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, ?  1 he adhesive properties of the composite resins AdapticB, Addent 12@, Blcndanta, Dakorm 
DFR”, and TL) 71@ and of the non-composite resin Sevriton Simplified@ have been stiidictl 
IJY measurements of contact angles hetween solid surfaces of the rcsins and drops of six dif- 
ferent test liquids. 

The results indicate that all the materials studied have low energy surfaces with very- siniilar 
critical surface tensions. An analysis of variance showed the presence of statistically significant 
differences betwcen the recorded angles oC the different materials. These differences wcrc. 
however, found to he smaller and probably have no appreciable effect on the adhesive prn- 
perties of the studied materials. 

The inorganic phases of the coniposite resins were not found to have any influence on 
xettability. 

The free surface energy of all the resins studied was ‘consisted of generally both van der 
Waal’s dispersion forces and polar forces and/or hydrogen bonds. 

The influencr on thc retention of resinous fillings of the shrinkage during setting i s  dis- 
cussed with reference to the adhrsive forces found to form the free surface energies of thr  
studied materials. 

The force of adhesion or reversible work necessary to separate two adhering 
compounds is equal to the sum of their free surface energies (Dupr6, 1860). 
In the oral cavity among other things this means that the amount of dental 
plaqiie which can adhere to tooth surfaces (Clan&, 1969) and the reteiitioii 
of fillings and crowns partly depends on the adhesive properties of enamel, 
dentine and restorative dental matcrials. 

Studies concerned with attempts to determine or measure the adhesive 
forces hetween resins and enamel/cleiitirie have heen reported by e.g. Buo- 
nocore (1955), Rose et al. (1955), Swartz arid Philli1)s (1955), Ruonmcore 
et nl. (1956), ,%‘choubee ~t al. (1956), Swnrason and Beck (1960), Myt7r.s et al .  
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(1963), and Bourn (1965 a, I), c,  (1). 'The adhesive properties of amalgam 
arid silicate cements have 1)cen tleterrriinetl h y  Glantz (1969). 

This investigation concerns tlic wettability anil the adhesive properties of 
cwniposite resinous rest orativc inaterials as jntlged from their critical surface 
teiisioris according to tlie niethotl descril~etl h y  Zisinun (1964). 

MkTEIIIAL .4ND METHOD 

r 1  1 he riiatcrial consisted of 4' tcst "ieces of c ~ i c l i  of the followilig composite 
resins: Atlaptic: @), (Johnson &, J o h r i w n ,  New 13ruriswicIi), A(ltlc~it 12 jj, 
(Minnesota hliiiing ant1 Mfg. Co. St. Paul), 13lciidant @j (ICerr Mfg Co. Ue- 
troit), Dalior @), (IJ. D. Caulk ( h r i ) . ,  Milfortl), 1)FR @, (Siirgitlent Ltt l . ,  1,os 
Angeles), arid TD 71 *) (Dental Fillings Ltcl., Lon(ton). To enahle comparison 
of t l ie  registeretl adhesivc Imipertieu of these inatcrinls tlie wettahility of 
a n  older t y lw  of resirions fillirig riiuterial, Sevritoii Siniplifirtl @), (De Trey 
Freres S.A., Ziirich) was stii(1icvI si~iiiilt~iiieoiihly atit1 servt:(I ;IS reference. 

All the materials were 1)rel)arcil in accordarice with the nianufac:t urer's 
inslriictioris. 'T l i e  test f)iei:es Mrre cyliritlrical with a diameter of 10 Irirn and 
a height of 5 ir irn.  All the t r s t  pieces were niatle in a Teflon-rrioultl hy one 
arid the h a m e  operator, ~ v h o  hantlletl the different materials in a rantloni 
order. 

A s  II '~r i z r l  (1936) has foniiil that 110th small arid  large irrcgiilarites of 
solid surfaces influence the vahies of contacl angles recorded against these 
surfaces, the rcsiris were allowetl to set iir contact with clean sniootli glass 
1)lates. In a study with a Perth-O-R;1eter type S4 Htl, at 3 recordings on each 
of 3 ranttorrily chosen glass plates, their surfaces were fourid to have a mean 
CI,A-valiie of 0.0003 ,urn (range 0.002---0.003) and a mean K,,.,,-valuc of 
0.024 pni (range 0.021-0.088). 

For rneasiircinent of the contact angles tlie following 6 liqiiitls were iisetl : 
water, glycerol, formamidc, thiotliglycol, methyleiie iodide, arid 1-bromonapli- 
lalrnc. 'I'liese liquids, w1iii:li were chosen l>ecause oi' the tlifferciices between 
their siirface terisioris, have coinrnorily hern iised in determinations of the 
critical surface terisioris of low energy solids. (Fox &- %isman, 1950, Ellison 
c't al., 1953; Jarvis et al., 1964). 

The water was redistilled, atid the otlicr liquids, all highly purified hy 
their respeciive manufacturers, were exaniirietl with a ICri 
type T 52, for impurities capable of affwtirig their surface tensions. The 
purity of the test-liquids, according to tlie manufactnrers, arid the means 
antl stantlartl deviations of 6 surface tensions determinations of each liqiiids 
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Table I. 
Liquids used Jar measurement of contact ungles. 

Surface tensions 
(dynes/cm) Manu- Purity (according 

facturrr to manufacturer) - ~ 

Liquid Formula 

Mean S.D. Rcf. 

X'ater HZO 
GI yccrol C,H,O, 

Formaniide HCONH, 

Thiodiglycol S(CH,CH,OH), 

Methylene iodide CHJ, 

1-hromonaph- C,,H,Br 
thalene 

Mcrck A.G. 
Darmstadt 
Merck A.G. 
Darmstadt 
R. Gravc A.R. 
Stockholm 
Merck A.G. 
Darmstadt 
KERO 
Stockholm 

72.2 0.3 72.6l 
Pro Analysi 64.6 0.5 63.4' 

Fiir dic Chromato- 58.0 0.3 58.2l 
graphie 
A 9831 (Fiji- kroma- 54.2 0.4 54.0, 
tografi) 
Zur Trennung von 50.2 0.4 50.8l 
Mineralgernischen 
S 1616 (Purum) 44.3 0.3 44.62 

Hodgrrian, C.D., 1962 
* Jarvis, N. L., et al., 1964 

are given in Table 1, together wTith previously recorded surface tensions of 
the same liquids (loc.cit.). 

The equipment used for measuring contact angles has been described in 
detail by Glantz (1969). 

The contact angles were measured when the liquid drops had ceased to  
spread over the solid surface and had reached a state of mechanical equi- 
librium. The volume of a giveri drop of licpiitl varies with the viscosity of the 
liquid and in this study it ranged betw-een about 0.0004 ml for water and 
about 0.0012 ml  for glycerol. Such variations have, however, no influence 
011 the rriagiiii11~1e of contact. angles (ZisrrmrL ,1964). 

A separate AGLA-syringe was used for each of the 6 liquids. Before each 
experiment the syringes were taken apart and cleaned with fresh tlichrornatic 
sulphuric acid, absolute alcohol, arid distilled water (twice). Then they were 
steam-washed and dried at a temperature of 9 6 t 3 " C  in an oven (Elektro- 
Helios 284 52 C). 

All the contact angles were measured I)y the one arid the same person in 
an air-conditioned room with a temperature of 2O.0&0.l0C, arid a relative 
humidity of 55&5 per cent. The humidity consisted of water vapour. The 
temperature and the relative humidity were recorded on a thermohygro- 
graph type Lambreclit 252. 
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10 angles were rnediurecl 1,etNeeri each liquid arid ear11 of the 4 t e i t  piece5 

For studies of the errors of tlir method u s e d  sce Glantz (1969). 
of each solid studied. 

It ES U LTS 

Til(; irieaIi values of the rec:orcletl contact aiigle~ (0) between the test liquids 
arid plane surface of various front tooth resins are given in Table I1 together 
with their numbers, cosines, arid staiitlarcl deviations. 

The results given in Tahle 11 indicate first, that all the tested restorative 
materials Iiatl surfaces consistiiig of low energy materials ancl, sec;ontl, that 
tlicy wcre similar in wettability. 

Bccausc of the observed sirnilarities hctn-cell the wetting properties of the 
tested materials the critical surface tension ( y c )  has only heen reported gra- 
phic:ally for one of the tested rrsiiis (Atlaptic) (Fig. 1). 

Thr critical surface tension has gained by plotting a graph of cos 0 agaiiist 
the surface tensions of' the liquitl:: (yLv). From the intercept at cos 0 = 1, 
y c  was rcatl of. Tlie 1wo straight lines of Fig. 1 were drawn 1)arallel to the 

1.0 

0.9 

0, 

0 
0 

v) 0.8 

0.7 

0.6 

4 5  50 6 0  6 5  7 0  
'IfiV ( dvnesjcrn ) 

Fig. 1. Relation between the surface tension of liquids ( ~ L v )  ancl the cosines of contact angles 
l~etween these liquids and the plane surface of a composite resinous filling material, Arlaptic, 

(cos O),  and range of the calcdated surfacc tcnsion of this material. 
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regression line of the test liqiiitls containing not only dispersion force5 hut 
rilso polar mtl liyrlrogeii horitlirig force, (Mater, glycerol, forinarnirle m t l  

tliiotliglycol). As only one of the hqiiicls only coiit,iining disl)ersion forces 
(metliylene iotlicle) was forming a lens on tlic t e i t  I'iecei 110 regreision line 
coiild he tlralu ti  for these liqiiidi. 

According to  Fig. 1, the critical surf'ic (1 tcriiion of the studied material 
wLis 43.6-51.7 tlyiies/crni. 

On tlie recorded values an analysis of variarice for factorial design was iriatle 
according to the program RMD 02 V (Lrnivac Data Processing Centres' 
version of May 4 1965). 

In Tohle 111 the siiins of scpires, the degrees of freetlom, the iiieari squares;, 
i i i i d  the F-ratios are given. 

The result of the analysis iritlic7atcs tlial, for each of the test liqiiids;, with 
wliicli contact angles greater than 0" were rccordc(1, there were statistically 
significant t1ifferr:rices 1)etweeii the values recorded on tlic diffcrcnt materials. 
Fiirtlier, from the values of Tables 11 and 111, it appears warraritecl to con- 
clnclc that these significant tliffereiices arc riot cxiised entirely l)y the result 
of the recortlings against the non-composite resin, Scl-riton Simplified, but 
to  ;ni eqiial rstent hy the recordings against the c:ornl)osite rcsins. 

DISCUSSION 

Judging from the results of a reported irietliotlological study ( ( ;h7/ t z ,  1969), 
the contact angles were measnrecl w i t h  satisfactory acc:nrracy --hen the de- 
seri1)etl irietliocl w-as usetl. 

Wlietlier or not the coiitwt angles an' dcpen(Icii1 eiitircly on tlic therrno- 
dynamic properties of tlic adlicrcnts is of little or 110 importance in the 
evaluation of tlic results of this study ant1 will therefore not be considered. 

Tlic contact angle deterrniriations showed that both composite and non- 
corriposite resinous filling rnalerials liiive low energy surfaces with snrface 
tension values, uliich irtiplies that they cornprisetl of organic material. All 
tlie materials : tiidietl consisted of a polyrrieric organic compound or coni- 
poinids and all of tlicm cxcept one also Iiatl an inorganic component viz. 
ceramic, silica, or a similar cornpoiitid acting as a filler. All tlie materials 
of wliicli these inorganic fillers were niatle had liigli free surface energies 
per unit of arca (Livcy &? hfurray, 1956; F o v ,  1959; Icrupp et al., 1960). 
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Table 111. 

Results of analysis of variance on the contact angles recorded between some composite and 
non-composte resinous restorative dental materials and test liquids 

Test liquids Sources of variance 

Water 

Glycerol 

Forrnamide 

Thiodiglycol 

Methylene iodide 

Between materials 
Within materials 
Total 

Between materials 
Within materials 
Total 

Between materials 
Within materials 
Total 

Between materials 
Within materials 
Total 

Between materials 
Within materials 
Total 

- 

Sums of 
squares 

263.5 
960.2 

1223.7 

77.6 
750.3 
827.9 

183.3 
1021.8 
1205.1 

185.0 
1687.0 
1872.0 

534.3 
1504.4 
2038.6 

__._____ 

Degrees of 
freedom 

6 
273 
279 

6 
273 
279 

6 
273 
279 

6 
273 
279 

6 
273 
279 

Mean 
squares 

43.9 
3.5 

12.9 
2.7 

30.5 
3.7 

30.8 
6.2 

89.0 
5.5 

F-ratios 

12.5 

4.7 

8.2 

5.0 

16.2 

The statistical analysis of the results showed significant differences be- 
tween the wettability of the tested materials, which were probably due to 
minor differences in the composition of the materials. However, the results 
also showed that the differences between the materials were small and prob- 
ably had no appreciable effect on their adhesive properties. 

Many composite resins consist of filler particles precoated with an organic 
film by their respective manufacturers. Even if this is not the case, the 
observation that the high energetic components generally have no influence 
on the adhesive properties of these composite resins is readily understood 
from the fact that when the materials are beeirig mixed the organic parts is 
in a viscous state. By a mechanism that can be explained by the second law 
of thermodynamics (Clausius, 1865) the energetic differences between the 
organic and inorganic phase will under such conditions result in a coating 
of the high energetic filler particles with the low energetic resin. 

The results of the wettability-studies also indicate that the free surface 
energy of the materials tested was generated by van der Waals-dispersion 
forces and by polar forces and hydrogen bonds. This is demonstrated in 
4 
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Fig. 1, where tlie test liquid, methylene iodide, which has a surface tension 
niatle almost entirely of dispersion forces, formed comparatively greater 
angles that the other liquids, which are capalile of using dispersion forces 
as well as polar antl hydrogen 1)oiitling forces i n  their adhesion to the solid 
surfaces. 

The adhesive properties 1)er rniit of area was found to be approxirnately 
the same for all the tested materials iiicluding Sevriton Simplified @, which 
represented the older type of resinous filling materials arid was used as re- 
ference. These findings imply that tlie true adhesive properties of the coin- 
posite resinous materials (lo not differ considerably from the non-composite 
ones. However, as with the type of materials tested in this study, the absolute 
majority of relevant adhesive forces decreases by the sixth or seventh pouer 
of tlie distance between the adherents they will practically cease to have 
any effect when there is not a true, niolecular contact between the adherents. 
Ihus, the problems of adhesion is not only confined to the adhesive pro- 
perties of the adherents per unit of area but also to their ability to maintain 
a large area of contact with their adherents. One of the main prohlems is 
thus to maintain, i.e. after the material was set, the intimate contact estah- 
lislied between tlie cavity walls and the filling material on insertion of tlie 
latter. The composite resinous materials shrink less than the non-composite 
ones, hut it is still probable that the shrinkage of the composite materials 
is too great to maintain a sufficient area of contact w-ith the cavity walls. In 
order to minimize the influence of tlie shrinkage on the total work of adlie- 
sion hetween the cavity and tlie resinous filling perhaps tlie introduction of 
an elastic liner adhering well t o  the cavity wall also after setting antl capable 
of forming priniary clicinical bonds with the filling material niight provide 
a solution to the problem of getting a material with a good aclliesioii to tooth 
surfaces. 

Conipu-ed with the adhesive properties of silicate cement (Glantz, 1969) 
the composite resins have smaller free surface energy 1)er unit of area. ‘I‘he 
reason to this is the fact that silicatr cenient is a filling material entirely 
c-orisisting of inorganic compounds. 

The amount of dental plaqne capable of adhering to  fillings varies with 
the type of materials studied c1el)emling on the free surface energy of it as 
well as on micro-biological arid other physico-chemical factors than the free 
surface energy. Therefore tlie results of wcttability studies alone, allow no 
conclusion as to determine whether the composite resins group of materials 
iinder stantlartlizetl conditions are more or less susceptible to the growth of 
dental plaqiie than is e.g. silicate cement. 

,, 








