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The clinical adhesiveness of tooth structure was determined for 43 indivi- 
duals usin intraoral contact an le measurements. There were no statisti- 
cally signiknnt differences in t fe  critical surface tensions of wetting be- 
tween roups of males and females nor between the three age grot) s 
tested. fherewas a stati?tically si nificant difference between individuafs. 
The critical surface tensions for a1 the tooth surfaces measured were in,the 
bioadhesive range of 32 - SO d nes/cm. The formation of an organic film, 
pellicle, on the surfaces of teeti brings groups of different ages and sex to 
u common state of bioadhesiveness, allowing for the subsequent bacterial 
colonization and plaque formation as a clinical consequence. 
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Clinicians and scientists alike agree that 
the two most prevalent dental dieases, ca- 
ries and periodontal disease, are initially 
related to the surfaces of teeth. It is fur- 
ther generally accepted that the surfaces 
of teeth are covered by an organic com- 
ponent, the acquired pellicle (10). Subse- 
quently, adsorbtion of microorganisms 
develops into the dental integument rec- 
ognized as dental plaque (4). The work of 
adhesion of this dental plaque is influen- 
ced by the surface chemical properties of 
the teeth (6, 7) and the presence of an 
adsorbed organic film has been found to 
modify the adhesiveness of intraorally 
positioned experimental surfaces (3). 
These observations suggest that the ad- 
sorbed organic film of aquired pellicle 
plays a dominant role in most successive 
clinical adhesive events on the tooth sur- 
face in viva It does in fact create the cli- 
nical solid liquid interfaces in the oral 
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cavity. The general and specific nature of 
this pellicle has been investigated and 
discussed by many scientists working in 
several different disciplines ( I ,  3, 9, 10, 
15). Much of the previous work on the 
adhesiveness of adsorbed pellicles has 
been conducted in vitro with only limited 
studies performed in vivo (2,6). 

Recently a new clinical method for the 
study of the in vivo adhesiveness of teeth 
has been presented by Glantz, Jendresen 
& Baier (8). This method employs the use 
of in vivo contact angle measurements to 
calculate the critical surface tension of 
wetting, which Zisman (16) demonstra- 
ted to have a direct relationship with the 
practical adhesiveness. 

Using this method it was considered 
worth while to study the in vivo adhesive- 
ness of normal tooth surfaces of healthy 
male and female subjects from various 
age groups. 
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MATERIALS A N D  METHODS 
Forthy-three adults were selected as test 
persons to be studied from a population 
of University students and faculty. The 
sample was composed of 18 females and 
25 males. The subjects ranged in age from 
19 years to 64 years. The subjects were 
divided into three groups by age. Group 
I comprised ages 19-25 years (7 fe- 
maled2 males), group I1 included ages 
26-39 (6 femaledl4 males) and group 
I11 consisted of subjects 40-64 years of 
age (5 femaled9 males). Table 1 shows 
the distribution of evaluations by test 
subjects’ age and sex. All of the test per- 
sons considered themeselves to be in 
good general health and were found to be 
free of any profound dental disease upon 
clinical dental examination. 

Using the materials and methods de- 
scribed in detail by Glantz et al (8), mul- 
tiple in vivecontact angle measurements 
were conducted on the labial portions of 
the front teeth of randomly selected test 
persons. This provided information on 
some subjects over a period of several 
days and on others over a period of sev- 
eral weeks. Four (4) complete evaluations 
were conducted on some test persons. 

From the contact angle data obtained, 
the critical surface tensions according to 
Zisman ( 16) were calculated individually 
for the polar as well as the non-polar 
liquids. Studies on some possible sources 
of error in the method are previously re- 
ported (8). 

RESULTS 
The calculated critical surface tension (yJ 
means and their standard deviations 
were derived from the polar ( y ~ )  and 
non-polar (y:) test liquids. The results 
obtained between the sexes as groups are 
given in Table 2. These values represent 

the means of the critical surface tensions 
calculated individually from the relation- 
ship between the surface tensions (yJ of 
the various test liquids and the cosines of 
the recorded contact angles (0). In a si- 
milar fashion, Table 3 shows the means 
and standard deviations of the calculated 
critical surface tensions by age group, us- 
ing both the polar and non-polar liquids. 

The results given in Tables 2 and 3 in- 
dicate that the anterior teeth of the per- 
sons tested had low energy surfaces with 
similar wetting properties between males 
and females, as well as between the dif- 
ferent age groups tested. In order to study 
in greater detail the possible significance 
of differences observed between the data 
obtained from the female subjects and 
the male subjects, an analysis of variance 
was performed. Analyses of variance 
were also performed on the data ob- 
tained from the three different age 
groups established as well as from the in- 
dividual test persons. The program used 
was Statistical Package for the Social 
Sciences, Sperry Univac 1100 exec. 8, 
Version H, September 1978. 

The results of these analysis showed 
that there were no statistically significant 
differences between any of the critical 
surface tensions calculated from contact 
angle recordings obtained from male or 
female test persons; and likewise there 
were no such differences between the cal- 
culated critical surface tensions of the 
three age groups. For the individual test 
persons, however, statistically significant 
differences (p < 0.0001) were found be- 
tween the calculated critical surface ten- 
sions for non-polar test liquids. There 
was no measurable difference between 
separate teeth in the same mouth, be- 
tween different times of day, or between 
days in the month (except for two 
women). Further investigation revealed 
that pronounced cyclic changes in the 
critical surface tension of wetting on the 
tooth surfaces of these two women coin- 
cided exactly with their menstrual cycles. 
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Table 1. Distribution of critical su$ace tension measurements by test persons' age and sex 

Critical surface tension Y! 

Evaluation Female Male Total 

Mean 37.6 50.1 45.3 
Standard Deviation 103.2 38.6 70.2 
n 29 47 76 

Group I 
19 - 29 years 
Age n 

2 
Female Male Total 

33.3 32.6 32.9 
5.3 4.2 4.7 

29 47 76 

19 I 
20 4 
21 3 
23 2 
25 5 

Age group 

Critical surface tension 

Mean 
Standard Deviation 
n 

Total 15 

I I1 1x1 

Y,P Y: YP Y: Y! Y: 

4-46 31.6 45.8 33.1 45.2 32.4 
5.4 3.5 21.4 5.0 123.9 4.6 

15 15 37 37 24 24 

Females/ 
males 10/5 

Group I1 
26 - 39 years 
Age n 
26 6 
28 13 

' 30 1 
31 3 
33 4 
34 1 
35 2 
37 3 
38 2 
39 2 

37 

9/28 

Group I11 
40 - 64 years 

Age n 
40 1 
41 4 
42 3 
44 3 
48 2 
49 3 
54 5 
59 1 
63 1 
64 1 

24 

10114 

Table 3. The calculated critical suflace tensions (dynedcm) by age groups, derived from the polar 
(yp) and non-polar (y:) test liquids 
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DISCUSSION 
The presence, composition, and role of 
the acquired pellicle on the surface of 
teeth has been studied by many investiga- 
tors (6, 7, 9, 10, 14, 15). Some of these 
studies indicated that tooth structure was 
normally covered by low energy mate- 
rial, which may originate from the tooth 
itself, while others indicated that the 
acquired pellicle forms on solid surfaces 
in the oral cavity by adsorption of sali- 
vary glycoproteins. The data obtained in 
this study does indeed agree with the pre- 
vious findings. 

The measurement of contact angles 
formed on clean normal untreated en- 
amel surfaces in vivo with selected pure 
test liquids of known surface tensions in- 
dicated the presence of a low energy sur- 
face with a similar degree of wettability 
between males and females. Further, this 
same degree of wettability existed be- 
tween a wide range of ages. The mean 
critical surface tensions of wetting on the 
tooth surface between males and females 
for the non-polar liquids was 32.6 dy- 
nes/cm for males and 33.3 dynes/cm for 
the females. This same relationship exis- 
ted between the three age groups, i.e., a 
difference of less than 2 dynes/cm. 

When the mean critical surface ten- 
sions for the polar liquids were calculated 
for the sexes by groups, the value was 
45.3 dynes/cm with a standard deviation 
of 70.2 dynedcm. Similar higher values 
were seen in the age group determi- 
nations using the polar test liquids. The 
high standard deviation in these instan- 
ces using the polar liquids may be attri- 
buted to the fact that only recordings 
from two polar test liquids (glycerol and 
thiodiglycol) were used in the calcu- 
lations of the yyvalues (8). A contributing 
factor could also be changes in the pel- 
licle-water content through evaporation 
during the evaluations. If this occured it 
could particulary affect the degree of po- 
lar force interaction across the pellicle/ 
polar test liquid interface. 

There appears to be a high degree of 
stability in the film formation and main- 
tenance. Repeated measurements over 
periods of hours, days and weeks on the 
same subjects showed a remarkable repe- 
tition in the critical surface tensions (yJ 
of their measured surfaces. 

There was, however, a pronounced 
variation of the surface free energy on the 
teeth in two female test persons evaluated 
over a period of several weeks. Notewor- 
thy is the observation that the cyclic vari- 
ation in the adhesiveness of the biofilm of 
these two women was concurrent with 
their menstrual cycles. This is, albeit, a 
limited and unplanned observation from 
this study; however, it may suggest that 
there is some hormonal influences on the 
biofilm. It further intimates, as has been 
suggested by some investigators, that the 
film has a frequent turnover rate. 

The one significant difference 
(p < O.OOOl), seen in this study was the 
difference of the critical surface tensions 
between individuals derived from the 
non-polar liquids (y:). This difference 
may be attributed to the dominance of 
certain glycoproteins in some individuals 
or as suggested by Rolla, Bonesvoll & 
Opermann (12), that the salivary blood 
group substance contributes to speci- 
ficity. Another consideration is the indi- 
vidual film surface potential. According 
to the laws of colloid chemistry, slightly 
different surface potentials will effect the 
adhesiveness of particles (for reviews see 
(5) and (13)). This concept is conceivable 
considering the work of Olsson & Glantz 
(I  I), with the effect of pH and counter 
ions on the Zeta potential of plaque 
forming oral bacteria. 

The results from this study show that 
the adhesiveness of pellicle covered nor- 
mal tooth enamel in the average oral ca- 
vity of moderate plaque forming and ca- 
riogenic potentials is essentially the same 
over a wide human population. The dif- 
ferences are very small and hardly signi- 
ficant from person to person. The ad- 
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sorption of a similar film forming sub- 
stance brings their surface properties to a 
common state. That common state falls 
into a surface energy range identified 
from prior studies as bioadhesive, in that 
it is a precursor for colonization and 
growth of secondary biological layers, 
bacteria and plaque. One could predict 
that inherent non-plaque forming per- 
sons may have an acquired pellicle or 
biofilm on the surfaces of their teeth that 
has a critical surface tension of wetting 
lower than the range for the average per- 
son. The films formed on these non- 
plaque forming individuals may in fact 
be bioabhesive and not subject to coloni- 
zation by oral microorganisms and the 
subsequent plaque population. Baier (2) 
described the bioabhesive range to be a 
critical surface tension in the order of 
25-30 dynes/cm. 

The original research question to be 
answered in this study was answered in 
the affirmative; the nature of surfaces in 
the diversity of healthy human cases was 
very much the same, and the clinical con- 
sequences are therefore also expected to 
be very much the same. 
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