
De spite sig nifi cant prog ress in the qual ity of ad he sion
of ma te ri als placed into den tin, avoid ing of mi cro leak age
– the ef fect of po lym eri za tion shrink age, an in her ent part
ac com pa ny ing com pos ites – is still the number one prob lem
of mod ern con ser va tive den tistry. As a re sult of ex po sure of
the den tin/ad he sive in ter face to oral cav ity, mar ginal dis -
col ora tions, poor mar ginal ad ap ta tion and sub se quent loss 
of re ten tion of the res to ra tion and fi nally re cur rent car ies,
are found dur ing clini cal ex ami na tion [1,5,11,12]. Among 
the rea sons thereof we can in clude: leav ing the in fected
den tin in pre pared cav ity, ex ces sive etch ing and/or dry ing
af ter etch ing of den tin and the as so ci ated hy droly sis of
col la gen by ma trix met al lo pro te inases, tem pera ture fluc -
tua tions or oc clu sal loads [5]. While the strength of ad he sion
to enamel bind ing sys tems is high, dentin- bonding ad he sives 
are not as du ra ble as was pre vi ously thought. Al though the
im me di ate mi cro ten sile bond strength is high, it gradu ally
falls 30-40% in 6-12 months [15]. The rea son for this is
deg ra da tion of the hy brid layer formed by col la gen fi brils
and the or ganic ma trix of den tin, re main ing hy droxya pa -
tite crys tals, resin mono mers and the sol vent [1]. This
pro cess oc curs with the in volve ment of ma trix met al lo -
pro te inases (MMPs), en dopep ti dases 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 also
in patho logi cal pro cesses such as can cer, ul cers, ar thri tis,

perio don ti tis, fi bro sis [1,3,16,22,23]. Met al lo pro te inases
are mul ti do main zinc- dependent pro te ases. Host- derived
pro- MMPs are se creted as in ac tive zy mo gens and are un -
cov ered and ac ti vated by mild ac ids re leased by car ies-
-producing bac te ria (lac tic acid) and acid- etchants [6,9].
In com plete resin in fil tra tion has also con tri bu tion in ex -
po sure of col la gen fi brils and en ables MMPs to have free
ac cess to wa ter. Both low pH and wa ter en vi ron ment are
obliga tory re quire ments of these en zymes. [6,15]. It is
worth men tion ing that self- etch ad he sives have pH be tween
1.6 and 2.9 and this is suf fi ciently low to dem in er al ize den -
tin and un cover MMPs and ac ti vate them with out
de na tur ing them [15]. It is specu lated that 37%-pho sph -
oric acid (used in etch- and- rinse tech nique) which pH is
be tween 0.03 [14] and 0.7 [10], can par tially de na ture
these en zymes and it needs to be in ves ti gated. Al though it
is proven that 37%-pho sph oric acid re moves both ex tra-
and in trafi bril lar crys tal lites, while self- etching (SE) ad -
he sives re move most of the outside- fibrils- crystals and
only some of the inside- fibrils- crystals. This phe nome non 
is re flected in the ab sorp tion of wa ter, which in the case of
total- etch (TE) tech nique goes to deeper parts of the col la -
gen fi brils, which fa cili tates a greater de gree of hy droly sis 
by MMPs. [15].

Com pounds that in hibit col la geno lytic and ge lati no -
lytic ac tiv ity of ma trix met al lo pro te inases are in hibi tors
of met al lo pro te inases [14].  They can be di vided into en -
doge nous and ex oge nous (syn thetic) [26]. The first of
them are the tis sue in hibi tors of met al lo pro te inases
(TIMPs). Among the ex oge nous ones we can dis tin guish
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hy drox amic acid de riva tives (bati mas tat, ma ri mas tat,
SM-25453), SB-3CT, chemi cally modi fied tet ra cy clines
(CMTs). Bati mas tat and meri mas tat are col la gen mi metic
com pounds and che lat ing the ac tive site of the en zyme,
which have been de vel oped by Brit ish Bio tech Phar ma -
ceu ti cals. How ever, the first one was very poorly solu ble
in wa ter, while the ap pli ca tion of the sec ond one was ac -
com pa nied by a number of side ef fects. The cre ated later
CT 1166 has proven to be ef fec tive in the in hi bi tion of
met al lo pro te inases. The above- mentioned drugs are used
to treat can cer and ap pear to be in ap pro pri ate in the in hi bi -
tion of den tal car ies of den tin. Al though the sur face
ap pli ca tion of those meas ures may be suf fi cient in con -
trol ling den tal car ies, how ever more se lec tive and less
toxic in hibi tors are sought. Among other in hibi tors –
SB-3CT is worth men tion ing, which blocks the ac tiv ity of 
MMP-9. Syn thetic forms of tet ra cy clines (doxycy cline,
mino cycline) in hibit the se cre tion and ac tiv ity of met al lo -
pro te inases (MMP-1, MMP-2, MMP-12), act ing by bind ing
cal cium ions, both in vi tro and in vivo. Doxycy cline (Pe ri -
ostat®) is a non spe cific in hibi tor of MMPs, used in
perio don tal dis eases [19]. It has been shown that small
doses of doxycy cline did not af fect the bac te rial flora of
the oral cav ity; they can in hibit MMPs.  For in hi bi tion of
met al lo pro te inases zole dronic acid was also tested (a com -
pound of bisphos phon ates), which showed the de sired
ef fect [6,8,19,21,26].

Tis sue in hibi tors of met al lo pro te inases, in clud ing se -
creted pro teins (TIMP-1, TIMP-2, TIMP-3, TIMP-4),
con sist of two do mains. The shape of mole cule in hibi tors
re sem bles a wedge, which simi larly as a sub strate pene -
trates the ac tive site of the en zyme. The N- terminal
do main binds to the ac tive site of MMP by non- covalent
bind ing, thus block ing the ac cess of the sub strate to the
cata lytic site. C- terminal do main of TIMP-1 and TIMP-2
joins the he mo pex ine do main, proMMP-9 and proMMP-2 
re spec tively. TIMPs main tain a bal ance be tween de struc -
tion and crea tion of ma trix. It has been proven that de rived 
from the sa liva TIMP- 1s, are ac tive at low pH, and thus
may con tinue to op er ate on the in creased pH and have in -
hibi tory role on MMPs in the course of the den tal car ies.
How ever, the level of these in hibi tors in the ac tive car ies
may be in suf fi cient to stop the deg ra da tion. So the hope
lies in in creas ing the lo cal con cen tra tion of in hibi tors in
cari ous le sion. It has been shown that α- macroglobulin is
a more ef fec tive in hibi tor of MMP-1 than TIMP-1 [6,19].

Many stud ies have shown that the chlor hexidine
(CHX) has also in hibi tory ef fect on MMPs, by pre vent ing
the deg ra da tion of the con nec tion be tween bond ing sys -
tem and a den tin [8]. Other sub stances that have been
in ves ti gated in this di rec tion are poly vinylphos phonic
acid [24] and qua ter nary am mo nium me tacry lates [25].
There is also the view that etha nol used in stead of wa ter
dur ing the wet ting of den tin can also re duce the ac tiv ity of

MMPs. The manu fac tur ers of ad he sive sys tems are con -
sid er ing ex tend ing the rec om men da tions of ap pli ca tion of 
the total- etch tech nique for one minute ap pli ca tion of
CHX  af ter etch ing and/or use of CHX as a primer in self-
 etch tech nique. CHX simi larly as other in hibi tors of met -
al lo pro te inases can also be added to the self- etch sys tems
[2,4,17].

Chlor hexidine is a broad- spectrum dis in fect ing agent,
iso lated form the scor pio’s toxin, which is bis- bis- guanide 
that binds to sev eral pro teins by a cation- chelating mecha -
nism. It has ex cel lent an ti sep tic prop er ties due to act ing
on fer ritine, an iron- storage pro tein, and de struct ing the
cel lu lar pro tec tion from oxy ra di cals [7,13]. In the simi lar
mecha nism, chlor hexidine pre vents the bind ing of metal
ions, such as zinc or cal cium, to the MMP and so in hib its
its cata lytic ac tiv ity. How ever, the MMPs are proba bly
de na tu rated at higher con cen tra tions of CHX [7]. Etch ing
of den tin re leases a large quan tity of cal cium salts, which
in TE tech nique are flushed out, while in the SE tech nique
they are in cor po rated into primer and ad he sive layer.
Stud ies have shown that the in hibi tory prop er ties of
CHX- low- concentration- solutions on MMPs can thus be
re duced as a re sult of dis place ment of zinc ions by cal -
cium ions [7,8].

CHX has strong an ti bac te rial prop er ties and as an elec -
tri cally positive- charged mole cule has an af fin ity to
negative- charged mole cules of bac te rial cell mem brane.
This in ter ac tion in creases the per me abil ity of bac te rial
cell mem branes, which leads to pene tra tion of de struc tive
agents into the cy to plasm re sult ing in the ul ti mate death of 
the mi cro or gan ism [5,20]. The stud ies car ried out by Cha -
haron et al. in di cated that the use of 2% CHX has no ef fect 
on the shear bond strength of two- step and one- step self-
 etching ad he sive res ins [5]. Meas ure ments were per -
formed 24 hours af ter set ting a fill ing with the use of
ad di tional pro ce dure of rub bing into the tooth tis sue a pre -
pa ra tion Cav ity Cleanser™. Fur ther in ves ti ga tions are
war ranted to evalu ate if this ad di tional pro ce dure will be
bene fi cial af ter 6 or 12 months. 

Al though CHX binds to dem in er al ized den tin elec tro -
stati cally, there is no co va lent bond ing and it is prob able
that such an in hibi tor may reach hy brid layer form over
the course of 1 to 2 years and will only de lay but not stop
col la gen deg ra da tion. More in ves ti ga tions should be per -
formed in this field [18].

An ex am ple of a for mu la tion con tain ing 2% so lu tion of 
chlor hexidine is Cav ity Cleanser™ (BISCO Inc., Schaum-
burg, IL, USA). As in di ca tions - the manu fac turer men -
tions clean ing and mois ten ing. In struc tions for use are
dif fer ent for TE tech nique and SE tech nique. In etch- and-
 rinse tech nique it is rec om mended to etch (for 15 sec -
onds), rinse and dry the sur face of a cav ity, leav ing it
non- desiccated (it should be damp and glossy). Then Cav -
ity Cleanser™ is ap plied us ing a brush or foam pel let. The 
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pud dled so lu tion has to be re moved with a new foam pel -
let, leav ing the sur face slightly moist. The next step is
ap pli ca tion of ad he sive, ac cord ing to manu fac tur er’s in -
struc tions. If self- etch ad he sive sys tem is used, ap pli ca tion
of Cav ity Cleanser™ on non- etched, rinsed and dried sur -
face, is fol lowed by ap pli ca tion of  the ad he sive [27]. 

De spite the in tro duc tion of ad di tional pro ce dure in the
form of dis in fec tion of the cav ity us ing chlor hexidine and
ex tend by this the valu able chair- time, the fact of pre vent -
ing mi cro leak age and sec on dary car ies seems to be
con vinc ing. Time will tell whether com mer ciali za tion and 
fi nan cial vi abil ity analy sis does not move away pro duc ers 
from mak ing every ef fort to en sure that their ma te ri als are
the best. This can be achieved for ex am ple by the ad di tion
of zinc ions to the bonds prim ers in or der to pro tect the hy -
brid layer against the ef fects of met al lo pro te inases, or by
en rich ing them with MMP in hibi tors, such as chlor -
hexidine. Fur ther de tailed stud ies must be car ried out in
this area.
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