
INTRODUCTION
In crease in the at trac tive ness of aes thetic res to ra tions,

as well as de creas ing ac cep tance among pa tients of amal -
gam fill ings forces den tists to broaden the knowl edge of
com pos ite ma te ri als. Abil ity of bond ing sys tems to en sure 
proper ad he sion and sta bil ity of ad he sion to the tooth tis -
sues is one of the most im por tant re quire ments ad dressed
to them to make the fill ing per ma nent. Pre sent re stora tive
tech niques are based on the ad he sive prop er ties of ma te ri -
als based on res ins. Fol low ing the pio neer ing ap proach of
Buono core to in crease ad he sion forces (1955) [4], re -
search ers and pro duc ers have per fected both ad he sion
(seal ing) to the tooth tis sues as well as the ce ment prop er -
ties (bond ing) of bind ing sys tems. De spite sig nifi cant
im prove ments, the sur face ad he sion of the com pos ite to
the tooth is still the weak est area of the fill ing. If the sur -
face ad he sion of the ad he sive sys tem to den tin is ex posed
to the oral en vi ron ment, there are of ten mar ginal dis colo- 
ra tions, poor mar ginal ad ap ta tion, and thus the loss of fill -
ing re ten tion [17]. Al though stud ies have shown al most
im me di ate, short- term su pe rior ef fi ciency of bond ing sys -
tems, the long- term du ra bil ity of some of them is
ques tion able [28]. In fact, re cent stud ies have pointed out
that the im me di ate bind ing prop er ties of the bond do not
al ways cor re late with the long- term sta bil ity due to the

deg ra da tion that oc curs quite rap idly and en com passes the 
en tire sur face of the den tin cov ered with bond [2,9].

Ad he sion to den tin
In her ent part of fill ing of the cav ity is “smear layer” –

a k ind of natu ral back ground that by block ing the open
den ti nal tu bules pro tects them against the in gress of mi -
cro or gan isms and mini mizes post op era tive sen si tiv ity.
Sources give dif fer ent val ues of the smear layer thickness
– they range from 1 to 2 μm. In the tu bu lar den tine the
layer may be up to a depth of 6 μm. The smear layer con -
sists of dentin- derived in gre di ents (hy droxya pa tite, col la gen,
de na tured den tin com po nents, pro teo gly cans, gly co sami -
no gly cans, de rived ele ments in side the pulp and bac te ria)
and outer com po nents (sa liva, bac te ria, blood, epithe lial
cells). The con tents of the in di vid ual com po nents of the
smear layer are dif fer ent de pend ing on the depth at which
it origi nated. The closer to the pulp, the more or ganic ma -
te rial in it, odon to blasts tabs, pro teo gly cans and glyco-
sami no gly cans [15,25,26]. 

Cur rently, there are two strate gies of bond ing sys tems
con nec tion with tis sues of the tooth, i.e., by re mov ing the
smear layer gen er ated dur ing cav ity prepa ra tion (etch &
rinse tech nique) or by leav ing it as a sub strate to cre ate
a con nec tion be tween den tin and bond ing sys tem (self-
 etch tech nique). The dif fer ence be tween the two tech -
niques lies in the pre limi nary and sepa rate use of etch ing
in sys tems “etch & rinse” (usu ally 35-37% or tho phos -
phoric acid), which is then rinsed, how ever in the
tech nique of “self- etch”, the primer is only dried with air
from the blower, and there fore re mains in a modi fied
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smear layer (this tech nique could be called “etch & dry”).
The next step in the two ad he sive sys tems is the primer
and the bond, which may be sepa rate or in ter con nected,
de pend ing on the type of sys tem. The pres ent clas si fi ca -
tion of ad he sives is based on the number of steps
con sti tut ing the given sys tem. The “etch & rinse” sys tems
can be di vided into three- or two- component, de pend ing
on whether the primer and bond are in a sepa rate or in the
same bot tle. Simi larly, the self- etching tech niques can be
two- or one- component, de pend ing on whether the etch/
primer and bond are in sepa rate or in the same bot tle
[2,27,30].

“Bond ing” is den tin im preg na tion with mix ture of
mono mers [2]. It has been proved that cer tain mono mers
(in ap ply ing ad he sive sys tem ac cord ing to the manu fac -
tur er’s in struc tions) can not pene trate com pletely and
ho mo ge ne ously the den tin col la gen net work – es pe cially
those of high mo lecu lar weight. It turns out that about
98% of the resin mono mers pene trate at 1 μm, 89% at
2 μm, 71% at 3 μm and the bot tom of dem in er al ized den -
tin (i.e. to a depth of 8 μm) is reached only by 18% of the
resin mono mers BisGMA, HEMA. This leads to re tain ing 
of many col la gen fi ber scaf folds ex posed [21,33]. In ad di -
tion, elu tion (evapo ra tion) of the mono mers and poly mers
of low mo lecu lar weight – proba bly by an in com plete po -
lym eri za tion – gives a simi lar re sult, in creas ing the po ros ity
of the hy brid layer. 

It is also known that the force of co he sion of the bind -
ing sys tems is cor re lated with the de gree of evapo ra tion of 
the sol vent [14]. Pro longed ap pli ca tion fa cili tates the re -
moval (by evapo ra tion) of wa ter and sol vent, which
en hances the con ver sion pro cess and the for ma tion of the
poly mers cross- binding, thereby im prov ing the me chani -
cal prop er ties of the resin in the hy brid layer. It is worth
not ing that sys tems based on wa ter or etha nol (Sin gle
Bond, 3M ESPE) re quire a longer ap pli ca tion time than
those based on ace tone (One Step, Bisco). This is proba -
bly due to dif fer ences in the sol vents evapo ra tion pres sure 
of both sys tems. Ace tone is a liq uid with a high evapo ra -
tion pres sure (about 233 mbar) com pared to wa ter and
etha nol (re spec tively 23 and 44 mbar) [1,19,21].

Other pos si bili ties to re duce mi cro leak age in eve ry day 
prac tice are brought by pro ce dures in creas ing the ad he -
sion of the com pos ite to the tooth (enamel shear at an
an gle, the use of mi cro filler bond ing sys tems) and pro ce -
dures to mini mize po lym eri za tion shrink age (com pos ite
layer con den sa tion, the use of cur ing lights of in creas ing
light in ten sity, re-bond ing) [11,26].

In con ser va tive den tistry, ad he sion to den tin is cur -
rently achieved through the crea tion of a mi cro me cha-
ni cal con nec tion be tween the join ing resin and the dem in -
er al ized den tin. Etch ing of den tin broad ens den ti nal
tu bules to a depth of up to 30 μm re sult ing from re moval
of peri- tubular den tin. Be cause of intra- tubular den tin

dem in er ali za tion, so called dif fu sion chan nels are formed
with a length of 1-10 μm, ex pos ing the net work of col la -
gen fi bers. Mi cro re ten tion with primer- soaked mesh of
col la gen fi bers and ad he sive resin de ter mine the strength
of ad he sion. Hy brid layer and its qual ity play a ma jor role
in the ad he sion be cause mi cro pro tru sions, as noted in
1982 by Naka bay ashi, only slightly en hance re ten tion.
Hy brid layer and ad he sive resin – which is an in ter me di -
ate layer – con sti tute ap pro pri ate bond, i.e. tight seal ing
film. Be sides this ac tion, a hy brid layer also serves other,
no less im por tant func tions, such as ab sorp tion and com -
pen sa tion of stresses gen er ated dur ing the po lym eri za tion, 
the changes of tem pera ture  and the chew ing pro cess. It
should also be re sis tant to pro te olytic en zymes and acidic
en vi ron ment [21,26,31]. As the  hy brid layer is formed by
an or ganic ma trix of den tin,  re main ing hy droxya pa tite
crys tals,  resin mono mers and a sol vent,  the “ag ing” may
re fer to in di vidu ally each com po nent or oc cur by a syn er -
gis tic com bi na tion of deg ra da tion phenom ena which
oc cur in the hy brid layer [2].

Con tem po rary den tal ad he sives show fa vor able im me -
di ate re sults in terms of bond ing ef fec tive ness. How ever,
the du ra bil ity of resin-den tin bonds is their ma jor prob -
lem. It ap pears that sim pli fi ca tion of ad he sive tech niques
is rather det ri men tal to the long- term sta bil ity of resin-
 tooth in ter face. The hy dro static pul pal pres sure, the den ti -
nal fluid flow and the in creased den ti nal wet ness in vi tal
den tin can af fect the close in ter ac tion of cer tain den tin ad -
he sives with den ti nal tis sue. Bond deg ra da tion oc curs via
wa ter sorp tion, hy droly sis of es ter link ages of meth acry -
late res ins, and ac ti va tion of en doge nous den tin ma trix
met al lo pro te inases [8].

There are many ways to strengthen the bond strength
be tween bond and den tin. Re peated rub bing of suc ces sive
lay ers of bond is one of them. Hashi moto et al. [12]
showed that the bond strength in creases and mi cro leak -
age de creases with each ad di tional layer of ad he sive up to
the fourth layer. Moreo ver, a greater number of lay ers
does not af fect the qual ity of the bond strength and ad he -
sion [2,12]. An other method of im prov ing the ad he sion is
re lated to the evapo ra tion of sol vent in or der to avoid
phase sepa ra tion in the layer ad he sive sys tem [2]. The air
flow from the blower di rected to the ap plied bond helps to
re move the wa ter, thereby im prov ing the ef fi ciency of
bind ing [29].  Ca de naro et al. [5] pro posed ex ten sion of
po lym eri za tion time by 20 sec onds than rec om mended by
the manu fac tur ers. Stud ies have shown that the per me -
abil ity of the resin and loss of mono mers re sult from
in suf fi cient po lym eri za tion of ad he sive sys tem, which re -
duces its ef fi ciency [2].

Re cent stud ies have dem on strated the bene fit of add ing 
the elec tri cal cur rent to the ap pli ca tion pro to col of bond -
ing sys tem, which im proves the in fil tra tion of the
mono mers in etch & rinse tech nique as well as of self- etch 
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tech nique [3,20]. Elec tri cal cur rent is gen er ated by the
Elec tro Bond de vice, made by the Ital ian com pany Seti.
This de vice con sists of a tip with dis pos able sponge that is
im preg nated with bond ing sys tem and at tached to the den -
tin in the cav ity. Bond re lease is trig gered by dif fer ence of
elec tri cal po ten tials be tween the tooth and bond. As in en -
dome ter, pas sive elec trode is placed on pa ti ent’s  lip and
con nected via elec tri cal cir cuit with the ac tive elec trode.
Elec tri cally-as sisted ap pli ca tion of bond ing sys tem im -
proves the ef fi ciency of bind ing, as evi denced by the
in crease in ten sile strength of the test sam ples com pared
to con trol sam ples (with mi cro sponge with out the use of
elec tric cur rent) [2].

Con tem po rary resin-den tin bond ing is ini ti ated by sys -
tems that use phos pho ric acid or acidic resin mono mers to
re move min eral, how ever it ex poses the su per fi cial den tin
col la gen ma trix. Collagen- associated pro teins, in clud ing
en zymes known as ma trix met al lo pro te inases (MMPs),
are also ex posed. The col la gen ma trix is sub se quently in -
fil trated with res ins that are po lym er ized to es tab lish an
ad he sive at tach ment to the den tin. Ex posed col la gen ma -
trix that is not in fil trated with the ad he sive, can be
de graded by as so ci ated MMPs, which might re sult in de -
te rio ra tion of the ad he sive-den tin bond over time [22,24].

Ma trix met al lo pro te inases
Met al lo pro te inases (MMPs) are zinc- dependent mem-

brane- bound cel lu lar en dopep ti dases which are ca pa ble of 
deg ra da tion of all com po nents of the ex tra cel lu lar ma trix
[2,25,26]. They are also in volved in many physio logi cal
pro cesses such as em bry onic de vel op ment, tis sue for ma -
tion, wound heal ing, angio gene sis, and in patho logi cal
pro cesses such as can cer, ul cers, ar thri tis, perio don ti tis,
fi bro sis. Cur rently, there are 23 known hu man met al lo -
pro te inase [25]. The simi lar ity in struc ture to MMP-1 (the
first dis cov ered met al lo pro te inase), de pend ence on zinc
and cal cium ions, in hi bi tion by tis sue in hibi tors of met al -
lo pro te inases (TIMPs), are the quali ties on which
pro te ases are al lo cated to the ap pro pri ate fam ily. Be cause
of the sub strate speci fic ity and ho mol ogy, met al lo pro te -
inases are di vided into six groups: col la ge nases,
ge la ti nases, stro me lysins, mat rilysins, me tal pro te inases
of mem brane type (membrane- type MMPs) and other
met al lo pro te inases (Table 1) [8,16,22,24]. The struc ture
of met al lo pro te inases is showed on Fig. 1.  MMPs are
multi- domain en zymes con tain ing in their com po si tion
cata lytic do main and the pro do main (with the ex cep tion
of MMP-23) [16]. In ad di tion, these pro teins may also in -
clude he mo pex ine do main, linked to the cata lytic do main
by a flexi ble adapter com posed of 15-65 amino ac ids. Pro -
do main com prises pro pep tide main tain ing the en zyme in
the form of a zy mo gen (pro pen zym, pro MMP) and is
com posed of three alpha- helices con nected by flexi ble
loops ex posed to auto pro toly sis. Cata lytic do main, which

is re spon si ble for the pro te olytic ac tiv ity of the en zyme is
com posed of five beta- ribbons, three alpha- helices and
loops con nect ing them [16]. This do main con tains one
cata lytic (co or di nated by three his ti dine resi dues, or – in
the form of in ac tive – pro do main cys teines) and one struc -
tural zinc ion and pre domi nantly 3 cal cium ions nec es sary 
for en zyme ac tiv ity and sta bil ity. In all iso lated me ta lo -
pro te inases (ex cept MMP-7 and MMP-26), the cata lytic
do main is pre ceded by a C- terminal he mo pex ine do main
re spon si ble for con nect ing sub strates and tis sue in hibi tors 
of met al lo pro te inases, the pro te olytic ac tiv ity and mem -
brane ac ti va tion. In the membrane- type me ta lo pro tei-
nases C- terminal do main at taches the mole cule to the
plasma mem brane [23,32]. He mo pex ine do main owes its
name to the anal ogy of se quence to he mo pex ine – pro tein
bind ing and trans port ing heme. It has a shape of an el lip -
soi dal disk com prised of four sym met ri cally ar ranged
parts re sult ing from beta rib bons. It is im por tant to  iden -
tify prop erly the sub strate, and in col la ge nases sub fam ily
it is nec es sary in or der that su per he lix col la gen etch ing
could ex ist. Other im por tant fea tures of this do main in -
clude the abil ity to bind TIMPs by MMP-9, par tici pa tion
in the ac ti va tion of proMMP-2, the sta bi li za tion of the en -
zyme [10,16]. 

Ta ble 1. Clas si fi ca tion of met al lo prote inases
MMP

(another name)
Enzyme
group Substrates (selected)

MMP-1
(collagenase-1) Collagenases

Collagen type I-III, V, II, VIII, X, XI, gelatin, 
aggrecan, IL-1β, proteoglycans, entactin, 
ovostatin, laminin, vitronectin, L-selectin, 
perlecan, L-selectin, tenascin,α 2-macro-
globulin, proTNF-α, proMMP-1, -2, -9

MMP-2
(gelatinase A) Gelatinases 

Gelatin, collagen type I-VII, IX-XI, elastin,
fibronectin, laminin, aggrecan, decorin,
versican, osteonectin, tenascin, vitronectin,
α 2-macroglobulin, IL-1β, proTNF-α,
TGF-β latent, proMMP- 1, -2, -9, -13

MMP-3
(stromelysin-1) Stromelysins

Collagen type III-V, VII, IX-XI,  telopep-
tides of collagen, gelatin, elastin, casein,
osteonectin, ovostatin, entactin, fibronectin, 
laminin, aggrecan, perlecan, plasmino-
gen, MBP (myelin basic protein), decorin, 
tenascin, laminin, entactin, versican,
α 2-macroglobulin, IL-1β, proTNF-α,
fibrinogen, proMMP-1, -3, -7, -8, -9, -13

MMP-7
(matrilysin-1) Matrilysins

Collagen types I, IV, X,  gelatin, elastin,
fibronectin, laminin, aggrecan, decorin,
casein, transferrin, osteonectin, tenascin, 
entactin, vitronectin, transferrin, plasmino- 
gen, MBP, α 2-macroglobulin, proTNF-α,
β4integrin, proMMP-1, -2, -7, -9

MMP-8
(collagenase-2) Collagenases

Collagen Type I-III, V, VII, VIII, X,
f gelatin, aggrecan, fibronectin,
fibrinogen, bradykinin, α2-macroglobulin

MMP-9
(gelatinase B) Gelatinases

Collagen type IV, V, VII, X, XI, XIV,
gelatin, entactin, decorin, versican,
laminin, aggrecan, elastin, fibronectin,
osteonectin, vitronectin, plasminogen,
MBP, IL-1â, á2-macroglobulin, proTNF-α,
TGFβ2

MMP-10
(stromelysin-2) Stromelysins

Collagen type II, IV, V, f gelatin, casein,
aggrecan, elastin, fibronectin, laminin,
proMMP-1, -7, -8, -9

MMP-11
(stromelysin-3) Stromelysins

Type IV collagen, gelatin, fibronectin, an
inhibitor of á1-proteinase, inhibitor 
α2-proteinase, casein, α2-macroglobulin

MMP-12
(Macrophage-
elastase,
metalloelastase)

Other
enzymes

Collagen types I, IV, V, gelatin, elastin,
casein, fibronectin,vitronectin, laminin,
entactin, MBP, fibrinogen, fibrin, plasmino- 
gen, aggrecan, decorin, an inhibitor 
of α1-proteinase, α2-macroglobulin

MMP-13
(collagenase-3) Collagenases

Collagen Type I-IV, VI, IX, X, XIV,  telopep- 
tides of collagen, gelatin, plasminogen,
aggrecan, perlecan, fibronectin, tenascin, 
osteonectin, proMMP-9, α2-macroglobulin
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MMP-14
(MT1-MMP)

Membrane-
type matrix
metalloprote-
inases

Collagen type I-III, gelatin, casein, fibro-
nectin, laminin, aggrecan, vitronectin,
entactin, proteoglycans, tenscin, transglu- 
taminase, α2-macroglobulin, α-proTNF,
fibrinogen inhibitor α1-proteinase, 
proMMP-2, -13 , -20

MMP-15
(MT2-MMP)

Membrane-
type matrix
metalloprote-
inases

Fibronectin, entactin, laminin, aggrecan,
perlecan, tenascin, transglutaminase,
proTBF-α, proMMP-2

MMP-16
(MT3-MMP)

Membrane-
type matrix
metalloprote-
inases

Collagen type III, gelatin, fibronectin,
casein, laminin, α2-macroglobulin, 
transglutaminase, proMMP-2

MMP-17
(MT4-MMP)

Membrane-
type matrix
metalloprote-
inases

Gelatin, fibrinogen, fibrin, proTNF-α,
α2-macroglobulin

MMP-18
(collagenase-4) Collagenases Collagen type I

MMP-19 
(RASI1)

Other
enzymes

Collagen types I, IV, gelatin, fibronectin,  
laminin, aggrecan, entactin, tenascin,
fibrinogen, fibrin, COMP (oligomeric
cartilage matrix protein)

MMP-20
(enamelisin)

Other
enzymes

Amelogenin, collagen type XVIII, aggrecan, 
fibronectin, laminin, tenascin, COMP

MMP-21
(identified on
chromosome I)

Other
enzymes α1-antitrypsin (?)

MMP-22
(identified on
chromosome I)

Other
enzymes Gelatine

MMP-23
(CA-MMP)

Other
enzymes Gelatine

MMP-24
(MT5-MMP)

Membrane-
type matrix
metalloprote-
inases

Collagen type I, gelatin, fibronectin, 
laminin

MMP-25
(MT6-MMP)

Membrane-
type matrix
metalloprote-
inases

Type IV collagen, gelatin, fibronectin

MMP-26
(matrilysin-2,
endometaza)

Matrilysins Type IV collagen,  gelatin, fibronectin, an 
inhibitor of α1-proteinase

MMP-27 Unidentified Unidentified
MMP-28
(epilizyna)

Other
enzymes Casein

MMP-29 Unidentified Unidentified

Ex pres sion and ac ti va tion of MMPs are regu lated at the 
level of tran scrip tion, se cre tion, ac ti va tion of the pre cur -
sor in the form of a zy mo gen, in ter ac tion with the spe cific
com po nents of the ex tra cel lu lar ma trix and by the in hibi -
tory ac tion of TIMPs. Tran scrip tion can be caused by
vari ous sig nals, such as cy to ki nes, growth fac tors, hor -
mones, me chani cal fac tors, changes in the ex tra cel lu lar
ma trix lead ing to the modi fi ca tion of the in ter ac tion be -
tween the cells. MMPs ac ti va tion is car ried out by
re mov ing the pro do main, which re sults in ex po sure of the
ac tive site of the en zyme. MMPs may be ac ti vated by other
pro te ases or fac tors, such as mer cu ric chlo ride, oxi dized
glu tathione, so dium lauryl sul fate, low pH and high tem -
pera ture. Most of these per turbents act by in ter fer ing with
the in ter ac tion be tween cys teine and the cata lytic zinc

within the cys teine switch. Ini tially, there is ini ti ation of
ac ti va tion of the hy droly sis in the pro pep tide, then the
pro pep tide is re moved ex posing thus the ac tive site. The
ac tive site largely de ter mines the sub strate speci fic ity of
MMPs [10,16,18].

The dis cov ery that en doge nous col la geno lytic and ge -
lati no lytic fac tors de rived from etched den tin lead to
deg ra da tion of the hy brid layer, sug gested the use of met -
al lo pro te inase in hibi tors for prim ers to slow or pre vent
this phe nome non [2,6]. Hebling et al. [13] dem on strated
the struc tural in teg rity of the col la gen net work of the hy -
brid layer of the teeth im preg nated with chlor hexidine as
com pared with the pro gres sive dis in te gra tion of that net -
work in con trol teeth. 

CONCLUSIONS
In the process of the development of dental caries, the

collagen matrix degradation occurs involving the
enzymes of which metalloproteinases play an important
role. This hypothesis was confirmed by studies in rats, in
which a reduction in dental caries was observed after the
use of metalloproteinases inhibitors: CMT-3 and
zoledronat. Dentin metalloproteinases and their role in the 
formation of dental caries is a challenge for future
research, as a selective effect on their activity is difficult
to obtain. There seems to be hope in finding inhibitors of
specific metalloproteinases and selective inhibition of

these enzymes activity at the target site [7,24]. In
summary, in a large family of metalloproteinases several
enzymes are located in the dentin-pulp com plex. In
addition to their role in physiological processes during
development and maintenance of the complex, their
participation in the pathogenesis of carious process is
emphasized.
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