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ABSTRACT

Background: Cervical lesions appear on the cervical surface of the lingual or buccal side of the 
tooth and are classified into carious and non-carious lesions. Aim: The present study evaluates 
the performance of three different types of aesthetic restorative materials, used for the restora-
tion of carious or non-carious cervical lesions. Materials and methods: The study comprised 
195 cervical lesions in 45 patients. The restorations were carried out for non-carious cervical le-
sions in 34.62% of the cases, for primary carious lesions in 40.00% of the cases, and to replace 
a previous restoration in 25.38% of the cases. The restorations were evaluated at 2 weeks (the 
reference line), and then at 1 and 2 years after placement. The following have been assessed: 
restoration retention, color harmonization, surface texture, margin discoloration, anatomical 
contour, margin integrity, and the presence of secondary caries. The characteristics were reg-
istered in conformity with the modified USPHS criteria. Results:  At the one-year evaluation, 
we noticed the loss of 12 restorations, and after 2 years, the loss of 19 restorations. The results 
showed significant differences between restorative materials regarding color, margin adapta-
tion, margin coloration, surface texture, as well as criteria regarding the anatomical contour 
(p <0.05). Conclusions: The evaluation of the success of restorative material retention must 
consider the location of the cervical lesion. A successful treatment depends particularly on a 
full understanding of the factors that caused the lesions and on the method of their treatment.
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INtROduCtION

Cervical lesions appear on the cervical surface of the lingual or buccal side of the 
tooth. Conventionally, from an etiological point of view, they are classified into 
carious and non-carious lesions.1,2

Nowadays, non-carious cervical lesions represent a serious problem for oral 
healthcare. It is well known that they can be caused by abrasion through brush-
ing. In the last twenty years, it has been hypothesized that the etiological factor 
of these lesions with angular shape could be found in the dental flexion, which 
appears as a result of tensile stress. Non-carious cervical lesions are classified into 
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abrasions, erosions, and abfractions.3,4 Grippo et al. used 
the term abfraction to refer to the pathological loss of tooth 
substance at the cervical level.5 He reported several cases 
with predisposition to the formation of abfraction-type le-
sions. Shafer, Hine, and Levy maintain that abrasion and 
erosion are two distinct, separate processes, each leading 
to the loss of tooth substance.6 A study carried out by Bader 
et al. showed that the development of cervical lesions has a 
multifactorial etiology, which includes diet, brushing style, 
as well as occlusal mechanisms, and that it can have inde-
pendent effects on various points on the same tooth.7 In a 
longitudinal study that lasted fourteen years, Pintado et al. 
showed that there is a correlation between occlusal wear 
and the development of non-carious cervical lesions.8 In 
most cervical lesions, the cavity presents mixed margins, 
positioned in the enamel and in the dentine, and/or in the 
cement. As a consequence, the restoration of this type of 
cavities is more difficult due to the lack of a material which 
adheres equally to both the enamel and the dentine.

The most challenging problems are posed by the reliabil-
ity of restorations set with the margin in the dentine. For 
several years, glass ionomer cements have been thought to 
be the best materials for the reparation of cervical lesions, 
because they can form a chemical reaction with both the 
enamel and the dentine, and can release fluoride for long 
periods of time, thus having a protective effect against car-
ies. Various clinical researchers have highlighted the possi-
bility to restore cervical caries with the use of conventional 
glass, with great results.2,9,10 

Recently, much attention has been paid to the new 
generation of hybrid, photopolymerizable restoration 
materials, to resin-modified glass ionomer cements, and 
to polyacid-modified resin-based composites, all having 
been increasingly used in the treatment of cervical lesions. 
In the case of resin-modified ionomer cements, the fun-
damental reaction of acid-base-polymerization is supple-
mented by a process of photopolymerization. These mate-
rials allow an almost instantaneous hardening, thus trying 
to solve, at the same time, the problem of sensitivity to hu-
midity. Moreover, the positive properties of glass ionomer 
cements, such as fluoride release, have been preserved or 
even improved in the hybrid ionomers.11,12

In the oral cavity, the performance of restorative materi-
als can be affected by multiple and clinically interactive vari-
ables. Although several earlier studies have evaluated the util-
ity of novel esthetic materials in cervical lesion restorations, 
there are still certain controversies with regard to the mate-
rial that can ensure the best results when used clinically.11,13,14

As a consequence, we conducted a clinical study for a pe-
riod of two years, at the end of which we analyzed the per-

formance of four different materials, namely: conventional 
glass ionomer cement, two resin-modified glass ionomer ce-
ments, and a polyacid-modified resin-based composite. The 
present study evaluates the performance of three different 
types of esthetic restorative materials, used for the restora-
tion of carious or non-carious cervical lesions.

MAtERIALS ANd MEtHOdS

Study subjects 

The study included 220 cervical lesions in 53 patients, aged 
between 25 and 63 years. Inclusion criteria were the ab-
sence of the following:

 – serious medical condition;
 – extended carious lesions;
 – severe chronic periodontitis;
 – xerostomy;
 – apical periodontitis or pulpitis.

Before beginning the conservative treatment, the study 
subjects were informed about the purpose of the study and 
the necessity of regular dental checkups. Each patient par-
ticipated voluntarily and signed a written informed con-
sent.

The patients were also informed about eating habits and 
received instructions on oral hygiene, particularly through 
practical demonstrations of correct brushing. Each patient 
was checked twice a year, using an oral health progress re-
cord (OHPR).

According to the OHPR:

 – 0/1 indicates good oral hygiene;
 – 2 indicates slight problems by a narrow margin;
 – >2 indicates certain problems which require additio-
nal interventions or scaling.

Patients with poor oral hygiene, strong occlusion and/
or tooth wear were excluded from the study.

There were 45 patients left in the study (28 women and 
17 men), who underwent a total of 195 restorations, the 
rest of the patients being excluded for various reasons 
(tooth extraction, emergence of periodontal complica-
tions, the patient’s absence from the checkup session).

The restorations were carried out for non-carious cervi-
cal lesions in 34.62% of the cases, for primary carious le-
sions in 40% of the cases, and to replace a previous restora-
tion in 25.38% of the cases. All cavities presented mixed 
margins, both in the enamel and in the dentine (Table 1). 
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Each patient presented at least two cervical lesions, 
which were restored with minimum 2 and maximum 4 
different materials. The teeth were divided into 4 groups, 
based on the restoration material used:

a) Group 1: restorations with conventional glass iono-
mer cement – G1 (n = 30);

b) Group 2: restorations with resin-modified glass iono-
mer cement – G2 (n = 68);

c) Group 3: restorations with resin-modified glass iono-
mer cement – G3 (n = 54);

d) Group 4: restorations with polyacid-modified resin-
based composites – G4 (n = 43). 

We applied the restoration materials randomly, on in-
cisors, canines, or premolars, either on the mandibular or 
maxillary arches. 

Preparation and pre-treatment of cavities

All cavities were prepared in advance, and the restorations 
were applied by a single dentist. Each patient received at 
least two restorations. 

For the present study, none of the restorations were 
performed under local anesthesia or using a rubber dam. 
Humidity control was ensured using cotton rolls and saliva 
suction pumps. In some situations, a gingival retraction 
cord was also applied, in order to prevent contamination 
with saliva or blood. 

After the preparation of the operation field and the dry-
ing of the cavities, the restoration materials were placed in 
conformity with the producer’s instructions. Restoration 
materials which had a polymerization indicator were photo-
polymerized with a high-energy light source (550 W/cm2).

Evaluation of restorations

The restorations were evaluated using a blind evaluation 
technique, all restorations being evaluated during the pa-
tient’s three visits: at 2 weeks (the reference line), and then 

at 1 and 2 years after the placement. The following param-
eters were assessed: restoration retention, color harmoni-
zation, surface texture, margin discoloration, anatomical 
contour, margin integrity, and the presence of secondary 
caries. In order to determine the stability of the material 
color, intraoral color photographs were taken right after 
the placement of the material and at each of the patient’s 
visit for a check-up. 

During patient follow-up, the restorations were not 
modified (for example, refined and polished).

The characteristics were registered in conformity with 
the modified United States Public Health Service (USPHS) 
criteria (Table 3).3,6  The USPHS evaluation3,6 is based on 
several performance criteria, which are applied to all the 
parameters concerned:

1. Alpha score (A) – ideal from a clinical point of 
view – clinical situation with a maximum of clinical 
performance;

2. Bravo score (B) – acceptable from a clinical point 
of view – all the parameters are satisfactory, and 
the restoration is acceptable;

3. Charlie score (C) – unacceptable from a clinical 
point of view – when one or several characteristics 
require replacement of the restoration; 

4. Delta score (D) – loss of restoration or maximal 
modification of certain characteristics. 

Restoration retention rates were assessed in accordance 
with the guidelines of the American Dental Association 
(ADA):

Cumulative failure % = [(PF + NF)/(PF + RR)] × 100%

PF – number of previous failures, before the present  
 procedure

NF – number of new failures, at the present procedure
RR – number of restorations at the present procedure

TABLE 1. The distribution of restorations based on the clinical 

situation

Clinical situation Number of restorations

Cervical non-carious lesions 67

Primary carious lesions 78

Preexisting restorations 50

Total 195

TABLE 2. The distribution of restorations based on the affected 

tooth and arch

Distribution of restorations Number of restorations

Upper incisors 58

Upper canines 25

Upper premolars 32

Lower incisors 25

Lower canines 29

Lower premolars 26

Total 195
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Statistical analysis

All results were obtained in the form of Alpha, Bravo, 
Charlie, and Delta scores, and the statistical analysis of 
the data was conducted using the SPSS 10.0 for Windows 
software (SPSS Inc., Chicago, IL, USA). The data were 
analyzed using the Chi-square test and the Fisher test, 
with a level of significance of 5%. Because a substantial 
rate of patients presented more than one restoration, the 
analysis was performed with a non-independent observa-
tion criterion.  

RESuLtS

A number of 45 patients were left in the study, therefore we 
were able to examine 195 restorations. The reasons for not 
including the rest of the restorations in the evaluation were 
either a crown replacement, or the patient’s decision to 
stop participating in the study, for personal reasons. Dur-
ing the testing period, we did not notice any loss of vitality 
or any progression of periodontal pathology in the teeth 
under investigation.  

At the one-year evaluation, of the total number of res-
torations, we noticed the loss of 12 restorations, and after 
2 years, the loss of 19 restorations (Figure 1). The total 
number of placed and lost restorations according to the 
anatomical placement of the restoration is listed in Table 
3. Retention failure at the level of the mandibular arch was 
higher than in the maxillary one. The mandibular incisors 
presented a higher rate of retention failure (Table 3).

The retention rate of the restorative materials for a pe-
riod of two years was 70% in G1, 100% in G2, 67% in G3, 
and 68% in G4. During the entire period of our study, four 
secondary caries emerged. Nevertheless, we discovered 
significant differences between the restorative materials 
regarding color, margin adaptation, margin coloration, 

surface texture, as well as the criteria regarding the ana-
tomical contour (p <0.05) (Table 4).

On the other hand, from the point of view of the reten-
tion, G1 presented excellent characteristics compared to 
the other materials (p <0.05). Only 2 restorations with 
conventional glass ionomer cement (G1) received a score 
of 4 for margin adaptation after 2 years. Despite its higher 
retention, resin-modified glass ionomer cement (G2) dis-
played the lowest Alpha scores for margin discoloration, 
margin adaptation, and anatomical contour, followed by 
conventional glass ionomer cement (G1) and polyacid-
modified resin-based composites (G4) (Table 4).

dISCuSSIONS

The ADA guide imposes the acceptance of the evaluation 
of a two-year clinical study and a failure rate of 5%. In the 
present study, the retention rates of the utilized materi-
als did not exceed this loss percentage. Consequently, we 
can say that our results demonstrated the efficacy of resin-
modified glass ionomer cement (G2) for cervical lesion 
restorations. Its ionic binding to the structure of the tooth 
seemed to be more efficient than the binding of other ma-
terials tested during our study.15 

In the present study, we used the modified USPHS cri-
teria for the clinical evaluation of restorations of class V 
cavities. Altogether, for the clinical evaluation of tooth 
restorations, several different protocols have been devel-
oped and described, including USPHS, Ryge, or CDA. In 
order to perform a high-quality evaluation, most evalua-
tion algorithms are based on the classification of quality: 
retention, anatomical contour, margin integrity, nuance 
harmonization, and margin discoloration, which can be 
categorized as acceptable or unacceptable. An objective 
and reproducible clinical evaluation of tooth restorations 
can be carried out with the use of any of these classifica-
tion tools. 

TABLE 3. Placed and lost restorations 

Restorations 
(n)

Lost 
restorations 

(n)

Lost 
restorations 

(%)

Upper incisors 58 5 5.17

Upper canines 25 3 12

Upper premolars 32 1 3.12

Lower incisors 25 12 48

Lower canines 29 8 27.58

Lower premolars 26 3 11.53

Total 195 31 15.89

195 195
183

0
12 19

0

50

100

150

200

250

2 weeks 1 year 2 years

Total restorations Lost restorations

FIGURE 1. The distribution of lost restorations
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Restoration loss can be caused by the alteration of den-
tine binding, by the continuous flexion of the tooth, and by 
occlusal stress. These factors affect teeth at the level of the 
maxillary and mandibular arch in a different manner. Re-
searchers have noticed a decrease in retention of cervical 
lesions due to high flexion in mandibular teeth.16

We registered this phenomenon as well, especially in 
the case of retention in the front mandibular teeth, which 
reached a level of 47%; despite this, none of the restora-
tions located on the maxillary premolars was lost. Our 
study also sought to evaluate the success rate of the materi-
als according to different groups of teeth, from the point of 
view of the occlusion. Therefore, the selection and distri-
bution were random. 

Another factor that has been described to affect the re-
tention percentage is the elastic module of materials used 
for restoration. Heymann et al. showed that the retention 
frequency in case of restorations with low-level elastic-
ity materials was significantly higher compared to those 

with a highly elastic module.17 In our study, we observed 
that Group 1 had the highest retention rates, conventional 
glass ionomer cement having the lowest elastic module of 
the tested materials. In areas where the occlusal forces are 
more intensely concentrated, especially at the level of the 
mandibular incisors, it would be more useful to use restor-
ative materials with a low elastic module, thus increasing 
the retention rates over time.11,13,18

The improvements we noticed regarding the retention 
of glass ionomer cements were not as significant as we 
anticipated. The retention rates of various esthetic restor-
ative materials used for the reparation of cervical lesions 
has been described to be between 69% and 100%. Reten-
tion success depends on the patient’s choice, the place 
and shape of the lesion, but also on the properties of the 
used materials. Regardless of the material tested, we can 
expect a high retention rate if the material is set in an area 
with low concentration of stress. The main reason for the 
different results of studies might be found in the different 

TABLE 4. Clinical evaluation of the materials used in the study – USPHS-corresponding 

scores

G1 G2 G3 G4

1 2 1 2 1 2 1 2

Retention

A 29 21 68 68 49 36 35 29

B 1 9 0 0 5 18 9 14

Color match

A 30 30 53 24 24 4 39 20

B 0 0 15 44 30 50 4 23

Marginal discoloration

A 28 26 45 11 41 27 37 23

B 2 4 23 57 13 27 6 20

C 0 0 0 0 0 0 0 0

D 0 0 0 0 0 0 0 0

Marginal adaptation

A 30 26 60 27 44 27 35 17

B 0 4 8 26 11 26 9 26

C 0 0 0 0 0 0 0 0

Surface texture

A 30 30 49 31 39 24 38 29

B 0 0 19 37 15 30 6 14

C 0 0 0 0 0 0 0 0

Anatomic form

A 29 28 51 29 38 27 30 26

B 1 2 17 39 16 27 13 17

C 0 0 0 0 0 0 0 0

D 0 0 0 0 0 0 0 0

Secondary caries

A 30 28 68 67 54 54 43 42

B 0 2 0 1 0 0 0 1
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location of restorations. The differences in retention rates 
may be due, for example, to the lack of preparation of re-
tentions in the enamel. Moreover, these different results 
might also be explained by the random distribution of the 
materials according the groups of teeth and the maxillary 
or mandibular arch.19,20

Regarding the reference line, the high percentage of Al-
pha scores (100%) obtained by resin-modified glass iono-
mer cement, in the characteristics of the surface may have 
been due to the protective layer applied over the surface 
of the material.21 This smooth and shiny layer turned into 
a rough layer by the end of the study. The roughness of the 
surface may be the result of the very erosive wear of the ma-
terial, which led to external discoloration, thus tending to 
have more spots or discoloration than a smooth surface.4,14

The anatomical and physiological contour is difficult to 
reproduce with glass ionomer cements because of their 
low viscosity and relatively sticky properties. Secondly, 
the modification in the anatomical contours of the obtura-
tion with resin-modified glass ionomer cement might be 
due to physical-mechanical properties.22 

According to Levitch et al., occlusal stress, which leads 
to the distortion of cervical lesions, is the main factor in-
volved in the pathogenesis of cervical lesions.22 

In our research, strict standards were applied in the eval-
uation of restorations. An Alpha score was conferred to an 
excellent restoration. Therefore, most Bravo scores repre-
sent the result of this strict rule of observation, while the 
differences between Alpha and Bravo were only marginal. 

Since both Alpha and Bravo show clinical satisfactori-
ness, all restorative materials that had been used in this study 
were within adequate limits. Our study is concurrent with 
the results of previous studies in the fact that the restorative 
materials used for cervical lesions had different results, in all 
the aspects of clinical evaluation. According to our results, 
resin-modified glass ionomer cement (G2), which present-
ed the highest rate of retention, seems to be the most suit-
able material for the restoration of cervical lesions, although 
it requires clinical improvements. Nevertheless, the repair 
of cervical lesions appears to be an ongoing challenge.

CONCLuSIONS

The evaluation of the success of restorative material reten-
tion must consider the location of the cervical lesion. The 
retention is influenced by several factors, including den-
tal flexion, occlusal stress, dentine surface, and the elastic 
module of the materials used for restoration. The applica-
tion of a photopolymerizable cover material can be con-
sidered an efficient procedure, especially when the polish-

ing procedures are performed right after the restoration. 
Successful treatment depends particularly on a full under-
standing of the factors that caused the lesions and on the 
method of their treatment.
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