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forces are intermolecular forces and arise from the
Professron at Present consistently maintain adhesion ~ Van der Waals forces which include_the Keesom
0_tooth_structure In the oral environment (Swartz, ~ forces . (orientation ~effect), the Debye forces
1969). Extensive research efforts are aimed at the gnductron effect) and the London forces drspersron
development of a qenurnel adnesive dental material ffect) and hydrogen bonding.

because the advent of such a material will initiate @ The physical forces of attraction result in the

None of the materials avarlflble fo the (dental

new era in dental practice (Phillips
understanding of somg of the rrncrrﬁes invol{ed in
adnhesion will'make this subject less sticky.

THE PRINCIPLES OF ADHESION

Adhesion is defined as the molecular attraction
between the surfaces of hodies In contact or the
attraction between molecules at an Interface. This
force 1s called adhesion when unlike molecules are
attracted and cohesion wh en moIecuIes of the same
kind are attracted The m%erra adcled to roduce
the adhesion 1s known as the adhesive and' that to
which 1t is applied the adherend, The interface is the
Zone between the interacting substances.

The molecular forces involved in adhesion are
drvrded Into chemrcal and physical attractrve forces.
The cemrfa or é)nmar%/ attra tive forces are
rntramolecu ar force and Include those arising from
electrovalent, polar and non-polar covalert and
metallic onds The physical or ‘secondary attractive
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adsor tion of the adhesrve on the adherend in other
words th eP/ bring the adhesiv moe ules in clog

contact wit h the adherend surface. This IS g rapl

and reversjble process and requires, ng activation
energy as the molecules remain chemicall rntact on
the Surface. The London forces are unrve sal as they
are FOt dependent 0 ?exrs nce 0 Wp l'(ma erit
Ipoles in agjacent molecules. Although weaker than
the chemical attractive forces, the Physrcal forces of
attraction are sufficiently strong to” produce good
adhesive performance nd matter” what the chemical
nature of the two phases in contact, Rrovrded that
adteqfuate intermolecular contact 1 achieved at the
Interface

Chemisorption is preceded by physical adsorption.
The rate of this reaction, however, rs sIower hecause
an actrvatron ener% L urre for_chemical
bonding to take place across the interface. The
com osrtron of the adhesrve and the adherend will
a] rofound effect on the rate of the reaction.
Chemisorption gives rise to very strong attractive
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forces and once established is not easily reversed.

Adhesion i dependent on mftrmate Interfacial
contact as the m Iecular forces of attraction do not
operate beyond 2 or 3 An %strom units. If solrd
surfaces are natura g/ smoot on an atomrc scae
they - will_adhere  Spontaneously , when ou\%ﬂl
together. The molecular forces “of attractro
o eratea alon terntertace andastrong ond. wll
result. An example of the adhesive force unrtrng
atomically smooth surfaces is the hond between mic
sheets e strength of this adhesion is In the order
4,000 Ibs/s g Inch, as strong as the mica itself
(Buonocore 1963).

g ractice it is impossible to obtarn such atomrcalhrr
surfaces; those to be bonced are very rou
at an atomic level. It such rough surfaces are
brought mto contact the  moleCular forces of
attraction will operate only where tne tips of the
asperities on the ‘surfaces meet. These are so widely
spaced that the attractive forces are small and poor
%dhesron will resylt. The actual area of contact
etween rough surfaces is generally a small fractipn

of the apparent one.

To obtain adhesion between rough surfaces, a liquid
adhesive is introduced hetween” the surfaces. The
function of the adhesive Is to adaBt Itself to the
Irreqularities of the surfaces to be bonded thereby
establishing close contact with them. The moleculdr
forces of “attraction between the solid surfaces
op eratrn at the tips of the asperities will he
sug emente by those between the adhesive and
adherend at the Interfaces, For rltrac Ical reasons
It 1 not only necessary to obtain molecular closgness
but also to maintain it. For this reason a liquid
adhesrve that_solidifies 15 used. This is achieved b
te evaporation of a volatile component or b
Y errza lon or crofss Irnkrng of the adhesjve
ecu es Dy means of heat, Catalysts or reactive
hardeners.
To produce adequate adhesion. the Irourd adhesive
must flow easily over the entire surface, thereby
ensuring the wetting of the agherend surface, The
funciamental . requirement for good adhesive
Performance IS Intimate interfacial Contact hetween
he adhesive and Its substrate or adherend
Huntsherger (19642 used the term _wettin
reference”to a gro ess and a state. The we trn
Process IS described as the estahlishment 0
nterfacial contact, The wetting state Is defined as
the number of interfacial contacts hetween the
phases at the, rnterface rn relation to the maxrmum
numb er passible for the s%stem when we“r%r
com ete T eextent to which an adhesive wi et
surface depends on the vrscosrtn of the adhesrve te
shape of the irreqularities on the surface of te
adnerend (De Bruyne, 962 and the contact angn
at which the adhesive meéts the surface of the
adherend (Zisman, 1963).
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The contact angle ©, Is the one formed between the
aﬂ‘ace 81‘ the dhesr]ve drog and the surface of thg
adherend ypon which It Is resting and It 1s measure
at equilibriym. If the contact angle 15 small the
achesive will wet the adherend Surfaces and th
molecular forces of attraction will operate all ann?
the entire rntert ce and stro r{ adhesion wall resyl
Wetting 1S therefore a manitestation of th% attractive
forces etween the molecules of the adnesive and
the adherend If, on the other hang, the cont ct
ange 1S arge Inco é)ete wetting will occur an
weak adheSive bond obtained.” The reatronshrp
hetween contact angle, wettrn and adhesion Is
diagrammatically presented in FI.

The contact angle is therefore a useful inverse
measure of the wettability of a surface and hence of
the strength of the adhesive bond.

The surfac tensions ot the Fdhesrve and thx
ad erend a){ an rm or fant roe In adhesron
moecue rn he f a liquid or a solid
surroune P{ ter hbourrng molecules and |s
attracted equa rom all sidgs. A molecule on the
surface, on the otner hand, 1s attracted from below
and from the sides but not from above. As a result
molecules. on the surface are in a one-sided field
force puIIrng them downward into the bulk of the
liquid “or splid. This force Is esponsible for the
surface tensions of liquids and solids.

In 1805 Thomas Youn enuncrated that the three
o}r ace tensions, 7 ¥ ﬂLV ex strng at the

ase boundaries of a dro uid at rest on a
so lid surface must for a system In static

O

equrlrbrrum
Where: h/_ the surface tension of the solid in
equilibrium With the vapour.
WETTING ADHESION iﬁg_ﬁm

A

B

C

D

Fig. 1. Diagrammatic representation of the relationship
between contact angle, wetting and adhesion.
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surface tension of the liquid in
eqult\rhrrum with the vapour, ! quid |

= the surface tensron of the solid/liquid
|nter ace.

The S rfaete sions Y.LV y SV a? a n
consr ere orces ese three Orces act at t

edge of the spreading liquid. _The vectors
representrng the ener les 7 Sy and 7 act along
the solid surface and 7 pv> the' surface tension of the
gaurd acts at an angle © with the solid surface (Fig.

If the forces are resolved at the ornt where the
three phases meet fFrg , the fo Iowrng equation

IS obtained:

YSL +X =YSV....(1)
at 7LV =005 0

x =TLy cos©

Substitute the value for xin ().

YSL+YLV o5 =TSV o T KNG

YSV"YSL
or cos© - Wy

The cosrne of the contact angle formed_ between a
|%ur drop and tepane surface, of a solid on which
rog IS resting has, at equilibrium, a definite
relationship to the surface tensions of the liquid and
solid in contact with the saturated vapour.
Early man utilized the phepomenon of adhesion
without appreciating Its significance or knowing the
Errncrples of adhesion. The matting of hair “with
lood, the strckrn? of wet Ieaves to bare skin and the
trapprn? of Insects with soft pitch are examples of
the apF ication of adhesives by J)rrmrtrve man.

Even lower animals have used the phenomenon of

To

Fig. 2a. The surface tensions at the phase boundaries of
a liquid at rest on a solid surface.
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adhesion for hundreds of thousands of years, for
example, the lowly harnacle adherrng tenaciously to
rock. The barnaclé has the aility to attach itself oa
variety of substrates under “the most adverse
conditions. Scientists are attemgtrng tﬁ extract this
information from the harnacle. * The  secretor
mechanism has been identified but the exact
chemical compositijon of this_bioadhesive has eluded
them (Hillman and Nace, 1970; Cook, 1970).

Isaac Newton in his “O trcks” stated more than 250
years aﬁo that “there are agents In nature anle to
make the particles of bodies stick together by very
stronlg attractions and 1t s the” business o
experimental 8hr|osoRhy to find them out” (Cited hy
De Bruyne, 162g e"extensive use of adhesives dt
the groﬁent time has amply confirmed Newton’s
previsi

Adhesrves are wrdeR/ used in industry. Epox glas?
laminates have fourd Plrcatron In”practic IIy al
stages of the fabrication of aircraft. The Boeing 727
for example contains morF than 1Vi™ tops of
reinforced plastics. The use of other types of plastics
In aircraft has become fashionable these days but for
gur 0ses other than adhesion, Adhesives are also
xtensively used i the building, industry o bond
structural ‘materials, in the electrical industry as an
rnsulatrnti medium ‘and as Iaeneral pUrpose “casting
and moulding compounds (Cee and Neville, 1967).
Furthermore™ adhesives are commonly used for
domestic purposes and most of us have used. these
adhesives .on numerous occasions. | am referrrn% 0
the adhesive. tapes, glues, pastes and putties which
are commercially available.

The wides rea use and a]pPIrcatron of adhesrves in
industry are due to severa ctors The Inqustrialist
s In the fortunate position that he can very often
select condrtrons re urred for optimal adhesion. He
can WOrk under rg onditions, Ipply the adhesrve at
temperature pressyres,” 15 usuall
Eresse for time and the toxicity of the ad esrve
ystem is not of prime rmportance

T0_obtain adhesion in the mouth is a much more
difficult task. The development of a truly adhesive
dental material remains the objective” of many

Fig. 2b. Resolution of forces at the point where the
phases meet.
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research workers. The problems encountered in the
oral environment are numerous and complex and not
conducive to obtaining and maintaining adhesion.

THE INTRA-ORAL FACTORS AFFECTING
ADHESION

1. The physical and chemical properties of enamel
and denting,

A satrsfactort( adhesive dental materjal must_ take
Into account the physical and chemical proPertres of
the dental hard "tiSsues to whrch It must. adhere,
ese ropertres of enamel and dentine will
rmrne the adhesive gotentral of the tooth
urfaces. Both the InorganiC and organic content of
enamel and dentine may play a part'in the adhesive
Erocess

namel, the outer coverrng of the crowns of teeth, 'é
the hardest tissug in the himan body. It is compose
of 95% rnor?anrc material which marnly consrsts of
hydroxyapatre 4% water and approximately 1%
organic materral The relatively small or?anrc
comPonent daR/s a ver%/ Important  part  in
determining adnesion to footh Structure.” Eastoe
(1966) expressed the. opinion that the orlganrc
componenlt IS present either as a continuous gel"or a
VISCOUS S0

Glantz 51969) studied the wettabrlrtiI of enamel
dentine.and synthetic hydroxyapatite efound that
the critical surface tensron of wettrng of enamel and
dentine were 46,1 dynes/cm and 44,8 dynes/cm
respectively, whereas”the synthetrc h¥droxyapatrte
surface had a high energy surface (>72 dyniesicm
These results suggest that the enamel and dentine
surfaces are covered with a low energy or?anrc film,
He confirmed this bg determinin the e tabrlrtt( of
A. decalcified and non-ecalcified dentine
and obtarnrng practically the same results for these
surfaces. H8 “concluded that the hrrlrh energy
Inorganic hydroxyapatite does not participate In
forning the low” energy surface of dentine. He
explained the mechanisiti of the formatron of the low
energr( surfaces ofename and dentine g/ resumrng
that at |east some part of the or?anrc Rhs IS mobil
and exists in the form o a Qe Og ener%
nydroxyapatite — crystals are exposed”  dury
treatment of the surfaces the gel Rart of the Iow
energ oraanrc gs ase will cover the high. energy

QD

rnorg nic phase as a result of the energy differences
between the fwo P ases, For prorfJer Wetting of the
adherend surface to occur, the surface tension of the
unPoI merized adhesive must be lower than the
critical surface tension of wettrng of tooth structure.
|t 15 therefore extremely difficult to obtain adhesion
to low energy tooth surfaces.

Dentrne IS comﬁlcs]ed of agout 80% inor anré

ly gatrte which Is embedded in or surrounde
by a protein matrix. The dentine matrix is traversed
14

by numerous, tubules and it rs estimated that the
ttbules constitute a roxrmaHe 1OA%Eedentrne
cross-section (Fig. ?The tinal tubules contain

Fig. 3. Dentinal tubules traversing dentine matrix. S.E.M.
x 500

the wet rotoglasmrc processes of the qdontoblasts,
the dentine-forming cells which lie in~the pulp
adgacent to the dentine. Adhesion to the wet
protoplasmic processes does not occur but a truly
adhesive material will interact with the surface of the
calcified matrix while mechanical interlocking may
be achieved by the penetration of the adhesive into
the tubular portion (Massler, 1961).

CoIIarTren constitutes [agrr)roxrmaéely 90% of the
organccomponento tine and consists mainly in
he orm? tro ocollar%enous macromolecules. The
collagen of the matrix may play an rm{Jortant part In
adhesion and it is interesting to postu

In this regard.

The amino acids of collagen can be grouped as
follows:

ate on Its role

Non-polar amino acids (63%).

The amino acids roxy and sulphur
0
of collagen Eﬁ?ﬁo tcr}/qam}hg amrnt?acrds 17%).
1Acidic and basic amino acids (20%).

In the_pon-polar amino acids both the olar groups
are ufilizeg FrJn the formation of the pol § egc(harr)n
and do not contribute reactive rou eco la en
unless {they occupy a ter rna position.  The
prec omrnant grougs in the polar amino acids
a\]/ar [able for 0ssiole reac(}rons with adhesjves are

nydroxyl, car oxyl and" amino groups (Mellon,

It rs drffrcult to describe the mechanrsm of adhesron

0 the heterogeneoys surfaces of enamel aan
dentrne Posner (11961) stated that h drogen hon ?
can contribute to the adhesion between ename
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atrte surfaces and frIIrng matenals Schwartz and
o8 %an (1965) . showed, gtmeans of Infra- red

15, that [iquids Whrchw hydroxyapatjte mi
aIsoyorm nydragen bonds, with t/ myng %

969) proved that, in addrtron to the Vand er Waals

drs ersion forces é)olar orces and dro%en bondrng

a part i the bona |n? to enamel and dentin

sur aces His experimental results enabled him to
calculate the minimal values of these forces.

2 The agueous environment

éaswn IS best obtained and marntarned under drP/
conditions and water In the oral cavi prese
serious problems.  Cornell’s experiments.” (196 1g
disclosed' that although a number of material %
excellent adhesion t0' tooth structure initially, they
all failed to continue to do S0 when tested” uncer
Physrologrcal conditions over an extended period of
ime

The hydroxyapatrte crystal consists of a central_core
aatrt 10P 460H)2 an inter-
mer e a¥(er 0 sore |os and a suger
|cra ation a er around |t (Jenkrns 1960).
ratron |ay er Is strongly” bound to the
hdrox apatite, Investrgatrons y Beebe (1961)
showed that the adsorption energy of one monolayer
of water on the hydrox¥ patrte Surface |s from 1
21 kilo calories/mole. These |%ures when a&o
o a tooth surface, mean that a patient’s tooth nnot
be thoroughly dried at room temperature even if a
vacuym pump is applied to his mouith. Beepe (1961%
found that the “bare” surface of bone mneral ca
be obtaingd on %after eatrnﬁ t0.450° C in vacuo,
Some patients, may tolerate the first treatment but
none will survive the latter exposure.

Even if it were possible to dry a tooth surface
completely, the dryness could not be marntarne
because 0 the fluid flow whrch occurs from th e
of a tooth to the enamel surface. Bergman ( 35
developed a technique to demonstrate this row an
showeq that the enamel qurd a ears spontaneously
and _that o increased Intr upa ressure s
re uired. Linden 2196 ) used physical |ncr es 0
explain the progess and proved that the rate f flow
decreases In‘older permanent teeth.

As water is gver 8resent on the tooth surface and a
it actually functions as a liquid adhesive, a dental
adhesive must compete with'it for the binding sites
on the tooth surface.

The [%resence of water in the oral environment maZ
recursor of chemical activity a

adhesrve/adherend mterface which will eventuaIIy
150 e e In addition man a esrve
materials will a sorb water. leading tos elling and
dimensional changes in their bulk. This, will |éad to
stress concentrations at the interface which will have
an adverse effect on the bond strength.
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3. Surface Roughness
Adhesion is best obained between smooth surfaces.
Scott and O'Neil (1961) and Boyde and” Knight
2 studied the effect of cutn mstruments
ener Kused n dentrstr for cavl peparatron and
oun tattey roducéd marke nregulantres n
the  tooth surfaces EFg 4). A rough’ surface is
desirable if the restoratjve matenal depends on
mechanical interlocking for its retention, A rough
surface, however, doés not lend |tseIf t0 000d
adhesive performance. Ad hesrves usua I?/ are ap
In the viscous state and voids are rea |y orme on
rough surfaces. As most of the adheSives shrink
dunng curing, embedded surface proIJectrons from
the adherend”surface may be sheared from the cavity
wall (Fig. 5). The contact area between the adhesive
and the" adherend will be greatly reduced thus
Iessenrn? the effective area over which the molecular
forces of attraction can operate.
If ever an adhesive restorative materjal is developed
the Present cutting procedures will have to- be
modified to reduce the surface roughness.

4.Debris in the cavity

Provenza and Sardana Ig1965g Uriroved that even after
careful cleaning a considerable amount of depris
remains on thé floor and walls of a cavity. The
presence of debris. particles will aImost cértainly
Interfere with adhesion. Huntsherger (1965) showed
that when an adhesive completely wets a particle it
will be pulled into the liquid achésive and when this

Fig. 4. Marked irregularities produced by dental cutting
instruments on tooth surfaces. S.E.M. x 500.
Adhesive

Sheared
fragment

Void

Tooth surface

Fig. 5. Adhesion to a rough tooth surface.
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obtains  the partrcle mfluences th? dhesive
performance only through Its mechanical_b avrour
Rartrcle will not be completely wetted if the liguid
adnesive exhibits even a smaII contact angle with It.
a. result frn air . bubp vrp form, at the
adhesive/particle mterface Even the solid particle
15 subsequently wetted and pulled into the adhesiye
the air bubble will persist at the. interface (Frq 0).
Stress concentrations could originate around these
entrapped air bubbles and aOversely affect the
adhesive performance.

5. Conditions to which the adhesive are exposed in
the mouth

Biting stres?es on_restorations . may %mount 0
thousands 0 ounds per S uare inch. The average
|trn% force recorded 1s 170 pounds and If |t 15
assu ed that this force Is a%%hed to the a ex o a
over an area of square Inch

co pressive force exerted will be 28,000 pounds Rer
souare inch. A force of this magnitude ‘wil either
break the restoration or destroK the adhesive hond.

Instagtaneous tem Srature ca%?s |r] the. 1 outh
ma% e as great as 50° C. This | rea significance
if there is a pronounced difference in the coeffrcrent
of thermal expansion of the frIIrn% material and the
tooth components. The coeffiCient of thermal
expansron of adhesive materials can be
pgroxrmated th_that of enamel or dentine by the
addition of inert fillers.

The.pH in the mouth fluctyates rapidly betwee
acrdrt@ and alkmlmr du the F\Jrva%n humra
environment is conducrve to corrosion.

6. Factors involving the intra-oral use of adhesrves

The toxicity of the adhesive to the d the oraI
tissugs and the organism s a wholg - must

considered. Most Of the catalysts and reactrve
hardeners used to ponmenze resins are toxic put
fortunately few remain’ so after 8 olymerization has
been completed. Chemical, big Igr al and clinical
tests are essential both for the Iniffal screening and
final evaluation of the acceptability of a potential

Adhesive

Tooth surface

Fig. 6. Air bubbles formed at the adhesive/tooth
interface as a result of incomplete wetting of the debris
particles.
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adhesive dental restorative material.

Mapy excellent commercial adhesives mu?t be
excluded for intra-oral use becayse they are so 10 af
mouth temp erature and are applied to’the adherend
surfaces at Igh pressures and ured at temperatures
which cannot e tolerated in the mouth,

The numerods factors v¥hrch ha\{e to be consi ered
in the development o a truly adhesive denta
material make |t obvious that this objective will not
easily be attained. If ever these “obstacles are
over ome an adhesrve dental materia] will have
wide applications In several branches of dentistry.

ADHESION IN RESTORATIVE DENTISTRY

A major part of dental practice is restorative
dentistry n}hrch Includes theptreatment of foca?rzed
lesions m teeth and the replacement of lost tissue
with restorative materials. The lack of adhesion of
the available filling materials fo tooth structure
Rresents a serious problem as it leads to seepage of
armful, agents anng the Interface between the
restoration” and the tooth (Fd /). The margmal
Ieaka?e leads to breakdown of the marginal areds of
the filling and r Tsu Its in the dev%o ment of
secondary” decay aong the interface pefween the
restoration and ‘the todth structure. It is likely that
certain post operatrve phenomena such . as “tooth
sensitivity an pathol ogly are associated with
the leakage pattern (PhrIIrps

Thﬁ microleakage can he demonstrated by various
tec nrgues

1 Radioactive isotopes.

2. Fluorescent dyes.

3. Scanning electron microscopy.
4. Penetration of bacteria.

Fig. 7. Marginal leakage at the restoration/tooth
interface.
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The first three techniques are often used In the
Dental  Research  Unit. A surface view of a
restorative. material obtained with a scannrn%
electron microscope clearly shows the s ace betwee
the restoration and the enamel surface (Fig. 8).

The margrnal Iea|< ge could Bf % Inate bQ/ a
restorative material or film capable of forming st on%
adhesive honds with en meI and den rne Whic
would survrve In the mouth. The availabilit In¥ of such
a material will most certarnI change the method of
cavity p reparatron At the present Ime the classical
cavity ‘preparation is box-shaped with the walls
tIarng somewhat at the base of the cavr\t}/ to rovrd
mechanical retention for the restorafive maeria
With an adhesive restoratrve materra a simple,
bowl-shaped cavity will suff rce thus rpreservrn
healthy tooth sfructure and resulti
considerable saving in time for the operator (Fig.

As recently as 1967 Gwinnett and Masui, wrth
perhapsa note of despair, reported that resently
here' 15 no known materjal ‘capable of formin a
permanent adhesive bond with untreated enamel
surfaces under oral condjtions”. Progress, however
can be rep orted Anew dental cemert, composed of
Oyacry Ic acid rc&urd and a modlified zinc oxide
pow er, recently has been developed by Smith

Fig. 8. Space between the restorative material and
enamel surface. S.E.M. x 200. EN — Enamel, RES __
Restoration.
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§19683 Settrnd of the cement is que to a ?hemrrial
eaction In whch zrnc lons Irnka Jacentp a%
acl moIec es prg ucrng rg]e Tos p]
sructure % acl ps in ong  chain
molecule also have the abrlt to chelate f0 calcium
and thus bond to tooth structure (Smith, 1971).

Another exciting development in_the field of
restoratjve dentis| rp IS the advent of the com srte
restorative materras T e base resrn consrsts
reaction product o heno and gy ry
methacrylate a mo ecuIe orrgrna Sy synthesrze Z
Bowen (1962). The term compo te “Inglicates th
presence of a large percentage of rejnforcing filler in
he form of glass, quartz or pure silica. The"physical
prop ertres of the resin matrix_are significantly
|m rove gthe Incorporation of the morganrc filler
% illips, 1970). By the rncorporatron of an organo-
unctional silane couplrn gent effectrve adhesjve
bondrng of the filler particlés to the Epo merizing
resin phase is obtained (Bowen 1962, 1963

The  composite  restorative materials may  be
regarded as_contact adhesives which unfortunately
loSe their adhesrve uaIrtres in the mouth soon after
exposyre to the ora morsture h uonogore,
Adhesion can be consideraply | proved by’ utr rzrn%
yet another phase in thé formulation. Bowe
1965ag s%/nthesrzed a surface- aptrve comono (p
the reaction product of N- phenyl glycine and glycidyl
methacrylate which functions™ &S a coupIrnr[r pent
between the or%anrc phase of the "restoralive
mate{ral and_ tooth structure. He demonstrated that
signiticant rmﬁrovement In the  water-resistant
bondrn? of the composite resins and various
substrates are obtained by the Introduction of the
surface-ac O’ve comonomﬁr Bowen, 19650, c)l Thré
system IS ragrammatrcay resented in Hig. 10 an
Indicates to What length résearch workers Rave gone
to obtain adhesion totooth structure.

ADHESION IN PREVENTIVE DENTISTRY

Den\al aries is the most com % n disease atfhctrn(]rt
manki eaveraechrl rnteUnrted States

America has an 80% chance that by the time he is
18 years of age all of his molars Will be decayed,

Fig. 9. Classical and modified cavity preparation.
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missing or have fillings in them. In South Africa the
9osrtron IS no better. Ockerse %1947) showed that of

0 white school children examined, 85%
suffered from dental caries.

For to Iong dentistry has concerned Jtself rimail
with the réstoration of tissues erode cane
Prevention of dental canes must sureY he our
ultimate Poal and dental adhesives may play a very
Important part in preventive dentistry.

Caries is an infectious disease, resulting from the
mutual rnteractron of three magor factors of which
diet, mrcro lora an host fact rs are fundamental
Swe _ ?z> Dietary grts assoclated  wit
odemn crvr ation undoubte ly contribute to the
canes problem. Public e ucatron programmes may
o change the dietary habifS of certain
po ulation grotps.and restriction of consumption of
vangus canogenrc materials _can  reduce the
incidence of caries (Weaver, 1950). It I doubtfu
whether any pro%ra me desr%ned to substantiall
alter the digtary habits will meet with any success.
An  anti- mrcro jal approach
rnvestrgat Iy many research workers “(Scherp,
1971)." Measures directed at the host factors have
been ‘more successful.

The regulatron of the tIuonde content of the public
water Sup Pres to 1,0 pp ftp fluorid e Is the' most
safe, practical and e ectrve means of preventrngf
dental decay (D ohert% 68), .In the_absence o
water tluondatron in South Africa, topical fluoride
therapy 1e. the local application” of fluoride
?ntarnrn g medicaments to the surfaces of teeth
g ny a Very Important part |n the prevention of
tal dec%y Local fluoyide therapy decreases the
Incicence Of dental carjes t{)as much as 6
Horowitz and Herfetz, 1970) ut unfortunately the
eneficial effect 15 majnly confrned to the smooth
syrfaces of the teeth. The reduction in the incidence
of dental caries on the occlusal surfaces of teeth is
much less (Sumnicht, 1969).

The conce fot sealrn1g the H}rts and, fissures on the
occlusal ~surfaces o tee which _themselves
constitute g predisposing host factor, offers a new
dimension I caries preventron Gwinnett, 1972).
The posterior teeth,” both in the  primary ~and
permanent dentition, have frne developmental its
and fissures on their occlusal or biting surfaces. The
Prt ang fi sure srt consrss {s of a blind, arrow crevice
N whic debris _and micro-grganisms
accumulate (Frg 11g The carious lesion s
%onsequent oftén rnrtraited in the pits and
ISsures of posterior teeth. Srf Ing of these pits and
fissures wi Pﬂevent not on % accum %tron of
micro-organisms  but also * the availa
germenlta le substratesfrn these srtes

evera issure  seala e now
commercrdﬂy avarlable One ota Hese has been

s presently _being
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develo[ped Buon?core £1970|2 This artrcdlar
sealant contains an ultraviolet light sensitive catalyst
and an uItravroIet un with which the sealant™ Is
lymerized. cclusal surfaces of teeth are
etc ed wrth an attenuated P % ephonc acid so utron
prior tq the application o t adhesive an te
composition hardened within seconds ny
exposure to long-wave ultraviolet Ir ht trom the %u
Effective sealing of the crevice Is obtained with
technique F% 12). In clinical studies extendrnri
over two years, marked protection against occlusa
canes has been [epo ted (Buonacore, .
ecent Handelman, Buonocore and  Hesec
?7m) evaluated the etf ct of the ultraviolet i ht
erized adhesive w en applied Its @
rssures of posterior teeth that had dem nstrable
caries. These authors reported that there was an
approximate fiftyfold decrease in the numbers of

inorganic phase
Q silica

organofunctional silane coupling agent

|
Bowen’s resin

|
surface active comonomer

1

tooth surface

Fig. 10. Composite restorative system with surface-active
comonomer.

Fig. 11. Fissure extending into the enamel surface.
Ground section x 40.
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?ultlvabI?
rom ﬁeae
control teet
The Council of Dental Matenalf_ and Devices of the
American Dental Assoclation believes, however, that
additional studies are necessary with the available
Plt and fissure sealants in order to determine. the
rue {)Iace of these materials in preventive dentistr
1971). The Council has, recently 997%2 %rante
rowswgegle zﬁ%ﬁtlglcauon of one of'the commercially

teeth compared with those in unseale

iicro-organisms from the infected dent'ng

vailab

ADHESION IN ORTHODONTICS o
Orthodontics_is that branch of dentistry which is
concerned with the realignment of irregular teeth.
Orthodontic  appliances™ are  used “to direct
mechanical forces. to the teeth thus rProducmg a
gradual, repositioning of teeth. Appliances may” be
Bither removable or” fixed, The conventional fixed
appliance demands the placement of metal hands
around individual teeth. Each band carries an
attachment or bracket through which an archwire is
threaded. The forces are applied to each tooth b
the archwire and b}/ careful manmulatlon full three
d|rrr]1en3|onarl conltro ovetr t?c%t,h d oveEnent may klag
chieved. . The placement of fixed appliances wo

%e sim O‘nﬂeﬁ aﬁ many o? the dlsaf\Pantages, of %he
technigues used at” present reduced” if the
orthodontic bangs could be eliminated and the
attachments bonded directly to the tooth surface.

| wish to discuss some of our efforts in bondln%
orthqdontic attachments directly tq enamel surface
Retief and Drever, 1967 Refief, _Dreyer and
avron, 1970; Dijkman and Retief, 1972)

Onlg_a limited number of the wide range of
adhesives used commercially are usable in medicine
and dentistry and even” fewer are potentially
adhesive to hard tissues. The demands for. aesthetics
rule out a great proportion, the toxicity of the
adnesive or cUring agent many and the physical and
chemical properties éven more. o
The choice of adhesives, for intra-oral use is limited
to three types of resins (Lee and Swartz, 1970).

L Acrylics.
2. Polyurethanes.
3 Epoxr resins.

We se e_ctedb the ?poxy resing for  further
investigation because of their properties.

These Include;
L Their reactivity is borderline but can readily

be increased by the use of suitable curing
agents and catalysts.

2. Before polymerization, the qu_uid mixture has a
low viscosity and 15 a good wetting agent.

3. No gas, which can weaken the solidifying
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Fig. 12. Effective sealing of fissure. Ground section x 40.

adh_esive or affect the interface, is evolved

uring curing. _

4. They set with minimal shrinkage and therefore
a minimum of locked-in stress. _

5. When cured under contact or atmospheric
pressure, they develop powerful adhesive bonds
with many materials. o

6. The cured resin is hard, abrasive resistant and
dimensionally stable.

The epoxy resin formulation developed in the
Dental Research Unit for the direct "bonding .of
orthodontic attachments consists of the following

components:
Epoxy resin — Epikote 828
Curirig Agent ~ — Epikure U

Catlayst — Phenol
Thixdtropic agent — Aerosil

the curing agent, Epikure U, is a modified
polyamine “which IS less iritating than the _Fure
ermar /secondary aliphatic amines and, in addition,
as a fow sensitivity 1o moisture during the curing
Process (Shell Techi. Bull. SC: 61—833 Phenol was
ound to he a suitable catalyst in incréasing the rate
of cure after the attachment plus the adhesive had
been placed on the tooth surface. The thixotropic
agent was added to reduce the flow of the cunng
résin and thus the displacement of the orthodonti
AR
urfaces. Xy resin, Epi

consists maa}nT?/ of the diBfYéfd Coter of d?%hen¥lof
ropane (Shell Tech. BUll. TB/RES/157/3). The
o terminal epoxide groups are the reactive groups
In the molecule.

Two types of linkages are responsible for the
conversion of the liquid resin to the cured, solid end
product (Skeist, 1964).

L A linkage to a reactive hardener which com-
g%nr%ss.nwnh one or more additional molecules
in.
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2. A linkage to other ePoxy intermediate molecules
with the"aid of a catalyst

The curing rate of the epoxy formulation was too
slow for™ clinical application. The effect of
temperature on the reacfivity of epoxhy resrns foIIows
the " Arrhenius  equation” In " which
temperature rise s said to double the rate of
reaction (Cupples, Lee and Stoffey, 1970). A
Preheat schedule was determined for the aghesive
ormulatron and it was found that ta/ Gore heating the
mixed resin for six miputes at 5 ror to its
Tpplrcatron optimal bond strength was obtained.

he tenere disruptive force required to break a
prepared bond was used as a measure of hond
strenPth because this technique IS probably the
simplest reproducable method for determining the
strength of an experimental bond. Two techniques
are Used to determine adhesion to tooth structure,
The first technique was developed by Hanke g1966)
and modified by Phillips, Swartz and"Rhqdes S 970?
The prepared Specimens are. mounted In a test Jig
consrstrnP of a series of joints to produce aN
unrversa oint. Th esecond technr ue was developed
y Lee, Swartz and Culp (1969) and emPons a
Eneumatrc grBo system to hold the assempbled test
oecrmens oth” tech nrriues were designed t
Iminate as nearly as possible all forces other than
tenere durrng the testing Erocedure An Instron
Table Model™1026 tensile"testing machine was used
0 determrne the bond stren th."A Ioadrnri speed of
0,05, c¢m mrnut% W poed and the force
required rea xperimental  bond
automatically recorded.

The bondrn% of the epoxy . resin formulation to
untreated enamel surfaces is Poor This IS not
sur rrsrng because In the mdus rial application of
adhesives, surfaces to % bonded are carefullg
condrtrone prror to t £p lication of the adhesiv
tLee and Neville, 1967% lonocore 21955) was the
Irst to describe that bondin to tooth Structure could
be supstantially . ncrease Cy cndrtronrn% the
enamel surface ‘witn phospnoric acid. The aa esron
of the epoxy formulatron 1S marked 8/ |ncrease
etching the”enamel surface with 50% phosph orrc
acld prior to the application of the adhesr

Additional effects of phosphoric acid etching have
been. studied and ‘the * results _ submitted for
publication (Retref 1973).  The ghstenrng
appearance of the enamel surface is dulled by th
E lication of Phosphorrc acid. When viewedin a
scanning electron ‘microscope, an unconditioned
enamel surface has a relatively smooth, featureless
aﬁ earance. Surface Hreatment with phosphonc acld

oses the  ename g ms and prod uce% the
ch ragteristic “prism ena” structure. igher
magnifications & typrcal honeycomb appearance is
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obsferved which clearly  demonstrates the
E erentral etching actiorf of the acid. Contact
etween th e adhesrve and untreated enamel surf aceé
IS Poor while Intimate Interfacjal contgct 1S ohtaing
between the resin_formulation and conditioned
enamel| surfaces, Thin sections were pre ared
through the adhesrve enamel  Interf a%e

enamél slowly dissolved with a weak drochl orrc
acig solution Thrs technique enabled us t0, Show
resrn t ges ug 0 micrometres in Ienr[;th grogectrnd
rom t hesrve surface into the efched ename
surface. Phosphoric acid etching produces a marked
Increase in surface area avallable for bondrng and
creates spaces and. pores I the enamel surfacé into
which.the Rolymenzrng resin penetrates. Mechanical
retention therefore Plays a major part in the bondrngi
ofrfthe adhesive Tformulation to etched ename
surfaces.

The contact angles of the uncured epoxy resin,

Epikote 828, usegd In the adhesive Formrﬁatr%n were
recorded on'etched and unetched enamel surfaces.
An instrument, similar to that designed by Glantz
19692 was used In this mvestrgatron The mean
ontact angle Was reduced0 rom 28.3° on
unconditiongd surfaces to 14.3° on etched enamel
surfaces, . These resultsindicate that  phosphoric
acid etchin Produces an increase in the wettability
of the enaniel surface

The adheﬂve formulation adheres A.)loorly t0 sfainless
steeI dnesion 0 stainless * steel  was

R emente g/ mechanical retentron This was
achieved by welding 60 mesh stamless steel gauze to
the band material which formed the baseS of the
orthodontic  attachments, Soecral orthodontic
attachments  were  manufactured by  Unitek
Corporation for this study. Undercut grodves in the
bases of these brackets provided the additional
retention (Fig. 13).

The epoxy resin formulation was subjected to
clinical trials and the following procedure” adopted.
The four components of the ‘adhesive formylation
are thoroughly mixed. The fact that the adhesive
ormulation 1s"a Tour component system Is a qistinct
disadvantage of this technigue. The mixed adhesive
Is spread “evenly on the mixing slab and the
attachments, with the bracket portion protected with
an elastic band, embedded in'the resin, The mrxed
resin  1s preheated for six minufes at50°C. urrnﬂ
this interval the teeth are_polished, etched wit
phosphoric acid, washed and dried with comloressed
alr. The orthodontic atta ghments with athrn ayer of
attached resin, are place on the tooth surfaces in the
desired_position and the oatrent allowed to rinse
after 20 minutes, A the next visit the excess material
Is removed and the archwires placed in position.

In a preliminary studY 22 of the 102 bonded
attachments became defached. The majority of the

Tydskrif van die T.V.S.A.— Januarie 1973



detached brackets were d|sIodPed within 24 hours
and. before the arches were placed. In subsequent
clinical trials full mouth bonding was carried ouit.
Poor results were obtained in the younﬁer patients
but much_more encoura(I;Jn results optained In older
Panents. Two of the patiets in the latter gro_uR are
he only cases reported in the literature jn Which full
mouth direct bonding has been successfully applied
and the treatment completed (Figs. 14 and 15).

| wish to make it quite clear that this type of
treatment has not  progressed —beyond  the
ex enmen%s\l stage. This, stuay at be&t Shows fhat
tecth can ne moved by forces” exerted on bandless
attachments over a prolonged P]erlod of time,

The direct bondin% technique has %everal advanta(IJes
over the conventional "circumterential ~ banding
technique used at present.

Advantages of banless orthodontics

1 Because of the ease of apPhcatmn and the
reduction In gperating time, the stress to hoth
the patient and operator is reduced.

2. Gingivitis 15 frequently associated with the
conventional technique. Minimal ~gingival
irritation 15 caused by the direct bon m% of
orthodontic attachments,

3 The elimination of overh?ngi,ng .ed%es in the
H;/tgirgﬁental area also results” In” improved oral

4. When teeth %e crowded it becomes |_mPerat|ve
to separate the teeth prior fo tne fitting and
cementing of bands. _This procedure is
obviously™ unnecessary with the direct bonding
technique.

5. Conyentional banding of partl_all¥ erypted teeth
is often difficult and” traymatic Tor the patient.
The direct bondm? of attachments to the
exposed surfaces of these teeth presents no
problems.

6. The last st? e of treatment haf to he devoted
to space closure after removal of the bangs.
No sRace closure is required with direct bonded
attachments.

7. Orthodontic bands may become loose and
remain  undefected during treatment. As a
result marked_decalcification can occur under
these bands. This problem Is not encountered
with the direct bonding technique because
loosening of the attachmients results in com-
plete displacement.

The need for a truly dental adhesive material is
obvious. The destructive nature of the oral
environment and the numerous factors enco_untere_fl
In the mouth which a verseIK atfect adnesion will
make the development of such a material a difficult
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task. The _on_IIX solution to this complex problem is a
multi-giscipl] ar?/ aP roach and this s fully
recognized by fesearch warkers in this particuldr
fielg” of den |_s\ry. | can foresee that the dent?l
professjon  will * have truly  adhesive ~materials
available in the not toq” distant future. Our
colleagues will be better equipped not only to reduce
the incidence of dental caries but also”to restore
teeth with longer lasting fillings.

Fig. 13. Specially constructed (left) and Unitek
attachments (right) used in the direct bonding
technique.

Fig. 14. Full mouth direct bonding of orthodontic
attachments.

Fig. 15. Directly bonded attachments on posterior teeth.
Extra-oral traction was applied.
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