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Introduction

Most of the studies carried out in adhesive den-
tistry in recent years have aimed to simplify the
clinical procedures (1).
The modern adhesive techniques provide for a re-
duction in the number of steps during the applica-
tion of the adhesive: these allow, in addition to
simplification, a reduction of working time and
make the process less operator-dependent (2).
Despite the countless studies and the discovery
of new and more versatile materials, adhesive
interface still remains the weak point of the
tooth-restoration complex. One of the most im-
portant factors that determine the stability in
time of restoration is the hybrid layer, that is in-
fluenced by nanoleakage, dentin microperme-

ability and degradation of metalloproteinases
(MMPs). All these factors contribute to the de-
generation of the hybrid layer and the failure of
the restoration (1, 2).
After dentin bonding with resins collagen fibrils
are exposed at the bottom of the hybrid layer
owing to imperfect resin impregnation of the
demineralized dentin matrix. Exposed collagen
fibrils might be affected by MMPs inducing hy-
drolytic degradation, which might result in re-
duced bond strength (3).
To perform a systematic review of the literature
have been chosen initially the basic parameters,
the criteria of inclusion and exclusion that each
item should have respected in order to be con-
sidered proportionate to the objectives of this re-
search. These parameters and criteria have been
chosen choosing as a guide the most important
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SUMMARY
Objectives. The work has the objective to analyze the literature on the degradation of the adhesive interface. In particu-

lar the study is focused on the role of the metalloproteinase in the hydrolytic degradation of collagen matrix in the bonded

interface. The survey will concern also the latest innovations to improve and increase the link between dentin and the

restorative materials through the MMPs inhibitors.
Methods. The research has been carried out in the MEDLINE database by choosing keywords as “metalloproteinases”

and “dentin bond” and “degradation”. In vitro studies were included in the research, excluding studies with no human and

deciduous teeth. Language was limited to English.
Results. The collagenolytic enzymes in mineralized dentin have been demonstrated to have an important role in dental

hard tissue pathologies, including the degradation of the hybrid layer.
Conclusion. The preservation of the collagen matrix integrity is a key issue in the attempts to improve the dentin bond-

ing durability.
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reviews of the literature on the subject of host
derived metalloproteinases. The research has
been carried out in the MEDLINE database by
choosing keywords as “metalloproteinases” and
“dentin bond” and “degradation”, placing within
the limits of the research all the criteria of inclu-
sion and exclusion previously selected. Only
jobs performed in vitro and on human and per-
manent teeth has been considered, eliminating
all those articles relating to animal experiments.
The selected language has been limited to Eng-
lish to ensure a proper understanding of the text.

Collagenolytic activity
of dentine: the matrix
metalloproteinases

The MMPs are a class of zinc and calcium de-
pendent endopeptidases, which are trapped with-
in the mineralized dentin matrix during tooth de-
velopment. The release and subsequent activa-
tion of these endogenous enzymes during dental
restorative procedures are believed to be respon-
sible of the dentin-adhesive bonding failure (4,
5). In fact it was observed in an in vitro study the
thinning and the disappearance of collagen fib-

rils from not fully infiltrated hybrid layers after
dentin treatment with adhesive (6). Despite the
different adhesive procedures, the result is often
an incomplete hybridization of the dentin sur-
face, so the collagen fibrils remain unprotected
from factors promoting hydrolytic degradation,
as the residual solvent of the adhesive or the wa-
ter not removed from the dentin surface (7).
Recent studies have revealed the contribution of
host protease in the degradation of matrix collagen
in the pathogenesis of dentin caries and periodontal
disease, with potential implications in dentine bond
interface (8, 9). The nanoleakage may also occur in
the absence of gaps along the adhesive dentin in-
terface, this suggests that the degradation of not ful-
ly infiltrated dentin by host proteinases may pro-
ceed in absence of bacterial enzymes (10). The ma-
trix of etched dentin may be slowly degraded over
time by proteolytic enzymes derived from dentine
itself, in the absence of bacteria (11). Pashley et al.
have showed that intrinsic collagenolytic activity in
human mineralized dentin can be inhibited by spe-
cific inhibitors of proteases (12).
The presence of collagenolytic and gelatinolytic
activity in partially demineralized dentin is an in-
direct evidence of the existence of matrix metal-
loproteinases (MMP) in human dentin (Tab. 1)
(13); in fact, the presence of gelatinases (MMP-2

Table 1 - List of known MMPs and their substrates (from Lynch and Matrisian, 2002).

MMP Alternative name ECM substrate Non-matrix substrates

MMP-1 Collagenase-1 Collagen I/II/III/VII/X/XI, gelatin, entactin, Perlecan, IGFBP-2/3, ProTNF-a, a1-AC, 

aggrecan, fibronectin, laminin, tenascin, a2-MG, a1-PI

vitronectin

MMP-2 Gelatinase A Collagen I/III/IV/V/VII/X/XI, tenascin decorin, TGF-b, TGF-b2, IL-1b, MCP-3, SDF-1, 

gelatin, elastin, fibronectin, laminin, IGFBP-3/5, TNF-a, FGF-R1, a1-AC, a1-PI

aggrecan, vitronectin

MMP-3 Stromelysin-1 Collagen III/IV/V/VII/IX/X/XI, elastin, laminin, Perlecan, HB-EGF, IL-1b, plasminogen, 

fibronectin, gelatin, aggrecan entactin, E-cadherin, IGFBP-3, TNF-a, a1-AC, 

decorin, tenascin, vitronectin a2-MG, a1-PI

MMP-7 Matrilysin Collagen I/IV, aggrecan, laminin, fibronectin, FASL, b4 integrin, E-cadherin, HB-EGF, 

gelatin, entactin, decorin, elastin, tenascin, plasminogen, TNF-a, a1-PI

vitronectin

To be continued �
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Continued from Table 1

MMP-8 Collagenase-2 Collagen I/II/III, aggrecan  a2-MG, a1-PI

MMP-9 Gelatinase B Collagen IV/V/XI/XIV, decorin, gelatin, TGF-b2, IL-1b, TNF-a, IL-2Ra, 

elastin, laminin, aggrecan, vitronectin plasminogen, a1-AC, a2-MG, a1-PI

MMP-10 Stromelysin-2 Collagen III/IV/V, aggrecan, elastin, laminin, ND

fibronectin, gelatin

MMP-11 Stromelysin-3 ND IGFBP-1, a2-MG, a1-PI

MMP-12 Metalloelastase Collagen I/IV, aggrecan, decorin, gelatin, Plasminogen, a2-MG, a1-PI

elastin, fibronectin, laminin, vitronectin, entactin

MMP-13 Collagenase-3 Collagen I/II/III/VI/IX/X/XIV, gelatin, a2-MG

fibronectin, aggrecan

MMP-14 MT1-MMP Collagen I/II/III, gelatin, fibronectin, laminin, CD44, transglutaminase, a2-MG, a1-PI

entactin, vitronectin, aggrecan

MMP-15 MT2-MMP Aggrecan, entactin, fibronectin, laminin, Transglutaminase

tenascin

MMP-16 MT3-MMP Collagen III, fibronectin, gelatin Transglutaminase

MMP-17 MT4-MMP Gelatin a2-MG, TNF-a

MMP-18 Collagenase-4 Collagen I ND

(Xenopus)

MMP-19 RASI Collagen I/IV, fibronectin, gelatin, tenascin, ND

laminin, aggrecan, entactin, COMP

MMP-20 Enamelysin Collagen X VIII, aggrecan, amelogenin, ND

COMP

MMP-21 XMMP (Xenopus) No known substrates ND

MMP-22 CMMP (chicken) Gelatin ND

MMP-23 CA-MMP (cysteine ND ND

array MMP)

MMP-24 MT5-MMP Collagen I, gelatin, fibronectin, laminin ND

MMP-25 MT6-MMP Collagen IV, gelatin, fibronectin ND

MMP-26 Matrilysin-2 Collagen IV, fibronectin, gelatin a1-PI

MMP-27 Endometase ND ND

MMP-28 Epilysin ND ND

and MMP-9), collagenase (MMP-8) and enam-
elysine (MMP-20) and in demineralized dentin
has been demonstrated through zymography and
Western blotting techniques (14-17).

Recently has been discovery cysteine cathepsins
in normal and carious dentin (18-20). Cysteine
cathepsins are papain-like endopeptidases that
participate in intracellular proteolysis within the
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lysosomal compartments of living cells (21).
These endogenous enzymes are latent forms of
MMPs (pro-MMPs) via the cysteine-switch
mechanism that exposes the catalytic domain of
these enzymes that were blocked by pro-pep-
tides (22). Cathepsins are responsible for the di-
gestion of collagen fibrils exposed at the adhe-
sive interface (22, 23).
The collagen degradation occurs at the bottom
of hybrid layer and was also observed in vivo

studies (24). Unfortunately, it was not yet es-
tablished a relationship between the different
etch&rinse techniques and the degradation of
dentin hybrid layers. Presumably, the dentin
conditioning with phosphoric acid could inhib-
it the MMPs that are entrapped in the mineral-
ized dentin. In fact Mazzoni et al. observed the
potential role of dentin adhesives in proteoly-
sis activation using a modelling approach in
which the relative dentin proteolytic activities
were quantified before and after the sequential
application of orthophosphoric acid and total-
etch adhesive. The total-etch adhesives can ac-
tivate dentin MMPs that have been previously
neutralized by orthophosphoric acid etchant
(11, 25).
The gelatinolytic and collagenolytic activity of
dentin can be neutralized from MMPs inhibitors,
in fact to reduce the aging of bonding interfaces
and to increase the stability of the hybrid layer,
the protease inhibitors as additional primers
might be recommended (25, 26).

MMPs inhibitors

Chlorhexidine (CHX)

Chlorhexidine (Fig. 1) is now used in adhesive
dentistry as an inhibitor of MMPs (27); this
chemoterapeutic agent is commonly used in Pe-
riodontology as antiseptic agent in mouthrinse
(28, 29). CHX is the first candidate to be test-
ed in attempts to inhibit collagenolytic en-
zymes in dentin (30, 31). CHX had been
demonstrated to effectively inhibit MMP-2, -9

and -8 (32). CHX, applied on etched human
dentin, has MMPs inhibitory properties: its ca-
pacity leads to the protection of the integrity of
the hybrid layer collagen after application of
the etch & rinse adhesive, confirming the indi-
rect involvement of MMPs in the degradation
of collagen (33). The effective concentrations
have varied between 0.002% and 4%, 0.2% and
2%. The best concentration common used is the
2% (23).
The application of chlorhexidine improves the
integrity of the hybrid layer achieving the com-
plete inhibition of the proteolytic enzymes (25,
34). In fact, when phosphoric acid is applied
without the subsequent application of chlorhex-
idine, the collagenolytic activity of mineralized
dentin is not inhibited, while the use of CHX af-
ter dentin etching strongly inhibited this activi-
ty (33). This is asserted in study in which are
compared the effect of the application of a total-
etch adhesive, the Adper Scotchbond 1XT
(SB1XT), with and without 0,2-2% CHX pre-
treatment for 30s on the etched surface Zymo-
grams showed that application of SB1XT to hu-
man dentin powder increases MMP-2 activity,
while CHX pre-treatment inhibited all dentin
gelatinolytic activity, irrespective from the test-
ed concentration. CHX significantly lowered
the loss of bond strength and nanoleakage seen

Figure 1

Chemical structure of chlorhexidine.
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in acid-etched resin-bonded dentin artificially
aged for 2 years (35).
For etch-and-rinse adhesives, CHX may be ap-
plied to the demineralized dentin directly or in-
corporated into an acid conditioner prior to the
application of adhesives, which has been
shown to be effective for reducing degradation
of resin-dentin bonds after in vivo aging (26,
36, 37).
Recently, Scaffa et al. discovered the power of
chlorhexidine to inhibit cysteine cathepsins
which may also contribute to its effect on pre-
serving hybrid layer collagen (19).

EDTA

EDTA (ethylenediaminetetraacetic acid) (Fig. 2)
is an endodontic chelant with the capacity to in-
activate endogenous MMP activity in human
dentin (30). In fact, Thompson et al. measured
the MMPs activity of dentin demineralized
beams with phosphoric acid, which also activat-
ed endogenous MMPs, and divided into 4 ex-
perimental groups on the basis of exposure time
to 17% EDTA (0, 1, 2, or 5 minutes). The study
asserted that 17% EDTA significantly inhibits
endogenous MMP activity of human dentin
within 1-2 minutes. This might minimize hybrid
layer degradation after resin bonding proce-
dures (38).

Carbodiimide

Carbodiimide (1-Ethyl-3-[3-dimethylamino propyl]
carbodiimide Hydrochloride, or EDC) (Fig. 3) is a
stable cyanamide isomer. The EDC is able to im-
prove the stability of the dentine bondin thanks to
its cross-linking capacity. Its mechanism of colla-
gen cross-linking involves the activation of the
carboxylic acid groups of glutamic and aspartic
acid residues (39). The EDC has great potential to
enhance the stability of the interface, most likely
due to increased mechanical properties of the
dentin matrix and slower degradation rates of col-
lagen (40, 41). So it is possible to assert that EDC
can produce long-term inactivation of MMPs in
acid-etched dentin matrices contributing to bond
strength preservation over time. As assayed with
the zymography the EDC pretreatment inhibited
dentin endogenous MMPs.

Chitosan

Chitosan (Fig. 4) is a natural polysaccharide
biopolymer composed by β-(1-4)-linked D-glu-
cosamine (deacetylated unit) and N-acetyl-D-glu-
cosamine (acetylated unit). Chitosan owns anti-
bacterial property related partly to the interaction
between positively charged chitosan and negative-
ly charged bacterial cell surface that would de-
crease bacterial cell permeability, resulting in cell
death (42). The modification of the bonding sub-

Figure 2

Chemical structure of EDTA (ethylenediaminetetraacetic acid).

Figure 3

Chemical structure of EDC.
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strate with chitosan and riboflavin increases the
mechanical properties, enhanced the mechanical
stability of demineralized dentin substrates against
hydrolytic and collagenolytic degradation of the
MMPs. The gradual increase in chitosan contents
permits a major obliteration of interfibrillar-spaces
that might adversely affect bonding to dentin (43).

ZnO

Synthetic peptidomimetic inhibitors with zinc
chelator properties can be used to inhibit the active
site of the catalytic domain, thus inhibiting the ac-
tivity of MMPs (44). Addition of ZnO particles to
dental adhesives produced a minor dentine colla-
gen degradation and an increasing of resin-dentine
bonds durability: so it is possible to preserve the
adhesives bonding efficacy overtime (45).

Tetracyclines

Tetracyclines are antibiotics commonly used in
the treatment of periodontitis. Tetracyclines and
their semisynthetic forms, doxicycline (DO)
(Fig. 5), have the ability to inhibit MMPs colla-
gen degradation activity (46, 47). The dentin
surface pre-treatment, after the etching proce-
dures, with an aqueous solutions of 2% doxycy-

cline can inhibit collagenases and gelatinases,
determining an improvement of dental bonding.
DO cannot be used with acetone based adhesive
systems, because lower bond strength values as
well as higher silver nitrate penetration were ob-
served within the hybrid layer. Also the deriva-
tives and chemically modified analogs (chemi-
cally modified tetracyclines, CMTs) showed the
potential to inhibit the collagenolytic degrada-
tion of the MMPs (48). The most potent CMTs
against collagenases is CMT-3 (aka Metastat,
COL-3) but it is also effective against gelatinas-
es, and is particularly effective in inhibiting
MMPs in dentinal caries lesions (10).

Galardin

Galardin (Fig. 6) is a synthetic MMPs inhibitor
(49, 50). Galardin has a collagen-like backbone
and a hydroxamate structure (R-CO-NH-OH)
which chelates the zinc-ion located in the cat-
alytic domain of MMPs. The bonding surface
treated with 0.2 mM galardin water solution
showed a slowed decline of bond strength and
reduced the amount of nanoleakage, but it did
not completely block these phenomena (49).

Proanthocyanidins

It has also been discovered that proanthocyani-
dins (PA) (Fig. 7), a grape seed extract, has the

Figure 4

Chemical structure of chitosan.

Figure 5

Chemical structure of doxicicline.
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ability to inhibit MMP proteolytic activities. PA
has the ability to enhance the resistance to colla-
gen biodegradation and lead to a better conserva-
tion of the hybrid layer after enzymatic degrada-
tion compared to the pure model adhesive (51,
52). PA can effectively cross-link collagen and
improve its biological stability in time periods as
short as 10s. The use of PA pre-treatment in the
demineralized dentin is clinically feasible and is

a promising approach to improving the durabili-
ty of current dentin bonding systems (52).

Conclusion

The dentin adhesive procedures have undergone
revolutionary changes in recent decades. Despite
the countless studies and the discovery of new
more versatile materials, even today, the adhesive
interface remains the weak point of the adhesive
tooth-restoration complex. Unfortunately, it is also
the most vulnerable part of the restoration, because
it is influenced by nanolekeage, micropermeability
and by the degradation of metalloproteases. The
gelatinolytic and collagenolytic activity of dentin
can be neutralized from protease inhibitors, which
means that inhibition of MMPs could preserve the
integrity of the hybrid layer. A partial solution to
the problem of hybrid layer deterioration may be
the incorporation of appropriate MMPs inhibitors
into adhesive bonding systems (25). Water sorption
of adhesive interfaces most likely remains the prin-
cipal mechanism of bond degradation, while en-
dogenous enzymes appear to contribute to bond
degradation of only total etch adhesives (30).
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