
(462).

The Gingival Index as developed by Loe and Silness (251)
has galned considerable acceptance. The index is based on the
gseverity of inflammation rather than its extent. The severity
scale runs from 0 to 3 and its criteria set up clean cut distinc-
tion between the presence or absence of gingivitis and, if pre-
sent, the "tendency to bleed under several types of stimulation.
The validity of the criteria was recently substantiated through
exudate measurements and microscopic examination (314). But in

the field application, the control of "probing" method may not
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be easy. Its reproducibility has not been extensively studied
possibly handicapped by its natu?e of bleeding. Loe (249) claim-
ed: "The reproducibility is good provided the examiner's knewledge
of periodontal biology and pathology is optimal." Gingival In-
dex designed by McHugh et al (282) is similar to that of Loe and
Silness, exceptiEEe f rs select different teeth for assess-
ment., Gingivitis Evalutil System designed by Cheraskin and
Ringsdorf (50) is rather subjective‘in criteria. DHC Index for
Gingival Assessment as introduced by Suomi (432) and Suomi (433)

is based on colour change and the extension of adjacent tissue.

‘I1ts severity scale ranges from 0 to 2. Intrabbserver agreement

with this index can improve greatly from 59% on the first day
to 87% on the third day of field practice (416).

Recently, one clinico-laboratory method was developed by
Klinkhamer (224) which measured the orogranulocytic migratory
rate and was called OMR index. The OMR is found to reflex cor-
relation between inflammation and vascularization of gingival
and periodoqfal tissue (224), It seems very useful to detect
subclinical gingivitis and minor change of 1nfla&mation. It

also has oheadvantage in that only laboratory technician 1is

~needed. But thq heavy laboratory set-up may 1limit is for field

study. If the facilities are avallable, OMR index may be found
very useful in evaluation for clinical trials relating minor
change of gingival condition.

All gingival indices share one rather big shortcoming,
that is, they have no provision for destructive phases of the
periodontal disease. They have, therefore, very limited value

when used alone in a population with whole range of age,

»
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I.4.1.2.2 Periodontal indices

Russell's Periodontal Index (PI) (356) is the first attempt to
consider both gingivitis and the "destructive consequency" of
gingivitis in an index. It still 1s the only reversible in-

dex which consider both gingivitis and destructive phases of the
disease. In essence, PI 1ls a morbidity index which merely ans-
wers yes or no as to whether a tooth has gingivitis (score 1 for
mild and 2 for severe gingivitis), gingivitis with pocket for-
mation (score 6) or has lost its function due to periodontal
destruction (score 8). It is reversible because the presence

of true pocket, l.e., epithelial detachment, without co-existing
gingivitis will be scored as 0. Therefore, it is theoretically
suitable for clinical trial. In practice, however, unless the
gingivitis disappears clinically following the trials, the cri-
teria for gingivitié in PI is not as sensitive as other gingival
indices. Russell's PI has been favored and extensively utilized
in worid poprulation studies. It is simple to use. Since the
most advanced phases of pathology, in which examiners agree best
in judgement, are given the highest scores, it serves very well
in comparisons of population scores. Indeed, its greatest va-
lue is the great volume of world p?evalence information genera-
ted through its use (363,364,365,368). With strict calibration
to the originator (363,364,365), PI is still the best one to
serve this ﬁarticular purpose. The greatest shortcoming of PI
is that it has no provision for differentiation between a slight
pocket deepening (score6) and one reaching to the apew (although

in the latter case a score of 8 may usually be given), nor for
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more break-down of gingivitls severity. PFurther, its reprodu-
cibility for each measurement or even an average score for in-
dividual subject is rather unsatisfactory (82). For these rea-
sons, PI should be consider unsuitable for small sample in a
clinical trial or for other longifudinal studies in which both
sensitivity and reproducibility are essential.

Lilienthal et al (242) selected 6 representative teeth and
score them with the same criteria of Russell's PI, the results
showed no bilas in this method when compared with the original
method in which all teeth are score&. Galloway (122) also mo-
dified Busgell's PI in which he employed pocket estimation as
a way to refine the PI score, but its additional validity has
«not been wholly studied, neither 1s it familiar to other resear-

chers,
!
I,4,1.3 "Composite" indices

Periodontal Disease Index (PDI) introduced by Ramf jord (329) is,
in principle, a further development of Russell's PI., It is par-
ticularly designed for assessing the extent of pocket deepening
below the cemento-enamel Jjunction. Only six selected, but well
represented (199), teeth are measured. Gingivitis is scored on
a gcale ranging from zero through 3 according to presence or
absence of gingivitis, and, if present, extension around the
tooth, bleeding or uYceration. If there is loss of epithelial
attachment for less than 3 mm., the gingival score is ignored,
and a score of 4 is given. If the loss is between 3 and 6 mm.,
the score is 5, and the loss of attachment of more than 6 mm.

is scored as 6. There i8s evidence that this measurement is as
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useful as radiographs in estimating the degree of alveolar
bone loss. (225). Since gingivitis scores are ignored when-
ever epithelial detachment is observed, it follows without
aﬁy doubt that PDI can not be used for a clinical trial in
which gingival inflammatory 1is the major interest. It can
also be questioned whether the arbitrary figures set for the
different stages of disease and destruction give the correct
welght ito each condition. Furthermore, since epithelial de-
tachment can be measured as millimeter in scale, there seems
to be no real need for transforming measurements in millimeter
to a dﬁ{ferent system of figures, the index (249). Finally,
it 1s still a contra;;rsfal issue regarding the justification
for combining gingivitis index and epithelial detachment into
a composite index (249), because we do not know exactly whe-
ther or not the apical migration of epithelial attachment and
alveolar bone resorption is the result of progression from
gingivitis.

O'Leary et al (310) used the same criteria of Ranf jord's
PDI, but divided the mouth into s8ix segments and chose. the
tooth of highest score in each segment as segment score.
They have shown that this method of selection provides infor-
mation closer to whole mouth examination than if 6 teeth in
ﬁamfjord's method are measured (308). Their method is called
Gingival-Periodontal Index (GPI). Later Lightner et al (240)
made slight modification of GPI of O'Leary et al regarding
the definition of positive epithelial detachment. They also
gave provision for the score of gingival recession similar to

that of epithelial detachment. They suggested not to combine

AN
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the gingival and periodontal scores into a single index. Gin-
gival-Bone Count (GBcount) as désigned by Dunning and Leach (
94) shares the same philosophy, advantage and disadvantage of
those from Ramf Jord's PDI. Their bone score ranges from 0 to

5 and is judged according to the pocket depth or alveolar bone
loss (from radiograph) reaching to various quarter root length.
Thelir later study revealed limited additional information which
was galned from radiograph following clinical assessment, Hence,
they suggested that whole-mouth surveys of large populations are
probably best made without use of any radiographs at all (95).
Slome (415) also introduced a Periodontal Score System in which
the scale ranged from 0 to 10. The criteria is mainly a com-
bination of three elementary parameter, i.e., gingival unit in-
volved, number of teeth involved in a segment and the quality

of disease, such as gingivitis, eplthelial detachment or loss

of tooth function. Such cook-up involved prejudged pathogenetic
importance of each condition. One can also predict that some
clinical condition may not fall into any of the 11 categories.
Periodontal Disease Rate (PDR) by Sandler and Stahl (372) cl&x;\
sifies severe gingivitis as definite alveolar bone loss.

Of course, no one should expect to find an index which
will serve all purposes. The foregoing indices reviewed have
served their own particular needs to some extent. Russell's
PI is adequate when population prevalences of periodontal disea-
se are compared. GI from' Loe and Silness seems suitable for the
study of oral hygiene clinical trials. BRamf jJord's PDI and GB

count from Dunning and Leach can improve the sensitivity of Ru-
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ssell's PI., But,if one wants to make a longitudinal study which
involves both gingival inflammation and destruction of under-
lying supporting tissue, it is obvious no index so far is ap-
propriate due to the facts that 1ts sensitivity and, especially,
the reproducibility has not subject to serious and critical eva-
luation. The prognostic significance of each facet of tissue
alteration which is the basis of giving welghts or scores has

never been validated.

- L4.2  TIndices to estimate the nature and amount of oral irri-

tants and deposits.

Corresponding to the development of periodontal indices and their
applications in the field studies, various indices measuring

the degree of oral deposits and irritants have been introduced
(6,36,108,156,157,240,282,310,329,407,410,415,432,452,453) .

One of the most extensively used in population studies is
the Oral Hygiene Index (OHI) by Greene and Vermillion (156).
This index was later modified by the same authors and became the
Simplified Oral Hygiene Index (OHI-S). The OHI consists of De-
bris Index and Calculus Index (DI and CI), each of which ranges
in scale from 0 to 3 depending on the coronal thirds covered by
debris and/or calculus., With the OHI-S, only six selected teeth
and one surface for eaeh tooth are assessed (157).

In clinical studies, especially researches on gingivitis,
Plaqué Index (PLI) introduced by Silness and Loe (410) has been
used quite satisfactorily. This index emphasizes the plaque
within the gingival pocket and on gingival margin as greater



pathogenetic importance than that on the coronal thirds. The

PLI also ranges in scale from O to 3.

The Irritant Index designed by O'Leary et al (310) and its
slight modification made by Lightner et al measures the amount
of materid alba, calculus as well as overhanging restorations.
Retension Index which was developed by Bjorby and Loe (36) takes
caries into consideration in addition to calculus and imperfect
margin of restorations.

The most significant development for these measurements
is the }urther refinement of the measurements specifically for
supragingival calculus (108,452,453) and subgingival calculus
(433). The intra-observer agreement is fairly goodlfor supra-
gingival calculus, but not satisfactory for subgingival calcu-
lus measurement (416). Its exact contribution to clinical trials
and other longitudinal studies of the periodontal disease remains
to be seen.

To summarize, there are a few indices which measure the
quality and quantity of oral deposit and irritants. Selection
of an index will certainly depends on the type of study. In ge-
neral, comparison between populatioris required fast and simple
indices, such as OHI-S. For clinical tridls and longitudinal
studies of small size, more sensitive indices are necessary.

As discussed in the preceding sections, it i8 not certain yet
whether these indices have contributed to the knowledge of the

atiology of the periodontal disease.



‘ N or n inal stud assess th -

» ation between pos al fa
Ancidence and progressing of perlodontal dlsgease
From the foregoing review of literatures, it is clear that cross-
sectional studies have provided precious information with regard
to the distribution of periodontal disease according to age, sex,
world-wide geographic distribution, and ethnic groups, and 1its
correlation with income, education, occupation, urban-rural%re-
sidential factor and other social and cultural factors. These
informations have contributed a great deal to the understanding
of the epidemiologic pattern of periodontal disease.

At the same time cross-sectional epldemiological studies
have collected a pool of data which are contradictory to the
traditionally held opinions regarding the importance of nutri-
tional and dietary factors, systemic conditions and diseases,
in the initiation and progression of periodontal disease. 1In
most instances, they also contradict with the results from cli-
nical trials with respect to good or 111 effects of various nu-
trients on periodontal tissues. Most o% these contradictions

| can be explained by three reasons: First, in cross-sectional
epidemiological studies, an assumption is made that the status
of periodontal disease and suspected etiological variables and
their association at time of survey existed in the past and will
still be valid in the future. Second, in cross-settional stu-

dises, investigators have taken oral hygiene factor (in fact,
‘ oral deposits) as a complgte independent stimulating factor,

and whenaver other variables are found to be significantly asso-
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ciated with the.prevglénce and severity of the periodontal di-
sease, standardization of oral deposit score and age is made
that result in disappearance of such significant association
between those variables and periodontal condition. Yet, that
oral deposits are independent of the sequela of tne periodon-
tal disease is a dangerous assumptign. Third, enormous cli-
nical knowledge comes from case ;éports and clinical studles
which had been conducted before sciences of epidemiology and
statistics were introduced to dental profession. o

There; however, also certaig types of data that can not
be obtained from cross-sectional studies: 1) documentation of
true disease incidence, 2) relationship between cause and effect

-

and 3) documentation 6f the stages in the development and pro-
gression of a diseagé or natural history of the disease. It is ’
paramount important to obtain inédldence data for gingivitis and
destruction of epithelial attachment respectively as welllas va-
rious suspected factors at time of and prior to the disease ini-
tiation. Only then, any significant correlation of suspected
variables with incidence of gingivitis or epithefial detachment
are really meaningful. This concept also hold feor the severity
of the disease provided that the data are complete from the in-
ception of the disease. Longitudinal studies may also answer
other 1mportanq queétions, such as: 1, Whether more severe gin-
givitis eventually lead to destruction of epithelial attachment
and alveolar bone resorption? 2. Exact relationshib between

dental c&ries and periodontal disease. Does that relatlonship
changes at different age of life? This question is 1mportant
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because it wi}l provides a good reference to the current dental
researchers who belie;e'that both dental caries and periodontal
disease are diseases of dental plaque and, therefore, can be
prevented by the same method. Quite apart from epidemiological
aspect, longitudinal studies are also needed for evaluating the
beneficlial effect on supporting alveolar bone following aggres—
sive‘treatments for chronic periodontal pocket. These treatments
have been claimed to stop the progression of gingivitfé and al-
veolar bone resorption, and yet, only its effect on gingivitis |
has been demonstrated.

For these longitudinal studies, a perlodontal index which
is designed specifically for such purpoée is essential, The
component parameters of this kind of index should have good
sensitivity as well as reproducibility, and information about
the 1imits and variations of these two characters must be avai-
lable at hand. Fﬁrthermore, these component parameters should
be weighted according to their relative prognostic importance
from field study so that a single index can be formulated.



APPENDIX 11X

THE COMPUTATION FOR THE STATISTIC OF AVERAGE AMOUNT OF INFORMA-
TION TRANSMITTED

The computation for the statistic of average amount of informa-
tion transmitted is analogous to that for analysis of variance
in quantitative data. Namely, it involves each cell frequency,
marginal total ard over-all total. 1Its actual calculation con-
sists almost entirely of the addition of terms of the form
n(logzxx). The example chosen for illustrating the calculation
is the inter-observer variation as presented in Fig. 3. The
steps in the computation are as follows:
i. Add together the values of n(log211) corresponding to
each, cell frequency to obtain:
a= 206,14+ 4,8+ 15,5+ 268.1 + 2.0 + 2.0 + 69.5 +
2.0 + 19.7 = 589.7 |
ii. Ad4d together the values of n(lcgzrm) corresponding to
each marginal tota; of reference estimate to obtain:
b = 226,5 + 325.2 + 80.7 + 28,5 = 660.9
111, Add together the values of n(log211) corresponding to
each marginal total of oﬁserver X estimate to obtain:
c = 247,1 + 393.6 + 02.2 + 19.7 = 662.6
iv. PFind the N(logzrv) of over-all total. In this example,
N = 126, this gives 4 = 879.1.
v. Now calculate the statistic as:
{8 -b-c+4d)/N=153/126 = 1,15 binary digits.

The ‘actual maximum information can be calculated as:

%

»
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(d =b) / N = 218,2/126 = 1,73

The information lost 1is calcﬁlated as:

(c -8) /N=172,9/126 = 0,58 \\\\

The proportion of information transmitted to the actual

maximum information is8: 1.15/1.73 = 66.5%

The statistic of average amount of information transmitted

becomes less useful for a parameter which has very low prevalence

rate or very unequal frequency distribution. The following two

two-way distribution diagrams.showing the initial gingival blee-

ding estimates in 44 subjects according to observers B and C's

estimates give the best example.

D =
C =

d =

Maximum information: 0.57

203.4
214,9
207 .4
2o . 2

8 = 21“09
b= 214.9

c = 226.5
d = 2%02

Maximum information: 0.57

Information transmitted: 0.48 Information transmitted: 0.31

Information lost: 0.09

~t

Information lost: 0.26
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‘ ' Based on the reference estimates, no gingival bleeding was
observed in 40 subjects. Such frequency distribution results in
two major disadvantsges; first, the actual maximum information -
available is very small amount due to little difference between
the values of (d) and (b); second, the information lost would

be little as long as the observer estimates do not result in any
furthef increase of number to the group having the greatest fre-
quency according to the reference estimates, otherwise, the %n.
formation lost would be tremendous. The diagrams show that there
were two cases in which the gingival bleeding was overestimated
by observer B and underestimated by observer C. Thus, while the -
highest frequency according to the reference estimates is 40,

the corresponding values for observers B and C's estimates are

38 and 42 respectively. Such difference results in very much
greater value of (c) in the case of observer C estimates than in
observer B estimdt€§. Therefore, the information lost for obser-

ver C estimates (0.26 binary digits) is much greater than that
for observer B estimates (0.09 binary digits).
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