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1 | INTRODUCTION
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Abstract

To discuss the effectiveness of chlorhexidine (CHX) used as therapeutic dentin
primer in adhesively bonded composite restorations.

Overview: An electronic search in MEDLINE database, accessed through PubMed
was conducted. No restrictions of languages and date of publication were made. The
following key words were used: “chlorhexidine”, “composite” and “composite resins.”
Clinical studies in which CHX was used during bonding procedures were included in
this review. Six studies met the inclusion criteria. Of these, five studies were carried
out on noncarious cervical lesions (NCCL). Only one study was carried out on class Il
preparation of permanent molars. In all studies, either etch-and-rinse and self-etch
adhesive systems were used during bonding procedures. On the basis of the
reviewed clinical trials, it can be concluded that CHX primer application does not
seem to influence clinical outcome of composite restorations.

Clinical significance: Current scientific evidence cannot neither strongly recom-
mend nor discourage the application of CHX as therapeutic primer in composite
restorations. Studies with longer follow-up periods with adhesive restorations
placed on dentin after caries removal, rather than only on NCCL, are desirable
to further investigate the therapeutic effect of CHX during bonding

procedures.
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dentin adhesive systems have been proposed over time with the

intent to simplify clinical procedures, limit operator mismanagement

Recent advances in dental materials made resin composites the
materials of choice for the restoration of caries-affected teeth,
exhibiting enhanced mechanical properties and improved esthetic
behavior.! Resin composites rely on the application of adhesive sys-
tems to establish a reliable interaction with dentin, through the for-
mation of the hybrid layer (HL) - a structure that is composed of

demineralized collagen fibrils reinforced by resin matrix.2 Different

and improve bond durability of the restorations.> However, regard-
less of the adhesive strategy employed, HL remains the weakest
portion within the adhesive-dentin interface, impacting the progno-
sis of the restoration. Secondary caries, in fact, is more likely to
occur because of degradation of HL components, being responsible
for failures of resin composite restorations, in particular in the pos-

terior region of the mouth.

J Esthet Restor Dent. 2021;33:69-77.

wileyonlinelibrary.com/journal/jerd

© 2020 Wiley Periodicals LLC | 69


https://orcid.org/0000-0001-7621-226X
mailto:lorenzo.breschi@unibo.it
http://wileyonlinelibrary.com/journal/jerd

© | WILEY

JOSIC ET AL.

The key to successful and long term bonding lies in the stability
and integrity of collagen fibrils within the HL.* The application of
adhesives, however, result in incomplete hybridization of the dentin
substrate, leaving behind unprotected collagen fibrils surrounded by
water, that are prone to hydrolytic degradation.® In such a setting,
endogenous dentinal enzymes degrade denuded collagen fibrils, con-
tributing to the weakening of the adhesive joint between resin mate-
rial and dentin and to the loss of bond strength over time.*> The most
prominent groups of endogenous enzymes are matrix
metalloproteinases (MMPs) and cysteine cathepsins.

MMPs are Zn?* and Ca?* dependent endogenous proteases that
play an important role during dentin maturation, but they become
trapped and inactive after the collagen matrix becomes mineralized.”®
Attention has been focused on investigating the mechanism underly-
ing the MMP-2 and MMP-9-mediated degradation of the HL. Briefly,
both MMPs are present in latent forms in mature, sound mineralized
human teeth. When the matrix is demineralized, these MMPs are acti-
vated.? Furthermore, during restorative procedures, MMPs of the col-
lagen matrix are exposed and can become active regardless of the
adhesive strategy applied (etch-and-rinse or self-etch), gradually lead-
ing to the loss of HL integrity.X® Hence, inhibition of collagenolytic
enzymes has been proposed as a strategy to reduce HL degradation
with consequent enhanced adhesive interface stability and increased
composite restoration longevity.®

For these purposes, several solutions have been proposed, used as
separate step (Figures 1) or directly blended to bonding systems constit-
uents (etchant, primer or bonding).® Among them, the most studied
MMPs inhibitor was chlorhexidine (CHX) which, apart from having anti-
microbial effect, increased the longevity of HL in in vitro studies.**** |t
has been observed recently that CHX could remain active within the
HL even after 10 years of storage in artificial saliva, while preserving its
MMPs inhibitory effects (Figures 2, 3, reprinted with permission from
Breschi et al. Dent Mater. 2020 May;36 (5):672-680).1°

In an attempt to increase the longevity of adhesive restorations
and reduce the annual failure rates, the application of CHX as an addi-
tional therapeutic primer prior to bonding procedures has been inves-
tigated in clinical studies. Accordingly, this review aimed at giving an
overview of clinical trials that evaluated the effects of CHX prior the

application of adhesively-bonded restorations. The potential clinical

benefits of using CHX as an additional therapeutic agent will be criti-
cally discussed.

2 | MATERIALS AND METHODS

21 | Search strategy

An electronic search with no language nor date restrictions was con-
ducted in the MEDLINE database, accessed through PubMed (www.
ncbi.nim.nih.gov/pubmed). The following main keywords were used:
“chlorhexidine”, “composite” and “composite resins.” Additionally,
further manual search was performed: the list of references of the ini-
tially retrieved articles was screened and websites of the relevant

journals were explored.

2.2 | Inclusion criteria

The present review focused only on clinical trials where CHX was
used prior to placing adhesive restorations. Only articles in which
adhesive systems and composite materials were used as restorative
approach were included. No restrictions were placed on the type of
adhesive system (etch-and-rinse, self-etch or universal systems) used
for bonding procedures before composite materials layering.

2.3 | Exclusion criteria

In vitro studies, case reports, abstracts from conferences, clinical stud-
ies in which glass ionomer cements with atraumatic restorative treat-
ment (ART) had been investigated and clinical studies where CHX had
been used as a mouth rinse solution were not included in the present
review.

The search strategy and the selection process were carried out by
two investigators, independently from each other. The last search was
conducted on 28 September 2020. After screening of the titles and
the abstracts, full texts of all reviewed articles were obtained and

carefully read.

FIGURE 1

(A) Secondary caries and failing composite restoration on mandibular second premolar (B) Rubber dam isolation and prepared class
Il cavity (C) Selective enamel etching with phosphoric acid (D) Application of 2% aqueous CHX solution (E) Application of one-step self-etch
adhesive system (F) Finalized class Il composite restoration on second mandibular premolar
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Resin-dentin interfaces incubated with quenched fluorescein-labeled gelatin. (A) Image acquired in the green channel, showing

fluorescence (identifying intense endogenous enzymatic activity) in dentinal tubules and within the HL created with SB1XT without CHX pre-
treatment at TO; (B) Image of SB1XT without CHX pretreatment, obtained by merging the differential interference contrast (DIC) image (showing
optical density of the resin-dentin interface) and the image acquired in the green channel; (C) Image acquired in green channel of the HL created
by the application of SB1XT to acid-etched dentin with CHX pre-treatment at TO, showing lower level of fluorescence; (D) Image of HL created
with SB1XT without CHX pre-treatment obtained by merging the DIC image and image acquired in the green channel at TO; (E) Image acquired in
green channel, showing fluorescence in the HL created with SB1XT without CHX pre-treatment at T10-yr; (F) Image of SB1XT with CHX pre-
treatment at T10-yr, obtained by merging the DIC image and image acquired in green channel; (G) Image acquired in green channel of the HL
created by the application of SB1XT to acid-etched dentin with CHX pre-treatment at T10-yr showing lower level of fluorescence compared to
the control group; (H) Image of HL created with SB1XT with CHX pre-treatment obtained by merging the DIC image and image acquired in the
green channel at T10-yr; SB1XT: Adper Scotchbond 1 XT; CHX: chlorhexidine D: dentin; HL: hybrid layer; R: resin composite

3 | RESULTS

On the basis of the previously stated inclusion and exclusion criteria,
six articles were selected for the present literature review. 162!

Five out of six clinical studies (5/6) evaluated the effect of CHX
on composite restorations placed in noncaries cervical lesions
(NCCL).16-182021 The details of these studies are presented in
Table 1. One study evaluated the effect of CHX on postoperative sen-
sitivity in class Il posterior composite restorations after removal of
caries (data not shown in the table).*?

The results of the studies included in this review are divided into
the following sections: (a) primary outcome: retention and survival
rates of the restorations; (b) secondary outcomes: marginal adaption,

marginal staining, postoperative sensitivity and recurrence of caries.

3.1 | Retention and survival rates of the
restorations

For the evaluation of clinical performances of adhesively placed com-

5161721 or FDI criterial®?°

posite restorations, either modified USPH
were used in the studies. The follow-up periods varied from 6,20 18,17

24,%6 up to 36 months. '8!

Two-steps etch-and-rinse adhesives were the most used bonding
systems among the screened articles, followed by self-etch systems
(one-step and two-step, respectively). The studies in which two-step
etch-and-rinse adhesive systems were used (5/6) reported that the
application of CHX after dentin etching with phosphoric acid did not
influence the retention rate of the restorations after the observed
period of time (6, 18, 24 or 36 months of follow-up, respec-
tively).17182021 gimjlarly, CHX did not improve the retention rates of
composite restorations placed with either two-step or one-step self-
etch adhesive systems. The retention rates for 6- and 18-months fol-
low up periods were high and varied from 96%-100%, depending on
the group.!” One study sought to incorporate CHX into the primer of
two-step self-etch adhesives with the aim to increase the longevity of
the restorations. However, after 2 years of clinical evaluation, it was
concluded that the addition of CHX to these adhesives did not signifi-
cantly improve their retention rates to NCCL. The selection of the
adhesive system, rather than the incorporation of CHX into their for-
mulations, was considered more crucial in determining the study
results, where Clearfil SE Bond (CSE, Kuraray, Osaka, Japan) per-
formed significantly better than AdheSE (ADS, Ivoclar Vivadent,
Schaan, Liechtenstein) in the same experimental conditions. After
2 years, a significant reduction of the retention rates was observed
for both ADS and ADS/CHX groups compared to the baseline.'®
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FIGURE 3 Transmission electron microscopy images of the resin-dentin interface. Specimens were completely demineralized and sections
were stained intact after 10 years of water storage. Upper row: specimens bonded without a CHX-containing separate primer (SB1XT). Lower
row: specimens bonded with the application of a CHX-containing separate primer (CHX + SB1XT). Bar widths (a) 1 pm; (b) 500 nm; (c) 500 nm;
(d) 1 pm; (e) 500 nm (f) 200 nm. Abbreviations H: hybrid layer; A: adhesive; C: resin composite; D: intertubular dentin; T: dentinal tubule;
Symbols - Asterisk: collagen fibrils within the hybrid layer that degraded completely (A) or partially (D); Black arrows: a thin layer of collagen that
remained at the top (B) and bottom (C) of the partially-degraded hybrid layers; Open arrowheads: (E) polyalkenoic acid copolymer component of

the adhesive, (F) the open arrowheads represent a high magnification of the asterisked region in Figure d where in the collagen fibrils have

unraveled and degraded into microfibrils

One study indicated cavity configuration as a further factor in
influencing the potential retention of the restorative materials:
wedge-shaped cavities failed more than the saucer-shaped cavities,
while deeper and wider cavities failed more than shallow and narrow
ones.?° Contrary to this finding, in another study it was observed that
the cavity configuration did not necessarily influence the retention of
restorations.*® In this case, the margin location was relevant to the
achievement of the results, with margin restorations located sub-
gingivally failing more than those situated at the gingival or

supragingival levels.'®

3.2 | Marginal adaption, marginal staining,
postoperative sensitivity and recurrence of caries

Modified USPHS and FDI criteria were also used for the evaluation of
secondary clinical outcomes of the restorations. Similarly, to the previ-

ous evaluation procedures, the operators involved in this process

were unaware of the treatment protocol thus allowing blinded evalua-
tion of the clinical performance. When compared to the control
groups, the application of CHX during bonding procedures seemed to
have no impact on the observed parameters.t6-182%21 Marginal adap-
tation was seen to deteriorate over time, but no significant differ-
ences were observed between the tested groups.'” Marginal staining
increased for both Clearfil SE and Clearfil SE + CHX groups after
2 years of clinical service, when compared to the baseline.® Recur-
rence of caries was not detected in any of the included studies.6"2°
Only one randomized clinical study reported on postoperative
sensitivity as the main outcome.? In this study, the effects on postop-
erative sensitivity of CHX application in class Il posterior composite
restorations after caries removal with rotary instruments was evalu-
ated. It was conducted as double-blind research, and consisted of two
groups: (a) control group where no CHX was used and (b) CHX group
in which 2% CHX solution was applied for 60 s on dentin surface after
it had been previously etched by phosphoric acid and a two-step
etch-and-rinse adhesive was applied. Lower postoperative sensitivity
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was referred by patients with CHX pretreatment 24 h after the place-
ment of the restorations. However, this perception gradually
decreased in all patients and no further sensitivity was reported in
neither of the groups after 7 days following the restorative

procedures.*?

4 | DISCUSSION

The present study aimed to revise the available literature on the
effectiveness of CHX pre-treatment on the clinical performances of
adhesive restorations. Six clinical studies published from 2013-2017
with follow-up times 6-36 months were included in the present
review. The majority (4 out of 6) were randomized clinical studies
(RCT)*18-20 4nd jnvolved class V NCCL restorations. 6182021 The
studies reported no differences in retention and survival rates of the
restorations or marginal adaption and staining, postoperative sensitiv-
ity and recurrence of caries between the control and experimental
groups.

Another recent study, that was not included into the results of
this review due to its study regimen (a combination of in vitro and
in vivo evaluations), investigated the use of a CHX solution in combi-
nation with different etch-and-rinse and self-etch bonding systems.??
For this purpose, class | composite restorations were placed in vivo on
third molars, which had been designated for extraction. For each
adhesive applied, one tooth was treated with 2% CHX solution, while
the contralateral tooth was left untreated and served as the control
group. The teeth were extracted either after 24 h or after 6 months of
the placement of the restoration and processed for the microtensile
bond-strength test. Interestingly, the authors concluded that CHX
application before adhesive systems caused lower immediate bond-
strength values when compared to the control group. However,
CHX-treated groups vyielded higher bond-strength values in aged
specimens, thus highlighting the time-dependent task of CHX on pro-
tection and preservation of bonding over time.

Further, two systematic reviews with meta-analyses estimated
the influence of CHX on adhesively placed composite restora-
tions.2®24 These papers focused on extracting and interpreting data
from in vitro studies in which the inhibitory MMPs effect of CHX was
evaluated based on values obtained from microtensile bond-strength
tests. The meta-analyses revealed that CHX application on
demineralized dentin did not have a significant influence on immedi-
ate bond-strength values. However, the beneficial effect of CHX on
resin-based restorations became evident in the function of time, since
significantly higher mean bond-strength values were observed in
groups where CHX was used between phosphoric acid etching step
and adhesive application. The reported differences in microtensile
bond-strengths between CHX and control groups were 5.02 MPa,
6.2 MPa and 10.52 MPa for 6, 12 and 24 months, respectively.?®
These values were calculated by the authors of the meta-analyses,
based on the data from the available in vitro studies, and it was specu-
lated that the effect of CHX on bond-strength is time-dependent. In
order to confirm the time-dependent attribute of the inhibitory effect

of CHX, the authors ran further subgroup analyses, which demon-
strated that the adhesive system did not influence microtensile bond-
strength. However, it should be pointed out that this meta-analysis?®
only considered different brands of etch-and-rinse adhesives and no
self-etch adhesive systems were included.

With the attempt to inhibit endogenous dentinal enzymatic activ-
ity and therefore improve bond durability of resin-based restorations,
CHX can be used in different modes in clinical settings: (a) as a sepa-

17,18,20,21

rate aqueous primer as shown in Figure 1; (b) blended within

the primer of two-step self-etch adhesive systems,® or
(c) incorporated into adhesives.?® It has long been known that CHX
has a direct inhibitory effect against MMP-2,-8 and — 9, with MMP-2
being more sensitive than MMP-8 and -9.2¢ Although CHX has been
widely investigated in in vitro and clinical studies, the mechanism
responsible for its MMPs inhibiting property has not yet been entirely
elucidated. The proposed mechanism of action involves a chelating
mechanism, since CHX is capable of removing zinc and calcium ions
which are necessary for the activity of MMPs, but it can also react
with catalytic sites within MMPs.2” Although the mechanism of
MMPs inhibition by CHX is thought to be purely electrostatic and
therefore reversible, CHX has a high substantivity to dentin, both min-

d?® In the clinical

eralized and demineralize settings, after
orthophosphoric acid etching (three-step or two-step etch-and-rinse
strategy) or priming (two-step self-etch strategy), dentin remain par-
tially demineralized, allowing the CHX to exhibit affinity toward the
demineralized as well as the underlying mineralized dentinal tissue.

Etch-and-rinse systems are the oldest adhesives in the evolution
of dentin bonding agents. When supplied in the three-step version,
they involve acid-etching, priming and application of a separate adhe-
sive. In the two-step version, after acid-etching, dentin is simulta-
neously primed and bonded since the hydrophilic primer and the
hydrophobic resin are blended in one solution.?’ Regardless of the
number of steps, when used with etch-and-rinse systems, CHX is usu-
ally applied as 2% aqueous solution after the dentin surface had been
previously etched with 32%-37% phosphoric acid. The separate etch-
ing step removes the smear layer and minerals from the dentin sur-
face, and after the phosphoric acid had been rinsed with water,
exposed collagen fibrils are left behind.2® In this case, dentin can be
considered as partially demineralized, and applying CHX to this kind
of substrate allows it to bind to both collagen matrixes, as well as to
the underlying mineralized matrix.?® Once CHX solution is brushed on
dentin, no water rinsing is expected to be performed, since the bound
CHX could be displaced by the presence of abundant water.3! Rather,
the CHX-impregnated dentin should be immediately covered by the
adhesive system, which, if followed by an adequate polymerization,>?
should promote the incorporation of CHX within the HL over a pro-
longed period of time.

On the other hand, simplified self-etch adhesives do not require
separate etching step with phosphoric acid. They either come as two-
or one-step adhesives, depending whether the self-etching primer and
the adhesive resin are provided separately or combined into one sin-
gle solution.3® Simplified adhesives are composed from acidic mono-

mers that simultaneously condition and prime dentin, through a
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partially dissolved smear layer. Since they do not include a separate
etching step, the initial substrate for one-step self-etch adhesive sys-
tems is mineralized dentin. Compared to partially demineralized
dentin, mineralized dentin contains inorganic phase in the form of
negatively charged hydroxiapatite which are prone to bind posi-
tively charged molecules such those of CHX.2! However, for the
two-step self-etch adhesives, due to the fact that demineralization
is achieved by application of primer that contains acidic mono-
mers, the substrate in this specific case can be considered to be
partially demineralized dentin, with CHX binding mechanisms simi-
lar to the ones previously described for the etch-and-rinse
adhesives.

Even though the in vitro studies reported that CHX had the abil-
ity to preserve bond-strength of composite restorations even after
5 years of artificial aging,2® and to preserve the integrity of the HL
after 10 years of aging,*” all the clinical trials included in this paper
clearly demonstrated that CHX did not affect the retention and sur-
vival rates of composite restorations placed in NCCL. There are sev-
eral possible explanations for these observations. Firstly, the longest

18.21 and this can be considered as

observation period was 36 months,
medium-term clinical trial. Failure of restorations due to HL degrada-
tion may take longer time to manifest, and some authors suggest that
it can take between 5-10 years to observe significant difference
between control and experimental groups,34 Furthermore, there is a
considerable difference between the substrates used in the reported
in vitro and in vivo studies. The in vitro studies that observed a
potential therapeutic effect of CHX were conducted on middle deep
to deep healthy coronal dentin.*>*>35-37 Contrary, the in vivo studies
were mainly developed on NCCL.'6"182921 Even though NCCL are
considered appropriate to test clinical behavior of adhesively placed
restorations since they provide minimal micro-retention,® the bond
durability in NCCL is clearly compromised due to the specific dentin
structure found in these lesions. NCCL are characterized by the pres-
ence of obliterated dentinal tubules with sclerotic casts followed by
hypermineralized layer and bacterial contamination on the lesion's
surface. Interestingly, tensile bond strengths to NCCL were found to
be more than 25% lower than those bonded to cavities created in
normal cervical root dentin.®? It is important to emphasize that the
structure of hypermineralized surface layer, partially mineralized bac-
terial layer and intratubular mineral casts may considerably vary
depending on the region of the NCCL. For instance, thinner hyper-
mineralized layer was observed in gingival and occlusal surfaces,
while apical and deepest part of the wedge-shaped NCCL contained
thicker hypermineralized layer. This means that, when applying an
etch-and-rinse adhesive system to sclerotic dentin, phosphoric acid is
able to partially or even completely dissolve the hypermineralized
layer in gingival and occlusal areas of NCCLs. Consequently, the
thickness of HL formed in these areas is similar to those formed in
sound acid-etched dentin and corresponds to the thickness of
approximately 5 ym. However, the morphology of HL in areas with
massive hypermineralized layer can be unpredictable, and its reported

thickness can be reduced up to 2 uym, with some zones barely

demonstrating traces of HL formation, even after the acid etching
step had been applied.*® On the other hand, the etching pattern of
mild self-etch primers is less effective compared to phosphoric acid,
and it has to be expected that it cannot etch beyond the hyper-
mineralized layer into the sclerotic dentin.*' Even though thickness
of HL is not always directly associated with the highest bond
strengths,*? and high bond strengths can be obtained with minimal
infiltration of resin into root dentin,*® the incorporation of CHX into
HL can clearly be compromised by the diffusion barriers of the NCCL
sclerotic dentin. Consequently, the beneficial effect of CHX on bond
strength preservation observed in most in vitro studies may not be
evident in clinically placed composite restorations in NCCL. It should
also be mentioned that survival rates of composite restorations in
cervical lesions depend on the choice of the adhesive system: resto-
rations placed with three-step etch-and-rinse and two-step self-etch
performed better than those placed with two-step etch-and-rinse
and one-step self-etch systems.**

Furthermore, in a clinical setting, the borders of the cavity prepa-
ration (at least partially also in NCCL) are mainly located into enamel.
Adhesive bonding to enamel is superior compared to bonding to den-
tin due to the differences in the morphology and composition of these
two tooth tissues.*> The enamel contains only 4% of water and
organic matter and the only MMP found in the enamel is enamelysin
(MMP-20).%¢ Hence, the inhibitory effect of CHX would be expected
to be more prominent in dentin, which is a water-rich tissue, prone to
hydrolytic degradation. Therefore, in medium-term clinical studies, it
would probably be impossible to account for the full effect of CHX.
Further studies are warranted to evaluate the influence of CHX thera-
peutic primer when applied on dentin surfaces different from those
found in NCCL to combine the results of in vitro and in vivo studies in
a more realistic perspective.

5 | CONCLUSIONS

Based on the available literature, it can be concluded that, despite
several in vitro findings, currently there is still no evidence that sup-
ports the use of CHX to improve the prognosis of adhesively-bonded
composite restorations. Discrepancies in methodology and conclu-
sions between laboratory and clinical studies were observed, thus
direct correlations are challenging to interpret. Finally, additional ran-
domized controlled clinical trials with longer follow-up periods and
different dentin substrates, rather than only NCCL, are necessary to
investigate the possible beneficial effect of CHX as therapeutic primer

on clinical performance of composite restorations.
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