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TITLE: Do HEMA-free adhesive systems have better clinical performance than HEMA-

containing ones in non-carious cervical lesions? A systematic review and meta-analysis.
1. ABSTRACT

OBJECTIVES: To present a systematic review in order to determine if HEMA-free
adhesive systems have better clinical performance than HEMA-containing ones.
SOURCES: An electronic search was performed in PubMed, The Cochrane Library,
Scopus, Web of Science and Open Grey databases. The search strategy included MeSH
terms, synonyms and keywords with no language or date restriction. A hand search was
performed in the reference lists of included articles.

STUDY SELECTION: Randomized and no randomized controlled clinical trials that
compared the effectiveness of HEMA-free and HEMA-containing adhesive systems in
restorations of NCCL were included. The risk of bias in the included studies was assessed
and classified through the Cochrane Collaboration's common scheme for bias. Data were
subgrouped and heterogeneity was tested via RevMan 5.3.

DATA: A total of 2,769 potentially relevant studies were identified. After title and
abstract examination, 51 studies remained and this number reduced to 25 after
examination of the full-texts, which were included in the qualitative synthesis. Only 13
studies were classified as having a "low risk of bias" and were included in meta-analysis.
No statistical difference was found between the clinical performances of HEMA-free and
HEMA-containing adhesive systems for all parameters analized: retention (p= 0.42),
marginal discoloration (p= 0.25), marginal adaptation (p= 0.34), caries (p= 0.92) or
postoperative sensitivity (p= 0.77), and for overall effect (p= 0.32).

CONCLUSIONS: HEMA-free and HEMA-containing adhesive systems showed similar

good clinical performance in restorations of NCCL.

CLINICAL SIGNIFICANCE: The presence or not of the monomer HEMA does not

influence the clinical performance of the NCCL restoration.

KEYWORDS: Adhesives; systematic review; non-carious cervical lesions; clinical

effectiveness.
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2. INTRODUCTION

Due to the great number of dental adhesive systems on the market, to decide what
product choose is a real challenge. Besides, some of these adhesive materials are
developed or introduced as a modified version onto the market without a clinical
validation [1,2].

It is important to emphasize that there are several components that play important
holes in the adhesive performances, however, 2-hydroxyethyl methacrilate (HEMA)
seems to be the most used and important chemical component [3,4,5]. This monomer
was introduced in the adhesive composition during the 70’s, with the aim of improve the
wettability and diffusion into the demineralized collagen fibrils, due to its high
hydrophilicity [6,7,8]. However, this monomer has some long-term disadvantages. Its
high hydrophilicity promotes, over time, an increased water uptake that results in

hydrolitic degradation of the adhesive interface [5, 9, 10, 11].

For this reason, manufacturers started to develop adhesive systems without this
monomer, the so-called HEMA-free adhesives, to avoid these negative effects of HEMA
[12]. Since then, several studies have been carried out to evaluate the clinical performance
of these adhesive systems. Some studies [2, 12,13] have shown no significant differences
between the clinical performances of HEMA-free and HEMA-containing adhesive
systems. On the other hand, there are other researches [5, 14, 15, 16] that revealed
different clinical performances between these two adhesive systems (HEMA-free and
HEMA-containing). So, the influence of HEMA on the clinical performance of composite

restorations remains controversial.

Therefore, the aim of the present systematic review is to verify whether the
presence of the monomer HEMA in the formulation of adhesive systems influences or

not the clinical performance of non-carious cervical lesion restorations.
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3. MATERIALS AND METHODS:
3.1 Protocol and registration:

This study protocol was registered at the Prospective Register of Systematic
Review (PROSPERO - CRD42016044086) and followed the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement for the report of this systematic review [17].

3.2 Information Sources and Search Strategy

The Medical Subject Headings (MeSH) terms, synonyms and free keywords in
the search strategy were defined based on the following PICOS [18] question:

1. Population (P): adult patients with non-carious cervical lesions (NCCLS).

2. Intervention (I): composite resin restorations placed in NCCLs with HEMA-free
adhesive systems.

3. Comparison (C): Control: composite resin restorations in NCCLs with HEMA-
containing adhesive systems.

4. The outcome (O): clinical performance, however no outcome was used in the search
strategy to maximize it.

5. Study design (S): randomized and no randomized controlled clinical trials.

To identify the articles to be included for this review, an eletronic search was
developed for the following databases: MEDLINE via PubMed, Web of Science, Open
Grey, Scopus and Cochrane Library. No restrictions were placed on the publication date
and languages. A minimum follow-up of one year was required for evaluation. A hand
search was performed and the reference lists of included articles were examined to verify
if there were additional relevant studies that were not found during database searches.

The search strategies were defined appropriately for each database (Table 1).
These search strategies were independently performed by two reviewers (TSPS and
RFCV) to identify eligible studies. Full text versions of all articles that appeared to meet

the inclusion criteria were obtained for further assessment and data extraction.
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3.3 Eligibility criteria

In this review, RCTs and controlled clinical trials comparing the clinical
effectiveness of HEMA-free and HEMA-containing adhesive systems for direct resin
composite restoration in NCCLs placed in permanent dentition of adult patients (male
and female) of any age group were included.

Editorial letters, pilot studies, historical reviews, in vitro studies, cohort,

observational and descriptive studies, such as case reports and case series, were excluded.

3.4 Study selection and data collection process

According to the described search strategy, the selection of the articles was
performed by title and abstract. When articles appeared in more than one database, they
were considered only once. Full text articles were obtained when there was insuficient
information in the title and abstract to make a clear decision. Subsequently two reviewers
classified the articles that met the inclusion criteria. Each eligible study received an 1D,

combining first author and year of publication.

Relevant details about the study design, participants, interventions and outcome
were extracted using customized extraction forms. If there were reports of the same study
with different follow-ups, the extraction of data was performed using data from the last
follow-up. When there was lack of data in the articles, authors were contacted by email

at least five times to request information.

3.5 Risk of bias in individual studies

The Cochrane Collaboration’s tool for assessing risk of bias in RCTs was used by
two independent reviewers in order to perform the quality assessment of the trials. The
assessment criteria contain six items: sequence generation, allocation concealment,
blinding of the outcome assessor, incomplete outcome data, selective outcome reporting,
and other possible sources of bias. Any disagreement between the reviewers during data
selection and quality assessment was solved through discussion, and if necessary, by

referral to a third reviewer (LCM).
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The risk of bias for each domain of the quality assessment was scored following
recommendations as described in the Cochrane Handbook for Systematic Reviews of
Interventions 5.1.0 (http://handbook.cochrane.org). For each entry, the judgement
involved recording “yes”, indicating low risk of bias, “no”, indicating high risk of bias,
and “unclear” indicating either lack of information or uncertainty over the potential for

bias.

At the study level, sequence generation, allocation concealment and blinding of
the outcome assessment were considered the key domains for the assessment of the risk
of bias. To be considered at “low” risk of bias, studies should present adequate key
domains. If the study was considered “unclear” in their key domains, authors were
contacted to obtain more information to permit a definitive judgement of “yes” or “no”.
When one or more of these criteria were classified as “unclear” or at “high” risk of bias,

the study as a whole was considered at high risk of bias.

3.6 Summary measures and synthesis of the results

The extracted data were analyzed using RevMan software (Review Manager v.
5.3, The Cochrane Collaboration; Copenhagen, Denmark). The meta-analyzis was
performed with only the “low risk of bias” studies and was subgrouped according to the
main parameters analyzed (retention (RE), marginal adaptation (MA), marginal
discoloration (MD), caries (CA) and post-operative sensitivity (POS)). Each parameter
and the overall effect (clinical performance) were analyzed.

The data were dichotomized into “acceptable” or “unacceptable”, according to
the classification criteria used by each study. The prevalence of unacceptable
(failures/events) and the total number of restorations for each group were used to calculate
the risk difference with a 95% confidence interval (Cl). Random effects models were
employed and heterogeneity was tested using the 12 index.

If some of the information needed for the meta-analysis was absent from any of
the selected studies, the authors were contacted to provide the missing data. Five attempts
contacts with authors was made for each study. If after the contact attempts there was no
response from the authors, or the authors did not provide the data, the study was not

included in the meta-analysis.


http://handbook.cochrane.org/

14

4. RESULTS
4.1. Study selection

A total of 2769 articles were obtained after the search in all databases. After the
removal of duplicates, 2103 articles were identified. After title screening, 242 studies
remained and this number was reduced to 51 after careful verification of the abstracts.
The complete text of these 51 studies were examined to verify if they were eligible.
Among them, 26 were excluded and 25 studies were included in this systematic review
(Figure 1).

4.2. Characteristics of the included articles

The characteristics of the 25 included studies are listed in Table 2. The most
commom study design was paired group [2, 5, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29].
Most studies were conducted in university centers [ ], and the others did not relate the
setting [16, 23, 30, 31].

The duration of the studies varied from 12 months to 13 years. The number of
participants involved in these studies ranged from 11 to 124 patients, with a great
variability in the range of age of the participants included in the clinical trials was
observed. During the restoration procedure, the number of operators ranged from 1 to 7,
being most frequently from 1 to 3 operators per study. The most used filling method was
the incremental filling. In relation to the isolation technique, the most performed
technique was the use of cotton rolls, a saliva aspirator and retraction cord or other
retraction instruments. In 14 [5, 12, 13, 14, 16, 22, 24, 27, 28, 29, 32, 33, 34, 35] out of
25 studies the exposed dentin was superficially prepared by bur roughening, and in 5 [12,

13, 14, 29, 35] out of these 14 studies a enamel bevel was performed.

In total, 30 different adhesive systems were tested in the included studies (Table
2), with the most frequently tested HEMA-free adhesive system being G-Bond [2, 5, 12,
13, 15, 16, 22, 29] and the most frequently tested HEMA-rich adhesive system being
Clearfil S3 Bond [2, 12, 13, 25, 29]. About the adhesive strategy, there were 7 studies
comparing self-etch versus self-etch adhesive systems [2, 12, 13, 22, 25, 29, 35], 9 studies
comparing self-etch versus etch-and-rinse adhesive systems [1, 5, 14, 15, 16, 19, 20, 26,

28, 32] and 8 comparisons between etch-and-rinse versus etch-and-rinse adhesive
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systems [21, 23, 24, 27, 31, 33, 34]. Within the HEMA-free adhesive systems tested, 11
were one-step self-etch, 7 were two-step etch-and-rinse, 3 were three-step etch-and-rinse,
2 were four-step etch-and-rinse and 1 was two-step self-etch. Within the HEMA-rich
ones, 8 were one-step self-etch, 8 were two-ste etch-and-rinse, 7 were three-step etch-

and-rinse and 5 were two-step self-etch.

For restoration evaluation, the majority of the studies used the Modified USPHS
criteria [1, 5, 13, 15, 19, 20, 22, 24, 25, 26, 29, 31, 32, 33, 34], four studies used Ryge
criteria [23, 27, 28, 35], one used Vanherle criteria [12] and Van Landuyt et al (2014)

used a own criteria.

4.3. Assessment of the risk of bias

The assessment of the risk of bias of the included studies was performed and is
presented in Figure 2. E-mails were sent to authors of 21 studies [1, 2, 5, 13, 14, 15, 19,
20,21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34] in order to obtain further information,
but only 11 authors returned [1, 13, 14, 15, 20, 25, 28, 30, 31, 32, 33].

Within the 25 studies, 9 full text [5, 19, 21, 22, 23, 24, 26, 27, 34] were classified
to be of “unclear” risk of bias and 3 [2, 12, 13] were classified to be “high” in the key
domains of the Cochrane risk of bias tool. Thirteen studies [1, 14, 15, 16, 20, 25, 28, 29,
30, 31, 32, 33, 35] were considered to be of “low” risk of bias.

4.4. Meta- analysis

The meta-analysis was conducted only with the data available in the studies
included in this systematic review. One study did not provide sufficient data of retention
[14], twelve studies did not provide sufficient data of marginal adaptation [1, 2, 14, 20,
23, 24, 32, 33, 34, 27, 30, 31], eleven studies did not provide sufficient data of marginal
discoloration [1, 14, 20, 23, 24, 25, 27, 32, 34, 30, 31], six studies did not provide
sufficient data for caries [1, 14, 21, 23, 30, 31] and eight studies did not provide sufficient
data for postoperative sensitivity [1, 13, 14, 21, 23, 24, 30, 31]. The group data that had
the highest prevalence of failures (events) were used for studies that included more than
one group of HEMA-containing [22, 29, 31] or HEMA-free adhesive [1, 15].
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For the meta-analysis, the overall heterogeneity was moderate (1>=39%). For each
parameter, the heterogeneity ranged from absent to substantial (68% for RE, 67% for MA,
73% for MD, 0% for CA and 0% for POS) [36]. HEMA-free adhesive group showed 114
failures for a total of 583 restorations evaluated for RE parameter, 22 failures for a total
of 405 restorations evaluated for MD, 17 failures for a total of 405 restorations evaluated
for MA, 2 failures for a total of 405 restorations evaluated for CA and 4 failures for a total
of 405 restorations evaluated for POS. HEMA-containing adhesive group showed 96
failures for a total of 596 restorations evaluated for RE parameter, 13 failures for a total
of 429 restorations evaluated for MD, 28 failures for a total of 429 restorations evaluated
for MA, 0 failure for a total of 429 restorations evaluated for CA and 5 failures for a total
of 429 restorations evaluated for POS. The overall risk difference was 0.00 [-0.01, 0.01]
(p = 0.32), while it was 0.03 [-0.04, 0.09] (p = 0.42) for retention, 0.02 [-0.02, 0.06] (p =
0.25) for marginal discoloration, -0.02 [-0.07, 0.02] (p = 0.34) for marginal adaptation,
0.00[-0.01, 0.01] (p = 0.92) for caries and -0.00 [-0.02, 0.01] (p = 0.77) for post-operative
sensitivity (Figure 3).

This means that HEMA-free and HEMA-containing adhesives showed

statistically similar clinical performance (overall effect), and for all isolated parameters.
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5. DISCUSSION

This study was carried out following the international guidelines “The Cochrane
Reviewer’s Handbook™ [36] in order to guarantee a standardized elaboration of the

systematic review.

Important to state that the results of individual studies are less precise than the
approach and results of a meta-analysis, which aggregates and interpretates the data with
higher statistical power [36]. On the other hand, the meta-analysis itself has not the power
to detect when a study is not correct designed, consequently, a systematic review is
necessary to select high quality randomized and controlled clinical studies, and then,
interpretate the data in a statistcal analysis. Therefore, the studies selected to meta-
analysis should be only those considered of adequate methodology, characterized as “best

evidence synthesis” [36].

No systematic review of the literature regarding the influence of the monomer
HEMA on the clinical performance of NCCL restorations was found. Nevertheless, one
systematic review was found, which described the general chemical composition and their
respective hole of the contemporary dental adhesives [8]. Chee et al (2012) [37] published
a systematic review focused on the clinical effectiveness of adhesives in NCCL
restorations considering their adhesive approach to the following outcomes: retention,
marginal discoloration and marginal adaptation. Similarly, Peumans et al (2014) [38]
presented a systematic review, however, in terms of restoration retention as function of
time. As one can notice, the existing systematic reviews discussed the general
composition of adhesive systems or their clinical effectiveness according to the adhesive

strategy.

The monomer HEMA is widely used and is one of the most important components
of adhesive systems [4, 5, 8]. The presence of this monomer in the adhesive composition
assures better miscibility, wettability and hydrophilicity [5, 8, 12, 13], which promote
good monomer diffusion, reduced entrapment of droplets within the adhesive layer and

prevent phase separation between water and adhesive monomers [3, 8].

On the other hand, the presence of HEMA, due to its high hydrophilicity and
permeability, may lead to water sorption and subsequent hydrolytic degradation [5, 9, 10,
11], jeopardizing the durability of the adhesive interface and resulting in restoration

failure [10]. Due to these negative effects of HEMA, adhesive systems without this
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monomer have been developed in order to create a more resistant and durable adhesive
interface, without compromising the chemical properties [2, 39, 40]. However, some
drawbacks have been reported, such as occurence of phase separation phenomenon [12],

which contributes to the bonding interface degradation, as well [5, 39, 41].

When randomization is performed correctly, the chance of each one of the
participants be allocated in one of the groups (test or control) is the same. A correct
randomization offers the advantage of balacing all the prognostic factors (known and

unknow) in the assignment of treatments [36].

A correct randomization guarantees the allocation concealment, which is a
methodological characteristic that avoid participants involved in the study to identify
what group the patients will be allocated [36, 42]. This is the main characteristic of a
randomized clinical trial [42]. However, this information was rarely mentioned in the

articles included in the present study [16, 35].

Although the majority of the systematic reviews did not consider the outcome
assessment blinding as key domain, the present study did. Blinding is another relevant
domain in quality assessment, which avoid the interference of all participants (patients
and working team) in the outcome [36]. In dental material clinical studies, blinding
process is somehow not applicable to some of the participants, as the clinical operators
need to know the specific clinical procedures. Evaluators blinding is necessary, once it
guarantees that the evaluation is performed safe and independently, avoiding bias and

tendencious results [36].

One obstacle to perform this systematic review was the incomplete or dubious
composition information presented in some articles. So, the MSDS (Material Safety Data
Sheet) was used as reference source. However, some adhesive systems were discontinued
and the respective register cancelled. In this situation, a direct contact (e-mail) was send
to the manufacturer. So, when the original and complete compositions were unknown,

the article was not included.

Some doubts during this systematic review were related to the fact of adhesives
contain other monomers. However, the simple and pure variation of HEMA can be
questioned at this moment. It would be interesting to mention that several analyses were
performed, considering composition and manufacturer, and resulted in no significant

difference for each outcome in relation to the clinical performance.
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The retention is a very objective outcome to evaluate the clinical behaviour of
adhesive systems in NCCL restorations, since, as soon as the bond fails, partially or
totally, the replace of the restoration will be necessary [37]. The results of the meta-
analysis for retention [12, 13, 15, 16, 26, 27, 28, 32, 33, 35] showed no significant
difference between the two groups compared (HEMA-free x HEMA-containing).
Therefore, both HEMA-free and HEMA-containing adhesive systems presented a good
behaviour for retention in NCCL restorations within the reviewed studies. Thus, it can be
stated that even monomers, or blend of monomers, without HEMA, may interpenetrate,
cure and play its main initial hole: retention of the composite resin. Thinking about long-
term clinical behavior, one can not state that the chemical characteristics of HEMA (high
hydrophilicity, wettabilitty and miscibility) would impair the retention of the restorations

over time.

The present systematic review included follow-up studies from 1 to 13 years,
which can reflect short and long-term performances. The advantages of the HEMA
presence could be related to its initial effectiveness due to the hydrophilicity, wettability,
miscibility [1, 5, 12, 13]. However, some clinical studies mentioned long-term fail, such
as interface degradation [1, 31]. Laboratory studies reported matrix metalloproteinases
(MMPs) increasing activity when HEMA-rich (high content of HEMA) was present in
the adhesive formulation, which could lead to an interface enzimatic degradation [20, 43].
However, according to the results of the present meta-analysis applied to randomized
controlled clinical trials, these statements can not be confirmed, regarding short and long-
term clinical performance for HEMA-free and HEMA-containing adhesive systems.

The marginal discoloration and the marginal adaptation are essential, once may
compromisse the sealing of the restoration. These clinical aspects are very soon noticed
by the patients, who search for treatment. Thus, these are frequent reasons for replacing
and repairing restorations [44]. The results of the meta-analysis for these two outcomes
also revealed no statistical difference between HEMA-free versus HEMA-containing
adhesive systems. Based on the meta-analysis, it can be stated that HEMA-containing
adhesive does not influence the improvement of imediate marginal seal adaptation and

long-term degradation as well.

It was to be expected a worse behaviour in relation to marginal discoloration and
marginal adaptation over time, considering the chemical characteristics of HEMA as high

hydrophilicity that leads to water uptake, resulting in degradation of the adhesive interface
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[5,9,10,11]. However, even with long-term studies, the presence of HEMA did not cause
significant difference in the clinical performance of the adhesive compared to the HEMA.-

free ones.

In relation to secondary caries and postoperative sensitivity, when the included
studies were evaluated individually, it was noticed a very low frequency of occurrence of
these outcomes for both groups compared. The results of meta-analysis showed no
significant difference between the HEMA-free and HEMA-containing adhesives. A
possible explanation for the results of postoperative sensitivity is related to the C-factor
of the NCCL lesions, which is favourable and do not create a scenario for interface
tension. Already, concerning the secondary caries, the absence of significant difference
could be atributed to the NCCL lesions are located in a region of self cleaning and easy

visualization.

One criticism to this review would be that not only HEMA (its presence or
absence) could influence the clinical performance of adhesive restoration within short and
long range observations. HEMA, however, can be considered the most important
monomer in the adhesive formulations, not only due to its functions, but for the number
of publications and study groups existing all over the world. In a simple search on
PUBMED, when HEMA-free is writting, 969 articles will apear. These facts showed the

concern on the studies involving the HEMA monomer.

According to the results of the meta-analysis of this systematic review, it is also
feasible to state that, beyond the importance of the composition of each adhesive system,
the working tecnique, carried out by the operators, play a very important hole on the
restorations clinical behavior [5, 35]. The meta-analysis demands, as source of
informations, only randomized controled trials classified as low risk of bias, in order to
achieve the best clinical evidences [36]. These particular studies are very accurate in the
inclusion criteria and as clinical procedures are carried out. Normally, one experienced
and previously trained operator is involved in the clinical procedures. It is also important
to remark that patients, selected by the inclusion criteria, has very favourable
caracteristics, which, undoubtely contribuite for a better clinical performance. On the
other hand, such conditions are not present during routine dental practice. So, it may be
stated that in very favourable conditions, the composition itself, for instace, the presence

or not of HEMA monomer, would not have influence on the clinical behavior. But, this
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evidence has to be very carefully interpretate as a general role for adhesive dental

treatment.

6. CONCLUSION

In summary, one may conclude that the presence or not of the monomer HEMA
in the adhesive system compositions does not influence the clinical performance of the

NCCL restorations. Both adhesive systems present acceptably clinical performance.
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Tables

Table 1: Eletronic Database and Search Strategy

PubMed (06/06/2016)

#1 (tooth erosion[MeSH Terms]) OR tooth erosion*[Title/Abstract]) OR teeth erosion*[Title/Abstract]) OR tooth abrasion[MeSH
Terms]) OR tooth abrasion*[Title/Abstract]) OR teeth abrasion*[Title/Abstract]) OR dental abrasion*[Title/Abstract]) OR tooth
wear[MeSH Terms]) OR tooth wear*[Title/Abstract]) OR teeth wear*[Title/Abstract]) OR dental wear*[Title/Abstract]) OR tooth
abfraction*[Title/Abstract]) OR teeth abfraction*[Title/Abstract]) OR Permanent dental restorationsfMeSH Terms]) OR
Permanent dental restoration*[Title/Abstract]) OR Permanent Dental Filling*[Title/Abstract]) OR NCCL*[Title/Abstract]) OR
noncarious cervical lesion*[Title/Abstract]) OR non-carious cervical lesion*[Title/Abstract]) OR non carious cervical
lesion*[Title/Abstract]) OR cervical lesion*[Title/Abstract]) OR class V lesion*[Title/Abstract]) OR cervical
restoration*[Title/Abstract]) OR class V restoration*[Title/Abstract]

#2 (hydroxyethyl methacrylate[MeSH Terms]) OR Bis-GMA, BPDM, HEMA dental-bonding resin[MeSH Terms]) OR Bisphenol
A-Glycidyl Methacrylate[MeSH Terms]) OR methacrylatesfMeSH Terms]) OR Dentin-Bonding Agents[MeSH Terms]) OR
Dental bonding[MeSH Terms]) OR hydroxyethyl methacrylate*[Title/Abstract]) OR 2-hydroxyethyl
methacrylate*[Title/Abstract]) OR HEMA[Title/Abstract]) OR HEMA free[Title/Abstract] OR HEMA-free[Title/Abstract] OR
Bis-GMA[Title/Abstract]) OR Bis GMA[Title/Abstract]) OR Bis-GMA, BPDM, HEMA dental-bonding resin*[Title/Abstract])
OR Bis-GMA, biphenyl dimethacrylate, hydroxyethyl methacrylate dental resin*[Title/Abstract]) OR One-Step Plus dentin
bonding system*[Title/Abstract]) OR One-Step dentin bonding system*[Title/Abstract]) OR Bisphenol A-Glycidyl
Methacrylate*[Title/Abstract]) OR Bisphenol A Glycidyl Methacrylate*[Title/Abstract]) OR Methacrylate*[Title/Abstract]) OR
Dentin Bonding Agent*[Title/Abstract]) OR Dentin-Bonding Agent*[Title/Abstract]) OR Dental bonding[Title/Abstract]) OR
HEMA rich[Title/Abstract]) OR HEMA-rich[Title/Abstract]) OR HEMA containing[Title/Abstract]) OR HEMA
adhesive*[Title/Abstract]) OR bonding system*[Title/Abstract]) OR dental bonding agent*[Title/Abstract]

#3 (clinical tria[MeSH Terms]) OR clinical study[MeSH Terms]) OR prospective studiesiMeSH Terms]) OR longitudinal
studiesfMeSH Terms]) OR controlled clinical trial[MeSH Terms]) OR randomized controlled trial[MeSH Terms]) OR
observational study[MeSH Terms]) OR Clinical*[Title/Abstract]) OR trial*[Title/Abstract]) OR clinical trial*[Title/Abstract]) OR
clinical stud*[Title/Abstract]) OR prospective evaluation*[Title/Abstract]) OR prospective stud*[Title/Abstract]) OR controlled
clinical trial*[Title/Abstract]) OR longitudinal stud*[Title/Abstract]) OR longitudinal survey*[Title/Abstract]) OR randomized
controlled trial*[Title/Abstract]) OR observational stud*[Title/Abstract]

#1 AND #2 AND #3

SCOPUS (06/06/2016)

#1 (TITLE-ABS-KEY (“tooth erosion”) OR TITLE-ABS-KEY (“tecth erosion”) OR TITLE-ABS-KEY (“tooth abrasion”) OR
TITLE-ABS-KEY (“teeth abrasion”) OR TITLE-ABS-KEY (“dental abrasion”) OR TITLE-ABS-KEY (“tooth wear””) OR TITLE-
ABS-KEY (“teeth wear”) OR TITLE-ABS-KEY (“dental wear”) OR TITLE-ABS-KEY (“tooth abfraction”) OR TITLE-ABS-
KEY (“teeth abfraction”) OR TITLE-ABS-KEY (“permanent dental restoration”) OR TITLE-ABS-KEY (“permanent dental
filling”) OR TITLE-ABS-KEY (nccl) OR TITLE-ABS-KEY (“cervical lesion””) OR TITLE-ABS-KEY (“cervical lesions””) OR
TITLE-ABS-KEY (“noncarious cervical lesion””) OR TITLE-ABS-KEY (“non-carious cervical lesion””) OR TITLE-ABS-KEY
(“non carious cervical lesion”) OR TITLE-ABS-KEY (“class V lesion”) OR TITLE-ABS-KEY (“class V lesions”) OR TITLE-
ABS-KEY (“cervical restoration”) OR TITLE-ABS-KEY (“cervical restorations”) OR TITLE-ABS-KEY (“permanent dental
restorations”) OR TITLE-ABS-KEY (“class V restorations”) OR TITLE-ABS-KEY (“class V restoration”)

#2 (TITLE-ABS-KEY (“hydroxyethyl methacrylate”) OR TITLE-ABS-KEY (‘“2-hydroxyethyl methacrylate”) OR TITLE-ABS-
KEY (hema) OR TITLE-ABS-KEY (“Bis-GMA, BPDM, HEMA dental-bonding resin”) OR TITLE-ABS-KEY (“Bis-GMA,
biphenyl dimethacrylate, hydroxyethyl methacrylate dental ressin”) OR TITLE-ABS-KEY (“One-step plus dentin bonding
system”) OR TITLE-ABS-KEY (“One-step dentin bonding system”) OR TITLE-ABS-KEY (“Bisphenol A-Glycidyl
Methacrylate”) OR TITLE-ABS-KEY (“Bisphenol A Glycidyl Methacrylate””) OR TITLE-ABS-KEY (bis-gma) OR TITLE-ABS-
KEY (Bis GMA) OR TITLE-ABS-KEY (methacrylate) OR TITLE-ABS-KEY (methacrylates) OR TITLE-ABS-KEY (“dentin-
bonding agent”) OR TITLE-ABS-KEY (“dentin-bonding agents”) OR TITLE-ABS-KEY (“dentin bonding agent”) OR TITLE-
ABS-KEY (“dentin bonding agents”) OR TITLE-ABS-KEY (“dental bonding”) OR TITLE-ABS-KEY (“HEMA rich”) OR
TITLE-ABS-KEY (“HEMA-rich”) OR TITLE-ABS-KEY (“HEMA containing”) OR TITLE-ABS-KEY (“HEMA adhesive”) OR
TITLE-ABS-KEY (“HEMA adhesives”) OR TITLE-ABS-KEY (“bonding system”) OR TITLE-ABS-KEY (“bonding systems”)
OR TITLE-ABS-KEY (“dental bonding agent”) OR TITLE-ABS-KEY (“dental bonding agents”))

#3 (TITLE-ABS-KEY (“clinical trial”) OR TITLE-ABS-KEY (clinical) OR TITLE-ABS-KEY (trial) OR TITLE-ABS-KEY
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(“clinical study”) OR TITLE-ABS-KEY (“clinical studies””) OR TITLE-ABS-KEY (“prospective evaluation”) OR TITLE-ABS-
KEY (“prospective study”) OR TITLE-ABS-KEY (“prospective studies””) OR TITLE-ABS-KEY (“longitudinal survey”) OR
TITLE-ABS-KEY (“controlled clinical trial”) OR TITLE-ABS-KEY (“randomized controlled clinical trial”’) OR TITLE-ABS-
KEY (“observational study”’) OR TITLE-ABS-KEY (“observational studies”) OR TITLE-ABS-KEY (“longitudinal study”) OR
TITLE-ABS-KEY (“longitudinal studies”)

#1 AND #2 AND #3

Web of Science (06/06/2016)

#1 ((tooth erosion) OR (teeth erosion) OR (tooth abrasion) OR (teeth abrasion) OR (dental abrasion) OR (tooth wear) OR (teeth
wear) OR (dental wear) OR (tooth abfraction) OR (teeth abfraction) OR (permanent dental restoration*) OR (permanent dental
filling) OR (NCCL) OR (cervical lesion*) OR (non carious cervical lesion*) OR (non*carious cervical lesion*) OR (class V
lesion*) OR (cervical restoration*) OR (class V restoration*))

#2 (hydroxyethyl methacrylate) OR (2-hydroxyethyl methacrylate) OR (HEMA) OR (Bis-GMA, BPDM, HEMA dental-
bonding resin) OR (Bis-GMA, biphenyl dimethacrylate, hydroxyethyl methacrylate dental resin) OR (One-Step Plus dentin
bonding system) OR (One-Step dentin bonding system) OR (Bisphenol A-Glycidyl Methacrylate) OR (Bisphenol A Glycidyl
Methacrylate) OR (Bis-GMA) OR (Bis GMA) OR (methacrylate*) OR (Dentin-Bonding Agent*) OR (Dentin Bonding Agent*)
OR (Dental bonding) OR (HEMA rich) OR (HEMA-rich) OR (HEMA containing) OR (HEMA adhesive*) OR (bonding
system*) OR (dental bonding agent™*)

#3 (clinical trial) OR (clinical) OR (trial) (clinical stud*) OR (prospective evaluation) OR (prospective stud*) OR (longitudinal
survey*) OR (controlled clinical trial) OR (randomized controlled clinical trial) OR (observational stud*) OR (longitudinal
stud*)

#1 AND #2 AND #3

Cochrane Library (06/06/2016)

#1 “tooth erosion*” OR “teeth erosion*” OR “tooth abrasion*” OR “teeth abrasion*” OR “tooth abfraction*’ OR ‘“teeth
abfraction*” OR “tooth wear*” OR teeth wear*” OR “dental abrasion*” OR “class V restoration*” OR class V lesion*” OR
NCCL* OR “cervical restoration*” OR “cervical lesion*”” OR “noncarious cervical lesion*” OR “non-carious cervical lesion*”
OR “non carious cervical lesion*” OR “Permanent dental restoration*”” OR “Permanent dental filling*”

#2 “hydroxyethyl methacrylate*” OR “Bis-GMA, BPDM, HEMA dental-bonding resin*” OR “Bisphenol A-Glycidyl
Methacrylate*” OR “methacrylate*” OR “Dentin-Bonding Agent*” OR “Dental bonding*” OR “2-hydroxyethyl methacrylate*”
OR HEMA OR “HEMA-free” OR “Bis-GMA” OR “Bis GMA” OR “Bis-GMA, biphenyl dimethacrylate, hydroxyethyl
methacrylate dental resin*” OR “One-Step Plus dentin bonding system*” OR “One-Step dentin bonding system*”” OR “Bisphenol
A Glycidyl Methacrylate*” OR “Dentin Bonding Agent*” OR “Dentin-bonding agente*” OR “Dental bonding*” OR “HEMA
rich” OR “HEMA-rich” OR “HEMA containing” OR “HEMA adhesive*” OR “bonding system** OR “dental bonding agent*”

#3 “clinical trial*” OR “clinical stud*” OR “prospective stud*” OR “longitudinal stud*” OR “controlled clinical trial*” OR
“randomized controlled trial*” OR ‘“observational stud*” OR “clinical*” OR “trial*” OR “prospective evaluation*” OR
“longitudinal stud*” OR “longitudinal survey*”

#1 AND #2 AND #3

Open Grey (06/06/2016)

#1 (“tooth erosion*” OR “teeth erosion*”” OR “Tooth abrasion*” OR “teeth abrasion*” OR “dental abrasion*” OR “tooth wear*”
OR “teeth wear*” OR “dental wear*” OR “tooth abfraction*” OR “teeth abfraction*” OR “Permanent dental restoration*” OR
“Permanent Dental Filling®” OR NCCL* OR “noncarious cervical lesion*” OR “non-carious cervical lesion*” OR “non carious
cervical lesion*” OR “cervical lesion*” OR “class V lesion*” OR “cervical restoration*” OR “class V restoration*”")

#2 (“hydroxyethyl methacrylate*” OR “2-hydroxyethyl methacrylate*” OR HEMA OR “Bis-GMA, BPDM, HEMA dental-
bonding resin*” OR “Bis-GMA, biphenyl dimethacrylate, hydroxyethyl methacrylate dental resin*” OR “One-Step Plus dentin
bonding system*” OR “One-Step dentin bonding system*” OR “Bisphenol A-Glycidyl Methacrylate*”” OR “Bisphenol A Glycidyl
Methacrylate*” OR “Bis-GMA” OR “Bis GMA” OR “methacrylate*” OR “Dentin-Bonding Agent*” OR “Dentin Bonding
Agent*” OR “Dental bonding” OR “HEMA rich” OR “HEMA-rich” OR “HEMA containing” OR “HEMA adhesive*” OR
“bonding system*” OR “dental bonding agent*”)

#3 (‘“HEMA-free system*” OR “HEMA free system*” OR “HEMA-free adhesive system*” OR “HEMA free adhesive system*”
OR “HEMA-free formulation*” OR “HEMA free formulation*”)

#1 AND #2 AND #3
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HEMA-free HEMA-containing Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.1.1 Retention
Dutra-Corréa 2013 2 23 a 24 06% 0.09 [-0.05, 0.22) —
Reis 2009 18 30 7 a0 0.2% 0.37 [0.14, 0.60] —
Ritter 2008 a 26 a 25 1.8% 0.00 [-0.07, 0.07) .
Ritter 2009 11 27 9 29 0.2% 0.10[0.15,0.35) 4
Soderhaolm 2013 4 33 4 33 048% 0.00 016, 0.16]
Turkun 2003 ] 43 ] 49 0.8% 0.00[0.12,012)
Wan Dijken 1994 23 47 12 53 0.3% 0.26 [0.08, 0.44] —_—+
Wan Dijken 2007 22 41 12 29 0.2% 012 [0.11,0.36] 4
Yan Dijken 2008 12 33 23 arT 02% S0.26 [-0.48,-0.03] 4
Wan Dijken 2013 ] 63 13 48 0.6% -0.19[-0.33,-0.08]
Wan Landuyt 2014 10 119 g 121 2.0% 0.02 [-0.05, 0.08] [ —
Zhou 2008 2 92 3 118  38% -0.00 [-0.04, 0.04] .
Subtotal {95% CI) 583 596  11.2% 0.03 [-0.04, 0.09] e
Total events 114 96
Heterogeneity: Tau?=0.01; Chi*= 34.44, df=11 (P = 0.0003); F= 68%
Testfor averall effect Z=0.81 (P=042)
1.1.2 Marginal discoloration
Dutra-Corréa 2013 3 21 a 24 0.4% 0.14 [0.02,0.31]
Reis 2009 a 12 a 23 08% 0.00[0.12,012)
Ritter 2008 g 26 a 25 03% 0.31[0.12, 0.49) —_—*
Ritter 2009 ] 16 11 20 01% -0.24 [-0.85, 0.08] +
Soderhaolm 2013 1 29 a 29 1.2% 0.03 [0.06,0.12) —
Turkun 2003 a 44 a 44 36% 0.00 [-0.04, 0.04] I —
Wan Dijken 2013 a 58 a 3m 38% 0.00 [-0.04, 0.04] B —
Wan Landuyt 2014 5 109 2 113 34% 0.03 [-0.02, 0.07) T
Zhou 2008 a 90 a 116 B.6% 0.00 [-0.02, 0.02) -
Subtotal {95% CI) 405 429 20.0% 0.02 [-0.02, 0.06] B
Total events 22 13
Heterogeneity: Tau®=0.00; Chi*= 2415, df=8 (P =0.002); F=67%
Testfor averall effect Z=1.16 (P = 0.245)
1.1.3 Marginal adaptation
Dutra-Corréa 2013 3 21 3 24 03% 0.02[0.18,0.22)
Reis 2009 a 12 a 23 08% 0.00[0.12,012)
Ritter 2008 ] 26 2 25 03% 0.11 [0.07, 0.30]
Ritter 2009 a 16 g 20 0.2% -S040 062, -018] &
Soderhaolm 2013 4 29 4 29 0.4% 0.00[0.18,0.18]
Turkun 2003 a 44 a 44 36% 0.00 [-0.04, 0.04] I —
Wan Dijken 2013 ] 58 9 35 0.4% -0.17 [-0.33,-0.01]
Wan Landuyt 2014 o 109 2 113 52% -0.02 [-0.05, 0.01] T
Zhou 2008 a 90 a 116 B.6% 0.00 [-0.02, 0.02) 1
Subtotal {95% CI) 405 429  17.9% -0.02 [-0.07, 0.02] -
Total events 17 28
Heterogeneity: Tau®= 0.00; Chi*= 30.02, df= 8 (P = 0.0002); PF=73%
Testfor averall effect 2= 095 (P =034)
1.1.4 Caries
Dutra-Corréa 2013 2 21 a 24 048% 0.10 [-0.05, 0.24] —
Reis 2009 a 12 a 23 08% 0.00[0.12,012)
Ritter 2008 a 26 a 25 1.8% 0.00 [-0.07, 0.07) .
Ritter 2009 a 16 a 20 1.0% 0.00[0.10,0.10]
Soderhaolm 2013 a 29 a 29 21% 0.00 [-0.06, 0.08] 1
Turkun 2003 a 44 a 44 36% 0.00 [-0.04, 0.04] I —
Wan Dijken 2013 a 58 a 3m 38% 0.00 [-0.04, 0.04] B —
Wan Landuyt 2014 o 109 a 113 6.9% 0.00 [-0.02, 0.02) -
Zhou 2008 a 90 a 116 B.6% 0.00 [-0.02, 0.02) T
Subtotal {95% CI) 405 429  26.8% 0.00 [-0.01, 0.01] »
Total events 2 1]
Heterogeneity: Tau®= 0.00; Chi®=2.30, df=8 (P =097, F=0%
Testfor averall effect Z=010(FP=082)
1.1.5 Postoperative sensitivity
Dutra-Corréa 2013 2 21 1 24 048% 0.058 [-0.10,0.20]
Reis 2009 1 12 1 23 04% 0.04 [0.14,0.22)
Ritter 2008 a 26 a 25 1.8% 0.00 [-0.07, 0.07) .
Ritter 2009 a 16 a 20 1.0% 0.00[0.10,0.10]
Soderhaolm 2013 a 29 a 29 21% 0.00 [-0.06, 0.08] 1
Turkun 2003 a 44 a 44 36% 0.00 [-0.04, 0.04] I —
Wan Dijken 2013 a 58 a 3m 38% 0.00 [-0.04, 0.04] B —
Wan Landuyt 2014 1 108 3 113 46% -0.02 [-0.05, 0.02] T
Zhou 2008 a 90 a 116 B.6% 0.00 [-0.02, 0.02) T
Subtotal {95% CI) 405 429 24.1% -0.00 [-0.02, 0.01] <+
Total events 4 ]
Heterogeneity: Tau®= 0.00; Chi*=1.64, df=8 (P = 0959}, F= 0%
Test for overall effect: Z=029{FP=077)
Total (95% CI) 2203 2312 100.0% 0.00 [-0.01, 0.01] L
Total events 159 142
Heterogeneity: Tau®= 0.00; Chi*= 77.65, df= 47 (P =0.003); F= 38% -D'.2 -D'.1 b 0'1 072

Testfor averall effect Z=036 (F=072)

Testfor subgroup differences: Chi*= 3.00, df= 4 (P = 0.56), F= 0%

Favours [HEMA-free] Fa'v'-:nurs.[HEr-.-1.¢.-c-:| ntaining]

Figure 3 — Forest plot of the clinical performance of NCCI restorations.



