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EPIDEMIOLOGICAL and experimental studies have dem­
onstrated that gingival inflammation, as well as dental 
caries, is dependent upon the presence of bacterial 
plaque on the teeth. 1 - 9 On a clean tooth surface, plaque 
begins to develop with the formation of a salivary- and 
glycoprotein containing pellicle 1 0 - 1 3 into which bacteria 
may subsequently colonize . 1 4 - 1 8 Alterations in the bac­
terial flora,8,19 and changes in the chemical composition 
of plaque as it grows have been demonstrated. 2 0 - 2 3 

However, information on the rate of plaque growth and 
its pattern of development on the dentition is lacking. 

It has been shown that if oral hygiene procedures 
are suspended, localized gingivitis develops in only 4-11 
days and generalized gingivitis within 2-3 weeks. 8 ' 1 9 

On the other hand, resumption of oral hygiene proce­
dures has resulted in a dramatic improvement in gingival 
heal th. 8 , 1 9 Controversy exists, however, on how regu­
larly bacterial plaque must be removed from the teeth 
in order to maintain gingival heal th . 2 4 - 2 8 Epidemiologi­
cal studies have indicated that less plaque occurs as 
the frequency of oral hygiene proedures increases. 2 9 - 3 1 

However, these studies have not considered the quality 
of toothbrushing and the patients' claims regarding the 
frequency of oral hygiene procedures performed. A n ­
other investigator has recently suggested that the gin­
giva might remain healthy, if plaque is removed com­
pletely only once every second day. 2 8 How infrequently 
plaque may be removed without a deterioration in the 
health of the gingival tissues has not been established. 
Also, the effect of altered gingival health upon plaque 
formation has not been studied. 

The purpose of the present study was to investigate 
the rate and pattern of plaque development in the den­

tition and to study the effect of gingival health upon 
plaque formation. Furthermore, it undertook to deter­
mine how frequently effective oral hygiene procedures 
must be performed to maintain gingival health. 

MATERIALS AND METHODS 

Thirty-two dental students with clean teeth and 
healthy gingiva participated in the study. Since this 
study was to be carried out as a double blind test, the 
students were randomly assigned into four groups by a 
third person who did not participate in the experiment: 

Group I removed plaque twice daily (every 12th 
hour). 

Group II did so once every second day (every 48th 
hour). 

Group III did so every third day (every 72nd hour). 

Group I V did so once every fourth day (every 96th 
hour). 

The oral hygiene procedures were performed using 
Charters 3 2 brushing technique supplemented by dental 
floss and interdental woodsticks for interdental cleans­
ing. Using the Plak-Lite® disclosing system, 3 3 a dental 
hygienist ensured that no plaque remained following 
the performance of oral hygiene. 

In Group I, only one of the two daily brushings was 
supervised. 

The amount of plaque was assessed by the same in­
vestigator for a period of 6 weeks according to the 
criteria of the Plaque Index System. 3 4 The scoring was 
performed weekly, immediately before the scheduled 
cleansing so that the maximum plaque situation was 
assessed: A t the same time, gingival health was as­
sessed by a second investigator according to the criteria 
of the Gingival Index system.3 5 After the clinical assess­
ment, the subjects rinsed with Plak-Lite® disclosing 
solution and the anterior teeth were photographed un­
der standardized conditions. From these photographs 
the surface area of fluorescent plaque was calculated 
planimetrically as described previously. 3 3 

The data from the clinical examinations were com­
puterized and analyzed statistically. 

RESULTS 

The mean Plaque Index (PI I) for all individuals 
within the different groups ranged from 0.17—0.27 
at the beginning of the experiment. Various amounts 
of plaque accumulation occurred in all groups during 
the experimental period (Figure 1). Group I, which 
accumulated plaque for 12 hours, obtained the least 
plaque (PI I 0.44—0.81). In Group II, where plaque 
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FIGURE 1. Mean Plaque Index f o r a l l t o o t h surfaces 
t h r o u g h o u t the study of the i n d i v i d u a l s i n the groups per­
f o r m i n g o r a l hygiene at v a r i o u s i n t e r v a l s . 

had accumulated for 48 hours, the amount of plaque 
tended to increase during the first 3 weeks (PI I es­
calated from 1.03—1.38). After that time it leveled 
off and decreased during the 5th and 6th week. 

Groups III and IV, developing plaque for 72 and 96 
hours respectively, formed similar amounts of plaque. 
Initially, the PI I increased slightly and then leveled off 
after the 3rd week with a value of approximately 1.6. 
The percentage of surfaces with a PI I score of 1 ranged 
from 0—100% among the individuals in Group I, while 
the tooth surfaces scoring PI I = 2 or 3 ranged from 
0—50% (Figure 2) . The individuals accumulating 
plaque for 72 and 96 hours formed invisible plaque (PI 
I = 1) on 80 to 100% of their surfaces, while the 
individuals accumulating plaque for only 48 hours dis­
played greater variation (50—100% ) in the number of 
surfaces with plaque. The percentage of surfaces which 
consistently had visible plaque (PI 1 = 2 or 3) varied 
among the individuals in Group II from 5—100% and 
in Groups III and I V from 70—100%. 

Large differences were observed between the amounts 
of plaque formed in 12 hours (Figure 3) . Individuals 
like No. 16 developed minimal amounts of invisible 
plaque, while other individuals, like No. 1, consistently 
displayed visible plaque. Differences between the 
amounts of plaque formed by the individuals within 
the other groups were not as obvious. Figure 3 shows 

FIGURE 2. D i s t r i b u t i o n of the p r o p o r t i o n of t o o t h surfaces s c o r i n g Plaque Index I , 2 
o r 3 to 0 a n d Plaque Index, 2, 3 to 0 a n d 1 f o r each i n d i v i d u a l t h r o u g h o u t the study. 
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FIGURE 3. Mean Plaque Index on each e x a m i n a t i o n f o r 
representative i n d i v i d u a l s f r o m each g r o u p . 

that the amount of plaque formed in nearly all the in­
dividuals varied from week to week. Minor fluctuations 
were observed in some individuals (e.g. No. 4, 8, 16, 
29) , whereas fairly large fluctuations were seen in 
others, such as No. 25, 28 and 10. However, all indi­
viduals in the study had plaque levels which were fairly 
characteristic for the duration of the period in which 
plaque was allowed to form. 

The regularity with which PI I scores of 0,1 or 2 
and 3 occurred throughout the study on the facial, l in­
gual and interproximal surfaces of each tooth in a rep­
resentative individual (No. 11, 6, 5, 29) for each 

group is shown in Figure 4. A note of explanation con­
cerning Figure 4: If a tooth surface on each examina­
tion throughout the study had the same PI I score, either 
1 or 2 and 3, it is shown as 100%. If, on the other 
hand, plaque was never observed on a particular sur­
face, it is shown as 0%. Consequently 0 and 100% 
represent the ultimate consistency, and values between 
these extremes indicated the proportion of times that 
plaque occurred. In Group I (represented by individual 
No. 11), plaque was rarely detected on the facial sur­
faces of any teeth except for the second molars which 
consistently had plaque. On the oral surfaces, only the 
molars displayed plaque on a regular basis. On the oral 
surfaces of the mandibular canines and premolars, 
plaque was detected on a proportion of the examina­
tions. Some plaque was always present on the inter­
proximals of the molars in Groups I; furthermore, these 
surfaces were scored PI = 2 on a proportion of the 
examinations. 

In the 48-hour group, some plaque was detected on 
nearly all surfaces. The distribution of PI I scores of 2, 
however, was almost the same as the distribution of PI 
I scores of 1 in Group I. The molars of the represen­
tative individuals for Groups II, III and I V had the 
highest percentage of PI I = 2 scores. 

In the 96-hour group almost all surfaces except those 

FIGURE 4. Consistency of the p a t t e r n of plaque d i s t r i b u t i o n f o r representative i n d i v i d u a l s of each g r o u p ( N o . 1 1 , 
6, 5, 2 9 ) . A t o o t h surface consistently h a v i n g the same Plaque Index score ( 1 , 2 o r 3 ) t h r o u g h o u t the study is shown 
as 100%. A t o o t h surface upon w h i c h plaque was never detected is shown as 0%. Values between these extremes 
i n d i c a t e the p r o p o r t i o n of times t h a t plaque o c c u r r e d . M : M o l a r s , P: P r e m o l a r s , C: Canines, I : I n c i s o r s . 
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of the maxillary incisors displayed visible plaque. In 
general, the greatest differences in the amount of visible 
plaque in Groups II, III and I V were observed on the 
facial and oral surfaces, while the interproximals almost 
consistently were covered with visible plaque. The pat­
tern of plaque distribution for each individual in the 
study was unique. For example, among the many pecu­
liarities of the pattern showed by individual No. 11 was 
the observation that the oral surface of the lower left 
lateral incisor was always clean, whereas the lower right 
lateral incisor was normally involved with plaque. Simi­
lar peculiarities could be seen in the other individuals 
represented (e.g. No. 6, 5, 29) . 

The planimetric measurements of the surface area 
of the anterior teeth covered with fluorescent plaque 
showed characteristic amounts of plaque for the four 
groups (Figure 5) . However, in Groups II, III and I V 
a slight increase in the surface covered by plaque was 
noted at the beginning of the experimental period, and 
a slight decrease was observed at the end of the period. 

FIGURE 5. The l o g mean a r e a of fluorescent plaque on the 
i n t e r p r o x i m a l a n d l a b i a l surfaces of the a n t e r i o r teeth f o r 
each g r o u p . 

The mean PI I of these same anterior teeth as well as 
the posterior teeth confirmed these measurements (Fig­
ure 6) . In Group I V some individuals formed quite 
different amounts of plaque on the anteriors from one 
week to another, as shown by both surface area 
measurements and PI I assessments (Figures 7a,b). The 
occlusal extension of plaque, as measured by the area 
of fluorescence, and its thickness at the gingival margin, 
as measured by the PI I, correlated almost linearly in 
the range PI 1 = 0.4—1.8 (Figure 8). 

Only Groups III and I V developed gingivitis during 
the experimental period (Figure 9) . The mean Gingival 
Index (GI ) , which ranged from 0.08—0.11 for all 
groups at the start of the study, remained on the same 
level (GI = 0.08—0.25) in Groups I and II. 

The mean G I of the group performing oral hygiene 
every 72nd hour increased after the second week from 
0.16 to 0.27. A second increase from 0.30 to 0.44 was 
observed after the fifth week. In Group IV , performing 
oral hygiene at an interval of 96 hours, the mean G I 
increased almost linearly from 0.13 the first week to 
0.87 at the end of the experiment. 

In each single examination the variation between the 
individuals within the different groups was small (Fig-

FIGURE 6. Mean Plaque Index f o r the i n t e r p r o x i m a l and 
l a b i a l surfaces of the a n t e r i o r teeth f o r each g r o u p . 
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FIGURE 7. T r a c i n g of the a r e a of fluorescent plaque on 
the a n t e r i o r teeth of one i n d i v i d u a l i n G r o u p I V ( N o . 2 3 ) : 
A . at the 4th week e x a m i n a t i o n ; B . at the 5th week 
e x a m i n a t i o n . 

ure 10). The increase of the mean G I was due to an 
increased number of G I scores of 1 in all groups and 
examinations, except for the final scoring in Group I V 
(Figure 10). A t the beginning, no G I scores of 2 were 
given while about 10% of all surfaces in all individuals 
scored GI = 1. This percentage remained consistent 

FIGURE 9. Mean G i n g i v a l Index t h r o u g h o u t the study of 
the i n d i v i d u a l s i n the groups p e r f o r m i n g o r a l hygiene at 
v a r i o u s i n t e r v a l s . 

throughout the experiment in Groups I and II (Figure 
10). However, occasional variations in scoring occurred 
in both these two groups. 

In Group III the percentage of GI scores 1 and 2 in­
creased slightly during the experimental period and 
showed greater variation. In Group I V about 75% of 

FIGURE 8. C o r r e l a t i o n between Plaque Index scores a n d the mean a r e a of fluorescent 
plaque ( a n t e r i o r teeth). 
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NTERVAL BETWEEN ORAL HYGIENE 

FIGURE 10. D i s t r i b u t i o n of the p r o p o r t i o n of g i n g i v a l units s c o r i n g G i n g i v a l Index I , 2 
o r 3 to 0 a n d G i n g i v a l Index 2, 3 to 0 a n d I f o r each i n d i v i d u a l t h r o u g h o u t the study. 

all surfaces scored G I = 1 and 2 at the end of the 
experiment. In addition approximately 10% of all sur­
faces scored G I = 2 on this examination. The increase 
in the percentage of G I scores 1 and 2 in Group I V 
was remarkably constant (10-15% ), whereas in Group 
III the increase varied more between the individuals 
(Figure 11). Some individuals (e.g. No. 8) showed 
almost the same increase as some individuals in Group 
I V (e.g. No. 10) and others (e.g. No. 28) were similar 
to individuals in Group II (e.g. No. 4) . 

A t the end of the experiment, the patterns of gingi­
vitis incidence in Groups I and II were about the same 
(Figure 12). GI scores of 1 appeared mainly in the 
buccal gingiva of the maxilla and the mandible adjacent 
to the canines and first premolars and in the interproxi­
mal gingiva of the molars. In Group III, mild inflamma­
tion ( G I = 1 ) mainly occurred in the interproximal 
and facial gingiva of the lower premolars and molars 
and in the oral gingiva of the lower anteriors and 
molars. In the maxilla, G I scores of 1 were given to the 
gingiva adjacent to most of the premolar and molar 
areas. Moderate inflammation (GI = 2) was localized 
in the facial gingiva of the canines and first premolars. 
The gingivitis profile of Group I V revealed mild gingi­
vitis in nearly all the facial and interproximal gingivae 
of canines, premolars and molars. The oral aspect of 
the maxilla showed the least inflammation. Moderate 
inflammation was primarily localized in gingiva adja­
cent to premolars and molars. The development of gin-

FIGURE 11. Mean G i n g i v a l Index at each e x a m i n a t i o n f o r 
representative i n d i v i d u a l s f r o m each g r o u p . 

givitis by surfaces was studied in Group I V (Figure 13). 
It showed nearly the same pattern as demonstrated in 
Figure 12. M i l d gingivitis started in the facial gingiva of 
the maxilla and the oral gingiva of the lower anteriors 
after 2 weeks. After 4 weeks the molar gingiva also 
showed mild inflammation in some areas. The oral gin­
giva of the maxilla remained healthy up to the fifth 
week. However, at the end of the experiment, it showed 
quite a remarkable number of areas scoring G I = 2 
(moderate inflammation). 

DISCUSSION 

The present study has demonstrated that the amount 
of plaque which an individual accumulated during a 
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FIGURE 12. Mean d i s t r i b u t i o n of g i n g i v i t i s on the mesial, f a c i a l a n d o r a l g i n g i v a f o r 
each g r o u p on the final e x a m i n a t i o n . M : M o l a r s , P: P r e m o l a r s , C: Canines, I : I n c i s o r s . 

given period is fairly consistent. However, occasional 
variations in the rate of plaque formation were found 
within the individuals of all the groups. 

Generally, the rate of plaque formation increased 
during the first 3 weeks and reached a level which was 
characteristic for each group as gingivitis scores became 

higher. This phenomenon was revealed by both the PI 
I assessments and the measurements of the area fluores­
cence of the anterior teeth. The factors which affected 
the rate of plaque formation were not identified in the 
present study. However, it has been shown that the rate 
of gingival exudation increases before the clinical ap-

FIGURE 13. The p a t t e r n of development of g i n g i v i t i s i n i n d i v i d u a l s p e r f o r m i n g o r a l 
hygiene at an i n t e r v a l of 96 hours. M : M o l a r s , P: P r e m o l a r s , C: Canines, I : I n c i s o r s . 
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pearance of gingivitis, 3 6 and these alterations in gingival 
exudation may have contributed to the amount of 
plaque formed. Furthermore, while the plaque was com­
pletely removed from the teeth, the number and compo­
sition of the residual bacterial flora in the saliva may 
have changed and influenced the rate of plaque accu­
mulation. 

Plaque formation began in the interproximal areas of 
the premolars and molars after which it started to de­
velop on the interproximal surfaces of the anteriors 
and on the facial surfaces of the premolars and molars. 
The oral surfaces accumulated the least plaque. This 
pattern did not always correlate with the pattern of 
gingivitis development. Gingival inflammation generally 
started in the interproximal areas of the premolars and 
molars and in the facial gingiva of the premolars and 
canines, and the anterior interproximal and the facial 
and oral molar areas subsequently developed gingivitis. 
Finally, gingivitis occurred in the facial and oral anterior 
gingiva. The observation that the facial gingivae of the 
canines and first premolars were inflamed at a very 
early stage although they were usually plaque free may 
be explained by the fact that some individuals in the 
study had a very narrow width of keratinized gingiva, 
an observation which has been described previously. 3 7 , 3 8 

Whether or not these areas have a lower local resistance 
and response upon irritation has been discussed.3 8 

The present study has also shown that the perform­
ance of effective oral hygiene procedures at intervals of 
48 hours is compatible with the maintenance of gingival 
health. This is in agreement with previous reports.2 8 

However, if the interval between complete removal of 
bacterial plaque exceeded 48 hours, gingivitis developed. 

Since only minor differences in the amount of plaque 
between the 48, 72 and 96 hour groups were revealed 
by the PI I system, it appears that factors other than 
the amount of plaque determine its pathogenicity. Bac­
terial studies have indicated that it takes in excess of 48 
hours for the plaque to become predominantly gram-
negative.8- 1 9 The appearance of gram-negative cocci 
and rods may be one reason for the increase in the 
pathogenicity of dental plaque. On the other hand, 
chemical changes in plaque as it matures 2 0 may be of 
significance. Furthermore, it is reasonable to assume 
that a longer exposure of the gingival tissues to plaque 
results in greater irritation of these structures. 

Variations in the prevalence of gingivitis in the group 
accumulating plaque for 72 hours may be due to dif­
ferences in host tissue resistance. In addition, the time 
taken for the bacterial flora to change varies between 
individuals. 1 9 Therefore it may be that variations in the 
degree of gingivitis in Group III resulted from differ­
ences in susceptibility of the individuals as well as in 
the nature of the plaque present. 

In all cases in the present study, surfaces scoring 
G I = 2 were preceded in one or more of the previous 
examinations by G I = 1 . Furthermore, in individuals 
where some surfaces were scored G I = 2, nearly 100% 
of the remaining surfaces were scored G I = 1. This in­
dicates that the first change observed in inflamed gin­
giva is the changing colour of the tissues. These findings 
disagree with a recently published report 3 9 that sulcus 
bleeding upon probing is the first clinical sign of gin­
givitis. 

Although all tooth surfaces were completely plaque-
free after each oral hygiene procedure, a consistent pat­
tern of plaque development was evident, starting in the 
interproximal areas of the premolars and molars. Since 
these surfaces are the same ones which consistently 
remain dirty in the average patient without special 
home care instruction, 4 0 it is obvious that special at­
tention has to be paid to interdental cleansing when 
motivating patients. Furthermore, it is apparent from 
this study that complete removal of plaque only once 
every second day is more valuable from a prevention 
point of view than performing numerous inadequate or 
ineffective oral hygiene procedures each day. 

Measurements of the area of fluorescence on the an­
terior teeth correlated nearly linearly with the mean PI 
I of the same teeth in the range of OA—1.8. These find­
ings are in agreement with those of an earlier study. 3 3 

They also corresponded with the mean PI I for all tooth 
surfaces. Although plaque accumulates in the anteriors 
at a slower rate, these teeth can probably be used as 
representative for the mouth when assessing the oral 
hygiene situation in epidemiological studies. In clinical 
practice, however, prevention of periodontal disease 
requires careful full mouth assessments, since plaque 
accumulates on the posterior teeth first. 

SUMMARY 

Thirty-two dental students with excellent oral hygiene 
and clinically healthy gingiva were randomly assigned 
into 4 groups by a third person who did not participate 
in the experiment: 

Group I removed plaque every 12th hour, 
Group II did so once every 48th hour, 
Group III did so once every 72nd hour and 
Group I V did so once every 96th hour. 

Using the Plak-Lite® disclosing system, a dental 
hygienist ensured that no plaque remained after the 
performance of oral hygiene procedures. 

The amount of plaque was assessed for a period of 6 
weeks according to the criteria of the Plaque Index sys­
tem (PI I) , immediately prior to the scheduled cleans-
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ing. A t the same time, gingival health was assessed ac­
cording to the criteria of the Gingival Index system 
(GI ) . In addition, the area of fluorescent plaque after 
rinsing with Plak-Li te® solution on the anterior teeth 
was calculated planimetrically. 

The following observations were made: 

1 ) The rate of plaque accumulation increased before 
the appearance of clinically detectable gingivitis and 
levelled off as gingivitis developed. It was apparent 
that alterations in gingival exudation and other clinical 
changes of the tissues affected the rate of plaque for­
mation. 

2) Plaque occurred first in the interproximal areas of 
the premolars and molars and then started to form on 
the interproximal surfaces of the anteriors and the fa­
cial surfaces of the premolars and molars. The oral sur­
faces accumulated the least plaque. 

3) A n almost linear correlation between the thick­
ness of plaque at the gingival margin, as measured by 
the PI I, and its occlusal extension, as measured by the 
area of fluorescent plaque, was found. However, with 
minute amounts of plaque (PI I < 0.4) the PI I was 
more sensitive. 

4) Anterior teeth may bè representative for the 
mouth when assessing oral hygiene in epidemiological 
studies. In clinical practice, however, prevention of peri­
odontal disease requires careful full mouth assessments. 

5) Effective oral hygiene procedures at intervals of 
48 hours are compatible with gingival health. However, 
if the intervals between complete removal of bacterial 
plaque exceeded 48 hours, gingivitis developed. 

6) Since only minor differences in the amount of 
plaque between the 48-, 72-, and 96-hour groups were 
revealed by the PI I system, it appears that other factors 
than the amount of plaque determine its pathogenicity. 
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Announcement 
A M E R I C A N B O A R D OF P E R I O D O N T O L O G Y 

The following changes in procedure have been adopted by 
the Board: 

1. Approved applications are now valid for six years, instead 
of five years. 

2. Candidates have the option until December 1, 1974 of 
submitting three case reports under the new rules or five 
reports under former regulations. The deadline for this op­
tion had previously been announced as December 1, 1973. 

W r i t t e n E x a m i n a t i o n 

The next written examination of the American Board of 
Periodontology will be given on October 23, 1973 in San An­
tonio, Texas. Deadline for application is September 1. For fur­
ther information contact the Executive Secretary, Dr. Robert L . 
Reeves, University of Southern California School of Dentistry, 
925 W. 34th Street, Los Angeles, California 90007. 

C l i n i c a l - O r a l E x a m i n a t i o n 

The Clinical-Oral Examination of the American Board of 
Periodontology was conducted at Indiana University School 
of Dentistry on Apri l 2-4, 1973. The following candidates, 
having passed the examination, have now been certified as 
Diplomates : 

Herbert Abrams Milton Klempert 
Hugh H . Bruner, Jr. Dan M . Loughlin 
Howard Buckwald Bernard F. Podlin 
Philip S. Caplan Joseph E. Rowan 
Elliott H . Dickler Thomas J. Schafer 
David Dolgin Miles H . Scheffer 
Harley A . Ellinger, Jr. Alvin J. Snyder 
Michael E . Fritz Richard Tavtigian 
Louis H . Green Richard C. Weiss 
Patrick C. Haggerty Richard H . Yamada 


