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ABSTRACT 

To develop a new periodontal index for longitudinal BtuLs 
1 , 

of the perlodontal dlsease W8S decided following a crltlcal re-
, 

view of existing knowledgeo 

lopment, this'study was to 

ver variation in fSSeSSing 

gingival redness, gingival 

As the flrst phase of index dev.e-, 

determlne the lnter- and lntra-ooser-
J 

the parameters of gingival stlppling p 

bleeding, pocket pus, gingival ulcer-

ation, gingival recession level and pocket depth, as weIl as to 

determlne the lnter-parameter relationshlp. Rach of three ob-

servers examined these parametelts on buccal pe~iodontal tissues 

of upper first or second m(·1ar in 126 dental emergency patients 

and re-examined them in 44 subjects who returned about a week 
o 

later. The results indicate that the majority of study sUbjects 

did not ha,va glngi val stippllng, but presentcd various degrees 

of gingl"'lal redness and', api thaliel detachment. In' very few ca

ses only was pus or bleeding observablo. No gingival u~ceration 

was observed. Inter- and intra-observer agreement was very good' 

.. / 
" 

for gingival stippling and gingival redness estimates, but was 
.' , Ç) 

rather poor for gingival bleeding estlmate and pocket pus judge-

ment when subjeots with positive signa only were considered. 

For the measurements of gIngival reces'slon and pocket depth, ob

server variation was greatly reduced by increasing the number of 

severity uategorles. There wes a weak, though ~tatlstically 

slgniflcant, relationshlp among the param~ters. To co~olude, 

glngi~al stippling, gingival redness, gingival rec9ss1on and 

, pocket depth -are the four ~rameterB sultable for further deve-

1 lopment of the periodon'tsl index. 
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Ltexamen crrti~ de l'~tat actuel des connaissances sur 

la parodontopathi~'~'avéralt n~~~ssaire de d~velopper un nouvel 

indioe pour Iea ftudes longitudinales sur la dite maladie~ Dans 
~.--/ , 

la première phase du d~veloppement de l'indice, notre travalI 

consistait tant ~ d~terminer les sept param~tres choisis qu'A 

d~terminer le rapport parmi les paramètres ci-mentionn~. Chacun 
1 

des trois observateurs avait examin~ ces param~treà sur les 

tissus parodontaux buccaux de la premi~re ou la seconde ~ola~~ 

sup~rieure c~ez les 126 patients d'urgence et avait réexaminé 

les mêmes 'pa~amètreB ohez les 33 sujets qui revenaient environ 

une semaine plus tard 6' Les rêsultats indiquent qu~ la plupart 

des sujets n'avaient pas ~e pointillé gingival, mais montraient " 

de d1ff~rents degrbs de la rougeur gingivale et du d~oollement 

éplth[,llal~ Dans tr~s peu de oas, seuls l~ pus et 1 th~morragle 

6talént observables. Aucune ulc6ratlon gingivale n'6talt observ6e. 

L'aooord des observateurs ~talt jug~ tr~s bon pour les estimations 

du pointl11& gingival et de la rougeur gingivale, ma1s plutôt 

m~locre 'pou~ l'estimation, de l'h~morragle gingivale et le juge

ment' du pus de poch~ lorsque seuls les suj~ts avec signes positifs· 

'taient Qonaid6r&s. En ce qUi,a trait A la classification de la 
1 ~ 

r6greasion gingivale e~ de la profondeur de,poche, la variàtion 

des observateurs s '6t8.1t grandement rM'U1te au fur et A .mesure 

que le nombre des cat6gories graves augmentait. (1:'1 :y'svalt un 

" rapport' faible, quolque statistiquement signifl'catlf, parmI les 
, " 

p8ram~treB. Notre 6tude nous aboutit. la conclusion su1vante 

que le p011'1t111~ gingl val ~ la rougeur glngl va~e, la rêgresslon 

,~ , 
, 
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gingivale ainsi que la profondeur de poche sont les 'quatre 

paramètres appropriés pour le d~lTeloppement avanct; de l'indice 

parodontal .. 

1 

1 

1 
1 \ 
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Chapter 1 

AIMS OF THE PROJECT 

• f 

101 ~peolflc a/1ms of thla stu!!;[ 

The speoifie aims of t~la atudy are two rolds: 

6 0 T~ make an extensive and crltical révlew of exlatlng 

l{nowledge wl th respeot to the epidemiologloal pattern, 

lndic~8 for ,~neaaurement, varl0U8 suspected etlolog1cal 

factors and possible preventive measures of the par1o-
, . 

dontal dlseaseo 

ba Ta conduot an initial phase of study whloh comprisee , 

three major aspeots" 8.S follolfS'!, "-
" '<,' \ 

i~ To select objective paràmeters whlch will repre8ent,~0 
l ' , 

BQ far as PosSlb,le, the who~e range of periodontBl 

hea.l th and dlaeaaeo ' 
\t, " 

~\ t lI""" 

lin To test, for eaoh parameter estlmate or meas~ement, 
" 

the lnter- and lntra-observer variation, and the 

8saoclàtion in ~e1ected pairs of parameters o 

1110 With results from this study, to evaluate and co~ 

ment on the validity of conclusions made by some 
, : 

lnvestlgators trom thelr olinioal trials. 

1,.2 Broaêt' and: final alms 

8. Based on the ~esult8 trom the p~esent study, parameters 
'1 

whloh al10" a reasonable lnter- and lntra-obseMer agree-

ment in est1mation'or measurement are selected tor the 

development ot a new perlodontal index. Such an index 

should be speoltioal17 sui table tor longltu4lnal epide-

f' 
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miological studies of perlodontal diBea8~. Therefore, lt 

muet satlsfy sa far as possible the fOllowlng characterls

tlo~ and requlrementa: 

l .. 

ii .. 

Simple to use with a minimum of instruments .. 

The.lnter~ and lntra-obs~rv~ vari~tlon tor cohort stu

dies must be both small and teadllY estlmated .. 

1110 ,The index must include parameters whioh adequately des

'. cribe both minor and major aisease oonditions o 

i V <'! FAch component perlodontal parameter in the nel? index 
, . 

ahould be welghted througb field Btudie~ of the natural 

development o~ perlodontal dlseaàe, so that the final 

index has prognostlC YSlue .. 

bt.. To employ thls periodont8.1 index for longitudinal etudies 
"\ 

of periodontal dlsease so that more direct association be

tween suspected etlo1og1cal factors' and perlodontal tissue' 
r. 

conditions can be studied. The index will also permit be

ttar evaluatlon on the effects of various p~eventive meB

/ aures agalnst the period.o~tal d1sease -- the final goal. 

\ 
éJ 
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Chapter 2 

CRITICAL REVIEW"'-OF EXISTIHG...K~ 

, . 
2.1~ Introduction 

There are two main areas of invest1gation indicated in the epl-

'demlo1ogy of perlodontal dlsease. The first area describes the 

distribution of the periodontal disease in terms of age, sex, 

race, geography etc.. The second area lnvolves explanation of ~) 

patterns of distribution ot the dlsease in terms of causal fac 

tors. 

Most current information concernll~ the dtstrLbution 

of periodontal dlsease in population groups has been collected 

following the introduction of various indices for meaBurlng the 

prevalence and sev~rlty of thè periodontal disease. Sorne eplde

miological flndlngs cast doubt on traditlonally held s1gnificance 

of nutrition, syst mie physical cond\tion, malocclusion and trau

ma from occlusion 1 the initiation and progression of periodon-

" _ tal disoose.. These data also contradlct the reaults from elinl-

cal trials relating various nutrltlonal and dletary factors to 

periodontal diseaae. 

A critiasl and extenslve review o~ ourrent knowledge la 

presented in Appendix 1. lIt presents ~urrently acceptable know-
~ 

ledge concern1ng the epldemiologlcal pattern of the disease as 

weIl as Sorne contradictory concluslons eXisting among ~11nical 

impression, clinlcal trials and population studies wlth respeot 

to the etlo1oglcal aign1fleance of nutr1tion and general phys1-

cal oondition in periodontal dlaease. When possible, such dls-



crepanoy la expl.alned in terms of' the study designs" data treat

ment, lnt~rpretatlon of the resulta and so on. 
\ 

In th~8 seotion, an a~tempt la made to summarlze the over-
. \ ' 

aIl implication (rather than oonclusion), trom the revlew. Ef-

fort, la made to present information for whioh suffioient know-, , 

ledge la aval1abl'e and te point out sorne areaa for whloh only 
;' 

I1mited or no knowledge exists. For detal1ed revlew and the 

sources of 1ntormation, the reader 18 ad~lsed to rater to Appen

dlbè Io 

( ... ~. 

The termlnology of incidence, prevalenoe and 'Bover.lty has -been 
f' 1\,' 

greatl,. abused and mlsused ln\~ the li terature. There are 'éxtre-

maly 11 ttle data about the incidence rate of parlodontal dlsease .. 

When inoidence rate la mentloned in the articles, more otten 

than not, It 111 actually pr~valence rate. 
l 

\ 

If deviatlon from periect perlodonta1 health la uaed as 
- ' a yardstlck, practically a11 buman belngs bave perlodontal dl-

sease. It la often use1ess to compare the' prevalence of perlo

dontal diaeâae,ln dlfterent populations as prevalence of sorne 

klnd w111 be olose to 100 per cent ln ~ost populations. To ln

crease the comparabl11tr, severlty ln~ces have been introduoed 

and become the major measurementa of perlodontal dlsease. Se-
" , 

verlty of perlodont&l dlaease ls sometlmes expressed in preva
o 

lance rates ot varlous stages ot periodontal oondItion, such as 

'wlthout perlodontal dIse8se, wlth glnglvltls only or apparent 

~ perlodontal pocket formatIon • 

. ' \.. 
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Since periodontal ~1sease, in general, progresses very 

slowly, like other chronic disease, 1t ls very difficult to make 
. e1 

a direct assessment on suspected causes basad on prevalence da-

ta alone. Factors whiêh initiate and p~omote the dlsease rnay 

also -ditter. While the latter factors may be studied wi th Borne 

degree of rellabl1ity, wlth the prevalence data, only incidence 

data can aliow for âny direct evaluation on the former factors. 
ù 

2. Relationshl between revalence and severlt 

'- dlsease and susEected etiologic facto~~ 

'" ' 2.3.~ Age 

The gingivltis ooours'st very early age. Its prevalence ~ate 

and seVérity reaches a first peak st early teens and levaIs off 

or declines theraafter until the late teens. In adult popula

tions, both prevalenoe and severi ty 1ncrea.se slowly wi th increa

sing age. Exception to thls genersl trend ls not uneommon, es

pecially durlng thé period of mlxed dentition when fluctuation 

of gingival tissue condition of the permanent teeth 19 substan

tiel and severity assessment' for glng1vitls is comparatively dif

flcult. 

The destruct1ve periodonta1 d1seage (appearance of true 

per1odontal pocket) mar aotually oceur as early as 10 years ald. 

W1th praotically no exc"eption, its prevalenoe and severity can-

o tinues to rise wlt~ lnoreaslng age. The average severity may 

not lncrease at the aame rate from one age group to another. 

Indeed, a sharp break oan be abserved betweên the age group of 

15 to 19 years and 20 ta 24 years in sorne population. '!'he rela-
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t10nshlp between age and chronl0 destructive perlodontal 41se8se 

ia 80 strong that sùoh relationship holds lrrespeotlve whloh pa-
, , 

rameter being employed ta desorlbe the severlty of the disease. 

be 1 t an index soore (suoh as the Russell'· s PI), slmply average 

pocket depth pel" subject or too1th,' degree of al veolar bone loss, 

gingival recess10n rate, etc. Naturely, theae parameters are 

w,ll co~related wlth eaCh'ot~er. 

pesplte an apparent relktionsh1P bet~een perlodontal 41-

'sease and-age, It la not Qertatn'whether age factor has any eti

alogiesl slgn1floanoe ln perlodontal dlsease. From the tact 
1 

that in U.S. adults of " ta 64 yea.ra of age, abou.~ one-slxth 

shows no deteotable perlodontal disease and only two-flfths have 
, , 

true perlodontal poekets, It 8eems unllkely that 'aging prooess 

ltselt 18 responelble for the Initiation and progression of pe

rlodontal dlsease. ~n8tead, age n8y be only an Indirect indlce.-
" , 

tor ot the duration ot eXlstlng etlo1og1cal factor or factors 

whloh may or may not he related to age, and of the duratlon of 

dlsease's natural course sinoe lts lneeptlon. 
1 

2.3.2 Se! 

Practloally aIl etudies oonducted on weIl developed populatlons 
., 

and some studies made on less developed populations reveal that 

perlodontBl disease ocours more trequently and severel,. among 

male than tema1ë' adults. For younger age grouP. ~here aeame to 
, 

have no detin1te sex dlfference in the prev.a1ene8 and eeYerlty 

of perlodontal disease. In aIl studies, dltterenae in perlodon-

4It tal condit1on between two sexes can be acoOUnted for br thelr 

i4 correspond!ng d1fteronce ln orel _oleanllness and oleanslng tre-

quenay. 

) ! 

.\ 

" 
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However, in under-developed populations, perlodontal d1sea

se i8 worse a~ong adult women than men. Though, in mpst cases, 

the disease Is still worse among boys than girls. Differences 

" between two Sexes in oral cleanliness or cleansing frequency can 
.', 

not account rOI" aIl thelr differenoe in periodontal condition. 

Whether worse physlcal condition due to fraquent chlld-bearlng 

in those female adults, as Buggested by Waerhaug,results in worse 
• g 

periodontal condition ln themselves lB not at aIl oertain. 

Considering inconsistent re~atlonshlp between sex and pe

r~Odon~l diseas~, it 8eems reasonable to believe that the in

termediate factor or factors rather than sex Itself are directly 
, 0 

responslble for the Initiation and progression of the periodon-

1 tal dlseas60 The intermediate factors may be oral cleansing ef

-f~cienoy, systemic resistance 8S weIl as other factors yet to 

- be dlscovered. 

2.2.3 Geographie distribution and ethnie factor 

Epidemiologie studies of the prevalence ~nd severity of perlo-

> dontal dlsease bave been made on populations in more -than ;0 ~ 

geographio aress. To compare most prevalenoe data SS assessed 

by,different lnvestigators 18, however, severely handlcapped by 

great observer variation 1n-dlsease measurement, even if same 

index ia employed. Aoco~~ng ta prevalenae and severity data 

collected by a research team (Epidemlo1ogy Branch, N.I.D.R., U • 
. 

S.A.) as weIl :as by persons who have worked with the 8ame team, 
\ 

the more developed populations and reglo~s are ass6ciated wlth 

le~s prevalence and'severlty of perlodontal disease. 
i 
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When d1fferlng ethnie groups re81de~ completely dlffar

ent geograph1e reg1on, it 18 almost impossible to declde whether 
~ .. ,-

It ls ethnie factor or reglon which ls ma1nly responsible for 

d1ffering perlodontal health. However, stu~ies have been made 

on varlous ethnie groups living wi thln a weIl defined geograph1e ~ 

regian. AIl these studies Indioate qlstinot prevalenoe and se

verity of periodontal disease among ethnie groups. 

Factors assoolated wlth difrerlng ,socio-oultural patterns 

among populations of global geographlc regions as weIl as amont 

varlous ethnie groups living wlthin a deflned geographlc ~rea 

m&1 he responslble for the distinot prevalence and severlty of 

perlodontal di sease., But the underl;r1ng determlnants of disea.se 
, . 

prevalenoe and severi ty are far trom understood. Oral olean- . 
, , 

sing frequency and oleanltnes8 QPmetlmes can aooount for almost 

all variation of perlodontal oondition among ethnie groups or 

populations living in distinct geographio areas, but' can account 

for only small part' ot the variation in JJJBl17 other oocaslons, 

such as among tour ethnie gl!'oupS in Ceylon. OOcasionally, oral , 

olea~lne88 Is totally unable to aooount tor the cUfterent pe-

rlodontal healtb between ethn10 groups. In Trin1dad, East In

diana exhlblt a s11ght11 more severe per1odontal d~sea8e but 
". 

better oral cleanllness than Negro8s. Siml1ar phenomenon a1so 
'" Q t ' 

exiata among tbree _jor ethnie fupa ln ilngapore. '. 

2.).4 Sooloeconomlc factor 

Sooioeoonomlc status wh10h la based on yea.ra or tormal education, 

tam11,. Inoome, ocoupation or a' OOJJlbl:natlon ot soolal and eoono

mlo variables, has bem consistent11 demonstrated t~' have an ln-

- ~ --- -~--~ . .,.. 
, ' 

" 
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l' 

" ~ 
verse associ~tion wlth the prevalence and 'oseverity of periodon-

cl 

tal dlsease. Years of formaI education, ln comparison to famlly 

inoorne and oocupa tional classes~' ls more 010se1y assooia ted wi th 

severity of periodontal dlsease. 

In more developed countries, most of the disease variation T 

among various socioeconomlc classes can be aocounted for by the 

degree of oral cleanl1ness, toothbrush1ng frequenoy, dental 

awareness and professionsl dental eare received. In less deve-. 
\ 

loped. countrle~" ma.lnutr1 t10n and other unkno\'m factor or fac-

tors whlch are assoolated with poor living standard Beem to be 
./ 

the more responsible variables than previously mentioned factors 
, 

for Norse perlodontal con~l~ion among povertY-8trlcken low 80-
, " 

cioeconomlc persons when cbmpared plth the higher status groupso 
?, 

2.~.2 Urban~rural oom~~lBonB 

Rural as compared to urban population tends to have greater pre

valence and severity of perlodontal dlséase. The extent of the 

difference in most cases la, however, little or negliglble. 

study in Trivàntrum evenreveals greater prevalence and severlty 

of perlodontal d.1sease ln urban than rural population. 

Correspond1ng to the urban-rural d1fference ln periodontal 

~ealth, rural' ln comparlson to urba~_R~pulatlon also accumulate 
\ more oral deposlts. 

Despite apparent relatIon betwee~ urban-rural factor and 

socloeconomlc,status and avaI1ab111ty of, professional dental 
, 

care, n~ study bas ever taken lnto consideration of these social . 

factors when periodontal health la compared between u~ban,and , 

rural populatlons. In Indlana, "medlan school years of rural 
1 

~ ., 
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persons 25 years or older in oounty" rather than "the peroentage 

of oounty res1dents olassifled as~ralA 18 aS800iated with the 
1 

PI soores ot perlodontally lnvo1ved children. It"is therefore 

conoeivable that the ur~rural ditferenoe in perlodontal con
c' 

d1tioD, if present, may drop ta ne~ligible levela if sooloeeo-

nomie status is held constant. 

2.).6 OcouE!tiona~ bazarda 

Injuries of the perlbdonta1 tissue as a rGsult of the oooupatlo

nal expoa»re to various specifie agents are rather oommon. Most 

of such knowledge la however not obtalned trom specifie perie-
\ 

dontal survel's on various ocoupationsl groups. 
-

Lead, bismuth, merou17 and thelr oompound in dust torm' can 
':b"~' • .. 

causa distinct pigmentation, without'toxlc symptoms, on Intlam-
<,. 

med marginal gingl va. Sinoe the degree of ging1 val pigmenta-

tion of these meta1s dependa to a large extent on pre-existlng 

Intlammat~on, it should not be considered as'an aoourate index 

for estimatlng the degree of exposure. Acute intoxioation fram 

these metals mal' ?esult in Boute ulcerative glnglvostomatltls 

or ev,en destruotion Of, ehe underlylng ~~e. Exposure ta oheml

cals suoh 8S phosphortls, arsenic, ohromlum and benzene may cause 

neorosis of alveola~ bone with 10osen1ng and exfollàtlon of the 

teeth. 

Despite rapid Industrlal development and growtng awarenes8 

and Jmowledge or oocupat10œl bazarda in gettersl duririg last 

two deoades, most knolfledge or oral manifestations ot, occupatIo- ' 

nal bazarda came tram etudIes made dur1ng the firet haIt or ttb18 
c .? 

century. Indeed, more studies are needed .to exam~ne poss1ble 

o 
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, . 
harmful afrect of per,lodontal tissue through occupatlonal ex- ~ 

posur~ to various new chemicals, espeêlallyorganlc chemlcals. 

2.J.7 Nutrition. 41st and slstemio conditions 

... 
a'4.J.l.l Nutrltlonal factors and dletar.l ha~lt 

_ __ 0 _ "'_ 

World-wide nutritionsl eurvey ,conducted by Epldemiology Branoh, 

U.S. National InstItûte of Dental Besearoh as weIl as some etu-

dies oonduoted br individual Investlg.ator fail ta demonstrate 
, ./ 

that the derlo1enoy of any 8peci~io_or group of nutrlenta, as 
1.. \ 

determlred by bioehemloal analyses, IS, algnlflcantly 8ssooiated 

\fi th the .~everl ty of perlodontBl dlBeaS~. Theae nagatl ve find-' 

Inga may result from rather homogenous n ~rltlonal etate and wlde 

age range wlthln each study populatIon. Results trom otherh 

atudies, in Ceylon and Western Nigeria for example, suggeat that 

proteln malnutrition may be respons~ble for reater severity of 
-Il ' . 
pêrlodontai disease among poverty-atr1cken p ople as oompared 

,.,1 th bett .. er nouriBhed,.vgroups dwell1ng 1f1 thln he same geographic -

area. Prote:ln malnutrltion ls an important re ponslble factor 

for the diseBse onl,. in the absence of good ora hyglene regl-

men.. It 18 theref'ore reasonable to belleve tha proteln malnu-

tri tion ia associated 1f1 th the progression rathe than in1 tla-
~ . 
'tion of the periodontal dlse8se. 

Thore are mall1 cllnical trials 61m1ng to, det rmine any 
\-

ilarmf'ul effeot of carbohydrate BUpple1Jlents or bèlle 01a1 effect -.. 

, trom prot~in--ànd--~ltamln supplements. 

results trom these studies liaYe-1lot greatlr substant ated or 
, ~ \ 

clarlfled the nature of ~~lat:lonShiP l;t'lfeen dletarl' ~nd nutri-.. 
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tianal factors and the prevalence or severity of periodontal' 
, , 

dlsea8e as found. in population surveys.. While results from 

many cllnlcal trials indicate,that severity of periodontal di-
, 

sease may be reduced by wlthdrawal of sweet dr~nks, and by sup
t 

plementation of protein and various vitamins, the!r validity Is 

qulta questionable due to following reasons. Flrst, no'evidence 
'. 

of deficiency in specifie nutri~nt among study subjectso Se~ 

cond, possible railure in blind assessment. Third, relatively 
, 

short study periods. Fourth, no control over diets in placebo 
~, 

or control group.. Fifth, failure to control dj.aturbance varia-, 

bles in the studYt and slxth, incorrect methods of data analy-

ses" , 
c , " 

The only flndlng whlch 8eems to be more or less consi8-

tency throughoùt the dietary and nutritional studies la the re

duction of g~ngival inflammation following vltamln C supplemen

~ation in subjects who in~tially have apparent vitamin C defl

clency. Resulta from other studies do not allow any deflnite 

conclusion .. 

( . Although both population surve~s and cllnical trials so 

far :fai). to reveal pre~isely t,h~ etlologlc importance of d1e-

. tary and nutritlonal :factors in the severlty of periodontal dl

sease. they however have demonstrated very clearly the fact that 
,\~ 

these factors are un11kely the: major variable and certainly not 

the only ones responsible for the severlty of periodontal d1sea-

se. 

There are n1ne population survey8 whlch study th~ relatlon

shlp between fluorlde conoentration in drind1ng water and perio-

./ 

/ 
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dontal,., healtJ'lo The ra8ùlt~ ~how that most of the diff'erenoes 

in perloddntal health be~~èen oommun1tles~havlng hlgh and 'iow 

tluorlde conoentration in domestl0 water are not great if they 

f do exlst at .al1. Renoe, thera ~s no adequate evldenoe to sup

port the hypoth8S1s ,that the use .rot fluoridated water resul te 

. in improved perlodontal health. The find1ngs are, however, 
( ~ . 

who11y incompatlblQ/wlth any hypothesls that the periodontal 

tissue of Ohl1drerifo~ o~ adults are barm~ py use of a tluoride

bearJ~ domestio watero 

2.JoZ.2 Or~nio '§lsteml0 dls~~~ 

Many studies have been oondueted ta determlne the interrelatlon-, . . 
shlp between varlous systemlc «1\1eases or ooruù.~ons and the 

Il (.. _ 

'-
prevalenoe and severlty of perlodontal dlsease. The overall 

Impre~81on fram these,study reaults oan be presented separate1y 

for those which have adequate knowledge and thos9 whloh are not 

certaino 
. , 

It seems eertaln c thBt perlodonta1.dlsease ten4s ta be more 

severe ln persons wltb:: tollo1fing disordera or dlsease: paorl,. 

\ 

controlled dlabetes, mongol1sm, othercmental defects or retarda

tion, ,perebral palsy, lncr~Be of S~8tOllC bl~Oèl pressure, perI

pheral arterla1 dlseBS8, retinal vascu1ar ohanges, slckle-oell 

~ anemia, 010110 neutropenl&., agranulOOytbsts, thrombocytopenla, 
.. r..-, 

1eukemia, malignant neoplaslDs, liver oirrho818, obstruotive pul-
"\ 

monary dlsease, albuminurla and presèn1.1e osteoporosls. 
c 

The associatlbns between perlodontal diseaee and the'~ol-

lO1fing d1sorders or dis_ses are 1eS8 convlnclng: Dll~d or W~ll .. 

." 

o 
') 
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conrolled dlabetes, gluoose tolerance wlthln normal range, eo-

X'onary or hypertensive heart' dllsease, elevated dlastollc blood 
1 ~ ,,1 

pressure, arterioselerosis g allergie dlseases, gastrointestinal 
, J -

disease, genltourlnary dlseases or other respiratory dlseaseso 
" 

This summary ls by no means exhaustiveo 
[) 

Knowledge in this 

ares ls far from completee This ls mainly the result of a fai

lure in many previous investigations tostUdy systemlc dlsease 
.. } 1 1 l \ 

on th~ hasis of a disease entity or of a specifie pathologie 

proces, involved. Another reason for Ins~ffiCient knoWledge 18 

the incomplete history recprd about ehronle systemic disea.se 
\l 

and chronlc Feriodontal disease g which make the Interpretation 

of the!r rel'tionshlp very difflcul t <> 1,/ 

.~G703 Mental illness, EsychologicaJ factors and personalit~ 

The lnves'tigatlons on the relationshlp be~wefm mental, 

psychologieal and personality factors ~nd the perlodontal health 
,~ 

have been conducted on three klnds of ~,op;ulatlons: 1, emo'toion-
, 

ally disturbed subjects;" 2, persons wlth perlod9ntal disease; 
li 

3, special populat.1~Q.l]. sueh as mll1taripersonnel or tstùdents .. 
r , ,. (, , . , 

A general/impression from theBe t]studies fs that whert the 
~ .... J' " • .. 

study populatlo~'consists of mentaliy ill and normal subjects, 

sorne degree of association between perlodontal condition and 
J " 

emotional stress can be round.. lf th~ study aUbjects are from 

periodontal patients or specifie population group. such associa

tion Is less l1kely demonstratable. ~herefore, 1t implles that 

only very severe'emotlonal disturbance may contrlbute to the 
, " 

severlty of periodontal dlsease. The mechanlsm by whlch mèntal 
if. 
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faotors affect perlodonta1 tissue rema1ns to be anawered • 

2.1.7.4 ~'Pertl, menètruation,. pregnanoy !;Lnd men02!use 

Puberty la trequently aooompanled by an exaggerated respons8 of 
, 

the glnglva to 10081 irrltation and by an Increase in c~loulus 

formation. Chronic destructive p~rlodontal dlsease progresses 

rapi~y atter pUberty. 

There la a laak ot gond, oontrolled etudies of the glngl-

val ohanges durfng each _ ~en8trua1 oycle. The studies 80 far 

seeme to Indloate a periodlc fluotuation ot salIvar,y becterlal 

counts, a variation of gingival exudate and ohanges ln the na':'" 

ture of glnglvltls as ft tunctlon of the menstruation cyole. 

There 18, 6owever, a Isok of quantitative data about the seve

rity of glnglvltls' ~hioh demonstrate any definitlve fluctuation 

in gingival dl~ease in relation to the ménstruatlon oycle. 

Many etudies have shown that pregnanoy Is assoclated with 

greater severlty of g1nglvltls whlch oan not.be'explained by 00-
, , 

rrespondlng Increas8s ln oral debrls or ealouluB deposltlon. 

Inc~eased severity of ginglVltl. seems to bave no lasting deter

ioratlng afteot atter dellvél7. There 18 no oonsistent !1nding_:'. 

with respect to the fluctuation in severlty ot glnglvltla throu-
~ , , 

ghout pregnanoy. Monthly assessment on a oohort group' la needed 
,-' 

to olarlty thls controversy. Glngl.1tla ~D be abol1shed and 

gingival normality malnta1netf durlng pregnano7 provlded tbat 

gingival areas on the teeth are kept olean -- suggestlng tbat 
, , 

pregnant s'tate 18 a modlfylng .ther- t~ an ln1tlatlng factol' 

ln glnglvltls. P'regnanoy Is not 8s8001ated wlth ~pioal migra

tion ot the eplthellal attachment. 

.. 
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Reaearch concerning the possiblè effect of menopause on 

periodontal disease la far from completed. Based on very liml-~ 

ted data, there ls an indication of greater severity of perio

rlnntal dlsease among poatmenopausal women than one might expect. 

More s'tud'les wlth better designs are needed ... 

2.3.8 Oral hlgiene factors 

Studlea on Beverit~ of perlodontal dlsease in relation 
~ 

co 
to freguency and technigue of oral cleansigg" 

If oral cleansing methods are relatively standardized, more fre-
,

quent cleansing ls associated wlth a decrease ln oral Boft deb-

/..---/ ris, better gingival health and lower PI score.. There ls no 

• sufftcient evidenoe that oral oleansing frequency la associated 

wlt~ alveolar bone lOBS or epithellal detachment. Wlthdrawal 
'> 

of oral cleanslng always results in more accumulation of plaque 

and calculus and a,greater degree of glngivitls .. ~e-adm1nlstra

tion of oral cleansing wlthout long delay can restore the tlssu~ 
,. / 

back to their original condltion. Prop~r oral cleansing methods, 

Increased frequency qf cleansing and perlodical oral prophyl~xis 
1 

by dental professionals are aIl essential for ~emdving both soft 

and hard oral deposlts and for keeping healthy glnglvae. A mouth 
,1 

rlnse wlth water alone la not sufficlent for oral cleansing, but 

antiblotic conbaining mouth rlnse May help to malntain gingival 

health. The advantage of the automatlc over manual toothbrush 

in oral cleanslng is not substantlated. 
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2.J.8.2 Studles on severlty of perlodontal dlsease ln relation 

ta oral depositlon 

The prevalence and especlally severlty of perio(iontal dlsease 
., 

ls assooiated wlth the amount of oral debris and calculus. 
~ 

Such correlation la str~nger if study population vary greatly 

ln age, are more prlvlleged in materlal needs and belong to 

higher Bocial status. Oral debris 8eems ta be more as~oclated 

with ginglvit1s at younger age, wherea~ calculus emerged as 

stronger or aven the on1y associated oral deposit wlth more se

vere forro of perlodontal dlsease as population become older~ 

2.3.8.J The fallacies of using the Oral Hygiene Inde~ and 

ether similar indices as a measure of oral cleansing 

effe,ct 

Following the introduction of the Oral Hygiene Index as weIl as 

other siml1ar indices, the term "oral hygiene" has been 1008e1y 

used te denote both oral c1eanliness and oral cleansing. Evi-
. 

dence shows that these indices actually measure not only oral 

cleansing effect, but also d1etary, nutritional and constitu

tional factors. In addition, these indices may even measure 

part lof the periodonta1 dlsease i tael,f .", The~efore. taklng amount 

of dental deposits as an index of oral cleansing effect in the 

epidemiologlcal studies of perlodontal dlsease will result ln 

mis-lnterpretatlon of the patho~eSls of this dlsease and in 
• 1 

less effectlveness from preventl e measure subsequently. 

2.3.8.4 The fallacies of èvaluating the association of per1o-

~ dontal dlsease wlth variables other than the OHI soore 

and age by Btan~rdlzatlon of the latter two variables 
• 
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Therels a great deal of data to suggest that an individual's 

OHI score iB, to sorne extent, a tunction of nutrltlonal, dle

tary and systemic factors'as-well as an indirect measure of a~e, 

that subginglval calculus may be the l'esult rather than the 

cau~e of the perlodontal disease, and that individual's nutrl-
~ " 

........ ..).... ,~J ~ .... 1 

tlpl1ài~:'status' also depends on age. Ta evaluate the relatlon-

shlp between periodontal disease and variables other than OHI 

score and age by standardizlngc~he la~ter two variables; such as 

Is belng done in ma st epidemiological studies ot' periodontal 

regardlng disease has , l1kely ~esulted in erroneous conclusions 
1 • 

, '. 
the tl'ue relatlonshlp between periodontal disease and the; BUS

pected etiologlcal factors. 

2.].9 Effect of smoklng, batel nut chewing and aieohoi drlnking 

There is now a general consensus that smoking tended to Increase 

the prevalence of ulceromembranous glngivitls, ,simple glnglvltls, 

active periodontal disease as measured by PI or POl as weIl as 

destructive phase of perlodon~~ disease. qorrespond1ng to this 

association ls a slmilar relatlonship eX1sting between cigarette 

:consumption and smount of soft and nard oral deposlts. If fac

tors of age and oral depo81ts are held constant, relat10nshlp 

between cigarette consumptlon and perlodontal dlsease Is great

ly redueed in most cases and'~isappears~omp16tely in others. 
<J 

Betel chewera in comparison to nan-chewers tend to have h1~ 

gher prevalence and severlty of perlodontal d1sease and greater 

amounts of oral deposits. Betel oonsumption is a more destruc

tive factor than 18 tobacco smoking as far as periodontal tissue 

, 
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1 

:\ss concerned. It may be one of the important factors rè'sponsi-

ble for higher prevalence and severlty of perlodontal dlsease 
'1 

in the Aslatlc countrles. 

The effect of alcohol drinklng on periodontal t1ssue has 

not been studled adequately. Based on very I1mIted data, there 

seems to be llttle, if any, re1atlonshlp between alcohol consump

tion and periodantal health. 

2.J.IO Association with dental caries 
l, 

The research data 80 far fail to demonstrate any simple cIear~ 

cut relationship between dental caries and periodonta1 dlsease. 

Nelther the commonly held QPlnlon that these two dental dlseases 

are essentially the ~lsease of dental plaque ls supported. Qulte 

contrary, research data suggest that these two dental d1sease 

have distinct epidemiologic patterns and do nat share many com

mon d1sease related varIables, and that thelr association may 

vary from one disease stage to another, from age to age, and 

depend on partlcular human environments. In fact, the defInlt~ 

benef1clal effect of fluorlde 1ntake to reduction of dental. ca-
. 

ries and lack of auch effect on periodontal disease also implles 

that the prevalence of these two dental dlseases are rather ln-
f 

dependent one Crom another. 

1 2.3.11 Malocclusion, trauma from occlusion and oral habits 

The degree of malocclusion 8eems to correlate with severity of 

perloq9ntal dlsease, though the strength of the association va-
'J ' 

é 

ries from one feature of malocclusion to another. One must bear 
1 
1 

in mind that Most malocclusion indices are designed for the pur-

. , \ 



• 
-20-

pose of orthodontie treatment and, therefore the weights 8ss1gned 
, " 

to various component features within each index,.may not be muoh 

meanlngful' in terms of their relative importance in the pathQ .... 

geneais of periodontal dlsease. 

Research on the possible effect or trauma from occlusion 

on periodontal tissue Is greatly hândicapped by the poor.agree

ment as to the criteria of trauma from occlusIon ltself. Taking 

the over-all findlngs fro~ various approaches, it seems unlikely 
, ,/ , ' 

that the trauma from occlùsion ~n Inltlate perlodontal dlse8se. 
----------~('-----"----.' 

-~-

Whether it can facll1tate the progression of the inflamnlation-:~--

into perlodontal ligament and causlng pocket formation ls not 

oertain. 

Ora~hablts suoh aS,tongua thrustlng, bruxlsm, clenching, 

Cli,ckiDg have been suspeoted olinicall,. for possible damaging , 

affect on periodontal tissue. Yet practically aIl studies whlch 

compare the perlodontal health of those wlth and those wlthout 

these oral hablts fai1 ta find any suoh assooiation. The only 

. or~l hab1 t wh1ch ls more cons~stent17 f?und to ~e associated ' 

with the perlodont81 dise8se is mouth l1reathing. It ap~rently 
, -

oauses sorne degree of glnglvltis in the anterior teeth~ Its 

meaha.nism'/is however not oertain. 

2.J.12 MlcroorS!P1sms 
J' 1 

It la on1y.durlng las-t decade that a grea.t dea1 ot worka have 
~ 

" . 
~een directed to e~mine the ro1e ot mioroorganisms in the pa-

tbogeneals of periodontal dlse8.ae in human. These st~dies bave 

4It provlded strong evldence that oral baoteriae are quantitative17 

associateS'with gingiVal intlammation. How8Ter, studies so -far 
, 

! 
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, ;' .",f.ac~l to demonstrate any single species or a group ot mlcroorga-
" 
nls~s which are responslble for gingival inflammation. The me-

ohanisms by whlch bacteriae oause destruction of the perlodontal 
! • r' ~ 

tissues la not T'et ~derstood. Whether or not the periodontal 

d1aease la transmissible through baterlae from one person to 

another r malned to be answered. There la no slng1e study so 

far to in estlgate the possible role of virus in the prevalence 

or s~verl y of perlodontal dlsease. 

2. dentistr ) faotors 

Al tho..ugh numerous klnds of faul ty dent.9,1 restorat1ons, a.nd ortho-
J~- -_~-.:.________ 1 

-d(>ntie-appllanc~A_.have been condemned 1'01' caus1ng var10us stages 

• 

\~ 1, 

" 

~ - -<......~ -'- ~ -~_ .. _- ------ - --- --~ ~-
(\ - ~ - -~ - - ""--T - - _ 

of per1odontal dlsease. very few researoh has been done to ola-

rlfy the exact nature. However, overhang1ng restorat1ons, un

satlsfactorl1ly constructe~ partial dentures and rernovable splints 
/ aeern l1kely to have detrlmental effeot on perlodontal tissues" 

elther through bacterial aocumulation, or faulty foroe on perlo

dontlum or bath. 

~.4 Exlst1ng 1nd1ces used for etudles of perlodontal dlsease 
-

Slnoe perlodontal disease ooours ln almost every sUbjects, the-

refore, several indioes have been developed whloh take stages 

of the periodontal dls"ease lnto cons1deration. No one s~ould 
i 

exyeot to tind an index whlch will serve all purposes. Russell's 

PI ls possibly a~equate when population prevalences of per1odon

t8.1 dlse8se are oompared, provided that aIl the measurement ls 

made by same person or persons wh~have achl$ved very reasonable
c 

observer agreement in measurement through intenslve oal1bration~ 
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Gingival Index from Loe and Silness seems to be sultable for 

clinical trials relating to alteration in gingivitis severity. 

Periodontal Dlsease Index by Ramfjord, Glngival-Periodontal In-
" , ' 

dex by 0 'Leary et al and Gingi val-rBone couht- -by Dunnirlg and, 
i. r ~_ 

Leach can lmprove the sensltivity of Russel1's PI. 

It ls very questionable li'hether the arbitrary score asslg

ned to each gingivltis severity, epithelial attachment level or 

alveolar bone 10ss is prognostica1Iy meaningfu1. Assigning three 

interval scores for ~lial attacrun~nt level or alveolar bone 

10B8,} instead of taking exact measurement such as mililmeter, 

may also greatly reduce the me~surement sensltlvity. Glving 
:) 

higher scores for eltherjpf these two parameters and lower Bcore 

for gingivitls and comblning them lnto a slngle index is justl- ft 

fled only if the pro~ion of glnglvltis Indeed results ln 

epitheIlal detachment- and- a.1veo1a~ bone- loss----an-assumption--

remai~lng to be proved. The observer reproducibi1ity for\some 

indices has been shown very poor and'for others has naver been 

evaluated. 

Hence, it 18 apparent that none of the currently avalls

ble indices Is very sul table for longitudinal studles of the 

periodontal disease •. 

Corresponding to the development of periodontal indices 

and their application in the field studies, varlous indices for 

,measuring the quallty and quantity of oral deposits and irritants 

have been Introduoed. Llke periodontal indices, the selection 

of an index depends on the type of study. In general, oompari

son between populations requlres a Simple index, auah as Slmpli-
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fied Oral Hygiene Index. For cllnl~:i trials and other longi- \\ ~ 
, ' ~ " ( 

tudinal studies, more sensi tive,)'nd reproducl ble indices are 

required. As discussed in th~ section of oral hygiene ~s, 

it 18 not very certain yet whether these indices hav~p6ntribu-

------ted to the understanding of the etiology ~eriodontal disease~ 

~/ 

{ --
,2.5 Conclusion t'rom revlew of curre~t knowledge 

The descrlpti ve data t'or perlodontal- disease which are collected 

with cross-sectional studles have contributed to the understan

ding of the epidemlological pattern of the dlsease. However, 

sorne of thesé data are contradictory to many tradltlonally held 

opinions and clinlcal ,f~ndingS with respect to the, Importa~ce 

of dietary, nutritional and general physical conditions and di

sesses in the initiation and progression of perlodontal disease. 

While undesirable study designs in most cllnical trials and sub

jective clinical judgement are responsible for part of the con

tradictory findingl:\s major part of disagreement possi bly is the 

result of Inherent shortcoming of employing cross-sectionsl etu

dies for lnvestlgatlng a chronlc disease, such as periodontal 
1 

disease. The etiological factors riiay not be actlvely present 

st time of study. 

A longitudinal study should be âble to provlde more direct 

assessment on the cause-and-eff'ect rela:tionshlp. Furthermore, 

it will provlde a natural h1story of the d1sease and exact re

lat10nshlp between periodontal dlsease and dental car1es at va-

r10us a~es • 

For these longitudinal studies, a periodontal index whieh 

ls designed speelfically for such purpose ·ls essentlal • 

• 

.-
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Chapter J 

MA TERIALS AND METHons 

The proposed periodonta1 index was to be deve10ped in 

three phases_ The objective of the first phase was to test the 

inter- and intra-observer estimate or measurement variations in-

curred with the use of a variety of parametersjwhich'describe 

the perl"odontal tl s sue al tera tions. Based on the resu1 ts of 

phase one, only parameters, which have a reasonab1e degree of 

1nter- ani intrà-observer agreement were to be chosen for fur-

ther study. The main purpose of the second phase was to assign 

we1ghts to the se1ected parameters so that an index comprislng 

the welghted parameter estimates would have severity implication. 

In princlple, the parameter weights should be based on assess

ments such,as histological findings which are more indicative 

of disease severity than are the usuel 011n10a1 means of sever1-

ty. Since such assessments are usually impossible to obtain, 

the, alternative iB to assume that the- average of the c1i11ica1 

severity estimates made by a group of per1odontologists would 

give the best available clinicAl estima tes. To elaborate, a 

group of periodontologists estimate'the periQdo~tal disease se

veri'ty in one tissue area of the subjeêts. The severi ty scores 

should range from c1inic,ally ,normal (0) to very severe (say, 10). 

At the sarne time, an independent lnvestigator obtains measure

ments for the selected index parameters on the tissue ares in 

question.. The parameter weights can then"be obtained by a prin

cipal component analysie or a multiple regression technique ta

king the se1ected parameter~~s the Independent variables and 

average clinioal severlty estimates as the depandent variable. 
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The thlrd phase W8S to v~lidate the obtained weighted inde • 

The point in question iB whether periodontal tissue with hlj 

index scores have a poorer prognosia as judged by progress1v ly 

impaired tooth funotion due to the tissue destruotion. Henc \ 

a longitudinal study is required to test that. 

The present study covers thé first phase only of index 

velopment, namely, the examinatlon of Inter- and intra-observe 
" 

variation in measuring periodontal parameters. Since observer 
\ 

variation depends on the distribution of the examlned parameter,\' 

it was orlginally planned to examine a group of people more or \ 
\ 

less representative of, the general population with respect to \ 
Q . \ 

perlodontal dlsease. As such a population was not readl1y at 

hand, a praetlcal alternative waa to examine those who presented 

for dental emergenoy service in the dent~l faculty. Subjecta 

from this group were asked to volunteer for the study. For the 

inter-observer variation 8saessrn~nt, three observers examlned 

,/ the same tissue ares. on the saroe subject and Independently re-
v 

corded the parameter soores or measurements. For the Intra-ob-

server error assessment, the sarne tisaue area W8S examlned by 

the same observers one week latar. The Interval between the 

two assessments was oonsidered adequate to reduoe observer me

Mory from Influenoing the second assessment and in addition, euh

jacta g~nerally preferred to return for dental, examlnation on 

the S8me day of thé week. 

3.1 Data Colleotion 
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1.1.1 St~dy ~o;~ation ,,, 

Over an elght-week perloâ, every subject who presented st the , 

emergency dental service at the Montreal General Hospital WBS 
.". ~ , 

8s.ked to volunteer for\the study. D To Increase the study popu-

lat~on. ten thlrd-year dental atudents also volunteered to Bot 

as subjeots. To enter the atudy, "each Bubjeot had ta have st 

least one upper firet or seoond rnolar which was not the tooth 

qf chief complaint for emergency service. 

î.l.2 Observera 

Ideally, observera in this type of study should be thoroughly 
" 

familier wlth periodontal tissue anatomy~ but not have ollnical 
" 

experlence in perlodontal treatment,"so that-obJectlve estlmates 
" u 

and measurements of tiastie a1.teratlon rather' than subjective 

'. diagnosis of the dlsea,se are recorded. Three observers ( l. 

Habbl*, H. Kamenesky*, and H.C. Kuo**) aerved for the dqratlon 

of the study. For oonvenlence l of desor~ption, they will be re

ferred to as observera A, B, and C respectively. Before oom

menclng the olinical exami~tion the methods of data oolleotion 
\7 

were explained and di:scussed- -among the three pbservers. 'stand-

ard1zation (oalibration) among observera in estimatlng and mea

suring ea.ch parameter was oarrled out for the firet few subjects. 

Thereatter, the 8uthor regularly(supervised the two observe~s 

\fi th regard ta the cri terie. _ of me8surement for ea.ch perlodantal 

parameter. This was to ensure, 8S far as posslbl'e, that the { 

B8rne oriter1a were used by aIl observera though they remalned 

* Thlrd year dental students at time of the study J 

**·Present author 
" 
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entirely free to decide what they considered the correct score .. 

The observera sal." each subjeet in the same order .. 

u 301.,3 Site of Perlodontal Tissue Measured 

Only the buccal pel"'iodontal tissues of one upper tirst or second 

permanent molar were examinedo To increase homogeneity of the \ 

tissue meas~rements, the right first upper molar ~ms the fjrst . 
choiee.. If it was missing, requlre~ Immediate treatment, or if 

lt demonstrated cervicaJ. carIes, a cless V dental restoratlon' 

which inelQded the cemento-enamel junetion,an alternate tooth 

l'TaS seleeted in the following preference order: 1eft upper first 

molar, right upper second moler or left upper second molar4 

.1~4 The selee~on of Perlodontal Parameters 

The definition J a basic gingival unit employed in the study 

l'JaS similar to that of Jackson (197),8.nd is shown in Fig .. 1 .. 

Seven periodontal parameters were seleoted for measurement. 

Theae were: 

a) Gingival stippling 

b) Gingival redness l'a.nd! or swelling 

c) Gingival 
/ 

ulceration 
0' 

d) Gingival bleeding 

e) Pocket pus 

f) Gingival recession level 

g) Gingival or periodontal pocket depth 

The algebraic IBum or, the last two measurements was taken, 

as the epithelial attachment level. Table 1 shows the observeras 

recording sheet. 
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~ "~ 1 1 

Fig.1 Demarcation of Gingival Units 

1 
2 
3 
4 

Papillary gingivu 
Marginal gingiva 
Attached gingiva 
Alveolar mucosa 

D 

u , 

.' . 

, 1 



• 
~, 

-_. --- ~_ .. _--_._--

Table l 
!"'-, , , 

-:::; -

Observer Recording Fo~ for Periodontal Conditions 

Series number~ Examination l 2 Date 

-; 

Name of subjec~ Observer __________________________ __ 
Age Sex. Telephone Tooth examined _~ __________________ __ 

c 

~ 

Present 

• 
" '-

-1 

..! 

Parameter' . Absent Buccal marginal gingiva Attached, gingiva 'i-J 

Gingivai-sttppling 

Gingi~al red~ess and/or swelling 

Gingival ulceration ~ 

Gingival bleeding 

pocket pus 

Gingival recession level ' 

pocket depth 

Epithelial attachment level 

- or 3 

o 

o 

o 

- or 0 

Part Whole 

1 2 

1 2 

1 2 

+ or 1.5 (part) 
++ or 0 (who le) 

3 

3 

3 
(}!echanical pressure) (Compressed air) (Mouth rinse) 

+ or 3 

mm. 

+ mm. 

:!- mm. 

2 
N 
.....:l 

7 

G 

\ ~ , 
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Gingival stippling, a sign of health, was scored (0-1.5) 

according to Its presence 09 the whold or a portion of the at

taQped gingiva. Complete absence of st1ppling, was scored as 

For the parameters of gingival redness and/or swelling and 
1 

gingl val ulceration, absence was scored as 0, presence on a por

tion of the marginal gingiva as l, on th~ ~hole marginal gingi

va as 2, and if on the attached gingiva, 3 was the recorded 
" scoreo The severity of gingival bleeding was determined accor-

ding to its presence following a mouth rinse prior to the exami

nation (3), follol'ling a stream of cornpressed air into gingival 

crevice or pocket (2), following externel pressure on surface 
1 

to be examined with the fIat handle ènd of a Williams probe (1), 

(pressure equivalent to that which would cause paleness on a 

finger,nal1)~ In the case of no bleeding artel" mechanical pres

sure, the tissue wa's scored as 0.. Since gingival bleeding was .' 
, " 

not reversible wlthin a few minutes, only the first observer 

applied the various stimuli to the periodontal tissue, whi1e 

each observer examined the result at the same time and recorded 

lt wlthout the knowledge of the others' Bcoring. Presence (3) 

or absence (0) of pus within gingival crevicé or pocket was de

termined grossly following the application of mechanical press

ure on the gingiva. 

Gingival recession level and pocket depth were measured 
" ~ith a Williams periodontal probe at the mld-llne of the buccal 

~ngiva and recorded to the nearest one-half ml11im~ter {mm}. 
~ 1 

C~lculUS was re~oved, ~f necessary, to expose the cemento-enamel 
Q 

.1unctlon (C-E J). Three situations cou1d arise with,regard to" 
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the loaation of the gingival.margin and epithelial attaohment" , 
", 

in relation to the C-E J. See Figure 2. 
" , 

8. Both the ging1val margin and the epithelial attaoh-

ment were on enamel. 

The cemento-enamel Junction could not be felt by the, 
( 

periodontal probe. The.depth of the gingival crev~be" 

was taken as "pooket depth" and its minus value as n f 

" g1ngi val recession level"" Epi thelial attachment l.e-
" 

vel was therefore O. 

bo The gingival margln was on the enamel, but the level 
• • 

of epithellal attaohment was apical. to the cemento-ena-

mel Junct-fori. 

The distance from gingival margln to cemento-enamel 

Junctlon was recorded in negative values as "gingival 

recesa10n levet", and the distanoe trom the gingival 

margin to the epithelial. attaohment level or pocket 

bottom MSS the pooket depth. 

o. The gingival margin was on the cementum. 

The distance from cemento-enamel junction to gingival 

margin was taken as the "gingival recesslon level". 

The distance from the gingival margin to the ep~thellal 

attac~ent level or poc~et bottom was reoorded as the 

pooket depth. 

Each' pa tient was examined on a dental chair under artifl

cial 11ght. Mout'h mlrrors. Williams calibrated perlodontal poè

ket probes, Ivory C.I. superflo~l soalers and oompresse4 àir 

were used routinely in the examinatlons. Followlng the first 

/ '-

./ 
/ 
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Fig.2 Three Possible Locations of the Gingival Margin and the Epithelial Attachment Level in Relation to 
the Cemento-enamel Junction 1 

A 
B 

c 

"" 
" 

---- Gingival marS,in ......... -. - ... Epithelial attachment level 

A B 

/:iJ 

", 

" 

-

c 

\ 
.... ...... f 

# .... . /" - - ,. -
!I.~~ /,~. ~, -

Both the gingival margin and the epithelial attachment level were on the enamel 
Th& gingival margin was on the enamel, but the levei of epitheliai attachment was apival to the 
cemento-enamel junction 
The 8tngival margin was on the cementum 

J 

-" 

1 
~ 
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, , 
exarnination, each subject was given an appointment for a second 

ex~mination. The duration between two examinations was set as 

close as possible to one week. Therefore, each subject wes to 

receive two assessments bi aIl three observers. 

Throughout the study period, about three-quartemof al1 

invited subjects were only intérested in receiving emergency 
'\ "' 

treatrnent and did not want to be studied. Ùf those who volun-

teered for the study approximately one-fifth were not acceptable 

due to absence of previously outlined conditions. Thus, on1y 

a total of 126 subjects volunteered for and completed the lni-
',\ 

tial examination. Although there was no adequate information 

with regard to their representativeness for aIl emergency patients 

or even for general population, based on thelr clinical picture, 

any such slight deviation from norrn did not seern likely to cre-

sent f,.r the second examination than were the younger subjects. 

c \ 
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Table 2 

Age Distribution ot.A11 Subjeots Who Were Examined, Thoss Who 

Compl:eted, and Those Who Dtd Not Comp1ete~The study 

Age group (years) 

~6-25 26-35 36-45 46-55 56-65 65+ Total 

AlI examlnf'd subâeots 

Number 5S 28 22 10 8 3 126 

Par cent 43.7 22.7 17.,5 7.9 6.3 2.4 100.0 

f, - SpbJects who oorgpleted the stu41 

Number 16 " 8 8 6 5 l 44 

Per oent )6.4 18.2 18.2 13.6 '11.4 ,2.) 100.0 

Subjeots who dld Dot com~1et~ the stu~ 
- -

Number 39 20 14 4 :3 2 82 

Per cent 47.6 24.4 17.1 4.9 3.7 \ 2.4 100.0 

Per oent wlthln eaob MG fŒOU1! 

Completed 29.1 28.6 )6.4 60.0 62.5 )).) 34.9 
Not oomp1eted 70.9 ,11.4 63.6 40.0 37.' 66.1 65.1 

" 
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'3.2 Method of data analyses 

The freq~enoy distributions of qualitative data, such as gin

gival stippling, gingival redness and/or swelling, gingival ul

ceration, tendency to bleeding and presence or absence of pus 
- , 

within gingival or periodontal pocket, were hlghly skewed and 

far from Gaussian (normal) distribution. Thus, regre'ssion ana

lysts was not an appropriate method for the estimation of obser

ver agreement in these parameters. 

The inter-observer reproduclbllity or variation could be 

aimply expressed as the percentage of times the Barne judgement 

or estimate was made by two independent observera. Slnpe there 

"were three obsèrvers in this study, the Median of three observers' 

estlma.tes on eaoh parameter in the Bame subjeot was taken as the 

reference estimate for further cornpariscns. To desorlbe the In-
, 

ter-observer variation, observer's scores were plotted against 

reference scores in a two-way distribution dlagram as shawn in 

Figure 3, auch that the number and proportIon of oomplete agree

ments and of various degrees of discrepanoy oould be 8stlmated. 

The assessment ot inter-observer variation in the qual1ta

tl,ve data ws made by convertlon to a quantita.tive analysis in 

terms of the average amount of information transmltted (AIT). 
, ~ 

The theory and technique ot AIT analys1e WBS developed for use 

in communication t90,381) but bas been previously applied 8S an 

inverse meaBure of obse~ver error (237) 1.e., the greater the 

information transmltted, the lower the observer. error(var1atlon). 
o 

AIT a180 bas the merit of taklng 1nto acoount both sensItlvity 

and oonsistenoy. Its caloulati~n is based on the S8me twq-way 

} 
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Fig. 3 A Two-way Distribution Diagram for Each Parameter Showing Agreement or Disagreement of 
X Observer Estimate Agains~ the Reference Estimate 
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frequency distributlon dlagram (Figure J). It is analogous to 

analysts of varianoe for quantitative data. Appendlx II shows 

the detalls lnvolved ln an AIT analys1e. 

terme of the standard deviatlon of the distribution of variation 

and was calculated by the equation: 

where d was thecdifference betw'een the repllcate measurements. 

(in this case, the observer's estimate and the referenoe estlma

te) and N was the number of replicate measurements performed 

(4l7).c 

The abovc methoQs for estlmating inter-observer variation 

for specifle parameters were also employed tQ assess the Intra

observer variation between firet and seoond 8ssessments. However, 

instead of plotting eaoh observer's estlmates or measuremente 

agalnet the referenoe ones, results from seoond asssssment were 
ù 

plotted against the tiret ones for the e8me observer. 

Agsln, an AIT analysie was employed to test -the strength 

of assooiation between selected pairs of parameters • 
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RESULTS. 

~.l Prevalence of each periodontal d.1.sease I?llra~eter 

4.1.1 Frevalence'of gingival stiEPling . 
The prevalence of glngi val stippllng in (126 subjects 

ceived the initial examination is shown in Table 3. 

who re-

Based on 

the median of three observera' findlngs, gingival stippling 
, 1 

appeared on the who1e area of attached glngiva in only 5 (4%) 

of the subjectso The stlppling wes observed on a part of the 

attached ginglva in one-third of the sUbjects. Nearly two thirds 

(62.7%) of aIl subjocts presen~ed no gingival stippling. As 

shown ·in Table 3'; gingival stippling judgement varied greatly 

from ,one observer to another~ Whereas examinera Band C obser-
1 

ved stippling in 53 and 55 subjects respectively, the presence 

of this parameter was reported in only 41 subJects by obe~rver 
" A. Gingival atippllng, when present, existed malnly on th6 sub- v 

l , 

papillary area and only in sorne cases was i t observable through-
1 
i 

out jthe attached gingiva. 

1 Comparlng prevalenoe data of the 44 completed' subjects .. 

Wiyh aIl those initlally examlned (Table J)t it is ev~~ent that 

the former group was falrly representat1ve of the latter in bqat 

glngiva of ~arly two-thlrds of the subj~cts did not have obser

vable stlppling. Despite the faot that observera Band C inde

pendentIy detected in BOrne' cases, the ~ppearance of stlppling 

throughout tfie attached glng~va. in no case was such phenomenon 

agre~d upon.by both observera. 



-338,-

Table 3 • Prevalence of Gingival stippl1ng"as Estimated by Three Observera 

Observera 
~ " 

Sevex-lty '* A - B_ C Median 
; -

<l " 
num

4
ber ~ number % number % number i! 

I=n aIl 126 sublects. 

++ 1 0,,8 9 701 15 ' 11 .. 9 5 4.0 

+ 40, 
/ 31" 7 44 )4 .. 9 40 )1,;7 42 33.3 

85 67 .. 5 73 57.9 71 ,6 .. 3 79 62.7 
., 

In 44 c~mEleted sUbJects 
d 

++ 0 000 - 2 4.5 5 11.4 0 0.0 " 

+ 14 31.8 20 45.5 12 27.3 17 38.6 
, 

30 68.2 22 .50.0 27 61 .. 4 27 61.4 

'* ++: Present on wh,ole area of the attached glngiva 
~ 

+: Present on part of the ~ttached glnglva 

-: Comp1etely absent 
' ... .J -~ 

.~ ., 
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,4.1.2 Preva1e~e of gingival redness and/or swelling 

About one- third of aIl subjects who underwent the initial eX8-
, ' , 

mlnatio~ ShOW\d no gingival redness and/or swelling (Table 4). 

Based on median data of three observers' estimates, redness ,andl 

or lling appeared on either part or who1e marginal glngiva 

111 6 ~ ~f aIl Bubjects. There were only 9 (7.,1%) subjects in 

whom both the marginal and the attached ginglva showed redness 
_"'. 

and/or swelllTIg.'<) 
• 

In comparison to observer A and B. observer C tended to 
. 

report higher" severity for_thls pararneter. It ls noteworthy 

that n in this study, not a. single subject demontra ted gingival 
1 

~ sl"mlling \dthout concomitant vedness of the ~tissue. 

The' ini tial prevalence of gingival redness a.nd/or sl'lelling 

in 44 ~ubjects who completed the study ls a1so shown in Table l~. 

Based on median,da~ of the three observers' estimates, It appe-
,j' ' 

ars that thos~ who completed the study had a slightl~ lower pre-

valenc~ of the parameter. As before, the three observera &iffered 
, 

consistantly ln thelr abil! tyr-to estlmate the extension of r,~dness 

and/or swelllng. 

~.l.) Prevalence of gingival ble~ding 

As mentioned in the Be~tion of M~terials and Methods, prevalence 

and severity of gl~ival bleedlng was examined after three degrees 
'-.! ., , 

/ , 

of-gingival stimulation; ,namely, mouth rinse, compressed air lnto 

the gingival suleus or pocket, or mechanlcal pressure on the gin-
1 

gival margin" It was unfortunate that in sorne cases, the para-

meter following each stimulation was not examined st the same 

ti~e by aIl observers. Consequently, when bleeding dld occ~~, 
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Table 4 

Prevalence of Gingival Redness and/or swel11ng as E~t1mated 

by Three Observera 

Observera \ 

Sever1ty * A B C Median 

number ~ number % number % ,number 

In aIl 12: s~ots -
:::?' " .. 

0 45 35.7 43 34.1 44 34 .. 9 42 

1 .53 42.1 
1

61 48 0 4 42 )3,,3 ,56 . 
2 21 16.7 17 1).5 16 12 .. 7 19 

:3 7 5.6 .5 1".0 24 19 .. 0 9 

In 44 c0mEleted subjecta 

0 17 38.6 19 43.2 17 38.6 - 18 

1 18 40.9 19 43.2 13 29.5 17, 
D 

2 ? 15.9 .5 11.4 5 11 .. '4 6 
" :3 2 4., 1 2.3 9 20.5 3 

* 0: A bsence of racinees or swell1ng on the g1ng1 va 

"1: Presence of radness and/or swe111ng on some part of 

marginal ging1va 

2: Presence of redness and/or swelllng on whole area of 
1 

marginal gingl va 
" 

~' 

JJ.3 
44','). 

1.5 .. 1 

7.1 

40 .. 9 

38.6 

13.6 

6.8 

3: Redness a.nd/or swell1ng èxtends to the attaohed g1nglva 
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the observer who did the last examination tended ta report lts 

appearance at a more severe sta~eo Table 5 bringe out the re

sul t of th1s di 1 emma. .. In comparison to observer A and B, bb

server C recorded more severe gingival bleeding when it WRS pre

sent.. Based on the same data, less than 10% of thls study sub

jecta had gingival bleedlng whlch appeared malnly following me-
-----::-. 

chaniesl pressuré from a blunt band instrMrrtelJ.to_,Preva).ence and 
, / 

severity data agaln showed that 44 aubjects who completed the 

project t~ere reaaonably representatl ve of those that began the 

atudy (Table 5)" 

4.1~4 Prevalence of gingival ulceration 
1 
\ ~ , 

Durihg the Btu~ perlod, no~Subject 'demonatrated ruî'ulcerated 
'-' 

, ,-1 

gingival surface detectable to'the naked eyeo However, ulcera-., 

tion may have been present on the lateral walls of gingival or 
. 

periodontal pockets ainee this could not be ver1fled by a visual 

examinationo 

, \ . '~~ 

4.1 • .5 Prevalence of EUS within gipg1val or perlodontal pockets 
, 

The presence or abserice/or'pus was 'examlned after the gingival 

margln had been subjected to a pressure froID a blunt band lns-
" 

trument. The medlan data of the thr~e observers' est1mates ln-
~ 

di~ed that in only 5 (4.0%) of 126 subjects wes pus observable 
---'\ 

(Table 6). 

Table 6 also shows that the prevalence of g~ngival or pe-
o 

rlodontal pocket' pus ln the 44 subjects who completed the study 
, 

was quite almllar to that in aIl 126 sUbjectso 

1 

>-

J 

/ 
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Table 5 

,Prevalenoe of Gingival Bleeding 8S Estimated by Three Observera 

Observera 

../ ," 
Severlty * A B C Median 

~ 
{) 

dl' 

number I~ % numbef~ 1- numper ~ number % 

In aIl 126 aUbJep,ts 
~ 

0 114 90.5 114 90.5 115 91 .. 3 116 92 .. 1 
u 

l 9 7 .. 1 10 7.9 6 4.8 ? 506 

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 44 oomElet~d subj~ots 
~ 

( 0 41 93.2 3~ "86 .. 4 42) 95.5 40 90 .. 9 

1 2 4., 4 9.1 0 0.0 2 4.5 

2 l 2 .. ) 1 2.3 l 2.3 l 2.3 
'/ 

3 0 0.0 1 2.3 1 ,2.3 l 2.3 

* 0: Abse~e of gingival bleeding even under meohanioal pressure 

1: The glnglva atarts to'bleed following an application of 

.meohanical pr~asure 
,. 

2: The glngiva ~tarts to b1eed following_sn application of 

oornpressed air 

3: Presence of gingivai bleeding followlng mouth rlnslng 
" 
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Table 6 • Preva1enoe of Gingival or periodonta1 Pocket Pua aa Judged by 
'j 

Three Observera 

Observera 

Pooket pus .~ .... "" B C Median 

number % A'!J1lber ~ number ~ number, % 

, 
126 sUbjects In a].l 

Absent 120 9.5 .. 2 11? 92.9 124 98.4 121 96.0 
J' 

Present 6 4,,8 9 7 .. 1 2 1.6" .5 4.0 

In ~", cO!,Eleted sub3ects 

Absent 41 93 .. 2 41 93 .. 2 - 43 97.7 42 95.5 

Present 3 6 .. 8 3 6.8 1 2.3 2 4.5 
\ 

1 -< ,. .. el. t 

" , 
1 

1 
1 

• 



• 

.-

4.1.6 f~~valenoe of gingival reoession 

Gingival recession, here defined,as the distanoe from oemento

enamel junction to gingival m~rgin, was e~res8ed as P~slt1ve 

when the gingl:va! margin W8.S apical to C-E junction and as e-
\ gatlve w~en the margln was on corona1 portion. Table 7 shows 

the prevalence of gingival reoession in the 126 subjeots who re-
~- ''\-- ....... 

oeived the initial examination. The'median data of three obser-
- . 

vers" estlmates indlcate that in 44 'subjeots (3.5%), the gingival 

margin wae located on the orown, and in 33 oases (26 .. 2%), the 

gingival margin was at the level o~ C-E junctIon.. In the re-
.' 

maining 49 subjeote (38.9%),~the C-E junction was oompletely ex
\. -

posed. There liaS one subjeot whesetgIngiva, had reèededr.near1y 

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. 

T~ere seemed to be a considerable vari~tion among the three 

examiners in identIfying the C-E junction. Whereas examiner C 

reported 71 subjeots whose gingiva was on the orown and 11 sub

jects whose gingival margin was on the C-E junotion; these-two 

situations were reoorde~by observer A in 31 and 46 oases and 

by observer B in 41 and 35 subjects respeotlvely.. The total 

number of subjects presenting with elther of these two situations 

appeared very similar, being recorded as 77. 76, and 82 by ob

~erver A, Band C respeotively. 

Compared to thé data from al1 initia11y examined subjects, 

the data from the g~oup who completed the study indicated a grea

ter amount of gingival reoesslon (Table 7). VariatIon among ob-

\ -
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Table 1 ' 

~ Prevalenee o~Glngl~l Reoession as Measured by Three Observera 

All 126 subjects 44 completed subjeots 

By observera By observera 
Gingival " 1 - -~.-

recasS. A B C ltt cd ian A B C Median 

E.Q .. -Lt.{ " . (mm.) !!Q .. !!Q. !!Q .. !!Q. --1L- !!Q .. !!Q. .!!2 " 
1 

-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 l 2.' 

-1.,5 l 2 7 2 1.6 0' 0 1 0 0.0 

-1'00 13 14 , 31 16 12 .. 7 3 4 8. .5 11 .. 4 

... 0 .. 5 16 24 22 24 19,,0 1 .5 6 3 6.8 

0 46 3.5 11 33 26.1 13 8 6 \9 20.5 

+0.5 14' 11 12 13 10 .. 3 6 4 1 4 9 .. 1 

+1.0 6 11 9 8 6~3 .5 7 7 7 15.9 

,+1.5 6 7 5 8 6.3 4 ( :3 'J 4 9.1 

+2.0 11 a 7. 7 ,.6 5 .5 2 4 9.1 

+2.5 l 0 l 1 0.8 0 0 1 0 0.0 

+3.0 4 4 ') .5 'l: l l l 2.3 

+3.5 0 0 l 0 Q 0 l 0 0.0 

+4~O 2 .5 0 2 1. l 2 0 1 2.3 

+~.S 1 0 l 1 1 0 l 1 2.3 

+5.0 2 3 :3 :3 2 J .3 3 6.8 
1 

+6.0 0 0 1 0 0 0 1 0 -' 0.0 

, +7.0 2 1 0 1 0.8 2 1 0 l 2.3 

'. 
_"fA 

.~~ 
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servers in 1dentifying the C-E junction wa~ quite apparent when 

assessment on the 44 subjects was considered alone. Whereaa ob-

serve~A, Band C rescti~elY reported 17, 18 and 23 SUb~~ct~ 

with gingival margin 1 ated elther on or coronal to the C-E 

junctlon, the total numbe of subjects whose tooth roots were 

exposed for 0.5 mm or le~s' (inc~udlng not exposed) was 23, 22 
'<lit 

'" 
and 24 respectlvely for observer A, Band C. It appears that 

the variation among observers in locating the C-E junotlon was 

about +0.5 mm .. 

4.I.Z Prevalence of gi~lval or periodontal pocket dfPth 

The gingival or periodontal pocket was measurenfrôm the gin

gival margin to the level of the epithelial attachment or to 

the pocket bottom, disregard1ng the level of ging1val marg1n 

on the tooth surface. The Median data of three observers· mea-

surements showed that in 53 of the 126 Bubjects (42%) who re

ce1ved the initial examination, su1cus or pocket.devth was 1 mm 

or less (Table 8). Only in Il subjects (8.1%) o~~hose e~amlned, 

were pockets deeper than 2 mm of whlch one SUbJec\ had pockets 

of 4 mm in depth. 

In comparison to aIl persons examined, the 44 subjects who 
, u 

completed the study nad slightly deeper pocke~s (Table 8). Po

ckets deeper than 2 mm were diagnosed in 8 (18%) of these suh

jacta. 

As expected, there was sorne observer variation in the pre

valence ,data. In general, observer C tended to obtain higher 

readings in measur1ng pockets of 2 mm or more than did observers 

A and B. 

\ . 
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Table 8 

Prevalence of Ginglva1'or Perlodonta1 Pocket as Measured by 

Pocket 

depth 

,(mm .. ) 

900 

0 .. 5 

1 .. 0 

1.5 

2.0 

2 .. 5 

3.0 

3.5 

4.0 

4.5 

5.0 

Three Observers 

AIl 126 aubjects 

By observera 

A B C Median 
\!) 

!!Q. !!Q. !!Q .. no. % 

2 2 1 2 1 1.6 

15 18 9 15 Il .. 9 

41 33 49 36 28.5 

34 34 27 37 29.4 

21 26 21 2.5 19.8 

6 6 9 6 4.8 

6 6 8 4 3.2 

0 0 l 0 0 .• 0 

0 0 1 0 0.0 

l 0 0 1 0.8 

0 1 0 0 0.0 

44 comp1eted sUbjects 

By observers 
.:>..L 

A B C , 

.!!Q .. no. nQ. or-

1 l l 
", 

St 6 1 

15 Il 18 

Il 10 10 
, 

4 7 6 

4 .5 3 

3 3 4 

0 0 0 

0 0 l 

1 0 0 

0 1 0 

Median 
l 

,rto. 

l 

5 

Il 

14 

.5 

.5 

2 

0 

0 

1 

O. 

, . . 

~ 

2.3 

11.4 

25.0 

31.8 

11.4 

Il.4 

4.5 

' 0.0 

0.0 

2.3 

0.0 

., 
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4.1.8 Preva1ence of the eplthellal attachment level 

The eplthellal attachment level measures the distance ~rom the 

C-E junction to either the eplthellal attachment or the ~erlo-
, 

1 

dontal pocket bottom. The prevalence data are presented in Ta-

ble 9 for 126 subjects who received the initial examination and 

fôr the 44 subjects who oompleted'the study. 

lence data are also shown in Table 10. 

~ 
i Summarized preva-

When the C-E junction ls covered by the eplthelium, lt 

shou~d be impOSSible to measure the-]epithe1ial attachment level, 

and in princlp1e, a zero value should be recorded. In a few ca-

ses, however, the attached level was clearly located on the co

ronal portion of the tooth and therefore a value of -0.5 mm.was 

assigned for detachrnent. Median data of the three observers· 

measurements (see summary table 10) showed that whl1e only one-
~ 

elghth of the sUbjeots had no measurable eplthel1al }de~ohment. 

less than one-elghth of, aIl subjects had an eplthelial detach

ment of greater than 3~~. AlI 5 of the 126 persons wlth 
-

greatest detachment (greater than 6.0 mm) had completed the stu-, 

dy. 

Also shown ln Table 10 18 the great variation among obser-, . , 
t 

vers ln decldlng whether eplthellal attaehment level W8S on or 

apical to the C-E junotion. In contrast to observer A and B, 

observer C oons1~tently recorded more subjects wlthout a deteo-
'J ~ 

table eplthellal detachment. Obser~er A was 1ncl1ned to ~lnd 

detached ep1the~lum on cementum • 

l, 
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Table 9 

.' ' , 

Prevalence of Epithelial Attachment Level as Measured by 

Three Observera 

AlI 126 subjects 44 comp1eted subjects 

By observera By observera 
. Epithel. 

attach. A B C Median A B C Median 

(mm. ) !!Q. !!Q. !!Q. no. ~ .!!Q. BQ. .!!Q • no. % 

-O.; 3 4 2 1 0.8 0 2 0 0 0.0 
0 ; Il 44 16 12.7 ,"1 3 Il .5 llo~ 

+0.5 27 16 Il 24 19.0 '8 .5 :3 6 13.6 
+1.0 23 26 10 19 1,.+ 7 4 4 4 9.1 
+1., 1; 13 1 Il 1.5 Il.9 2 3 2 3 6.8 
+2.0 16 18 1.5 16 12.7 6 7 .5 6 13.6 
+2., 6 9 8 4 :3.2 2 4 .5 2 4 • .5 
+3.0 7 8. 8 Il 8.7 .5 6 3 9 20.5 
+3.,' 8 .5 :3 4 3.2 4 0 2 0 0 .. 0 
+4.0 3 1 3 :3 2.4 2 1 2 .-- 1 2.3 
+4.5 3 4 l :3 2.4 1 2 0 2 4 • .5 
+5.0 2 2 5 2 1.6 0 1 2 0 0.0 
+5.5 1 :3 0 2 1.6 0 1 0 1 2.3 
+6.0 1 0 1 1 0.8 0 0 1 0 0.0 
+6 • .5 2 ,1 0 1 0.8 2 1 0 1 ' 2.3 
+7.0 1 1 1 l 0.8 l 0 1 l 2.3 
+7.5 0 1 0 0 0.0 0 1 0 0 0.0 

+8.0 0 l 2 1 0.8 0 1 2 1 2.3 
+9.0 0 0 1 0 0.0 0 0 1 0 0.0 

+9.5 2 0 0 l' 0.8 2 0 0 1 2.3 

+10.0 1 2 0 1 0.8 1 2 0 1 2.3 

• 
( 



-)8b-

Table 10 

• Epithelial Attaohment Level aa Measured by Three Observera: 

Summarized Data 

• 

Observera 
Epithe1. 

attaoh. A B C Median '. 

v 

(mm.) nùmber ~ number % number ~ number 'i'! , 

In aIl 126 subjeots 

0 8 6.4 15 12.0 46 )6~ .5 17 13 • .5 

0 .. 5-).0 94 74.6 90 71.3 6) 49.8 89 70.6 

3 • .5-6.0 18 14.) 15 12 .. 0 1) 10,,4 1.5 12.0 

\ 
6.,5+ 6 4.8 6 4~8 4 ).2 .5 4.0 

~ 

In 44 comElete~ subjects 
,1 

0 1 2.3 5 Il.4 Il 25.0 5 Il.4 

0.5-3,,0 3Q 68.2 29 65.9 22 50.0 JO 68 .. 1 C 

3.5-6.0 7 15.9 5. Il.4 1 15.9 4 9.1 

6 • .5+. 6 13.6 5 Il.4 4 9.1 5 11.4 

~-
0 ~."r.(, _'" 

1 

• 
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1 1 

To 8ummarize, the bucc~l periodontal tissue of the upper first 

or second rnolars in this study population showed the following 
-charaoteristics: most attached gingiva did not have a stippled 

appearance and when present, It was located on the subpapl11ary 

, areas; one-third,of the subjects showed no gingival redness or 

swelling and in nearly two-thirds of the cases, part or aIl of 

the marginal ginglva wes red in colour; such a colour change 
1 . 

usually did not extend to the attached, glngivaj there was no 

observable gingival ulceration an~ in only ~% of the cases wes 

pocket pus ob~ervable; in more than nlne-tenths of the subjects, 

gingival bleeding could not be indu~ed wlth a mechanlcal pres

sure; the gingival rnargin was locatèd on the coronal portion of 

the teeth in more than one-thlrd 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 the eplthelial âetachment was 

taken as an estimate of def1nlti~e destruction of perlodontal 
"i'l'; C 

tissue, one-elghth of the sUQjects showed no sign of epithellal 
( 

detachment while·ln an additlonal 70% or the subjects was the 

detachment no more than J mm apically to the C-E junctlon. 

It would appear that the study group had sorne degree of 

gingival inflammation without grossly observable bleeding, ul

ceration or pocket pus. The majority of the subjects'demonstra

ted Incipient destruction of the perlodontal ligament as manl

fested by apical migration of the epithellal attac~ent, but 

only in a few cases dld such~destructlon start to affect the ,mas

ticatory functlon. 
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ted ln two ways: one, by disp1aying a frequeney distribution of 

the devlatlon of each observer estimate or measurement from the 

reference estirnate or measurement whlcb was the median of three 

observer estlmatesi and second, employlng the statistics of the 

average amount of information transmitteq!as an inverse measu~e 
of observer error or variation. The st~istie of measurement 

error or variation was a1so used to estimate inter-~bserver va-
l t. 

riation for gingival recesaion, pocket depth and epithelial at-
l ' 

taohment level due to thelr parametrfc nature. 
1 

/ 
/ 

4.2.1 Inter-observer variation of $lngl val stuœ1i:gg estimat,e 

Inter-obserter variation for the/gingival stlppling estimate in 

126 subjeots is shown in Fig. 4. Complete agreement of each ob-
( 

server's estimate with the refe~enc~ estlmate was 87% for obser-
1. \ 1 

ver A and Band 75% for observer C.\ In general, observer A tend-

ed to underestimate the gingival stippli~, whereas observer C 

reported greater prevalence and amount o} st;PPling. Si~i1ar 
inter-observer variation was observed in initial and final gin

gival stippling assessment on the 44 subjects who compîeted the 

study'." 

'The erude impression of inter-obser~er variation was sub
I 

stantiated by the average arnount of information transmltted f 
o 

AIT)" Table 11. _The AIT basad on the data from 126 ~ubjects 

was O .. 48~' 0.67 and 0.43 for observer A, Band C respeetlvely. 
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lhg. 4 Inter-observer variation of gingival stippling estimate in 126 
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Table Il 

e, -
Inter-observer Variation in Eaoh Periodonta1 Parameter Estimate 

. 1 

/, 

~, Average amount of information 
transmitted (binary digits) 

Accordlng to atudy subjects of: 

Parameters Observers AlI 126 Initial 44 Final 44 

" 

amount '1>.* amount ~ amount % 

Ging .. stipplo Il 0 .. 48 42 .. 3 0.46 47 .. 5 0 .. 43 47 .. 2 
B 0,,67 .59 .. 0 0,,43 4404 0 .. ,54 .59,,0 
c 0 .. 43 37 .. 9 0.43 44 .. 9 0".53 58 .. 0 

Glng" rednesB A 1 .. 15 66 .. 5 1,,15 67 .. 1 0 .. 98 6103 
B 0095 .54.9 0 .. 98 51 .. 9 1..38 86 .. 1 
C 0 .. 71 l~L,O 0 .. 75 43 .. 8 0 .. 71 ~4 .. 2 

Glng ... b1eed .. A 0 .. 44 89 .. 8 0 .. 42 7307 0 .. 36 84 .. 9 
B 0 .. 40 81..6 0048 84 .. 2 0 .. 42 100 .. 0 
C 0 .. 17 34 .. 7 0 .. 31 54 .. 2 0 .. 16 37 .. 3 

Pocket pus A 0 .. 21 87 .. 1, 0 .. 20 76 .. 1 0 .. 16 100.0 
B 0 .. 17 70 .. 8 0.20 -76.1 0 .. 11 71.0 
c 0 .. 00 0 .. 0 0 .. 00 0 .. 0 0 .. 00 0.0 

Glng .. recess .. A 2 .. 21 69.7 2 .. 31 69.2 2.6, 79.6 
B 2035 7401 2.82 84 .. 6 2075 82.4 
c 1.71 53.9 2.4.5 73.4 2.40 72.0 

Pooket depth A 1 .. 64 68 .. 9 1 .. 86 73.0 1.,36 60.1 
B 1.61 67.6 2004 80 .. 3 1.52 67.4 

\ c 0 .. 90 37.8 0.99 38.8 1.05 46.4 

Eplth. attach. A 2.50 72., 2.71 78 .. 2 2 .. 81 79.4 
B 2.44 70.7 2 .. 92 84.4 2.58 73-,1 

" C 1.75 .50 .. 7 2 .. 45 70.8 2 .. 51 71.1 . '. * Percent of information transmitted out of actual ma~lmum 
information 



/ 
1 
1 

, -
1 

• 

, 
" 

• 

-41-

indicatlng that the variation wss least for observer Band great

est for observer Co These values' were less than one-ha1f of the 
~ 

actual maximum information aval1ableo Same table also shows 
\ 

that there l'JaS a Slight lmprovement i~ inter-observer agreement 
," \ 

from the initial to the final gingival stipplln~ estimate for 
1 

the 44, sub.teots t'lho 'completed the 'study" 

~'c202 Inter~op::t~~ variation in gf!![Sival remess and/or swell-

199 estimate 

Based on data from aIl 12~ subjeets (Fig" 5)1) complete agree-
'''' 

ment of observel" estimates 1'iith referenee estimates 't'las qulte 

good for observer fA (8801%) anô "B (84"1%>,, The sarne applied to 

observer C only in '66 ... 7% of the cases" 'T'he figure also shOl'led (y 

that l'lhilc observer ft.. and B tended ta underestimate the preva~ 

lence é\nd sever:lty of, the parameter" observer C frequent.1.Y ov-er·

estimated ito In sorne oases g gingival redness and/or swell1ng 
• 0 , • 

'\ 

was scored by observeI' A and B as l wh11e 1t was scored as 3-by 

observer C" Data from 441 sUbjects J'lho comp1eted the study a1so 

showed siml1ar 'inter-observer variation in the parameter estima

tes" 'Dur1ng the final examlnation of the 44 subjects, overest1~ 
1 

Matton occurred only once in the case of observer A and B, and 
c 

12 tlmes ln the case of observer C~ 

The average amount of information transmitted in the gln~ 

gival redness and/or swel1ing,estimates on 126 ~ses were lQ15, 
1 

O~95 a~d OQ71 for obs~r~er Ap Band C r,espective1y, supportlng 
. , 1 \ 

the notion that observer A had the 1east .and C the greatest vs-
, 

riation from reference estima tes as shown in F1gure 5. A sim1-

1ar va~iatlon among'three observer initial estlmates on the 44. 
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Fig. 5 Inter-observer variation' of gingival redness and/or swelling 
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subjects was observed. At the final assessment, observer,B was 

in best agreement with reference estimates as indicated by the 

greatest AIT value (1.)8) see Table 110 

4.2.) Inter-observer ,variation i,n gingival bleeding estimates 
" 

Inter-observer variation of the gingival bleeding estimates ls 

shown in Fig",,6 for the aIl 126 cases .. In particuler» observer 

estimates completely agreed with reference estimates in more 

than 90J'j of the cases. Es;timates by observer A ànd B agreed 

l'lith each other more frequently than"w-ith observer Co Similar 
1 

inter-observer varia~ion of this parameter estirnate in initial 

and final assessments for 44 cOrhpleted subjects l'las found. 

Despite the relati'l!ely good agreement in'three. observer 

estimates based on devletion frequency distribu~iQn, there i8 

great variation among them in the amount of information trans

mitted (Table Il)0 Estimates by observer A and B transmitted 

73% or more of the information fro~ the reference estimates. 
1 whereas it ~ms 54% or less for observer GiS estimates. 

4 .. 2.,4 , Inter-observ~r variat.!.o.n. in .1Udgl!!,g .. 1!lturesèric~ or ab

~ence of pus within gingival or Eeriodonta1 pockets 
1 

The frequenéy distribut10n for the deviation o~ each obser 

estimate from the reference estimate in pocket pus assessmert 

13 presented in Fig. \7 for aIl 126 aubjects.' In more than 9 % 
of the cases, estimates made by observer A and B agreed comple-

l ' 
tely with the reference 'estlmate while observer C achieved agree-

ment in 93% or 
<'> 

a erver A and B 

'" 
" more Fr the .cas~s. This was maln1y because ob-

tended tOI_agree wlth each other on the presence 
/- " 
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Fig. 6 Inter-observer variation of gingival bleeding estilnate in 126 

• subjects 

A B 100 

90 

\ 80 

90 10 

0-

80 ,-' 
~-- \ ---

60 J - --

U) 
+..1 10 t> 
ID .... .fJ 

r§ 50 ~ 
U) U 

4-i 6 ~ 
0 ID 

0.. 
M 
ID 

1 40 

40 
30 

3 

20 

20 

10 

1 

~ cd 000 
mg 

0 • - 1 0 +1 +2 
,9 

'tleviation of each observer estimate from reference estimate 



-4Zb-

Fig. 7 Inter-observer variation in judging the presence or absence of pus 

~. in gingival or periodontal pockets in 126 subjects 
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of pus more frequently than did observer C. During final asse

ssment of thls paràmeter on 44 sUbjeots, only ln one oase did 

observer Band C differ from the referenoe whl1e observer A 00-

lnclded completely wlth the reference estlmate. 

In comparlson with 1;:he glJl~al bleeding e,stlmate, the po

cket pus estimate had muoh less maximum information avallable 

whlch was 0.26 or even less. The observer A and B's estimates 
, 

transmitted 70% or more information from the referenoe estimates. 
" 

Desplte the tact that over 90% of the observer C's estlmates were 

in complete agreement wlth the reference-estimates, the former 

transmitted no information st aIl from the latter (aee Table Il). 

~. 1 

~.2.2 Inter-observer variation ~n gingival recession measurèment 
1J .',' 

The frequency distribution of each observer measurement deVi~- , 

tions from the reference estlmate of gingival recesslon are shown 

in Flg. 8 for aIl 126 cases. When devlation from reference me8-

surements was considered, nearly 80% of observer A and Bis mea-
, --------surement Nere in complete agreement with the reference meas~-

ment whereas only 38% of observer Cfs measurements agreed wlth 

the referenee. An additlonal 52% of cases were undermeasured 

by observer C by' either 0.5 or 1.0 mm. Such a systematic mea

surement difrereuce between observer C and observers A and B 
D 

perslsted at the final assessment for the 44 remainlng sUbjects. 

Measurement error (varlatioù for the three obsèrvers ~anged from 

0.2 to 0.5 n:rm, the smal1est belonging to observer B"and the lar

gest to observèr C (Table 12). 
.l. 

In comparlson wl th the four preceed1ng pa~meters, the act-
\ 1 l 

ua1 maximum information for thls parameter W8s much greater, 

,-
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• Fig. 8 In ter-observer variation of gingival recession rneasurernent 

in 126 subjects 
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Table 12 

The Measurement Error ( Variation-) as an Estlmate of Inter- and 

Intra-observer Variation in Measurlng The Gingival Recession 

Level p Pockot Depth and Epithelial Attachment Level 

Parameters 

Ging. recass. 

Pooket pua 

Eplth. attach. 

Messurement error (mm.) 

AIl 
126 

Inter-observer 

Initial 
44 

Final 
44 

Observers cases cases osses 

A 

B 

C 

A 

B 

c 

A 

B 

c 

" 0 .. 29 

0.22 

0,,4'1 

0019 

0 .. 16 

0.33 

0.29 

0.28 

0.49 

'>\ 

, 
f 

0.42 0 .. 21 

0 .. 21 0 .. 21 

0.42 0 .. 54 

0 .. 21 0 .. 25 

0015 0 .. 23 

0 .. 35 0.2'1 

0.39 0 .. 39 

0.28 0.35 

0.49 0.49 

lntra-observer 

44 
completed 

cases 

0 .. ,52 

0 .. 25 

0 .. 47 

0.38 

0 .. 34 

0 .. 46 

0 .. 73 

0.46 

0.55 

1 

1 

------'" 
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and the average amount of information transmitted in each ob

server measurement increases oonsiderably (Table Il). Conse

quently, despite a fair amount of devlation in each observer's 

measurement from the reference, the 

weIl over 50% of th~ctual maximum 

in most cases it wa~O% or greater. 

information transmitted was 

information avai1able, and 

(~, .. ...;4~.,.;;;;2.;:.. ~6 ____ I;.;;.;n~t;;;..e::;.;r;...-__ o;;..;;b;;.;;s;.,,;e;.;;r...;v....;e;.;;.r-..,;.v_a.;;.r_la.;...t.;;.1;..;,.o.;;.,n..-....i;..;,.n_-..".g_l .... pg~l;....v_a.-.l'--o __ r_:E..;;..e ..... r-.io,;;,.d .... o_n .... ta ........ l"'-"'l? .... o_c_-
\ f 

ket depth measurement 

During the initial pocket depth measurement in the 126 subjects, . 
observer A and B respectlvely achleved 83.3 and 81.0% agreement 

wlth the reference measurement wh11e observer C achleved agree

~nt in only 57.9% of the cases (see F1g 9). In situations where 

observer measurements differed from the reference measurement 

by less than +0.5 mm, these cases were pooled together with ca

ses of complete agreement. This resulted in 97.6%, 99.2% and 
c\ 

90.5% agreement for observer A, Band C respectively. The mea-
. 

surement error(varlatlon)was least (0.16 mm) for observer Band 

greatest (0.33 mm) for observer C (Table 12). 
-
When the 44 subjecta who oompleted the study were cons'f-

dered, data from initial assessment showed inter-observer varia

tion siml1ar to that outllned above. At the final assessment, 

the degree of inter-observ~r variation among the three observers 
) 

was quite siml1ar. Measurement error(varlation~for observer A, 
u 

Band C was 0.25, 0.23 and 0.27 respectively, (see Table 12)0 
, 

The actual maxim~ information of this parameter was much 

less than that of gingival recession est1mate. Observer A and 

Bis measurements transmltted over 60% of aotual maximum informa-
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Fig. 9 Inter-observer variation of gingival or periodontal pocket depth 

measurement in 126 subjects 
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tion available, whereas AIT for observer C was less than 40% of, 

aIl available information durlng initial assessment (see Table 

Il) 0 Desplte a relat1vely equal degree of deviation for each 

observer measurement from reference measurement at the final 

assessment on 44 remainlng Bubjects, the inform~tion transmitted 

was still much less for observer C than by observer A and B. , 

4.2.;-Z Inter-observer variation in eEithelial attachment leve1 
. ' 

measuremÈ:mt 

Since the epithelial attachment level was- obtalned by summing 

of the gingival recesslon level and the pocket depth, inter

observer variation in th~ epithelial attachment level measure

ment 18 a funotion of the variation in the two oomponent para

meters. The frequency distribution of observer measurement de

viations from the reference estimate are presented in Fig. 10 

for al1 subjects.. The figUre lndlcated that whll'e observer C 

markedly underestimated the eplthelial attachment lavel, obser

ver Band partiou1arly observer A, overestimated 1t. About 90% 

~f the 126 cases were measured as being in the variation range 

of 0 to 1.0 mm by observer A and Band with1n -1 0 0 to O., mm by 

observer Co The measurement error (variation) was 0.29, ;004,8 

and 0.49 mm respectively for observer AfI ·B and C (Table 12) .. 

Such systematlc inter-observer variation persisted throughou.t->-
J 

the studyo 

" As an inverse mea.sure of inter-observer varla,tlon,., AIT 
, \ 

supported the general impression regardlng the inter-observer 

vafl~t16n derived fror the data of the deviation fr~quency dis

blbution ~nd measureJent error (variation). "However, it was 

interestlng to dlscover that in the final assessrnent of 44 sub-
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Fig. 10 Inter-o~server variation of epithelial attachment levei measurement 

in 126 subjects 
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jacts, althougb observer C markedly underestimated the para

meter whereas observer A andçB only slightly overestimated it, 

thera was only a slight d1fferenoe in AIT values for the three 

observera .. 

4.2.8 Summarl of the inter-observer variation in ~rameter 

estimate or measurement 

The nature of the inter-observer variation for each parameter 

assessed suggest~ tha~ there were three major groups of para

m~ters each l'dth rather distinct characteristics l'Ilth regard to 

the inter-observer variation in the estimateso In the first 

group, gingival st'Ippling and gingiva'l redness ,l complete agree"': 

ment of: each observer' s estima te l'li th l'eferenee estima te tiaS 

greater than 80% for observer A and B and about 70% for obser

ver C.. The averag~ amount of information transmi tted l'laS mo-

derate-- about 005 for gingival stippllng and 1.0 for gingival 
1 

redness 0 Respecti vely" thls acc'ounted for nearly 50% and 60% 
. 

of the aotual maximum information in each parametere 
\ 

In the second; group were gingival b1eeding and pocket; pus .. 
1 

Since only a f~w ca~es demonstrated positive signs, mo~e than 
1 

90% of the observer i e'stimates were in agreement wl th reference 
l ' 

estimates. In the Jases whene gingival bleeding or pooket pus 
\. 1 -

exlsted~ estimates dmong the three observers varled conSlderabi1r', 
~ 1 

1 

especlal1y obsjeryer 1 C agé\lnst observers- A and B. Whereas obser-

ver A and B' B estimates sornetirnes transml tted nearly lOO:t of , 
ù 

J 
ù actual maximum info~matlon, observer Crs estlmate transmitted 

praotioally no information desptte the faot that there was over 
, ' 

90% agreement among the three observers. 

a 
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The last group conta1ned gingival recession level. pocket 

depth and ep1thellal attachmèht level_ Both the amount of in

formation transmitted arid the percentage of aotual maximum in

formation rose conslderably. The inter-observer variation was 

significantly reduoed~ In many oases in wh1ch observer A and ~ 

B reoorded 0 mm of gingl val recesslon ll observer C measured O .. !5 

to 1 0 0 mm les~ gingival recessionn In comparlson to observera .. t 

A and B, observer C sllghtly, overmeasul"ed the pocket depth .. 

ConsequentlY, for the parameter of eplthelial attachment level, 1; , 
observer A and B ~llghtly overmeasured (O., to 100 mm) and o~ 

l, 

servel' C moderate~. undermeasured lt (-005 to -l~O,mm)n The 
1 

measurement error çr variation in epithelial attachment level 

't'laS approxlm tely 0,,1+ mm, 0,,3 mm and 0,,5 mm for observer A, B 

and 0 respeotivelyo 
o 

.' Intra-observer variation of eac~ parameter estimate or 
- ,1 

rneasurement 
, 

Al though eac,h subject l'ras a.sked to return for a re-assessment 

on the 7th dey following the initial e~mination, the interval 

between two assessments varied greatly from one subject to ano

ther. Of the 44 persons who completed thé study and were con-
~ 

sequently ava11able for intra-observer variation assessment, 
, f 

only 18! returned on the 7th day. An add1~lonal 9 pers ons oame 
1 

/ ' 

back between the 4th and the 6th 
/ 

\ ~ 

day. while 12 and 4 sUbjeots 

returning during the second and third week respeot1vely. One 
! - - -

person oame on the 27th day after init1al asséBsmento It iB 
~ 

reasonable to assume that sorne, -however slight, ohanges in pa_ 
/> ./ / , \ 

, 1 ? 

" 
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rametGr severlty ma.y have occurred bebleen the Cl'TO exam~.nationsl1 

espec:lally those in'Jol1Jing glngl val tissue only" Therefore l} the 

,s,t:lmE\te of lnt:<,:a~observer 1]'ariatio~ :'1.:0. t111s Si;U~y_ BctualJ.y ln~ " 

cJ.udes:l ln addItion _ to '('?-€al :'lntra=observGx"> vàI'lation 9 sorne -pos~ 
<, , 

slble se'Je:ri t-:v changes talclng :pJ.eJce bett'leen -the tt'TO assessments" 
f 

!/-oJol Intra-ob!3erver variation Jn gipgival sti.E211!!K estlma'~ 

The frequency d:lstrlbutlon of the d.eviations ,betl'Teen the flrêt 
, 

and the second ginr;lval stlppli'ng estimates :1'81 shown ln Fig" Il,, 

In 33 or more cases 9 each/observe1:" made the sarne I?l3tlmate for 
l ' 

1 

the f~.rst; ana. second scoring" DUI"ing the second assessrnent 9 

all obser'l.rer's estime. ted lm-rel' scores than they did im tialJ.y" 

Basad on -the d!evl?-tion distribut:1.on, observer A seemed to achie- . 

ve the best scor1ng reproducibilityo Vlhen the statistlcB of the 

average amount of information are considered p data from observer 
> " 

A actual1y trf\nsmi tted the Iea.st 'amount ~of information, -there-. ' 
1 

fore~ :1nd:lce,t5.n.g the<J greatest within observer variation (see Ta~ 
, , 

'bIs 1)0 Data from observer Band C are quite comparable for 
'; rI' ~ 

both deviation' distribution and average amount of information 

transmttted (AIT)" 
", ' / ' 

Comparing AIT(for- inter~ and lntra-observel' variation ( 
\ ' , ", 

Table Il and l3)~ the data indicate that bot~observer Band C 

are given to simila,~' lnteIt and intra.-ohservel' vapiat10n in gin~ 

gival stippl1ng estimateê Observer As however, achieved better 

agr~ement w~th observera Band C than he did wlth hlmself o 

~1.2 I~tra-obs~r~~r varl~tion in gingival l'sdness and/or 

swellipg estlmate 

, Ir l' 

----~ 
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Fig. Il Jntra-obSeDJer. variation of gingival stippring esti~ate in 

• 1\4 "lubjects '-Tho remained in the study 
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, l 'l'able 13 

Intra~Obser~er Variation of Each Parameter Assessment in 1l.q, 

Subjects 1-1ho Remained ln The Study 

Parameters 

Glng" stipp11ng amount 

percent-::. 

" GiYlgQ redness amount \\ 
1: , 

percent 

Gingo b1eeding . amount 

percent 

Pocket pus âmount 
. 

percent 

Glng" recession amount 

percent 

Pocket depth a.mount 

percent 

Epith .. attachmÉmt amount 
J 

percent 

le.. 

b~ 
Il 

Average amount of :informatlon 
tr~nsmitted (binary digits)' 

A 

0.,2) 

25,,6 

0,,75 

4h/,,6 

0",10 

2308 

0002 

5 .. 6 

1 .. 6.5 

53,,2 

0 .. 95 

37 .. 6 

2 .. ) .. 4~ : 

61 .. 6 

Observers 
B 

0,,1~4 

3601 

0,,87 

56,,9 

0 .. 27 

3602 

0020 

56,,0 

-2,;44 
\t< 

'I\,) 

73 .. 7 

1 .. 15 

"43 .. 1 

2.46 

66 .. 9 

./ 

, ; 

c 

0.,42 

3203 

0.82 

l~3. 7 

0,,16 

51 0 6 

0 000 

000 

201.5 

6203 
(''1'" .. 
\, 

0.,68 

28 .. 9 

2 .. 41 

,/70 .. 1 

1 

'"' Percent of information transmitted out of ac t~l maximum 
information 1 

, . 
/~ 

( 
\ 

i' 

, ,é 

... 
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The intra-observer variation :i.n e;inglvàl redness and/or S'I'lelling 

estimates by eaoh observer ig presented :i.n Fig" 120 Observers 

A,'B and C achieved complete reproducibilit~ in 34 (7703%), 36 

(81.8%) and JI {7005%) of the 44 completing subjectso Practi

ca11y aIl the 1.ntra-observer estimate dlfferences in the re-

maining subjects were the result of 11nder or over-scoring by 

one nnit o 

The statistics of tthe average amount of information tran

sndtted (AIT) \'lere 0.75, 0,,87 and -0,,-82 for observep A, Band C 
f 

respectively (see Table 1)), lndicatlng that intra-observer va

riation was least for obser·ver Band greatest for observer A" 

Comparine; these data ''li th the AIT in Table Il, i t becomes clear 

that \'1hile observers A and B agreed ''1el1 w:tth each other and ta 

a lesser extent with observer C, -yet in t'erms of reproducibility, 

each observer achleved relatively the same degree of ln~rawob

servel' variation" 

4.3~ Intra-observer variation in gingival bleeding estimate 
, 

The reproducibility in gingival -bleeding asseasment wa~-achie-
l, 

ved in 38 sUbjects (86 ol~%) by observers A and' B and in 42 sub-' 

jects (95 .. 5%) by'observer C (Fig, .. 13)" P~actically aIl the re-

" maining subjects were over- or under-scored by one unit only in , . 
. ., 

successive assessm"ents,. 

For the gingival bleeding estimate, the average,amount of 

information t'ransmitted was o.i"o, 0027 and 0016 for obse~vers 
l " 

, 
A, Band C respectively (Table 13). This indicates tbat the 
! , 1 

intra-observer variation was least for ob~erver B antl greatest 

for observer A .. 

, , 



Fig. 12 Intra-observer variation of glngival 

• estimate in 44 subjects who remainod in he study 
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- Fig. 13 Intra-observer variation of gingival bleeding estimate in 44 

4It subjects who remained in the study 
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Comparing these results wlth those of inter-observer va-
, i 

,rlatlon (Table Il), the data lndicate that observer B agr~ed 
r 

1 1 

't'lell not on1y ld. th observers A and Ct but a1so l..ri th himself 1) 

" c 

observer A achieved better agreement \1'1 th observer Band C than l,'" 
,,\,1 

he did with himse1f a and that observer C achieved better agree-
r 

ment l'Il th himself than he did wi th' observers A and Be 

4.204 Intrs-observer variation in judglpg the presence or abs

ence pf pus in g1pgival or periodontàl ~ookets 

In successive assessments of the presence or absen~e of pus in 

gingi val or~'periodontal pockets, observera Band C recorded the 

'-' 

, 
same estimates in 43 cases.. Observër A obtained identlcal scores 

for 40 subjects (Fig .. lh) Il 

D~sPite such good ~eproducibility. the a~erage amount of

information transmitted was only 0.02, O~20 and 0.00 for obser-
• 'j j-' 

vers A, Band C respectively (Table 13). Thus, the application 
r ' , , n 

of the statistlc of AIT as an in~erse measure of observ 

tion wes --of limited use. This was true in the case of 

A and particularly 50 for observer C. 
, .. 

Based on inter-observer variation (Fig. "7) and 

server' variation' (Fige' 14), ob~erver Cls estimates corresponded 
, " 

poor1y to those of observer A and B. Observer A achieved least 

reproduoibility ;n successive assessments. 

4.J.2, Intra~observer variation in glngiv.al rebe~s1on measurement 
. 

The frequency distribution of the qeviat10ns in rep~ted assess-

ments of gingival rec~sBion is shown in Fig. 15. There wére 19 
. 

(43.2%), 28 (63.6%) and 14 ()1.8%) subjects for whom observers ( 
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Fig. 14 Intra-observer variation in,judging the presence or absence of pus in 

gingival or periodonta1 pockets of 44 subjects who rernained in the study 
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Vigo 15 Intra-observer 'lariation of gingival recession measuremcnt in 44 

• subjects \.,ho remained in the study 

• 

~ 
t) 
Q) 

'r-; 

.g 
}fI 

'tj-f 
o 
H 
Q) 

~ 
Z 

, 1 
\ 

40 

35 

30 

2 

20 

1 

10 

) B 

- 2.0 -1.5 -1.0 -0.5 o 

n,_ 
UI 

/' 
.1 

+ 0.5' + 1.0 + t.5 + 2.0 

,Deviation of thé second from the ~irst measurement 

100 

90 

80 

70 

60 

50 

40 

30 

20 1 

10 

o 



• 
-51-

A, Band C respectively reproduced the same meastirements. If 

one considers aIl deviatlons of ±0~5 mm as being negligible, 

then observera A, Band C achleved reproducibillty for 32 sub

jecta (72 .. 8%), 42 aubjecte (95.5%) and 34 sUbjects (77 .. 3%-) res-

pectlvelYe The max4mum difference in repeat 8ssessments was 
~ 

+2/0 mm .. " 

Measurement error (va~iatlon) provides 8 precise data for 
t",.x ~ 

each observer's r~producibil~ty in making the measuremento It 

was 0052, 0.25 and 0047 mm for observer A, Band ,C respectively, 
~ ~~ 

see Ta~le 120 Thue, observer B was considerably more consis-

tent in assessing gingival recession. 

The average amount of information transmitted for observera, 

A, Band C WeB 1.65, 2.44 and 2.15 respectively (Table 13). 
f 

These data substantiate the conclusion drawn f.rom both deviation 
, , \ 

frequency distribution and measurement error. 

Judging from both AIT and measurement error, there ls sorne 

indIcation that measurement variation within observers was grea-

ter than that between observera, see Table Il, 12,and 13. Thl~ , 
, ' 

i8 particularly obvlo~~ for obRerver A and Iess ao for observera 

Band C. 
, , ~ 

Intra-obse~ver variation in 'gingival or Perlod~ntal poc-. 

ket depth meaaurement 

The frequency distrfbution orot variation in repeated measure

me~tB of gingival or periodo al'pocket depth 18 shown in Fig. 
- \ 

16. "Complete reproducibill y occurred in 19 cases (4).2%) 

caaea <50%) and 16 ~ases < 6.4%) for observer A) ~ and è r 

tivelr. ' If deviation of ±D.S mm were consider~d as being negll-

, . 
,1 

/ 
;' 
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Fig. 16 . t' f "\,. l . d t l k d h Intra-observer varLa Lon 0 g1ngLva or perLa on a poc et ept 

• measurcment in' 44 subjects who rcmained in the study 
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giblê, reproduoib~lit1 WQa achieved in 37 0 38 and 34 aubjecta 0 

raspectively for the Bame three observerB~ Tho maximum dèvia~ 

tion t1813 +1",5 mmo ...... 
- , , 

The observer B achieved ~ho lowest meaaurement error (0034 
c , 

mm). and l'ma follOtfed. by observer A (0038 mm) and. C (0 0 46 mm) () 
1 

oee Table 120 The atat1a.t1os of AIT were 0095, 1015 and 00 68 

reapectl~ely for observera Ae B and C (Ta~le 13)0 Thus, aIl 

data preaented hitherto ind1cate that observer B was able to 

achiave the hast reproduclb111ty in the measurement of pocket 
q - \ 

depth" 

Considerlng aIl obseryers together, intra-observer varlh

tion for thls paramet~r lB conaiderably greater than inter-ob

server variation, aee Table I1 p 12 and 130 

4"J.Z Intra'::'observer varJ.atlon in ep'ltbellal 8tt.;'Chment 1evel 

mea,suremen~ 
, 

The frequency distribution of wlthin observer variation in ra-

peated asseasments ot eplthellal attaohment level la presentëd 
. 

in Fl~Q 17. Complete reproduolbll1ty in measurements was achle-

ved for 13 (29.,%), 1~ (40.9%) and 17 ()8.6%) br obseJvers At 

B and C ~espectlvely. Addlng the cases wlth a devlatlop. equal 1 
ta or lees tha~±0.5 mm in repeated measurements, reproduoibllity 

lncreasès to 24 (54.6~), 34 (77.3~) and 3, (79.5%) subjects res

pect1 Yel1. In more than 90~ of the ca~es measured by observer 

, B and C aid 80% by observer A p the difterenoes betwe~ repéated 
, 

measurements, are 1 mm or less. 

The meaBur~ent erro~s by observera A, Band C were 

mm, 0.46 mm and 0.55 mm ~eapeotlvely (Table 12). 
f ~ 

\ .... \ 
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Fig. 17 Intra{6bserver variation :l..1l repeat measurements of the epithelial attachment level in 44 subjects 
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, tlO~O gre~ter tnan 1nter~obae~ver menourement crrorR o 

The ~verage amount of inforwation transm1tted from repe~~ 

ted ep1thelium attachment leval measurementa ~B 2014 0 2046 and 

2"lH for obsarvor A" Band C ~espactival;r (Table 13)~ The"Rtll.-
( 

tietics ofoboth AIT and measurament arroI' lndlcatQ a better ~n~ 
_ I-l 

tra-obaerver agreement by observer'B and,C measurementa tban by 

observer At) 

or rncas11rernent . ,....",..-

In obta1nlng sucoessive messurements of gingival st1ppllng and 

gingival redness~ eaoh observer aohleven complete reproduolbl-

: 11ty in 75%, and 70,% of the a.ubjeots assessed.. The stat1stic of 

\ the average amount of lnformatl<,n tranBm1tt~ suggèsts' that 1>11- '" 
" . 

thin observèr variation was ~eater for observer A than for ob-

server B and Co 
Cè" 

~ 'Because of the few ca~es whioh dernonstrated gingival blee-

ding or pus ~lthln the gingival or perlodontal'pooket, in over 
. ~ 

90% of the ca,ses the three obse~er8, ~chieved oomplete reprodu-
v 

1 clbl11ty in estlmates or judgements. The statistlc o~ AIT 18 
, 1 

however, of 11ttl~ use in the case of the glngI~l b~eeding es

timate and of no use in the ~ase of pooket pus. Hare. AIT fails 

as an inverse mêasure of Intra-observer varIation. 

For repeated assessments of gingival reoesslon and pockét 
, _, 1 

deptb~ Intra-observer meas~rement dltferenoes or 0.5 mm or 1es8, 

were aohieved by aIl observers ln more than 70% and 7?~ of cases 

The measuremen~ ~~or tor g~ngl~~ ~eoe881on as-
- , 

sasement v led from 0 S mm tor obsèrver ~~o 0.52 mm for,ob~r-

, , 
//~ 
~ 

. , 
'<, 
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ver A. The corresponding variation ln pocket depth 8ssessmept 

varied from 0.34 mm for, observer B to 0.4~ mm ~or observer C, 

and in epithelial detachment trom 0.46 mm for observer B to 

0.73 mm for observer A. 

For aIl ~rameters, both the statistics of measurement 

error and average information transmitted suggest that observer 

B's estimates and measurements had the lea.st intra- and inter
~, 

observer variation. Observer Cis estimates and measurements 

had less Intra-observer but greater Inter-observer variation 

than had observer A. It is also apparent that intra-observer 
t . 

variation was grea,ter than inter-observer variation for aIl pa-

rameters assessed. 

, 
/" 

4.4 fha association in each selected pair of ~rameters 

Since the periodontal index under discussion is a tfnctlon of 

the compoKent parameters, its construction is strongly depen

dent on the interrelationshlp among parameters. Gingival red

ness and each of the other parameters except'gingival or perio-
. 

dontal pocket pus were considered in pairs for preliminary tes-

ting of the parameters' interrelationship. In addition, the re
" c lationship between the gingi~al recession level and pocket depth 

. 
wss also studied. Both observer C and Median initial estlmates 

or measurements "ere u.aed for this purp.ose. 

The average amount of information transmitted by each pa

rameter pair ls shown in Table 14. Of the 1.73 ot actual maxi

mum Informat,~~ in the Median gingival redness estimate(~ ~~Y . 

0.29, 0.08, ô~4S, 0.20 and 0.54 are assooiated witb gingival 

stippling, gingival bleeding, gingival recass1on, pocket depth 
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Table 14 

. ·The Relationship Within Selected Pairs of Parameters: The AIT 

Estimation Based On Original Severlty Classificatlon 

Parameter pair 

Glng. stippl. vs glng. rad. 

Ging. b1eed. TS glng. red. 

Ging. recess. vs ging. red. 

Pocket depth vs gi~. red. 
\ 

Epith. attach. vs-gin. rad. 

Pocket depth vs ging. recess. 

", 

Humber ot 

severity 

categories 

:l, 4 

4, 4 

19, 4 

10, 4 

20, 4 

10,19 

Average amount ot 

Information 

transmltted * 

Source of data 

Median Observer C 

0.29 \. 0.40 
\ 

0.08 0.09 

0.4,5 o. ,58-

0.20 0.29 

0 • .54 0.6) 

0 • .59 0.78 

* The actual maximum information in gingl·va1 rednes.s estimate 

• Is 1.7.3\ and 1.89 re8PectiT~ly for Median and observer C data • 
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and epithelial detaohment estimates respeotive1y. Despite the . , 

fact that these values are relative1y sma1l in proportion to the 

total information for gingival redness, Chi,square tests revealed 

that exoept for gingival p1eeding 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 W8S far from being a random distribution~ Data 

from observer C estimates showed slightly closer association 

in each parameter pair than did those fro~ the Median estimates 
, r , 

J 

(Table 14). 

The average amount or information transmitted by each pa

rameter with regard to g~ngival redness is to a great extent in

fluenced by its number of severity categories -- for a constant 

relationship, the more classifications a parameter haSt the more 

information it(~ill transmit. This phenomenon is weIl demonst

rated in Table 14. Except for gingival stipp1ing, the amount 

or AIT is proportiona1ly associated with the number of severity 

classifications in each para~ter. It iS. therefore, not total-
\. 

1y justified to compare the AIT between ~irs in order to deter-

mine the relative strength ot the association. For this reason, ,/ 

measurements or gingival reoession 1evel, pocket depth and epi

the1ial detachment level, whlch had greater than 4 severity ca

tegories, were eaoi re-grouped into tour groups acoording to ~e

verity gradients (see rootnote of Table 15). The outting points 

between groups were ohosen BO that the final frequ8DCy distri

bution would not be highly $kewed ln one direction. In additlon, 

groupings were cho,sen to be oompatible wlth the generalJ'llnlcal 
/ \ 

1 
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Table 15 

The Relationsh1p Wlthln Selected Pairs of Parameters: The AIT 
',1 

Estimation Based on An Equal Number of Severity Classification * 

Average amount ot 
J 

information 

transml t ted ** 
Number of 

severlty Source of data 

Parameter pair categories Median Observer C 

Ging. stippl. vs glng. red. 3, 4 0.29 0.40 

Ging. bleed. vs ging. red. 4, 4 0.08 0.09 

Ging. reoeS8. vs glng. red. 4, 4 0.26 0.45 

Pooket depth vs ging. red. 4, 4 0.15 0.16 

Epith. attach. vs ging. rad. 4, 4 0.21 0.40 

Pocket depth vs ging. recess. 4, 4 0.18 0.06 

* Gingival stipp~ng has on1y 3 severity categories. The estlma

tes of ging1val recesslon, pocket, depth and epithelial attach

ment level were re-grouped into 4 categor1es as folIo.: 

Parameter Group 1 Oroup 2 Group 3 'Group 4 

& 

• 

Ging. recess., (mm) <0 0 .. '0-1.0 1.5-3.0 3 • .54-

" .: , 
Pocket depth (mm) 0.0-0.5 1.0-1.5 2.0-2.'.5 -Jo..:-• 'P . ~" 
Epl th. a ttach. (mm) SO 0 • .5-1.0 

~ 

1. S-2.0 2.~ 

~ 

** Actua1 maximum informatlon in gingival redne •• e.timât. 1. 1.1) 

and 1.89 respect! v el Y' tor medlan and observer C data. 
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concept of normal, mild, moderate and severe stages for eaoh pa

rameter. Table 15 présents the reèults when re-grouped data of 

equal olassifications were used for AIT estimation. In contrast 

to the relatively greater amount of information transmltted by 

gingival recession and eplthelial detachrnertt than by gingival 

stippling when the original classification WRS 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 epithe1ial detachment. None of these para

metera transmltted more than one-quarter of the actual maximum 
1 

/ information given by gingival redness estimates. There is a 

strong indication that pocket depth has much less association 

s with gingival redness than gingival stippling or gingival rece

ssion. The epithelial detachment level tended to transmit slight

ly less information with regard to gingival redness estimates o 

than gingival recession alone when equal olassifications were 

used. Due to the paucity bf subjects demonstrating gingival 

bleeding, the AIT gives very little indication of its associa

tion with gingival redness. AdOO~ing ta the original classi

fications, there was a strong relationship between pocket depth 

and gingival reeession 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 oould be round. While the disappearanoe of gingival 
. ,.1 

stippling is not necessar111 assooiated w1th gingival rednes8. 

4 
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when the former ls present on whole attached glnglva, the latter 

ls seldom detectable. In subjects who demonstrated stippllng . 

on part of the attaohed glnglva, redness elther dld not appear 

or was restrlcted to only part of the attached glnglva (see Ta

ble 16). 

In the absence of redness, the glngiva dld not bleed upon 

- mechanical stimulation. When the glngiva appeared red in oolour, 

the majorlty of subjeots still had no bleeding tendenoy. When 

subjeots demonstrating conslderable extension of gingival red

ness (score 1 to 3) were oonsidered, the relationship between 

the degree of gingival redness and bleeding was agaln very weak 

(Table 17). 
o 

Table 18 shows that there were many subjects'whose glngl-

vae had receded 3.0 mm apical to the cemento-enamel junction, 

yet showed no gingival colour changes. The data also Indlcate 
1 

that from one-half to nearly two-thirds of the subJects whose 

gingival roargin was on the ooronal portlon of the tooth still 

manlfested mlld to moderate extension of the redness. However. 

there 18 a positive correlation between these two parameters • 
. 

Such a re1ationship was more apparent If only subjects whose gin-

givae demonstrated rednesB were consldered. 

A posltive assodiatlon is also apparent between ginglval 

redness and pocket depth (Table 19). When pooket depth MaS O., 
mm or les8, the majorlty of the marglnal glngivae and a11 the 

attached ginglvae showed negllglble redness. As pockets deepen

ad from 1.0 ta 4.,5 mm, the gingival aree. demonstratlng rad co

lour ohange also inCt;'eased. There were ex~tion8 to thls trend. 
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Table 16 

The Relationship BetW!en Gingival Stippling and 

Gingival Redness 
; 

," Gingival stippling 
i 

1 Gingival ~) 

redness + ++ Total 

1, 
r, 

Based on Median estimates 

~ 

0 / 
/11 26 5 42 

1 41 15 0 .56 

2 19 0 0 19 

:3 8 l 0 9 

Tot«l , 79 42 5 126 
" 

Based on observer C estirnates 
1 

0 ,10 20 14 44 

1 " 22 19 l 42 

2 15 1 0 16 

) 24 0 0 24 

~, , #-' 
Total !If 7.1 40 15 126 ,-

1 . 
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Table 17 

The Relationship Between Gingival Bleedlng 

and Gingival Redness 

Glngi'Val bleeding , 
Gingival 

redness 0 1 2 '3 Total 

0 

1 

/2 

3 

Total 

o 

1 

2 

:3 

Total 

\ ' 
! 

42 

51 

16 

7 

116 

44 

36 

15 

20 

115 

~ 
Based on Median estlmates 

0 0 0 

4 l 0 

2 0 1 

1 l 0 

7 2 1 

Based on observer C estlmates 

o 

2 

:t 

:3 

6 

o 

2 

o 

1 

:3 

o 

2 

o 

o 

2 

42 

56 

19 

9 

126 

44 

42 

16 

24 

126 

\ 
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) Table 18 

The Rel'tionShi~ Between Gi~iVal' Recession Level and Gingival 

Redness 

Gingival 

reciness 

0 

1 

2 

) 

Total 

0 

1 ,; 
'.3 

Total 

~o 

14 

26 

5 

0 

45 

)1 

27 

14 

0 

72 
/ 

Gingival recession level (mm) 

0.0-1.0 1.5-).0 Total 

Based on Median estimates 

22 6 0 42 

26 2 2 56 

4 8 2 19 

1 5 ) 9 

53 21 7 126 

Based on observer C estlmates 

10 J 0 44 
14 1 0 42 

2 0 0 16 

. ". 6 12 6 24 

32 16 6 126 

. , 

~ 
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• Table 19 

The Belationship Betw~en Pooket Depth and Gingival Bedness 

Pocket depth (mm) 
Gingival 

redness 0.0-0.5 1.0-1.5 2.0-2.5 Total 

, 
Il ':. 

Based on median estimates , 

0 10 28 4 0 42 

1 6 34 14 2 56 

( 2 1 7 10 1 19 

3 0 4 3 2 9 

Total 17 73 31 126 

Based on observer C estimates 

0 6 34- 3 1 44 

1 2 23 14 :3 42 
, 

2 2 6 7 J. 16 
1 

:) 0 13 6 5 24 
><, 

1 ~ 
0 . \ 

J Total 10 76 
" 

30 10 126 

• 
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Praotioally none of the pookets deeper than 3 mm were &sso01a-

ted w1th normal ging1val oolour. 

Table 20 shows a pos1t1ve assoc1at1on between the degree 

of ep1the11a1 detachment and extens10n of redness on marginal 

and attaohed g1ng1vae. In persons whose ep1the11a1 attachment 
<\ 

was on or corona1 to the cemento-enamel junct1on, about .50% de-

monstrated no ging1val redness and m9st of the others demonstra

ted redness on only a part of the marginal g1ngi va. In none of 

the subjects whose ep1the11a1 attachment wss 1ess than 1.0 mm 

ap1cally ta the C-E Junctlon, dld the attaohed glng1vae demon

strate a red colour change. Subjects whose ~plthellal attach

ment was located 2.5 mm or more apically to the CEJ, commonly 

showed more extensive colour changes involvlng the whole mar

ginal g1ngiva and even sorne attached ginglva. 

In subjects whose gingival or perlodontal pockets were 0 • .5 

mm or less !n depth, the gingival margin did not recede beyond 

1.0 mm apleally to the CEJ. When the pocket depth was 1 mm to 

2.5 mm, the majority of cases still showed lmm or less of gingi-, 
val reeession. In the subjects with pockets 3 mm or deeper, 

chances of havlng greater g~ngl val recession increased consider

ably (see Table 21). 

In summary, the association between ging1val redness and 

each of gingival stippl1ng, gingival recession, pocket depth and 

epi thelial detaohment estimates W8S rather weak though the two-
. 

\ way distribution of each pair was far trom rendom. Slm1lar re-
.J' 

lationships a1so ex1sted between gingival recession and pooket 

depth measurement. The assoc1ation between gingival redness e8-
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Table 20 

The Re1ationship Between Epithelial At~chment"LeYel 

and Gingival Redness 

Epithelial attachment leve1 (mm) 

Gingival 

redness ~O 0.5-1.0 1.5-2.0 2 • .5+ Total 

Based on,medlan estlmates l , 

0 7 20 8 7 42 

1 7 21 19 9 ;6 

2 1 2 .5 11 19 

3 0 0 1 
0 . ...,; 8 9 

Total 1.5 4) 33 3.5 126 

Based on observer C estimates 

0 26 8 .5 .5 44 

1 14 10 13 S 42 

2 7 2 .5 2 16 

3 0 0 3 21 24 

Total 47 20 -26' ;33 126 

'1 
. . 

\ 

<.;, ., 

• 

(f 
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Table 21 

The Relationship Between Poeket Depth anA Ging1v~ 

Ging1val 

reQesslon 

levél (mm) 

<0 

0.0-1.0 

1.5-3.0 

3.5+ 

Total 

·<0 

0.0-1.0 

1.5-3.0 

" 3.5+ 

Total " 

, 
Recession. Level , ' 

o 

Pocke~ depth 

~ 
,1 

,," 
(mm) 

0._0-0.5 1.0-1.5 2.0-2.5 3.0+ 
a C 

... 0 

Based on medlan est1mates 

9 23 . 1;3 0 

8 35 10 0 

0 13 6 2 

0 ~- 2 3 

li' , 

17 73 31 5 

Bas"ed on obse;vér C estimates 

8 45 15 4 
", 

" "> l 2'..:, 18 10 V . , 
~' 

0 11 :3 /. 
t 

0 2 2 ,) 2 

10 76 30 10 

' lt~ 

• 
~ 

V:. 

Total 

45 

53 

21 

7 

126 

72 

32 

16 

6 

126 
1 

. , \) 

t 

'. ft 

" 

" 
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t~mates and gingival bleeding tendency was negligible. Accor

ding to the AIT calculated from the data of the original classi

fications fo~ each parameter, the relationship wlth gingival red

ness estimates was greatest for epithelial detachment followed 

in decreasing order by gingival recesaion, gingival stippllng, 

POCKét ~~pth and gingival bleeding estimates. If equal numbers 

of severity oategories were used, gingival redness estimates 

were about equally correlated with parameter estimat~s of gin

gival recesaion, gingival stippling and epithelial detachment, 

and were ~ssociated lees strongly witq pocket depth measurements 
- 11 

and again, least'wlth gingival bleedlng estimates. The relation

ship between gingival r~cession and pocket depth measurements 
c' 

was weak when measurements of both parameters were regrouped 

into four oategories. Two major variations from the correlation 

trend are responsible for the wea.k relattonahip in each parame

ter pair. Flrst, too much devlation at the two'extremes of the 

severity scale, for example, the absence of gingival stippl1ng 

and/or presence of marked gingival recession without slmultaneous 

presence of gingival redness. Second, a fair degree of variation 

in the mlddl~ range of severlty. for example, in subjects whose 

g1ngivae showed mild or moderate bleeding and/or 1.0 ta 2.5 mm 

of gingival recesslon had a simi1ar tendency to demonstrate va-
n 

rying degrees of gingival redness • 

, ,.(\ 
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DISCUSSIONS 

5.1 On prevalence!data 

; " 
, , 

Since prevalenoe for individusl periodontal disease parameters 

rather than index of gingivitls or periodontal dlsease was asses-

sed in thls study, it ls almost impossible to compare the pre

valence data of this study wlth t~se of others. The differences 

ln the origin of study population as weIl as inher'ent inter-obser-

ver variation in estlmating and measurlng the perlodontal dlsea-
Q 

se prevalence and severlty would further reduce the validity from 

such comparison. For example, in thelr study on the employees 

of Ontario Hlghway Depar~ment, Freedman et al reported the asses- . 

Bed Russell's PI scores on the upper first and second molars be-

Ing, in average, 2.34 ~d 2.54 respectively (116). These data 

indlcate only that the average severity of the periodontal disea

se in thos~ employees ls something more severe than gingivitls 

slone. In the study made by Mehta et al on~Ontarl0 civil servants, 

cllnical diagnoses such as periodontitis simplex, necrotic peri

odontitis and periodontitis complex were used in the prevalence 

assessment of the periodontal dlsease (289).' Hence, results from 

these two Canadian studles simply cah not be used for comparison 

with those from the present study. 

If gingival redness and/or swelling ls taken as a measure 

of glngivitis, then approximately one-third of the study sUbJects 

were free from gingivltis. Based on Median data, only one-eighth 

of the Bubjects' showed no slgn of eplthellal detachm~t. TheBe 

) 
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data suggest that, in many cases, while the gingiva~ showed no 

observable colour or texture changes, the epithelial attachment 

had already mi~rated apically. This finding is observable mainly 

in sorne dental student participants whose' gin~lvae though have 
<!'J 

receded apical1y to the C-E junction are in perfectly no~mal co-

lour and texture. Data from sampled U.S. adult population reveal 

that whlle one-quarter of subjects are free from any periodontal 

disease, only another quarter of suhjects have true p)Yriodontal 

pockets, i.e., epithelial detachment (202,212). Hence, it 8eems 

to suggest that present study subjects have greater prevalence 

in epithelial detachment than the representative D.S. adult popu-

lation. Such comparison ls however subjected to serious errpr 

because the origin of study populations and the age distributions 

between two groups differ greatly. The small nu~ber in each age 

group of present study suhjects does not allow for eomparison of 

the age specifie prevalences between two study populations. The 

judgement of the epithelial detachment may also differ between 

two studies that make any eornparison completely meaningless. To 

generalize the prevalenee data from this study subjects who sought 

for emergency.dental treatment, to the population which they belong 

to may also cause serious misleading. Sinee the purpose of pre

sent study i8 ta estimate the inter- and intra-observer variat~on 

in each parameter estimate or measurement, slight variations from 

the general population should not seriously affect its validity 

for generlization. 

Aeeording to the original plan, standardlzatlon (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 shawn to improve inter- as weIl as intra-observer 

agreement in periodontal disease measurement (77,356,416). The 

course of auch standardization was however eut short due to very 

few subjects willing to be atudied. Therefore, the author resor

ted to frequent explanation to othe'r two observers regarding eaeh 

parameter score. Such alternative effort proved to be not total-

ly satisfactory as reflected in prevalence data assessed by the 

three observers. For exampIe, laek of unanimlty in Identlfylng 

the anatomieal demareation between the marginal and attaehed gin

givae causes observer C to record more attached gingivae being 

in rad colour than those found by observer A and B. Inconsisten

ce in locating the C-E junction also results in great variation 

in reeording the prevalence of gingival recession and epithelial 

attaehment level, namely, observere A and B over-estimated them 

while observer C underestimated. Thus, of 126 subjeets, epithe

liaI detachment was respeetively recorded by observer A and B in 

118 and 111 subjeets, 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 
• 

subjects) provided Iimited ueefulness for comparison with find-

ings from other etudies. 

The results indicate that nearly two-thirds of aIl subjects 

had gingival redness and yet only a few of them had gingival bleed

ing. Such phenomenon cast sorne doubt on the diagnostio procedures 

which emphasize gingival bleeding a8 the main criteria in gingi

vitis index (249). 
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The negligible frequency with whieh gingival ulceration and 

gingival or periodontal poeket pus was observable under the des-

cribed condition in this study, despite the reasonable distribu

tion in other parameter seaIes, suggests that either the detee-

tion methods were not sensitive, the parameter can occur only in 

mueh 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. 

oecasionallv,it was difficult for so~e oôser~ers to differentiate 

the pocket pus from tissue exudate whieh frequently mixed with 

plaque substances while emerging from the pocket. Such a diag

nostic problem eontributes 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 msasurement 

5.2.1 On gingival stippling estimate 

There has been no study whieh asses ses the inter- or intra-obser-

ver va~iation in gingival stippling estimate. Results from this 

study indicated that successful replicatlon among three observers 

and within eaeh observer from re-examination was made in 75% or 
, 

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

to the faet that more than half of ·tbe àtudy subjects had no gross-
, "' 

~) ~ \T. 

Iy detectable gingival stippling-an'estimate on whieh aIl the 

observers or the same observer is likely to agree. In their stu

dy ori the pattern and distribution of gingival stippling, Rosen-
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berg and MassIer reported that the depressions which gave the 

stippled appearance were barely visible to the naked eye, but 
t 

are readily apparent under three to five times magnification 

(348).~h dia~stic difficulty has not been reported by others 

nor wls particularly experienced by the present examinera. It 

i~ therefore unlikely that the int~r- and intra-observer varia

tions in stippllng estimate of this study are the consequency of 

a deficient diagnostic procedure. 

Despite the tact that frequency distribution of deviatiob 

data of each observer estimate from the reference estirnate and 

of the secon~ from the first estimate by the sarne observer shows 
( 

a relatively good inter- and intra-observer agreement, the aver-

age amount of information transmitted (AIT) in each occasion ~as , . 
less than one-half of the actual maximum information available. 

This can be partly explained by the skewed frequency distribution 

of this parameter and the degree Of(deviation in relation to only 

three severity classifications for (hiS parameter. 

The major difference between ~e frequency distribution of 

devlatton data and the s~tlstiCS oy/the average amount of lnfor-
f 

matiQn is that the former considers only the occurrence of net 

deviation, whereas the latter takes into account both net devia
~ 

tion and the estima tes such deviation actually taking place. For 

example, the deviàtions of score 1.5 from ).0 and of 0 from 1.5 
,r 

make no difference fo~_~he frequency distribution of deviation, 

but provide different information when AIT 18 considered, because 

they give dlfferent two-way distributions from which the statis

tlc ot the average amount of information i8 estimated. This ex-
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plaine the apparent contradiction that observer A who, though 

seemed to achiev~the best scoring'reproduclbillty if judged from 

frequency dlstri\bution of the deviation data, actually transmit

ted the least amount of information in comparison with observer 

Band C. This phenomenon appeared not only in gingival stippling 

estimate, but in other parameter estimates and measurementa aa 

weIl. 

5.2.2 On gingival redness estimate 

Although no one has ever tried to assees inter- or intra-observer 

variation in the estimate of gingivàl redness Itself, observer 

variation in gingivitis assessment has been evaluated by sorne 

investlgators. Slnce practically in aIl theee 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 estlmates by others. 

In an epidemlo1ogical training course, Davies et al obser

ved that the examination on the periodontal disease, especially 

the gingivitis was mbst unreliable. In 416 teeth of 13 patients 

who were examined by each of 13 examiners, the number of teeth 

being diagnosed to be associated 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 ~ta which are 81,83 and 82 in 126 subjects respective1y 

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

P,M and A assessment did the differences among the examinersl 

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 becaqse cases which were over-

and under-estimated will be cancelled out in the course of aver-

aging the difference. Furthermore, from the resu1ts of present 

study. there is much doubt about the justification for making an 

average of the v~riations lor deviations becaus~ their distribu-, ) 
( 

tions hardly ever'a~6ach to the Gaussian. Bence, it is very 

difficult to compare the results from Suomi with those from the 

present study. 

The major source of inter-observer variation in the present 

study lies in deciding the location of gingivai 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 epidemiologica1 t~aining courses, Davies et 

al (82) also found very poor replication in gingivitis estimate 

made by each of the 13 participant examinera. In a total of 416 

teeth, one examiner recorded the presence of gingivitis in 22 and 

80 teeth respectively on the first and second day of e%8mination. 
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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 ginr,ivitls estimate (whlch 

is defjned 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 lR.7 to 76.4%. The corresp~nding ra

tios for the preRent three observers ranged from 83.3 to 93.2%. 

Comparine these percentage with the r,in~lngs from the frequency 

distribution of deviation data and the statistic of the average 

amount Of information, it ls clear that the "cons istency ratio" 

is a much less sensitive measure forOintra-observer variation. 

Smith ~t al demonstrated that an identlcal gingivitis es

timate could be made on R4% of replicates usine Ramfjord's Gin

givitis Index and in 82.4% of repllcates using DHC Glne;ivitls 

Index (416). Such a very good intra-observer agreement ls pos

sibly attributed to the relatively healthy gine;ivae in their, stu

dy subjects (50 male recru'its at V.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 lae between 

two examinations, the gingival tissue does not likely alter and 

examiner may still have quite fresh memory from the initial as

sessment. Suomi et al also examined institutionalized young 

adults. On each morning four subjects chosen randomly from aIl 

. participant subjects were re-examined one hour fol10wing the ini

tial assessment. The identical gingivitis estimate was made by 

observer A in 81% of the teeth which improved ~ 98% on the fifth 
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morning. The corresponding data for examiner B were 89 and 93% 

respective1y on 'the first and fifth morning (435). Considering 

the simp1icity 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 acgood intra-observer re-

producibility May not be too difficult to achieve. The Identi

cal ginglvltis estlmates were made in this study in 77.3,81.8 

and 70.5% of the cases by observer A, Band C respectively. 
, 

Such results May not be too po or in comparison wlth 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 arass in 25 dental students (1.e., the 

percentage of the,areas changed from normal to disease or dise8-

se to normal ) in each two-week period remained re1ative1y cons-

tant at approximately 24%. On1y in 40.9 of 501 initlally In-

flammed areas and 40.9% of 903 initially normal areas remalned 

the same condition throughout the ten-week experimenta1 period 

(174), Approximate1y 20% of such fluctuation in each four-week 
1 

period were observed by Suomi et al (435). To an unknown extent, 

tho'se repoz:oted fluctuation might have actually been resul ted 

from the intra-observer variation alone, rather than from rasl 
D 

flue tua Dion. It is also very c1ear that aIl those fluctuation 

data were based on the presènce or absence of glngivltis on1y. 

rIt 18 not cèrta1n what extent of fluctuation of ginglvitis would 
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be if the chanees ln·severity had also been considered. The 

comparative1y older ages ,in present study subjects than those 

of other studies may a1so lncrease the lnter- and intra-observer 

variation because more s~bjects had glnglvltls,for whlch severi

ty the observers are poorer to agree with than for a healthy' 

ginglva. 

There is systematic variation in thls 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 agreement, each ob

servêr achieved re1atively the same degree,of intra-observer 

agreement. 

The findlngs and discussion hitherto presented also cast 

serious doubts about the va1idlty of the conclusions drawn from 

sorne 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 experlments, 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 etudies may weIl be 

the results of intra-observer variation in glngivitls estimates 

unless such variation affects both groups equally. 

To extend the experimental period, on the other hand, ~ould 

likely to Involve the natural fluctuation of the gingival tissue 

condition. It will also increase the intra-observer variation 

\ 
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in gin~ivitis estimate as a result of la,cking in scoring p'rac-

tice. However, most of these variations can possibly be resol

ved if initial matching ~n pairs between the experimental and 

control groups is carried out according to the gingivitis se-
~ 

vérity, and if several observers examine each subject throughovt 
( 

the 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 sorne 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 sarne direction among observers, thus, cancel 

out altogether • 

5.2.) On gingival bleeding estimate and judeing the presence 

or absence of the gingiyal or periodontal pocket pus 
1 

Since there were only a few oasefi (less than 10%) in which the 

gingivae showed bleeding following 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 ~nd 90.5% of cases. However, if only cases which 

were once, at least, scored 1 o~ greater~~ording to the re

ference or observer estimates, were considered, the identical 

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

and 25.0% respectively. The corresponding three observers' data 

• 

J 
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from intra-observer comparison are 86.4, 86.4 and 95.5% for aIl 

cases, and 0, 14.) and 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 major contribution 

to inter- and intra-observer agreement cornes from the cases in 

which the gingivae did not bleed at aIl. These same phenomene 

of observer variation also occurred in pocket pus ~ssessment. 

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 intra-observer agreement 

among these few cases with positive signs, to conduct a clinica1 

trial aiming to 1mprove 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

formations either. 

The statistic of the average amount of information became 

less useful for the parameter which has very low preva1ence. 

Essed on the mathmatlcal calculation 0' thie statlstic (see ap

pendix II), a frequency distribution of auch low prevalence re

sults in two major disadvantagesj first, the actual maximum in

formation ~vailable ie less than with a fairly equal distribu

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

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

tion, each observer estimate does not resu1t in any further In

oreases to the group havlng the greatest frequency according to 

the reference estimates, (or, in the case of intra-observer va-
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riation, the second assesament does not result in any further 

increase to the group having the greatest frequency eccording 

to the first essessment), otherwise, the information lost would 

be tremendous. For example, during the initial gingival bleeding 

estlmates ln the 44 subjects, the reference estimete wes 0 in 

40 subjects. Thére were two cases in which the gingival bleeding 
~ù 

wes overestimated by observer Band was underestimated by ob-

server C. Therefore, the number with a 0 score was 38 and 42 

according to observer Band C estimates respectively. However, 

the information lost was 0.09 and 0.26 binary digit respective-

ly for observer Band C. 

The application of the statistic of the average amount of 

information transmitted as an inverse measure~r inter- and 

intra-observer variation of pocket pus estirnate was further li-

mited to the point of completely useless. Two factors are res-

ponsible for such limitation; first, the prevalence of pocket 

" pus wes even lower than that of l?i!lgival bleeding; second, while 
,} 
,'1 there are four severity classifications for gingival bleeding, 

only two categories are asslgned to the pocket pus. 

5.2.4 On measurements of the gingival recesaion, pocket depth 

and epithelial detachrnent 

From an epldemiological training course, Da~i~s 'et al (82) re-, 

ported ,that the prevalence of periodontal pocket\as sssessed by 

13 ex~mlners on the same 13 subjects was to~lly unreliable. 

T~ total number of pockets recorded by the observera ranged ~ 

trom 4 to 29 dur1ng,the first assessment and from 2 to 19 during 

1 
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the second assessment. Their results also lndicated that the 

variability between ex~miners in,assessing pocket formation was, 
'-' 

as much as the actual variation of pocket formation in the pa-

t'lents. In the same study, each examiner re-examined the same 

13 8ubjects on the following day, and their consistency ratio 

ranged from 0 to 26.3% indicatlng very poor intra-observer ag-
I. 

reement. Such low consistency ratios are possibly the result 
, 

of relatively low prevalence of true periodontal pocket in their 

study subjects, that a slight difference in measuring pocket 

formation on potentially posi ti ve cases would greatly reduce f·, 

the consistency ratio. Result from present study in epitheli~l 

detachment measurement w~ich is equiva1ent 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 83.3). 

Suomi (432) reported that the mean pocket depth (in fact, 

epithelia1 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 chosen for study of inter-observer varia

tion, was 0.83 mm only) and that mean difference rather than 

standard deviation of individusl differences (method error) WBS 

estim4ted. Repeat assessmeht for 20 subjects on successive mor

ning by the same observers resulted in difference in m~n pocket 
'" depth for 0.12 to 0.21 Mm depending on observers. Studies made 

,--
o 

by Devies et al (82), 'Suomi (4)2) as weIl as by Castenfel t (48) 
1 

aIl revealed a systematic var~ation among observers in measurlng 

o 
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1 

the pocket depth and epithelial 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 al on 50 male recrulte at 

D.S. Navy Training Station showed that very good intra-observer 

agreement on the measurements of the gingival recession, pocket 

depth and epithellal attachment level could be achleved. The 

percentages of the agreement for the three parameters respeetl

vely were 82.3, 81.2 and 94.5 (416). Such a good reproducibili-
~ 

ty is possibly attributed to relatively short interval between 

two assessments (one day) and rather healthy perlodontal tissue 

in thelr study Bubjeets (mean values for three parameters were 

-2.25, +2.31 and +0.06 mm). Since Smith et al reeorded the mea

surements in oomplete milllmeter whereas one-half mll1imeter ln

tervals were recorded in thls study, to ma\e our data oomparable 

to thelrs, the peroentages of assessments wlth repeat measure

ments dlffering within +0.5 mm were pooled together. Thus, the 

percentages of agreement in repllcate measu~ements by observer 

C vere 77.2, 77.2 and 79.5% respectlve1y for the same three pa

rameterft: The corresponding data for observer A vere 72.8, 84'.1 

and 54.4% and for observer B vere 95.5, 86.4 and 77.2%. Henee, 

intrs-observer variations in the three, parameter measurementB 

'were grea ter ln th! s study than those by Sml th et al: One possi-

exp1anat1on la that in oompar1son to the study by Sm1th et al, 

present study subjeots had relatlvely more severe periodontal 

dise&se. 

'1 
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G1avind and Lo~' (135) once reported that the method errors 

If the sarne observer in rneasuring the pocket depth on ~e buccal 

surface of the upper right and left first molars were 0.26 and' 

0.17 mm respectively. The corresponding data for epithelial at-.,.. 
tachment level were 0.26 and 0:39 mm. In comparison to the same 

data in thl~ study, it ls apparent that G1avind and Loe are bet-

ter than us ln intra-observer agreement for these parameter mea-

surements. Yet to what extent the rather short Interva1 between 

re~licate assessments (15mln.) they selected,and the relatively 

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

of age) contribute to auch difference la not certain. 

Results from the present study as weIl as from others hi

therto presented with respect to~he intra-obaerver variation, 

expreased 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 

followlng 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 followlng four-day re

gular or sustained-release multlvitamin supplements ()4) May not 

Mean anything other than Intrs-observer variation i~ repeat as-

sessment of the parameter. In comparlson t~the gingival reces

sion and pocket or Bulcus depth, epithelial attachment level ls 
-If 

a more stable parameter for the measurement because it 18 mea-

sured from a fixed anatomical landmark, 1.e., C-E junction • 

. Its apical migration along the root surface ls however ln Most 

cases ver~ slow. Hence, for a longitudinal study 8uch as a 01i

nlea1 trlal,lt should be carrled out for a falrly long perlod 

of tlme to allow ~or enough parameter changes to take place, 
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so much so that the disturblng effect of lntra-observer varia

tion is greatly reduced. To study the control pairs simulta

neously would also elimlnate the systematlc 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), whil~ in sorne cases observer 

C found one-half to one ml1limeter of the crown coronal to C-E 

junction covered by the gingival marg1n (recession -0.5 to -1.0 

mm). This inter-observer difference in g1ngival recession also 

reflected in epithelial attachment level measurement, namely, 

observer C markedly underrneasured it while observer Band parti-

cularly observer A overmeasured it. Hence, when each observer 

measurement was compared with the reference measurement whlch 

was the median of three observer measurements, the deviatlon W8S 

much small for observers A and B ana greater for observer C. 

This again reflects in the sarne manner for the observers' varia-

tion on the estimate of method error. 

For any specifie measurement or estimation, eaeh examiner, 

in general can agree better with hirnself t~n with others. This 

phenomenon has been dernonstrated in the assessrnent 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-

sibly 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 e~ployed in 
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present study. Thus, marginal gingival tissue alteration cau

sad by lnflammatory changes during the course of the study may 

actually bave,to a certain extent, affected the gingival reces

sion and gingival or periodontBl pocket depth. The epithelial 

attachment level, however, was much less affected by the atudy 

perlod because the eplthellal attachment or pocket bottom ls un

likely to change wlthin auch a period of tlme. The fact that '. 1 
each observer's method error in epithelial detachment measurement 

la very much smaller than the the sum of the method errora of 

hie own gingival recession and pocket depth measurements (obs

erver C, for example, they are 0.5~-~against 0.47 and 0.46 mm) 

also substantiated this explanation. 

Since many more severlty classifications were Bss1gned for 

the measurement of gingival recession, pocket depth and epithe

liaI detachment than for other parameters previously discussed, 

both the actual maximum information available and the lnforma-

tion transmitted greatly increased. This finding supports the 

conclusion made by Liddell in his' study on inter- and lntra-ob

server error in x-ray readings (237). 

5.3 On the association in each selected pair of the parameters 

A weak association between gingival redness and each of gingival 

stippllng, gingival recession, pocket depth and epithelial atta

ohment 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 

stlppllng dld not reappear followlng a successful glnglvectomy 
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trea tment • In some of present study cases, gingi vae reced.ed 

apically to C-E junction without concom~tant colour changes sug

gesting causes other than inflammatory origin, such as faulty 

toothbrushing method, or that the inflammation had subslded fol

lowing either better oral hygiene regimen and/or professionsl 

treatment. If cases which had these particular case histories 

had been identified 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 sorne cases with very chronlc 

perlodontal dlsease, the connective tissue under epithelium be

cornes so fibrotic that the gingival colour can not be easily di~

ferentiated from the normal pink colour. Thus, sorne cases with 

falrly deep pockets showed no gingival redness, while other ca

ses with very shallow gingival sulcus presented very extensive 

colour change. !These cases contribute to the rather wëak rela

tlonship between gingival redness and pocket depth. Since epi

thelial attachrnent level is the surn 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 pararneters and gingival redness. 

As has been dernonstrated in the section of Results, the 

strength of the association between parameters strongly depends 

on the numbers of the severlty categories in each pararneter. 

Wlth a constant relatlonship between two parameters, the more 

categories a parameter has, the greater average amount of infor

mation that parameter estima tes can transmit from the snother 
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parameter estimates. In the course of the study the author have 

observed the possibility to estimate gingival redness aecording 

to It's intensity in addition to anatomieal extension. To do so 

would apparently involve sorne sUbjective judgement, yet likely 

to Improve the correlation estimates between this parameter and 

others. Such scoring method would also reduee the inter- and 

intra-observer variation because the average amount of informa

tion transmltted, which is an inversei' measure of observer error 

(variation), Increases as number of c tergorles for the parame

ter increases (237). It would be â worthwhile study to determine 

~~ the practicability of such seoring system for gingival redness 

and to reassess this parameter's rela onship with other para

met ers as weIl as the observer variati n in this parameter assess-

ment. 

The relationship between gingival recesslon and poeket depth 

ia stronger than other parameter pairs when both parameters are 

measured at 0.5 mm interval. Such relationship would be even 

etronger than which was presented if cases whose ginglvae rece

ded apparently as a result of faulty toothbruahing techniques 

and cases who had received, prior to examination,- a successful 

treatment for chronic gdnglvltis or periodontitie had been ex-

cluded from the relatlonship assessment. In the former cases, 

the ginglvae receded with Ilttle éoncomitant changes in pocket 

depth. In the latter cases, the treatment resulted in slight 
, 

gingival receesion and reduction in pocket depth due to disap-

pearance of the peeudo- or true pockete • 

There le a rather weak relationshlp between gingival red-
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ness and bleeding. It suggests that with severity based on ana-

tomical extension slone, , the gingival redness givee little in-

dication of bleeding tendency. Intensity of the gingival colour 

change may be more sssociated with the bleeding tendency. Impro

ving sensitivity for ginglval bleeding detectlon, Insertlng a 

fil ter paper lnto the gingival sulcus or periodontal pocket for 
, 

example, may increase the prevalence of thls parameter which in 

turn will Improve Its correlation estimation with glngival red

nese If thelr relatlonshlp indeed existe. 

Since there are sorne relatlonships among these perlodontal 

dlsease parameters any cllnlcal trial or eplderniological study 

which intends*to investigate theae parameter conditions has to 

desl with them slmultaneous17. Any inferentlal statement con

cerning one parameter will consequently affect the Inferences 

to be made for other parameters. Hence, to make separate report 

for each periodontal disease parameter from s study dealing with 

several parameters le totally unjustified (49-51,53-57,59-62,99-

lOI,339y340,342). For the sarne resson, to construct a periodon

tal disease index with these component parameters, one has to 

take Inter-parameter r~latlonshlp into account by means of mul

tlple regresslon technique or the analysis of princlpal cornpo

nent • 
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Chaptel' 6 

CONCLUSIONS 

From both the review of existing knowledge and the first phase 

of index development, the following conclusions seem to be app

roprate. 

1. A new periodontal index whlch ls speclflcally sul table for 

longitudinal etudies of periodontal dlsease lB n~eded 

for clarifying sorne currently contradlctory findlngs 

wlth respect to the possible l'oIes of nutrltlonal and 

systemlc factors in the initiation and progression of 

the periodontal disease, and for direct assessment on 

the cause and effect relatlonship. 

11. Further refinement in estimatlng gingival redness and, 'es

pecially, gingival bleeding and pocket pus seems to be 

necessary for greater sensitivity and less observer va~ 
"\) 

riat1on. 

lil. Since bath Inter- and intra-observer variations are very 

small in'estimation of gingival stippllng and gingival 

redness and in measurement of gingival recession level 

and pocket depth, thèse four parameters are sul table 

~or further Index development • 
. 

. Iv. The apparent lnterrelatlonship existed among these tour 

periodontal parameters has to be taken into aCQount in 

construction of the index. 

v. Based on observer variation in glngi'fal stippling estimate 

and eplthellal attachment level measurement, the vali

dlty of many concluslons made from som, o11nical trials 
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wlth respect to the ~neflclal effects of varlous nu~ 

tr~ent supplements on these parameters heal th la very

questlonable. 

\ 
.. ' 

, \ 
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APPENDIX l 

CRITICALpo REVIEW of EXISTING KtjOWLEDGE 

_01 

( The refe~ences quoted in this review are presented in the 

section of BIBLIOGRAPHY). 

1.1 Introductio~ 

Epidemiology is the study of the distribution and determinants 
. 

of disease frequency in man. Two main arreas of i'nvestigation , 

are indicated in this definitlon - 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-
y 

riodontal disease. 

M.st current information about the distribution and severity of 
• 

periodontal disease in population groups has been collected wl-

thin the past fifteen years. Mehta et al (288) in their revlew 

found little to present beyond clinical impression. Since then, 

a series of field indices has been developed which will be dis~ 

cussed in detail at the latter part of this rev~eW. 

1 

/ 
AlI are Ide-

Il 
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vices for quantitating data so thBt statistical analysis may 

be employed. To date at least sorne indices have been useful 

for comparlsons of population prevalence and severity, while 

others have been suitable for clinical experlments. Follow

ing the development of the Oral Hygiene Index (156) and the 

Simplified Oral Hygiene Index (157), which are used to esti-

ma te amount of oral debris and c~lculus, dental deposi ts 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 h@alth and disease, malocclusion and 

trauma from occlusion in the initiation and progression of pe

riodontal disease. These data also contradict the results from 
'.' 

clinical trials relating various nutritional and dietary facto~s 

to~per}odontal disease. 

The fol1owing revlew will a~tempt to fulr1l four object1-

ves: 1) to provide current accepted knowledge concernlng the 
-

epidemiological pattern of the periodontal disease, 2) to pre-

sent the contradictory or confuslng conclusions which exist be-

tween clinieal impressions, clinical trials and population stu-

dies concerning the relationship between nutrition, systernic 

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 50 on, 3) to point out po

ssible deficiencies in the taking of oral"deposits as evidence 

of neglect of oral cleansing as weIl as the fallacies Inherent 
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~ in standardizing the factors of oral deposits ('oral hyglene") 

~ ~and age, whenever correlation of periodonta1 condition with 

other factors is estimated, 4) to explain why longitudinal po

pulation studies are essential to better investigate periodon-

• 

tal dlsease, clarify the curreNt controverslal conclusions, and 
, 

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

table for these studies. 

\ 
1.2 Morbidityand severity data for perlodontal diseasy 

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, re~ated to the average 

number of persons to risk duriug that period, whereas the point 

prevalence rate is defined as the number of ll1nesses existing 

at a speclfied point of time and related to the number of per

sons exposed to risk at that point of time (168). 
" 

There 18 very 11 tt1e data about. the lncidence rate of pe-

riodontal disease. Parfitt's five year longitudinal study of 

gingivitis in England ()16) and Hoover's sevdy of the fluctua

tion in marginal gingivitis (174) are exceptionsl examples. If 

deviation from perfect dental hea1th is used as a yardstick, 

pr~ctlcally aIl human beings have peri~don~ disease (~62). 

But one person may have a slight gingival inflammation ,in a sin-. 
gle gingival unit as compared with another one in whom most of 

the supporting structure around aIl the. present teeth is broken 

dbwn. The public health signiflcance between these two cases 

differs greatly. It is often useles8 to oompar~ the prevalence 
J 

-
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of periodontal disease in different populations as prevalence 

of sorne kind will be close to 100 per cent in most populations. 

To increase the comparability, severity, as weIl as indices to 

measure it, had been introduced and bepome the major measure-

ment of periodontal disease.- Severityof periodontal disease 

is sometlmes 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 

~rom mild inflammation involvin8 a few teeth to severe inflam

matio~ involving aIl 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 pers on and per tooth (289). 

The ,terminology of prevalence, severityand incidence has geen 

greatly abused and misused in the literature, and when inciden-
" 

ce rate is mentioned in the articles, more often than not ft ls 

actually prevalence rate (9,23). 

l.3 ~elations b@tween severity of perlodontal dlsease and sus

pected etlolog1cal factors 
o 

l.3.1 Age 

Prevalence and severlty of periodontal disease, in general, In

crease with age. Since different parameters of periodontal di

sease ~v~ been employed in epidemiologlcal studies, thelr asso

oiation w~ age also differ to sorne extent • 
\ 

. As proportion of sUbJects wi th gingi vi tis was consldered, 

most studles showed that -1 t occurred a.t a very early age and rea-
-I-I.. e .) 

~ 
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ched a first peak at early teen and leveled otf or declined 

thereafter until the 1ate teens (20~Z?8,316). Studies which 
, 

inc1uded adult populations also demonstrated a slow progression 

of glngivitis prevalence with increasing age {9,278}. ~oke1au 
1 

islanders, however, did not show biphasic prevalence of gingi

vitis aJorte the age scale and reached the maximum prevalence at 

the age group of 25-29 years {22}. Quite contrary to these fin-

'dings, Brown ~t al (40) found no consistent age trend of the 

sarne pararneter when they studied school children of three Onta-

rio towns. Siml1ar findings arnong Bostonean adolescents and a-

duIts were mainly due to high proportion of subjects having gin

givltâs since ear1y adolescence (273). 

Severlty of glnglvltls ueuslly progressed rapidly during 

childhood and reached the first peak between the age of 9 and' 

13 years (316,350,352). No such age trend ~as found by Brown 

et al (40). Benveniste et al also reported higher gingivitis 

scores among persans of 17 years or older than among those who 

were 1ess than 17 years of age (30). 

With one exception which observed the population of very narrow 

age range (288), the proportion of subjects with perlodonta1 di

sease continued ta rise with increasing age (17,26J37,83,202,~1?J 

213,289,358,373,385,420). One study demonstrated it as a cumu

lative curve pattern with two inflections occurrlng at age ~5 
~ 

and 55 yé8r~ respectively (373). Oral deposlts, expressed~ 
<) 

OHI scores or CI Bcores, were a1so found to 'increase as age ln-

creased (213,289) • 

Bussell's Periodontal Index (PI) has been widely used for field 
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st~dles since lt was deve1oped. Wlth the few exceptions (105, 

153,156,402), in which on1y populations of narrow age ranges 

were studled, the average PI scores increased consistent1y with 

age (1,17,18,22,25,73,93,103,109,116,153,154,159,164,202,212, 

213,24J,247,259,267,350,352,35~,364~367,J~~~395,)96,400,401,414, 

463,469). The 'index did not increase at the same rate from one 

age group to another, and indeed, a sharp break could be obs~r-.. 
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 Ecuador 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 a~e were found (109,154,159,164,213,24),259,)68,395,400, 

401,414,469). But such increases in OHI and/or CI scores could 

only partly exp1ain 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 (21),247, 
:. 

463). 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 schoo1 children study (283), 

prevalence of subjects having one or more perlodontal pocket in

crea~ed with age (17,2Q,202,212,213,247,330,358,400,402,410). 

Perlodonta1 pockets may start ~ appear in people as ear1y as 

10 years of age (2Q,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 mignt 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 durlng midd1e age (247,358). Co-

rrespondlng rlse of OHI and/or CI scores with age was also ob

served (213,330,400,401) wlth one exception belng the study by 

Sheiham of Surrey schoo1 children (402). Like the preva1ence 

of subjects with periodontal pockets, the average pocket depth 

par subject also became greater as age increased (30). 

Alveolar bone loss, which i~ measured from radiographs, was 

found t~ progress as people became older (16,375,394,41)}. The 

correiation coefficients between age and alveolar bone loss ran-

ged from +0.37 ()94) to +0.81 (413) depending on age ranges, s1-

ze of samples, and possibly also other characters of the study 

populations. 

There are sorne other parameters whlch also measure preva

lence and severity of periodontal disease and were found to rise 

with increasing age in various populations. They were gingival 

recesslon rate (GRR) (18), percent of subjects havlng gingi~al 

recession (149), percent of subjects having both gingivitls 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), 

Ramfjord's Periodontal Dlsease Index scores (PDI) was founa to 

progress with increasing age among adult population (439}, but 
• 

to have no consistent age trend among children and adoleScents 

-

• 1 
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1 
(330.439) • 

There WBS sorne fluctuation in the proportion of chl1dren 

wlth abnormal glnglvae between the ages of 5 and 13 years among 

school children of four Canadlan provinces for which data are 

available (235,236). To cover as many aspects of perlodontal 

disease as possible, it ls 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

rit y witWage, we still do not understand the responsible me-

chanism. Since surveys on adult populations in the U.S.A. re
l 

vealed that about one-seventh of the males and one-fifth of the 

females at the age group o~ 55 to 64 years had no detectable 

periodontal disease, and that, for the sarne age group, only 45,6% 

and 35.5% respe~tively among the males and the females had true 

periodontal pockets (202,212), it 8eems unlikely that the aging 

proeess ltself would initlate or promote periodontal' dlsease. 

Instead, age may only an indirect indicator of the duration of 

the etiologieal factor or 'factors which may or rnay not relate 

to age, and of the duration of the periodontal disease sinee 

its inception. 

I.3.2. Sex 

Of the studies which consisted of both ehildren, adolescents 

and adult populations, the perlodental disease occurred, in 

general, more frequently and more severe17among the males than 

\ 
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females (1,22,116,149,159,164,202,2l2,258,273,289,368,420,430). 

At the same time, male subjects were found to brush their teeth 

1ess freqUentl~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.S.A. demonstrated, however, 

that differences in PI between sexes disappeared when compari-

son was made between sexes with like age and simplified OHI 

scores (2]3). Studies amone rural Mao~i population did not 

revea1 obvious difference in CI or DI scores between sexes, in 

spite of the fact that males had higher average PI scores than 

fema1es for each age group (22). 

Severa~ studies has lndicated no consistent sex difference 

at young ages, only slight1y higher prevalence of periodontal 

disease among teenage girls than boys, and genera11y more sig

nificant differences in periodonta1 conditions among adult men 

and women (37,154,122,352,358,401,414). Oral deposits fol1owed 

this same pattern in a Ugandan study (414), but were found to 

be consistent1y worse among males than fema1es throughout aIl 

age ranges in two other studies (154,401). 

Cont~ary to the above findings, studies in Ethiopia (247), 

rural central India (267), Sudan (103), among Bedouins in Israel 

(350) and Tokelau Is1anders (22) demonstrated worse periodontal 

condition among boys than girls and among adult women than men., 
11/ 

Males among Bedouins in Israel scored, for each age group, hi

gher CI and DI than female~ (350). Waerhaug reported consis

tently hlgher average PI scores among Ceylonese females than 
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males who had the same age and slmplifled OHI scores (40) • 

Prevalence 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 partlcular 

had higher prevalence and severity of periodontal disease than 

the males of these populations (22,103,247,267,332,350,46), 

but lt 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. 

Studles in Chileans (17,18), Melbourne subu~banites in Austra

lia (2~) 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 sarne age 

and oral deposit categories and srnoked the sarne 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). Contrary to this, gi~ls, as compared with 

boys, at Surrey school in Kingston had a higher average PI score, 

a higher proportion with pockets as weIl as a higher average OHI , 

score (402). 
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Thus, there seemB to be no definite sex difference in 

the preva1ence and severity of periodonta1 disease, and_w,hen 
(' ~ 

they did exist, most of such differences cou1d be exp1àined 

by intermediate factors, suoh as degree of oral depo6~s and 

c1eansing. A1though there are still sorne studies in which one 

can not exp1ain the differences between the sexes in periodon-

tal condition, one must a1so rea1ize that tpe samp1e bias of 

these studies may have been so great that this itse1f may have 

caused such differences in periodonta1 dlsease preva1ence. 

1.3.3 Geographie distribution and ethnie factor 

Epidemio10gica1 studies of the preva1ence of periodontal disea

se have been made on populations from more than 50 geographic 

areas (1,17,20,22,3R,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, 

401,402,414,415,461,463,469). To obtain a rough idea about 

the preva1ence and severity of the disease among populations of 

various geographic regions, these studies are summarized accor-

ding to: 

(A) Prevalence of periodontal disease -, 
(B) Prevalence of g1mgival abnorma11tles 

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

(D) Nean PI score (Russel1's PI index) 

Ta compare the prevalence of ~eriodonta1 disease among 

different populations assessed by dlfferent observera was a1-

ways handlcapped by great observer variation, even when the 

same index was employed (82). And there la no way ta make a 
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(B) Prevalence of Gingival Abnormalities 

study population 

Thailand 

Scotland 

Boston 

Tokelau I~landJ 

N.Z. (primi-

tive life) 

Canada: B.C. 

SaSk. 

Ont. 

N.S. 
~ 

French Po1y-

nesians 

:, 

Parameters 

% with gingivitis 

% with gingivitis 

% with gingivitis 

% with gingivitis 

% with abnormal 

gingivae 

% with gingivitis 

.-

Age 
(years) 

8-12 

13 

13-15 

10-14 

15-19 

20-24 

5-13 

4-9 

10-14 

15-19 

f 

Percent Reference 

number 

100.0 230 

99.4 282 

M: 88 273 

F: 75 

M: Il.5 22 

F: 7.4 

M: 20.0 

F. 15.) 

M. 48.1 

F. 59.4 

24.7 235, 

19.9 236 

31.3 

48:0 

M: 14.4 20 

F: 13.4 

M: )1.1 
• 

F: 23.)· 

M: 33.3 

F: 21.9 

~ ~ ~) 
i 

~ 

1 

, 

1 

1 

, 1 
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CC) Percentage of Subjcets With One or Nore Periodontal Pocket 

Study populations 

Chilean 

Madhya Pradesh, Central 

Indian rural population 

Rural Nigeria: Yoruba 

Ibo 

London and Warrington, 

Great Bri tain 

Tokelau Island, N.Z. 

U.S. adult population, 

probability sample 

Ethiopia 

U.S. ~rban population 

Ontario children 

Sambay and Bassein, India 

Surrey School children • 

Kingston. England 

". 

% of subjects with pocket Reference 

40-44 yrs 

46.2 

M: 92.20 

F: 90.55 

90 

61 

N: 97.) 

F: 100.0\ 

35-44 yrs 

M: 48.8 

F: 44.0 

M: 29.7 

F: 20.5 

45-49 yrs 

59.7 

92.30 

93.40 

93 

70 

99 .. 2 

97.1 

45-54 y~s 

76.6 

8).3 

)6.9 

29.6 

40-49 yrs 

9 yrs Il yrs 

82 73 

12 yrs 13 yrs 15 yrs 

0.6 - 2.0 9.2 

M: 6.8 15.7 21.4 

F:21.4 27.5 47.4 

17 

267 

400 

401 

22 

202, 

212 

283 

330 

402 
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(D) Mean Periodontal Index Scores (Russell's PI) 

• l. 

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

study population Mean PI at 40-49 yrs Reference 

Civilian AlI study 

only population 

Chilean 2.74 2.09 17,18.5 

Ethlopia 1.86 1.86 181,247 

Alaska: primitive Esklmo 1.17 1.45 180,367 

urban Eskimo 2.31 

Ecuador 1.8.5 1.43 183,368 

South Vietnam: Vietnamese 2.18 2.62 184,368 

Hill-tribemen 3.97 
1 

Columbia rI 2.28 . 186 

Thal1and .30 3.06 187 

Lebanon: Lebanese .98 3.02 188 

Pa1estinian-refugees 3.52 

Burma 3 • .58 3.24 191 

Jordan: Jordan civilian 3.96 192 

Pa1estinian-refugees 4.41 

) 
Trinidad: East Indian 4.16 4.16 189,469 

Negro 3.72 3.72 

West Indies 4.)6 189 
1 

Wij.l te 
1 

Baltimore: 1.03 73 
~ Negro 1 1.99 " 

U.S • urban white POPU18tiOI • 1.)4 358 



-93e-

(D) Mean Periodontal Index Scores (Russe11 l s PI) C'ontinued 

• II. Studies made by other observers 

Study population Mean PI Reference 

40-42 yrs 

Hal1uoto Islander, M: 4.82 1 

Finland F: 3.02 
" 

Osegere vl11ager, w. Nigeria 5.80 109 

Chinese Army personnel 1.26 110 ~ 

Ecuador civilian and M: 2.31 154 

Montana Indian F: 1.97, 

Iran urban population 3.37 163,164 
\1 

u.s. urban population M: 1.58 358 

F: 1.26 ... 
4 

4.22 
' ~. 

Ceylonese M: 46.1"',463 

F: 4.96 $ 

4 ethnie grs.: Shinha1ese 4.50 

iTomi1 4.29 

Moor 4.08 

Others 2.63 

3 places: Anuradhapura V. .5.06 

Jaffna Village 4.36 

Colombo 3.49 

40-44 yrs 45-42 yrs 

Ont. Dept. Hlghway M: 1.92 3.33 116 

~ .~ 
employees, Canada F: 1.76 2.92 

Melbourne, Australia M: 3.20 3.05 24) 

F: 1.64 2.59 
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(D) Mean Per1odontal Index Scores (Russell's PI) Continued 

II. Studies made by other observera -- oontinued 

study population 

\ 

Rural oentral India 

at MaQhya Pradesh 

Rural Nigeria: Yoruba 

Ibo 

London and Warrington, 

Great Britain 

Rural Maori, N.Z. 

Uraguay 
,1 

Ô.s. adu1t population: 

White 

Negro 

Maori population at 

Tiki-Tik1Rang1tùk1a 
/ 

Israel rural settlement 

Mean PI Reference 

40-44 yrs 45-49 yrs 

M: 4.45 4.80 267 

F: 4.63 4.88 

3.) ).6 400 

M: 

F: 

1.8 

4.70 

4.51 

3.2 

5.16 

4.7) 

35-44 yrs 45-54 yrs 

M: 4.75 4.86 

F: '.1..5) , ).58 

M: 

F: 

M: 

F: 

M: 

F: 

M: 

F: 

... 
~.78 4.42 

1.27 

0.~2 

1.22 

0.74 

1.67 

1.30 

3.90 

2.10 

1 • .56 

1.62 

1.23 

1.55 

1.11 

2.06 

1.92 

4.43 

2.77 

2.71 

401 

22 

190 

202,212 

259 

3.52 

• 
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• (D) • Mean Periodonta1 Index Scores (Risse11's PI) --

II. Studies made by other observers -- conc1uded 

~ 

4 

Study population Mean PI Age (yrs) 

Norwegian Army M: 0.80 19-25 

Sudan j 2.42 30-39 
c 

M: 2.3 

~ F: 2.5 

Rural Indian (Bassein) 1.53 19-30 

Dental students in Calcutta 1.40 '21.78 

India and Norway: Patna 1.44 22.45 

Lucknow 1.10 22.15 

Bombay 1.14 24.)4 

Oslo 0.)2 23.89 

Singapore: Chinese 0.91 21.45 

Ma1ays 0.70 2l~41 

Indian-Pakistan 0.86 21.40 

ugan~: Tribe 'l>istrict 
.., 

Bakiga Kigezi 1.14 20-29 

Batoro Toro 2.19 

Acholi Acho1! 2.40 

Bagisu M'baIe 2.55 

• 

• 

Conc1uded 

Reference 

38 

103 

153 

201 

279 

414 

, 
" , 
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c10ser guess about such observers' errors. As an example, 

Sheiham (401) observed the periodontal disease severity in 

British workers in London and Warrington to be roughly three 

o times that of the U.S. population (202,408). But we do not 

know how much the observer variation attributes to such hlgh 

scoresamoungBritish data. Even when comparing simpler indices 

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 

(l7,202,2l2), and why Ontario school children (283) and Nor

wegian army personnel (38) had incredibly higher percentages 

of subjects wlth perlodontal pockets than Indian chlldren (330), 

Surrey school children (402), and French Polynesians (20). 

It is quite fortunate that there have been studies (17,73, 

180,181,183-189,191,247,358,367,368,469) 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 sarne research team long" and c1ose1y enough so that a 
\ 

useful degree of comparabl1ity cou1d be assurned (22,109,116, 

153,159,163,164,190,194,243,259,267,352,400,461,46). When 

data from these two sources were arrayed together, a regio

nal distributiOn in periodontal disease could be seen. In 

genêral, the more deve10ped populations and regions were asso-
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clated with less prevalence and severlty of periodontal dlsea-

se. 

When dlfferent ethnic populations reside in completely 

different geographlc regions, It ls almost imposs-lble to de-

cide which one of these two factors, ethnie or reglon, is the 

main factor responsib1e for the dlf+,erent prevalence of perio

dontal disease among various ethnie groups. There are sorne pe-

riodonta1 studies, however, which were conducted among various 

ethnie groups living withln one weIl deflned geographic reglon 

(20,73,202,212,213,243,279,352,366,367,368,400,414,415,463,469). 

A perlodontal study among 9 ethnic groups in Israeli ru

ral settlements revealed great variations, bofuin the severity 

and prevalence of perlodontal disease (352). The study was not 

deslgned to expIa in such variations. Slome (415) also reported 

that post-partum Jewish women in Israel who were born in East 

Europe and the Near East had a higher periodontal disease pre-

valence than tmose born in \vest Europe, North Africa, Far East 

and Israel. Slnce age was not standardt:z~d 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 ethnie groups in French Polyne~ia (20), eorrespon-

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 Indian8 exhlbited a sllgh~ly grea

ter severity of periodontal dlsease in several age groups than 
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the Negroes even though the OHI scores of the East I~dian tended 

to be slightly lower than those of Negroes (469). (Transposition 

of the headlngs of Negro and East India on their table has 

been conflrmed by authors of this study through personal com

munication). This unusual relationship between PI and oral de

posits (in this study, materia albà), was also observed by Mc-. 
Comble et al among Chinese, Malays and Indian-Pakistanese in 

Singapore (279). 

In the U.S.A., white persons nad, 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 ()66) and higher OH! scores (213). Ta-

king factors of age and mater1a alba or QH! scores into con-

sideration simultaneously, the difference in PI scores between 

white and negro persons practically disappeared (21),366). S1-

milar flndings were reported by Lilienthal et al in their stu

dy of British-Europeans and Mediterranean-Asians in Melbourne, 

Australia (24). On the other hand, \-!aerhaug demonstrated that 

OHI scores and age factors failed to explain adequately the dif

ferent severity in periodontal disease among four ethnie 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 effeet on PI scores. Waerhaug suggested 

that variation in protein intake among four ethnie groups rolght 

be responsible for thelr differences in severlty of perlodontal 

disease, although direct evidence of protein intake in relation 
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Populations and Regions with Relative Degrees of Prevalence 

and Severity of Periodonta1 Dlse8se 

/ 

Low (PI: 1.0~ to 1.34): 

U.S.,white population. 
\ 

, Alaska-primitive Eskimo 

Low Median (PI: 1.85 to 2.62): 

U.S. negro population 

Urban Esklmo 

Canada 

~ustra1ia 

Ecuador and Columbia 

Vietnam-Vietnamese 
1 

Ethlopia and Nigeria-Ibo 

Israel 

High Median (PI: 2.74 to 3.97): 

Chi1e 

Trinidad-Negro 

,~ 1.( 

Lebanon, Jorda~ civi1i6n and Iran urban population 

Ma1aya, Thailand, Burma and Vietnam-Hill tribes 

Nigeria-Yoruba 

High (PI: 4.10 ta 5.80): 

Uruguay . 

Trinidad-East Ind1an 

Jordan-Palest1n1an refugees 

Maor1 population, N;Z • 

Ind1a and Ceylon 

West Nlger1a-Osegere v11lagers 

• 
'1 
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to periodontal condition is still very weak • 

Various ethnie groups who, though residing wlthin a de

'fined geographic region, 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 

weIl vary from one Ethnie group to another and may be respons,i

ble for the difterent prevalence and severity of periodontal di-.. 
sease among these groups. 

Thus, it seems clear that there is a distinct prevalence 

and severity of periodontal disease among populations of various 

global geographie regions and among distinct ethnie 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 prevalenee 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 ia still 

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

tion 1.3.6. 

1.).4. Socioeeonomic factor 

Socioeconomic status ~s a theoretical concept still awaiting 

clear definition. 50 many variables, such as years of formaI 

education, occupation, farnily incorne, living condition, soclal 

prestige, and so on, are encornpassed in the concept that in prac

tice a single variable which can be objectlvely deflned 16 com-
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rnonly us~d as an indirect indicator for epidernio10gic purposes 

( 262) • 

Years of formaI education, farni1y incorne and occupation 

are the three variables which have been most common1y used as 

indicators of socioeconomic status in epidernio1ogic studies of 

periodontal disease. Many surveys demonstrated that better pe-

riodontal condition was associated with more years of formaI e

ducation (24,38,175,212,296,366,415,463), more fami1y incorne 

(164,212,288,463) ,and more favorable occupation (9,164,255,278, 

296,366,401,415). Hhenever periodonta1 conditions of rni1itary 

and civi1ian groups studied, the former group consistent1y had 

rnuch better perlodontal health than the latter group of compa

rable age (154,361,368,424). 

Corresponding to better periodontal health among persons 

of hlgher socioeconomic status, this group a1so had 1ess dental 
... ~ ,,,,-' 

deposit, rneasured as debris, calculus or both (38,154,164,175, 

213,255,361,463) and brushed their teeth more frequent1y than 

did the lower socioeconomic group (24). If the factors of age 

and dental deposits or toothbrushing frequency are he1d cons-

tant, the difference in periodonta1 severity between higher and 

lower soc~oeconomic groups dropped to neg1igib1e leve1s in rnost 

studies (9,213,243,368), -but rernained significant in adu1t popu

lations in Cey10n (463) and Birmingham, Alabama (}66). In his 

study in Ceylon, Waerhaug compared PI scores of various educa

tional 1eve1 and ~arnily incorne groups who be10nged to the same 

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

subjects who scored 10w in OH~S, but major difference in PI 
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still remained among subjects who had hieh OHI-S score (463) • 

Thus, these resul ts indica ted an interac tion betl'leen 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 phenornenon was not apparent among de

veloped countries such a~ the U.S.A. (213), Norway (9) and Aus

tralia (243), malnutrition among low socioeconornic persons in 

Ceylon may have been the rnost likely factor which made perio-

dontal tissue less resistant in these people than that of well-

nourished persons, to equivalent amount of oral irritants. Ru- ~ 
1 

j 

ssell and Ayers reported that, among adults in Birmingham, A1a-

barna, 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 consldered as contradictory to the study made by 

Kelly et al on U.S. adult populations (213). 

Although years of formaI education, family incorne and oc-

cupation are used as indirect indicators of socioeconornic status, 

each variable rnay meas~re a different component of the socloeco-

nomic complex, and it ls not surprlsing that degree of associa-
.1" 

tions between disease and socioeconomic sta tus ma);. ,differ accor

ding to which measure 18 used (262). Kelly and Van.Kirk inter

preted that famlly incorne Implied the ablllty to purchase dental 

car~, whereas years of formaI education Implled 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 l score 

was higher with years of formaI education than with fa ily in

come l and that adjustment for years of education reduc d the va

riance in the mean PI sc~es attributable to family incorne to 

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 frorn Negroes showed the sarne trend, 

but there was little difference either in educational level or 

mean PI score between Negro craftsrnen and foremen, operators 

and service workers, ~nd 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 nurnber 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 

arnount of income, education of parents, home ownership or ren

taI, 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 p~riodontal 

disease scores tended to oceur 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 chlldren of hi

gher socioeconomic status in Indiana (299). Enwonwu and Edozien 

studi~d periodontal disease among 402 Osegere Villagers and 539 

Yoruba family members in Nigeria (109). These two populations 

dlffered greatly in living standard, dietary habits, nutrition 

and genera1 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-S than Yoruba family members. Within 

the same categories of age group and CI-S score, Osegere VilIa-

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 than that observed in Yoruba family members. 

The four previously mentioned social variables remained 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 formaI education, incorne or oc-

cupational status received more dental care relative to their 
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needs and made more preventive dental vis1ts (208,209). stu-

d1es made on volunteer employees from Ontario Department of Hi-

ghway (116) and post-partum Jew1sh women 1n Israel (415) reveal-

ed ttat sever1ty of periodontal disease was inversely associated 

w1th the frequency of dental visits. McCombie and Stothard found 

that among children of Greater Vancouver, the proportion of chil

dren having g1ngivitis 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 reçeived partial treatment for caries 

(420). Siml1ar findings were reported by Russell and Ayers in 
-their study on adult population in Birmingham, Alabama (366). 

The school system in Dallas classified qhildren into accelera-

ted and non-accelerated classes. Zimmerman and Baker reported 

that children of the accelerated classes bad a lower average 

periodontal score than those of non-accelerated classes (475). 

There were three studies 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 Generalls social classification whereby the daughter 

or wife of social class l male may be classified, for example, 

as social class 3 if she 1s employed as a clerical worker (401). 

Q 
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Sheiham also conducted a dental survey among Surrey school chil-

dren age Il to 17 years. He found that although children of hi

gher social classes had less oral deposits than those from lower 

social classes, no consistent difference in PI score among chil

dren from varlous social classes was observed (402). It might 

be concluded from the data that children of this age group had 

not been sufficiently 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 gineivi-

tis among children. Finestone studied the periodontal conditi

on of 189 diabetic patients and reported no significant associ

ation between PI score and socioeconomic status (112). Slnce 

his study supjects came from low or low-middle incorne 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 0n years of for

maI 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 formaI education, as compared with family in

come and occupational classes, is more close1y 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 prof~ssional 
\ 

dental care received. In less developed countries, malnutrition 
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and other unkown factors which are associated with poor living 

standards Beern ta be more responsible than oral deposits for .. 
the more severe periodontal disease arnong poverty-stricken low 

socioeconomic pers ons when dompared to the higher status group. 

1.3.5 Urban - rural comparisons 

Rural as compared to urban population 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 

frorn one study to another. Data from the U.S. National Health 

Survey showed that actual and age-sex adjusted expected perio

dontal disease scores did not differ greatly enough ta indicate 

that periodontal disease was associated either with population 

density or with place description which included urban-rural 

comparison (212). ~jobley 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 flpercent of rural residel!-ts of the countyfl be

came greater (28). Russell analyzed tl;le'. 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 ta the small urban-rural difference in periodontal con

dition in the U.S.A. there was a greater dif~erence 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 aIl age groups was higher than 

that of ~he rural population except for the age groups sixt y 

and over (159). The author did not interpret this unique phe

nomenon though his sampling method may have been of doubtful 

validity. 

Correspond'ing 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). 

Althou~h 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 ln county" ra ther than 

"the percentage of county residents classified as rural" was 

associated with the PI scores of periodontally Involved chil

dren (359), It 18 conceivable that the urban-rural dlfference 

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 hlgher prevalence and severity of periodontal 

disease than thelr urban counterparts, such differences were 

in most cases not great, or negligible. Oral deposits are a8SO

clated with urban-rural differences in periodontal conditions • 

Simultaneously consideration of socioeconomic status in future 

studies of urban-rural comparisons of periodontal di8ease 18 

-' , 
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essential. 

1.3.6. Occupational hazards 

Injuries of the periodontal tissue which occur as a direct re

suIt of the occupational exposure to various specifie agents 

are rather common. Most of this knowledge was, however, not 

obtained from specifie periodontal surveys on various oceu-

pational groups, due obviously to the faet 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 oeeupational hazards were made by Schour 

and Sarnat (377) and by Walters and his co-workers (464). The 

following ls a summary of periodontal manifestations of occupa-

tional disease according to specifie etiologic agents - taken 

from the study by Schou~'and Sarnat (377). 

The dental profession has been MOSt familiar with the ha-

zards of metallie intoxication, especially from lead, bismuth 

and\mercuryand their compounds, with regard to periodontal di

sease. These metals, in dust form, ca~ cause distinct pigmen

tation, without toxic symptoms, particularly on inflarned rnarg~

nal gingiva (2,167,204). In acute intoxication, acute ulcera-
. . 

tive gingivostomatitis together with gingival pigmentation has 

been observed, and in cases of mercury intoxication, destruction 

of underlying bane has been reported (2). Slnce gingival plg-

mentatlon can appear in the absence of rea1 intoxication, it 

has for sorne time beert used as an indicator of chronic exposure 

to these metals, yet ~t ls a very crude index because the degree 
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of gingival pigmentation depends ta a large extent on pre

exlsting inflammation. 

Other chemicals such aa phosphopus (J77), arsenic (178), 

and chromium (238) may cause necrosis of alveolar bone with 

loosening and exfolia ticm of the teeth. Inflammation and ul... "~ 

ceration are usually~sociated with destruotion of the under-

lylng tissue. Benzene intoxication is accompanled by gingival 

bleeding and ulceration with destruction of underlying bone ( 

377). 

Most knowledge of oral·manifestations of oocupational ha-

zards came from studies made during the first half of this cen-

tury. Since then rapid industrial development haS led to a far 

greater potential occupational exposure to each specifie etio-~ , 
! 

logic agent (121). In addition to this, remarkable advances 

have been made in application of organic chemicals in indust, 
rial techniques, but few or no studies have been conducted to 

assess these new agents ~s ta their implicatiorr on periodantal 

health. 

Thus, there are definite periodontal manifestations from 

various occupational exposures. A1though ear1y recognition and 
t' 

treat~ent of oral disease are important, the prevention of these 

disease should be part of a total occupational disease preven

tion program. 

1.3.7 Nutrition, diet and slstemic conditions 

I.)~7.1. Nutritional factors and dletary habit 

1.).7.1.1. Population surveys 

.. 

" 
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There were three studies which attempted to relate the ascor-

bic acid levels to periodontaI condition among selected popu-
" , 

lations (317,318,)88) and none of thern found significant asso-

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

assess the perlodontal effect of a nutrient on a population whose 

intake variation of that nutrient was weIl within normal range 

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

greater variation if a population of wider social background had 

been studied, n<J·'association between the nutrient and perio-

dontal score can be expected. A study by Perlitsh on person

nel wintering in Antaractica ()18) 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 gingivitis 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 glngivae might have masked the in

flamed gingiva,e by their anemic paleness. This effect might 

also hav~ been due to his smal1 study sample. 
u 

A study on dental patients by Lainson et al demonstrated 

n~ associa~ion of PI with etther, mocrohematocrit, hemoglobin or 

total R\.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, although three-fifths of~th~ female subjects had ~ low 
~ , 

microhematocrit level, 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 Nigeria (105) revealedthat neither acute 

ulcerative gingivitls among Nigerian nor periodontal score 

among Sudanese correlated with protein malnutrition. In 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 flnding 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 '&lbumin, higher globulin, lower 

ratio of albumin to globulin, and lower hemoglobin levels than 

did children from high S-E classes. Protein malnMtrition, 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 

deficiency, as diagnosed clinically, wes associated with higher 

PI score, and this association exaggerated when the OHI score 

increased, bu~ nearly dlsappeared when the OHI score was very 

low. While the difference in PI of each age between weIl nou

rished and malnourished ~le~ was not apparent" such difference 

among females was more p~o~ed (46J). AlI these facts poin

ted out a~ interactive relation between nutritional factor and " 
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OHI score as weIl as between nutritional factors and frequency 

of child-bearine in wo~en 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 (1. 

C.N.N.D.) which have covered many geographic areas throught 

the world. ~he 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). In one article 

the authors made following statement: IIl ess 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 r~sidual factor wholly ~ndependent 

o~ age or hygiene (debris and calculus), therefore, ~an have 
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1itt1e effect on perlodonta1 dlsease as scored by PI." (362) • 

Sorne comments have to be made about these population sur

veys before meaningfu1 conclusions can be drawn. 1) when a po-

pulation survey was conducted in a geographic area where the 

population nutritional status was homogenous, le. very poor in 

aIl foregoing studies, because of the small intake variation of 
r 

each nutrition, little or no association between nutritional 

state and periodontal score could be expected. 2) Since sorne 

biochemical data also were associated with age and OHI score ( 

18,)68), 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 actually plays in the disease process 

either, but a logical guess i6 that it mainly indicates, indi

rectly, the duration of existing peri?dontal disease and etio

logical factors. Age, therefore, may be an important factor in 

disease progress rather than disease initiàtion. Thus, when a 

multiple correlation coefficient for a nutrltional factor and 

age over a rather ~de range with periodontal severity ls esti-
~ 

mated, age will almost completely dominate such correlation. 

5) Biochemiçal,data indicate nutrltional status lmmediately pre

ceding the tests, whereas periodontal disease is a longstanding 

-
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chronlc disease; a great deal of cautlon iB therefore requlred 

ln interpretlng the association of these two variables ln a 

cross-sectional study. 

With these considerations, lt ls easier to understand why, 

from studles in Chile and Ethiopla, the combined effect of age, 

sex, oral debris, supragingival calculus, aIl biochemical data 

and molar attrition score explained only one-third and one-half 

respecti vely of the total variance of PI and GR (18,.247), whereas 

from studies in Lebanon and South Vietnam (362), the combination 

of age and OHI (lncluding subginglval 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-

··klmo 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 eJCplained four-fifths .. of the---

total variance of PI among subjects from higher social class 

Yoruba family members), whereas it accounted for only three-

tenths of the variation among those belonging to low ~oclal 
" 

class (Osegere Villagers). Thus, great difference in hemoglo-

bin'and other serum proteln levels between the hlgh and low so

cial group in this st~dy might be the most important factor re

sponsible for much greater periodontal severity ln the low so-
" 
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cial group (Osegere Vlllagers) • 

To summarlze, most population surveys did not find that 

the deficiency of any specifie 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. 

1.3.7.1.2 Clinical Trials 

Although clinicians have long been impressed by the detrimental 

effects of nutritional deficiency on periodontal health, the de

layed appearance of population data and the general lack of app

lication of epidemiology and ~tatistics in c1inical trials by 
1 

the dental profession have greatly handicapped extensive use of 

this method in periodéntal research. Lacking a solid scientific 

grounding, many periodantal studies are open ta criticism. 

A) Carbohydrates 

. Choosing systemically healthy dental students of a study, 

Cheraskin, Ringsdorf and their associates initially scored on 

gingivitis (61), measured sulcus depth (55,57) and estimated oli-

nical tooth mobi1ity (56,59). The students were then dlvid~ 

randomly (arbitrary?) into an experimenta1 and a control group. 

During thr~e experimenta1 days, the former group drank elther 

sucrose (55,56,61) or glucose (57,59,61) solutions an~ the la

tter group consumed artificial sweet drinks. On the fo'urth 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 indivioua). They reported that 

while no si~nificant changes in mean scores of parameters se-

cured among the control group, the experimental group showed a 

significant score increase in aIl three parameters studies. 

From,J;heir da ta however, i t became obvious tl1a t: 1) random di
"\ 

vision into experimental and control group sometimes resulted 

in quite different initial mean scores (56); 2) the differences 

in para~eter scores 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 weIl within observers'error; and J) the 

surprising consistency in a very high proportion of experimental 

subjects ta have increased scores of aIl studied parameters with 

no ch~nge 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 aIl. 

Thus, the effects of sweet drink on gingivitis, sulcus 

depth or clinical tooth mobility a 'Il not very clear. 

Better study design such as match ng for pairs tween two 

groups, larger sample size and longer exp period, as 

weIl as more appropriate methods for data analyses are essen-

tial for future studies. 
(' 

B) Protein 

Cheraskin, Ringsdorf and their co-workers studied the èf-

t'eet 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 Oenter and Fire De

partment in Alabama, U.S.A. (60,62). Initial blochemical ex-

amination of serum protein, albumin and e;lobulin levels indi

cated aIl subjects to be within normal range. Following ini

tial estimation of the gingivitis score (50,60,339), sulcus 

depth (51,342) and tooth mObilitY~49,62)t the study subjects 

were randomly (arbitrary?) divided into an experimental and a 

placebo p;roup. The former group received daily protein supple

ments which were either a mixture of essential amino acid (339, 

342) or animal protein (49,50,~,60J62). Each experiment ran 

for either three days among dental students or two weeks amone; 

adul t personnel of the I-:edical 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-

dition of periodontal disease among experimental subjects, li

ttle changes occurred among placebo group. From their study of 

sweet drink same questions could be asked here too. 
ç 

With a sort of cross-control design, Lederman and Hazen 

studied the effect of protein supplements on gingival disease 

among young adults (233). Pairs of experimental and control 

subject were matched according tq initial gingivitis score. 

The authors reported a beneficial, though transcient, effect 

of protein supplements on gingivitls severity among subjects 

who startêd with protein supplernentation during the first three 
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weeks and chanf,ed ta th8 placebo during the next week~: No ini.. 
tial nutrient data or other quantitative data were reported. 

It was rather difficl.ü t to accept 'the conclusion that se-

verity of periodontal disease among those young adults could be 

improveo by supplements when there was no evidence of protein 

deficiency to bep;in with. Until data from more critical studies 

are available, no conclusion is immune to serious questioning. 

C) Vitamin C 

Vitamin C in pure forrn as weIl as in natural fruits such as 

oran~e and grapefruit has beeh used as a supplement in many c11-

nical trials. 

A clinical trial on subjects whose initial levels of as-

corbie acid rn plasma and tissue was relati vely low, indicated 

that vitamin C supplements reduced the severity of gineivitis 

(99,229,260,281,)46), 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 

,ow 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 that although 
'!\ 

the experimental subjects had received 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 1eve1s (141) of plasma ascorbic acid showed no reduc

tion in gingivitis score fo11owing dietary supplementation of 

vitamin C. Gllckman and Dines showed that by the end of the 

/' 
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experiment the ascorbic acid. 1evels in plasma of the supple-

mented subjects increased, while 11ttle, chanee occurred in the 

tissue level (141). They also reported that subjects whose gin-

glvae were treated immediately followine initial assessment of 

gingivitis score had significantly better gingival health than 

others at the end of the study. Results from this study (141) 

as weIl as from others (99,100,101) which had consldered effects 

of both supplementation and initial prophylaxis, indicated that 

co-existin~ factors, both local and sys~emic, were responsible 

for proGression of the disease. 

Thomas et al studied gingival hue (44) and resofption of 

alveolar bone (442) among dental students. They not only supple-

mented the diet with oran~e juice of experimental subjects but 

also requested control subjects to eliminate citrus fruits from 
~, 

their diets throughoÙ't, the study period of one year. The re-
~. . ~ 

sults showed a rnarked rebuction in scores of gingival hue amonr, 

the experimental subjects and increase in severity of gingival 

hue am~ 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 Is 

questionable that a study lasting only one year and lacking a 

reproducible rnethod for measuring height of alveolar bone could 

yield signiflcant information in this area. 

Roth (354) and C~rvel (47) reported à reduétion in the se-

verity of gingivitis following dietary supplementation w1th bio-
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flavonoid and vitamin C. Since their study subjects were clini-

cal patients with varyihg ages, were smàll in number and provided 

no information about the level of vitamin C in plasma or tissue, 

only limited conclusions can ~e drawn from these two studies. 

Four other studies demonstrated no significant reduction 

in the severity @f periodontal disease 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 sêvere 

deficiency of vitamin C could have existed. In Kutscher's stu-

dy on dental patie~ts, the initial scoring of gingivitis was 

done according to the gingival bleeding and sensitivity ~y 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). AlI children and adolescents studied by Co-

ven, received an initial thorough whole mouth prophylaxlB~, 

The experiment lasted only 28 days. Marked improvement in the 

gingival health of bath 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, 
o 

hence., their negati ve resul ts should not be interpreted as 

showing no association between vitamin C and gingival disease. 
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In summary, vitamin C supplements could not reduce the 

severlty of perioàontal disease in subjects who had no evi-

dence of a vitamin C deficiency. For subjects who had an appa~ 

rent deficieney in this vitamin, supplementation with vitamin 

C in its pure form or in natural fruits might, to sorne extent, 

improve gin~ival health and reduce sulcus depth. Its effect on 

alveolar bone resorption i8 not eertaih. Considerin~ the faet 

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 perlodontal 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) Multivitamin 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 orthodontie banding (96). 

Ringsdorf and Cheraskin supplemented dental students with mul

tivitamin- trace mineraI for three days and found a signifieant 

reduction in gingival inflammation (340) and suleus depth (3~). 

Since there was no evidence of vitamin deficiency among those 
~ 

students, and the differences in periodontal parameters between 

experimental and placebo groups as weIl as between initial and 

final scores of the same groups were not great and could,oceur 

jfrom observer erro~, their results eould be taken only as a mo
I 
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tivation for more critical studies. , 
Keller et al reported no reduetion in gingivitis score 

on hemiarches of subjeets who had reeeived multivitamins for 

thrfie weeks (210). This result was interesting because these 

subjeets started with moderately low levels of ascorbie acid in 

the plasma and demonstrated increased levels at the end of the 

•• experiment. The aseorbic acid levels in tissue were not tested. 

Although Dachi et al found no reduction in suleus depth on ex

perimental subjects supplemented with multivitamins for five 

days (78), this may have been because the study subjects, den

tal students, had initially very shallow gingival sulei (only 

10% of them had sulei 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 levels were not stated. 

Half of the subjects received the sustained - release formula, 

whild the remainder took the regular - re1ease type. Results 

showed that while both groups improved in periodontal health, 

~ubjects who had received the sustained - release formula, as 

compared with those of the regu\a~ -release formula, had greater 
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re~uction in f,inv,ivitis scores (53), suJcus depth and tooth mo

bi 1 i ty ('54). In a separa te report from thi s ~tudy, Rechards et 

al reporte~ a hiv,her averav,e ascorbic acirl level in thp ti~sue 

at l,he en~ of the experiment ap1onp: the "sustained" as cornpared 

to the "re~ulàr" grC'up (1)6). Since no placeho p;roup was inc1u-

ded in th~R stllcly dpsip;n, the exac t dep;rce of improvel'Ient in }.le
C" 

riodontal health from these two kinds of supplenehts is an open' 

question. Also from the data, it was obvious that the differences 

between thp two p;roups in suIcns depth and tooth mohility was 

not grent (54). 

Same com~pnts and conclusions about vitamin C suppl~ment 

ar~ applicahle here. None of the studies mentioned above attemp-
. 

ted to standardize other disturbing factors wh en comparisons were 

made between multivitamin and placebo supplements in terms of 

effects on periodnntal disease. Thus, supplernentary effects might 

have been over - or under-estimated. Until 'data from more criti-

cal studies become available, the best conclusion one can make 
~ 

ls that multivitamin supplements tend to reduce gingival infla-

mmation a.nd that their effaèt on sulcus dept.h or tooth mobili ty 
bO 

~j ~ertain. 

E1 Summary fy6m c11n1ca1 trials 

Results from ~h~ foregoing c11nical trials did not greatly subs-
, 

tant1ate or cIarify the nature of as'sociations between nutrients 
\ 

and the severity of periodontal disease as found in population 

" Burveys. While the results from many c1inical trials indicated 

that periodontal dlsease tended to be reduced in severity by 
' .... 

withdrawa1 of sweet drinks, and by supplementation of proteln, 

J 
" . 

\ 

\ r 
\ 
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vitamin C as well as multivitamins, their validity was quite ques-

tionable due to: 1) no evldence of deficlency in specifie nutri

ent amonr: most stucly suhjects, 2) the possible fallure in bl inà 

assessment, 1) the relatively shorL study periods, 4) no controt 

over diets in placebo groups, 5) the failure to control other 

disturbin~ variables in the study, and 6) the incorrect methods 

of data analyses. The only finding which seemed to occur more 

Q 

/ 
or 1ess eonsistently throup;hout this review was the redubtion -6r- ......... / 

C,," 
P"inf'ivéll inflammation follm'1inr; vitR'11in C supplementaticJll fn sub-

jeets who initially han apparent viramln C deficieney. That does 
~ , 

not exclw1p thp possihili ty of periddontal dlsease due to a de-

ficiency of other nutrlents. Insteacl, it means that eurrent da-

ta do not allow many definlte conclusion., 

In spite of aIl these dra~baeks,-p1inieal trials have de
, ~-

monstrated the fact that nutrient factors are not major'varia- ~ 

bles and eertainly not the only ones responsible for severity 

of the periodontal disease. 

1.3,7.1.3 F1uoride in drinking water '--- a specifie nutr'ient 

There were nine population surve~s which investieated :the as 0-

eiation between fluoride concentration in drinking water a pe-

riodontal disease. Four ~f them were made on ehildren adoJes-

cents and five other~ on adult popu~ations. 

Brown and his assoeiate (40) assessed the prevalenee and 

severity of gingivitis among school'children of age six to four

teen years in Brantford, Sarnia and Stratford, Ontario. '. The di

sease was found to be equivalent in Brantford, where drlnklng wa-
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ter hart been artificially fluoridated for 8 years, and in Sarnia 

where water was fluoride free. In Stratford, where drinking wa-

ter c"ntai nec1 1.3 ppm na tu rr:t l fI uoride, the preval encf' ann seve-

rit y of p;inp:ivitis were much worse than in the other two commu-

nities. This was explained by the authors as a reflectjoYl of puh-

lie carelessness in tooth eleanflinp: attributable to a low cRrief) 

rate of lonr: standinp:. ~!ite similar results were reported by 

Moore et al (299) who compared prevalenee and severity of ginei-

vitis amon~ 11?J white children, ap:e~ 7 to 12 years in nlnnm'n~-

ton, Frankfort and Indianapolis, Indiana, the water of which eon-

tained fluoride ran~ing in concentration from 0.1 to 1.1 ppm. 

Ast ann Schlesinr:er (11) s~udied 438 ehildren, aged 6 to lb years, 

in Newbourgh where water hàd been fluoridated for 10 years, and 

612 children of the same ages in Kingston where thpre WB::; a very 

low fluoride level in the water. Slightly, but si~ificantly 

more gin~ivitis was observed among latter children. Russell ()6Q) 

surveyed thses same populations, but included only those whose 
) 

ages were between seven to fourteen years and aseertained the PI 

instead of tne P.M,A. He drew similar conclusion tor eaeh of 

three age groups, but added that the difference in PI between 

two eommunities was due wholly to the higher prevalence of di-

sease in Kinf,ston. When present, disease was of about equal in 

the two communi ties. Englander and Whi:te (107) investigated the 

pervalenee and severity of periodontal disease in 8)8 white na-

tive 1ife-time residents, aged 1) to 17 years, in Aurora, water 

of which contained 1.2 ppm of natura1 f1uorid~ and in 82) teen

agers of slml16~ nature in Rockford, Ill., whlch-na~~only 0.1 ppm 
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of fluoriéie in water. study subjects in both cittes were distri-

buted similarly accordinr, to ap:e, sex, socioeconomic, educational 

levels, health and qualit, of dental care. No saliAnt differences 

were found in either the PT or the OHT scores between teen-af,ers 

of these two cities. 

ZimmerrnBl1 and his co-worker's (476) stuc1ied periodnntal di-

sea~e on older persons in Bartlett, the water of which, unti] the 

recent defluoridation proeram contained 8 ppm of natural fluorine, 

anéi CarlPron, rrexas which haéi only 0.4 ppfTl of f]uoride in water. 
___ // t ... 

Little differencps"in gingivitis or alveolar bonp resorption, as 

assesseéi by the PMA and X-ray respectively were found between two 
) 

groups examinolL These populations were later stucHeéi by Russell . ., 
(360) who assessed ths periodontal disease accordin~ to perc~tages 

with pockets, mean PI scores and percentage with edentulous ar-

ches. He reported the two groups to have no sif,TIificant differen-

ces in overall disease severity. Russell (35~,360) compared peri-. - \ 

odontal disease between 379 subjects aged 20 to 40 years in Colo-

rado Springs, the water of which contàined 2.5 ppm of natural flu

oride and 141-1- persons of similar ap;es in Boulder, Colorado, which 

had practically no fluoride in the water. For aach of five age 

groups, subjects in Colorado Sprines had consistently higher per-

centages' of nega ti ve periodontal invol vernent, lowe!' percenta.ges 

of subjects wlth pockets and lower group PI scores. Once initla-

ted, however, the ~isease was equafly sever in the two communities. 

The observed differencès wftre, therefore, wholly dUè to higher 

prevalence of disease in the community using the fluor-ide-fre~ r 
water. These findings were more interesting when taking t~e.fact 
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, 
that the study subjects from Boulder had, in general, more years 

of ~ducation 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 

adult 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 great deal geographi- \ 

cally in Chile, no such variation in periodontal condition were 
~ found. 

It is obvious that none of the aforemenbioned 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 ernotional favouring of fluoridation, affeebed the study resulte. 

It seems, therefor~, appropriate to mentidn 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 1.0 ppm 

of fluoride in its dome~tic watep, were compared with migrant 

children in the same co~mities. There was a weak tendency for , 
the periodontal heal th of 'l'lB.ti ve children to be better relati V$~'" 

to that of mlgrànts, depending on how long the.latter had lived 

in the fluoridated communlty. This was, nevert~less, a 'very 

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

Pllrison• 

') 

),. 1 
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It is fair to conc~ude from these studies that most of the 

differences in periodontal conditions between communities having 

high and low fluor ide concentrations in 40mestic water were not 

great if they existed at al1. There is, therefore, no adequate 

evidence to support the hypothesis that the use of f1uoridated 

water resu1ts in improved neriodorital health. The findlngs are 

howevpr, whol1y incompatible with a~v hypothesis that th& per1-

-od0ntal t~sues are harmed by use of fluoridated domestlc water. 

r.3.7.i.1 Diabetes me11itus 

Rudy and Cohen reported that of 581 diabetes treated in a hos

pita1, 219 or ~7.7% were edentu1ous, and that of 18 diabetics 
r 

aeed from 6 ta 30 years, only one had periodontosis (355). stu-
, 

dies by Sheppard on diabetic patients revea1ed that diabetic du-

ration and severity w~tive1Y assoclated wlth the degree 

of alvpo1ar bone resorption assessed from radiographs (404,405). 

Consioering the ràther wi~~e range and the sma11 number of 

study subjects, the association ls only su~gestive. None of the 
d 

aforementinned studies had control groups for comparison. 

There were studies which demonstr~ted sienificant diffe-

rences, in severity of periodonta1 disease between diabetic a~d 

control subjects (6,25,65,112,1)6,257,335). In his study on 200 

hospita1ized patients with ten kinds of di$ease categories, Arif 

(6) round that diabetics as weIl as ~tients with neoplasms or 

gastrointestinal disease, had'a higher mean pocket depth than did 

other patient. ~But in this study, diabetics were on the average, 
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older and had more oral deposj ts than did persans wi th other di-' 

seases. 

Bel tinf" et al stun1pd poorly c01'1trolled diRbetic patient:=: 

and found tha t for the a{';e p;roups 30 to Jq years and 4o-4Q years, 

scores of perionontal d isease were sip;-ni fican tly hip;her amonr: d 1a
/"--

beties thé1.n controls (25). "Takinfj aIl aGes tOf,ether and stan<lrtr-
,J 

dizinp; for toothbrushin~ freqllency and amounts of calculus, the 

diabeties, in EeneraJ, had more severe periodontal disease than 

the controls. Simjlar results wcre reported by Fineston and Ro-

orujy (11?) and by Ray and Orban (335). By comparinp; between 51 

patients visitinp; a ho:=:pital for other illness, Glavind et al re

portod tha L for the a~e groups of 21 to 30 and 31 to 40 yeéi.rs, 

more resorl)tion of al veola r bonc and grea ter epi thelial detach-

ment weY'e observed amonr diabetics than the control s, but a sta

tistica1 si~ificant difference occurred in epitheliâl detachment 

of the older age group (136). Lovestedt ar~ Austin observed peri

odontoclasia in diabetics who were slip;htly aIder than controls 

and reportecl that sueh s1 ieht difference in age could not exp

Iain the greater proportion of diabetics with severe periodon

toc1asia and edentu10us (257). Cohen et al conducted a three 

year lonr-;itudinal study on 21 female diabetic patients and 18 

females without any metabolic disease (65). The study subjects 

ranged in a~e from 18 ta 35 yeaTS. Annua1 periodonta1 disease 

èxamlnation .revealed that the ,diabetics had consistently hi,gher 

mean gingivitis scores and PI scores, but had equlvalent or less 

amounts of soft and hard deposits than did controls. Thus rapid 

progress in severity of periodontal disease among dia~etic patients 
'/ 

1 
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coul~ not be explained by coressponding increnses in oral de-

posits. 

Of six stu~je8 which dio nnt show sirr,nificRnt (lifference 

in periodontaJ parampters betwecn diabctic suhJPcts and control 

groups, five studies investir;ated diabetic patients whosc dia-

betf's was ei ther very mj 1 fi (JO, 177,285) or was al ready uTI<1 0 r 

perfect control (1)6,261). The stufiy sampIe derivefi frorn pro

bahility samplinp; of U.S. population, included on1y a few dia-

betic 811bjects, thllS, althou[~h male diRbetiC's hari, on th!" Rver
f 

ap:e, hir;her PT scores t.hRTI ar;e-adjustecl expectec1 scores, the di-

fference was not statisticaI1y significant (211). Diahetic sub

jects studiec1 by G1arind and his associates (]J6) were already 

under control and did not have a hip;her p;roup plaque score, gin-

gival score or deeper pockets than did the:ir controls. But the 

diabetics had greaLer epithelial detachrlcnt ann more rcsorption 

of alveolar bone than the controls which mjr;ht indicate either 

that resorption of alveola: bone had taken place before diabetes 

was under control or that controlled diabetes affected only hard 

periodontal tissue, le. alveolar bone, and gingival tissue was 

more asso?iated with local deposits. Since Hove and Stal1ard 

employed routine dental patients as control subjects, any possi

ble slieht increase in severity of periodontal d~sease among very 

mi1d diabetic subjects, therefore, cou] d' not easily have been 

observed (177). 

A1though there were three studies which indicated signifi

.cant association between duration of dlabetes and severi ty of pe

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

• 
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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). A1though Sheppard reported a positive 

assoc ia tion between insul in doses and resorption of al veolar 

bone (4~4), the smal1 number of his study subjects and the great 

variat10n in age limited any clear-eut interpretation. Glavind 

et al ~so observed that diabetics whose retinal change was ob

vious, had, on the average, greater epithelial detachment than 

did the controlr (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 aIl revealed that diape-

tic gin~ivae ha~ a much greater vascular chan~e than did those 
, 

without diabetes or hypertension (285,36°.425), but there was 

no relation between the degree of vascular chan~es and severity 

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

sease wi th diab~tes has ",yet been observeq" (261,335,405) • 

To summerize, poorly contrplled diabetics had more severe ,. 
gingivitis, deeper pocket, more loss of alveolar hone and greater 

epithelial detachment than did controls. For persans with mild 

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

periodontal disease than persans without diabetes. Persons whose 

diabetes was weIl under control had no grea ter severi ty of gingi-

vitis than did control subjects, but might have lost more alveo-

1er bone which had taken place, most likely, before diabetes was , 

>, 
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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 wi th severi ty 

of gingi vi tisa Finally J there was no characteristic change or 

periodontal disease associated with diabetes mellitus. 

1.3.7.2.2 Glucose tolerance 

In sorne studies, pers ons with varying severity of periodontal 

disease were examined for glucose tolerance and the correlation 

between these two variables was studied. Glucose to1eranee 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 tha t except for very bad glu-

cose tolerance, glucose tolerance was not necessarily,related 

with'àiabetes mellitus. 

Ostrom and his associates tested fasting blood glucose le

vel and glucose tolerance on 41 subjects wi th chronic peri odon

ta1 disease. They found that although there was no difference 

in eroup glucose 1evels between subjects with chronic periodon

tal disease and controls, a trend existed in which the overall 

curve of the glucose tolerance test was higher among former than 

latter group of comparable age (JlS),~ The small number of the 

study subjects in each a~e group suggested a need for expansion 

of the study. A study by f"Joller and Cheraskln revealed a para-

bolie relationship between interval scores of oral signs, le. 

tooth mobi11ty and/or missing teeth~ and glucose levels. In 
, { . 

other word, persona.. wl th hypo- or byperglycemia, as coinpared 
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with those with normoglycemiS, had higher scores of the oral 

sign (298). Such parabo1ic relation also prevailed when only 

subjects within small age ran~es were considered. Since their 

materia1 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 tnle 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.(52). They tes

ted two groups of dental patients, one with and one without gin

gival pathosis, for either classic or cortisone glucose toler

an~e and reported that onl~ the one- and two- hour determina-
, 

tions for cortisone G.T.T. show~d 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, ~owever, one 
, 

would realize that :differences in both means and variances of 

gl11cose levels between two groups arose sOlely from data of one 

subject who had gingival pathos}s and whose glucose 'levels were 

more than twice that of the other pa.tients. There was no appa-

rent difference in levels or distribution between the subjects 

with gingival pathosis and those without the pathosis. G'Leary 

et al reported no difference between periodonta1 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). 

AlI studies conducted by Shannon and his associates on new army 

'recruits failed to show any association between glucose toI er, -
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ance testefi in various ways anrl parameter of periodonLal yatho-

sis (219,389,390,391,392,393). Since their stud~ subjects were 

youn~ (17 to 22 years of ace), systemically healthy, ahle to . 
take unJimited minjtary dut y and within normal glucosp toler-

ance, these resul ts could only be interpretec1 as appl lcabl e 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 prolJRbility samplinr,- of the D.S. ReluIt povulation (211). 

They reporterl that male subjects whose blood glucose levels 

were above 208 m~~ had higher g~oup PI score than the age-adjus-

ted expected value, but the excess was not quite statistically 

Slgnifi\cant. Summers and Oberman studieà 324 suhjects 20 years 

or,older in age, which consisted of a 10% probability sample of 

the Tecumseh Heal th study. They reyorted a sip;nlficant 00rrela-
1 

tion coefficient between serum glucose levels and Periodontal 

Disease Jndex (PDI) scores (430). But a partial correlation co~ 

efficient, holding constapt the age and cigarette consumption, 

indicated that the original correlation diminished to a non-s~e

nificant level. 

As an example of how different results could occur in stu~ 

dies on the associat~on between glucose tolerance and severity 

o( periodontal disease, it would be worth to mentioning th~ stu

dy by Tuckman et al (447). The study subjects consisted of 41 

routine dental patients seeking oral diagnosis as weIl as 13 den

tal' students. The authors first selected 2 groups of 12 subjects 

t'rom the 41 dental patients, one wi th the highest and one w'i th the 
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IOVlest PI scores, and founel no sip-nj f icant di fferenee in aver-

ap;e ,p"lu~()se tolerancA between the two groups. rr'hey than sel ec-

tecl the suhjE'c ts in thp Sé'lffJO fashiorl but frol'] aIl 54 suhjects. 

AlI l? subjects wi th the hip:hest PI scores came from th8 ln den-

tal patients and aIl but one of l? suhjects with lowest PI scores 

came from the 12 dental stmlent. Thpre wa::; sie;nificant differ-

ence in averaGe p;lucose tolerance between these two f,roups. 

Sinee aee differecl markeôly between the two groups, an analysi s 

of covarjRnce was êlone to adjust for a[';e differcr)ees. Thp resu1t 

showed that the difference in avera~e glucose tolerance betwcen 

two f,roups remained sie;nificant.· 

Thus, exc 8';lt for suh j ec ts wi th cl inical diabetes, 8:1 ucose 

does not correlate stronely with the severity of periodontal di-, 

sease. Glucose tolerance is not the only or major factor a8S'0-
, 

,iated wit,h prop;ression of periodontal disease. Therefore, i'lhen 

ftudying a population whose %lucQ9~tolerance ls withln normal 

range and/or who had relativély rnild periodontal disease. no 

signlficant association between these two variabl~q can be ex

pected. Instead, one shouln study a populB;tion who, preferably, 

had glucose tolerance along the whole possi blé scale or, l'ess de-
I 

,~ sirably, had wide \ranc;e of severi ty of periodonta1 disease. On-
,~ ., 

ly then may the association between these two variables be shown. 
A 

I.).7.2.) Mental retardation and re1ated birth a~fects 

AlI studies on rnongoloid subjects showed a high prevalence and 
~ 1 ... 

severi ty of periodontal disease (41,221,284,439). 'Mongol s, stu-

dled by Brown and Cunningham, sufferedofrom severe destruction of 
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periodontal tissue which had little relation to local deposits. 

Calcu]us formation was uncommon and-there was correlation be-, 

tween the amount of oral deposits and the severity of peri odon-

tal disease (41). studies conducted by Kisling ano Krebs on d 

young adult mongols (221) and by Sznajder et al on mon~oloip 

children and adolesc~nts (439) demonstrated, howev~~, a si~ni-

ficant correla tion bet.~een the amount of calcul~s deposi tion 1 

but not plaque, and the severity of periodonta1 disease. But 
1 

the proportion of variation in the severity of perioclonta1 di-

sease ~ich cou1d be explained by calct11us amount ,was rather 
, 

small. McMil1an and his co-workers also ob~erved high propor-

tions of missà.:ne; teeth and even edentulous arches i11 the moneo

loid adults (2-84). A1though none ,-of the aforernentioned studies 

had control groups for compar1sons, the high prevalence, sev~ri-

ty and characteristics of periodontal disease were remarkable 
, . 

enough to SU€eest a ~c1ose relation between moneolism it~e1f and 

<periodontal disease. 
~-When mongoloid and non-mongoloid mentally defective sub-

jects of Similar age'and habitat were compared,ihe former a1ways 

nad higher prevalence and sevérity of p~riodontal disease and 

greater loss of alveolar bone (76,20~, 437). In one study whiëh 

had a1~0 mentally normal subjects for comparisons, the author re-

2
0~ ed that whilê_resorption of alveolar ,bone occurred in 96% 

", 
- d 40% ~espectively a~ong mongoloid and non-mongoloid mentally 

~efe~tlve subjects, lt occurred in 6% on1y among contro1,subj~cts 

(70). Johnson and Young also~bse~ved that periodontal disease 
" ., '\: 

in non-mongoloid mentally defective chi1dren was characterized 
/ 

\ 
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by chronic inflammator~periodontitis leading to slight resorp

t~on of alveolar bone. In moneols, however, the pattern and pro

gress sug~ested a form of Vincent's infection and periodontitis 

complex superimposeà on an acute ulcerative gingivitis (203). 

Swallow reported that although periodontal disease was much more 
• 

severe among monr,oloid than ndn-mongoloid mentally defective pa-
~ 

tients of similàr age, no difference between two groups in oral 

debris or calculus could be found (437). 

When periodontal dise~se of menta11y uetarded children (43), 

mon~oloid or non-mon~oloid mentally defective children (437) was 

compared with other normal subjects, the formers always presented 
" 

hleher prevalence and severity of the disease. But a correspon

d.ingly higher prevalence of "inadequate cleanliness" was also ob-

served amone the former. 

The above studies suggested that mongols had vety, 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 retardation 
ù 

increased, the proportion of variation in severity of perlodon-

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

deposits decreased (70,437). 

I.3.7.2.4 Cerebral paIsy 

AlI studles on oerebral paIsy ohildren revealed a high preval en-
, ~ . 

• L 

oe and severlty of gingivlti~ than in non-c.p. controls (113,26), 
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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 or 

margi~l 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 lnclude non-C.P. children for comparisons, 

these flndings were impressi ve. ' Magnusson a.nd 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- gln

givitis in C.P. children was about three times that of the controls. 

About half of the C.P. subjects with gingivïtis presented gingi-
1 

val hyperplasia, possibly, 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). Fishman et al also observed significantly 

higher group PI score'among C.P. children than among other non

C. P. si blings a t each of four age groups.'fI No significant dlffer-
, 

enoe in OHI-S score could be found between C.P. and non-C.P. s1h-

lings, though there was a tendency for older C.P. children -to 

have hlgher OHI-S score than correspondlng controls (113). 

Thua, it 8eems fair ta conclude that C.P. children in ge

neral had higher prevalence and 8everity of gingival disease than 

ia general observed in non-C.P. ohildren. Suqh excess could not 
• 
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be entlre~y explalned by relatlvely more ora: deposits in C.P • 

children. Sznajder and Feniak, however, repor,ted that systemic 

influence of C.P. itself on g~ngival disease was less than that 

of mong61isrn (440). 
o 

1.3.7.2.5 Cardlovascular dlsease 

In a study on 1299 white, male, h9spitalized veterans, Sandler' 
1 

and Stahl reported that alveolar resorption tended to be greater 

in subjects with cardiovascular disease than in comparab1y aged 

patients with other illness (371). Their later study ~n a simi-

1ar population revealed that the percentage of patients with chro

nie 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 age-matched control (261). 
, 

Summers and Oberman studied a probapility sample of J2~ 

adults in Tecûmseh, Michigan, and found that both systolic and 

diastolic blood pressure levels correlated significantly wlth 

Ramfjord's POl scores in femal subjects. Correlation coeffici-
~ 

ent of systolic blood pressure level with POl scores remained 

significant even after age and cigarette consumption were held ., 

constant (430). However, the proportion of POl variance whlch 

was accounted for by systolic blood pressure level was quite 
, 

small (about 7%). In separate paper, the authors a1so reported 

that the prevalence of coronary heart disease was more than twice 

as great in the edentu10us persons (6 of 84 or 7%). as compared 
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with the dentulous persons (9 o~ !24 or·3%). When the percent

ages were adjusted for age, however, there was no significant dir· 

ference in the rate between the edentulous (4.5%) and dentulous 

(2.8%) persons (431). 

The rnost comprehensive study on a properly representa-

tlve 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 

authors' findinGs were summarized as fol1ows: 1) Women with hy-

pertenslon had a statlstical1y significant e1evation of their pe

riodontal scores,and hypertensive men had a ~ear-significant eLe

vation. 2) Periodonta1 scores of men and women rose with lncrea-

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 perlodontal 

scores in men was statistical1y significant. 4) Men and women 

with increase~ retinal 1ight reflex had higher, than expected, 

perlodontal scores. The elevation of scores associated with in-

creased light reflex was statis,tica11y significant. 5) People 

with'definite coronary heart or with hypertensive heart disease 

had relat1vely high periodontal Bcores. 6) People with abnormal 

ECG tracing generally tended to have higher periodontal scores 

than those with nQ'rmal tracings. 

Thus with currently available data, there ls sufficient 
'. 

evidence to indicate that severity of periodontal disease wes 
'\ 

positlvely associated wlth systollc blood pr.~ssure in females, . 
perlpheral 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 1ess con-

vincing though a similar positive correlation was occasionally 

observed. 

1.3.7.2.6 Hematologic disease 

Sorne hematologic diso~ders manifest in periodontal tissue as 

a combination of both specific phenomenon from hematologic di

sease and non-specifie· in~lammatory reaction to local irrita-

tion. 

According to ~dies by Robinson and Sarnat, a majority 

of patients with sickle-ce11 anemia exhibit a peculiar step 1a-
• dder alignment of the trabeculae at the interdenta1 septa. There 

are no alteration in the lamina dura or periodontal membrane (345). 

Similar findings were reported by Morris and Stahl (301), Mit-

l' tleman et al and by ProwlGr and Smith (328), not on1y in patients 
s 

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

trait. . ,. 
~ 

Patients with cyc1ic ~eutropenia May èxhibit cyc1ic, se

vere gingiyitis which eventually may result in ml1d to severe 

10ss of superficial alv801ar bone even in children (66), Ne

crotizing ulceration of g!hglvae ls sometimes observed in patients 

wlth agranulocytosis; the absence of s,notable inf1ammatory re

action b~cause of 1ack of granulocytes is a striking feâture (269). 

Gingival and periodontal manifestations occur with great 

frequency in acute and subacute monocytic Ieukèmla. Iess fre

quentIy in scute and subacute ruyeloid or lymphoid Ieukemls and 
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seldom in chronlc leukemia (42,92,138). In 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 necros~s of un

derlying tissue, and rapid loosing 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 irreeu1ar 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 manifestation of t~ombocytopenic 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, cyclic neutropenia, agranulocy

• tosis, leukemia and thrombocytopenia can progressive periodontal Q 

disease. 
1 

More studies, however, are needed to assess the extend 
4. (. 

tôwhich local prophylaxis can prevent or delay such progression. 

1.1.7,2,7 other systemlc cOnd1tionS and disease 

By oomparing the severity of periodontal dlsease in hosplta1ized 

patients with different systemlc dise8ses, several investlgaturs 
" 

have reported that patients wlth malignant neop1asm and 1iver cir-

rhosis had unexpected1y hlgh periodonta1 scores (6,371,373), 

l' 
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Persons with gastrointestinal disorders also tended to have 

more severe peri~dontal disease (6,J73). Results from a po- 'H 

pulation survey in Tecumseh, Michigan indicated an inverse as-
1 

sociation between FEVI. and the severity of periodontal disease 
~ 

(430,431). Gould and Pieton found that cyanotic children and 

young adults had more gingival abnormalities 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 e~ al observed that of J8 pre

senile osteoporotic patients whose ages ranged from 43 to 78 
! , 

years, only ·two subjects had no sign of periodontal disease, 

27 subjects presented a terminal stage of periodontal disease 
, 

and the remainlng 9 subjects had aIl teeth in the mobile state. 

Although the authors did not include control subjects for com

pariBons, 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 

signiflcant association between allergie history and periodonta1 

scores. Age or oral cleanBing waB not considered in the comp6-

riBons. 

Although Btudies on diabetic persans (218) and mongols ( 

394) revealed no particular relation between blood citrate levels 

and the degree of aIveolar bone lOBS, higher blood citrate levels' 

were reported to be associated with greater lOBS of alveolar 

bone in study on 30 females with periodontal disease (41J). 

Subjects who had severe early destructive periodonta1 dlseBse 
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(445) and periodontosis (446) had higher blood citrate levels 

than their age-matched controls. 1t was, however, net certain 

whether or how blood citrate acted in the pathogenesls of perl

odontal disease. There was no signlficant association between 

serum cholesterol levels and peri odon bal 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. 
r 

To conclude, subjects with malignant neoplasms, llver cir-

rhosis, obstructive pulmonary disease, albuminuria or presenile 

osteoporosls are likely to have more severe destructive perio

dontal disease than subjects wlthout these or previously rnen

tioned organic diseases. Evidence of as~ociation between the 

severity of periodontal disease and allergie diseases, gastro

intestinal dlsease, genitourinary, or other respiratory disease 

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

1.3.7.2.8 Summary of organic systemic diseases 

From the present review of the interrelation between periodon

tal and aystemic diseaee, it seerns certain that periodontal di

sease tends to become more severe in persons with the following 

dieorders or diseaees: poorly controlled diabetes, mongolism, 

other mental defects or retardatlon, cerebral palsX, lncrease 

of systollc blood pressure, perlpheral arterial dise8se, reti

nal vaecular changes, s1ckle-cell anem1a, oyo11c n~utropenla, 

agranulocytosls, thrombocytopenla, leukemla, mallgnant neoplasms, 
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liver clrrhosls, obstructive pu~monary disease, albuminuria 

and presenlle osteoporosis. 

The associations between periodontal disease and the 

following disorders or diseases are less oonvlnolng: mild or 

well- eontrolled dlabetlcs, glucose toleranee wlthln normal 

range, coronary or hypertenslve heart disease, elevated dia-

stolic blood pressure, arterioselerosis, allergie diseases, 

gastrointestinal diseases, genitourinary diseases or other 

respiratory diseases. 

This summary is by no means exhaustive. Knowledge of 

the Int~rrelatlon of periodontal and systernic diseases is still 

far from complete. This ls main1y the result of a failure in 

many previous investigations to study systemic disease on the 

basis of a disease entity or of a specifie pathologie proeess 

Involved. ~Too often our studies of periodontal and systemic 

dlsease have made eomparisons involving SUch ill-defined cate- , 

gories of systemic dise8se as cardiovaseular disease, g8stro

intestinal disease, respiratory disease, kidney (373) or en

docrine dlsease (371). Another reason for our lack of knowle

dge of interrelation of periodontal and systemic disease ls the 

incornplete history record about chronic systemic disease as ," 
weIl as chronic perlodontal dise8se, 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 

he dlscussed according to three types of populations. 
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. 
Studies on emotionally disturbed subjects .. 

Miller et al administered the Minnesota Multiphasie Eersona~ 

li ty Inventory (r'INPI) to 50' clinicaJ patients and found a pos-

tive, though not significant, correlation~etween periodontal 

disease and anxiety (293). However, their study laeked proper 
. 

controls. Baker and others(16) conducted a study on 26 psycho-

ties,36 psychoneuroties and 40 normal subjects to investigate 

the relationship between personality factors assessed with the 

MMPI and the severity of periodontal disease measured as alveo

lar bone resorption and pocket depth. The results indicated 

a positive relationship between periodontal disease and 'factors 

such as age,.~broken home, marital adjustment, somatizetion, hys_ 

teria and the Mr1PI scale. The authors (16) eoncluded that dif

ficulty in personality adjustment might eorrelated with perio

dontal disease. Studies by Belting and Gupta (23,24) on 104 

psychiatrie patients and 122 patients for Medical care other 

than psychiatrie treatment revealed that the former had greater 

leverity &f periodontal disease in aIl age groups, and such dif-
'\ 

f~màined even after brushing frequeney, amount of cal-

culus and the ~bits of bruxism and clenehing were held constant 

in the two groups. When only psychiatrie patients were consi- " 

dered, the severity of periodonta1 dlsease inereased signlficant-. . 
'" 1y as the degree o~anxlety increased. Davis and Jenkins (81) 

l • 
tried to correlate emo+ional stress, as measured with the MMPI, 

and PI scores among 89 patients who were admitted to a psychia

trie center. A simple correlation co-efficient showed that 

~ there were significant associations between PI scores and\ 

Il' 

Il 
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emotional factors, le; depression, sahizQphrenia, 'mania and 

WeIsh,anxiety. By means of partial cor,relation co-efficients, 

they further demonstrated that an~iety was the main clement in 

schizophrenia, depressl'on ando mania whioh led "to the high PI 

scores. The authors also reported that factors of II 0ra1 hy

gien,~" (not défined) and age could not explain the relation-

ship between degree of anxi€ty and,PI scores. 

. ' 

I.).7.J.2 Studies on subjects with periodontal diseasé 

Manhold and Manhold (268) ~tudied 50 subjects with periodontal 

dlsease in the Great Lake Naval Tràining Center. They observed 
.r 

r 

that thé persons,whose neurotic or introversion0extrave~sion 

tendency percentiles were above the third qtlintile, as compared, 
, , ., 

aS.compared with those below it; presented more severe peri odon-

tal disease. Since th~ psychological tests employed in this 

study were cons'idered to be of doubtful va+idi ty, and the arbi

trary dichotomy of severity of periodont~l disease invited great 

observer error, the validity of this study remairts a question. 

A detalled case history study was carried out by Moulton et al 

on 6 cases of acute necrotizing gingivltis and 16 cases of chro

nie periodontitis (303). Acute necrotlzing glngivitis was, in 

aIl instances, precipitated by acute anxiety arising from a 

life situation of confllct about dependency and/or sexual needs. 
, . 

Local factors and oral habits were minimal. The subjects with 

chronic periodontitis had a background of longstanding, less 

scute conf1ict, mainly involving dependency needs. Bleeding 

gum was notlced to occur st times greatest anxlety. Although 

,', 
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their stud.y 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 gineivitis and those with "other" gingivitis in 

66 military subjects who had periodontal dlsease 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 hasis of interviews, patients with acute ne

crotizinG gingivitis tended ta have more personality adjustment 

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 

~sts 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, justification for such comparison 

was doubtful. The authors also doubted the severity of these 

four psychdlogical tests. Recently, Formicola and others (114) 

made 15 persona1ity trait tests on 41 subjects *ith acute necro-
, 

tizing u1cerative gingivitis and other 41 subjects with healthy 

gingivae. AlI of them were preflight student$1n, the indoctri
~ 

nation phase of training. The authors found that there was a 

significant positive correlation between scores of dominance 
J 

trait and gingival scores and slgnificant inv~rse correlation 

abasement trait and gingival scores. But the variance of gin-

gival scores explained by these two variables waa rather amalI, 
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ie; 6.3 and 6.8 percent respectively • 

1.3.7.3.3 Population surveys 
; 

Shiller reported fro~ nis study on 298 enlisted propective 
\ 

ç 

submariners, 19 to 32 years in age, that sub3ects who oad high 

anxiety and/or low motivation brusned their teeth significantly 

less frequently and had more debris on their teeth than other 

subjects. But he did not find significant association between 

PI scores and either of these bwo emotional variables (408). 

This was possibly due to the fact the study subjects were re-

latively young and healthy and that the PI was not sensitive 
o 

e~ou~h for measuting minor gingival changes which were commonly 

associated with emotional stress and oral cleansine. As part 

of their study to correlate social variables and periodonta1 

disease among Negro high school students, Mobley and Smith ( 

297) demonstrated a significant relati~nship between periodon

tal scores and schizophrenia on 72 subjects. Other personality 

traits which were a1so related with periodontal scores, though ' 

not signifleantly, were hypomania, psychasthenia, social intro-

version and"depression. 

Davis and Jenkins (81). 

Their findings agree weIl to those of 

From their study on the U.S. adult po-
l 

pulation, Kelly and Engel (211) found a non-signlflcant ele-
L 

vatlon in v perldontal scores for both sexes who answered yes to 

having history of nèrvoUs breakdown. They also reported that 
". 

for wornen, but not for men, there was a trend toward higher pe

rlodontal scores with increasing numbers of narvous symptorns • 

Thua, a general impression from these studies la that 

when the study population consiated of rnental1y 111 and normal 
• 
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subjects, sorne degree of associa tion bk1'!.~_en periodontè,l di

sease and emotional stress cou1d be found. If the study sub-

jacts were from periodontal patients or population sample, one 
, 

had less chance te demonstrate such 'association. It; therefore, 
~, 

implies that emotional factors May contribute to severity of 
,,' 

periodontal disease is relatively small. The,mechanisms by 

which mental factors act on periodontal tissu~ were suggested 

and discussed without substantive evidence in two articles ( 

160,34)) • 

I.3.7.~ Puberty. Menstruation. pregnancy and Menopause 

1.3.7.4.1 Puberty 
c' 

Pubercy is often accompanied by increased gingival inflamma-

tion. Following puberty, the séverity of the gingival reac

tion diminishes even if the local irritants nave not been re

moved (138,422). From the fact that glnglvltls is not a unl

vêrsal occurrance durlng puberty, it seems that physiologica~ 

changes àssoclated with puberty have increased the severity of 

gingivitis rather than initiating gingivitis. Pronounced in-

" flammation and sometimes sever~ enlargement of the gingiva re-

suIt from a degree of local irritation that would ordinarily 

elicit a comparativel~ mi1d gingival response, suggesting an 
o 

exaggerated respdhse to a local irritants at puberty (12,68, 

228). 

In a 'series,) of lforldl.-wide etudies -which inclùded popu

lations w1th age ranging from 5 ta 55 years and over, there 

was a biphasic distribution of Mean PI scores slong age scale 
fl 

" 
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(154;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 at~rlbuted primarlly to changes 

CI scores (154). 
( 

In the case of CI scores, however, the slope 

was steepest ilJ. the pre~ and early "teen' ages and its rate of 
\ 

accent decreased in the latter years. Furthermore, whereas the 

change of slope for PI scores occurred at approximately 25 years 

of age, such change for CI 'scores took place at an earller age, 

ie; about 17 to 18 years. At present, no one can explain the 

biphasic distribution of mean PI scores besides its possible re-,> 
.' 

lation w'ith calculus formation (421). A study by Vogel and Am-

dur suggested that a decrease in the concen~ratlon of inorganic 

pyrop~osphate in the parotid duct saliva after puberty;might be 
~, 

res~6nsible for an increase in calculu8 formation (450). 

Thus, puberty is IrequentlY 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. 

1. 3.7.4.2 Menstruation 

~ There i8 lack of good, controlled studies on the gingival changes 

during each menstrual cycle. stoloff observed on oral syndrome 

(periodic transitory meno ginglvitis) which occurred Just prior 

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

tectomy, prior to and after unruptured ectopie pregnancy, and 
, 

during and after menopause; Such an oral syndrome consisted of 

"', 
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.discomfort, sensitiveness, redness and congestion, with bleed-
~ 

ine under the normal stresses of mastication (428). Hirschfeld 

also reporte'd, recurrent gingivitis (mens,ikuation ginp;ivitis) 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 proliferations of the inter-
. 

dental papillae (170). Lately, Lindhe and Attstrom observed a 

defini.te increase in gingival exudate at ovulation (244). 

Prout and Hopps studied six healthy female students ap;ed 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 durin~ menstru-

ation and at ovulatjon (327). 
'" Sheiham found no marked difference in PI scores between 

2R9 pre and post-menarche girls aged Il to 14 years, althour,h 

there was a slieht tendency for PI scores to be lower in girls 

who commenced menstruation (49,339) or 25 months before than 

non-menstruatinv, girls of same ages (402). 

~ Since PI is not a sensitive index for minor gingival chan-

ges, it ls not known whethér significant differences in the se-

verity of gingivit1.s between two ~roups of girls can be demons

trated if the gingivitis index had been used instead. From the 

three preceeding studies (170,244,327), there ls perlodloal fluc

tuation of sorne oral parameters as a function of menstrual cycle. 

The time for gingi~al assessment on each girl after commencement 

of menstruation, in Shelham's study (402), may also affect the 

gingivitis score and the comparison wlth non-menstruatlng girls. 
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Thus, there seems to be a periodic fluctuation 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. Th~re is, however, a lack of qu~ntitative data about the 

severity of gingivitis which demonstrate any definitive fluc-

tuation in ~lngival disease in relation to the menstruation 

cycle. 

I.3.7.4.1 pregnanoy / 
Maier and Orban studied on 530 pregnant women aged 16 to 42 years 

and found that the severity distribution of glngivltis did not 

differ significantly from that of non~pregnant subjects. Cli-

nical and histopathologic features revealed no diagnostic or 

characteristic findings in pregnant gingivae (264). 

There were eieht other cross-sectional studies of perio
(f 

dontal pararneters among pregnant and postpartum or control sub-

jects (98,207,248.251,338,344,410,411). A study by Ringsdorf 

et a~revealed Signlflcantly greater tooth mobl11ty among preg

nant than postpartum women (3)8). But there waB no signiflcant 

difference in PMA glngivltis counts either between pregnant ahd 

postpartum subjects or among pregnant women in the third tri-
'" ? 

mesters ()44), Loe and Silness (248,251,410) studied 121 preg

nant and 61 postpartum women and found that the pregnant women 

had hlgher GI,PI and deeper pockets. GI and PI scores lncreased 

at the second month of gestation, rea.ohed a seoond peak at the 

eighth month and decreased during the last month of pregnanoy • 

No suoh marked fluctuation ln pocket depth was round. The q~n

tlty and nature of oral debrls did not differ between pregnant 
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and postpartum women. It was interesting, also, to find that 

corre1ationlco-efficients of GI scores with PL I(P1aque Index) 

$cores and/or with CI scores were rnuch lower during pregnancy 

than postpartum, sugges~ing that during pregnancy sorne factors, 

in addition to amounts of dental plaque and calculus, contrlbu

ted to the greater severity of glnglvltis. ' Changes of gonado-

tropin, estrogen, progesterone and relaxine during pregnancy 

were speculated by the authors to be sorne of the responsible 
~ 

factors (248). Results from the sarne study (25~0 sugges-

ted that the Increase in pocket depth at pregnancy was mainly 

due to gingival enlargement rather than apical rnovernent of the 

epithelia1 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 sarne authors (41l? on 33 pregnant wornen 

who received conservative local therapy, consisting in removal 

of hard dental deposits and correction of overhanging margin of 

dental restoratlon, revealed that gingivitis could be abolished 

and norrnality maintained during pregnancy 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 ~intenance of gingival inflammation' in pregnant wo

men, the altered tissue rnetabolism at pregnancy accentuated the 
J 

inflarnmatory response. It is, however, wise to keep in mind 

that these were cross-sectionsl studies, and that for each month 

of pregnancy and postpartum, there was only 10 to 20 subjects 
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whose age distribution was not stated. How much would this va

riable, age distribution, could contributed the variation in 

gingivitis scores ae' different stages of gestation and post-

partum remains unans~ered. 

\ Two other cross-sectional studies (98,207) were designed 

to compare the periodontal parameters between pregnant and non

pregnant women of comparable' age, as~l as in pregnant women 
/ 

durin~ their three trimesters. Both studies reveale~ signifi-

cantly hieher ~in~ivitis scores amone preenant than in the con

trol women. Whilè 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 study (207). 

Cohen and others (64) carried out a longitudinal st~y on 

16 pregnant women. Each 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 deb~s. Their 
/ 

findings of lower correlation co-efficients between soft debris 

and gingivitiB scores aB weil as between hard deposits and epi

thellal detachment at pregnancy in comparison with the Barne si

tuation in pOBtpartum wornen agreed weIl with the studies by Loe 
~ 

and Silness (248,410). But Cohen et al (64) also reported that 
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1 

correlation between hard deposits and gineivitis score was 

higher at pregnancy than at postpartum, which was contrary to 

the findings by Loe and'Si]ness (248,410). In 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 varbBnce revealed that 

both pregnant women and their controls ha~ significant chânges 

during the five examinations in Gingival-Perlodontal Index ( 

GPI) and CI, but no sie;nificant changes 'in epithelial detachment 

and Plaque Index {PL 1). While pregnant women had significant 

changes in tooth mobility but not in GI during the five exami-

nations, their controls demonstrated chanf,es 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 GI,PLI or epithellal detachment. These 

findings, therefore, suggested that the main periodontal patho-

,sis associated with pregnancy was gingival inflammation rather 

than epithelial detachment, that increase in soft or hard de

posits and that an increased severity of gingivitis at pregnan

cy was malntained fifteen month post-partum. These findings 

again agreed very weIl to those reported by Loe and S11ness ( 

248,251,410). It should be understood, however, that none of 

oral aspessments of pregnant women were made blindly. Slome 

studied periodontal disease on post-partum Jewish women in 1s

rael(41S). For the age g~oup 25 to 29 years, periodontal score 



• 

• 

-155-

, 
was found to be higher among subjects with parity of 6 or over 

l' 

than those of l to five. 1t was not clear whether thls diffe-

rence came from incomplete recovery of periodontal disease be-

tween pregnancies among women with more children, or from other 

socioeconomic dlfferences between women with large and small 

families. 

In conclusion, pregnancy is associated ~ith greater seve
g 

rlty of gingivitis which can not be explal~ed by corresponding 

increases in oral debris or calculus deposition. Increased se-

verity of gingivitis 8eems ta have no lasting deteriorating ef

fect after dellvery. There ls no consistent finding with reS

pect to the fluctuation in severity of gingivitis throughout 

pregnancy; monthly assessment on a cohort group ls needed to 

clarify this controversy. Glngivitis can be abolished and nor

mality malntained during pregnancy provlded that gLngival areas 

on the teeth are dept clean --- suggesting that pregnant state 

ia a modlfying rather than an lnitlating factor in ginglvitis. 

Pregnancy ls not assoclated wlth apical migration of the epi-

thellal attachment. 

1.).7.4.4 Menopause 

There la a lack of research concernlng' the effect of menopause 

on perlodontal dlsease. Data from population surveys did not 

allow for any estimate'of the menopausal effect on periodontal 

dlse8se due to crude age grouplngs such as 50 or 55 yeara and 

over, fo~ example, and the few study subjects in the older 

age groups (154,198,368). Data from population surveys on U.S. 
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adults, however, indicated a steeper increase of PI score in 

women t'rom the age group of j'5 to 44 years to those of 45 to 54 

years than those before 35'~ears old. No similar chanee 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

menopaURal women (17]). They found that the formers had, on the 

average, significantly lower OHI and PI scores and fewer tee th 

lost. Si[,n1ficant correlation co-efficients between OHI and age 

were also found. The authors did not employ analysis of covar-

iance ta compare, between the two groups, PI or OHI adjusted for 

age which very likely differed between the two groups. Th~ did, 

however, found that 9 older women in the reproductive cycle as 

compared with 10 women shortly after menopause had a slgnlficant

ly lower PI score but not OHI score, 8uggestlng menopausal ef

fects on PI score wl thout correspondlng chanee 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 1imlted. 

Hence, from very llmited data, there 18 an indication of 

greater severlty of periodontal disease among postmenopa'lsal wo

men than one might expect. More investigations wlth better de

signs are, however, needed before the menopausal effect on pe- ~ 

rlodontal disease can be more precisely stated. 

~8. Oral hyglene facpors 

1,).8.1 Studles on severlty of perlodonta~ dlsease in relation 
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to frequency and teChni)ue of oral 

McHuf,h and his associat s reported 

cleansing. 

that the average OHI scores 

of the 13 years old Dundee school children decreased signlfl-

cantly as too~brushinf, frequency increased (282). Studying 

the interrelation of toothbrushinf, 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, toothbrushin~ frequen-

" 

cy was slr,niglcantly and inversely associated with debr1s score. 

No significant association was found among persons,who had ra---
ther low levels of plasma ascorbic acid (63). 

Stu~y Greene (153) and Ramfjord (330) on Indian chil

dren ageà Il to 17 years revealed that most Indian children 

c,leansed trteir teeth wi th fingers aild abrasives, and only a few 

used a toothbrush or stick. AT though thé data showed that tooth-

brush users tended to score lower on the PI than those used e1-

the~'fingers or stick, no statistically sign1f1cant d1fference 

in average PI scores among the three groups was found, due pos

sibly.bo the small number of toothbrush and stick cleansers. 
l 

Held compared the amo~nt of oral deposits and the severity of 

periodontal dlsease between those who cleansed the1r teeth with 

fingers and those emploJed a toothbrush in Iranian teenagers and 

adults. He found a slgnlficantly higher PI and OHI scores arnong 

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 health, Swallow and his 

associates observed no significant difference in average glngl-
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vitis scores between subjeets using manua1 as ag1inst automatic 

toothbrushes at the end of three experimental weeks (4)8). 

Greene's study on Indian chi1dren a1so showed no signi-

fieant differenee in avera8e PI scores between chi1dren who, 

cleansed teeth with varying frequeney.(15J). Such results might 

be due to varyin~ e1eansing methods as weIl as their unpredie-

table effleiency. Be1ting and Gupta observed that among psy

chiatrie patients or patients with other physiea1 illness, the 

avera~e PI score was higher arnong subjects who brushed teeth ISBs , 

frequently. Such a trend was not statistically significant 

which might be due to not control1ing the age faet,or which ran-
. 

ged, in their study subject~, from 20 to 65 years (24). Similar 

findings were also reported by Bel ting et'}al in their study on 
1 

diabetics and patients with other physical illness (25). 

Studies conducted upon young adults in Singapore (279), 

pregnant women in Alabama ()44), postpartum Jewish women in 

Israel (415). enlisted prospective submariners in U.S.A., (408), 

and Melbourne residents in Australia (243) have demonstrated a 

slgnlflcant inverse association between average periodonta1 score 

and toothbrushing frequency. 

Toothbrushing frequency has a1so been correlated with both 

periodontal score and amount of oral deposits sirnultaneously in 
'-.. 

cross-sectional studies upon Norweglan army reeruits ()8), young 

Boldier in Sydney, Australia (79), white school chl1dren ln At- . 

lanta, Georgia (414), Adventist and non-Adventlst teenagers in 

Tennessee (172), sorne Caucasian adu1t patients from three e1i-
. 

nies in U.S.A. (176). Surrey school children in Kingston, Eng-

land (402), and instltutionallzed inmate adults(4J2). The un-
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animous significant inverse correlation of toothbrùshing fre

quency with scores of periodontal disease and oral debris in 
1 

all these studies was tru1y convincing. 

The association between toothbrushing frequency and ca1-

cu\us score, on the other hand, was less predictable from one 

study to another (38,172,402). Since rate of calculus formation, 

especially supragineival calculus, differs from one person to 
~ 

another irrespective of oral cleansing (450), and calcu1us can 
\ 

hardly be rem~d from the tooth surface through toothbrushin~ 
\", 

once it matures, the inconsistent association between calculus 
" 

and toothbrushing frequency ls not unexpected. 

Withdrawal of oral hygiene measures always resul~ed in 

an increase in prevalence (173) artd 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 fo11owing the appearance of gingivitis, aIl soft de-. 
posit as weIl as most of the newly formed loose calculus Gould 

be easily removed with a t,oothbrush and "the deteriorated gingi

val tissue could reCQver to the initial state (252,426). 

Giving instruction of t,oothbrushing methods ~o various po

pulations has been shawn ta improve gingival and periodontal 

health when compared with non-instructed subj~cts (J8,39,2~6, 

)17). A correspqnding reductlon in the amount ()8,39) or change 

in quality (226) of oral soft' deposlt among ,instructed st!bject,s 

was also observed; Swallow et al cOnducted a study on 80 men-

tally handlcapped adults in whlch every group of 20 subjects 

recel~ed toothbrushlng care by two operators elther once dal1y, 

o 
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twice weekly, once weekly or not at aIl (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 scorè, aIl 

experimental subjects had improved their gingival health. 

There was no statistical difference in the reduction of "the Gr 

scores among the three experimental groups, due possibly to the 

great differences in their initial Gr scorès (4-)8). ' Goyings and 

Riekse brushed the teeth of their experimental subjects for a 

total of 60 days following an initial oral prophylaxis which was 

gi ven to both experimental and control groups. They found tha t 

only experimental subjects had signiflcantly improved periodon

tal health and reducecl amounts of plague and calculus (151). 

Lovdal çt al reported that periodontal scaling and toothbrushing 

instruction given to industrial employees for fove years had 

markedly reduced the prevalence of gingivltis. 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, Gr and pocket depth 

among women in early pregnancy (411). Llghter et al made a 

cllnlcal trial on young men in U.S.A.F. and observed that the 

plaque score wes reduced malnly through toothbrushing instruo

tion, nard deposit through more frequent scallng and that both 

the glngivitis score and the Irritant Index score (materia alba, 

calculus and/or subgingival overhangs of dental restoratlon) were 

reduced through more frequent sca1ing and toothbrushing instruc

tion. The authors, however, reported na... change in PI score 
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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 or this study population. Althou~h the same 

authors also reported that subjects who had received toothbru

shing instruction and more frequent scaling annually, had a 

lower incidence of epithe1ial detachment at the end of expe-

riment, it had little 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 toothbrushing instruction as weIl as five sca-

lings in the first year, four in the second ~ and three in 

the th1rd year. The control group did not receive toothbrushing 

instructio~ or scaling. Both, groups were initially matched in 

pairs according to pertodontal score, oral hygiene status, caries, 

age and sex giving a predetermined weieht for each ractor. Re

sults showed that while the experimental group did not change 

mlch in -their scores of debris, suprasubgingi val calculus, gin

givitis index, or in degree of epithellal detachment and alveo

lar bone loss; the control group had consistently hlgher in ave

rage scor~s for aIl these indices and parameters (433,434,436). 

Sta1lard and his co-workers put dental students on one of 

" three oral hygiene programs, 1.e., toothbrushlng, control mouth 

rinse or antlbiotic rnouth ~lnse, at a weekly shift1ng schedule 

for a total of seven weeks. They reported that becauae of rela

tively low initial àcores of plaque, calculus and glnglv1t1s 1n-
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dex, toothbrushin~ did not greatly improve these scores; but 

control mouth rinses winpout toothbrushing always resulted in 
. 0 

an increase in aIl these indices, 'and antibiotic mouth rinses 
4 

all~wed plagued accumulation but malntained the sarne amount of 

calcufus and same degree of gingivitls (426). In a study to 

find relative effects of oral prophylaxis and protein supple-

mentatlon on gingival health, Cheraskin et al reported that 
, 

whereas protein supplement wlth or without oral prophylaxis 

significantly reduced gingivitis scores, oral prophylaxis alone 

did not significantly improve gingiva~ health (60). Since the 

protein supplemented group had initially a higher average gin

givitis score than the pla~ebo group and the final average 

gingivitis score lof two groups were practically the same, it ls 
~ 

difficult to interpret the effect of protein supplement on gin-

givitis if fluctuations of g1ngivitis which'can occur during 

a two week period (174,435) were taken into account. However, 

it wes obvious that oral prophylaxis alone without toothbrushing 
/ 

instruction did not significantly promote gingival health. 

To summerlze, If oral cleansing methods are relatively 
, \ 

standardized, more frequent ora~ cleansing is associated with 

a decrease in oral soft debris~\ better gingival health &nd lower 

score in PI. The relationship between frequency of oral clean

sing and the amount of ëalculus deposition is much less consis

tent. There Is no sufficient evidence that oral cleansing fre-
~ 

quency is associated with alveolar bone 108s or epithellal de-

tachment. Withdrawal of oral cleansing always resulted in more 
~ 

accumultatlon of plaque and calculus and a greater degree of 

c 
" 

" 
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gingivitis. Readministration of oral cleansing without long 

delay can restore the tissue back to their original condition. 

Absence of true periodontal pockets, correct oral cleansing me

thods, more frequent cleansing, and periodical oral prophylaxis 

(scaling) by dental professionals, are aIl essential for remo

ving both soft and hard oral deposits and for deeping healthy 

gingivae. A rnouth 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 ls not substantiated. 

1.3.8.2 Studies on severity of periodontal disease in relation 

to oral deposition 

Studying on industrial workers and staffs, Arno, Lovdal, Schel 
'i 

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 lingiviti~ (9,255), pocket depth (255), 

percentage of mobile teeth and of alveolar bone helght (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 nurn

ber of pocket per pers on and per tooth-increased with age, and 

that effi?~ency of oral hygiene measures, according to amount 

of oral deposits, became worse as agé increased (289). TheBe 

tacts certainly did not, in themselves, proved an association 

existing between amount of oral d~~ts and prevalence of poc

ket formation. Same authors,< however, also ~ound that the pro-
~ -

portion of subjects having more oral depositB were greater among 
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those who had complex periodontitis which was a more severeform 

of perlodontal disease (289). 

O'Leary et al found that among newly recruited young sub

jects the rnean 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). 

Fol1owing the introduction of the Oral Hygiene Index ( 
• 

OHI) which rneasures the amount of oral debris (DI) and calculus 

(CI), by Greene and Vermillion (1)6) and Iater of the Simplifled 

Oral Hygiene Index (OHI-S) by the sarne author~ (395), rnany stu

d1es have shown that average scores of PI, CI and OHI increased 

with age (1,212,213,395,396,469), whlch can only be taken as a 

suggestion of an association between scores of PI wlth both OHI 

and CI. When a population of smal1er age range was studied, 

there was no consistent pattern between age and either PI, CI 

or OHI (402). 

The mean severity score of perlodonta1 dise8se had been 

observed to increase in the sarne direction with mean score of 

OHI and Its Intermediate indIces, i.e., DI and CI (24,25,)8,153, 

201,21),221,243,247,261,279,280,282,332,361,366,395,402,408,415, 

444,46), Age factor W8S not standardized in sorne of these stu

dies desplte the fact that It varled great1y among study sub

jects, the relation between severlty of periodonta1 dise8se and 

OHI score wou1d therefore be subjected ta varlo~s Interpretations 

(24,25,332,415). AlI other studies have oonsldered age fac-

tor by studying population of sma11 age range (38;15),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 sarne age category (213,366,395,396,402, 
, 

463), or by comparing the percentage of alveolar bone 10ss 

adjacent to tooth surface with calculus than that wlthout cal

culus (261). Of the reports which have sho\m 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

lia revealed that for males and females aged 5 to 9 years, oral 

debris alone influenced the ~I 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 dlfferent severity of periodontal 

disease associated with sex, race, income, educatipn and occu-

pation (213,361.366,46). 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 respecti'ively, when these popula

tions were distributed according to OHI scores, the PI scores 
\. 

of the two populations wlthin equlvalent OHI groups were very 

much the same (463). This interesting phenomenum was confirmed 

lster by Johansen in his study on dental students both in India 

and Oslo whose mean PI scores were 1.184 and 0.319 respectively., 

though in this case PI sOores of the two populations with equi-
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valent DI scores, instead of OHI scores were compared due to 

the fact that Oslo 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 
• , 

specifie social characters 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 (~,368,396). 

More privileged population when compared with less privileged 

ones, tended ta 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 aIder 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 positiv~ly 

with Gingival Recession Score (18,368) as weIl as degree of 

alveolar bone 10ss {394}. 

Since there are enough evidences that factors such as age, 

OHI and other speculated etiological variables are not in them

selves 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 ~ombined effects of aIl these 

variates (18,109,154,247,368,469). Studies made in Chile (18), 

Ethiopia (247) and South Vietnam (368) had taken factors of aee, 

sex. OHI score and five or more biochemical data of nutritional 

status into consideration. In general, about 50% of the variance 

in PI as weIl as Ginelval Recession Score could be explained 

by combined effects of these variates, and factors of a~e and 

OHI score alone aecounted for about 90% of the variance explained 

(18,247,368). There was a definitive phenomenum that variance 

in Gin8ival 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). In his study in South Vietnam and Lebanon, Russell con

cluded: "Less than 10,% of the variance in group PI scores remain 

to be exp1ained after the combined influence of age and mouth 

cleanliness has been estimated."(J68). Since this author es ti-

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 

res,idual fan tor wholly independen t of age and oral hygiene, 

therefore, can have 11tt1e éffect on perlodonta1 disease as 

scored by PI, '1 ()68) 1s really not justifiêd. 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 

)0% among Osegere Vi11agers in Nigeria (109), 55% among 456 South 
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Vietnamese (J68), 58% among Ecuadorian civilians and Montana In

dians (154) to as high as 81% arnong Yoruba famlly rnembers in Ni

geria (109). 

Thus, prevalence, especially severlty, of perlodontal dl

sease is 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 hl

gher social status. Oral debris seems to be more associated 

with gingivitls 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 bec orne older. 

1,),8,1 The fallacles of using the Oral Hyglene Index and Qther 

similar indices as a measure of oral gleansing effect 

Followlng the introduction of the Oral Hyglene Index (OHI') (156) 

and Simplified OHI (157) by Greene and Vermillion, the term " 

oral hygiene" has been loosely used to denote bath oral clean

liness as weIl as oral cleansing. The following quatatlons ex

amplify this quandary: "Prophylaxis and improvement of oral hy

gl~ne may decrease the average mobl1ity as rnuch as 25 percent" 

(462). liA residual factor wholly independent of age and oral hy

giene, therefore, can have 11ttle effect on perlodontal dlsease 

as scored by PI." (J68). The OHI ls introduced as a measure of 

the amounts of soft debris (DI) and calculus (CI) on the tooth 

surfaces (156), It, therefore, Is not synonymous wlth oral clean

slng effect • 

Desplte the fact that etudies both from case hlsto~y and 

'-.J 
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c1inical trial indicate less amount of oral debris deposition 

can be achleved from more frequent tooth c1eansing ()8,39,79,117, 

156,172,176,239,259,402,411,432,433,434), amount of calculus i8 

however 1e88 consistent1y or not at aIl re1ated to frequency of 

tooth cleanslng.(38,39,156,259,402,432). Even debris formation 

is partly depended on nutrition (58,63,69,75,96). A1though it 

ia now weIl accepted that the Bof t, adherent, non-ca1cified pla

que containing myriads of micro-organisms represents the inltia1 

phase of supraginglva1 calcu1us formation which 18 ~ubsequent1y 

and rapidly calclfied (266,448), supraglngival ca1cu1us has also 

been found to be related to sallvary viscosity (371), Inorganlc 

pyrophosphate concentration in the parotid saliv~ (450), vitamin 

A deficlency (368) as weIl as coronary heart disease proneness 

(471). Study made by Lightner et al on U.S.A.F. new recruits 

revea1ed that while toothbrushing reduced plaque accumulation, 

calcu1us was removed main1y through frequent acs1ing (239). 

Suomi et al a1so conducted a cllnical trial on indus trial emplo

yees in which the experimental subjects received three or four 

8calings and toothbrushing instruction anbual1y, the authors 

tound that whl1e debrls score of the experimenta1 years, their 

eupra- and sub-gingival calculus increased rapidly during the 

tiret two years.(433,434). Such descrepancy between oral olean

sing frequency and amount ot dental deposits, especia11y dental 

ca10ulus wàs also observed among rural Maori population who 

hardly brushed thelr teeth and yet had relàtively little 081-

culus in contrast to great amount ot debrls (243), among adven

tist teenagers who, as oompared 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 periodontal disease. 

We are still far from reaching an agreement whether subgingival 

calculus if the cause, the result or both ln the disease process 

(7,169,265,422). 

Hence, indices which score the amount of dental deposits 

actually me8sure not only oral cleansing effect, but also dle

tary, nutritional and constitutional factors. In addition, 

these indices may èven measure part of the periodontal disease 

itself. Therefore, taking amount of dental deposits as an in

dex of oral cleansing effect in the epidemiological studies of 

periodontal disease will result in misinterpretatlon of the pa

thogenesis of thls disease and in les8 effectiveness from pre

ventive measure subsequently. 

1.3.8.4 The fallacies of,evaluating the association of perio

dontal disease with variables other than the OHI soore and age 

by standardization of thè latter two variables. 

As it ls dlscussed at the preceding sectIon tha't amount of den

tal debris and calculuB are to sorne extent the functions of fac

tors such as nutrition -(18,58,63,69.75,96,247.368), diet (172), 

saliva (319,450) and other eonstitutional variables (471). Nu

tritionsl faotors (18,247,368) and general metabo1ism (430) are 

a1so 0108e1y associated with age faotor. It fo110ws, then, 
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that debris, ca1culus and age ean not be held constant when eva

luatlng those systemlc factors as potential etiologi~l factors 

of periodontal disease. Instead, one ahould study the effect 

of systemic factors on periodontal disease among people of si-
. 

milar age who praotise at various degree of fairly standardized 

oral hygiene care --- an analogous study design of analysis of 

covariance. 

In addition, if the formation of subgingival calculua ia 

part of the result rather than the cause of the chronic destruc

tive periodontal disease,(7,169,265,422), and if Its amount me8-

sured from cross-sectionsl 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 standardizatlon "r subginglval calouluB score and age, there 

is much variance in PI score remaining to be accounted for by 

other suspected etlological factors --- a mechanical phenomenon 

of step-wise regression analysis. And yet such flnding dose not 

contribute to the knowledge regarding the rasl etiology of peri

odontal dise8se. Unfortunately, many data from cross-sectionsl 

etudies have been anallzed in thiS fashion and concluded no evi-

dence of assooiation existing between periodont81 disease and 

nutritionsl factors (18,2/~7,368,463,469), or systemic metabolism 

(4)0) • 

Thus, there are great deal of data' to suggest that an In

dividual's OHr score ls, to sorne extent, a function of nutrition

al, dlet8ry and sustemic factors as weIl as an indirect me&sure 

or age, that subgingival ca1culus may be the result rather than 

,é 
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the cause of the periodonta1 dise8se and that individuells nu

trltionsl oonditlon alao depends on age. Evaluatlng the asso

ciation of perlodontal dlsease wlth variables other than OHI 

score and age by standardizing the latter two variables, suah 

as bei~ oonducted in Most epidemiological studies of perl odon

ta1 dlsease has, therefore, resulted in possible erroneous con

clusion regardlng the true re1ationsh1p between per1odontal dl

sesse and other suspected etlo1og1cal faotors. 

1.3.9 Effect de Smok1ng, Betel nut chewlng and A1cohQl grlnklng 

I.J.9.1 Effect of smoking 

Reference (320) to a relationsh1p between smoking and periodon

tal dlsease date back to 1859. However t relatively little re

search regardlng this relationshlp had been reported in the 1i

terature unt11 last 25 years. There Is now a genera1 consensus 

that smoking tended to Increase the prevalence qt u1ceromernbra

nous gingivitls (133,287,320), simple glngivitls (9,115,320,321), 

active perlodonta1 dlse&se as measur d by PI or PDI ( 38,403,420, 

430,431) as weIl as destructive p e of the perlodonta1 dlsease 

(8,403), corresponding to this âsoo1ation Is a eimi1ar re1atlon-

ship existing between oigarette consumptlon and amount of soft 

deposit (8,9) hard deposit (115,320,321) or both (38,403) •. 

other studies reported a similar trend regardi~ the as

sociations of oigarette smoking with periodontal dlsease and 

oral deposlts, but fal1ed to demonstrate a statlstlcal slgni

ficance of such trends(164,201,408). 
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Sorne o~ the studies mentioned above have been trled to 

.standardize the factors of age and/or oral deposlts, thus, to 

estimate the residua1 association between cigarette consumption 

and perlodontal disease. The resu1ts revealed either reduction, 

though still remaining to be slgnlflcance o~ (8,9,)21,4)0) or 
1 

nearly absence of ()8, 243,40) try,e original correlation between 

cigarette consumption and perlodontal condition. Two of these 

studies (8,38) also showed that the effect of smoklng reduced 

to mlnimum in persons who had "good oral hygiene". Such pheno

mena are interpreted as that the effect of smoking on perlodon

ta1 disease Is not as great as "oral cleanllness" (266), without 

considering the posslbl1it1 that both soft and hard deposlts 

may be, part1y, the resu1t of smoking and even perlodontal di

sease Itself, and that a smoker may require more effort than 

non-smoker to keep an equivalent amount of oral deposits. 

1,3.9.2 Effect of betel nut chewing 

Betel .is a lesf of a tropical tree. In thls Is packed the are-

ca nut, sorne tobacco, various splces and llme. The package, or 

quid, lB put into mucobuccal rold. It ia consumed mostly by 

Eastern people. Mehta et al round that the teeth of the mandi

bu1ar 1eft side where the quid lB kept were more af~ected by 

perlodontltls and subsequent alveolar bane resorptlon than the 

teeth of the rlght mandibular slde (281). Gupta's study in Tri

vandrum, IOO1a oonflrmed this tlndlng in whioh he UBe PI as a 
>, 

measure of aotive per1odontal d1sease (159) • 
1 

In a survey, compr1alng about 8,000 Ceyloneae, Waerhaug 

(463) observed that, for the subjects of 20 years old or'above, 
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betel consumers consistently scored higher average PI than non

consumer~) of the same age groups. Corresponding to this is the 

hlgher proportion of the betel chewers than non-chewers to have 

hlgher OHI-S scores. When the betel chewers and non-chewers of 

the like age and OHI-S scores were compared, the former remained 

to score hlgher PI than the latter ln most comparlsons, though 

their differences reduced to a lesser degree. It ls also Inter

esting to find, that this sarne stud1 (46), the smokers consls

tently had lower PI scores than non-srnokers. However, the au

thor observed that the alternative to tobaccosmoking ls very 

often betel chewing in this study population. Therefore, the 

group of tobacco smokers has in its control group aIl the be

tel chewers, and the control group with whom the betel consumers 

are compared, contains most of the tobacco smokers. Obviously, 

betel consumption i5 a more destructive factor than ls tobacco 

smoking. Most recently, Johansen conducted,a dental atlrvey on 

some Indien dental students (201). There were only Il male be

tel chewers who a1so smoked cigarette. They were compared wlth 

25 male smokers who did not chew betel. The results lndlcated 

the former, as compared wlth latter, scored, in average, hlgher 

PI,eI-S, DI-S. None of these comparlsons was slgnificant ata

tlstlcally, possibly, due to sma1l number and relative young 

age of the study 8ubjects. 

It seems fair to conc1ude that betel chewera than non-

chewers tend to have higher prevalence and severity of perio

dontal dlsease as weIl as more amount of oral deposits. It 

may be one of the important factors responsible tor higher pre-
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valence and severlty of perlodontal dlsease in the Aslatic coun-

tries. 

1.3.9.3 Effect of aleohol drinking 

It ls really a surprlse to find that only one epidemlolog1cal 

study of perlodontal disease has consldered alcohol drlnking 

as a possible etlological factor. Surnmers and Oberman studled 

408 subjects 20 years old or more, consistlng a 10% probabll1ty 

sample from Tecumseh, Michlgan. Correlation analysis was made 

between perlodontal dlsease, measure~ as PDI and 12 intrlnslc 

varlabTes includlng alcohol oonsumptlon arnownt. Resulta showed 

no s1gnlf1cant correlation between weekly aleohol oonsumptlon 

amount and PD! score either w1th or wlthout holding age cons-
. \ 

tant (430). Further analys1s of the data 1ndicated no statls-

tlcal sign1ficant difference of weekly consumptlon amount of 

aleohol among three groups of POl gradient and edentulous sub

jects (431). More studies are needed before any generalization 

can be made trom this study. 

In summary, cigarette smoking tends to increase the pre- ) 

valence and seve~lty of both acute and chronic periodontal di

sesse, by possibly more accumulation of dental deposit~. Betel 
1 

nut chewing can have even greater ~etrimental effects than smo-

king on perlodontal tissues. There is not enough studies inves

tigating the effect of alcohol drink~ng on periodontal tissues, 
J 

though the data avallable seern to indicate little, if any, ra-

lationship between these two variables • 
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1.3.10 Associatlon with dental caries 
, 

There ls a oommonly held opinlon that '~iodontal disease ~s 

lnversely assoclated with dental caries. In the early flftles 

of thls century, sorne extensive revilws and disoussions were 

dlrected to this prob1em ()2,216,271). Kese1 ooncluded from 

cllnlcal repo~ts and laboratory studies that the welght of 

evidence polnted to an antagonlsm between perlodontal dlsease 

and dental decaY,(216). Marshall-Day belleved from epldemio

logical data that these t~~iseases varled lndependently of 

each other (271). And Biddy stated that data based upon'epl

demlo1og1cal studies, physiological, systemio as weIl as 100al 

faotors did not give clear eut evldenee indicatlng the antago

nistic relatlonshlp between these two dental dlsease (32). 

Cross-sectionsl epidemiologica1 data suggest that sorne 

demographic factors provide indirect evldences that dental ca

ries and periodontal dlsease do not have simi1ar distributions. 

Factors like sex (202,258,291), soclo-economica1 factors (212, 
~ . 

214,270), race (202,214), ou1ture (172), 1oc~1 geographic dis-

tr1bution (367),'world distribution (270,271,363,)68), as weIl 

as war environment (220) are commonly oorrelated wlth dental 

oaries and per~odontal disease in an opposite direotion as far 

as a population is conoerned, whioh bas been taken as evidences 

of antagonlstl0 relationsh1p between these two d1seases. In ad

dition to this. the distinot dlrferen~es in prevalenoe acoOrd1~ 
to age of subjects ()2,272,291) and mor~hologlca1 types of ~ 
(222,292,470) between caries and per1odontal dlseBse a1so sug-

, " 

gest that thes'e two dlsease are unI1kely oauséd bl" the same agents. 

1 

1 

1 

( 
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, Untreated oaries seems to be positively associated with 

more gingivitis and PI score, whereas fiIIed teeth are inversely 

associated with glnglvitis and PI soore (280,366,399,470). Al-
~ 

though study made by Barros and Wltkop demonstrate a signlficantly 

positive oorelation between DMF-teeth and PI score as weIl as, 

GR score (78). other studies do not support slgnificant rela-
• 

tionship between DMF-teeth and PI score (10J,279}, DMF-teeth and 

prevalence of gingivitis (280) or between DMF-teeth or surface 

and the severlty of gingivitis (276,277). 

As mentioned previously that active pe~iods between caries 

and periodo~tl disease differ distlhctly (32~272,29l), a cross-

1:(1 sectional study may not reveal a true relationship of disease 

activlty or incidence between these two diseases. To demonstra

te the possible fallacy which may result when a oross-sectional 

study method is employed to correlate two chronlc diseases, such 

as dental caries and perlodontal disease, Russell conducted a 

one-year longitudinal study on .506 school chi1dren, aged 13 to 

14 years. From cross-sect~onal data, four correlation co-effi

oients of total DMF-teeth with PI soores in 13- and 14- year-old 

boys and girls'range rrom --- 0.24 to +0.57 whlch do nQt allow 

any consistent conclusion. But when masn PI acores at the be-

ginning and the end of one year are correlated with mean nurn

bers of new DMF-teeth, it becomes olear that for chl1dren wlth 
tr--

~ simple ginglvltls only or PI soores below 0.75, PI scores are 

--- oorrelated positlvely with new DMF-teeth, caries activity 1~ 

however, at a near standstil1 in ahlldren wlth advanced des

tructive stages of perlodontal dlsease or PI scores aboya 0.80 

.. 
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Thus, the research data so far fail to demonstrate any 

simple clear cut relation between caries and periodontal disease. 

Neither the commonly beld opinion tbat these two dental diseases 

are essentially the diseases of dental plaque is supported. 

Qulte contrary, research da ta- suggest that these two dental di

seases have distinct epidemiologic patterns and do not share 

Many common disease related var~ables, and that their associa

tion may vary f~om one disease stage to another, from age to age 

&Rd depend on particular human environments. In fact, the defl

nite beneflcial effect of fluoride intake to reduction of den

tal caries and lack of sllch effect on perlodontal disease also ' 

implies that the prevalences of these two dental diseases are 

rather independent one from another. 

1.3.11 Malocclusion, trauma from occlusion and oral habits 

1.3.11.1 Malooclusion 

Malocclusion of teeth has long been considered by clin1cians 

a likely causative factor in dise8se of the supporting struc

tures ot the tooth. But there are few reports available in li

ter.ature that can suppl y quantitative data to support them. 

Ditto and Hall studied on 14) periodontal patients and reported 

that Angle's olassification of malocolusion (5) did not aCfeet 

the pereentage distributiàn ot cases in the perlodonta1 classi

fication (88). On the other band, studies made by Miller and 

Hobson on schoo1 children (290) and by Geiger on 188 consecu

tiTe cases on per1odontal dlsease (12) revealed that sUbJects 

vith normal occlusion had milder periodontâl dise&se than those 
, 

who belonged to one of three Angle' s Except 

Gelger's data (12), correla-
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te pos1t1ve1y w1th preva1ence of periodonta1 dlsease (88), gin

givitis (2??,280,290,35l,3?4»)and PI scores {J3,324}. Beagrie 

and James (21) reported no significant relationship between mo

dified Russell's PI index score (Gal1oway index (122) and elther 

axial inclination measured from radlograph or mala11gnment in

dex designed by Van K1rk and Hennell (449). Neither did Wade 

flnd a significant association between gingivitla and tooth a11gn

ment from his study on British and Iraqul chlldren (454). Suo

mi reported, from a population study, that the degree of contact 

of two neighboring teeth lnsignificantly associated wlth the poc

ket depth at lnterproximal surfaces (432). The relationship 

betwe@n perlodontal disease and overbite or overjet is not very 
\ 

consistent elther. It ls, however, possibly resulted from the 

facts that those studies which come out negat1ve findings (88, 

123) do not employ quantitative measurements of perlodontal dl-

sease, overblte or overjet, nor hold age in constance whe~ com

par1sons are made. With severity scales, PI score (33,324) and 

prevalence of gihgivitis (280) are found to be significantly cor

related wlth degree of overjet and overbite. Following the in

troduction of quantitative indices of malocclusion, auch 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 oounts by 
, 

MassIer and Frankel (275)\, these indioes have been ~ound to be 

oorrelated algniflcantly w1th PMA 1ndex (277,351) and PI score 

(JJ,J2~) • 

Thua, 1t seems very l1kelY that the degree of malooolu-
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sion correlate with severity of periodontal disease, though the 

strength of the association varies from one feature of malocclu

sion to another. One must also bear in m~ that most malocclu-

sion indices are designed for the purpose of orthodontie treat

ment ~nd, thèrefore, the welghts asslgned to various component 

features within each index may not be much meanlngful in terms 

of their relative importance in the pathogenesis of periodontal 

disease. 

1.3.11.2 Trauma from occlusion 

Karo1zi in 1901 suggested that excessive occlussl forces lead 

to pyor~bea(206). That statement is still a controversial is

sue today. Trauma from occlusion is defined by Glickman as " 

the in jury to perlodontal tissue caused by occlusal forces (138). 

Since the introduction of a concept by Glickman and Smulow (142) 

and by G11ckman alone (137,139,140), through experlments on the 

monkey, that Inrlammatlon and trauma from occ1uslon are co-des

tructive factors in chronic periodonta1 dise8se and that the ex-

cessive occ1usal forces alter the pathway of glng~val inflam

mation and constitute a slgnificant factor in determining the 

pattern of bone destruction in periodontal ~isease, Glickman 

and Smu10w have confirmed these findings in human autopsy ma

terials (143,144),so has Ross supported the concept from his 

clinical observation (353). But recent1y, neither monkey's ex-
~ 

periments made by G1iokman and Smu10w (145) and Comar et al (72), 

nor human blopsy material by stahl (423) could demonstrate the 
~ 

progression of lnflammatory response 1nto perlodonta1 11gament. 
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The possible explanation to foregolng contradictive flnd

Ings ls the po or agreement as to the criteria of trauma from 00-
, 

cluslon. Studies on human aubjects have employed one or combl-

nation of the parameters, such as Increased mobillty, various 

type of bone resorptlon, increased width of periodonUùspace, 

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, se1dom accompanied by 

roentgenographic signs and that roentgenographic signs were 

not always accompanled by mobility from occlusion. Whether rno-

bility from occlusion ia a oorrect criteria of trauma from oc-

cluslon remains a question. In a survey, Lovdal et al divided 

the subjects Into two main groups: one having eight teeth or 1ess 

and the other having more than elght teeth in contact during 

occlusion and chewing. Their results showed a signlficant hi

gher gross tooth mobility in first group than in second group 

which was independent of the amounts of soft deposits, but there 

wes no significant difference in alveolar bene resorption and 

pocket formation (256). Similar findings were reported by other 

Investlgators (304,325,326). Ringsdorf ,et al alao failed to ob

served the dlfference in PMA scores of pregnant women between 

those who had 18 teeth or 1ess and those of 22 teeth or over ( 

344). 

Thus, the best conclusion one can draw from these reports 

18 that trauma from occlusion ltself does not l1ke1y lnltlate 
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periodontal disease and that it iB really not clear whether 

trauma from occlusion can facilltate the progression of inflam

mation into periodontal ligament and, hence, cause pocket for

mation. \'. 

1.3.11.3 Oral habits 

Tongue thrusting is a habit which entails 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 1ateral pressure 

which may be traumatlc to the perlodontlum. Gllckman (138) also 

reported that togue thrusting causes spreading and tilting of 

the anterior teeth, with an open bite, anteriorly, posteriorly, 

or in premolar area. The antagonism between forces that d1rect 

the teeth lsbially, and inward pressure from the lip, may lead 

to tooth mobility (138). AlI these reports are based on cli-

nicsl case observations, and, BO far, no quantitative data are 

aval1able. 
1. 

BruxiBm consists of aggressive, repetitive or continuoue 

grindlng or grlttlng,of the teeth durlng the day or nlght or 

bath. Clenchlng or clamplng entalls continued, intermittent 

or pulsatlng pressures, usually wlth the teeth intercuapated. 

And clicklng or tapping of the teeth may be performed with the 

teeth in functional or abnormal posltions (138). AU these ha

bits are sometimes refered to by the term "parafunction" which 

deaignates tooth oontacts in activities other than chewing and 

swsllow1ng (91). 
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Bruxism causes excessive tooth wear whlch ls character-

ized by facet~n tooth surfaces not ordinarily reached by func

tional moveme~ s and pron~unced facets'ln normal functional areas. 

Fr1sch et al ex mlned a group of 95 patients with varying de

gree of perlodontal disease, and found that aIl of them revealed 

sorne faeeting.(119). However, in a later study of 200 patients 

who had normal perlodontal t1ssue, they, aga1n, found vary1ng 

degr~e of facet1ng (118). Thelr results, therefore, tend to 

negate the bellef tbat the presence of facets necessarily ae- ~ 

eompanies with periodontal disease. Studies made by Belting 

and his co-workers on psychiatrie patients and non-psychiatrie , 

patient (24) and on d1abetic pat1ents and the1r controls (25) 

falled to ravesl any correlation between bruxiam and severlty 

of periodontal d1sease. Beer and co-workers pointed out that 

occluaal wear did not in itself produce alveolar destruction 

(13). The periodontlum in patient with bruxism often responds 

fàvorably to the increased funct10n by th1cken1ng of the per1o

dontal ligament and increased dens1ty 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 bruxlsm (1)8). The suggestion, ma

de by Ingle (179) and Leof (2)4) , that bruxism and clamping 

could aggravate exlstlng periodontal dlsease and lead to tooth 

mobility remains to be proved, or dlsproved, by a better study 

design other than c1inical impressions. 

Mouth breathing Is another habit often aS80ciated wlth 

glnglvltls (138,246). The gingival changes include erythema, 
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edema, enlargement and a diffuse surface shininess in the ex

posed ares. The maxi11ary anterior region ls the common site 

of such invo1vement. Its harmful effect is generally attrlbu

ted, without any substantial evidence, to irritation from sur

face dehydration. Since experlmental study of slmulated mou th 

breathing falled to support the dehydration theory (339), there 

Is still much to be ~earned about the exact rnanner of production 

of the gingival reactlon from mouth breathlng. 

To conclude, subjects havlng severe malocclusion tend to 

have more severe periodontal disease. Trauma from occlusion 

Itself does not 11kely Initiate the disease, and its role in 

progression of periodonta1 dlsease Is uncertain. Mouth brea-

thing Is frequently associated with gingivltls of anterior teeth. 

There ls a need for epidemiological studies about the effect 

of other oral habits on pêriodontal tissues. 

1.3.12 Microorganism 

It is only during 1ast decade that a great deal of works have 

been dlrected to examine the role of microorganlsms ln the pa

thogenesls of periodontal disease in human. There are a few 

articles in which extensive reviews have been made regardlng 

varlous microbiologlcal aspects of perlodontal dlsease (14,102, 

125,250,381,418,422). 

Evidences of bacterla1 role in the etlo10gy of perlodontal 

dlseas8 in human are substantial Indeed. Aoute necrotlzlng ul

oerstive glnglvltls has been found to be suspectlble to the sc-. 
tlon of local or systemlc antlblotlcs (148,166.294,380). There 
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are also reports of varying degree of prevention or reduction 

of non-specifie gingivitis through mouth rlnse or systemie 

administration of antibiotics (80,253,426,429). Since bac

terial debris is almost entirely bacteria in nature (9) the 

remarkab1e correlation of bacterial debris with severlty of 
",," 

gingivitis (10,312,397) suggests that bacterlal bodies bear 

a direct relationshlp 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 alveo1ar bone 10ss, as weIl as 

to tooth mobility in their separate report (256). The most 

direct evidence, of course, cornes from experiment such as by 

Loe, Theilade 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 aIl oral 

hygiene measures were withdrawn. The plaque material was remo

ved following the reinstitutlon of oral hygiene measures, and 

the glnglvitis subsided. Whi1e these results do not, in them

selves, prove the inltiating role of bacteria in periodontai 

diàease, the fact that the change in microflora occurred be

fore gingivitis was c1inically diagnosed, may indlcate that the 

microorganisms play a role in the initiation of periodonta1 in

flammation (252). They lster repeated the similar experiment 

and achleved the same results (441). Furthermore, ln thelr 

Ister short-term study, antlblotics were effective in cutting 

down subc1lnica,1 gingival inflammatory s,igns (2.53). To add ad

ditional evidence, pure cultures of certain human gingival cre-
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vicular organisms have been shown to initiate a periodonta1 syn

drome in laboratory animaIs (127,128,398,419). Although these 

data did not prove the etiologic role of these organisms in pe

rlodontal disease conclusive1y, they did c1early demonstrate 

the potential of human oral organisms to cause perlodontal des

truction. 

The research, so far, fails to find a single species or 
• 

group of microorganisms which are responsible for the produc-. 
tion of gingival inflammation (102,250,)81,418). Indeed. a num-

ber of etudies 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 on1y microbes which 

seem to be different between the flora of the gingival crevicu

lar ares of ohlldren in comparlson with adu1ts are Bacteriodes 

melaninogenicus (15,84,215) and certain spirochetes (84) and 

even the appearance of these two kinds in adu1t population seem 

to be more related to 'thelr specifie living environments and 

nutritional requirements than potent1a1 to produce per1odontal 

d1sease (15,418). Thus, the only slgnlflcant alteration asso

c1ated with periodonta1 disease appears to be one of the total 

quantity of bacteria present (300,397). 

It seemB apparent that plaque formation is the first step 

initiatlng the periodonta1 diseBse (418). streptococci mutans 

isolated from human gingival crevioe 18 reported to form dextran 

whioh glue the organism to the tooth surface and,to other orga

nisms of the samè tfRe {126,128,129,131}. Jensen et al reported 

that despite the suppress10n of the Gram-positlve flora and 

• 

, 
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spirochetes from daily use of vancomycin mouth rinse, plaque 

still formed which consisted aIl Gram-negative organisms '(200). 

Once the microorganisms have accumu1ated, it is not c1ear how 

they lead to the destruction of the periodontium. It has been 

.,suggested that baeterial produets in gingival crevices, such 

as lytic enzymes (74,86,1)0,165,382,384), endotoxin (412) and 

other toxie metab~ites (102,250,381,418), aIl of whlch have 

the capaeitles to destroy the periodonta1 tissue, May be res

ponsible for periodonta1 destruction. But It ls also true that 

Most of these lytie enzymes can be produeed by the gingival ti

ssues themse1ves (29,31,120,146,337), and that no dlfferenees 

have been observed in the specifie actlvities, on wet weight 

hasis, of varlous enzymes in gingival crevice debris obtained 

frorn normal and peri~dontally involved patients (74,300). One 

must, however, also bear in mind that the total mass of orga

nisms is larger in periodontally involved individual (397) and, 

therefore, more baeterlal products which may be capable of des

troying the periodonta1 tissues (250,300,397,418,419). 

Hypersensitlvlty and allergie phenomena as a mechanism 

of periodontal dlsease has been.postulated and sorne researchers 

have demonstrate antibodies in sera and ginglva and skin aller

gle reaetlon to specifie oral baeterias (305,306,)07,376). Un

fortunately, there ls little evidence that immunopathologlc 

processes aetually operate ln natura11y occurrlng human perlo

dontal dlsease (124,418). 

In fact, one mlght even wonder whether there. ls sound evl

dence that the Inflammatory process in the glnglva ls destruc-
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tive at all (418) • 

It is 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 sorne agents and pro

cess, which are suspected of being significant in the etioldgy 

of periodontal dise8se in human, are present in gingival cre

vice and periodontal tissue, and can induce the periodontal di

sease in experlmental 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. 
v Despite the fact that transmissibility of periodontal syn-

drome in experlmental animaIs has been demonstrated (87,205,217), 

nothfng of thls nature in human periodontal disease has yet 

been reported. 

To summarize, there Is strong evldence that oral bacterias 

are quantltatively'associated with ginglval inflammation. stu-
r 

dies so far fail to demonstrate any single species or a group 

of"microorganisms which are responsible for gingival inflamma

tion. 

The mechanisms by whlch bacterias cause destruction of the 

perlodontal tissues is not yet understood. Whether or not the 

periodontal dise8se is transmissible through bacterias from one 

person ta another remains 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 • 

1.1.11 IAtrogenic (Faulty dentistryl 
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The harmfu1 effects created by professionsl dental care sueh 

as o~rative and prosthetlc dentlstry (302,J47~473) and ortho

dontie treatment (333,466) have been studled and reviewed. 

The single factor which has been Most extensively stu

died is overhanging of the restoration. Cllnical impression 

seems to Indiè~te that overhanging restoration usually accom

panies wlth gingival inflammation adjacent to it (138). Sorne 

ellnical surveys substantlate such impression with statistical 

data (3,466,473) whlle others fail to demonstrate slgnifieant 

association between overhanging restorat1on and ginglvitls (134, 

432). The reason for the non-association finding in the study 

made by Gl1more and Sheiham (134) may be that a large percentage 

O,f overhangs may not have been r~n direct contact wi th the glngi

vae. There are two studies show that alveolar bone helghts ad

jacent to overhangs are algnificantly lower than those of horno-
1 

lOgUe teeth wlthout such overhangs (J4,1J4). One of these two 

atudies also indicates that the more the overhang 18 in exceas 
~ 

to gingival margin, in lower the alveolar bone helght la as com

pared with that of the contralateral tooth (J4). 

Several reports have shown that gingival inflammation, 

mobility and bone destruction Increase dramatica11y in teeth 

adjaoent to partial dent~e.(44,45,111,386). In two weIl con-
" trolled cllnlcal trials, the effect of rernovable spllnts on 

tooth mobll1 ty ws invest1gated. Instead of reduc1ng mobi11 ty, 

splintlng lad to Increased mobl1lty as compared 1fi th patients .. 
who recelved ordinary local hygienic treatment (334,474). Theae 

f1ndings certainly can easily be crit1clzed ln terms of the 

.J 
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desirability of the constructed removable partial dentures 

and splints. On,the other band, more research works are 

urgently needed to clarify thls'dilemfua. 

other faulty restorations, such as failure to reproduce 

the contour of the buccal surfaces, Inadequate or improperly 

located proximal contacts, fAilure to re-establish adquate 

interproximal embrasures and,fai1ure of the restoration to con

form with occlusa1 wear patterns have aIl been mentioned as com

mon causes of gingivitis and periodontal disease (138,302,347), 

but ver, few studies are available to support these opinions. 

After a series of studies about t'issue reaction to artl

ficia1 crowns (455), rough surfaces (456), zinc phosphate ce

ment fi111ngs (457). goid foil (458), and metal wires (459). 

Waerhaug concluded later that subg1ng1val restorat10ns were 

among the major fa~tor8 in perlodontal disease (460), which was 

not resulted from mechan1cal or'chemical irritations of filling 

mater~als, but was caused by the bacterlal plaque which formed 

in spaces between the crown and the tooth preparation. Slnce 

the bacterial plaque in these areas can not be removed complete

ly, and sorne of it, will be left in those ap8ce and from tnese 

retaining microorganisms the apical proliferation of the plaque 

will occur. Thua, Waerhaug 8uggeated that it 1f8a lMtter to fl":' 
, , 

nlsh the restoration above the glngival)margln whenever perfect 

ad,apted artlflclal oz-oWl'l was not attainable (460). 
l ' 

To summarize, al though numerous kinds of fatll ty dental,' 
, 

restorations and orthodontic appliances have been oondemned for 

various stages of periodontal dlse&se, 'very few research,had been " 
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do ne to clarify the exact nature. However, overhanging res-
.. 1 

~oratlons, unsatlsfactorily constructed part1a1 dentures and 

rem~,able splints sèem likily to have detrimental effect on 

periodontal tissues elther through bacterial accumulation, 

faulty force on teeth or both. 

I.4 
,~ 0 

Existing Indices used for studies of periodontal dis~se 

1.4.1 Indices to estimate the alternation of the Eeriodonta1 

tissues 

The high prevalence of perlodontal disease almost in every po-,,) () 

pulation makes comparison of prevalence of the disease!between 

v populations very 11ttle meanlng. Therefore, several scoring 

methods or lndioes have been developed which takes stages or 

the periodontal dlsease into consideration. The measurement 

of periodontal disease is much more difficu1ty than that of den

ta~ caries due to three facts; 1) judgement of gingivltis seve

ri ty ,1s very subjectl ve and the inflammation 18 reversi ble. 

The alveolar bone can hot be dlrectly observed without radio-. 

graphe Its resorptlon is chronic ln nature, and yet the best 
( 

measure of periodontal tissue damage. 2) to· transfer qualita

tive data into numerlc index involves arbltrary a88ignment of 

the gradient scores. It 18 especlally difficult when one haà 

to combine both gingival inflammation and alveolar bone des

tructIon into a single index,,_ Because no ,one has proved that 

gingival lnflammation actually progresses to per!odontltls or 

alveolar bone 1088 (155,4l8). J) there ls no way to desl wlth 

" 
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missing teeth, because lack of history about the causes of mi-
(' 

ssing or extraction • 
• It is common1y be1ieved from c1inical observation that 

gingivttis per se can recover to hea1thy and origingal condi

tion, whereas gingival recession, apical migration of epithe

liaI attachment 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 indices (462). 

1.4.1,1 "Irreversible" indices 

1.4.1.1.1 Indices of alveolar bone 10ss 

Indices measuring alveo1ar bone loss are possibly the earlieat 

periodontal d1sease 1nd1ces for ep1demiological etudies. Both 

Sheppard (404) and Marshall-Day and Shouri (272) used it for 

atudy1ng hospita1ized patients and tried to meaaure to one

tenth of the root length. Later, Sandler and Stahl (37l) and 

Cohen et al (368) asslgned 4 or 5 point-scale respect1vely for 

the proportion of bene loss. To retine the scale, Schei et al 

(375) plaeed a translueent ~ler on the top of the radlograph, 

by this device the length of the root is divided into 10 equally 
) 

long arasa, and it was possible to aasess the'height of bone or 

bone 108s with an aecuracy of 1/20. Most recently, Bjorn et al 

(35) designed a ruler which had 20 di vif,1one ,or radii, and they 

ass8ssed the marginal bone 10ss by representing ~t 8S proportion 

ot the alveolar bone of the total tooth instead ot root length • 

A1though radiographie assessment ot al~eolar bone loss 
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appear to be the Most objective method, it has many shortcoming~: 

1) 'very hlgh peroentage whleh are not measurable for varlous 

radiographie reasons (35,375). 2) difficulty to standardize 

radiographie technique, espeeially angulation of x-ray cone to 

the teeth~ 3) the index gives no information about the oondi

tion of soft tissue ,or the presence or absence of active disease. 

4) it is time consuming and requires heavy equipment. 

1.4,1.1,2 Gingival Recession Index 

This index Is considered ir~eversible because it is believed 

that glngival recession to the extent of cementum exposure ls 

associated wlth sorne resorption of a~olar bone (424). The 

index represents the pereentage of teeth in which the ~mento

ename1 junction 18 exposed (371,424). It takes very litt1e time 

to score it for one indlvldual. It Is, however, a very crude 

index because it does not differentiate slight versus marked re

cession. still the biggest drawback Qf tbls index ls the tre

quent lack of assooiation between presence or absence ot reces

sion and activity or even severity of the oversll periodontal 

dlsease. When used together with other reversible indices on 

adu1t population, It has been shawn to give additionsl informa

tion (17,lS,247,367,36S), 

l,4.1.l,J Leyel of eplthellal attaChmflnt 

This parameter has r~cently been taken as a separate measure

ment tor the destructive phase of the periodonta1 disease (432, 

433). It requires two IntermedIa~ measurements, namely, the 

dIstance from glngival margin to cemento-enamel junctlon and the 

distance trom gingival margin to eplthelial attachment level. 
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The algebraic difference of these two intermediate measurements 

is the level of eplthelial attachrnent in relation to cemento

enamel junctlon, or epithellal detachrnent level. 1ts reprodu

cibl11ty 18 only recently subjected to serious evaluation both 

by present author in thls thesls and by Suomi et al (433). 

Owing to Its slow progression, it shares sorne disadvantages in

herited in the index of alveolar bone lOBS, though it ls Ieee 

time consuming and does not need heavy equipment. Furthermore, 

... It allows for assesslng four surfaces of each tooth. Using 

thls index together with gingival index is now under study ( 

135,416,433,434). 

1.4.1.2 "Reversible" indices 

'One class of reversible indlces is exclusively concerned with 

the clinical signs of active gingival Inflammation (gingival 

indices), Another class takes into account also the destruc

tive phase by giving more welght to pocket deepening and bone 

resorption. 

1.4.1.2.1 Gingival Ind1cea 

The P-M-A index by Schour and MassIer {378} is,probably the first 

index which scores the active periodontal disease. The three 

letters stand for paplllary, marginal and attached glngival 

unit. The originators postulated that the inflammation would 

start from the papillary ginglva and spread thereafter to the 

marginal glnglva and flnally reach the attached ginglva. There

fore, P-M-A count will Iteelf glve sorne crude information about 

severlty. MassIer (274) lster Buggested to asslgn, to each gln-
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gival unit, various score for sev~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 Rosenweig (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 

is 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 (25l) 

has gained considerable acceptance. The index is based on the 

severity 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 wss recent1y substantiated through 

exudate measurements and microscopie examinatlon (314). But in 

the field application, the control of "probing" method may not 
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be easy. Its reproduciblllty has not been extensively studied 

p08sibly handicapped by It8 nature of bleedlng. Loe (249) clalm

ed:"The reproduclblllty 18 good provlded the examiner's knowledge 

of perlodontal biology and pathology 18 optimal." Gingival In

dex designed by McHugh et al (282) ls similar to that of Loe and 

Sllness, except ~e r 
ment. Gingivitls 

select different teeth for assess-

System deslgned by Cheraskln and 

Ringsdorf (50) is rather subjective in criteria. DHe Index for 

Gingival Assessment as Introduced by Suomi (432) and Suomi (433) 

ls based on colour change and the extension of adjacent tissue. 

Ite severity scale ranges from 0 to 2. Intrabbserver agreement 

with this index can Improve greatly from 59% on the flrst day 

to 87% on the third day of field practice (416). 

Recently, one cllnico-laboratory method was developed by 

Kllnkhamer (224) which measured the orogranulocytlc migra tory 

rate and was called OMR index. The OMR is found to reflex cor-

relation between inflammation and vascularlzation of gingival 

and periodontal tissue (224). It seems very useful to detect 
J. 

subcllnlcal gingivitis and minor change of Infla~rnation. It 

,also has o~antage in that only laboratory technician i8 

needed. But th~heaVY laboratory set-up may 1imit ls for field 

study. If the faclllties are available, OMR index may be found 

very useful in evaluation for clinical trials relatlng minor 

change of gingival condition. 

AlI gingival indices 8hare one rather big shortcoming, 

that le, they have no provlsion for destructive phases of the 

periodontal dlsease. They have, therefore, very limited value 

wh en used alone in a population with whole range 'of age. 
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1.4.1.2.2 Periodontal indices 

Russell's Periodont8l Index (PI) ()56) is the first attempt to 

consider both glnglvitls and the "destructlve consequency" of 

glnglvltis ln an index. It still i8 the only reversible ln-

dex which consider both ginglvitis and destructive phases of the 

disease. In essence, PI ls a morbldity index which merely anB

wers yes or no as to whether a tooth has gingivitis (score l for 

mlld and 2 for severe gingivitis), ginglvitis 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, i.e., epithelial detachment, without co-existlng 

gingivitis will be scored as O. Therefore, it is theoretically 

sui table for clinical trial. In praetlce, however, unless the 

gingivitis disappears clinlcally following the trials, the cri

teria for gingivitis in PI is not as sensitive as other gingival 

indices. Russell's PI has been favored and extensively utilized 

in world population studies. It i8 simple to use. Since the 

most advanced phases of pathology, in which examiners agree best 

ln judgement, are given the highest scores, lt serves very weIl 

in comparisons of population scores. Indeed, its greatest va

lue is the great volume of world p~evalence information genera

ted through its use ()6),)64,)65,368). With strict calibration 

to the originator ()6),)64,)65), PI ls still the best one to 

serve this particular purpose. The greatest shortcoming of PI 

i8 that it has no provision for dlfferentiation between a slight 

pocket deepening (score6) and one reachlng to the apew (although 

in the latter c.a8e a score of 8 may usually be givenl, nor for 
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more break-down of gingivitis severity. Further, its reprodu-

cibility for each measurement or even an average score for in

dividual subject ie rather unsatisfactory (82). For these rea

sons, PI should be consider unsuitable for small sample in a 

clinical triàl or for other longi~udinal studies in which both 

sensltivlty and reproduclblilty are essential. 

Lilienthal et al (242) selected 6 representative teeth and 

score thern with the same criteria of Russell's PI, the results 

showed no bias in this method when compared with the original 

method in whlch aIl teeth are scored. Ga110way (122) also mo

dified Russell's PI in which he ernp10yed pocket estimation as 

a way to refine the PI score, but its additlona1 validity has 

not been who1ly studied, neither is it fami1iar to other resear-

chers. 
, 

: 4\ 

1.4.1. '3 "Compos i te" indices 

Periodonta1 Dieease Index (PDI) introduced by Ramfjord (329) is, 

in princlple, a further deve10pment of Russel1's PI. It is par

tlcularly deslgned for assessing the extent of pocket deepening 

below the cemento-enamel junction. On1y six se1ected, but weIl 

represented (199), teeth are measured. Ginglv~tls is scored on 

a scale ranging from zero through 3 according to presence or 

absence of gingivitis, and, l' present, extension around the 
)1 

tooth, bleeding or ulceratlon. If there is 10ss of epithelial 

attachment for le8s than 3 mm., the gingival score is ignored, 

and a score of 4 is given. If the loss 18 between 3 and 6 mm., 

the score 18 5, and the 108s of attachment of more than 6 mm. 

ls scored 8S 6. There i8 evidence that this measurement 18 8S 
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useful as radiographs in estimating the degree of alveolar 

bone l6s8. (225). Since ginglvitis scores are 19nored when

ever eplthelial detaehment is observed, it follows without 

any doubt that POl can not be used for a ellnlcal trial in 

which gingival inflammatory is the major interest. It can 

also be questioned whether the arbitrary figures set for the 

different stages of disea~e and destruction give the correct 

weight tto each condition. Furthermore, sinee epithelial de

tachment can be measured as millimeter in scale, there seems 

to be no real need for transforming measurements in millimeter 

to a di~ferent syste~ of figures, the index (249). Finally, 

it is stlll a contraversial issue regarding the justification 

for eombining ginglvltis index and epithellal detaehment 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 Bamfjord's 

POl, but divided the mouth into six segments and chose_ the 

tooth of highest score in each segment as segment score. 

They have shown that thls method of selection provides infor

mation closer to whole mouth examination than if 6 teeth in 

Bamfjord's method are measured (30B). Their method is called 

Glnglval-Perlodontal Index (GPI). Later Llghtner 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 
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the gingival and periodontal scores into a single index. Gin

givBI-Bone Count (GBcount) as dèsigned by Dunning and Leach ( 

94) shares the same philosophy, advantage and disadvantage of 

those from Ramfjord's PD!. 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. 

Their later study revealed limited additional information which 

was gained 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 aIl (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, epithelial det8chment or loss 

of tooth function. Such cook-up involved prejudged pathogenetic 

importance of each condition. One can also predict that sorne 

clinical condition may not fall into any of the Il categories. 

Periodont81 Dis68se Rate (PDR) by Sandler and Stahl (372) cla~ 

sifies severe gingivitis as definite alveolar bone loss. 

Of course, no one should expect to find an index which 

will serve aIl purposes. The foregoing indices reviewed have 

served their own particular needs to sorne ex~ent. Russell's 

PI is adequate when population prevalencee of perlodontal disea

se are compared. GI fromrLoe and Silness seems sui table for the 

study of oral hygiene cllnical trials. RamfJord's PDI and GB 

count from Dunnlng and Leach can improve the sensltivity of Ru-
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ssell ' s PI. But,if one wants ta 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 its sensitivity and, especially, 

the reproduèibility has not subject to serious and critical eva

luation. The prognostic signiflcance of each facet of tissue 

alteration which is the basis of giving weights or scores has 

never been validated. 

I.4.2 Indices ta estlmate the nature and arnount of oral irri

tants and deposits. 

Corresponding to the development of perlodontal indices and their 

applications in the field studies, various indices measuring 

the degree of oral deposlts and irritants have been introduc~d 

(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 Hyglene Index (OHI) by Greene and Vermil110n (156). 

Thls index was later modlfled by the sarne authors and became the 

Slmplifled Oral Hygiene Index (OHI-S). The OHI consists of De

bris Index and Calcu1us Index (DI and CI), eaèh of whlch ranges 

in scale from 0 to 3 depending on the coronal thlrds covered by 

debris and/or calcu1us. With the OHI-S, only six selected teeth 

and one surface for each tooth are assessed (15?). 

In ollnloal studies, especial1y researches on gingivitls, 

Plaque 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 
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pathogenetic importance than that on the corona1 thirds. The 

PLI a1so ranges in scale from 0 to 3. 

The Irritant Index deslgned by O'Leary et al (3l0) and its 

slight modification made by Lightner et al measures the amount 

of materia aIba, calculus as well as overhanging restorations. 

Retension Index which was deve10ped by Bjorby and Loe ()6) takes 

caries into consideration in addition to ca1culus and Imperfect 

margin of restorations. 

The most slgnlflcant development for these measurements 

ls the further refinement of the measurements speclflcally for 

supragingival calculus (108,452,453) and subgInglval calcu1us 
~ 

(433). The intra-observer agreement is fairly good for supra-

gingIval calculus, but not satisfactory for subgIngival calcu

IUB 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 populations required fast and simple 

I~dices, such as OHI-S. For clinical trIâls and longitudinal 

studies of small size,'more sensitIve indices are necessary. 

As discussed in the preceding sections, it ls not certaln yet 

whether these indioes have oontributed to the knowledge of the 

etlology of the perlodontal disease • 
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1.5 Nead for longltydinal studies to a5sess the direct asso

ciation between possible etiological factQr or faç~ts and the 

1ncidence and progressing of periQdontal d1sease 

From the foreg0ing review of literatures, it is clear that cross

sectional studies have provided precious information wlth regard 

to the distribution of periodontal disease according to age, sex, 

world-wide geographic distribution, and ethnic groups, and its 

correlation with income, educatlon~ occupation, urban-rural~re-

sidentlal factor and other social and cultural factors. These 

informations have contributed a great desl to the understanding 

of the epidemiologic pattern of perlodontal disease. 

At the sarne time oross-sectional epidemiological studies 

have cQllected a pool of data which are contradictory to the 

traditlonally held opinions regarding the importance of nutri

tional and dietary factors, systemic conditions and dis88ses, 

in the initiation and progression of periodontal dlsease. In 

MOSt instances, they also contradict with the results from c1i

nical trials with respect to good or ill effects of various nu-
, 

trients on periodontal tissues. Most of these contradictions 

can be explained by three ressons: First, in oross-sectional 

epidemio10gical etudies, an assurnption,is made that the status 

of periodontal diseBse and suspected etlological variables and 

their association at time of survey existed in the past and will 

still be valld in the future. Second, in cross-seetional etu

dies, investigators have taken oral hygiene factor (in fact. 

oral deposits) as a compl~te i~dependent stimulating factor, 

and whenaver other variables are found to be s1gn1ficantly asso-
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ciated with the. preval~ce and severity of the periodontal dl-

sease, standardlzatlon of oral deposit score and age ls made 

that resu1t in dfsappearance of such significant association 

between those variables and perlodontal condition. Yet, that 
~ oral depos~ts are Independent of the sequela of the periodon-

tal dlseasé fs a dangerouB assumption. Thlrd, enorrnous c1i-
~ 

nical knowledge cornes from case reports and c11nlca1 studies 

which had been conducted before sclences of epldemiology and 

statlstlcs were introduced to ~ental professlon.~ 

There, however, a1so certain types of data that can not 

be obtained fro~,cross-se~tlonal studies: 1) documentation of 

true dlsease incidence, 2) relationship between cause and effect 

and 3) documentation Of the stages ln the-development and pro-

gresslon of a disea~e or natural hlstory of the disease. It ls 

paramount important to obtain inèidence data for glngivltls and 

destruction of eplthellal attachment respectively as weIl as va

rlous suspected factors~t tlme of and prlor to the ~lsease ini

tiatlon. Only then, any signlficant correlatlon of suspected 

variables wlth incidence of glngivltls or eplthellal detachment 

are really meanlngful. This concept also hold for 'the severltf 

of the dlse8se provided that the data are complete from the In

ception of the disease,. Longitudinal studies may also answer 

other importan~ queàtlo~s, auch as: 1. Whether more severe gin

givitls eventually lead to destruotion of &plthellal attachment 

and a1veolar bone resorption? 2. Exact relatlonshlp between . 

dental c,ries and peri~dontal disease. Does that relationshlp 

changes at dlfferent age of life? This question is important 
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because it will provides a good reference to the current dental 
1 

researchers ~hô believe ,that b~~h dental caries and periodontal 

disease are di~eases of dental plaque and, therefore, can be 

prevented by the sarne method. Quite spart from epidemiologieal 

aspect, longitudinal studies are a150 needed for evaluating the 

beneficia1 effeot on supporying al veolar bone ,following aggres

sive trea.tments f,or chronic periodontal pocket. These treatments 
'. 

have been claimed to stop the progression of gingivitis and a1-

veolar bone resorption, and yet, only its effect on gingivitls 

has been demonstrated. 

For these longitudinal studies, a perlodontal index whlch 

ls deslgned specifically for such purpose iB essential. Th~ 

component parameters of this klnd of index shoul:,d have good 

sensitlvlty as weIl as r~produclbillty, and Info~tion about 

the limlta and variations of these two characters must be avai-
. 

lable at band. Furthermore, these component parameters should 

be welgbted accord1ng to the1r relat1ve prognostic importance 

from field study 80 that a single index can be formulated. 

. -, 

0' 

li 
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APPENDIX II 

THE COMPUTATION FOR THE STATISTIC OF AVERAG& 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 arid over-all total. rts actual calcu1atlon con-

slsts almost entirely of the additlon of terms of the form 

n(log2 n). The examp1e chosen for 111ustrating the calculatlon 

ls the inter-obserTer variatlon as presented in Fig. J. The 

steps in the oomputation are as follows: 

1. Add together the values of n(log2 n) correspondlng to 

each" ce11 frequency to obtain: 

a - 206~1 + 4.8 + 15.5 + 268.1 + 2.0 + 2.0 + 69.5 + 

2.0 + 19.7 • 589.7 

ii. Add together the values of n(log2 n) corresponding to 

each marginal total of reference estimate to obtain: 

b • 226.5 + 325.2 + 80.? + 28.5 - 660.9 

111. Add together the values of n(log2 n) correspondlng to 

each marglnal total of observer X estlmate to obtain: 

c - 247.1 + J~?6 + 02.2 + 19.7 - 662.6 

Iv. Flnd the N(log2 N) of over-all total. In thls example, 

N • 126, this glves d • 819.1. 

v. Now calcu1ate the statIstlc as: 

{a - b - c + d) / N • 1~S.3/126 ~ 1.15 binary diglts • 

The'actua1 maxImum information can be calcu1ated as: 
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(d - b) / N = 218. 2/126 - 1.73 

The information lost is calcu1ated as: 

(c - 8) / N - 72.9/126 = 0.58 

The proportion of information transmitted to the actua1 

maximum information is: 1.15/1.73 = 66.5% 

The statlstic of average amount of information transmltted 

becomes less usefu1 for a parameter which haB very ION prevalence 

rate or very unequa1 frequency distribution. The following two 

two-way distribution diagrams.showlng the initial gingival blee

ding estimates ~n 44 subjects according to observera B and GiS 

estlmates give the best example. 

a -= 203.4 

b -= 214.9 

c - 207.4 

d - 240.2 

Maximum information: 0.57 

Informatlon'transmitted: 0.48 

Information lost: 0.09 
... 

a -= 214.9 

b • 214.9 

c III: 226.5 

d - 240.2 

Maximum information: 0.57 

Information tr~namitted: O.Jl 

Information lost: 0.26 
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Based on the reference estimates, no gingival bleeding was 

observed in 40 8ubjects. Such frequency distribution results in 

two major disadvantsges; rirst, the ac~ual maximum information 

available i8 very small amount due to little difference between 

the values of (d) and (b): second, the i~formatlon lqst would 

be 11ttle as long as the observer estlmates do not result in any 

further lncrease of number to the group having the greatest fre

quency aceordlng to the referenee estimates, otherwise, the in-
~ 

-formation lost would be tremendous. The diagrams show tha~there 

were two cases in which the gingival bleedlng was overestimated 

by observer Band underestlmated by observer C. Thus, while the 

hlghest frequency according to the reference estlmates is 40, , 

the eorresponding values for observers Band Cls estlmates are 

38 and 42 respectively. Such difference resulta,in very much 

greater value of (c) in the case of observer C estimates than in 

observer B estimdte~. Therefore, the information lost for obser

ver C estimates (0.26 binary digits) 18 much greater than that 

for observer B estimates (0.09 binary digits) • 
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