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Abstract 
Background: Glass ionomer cements (GIC) used for restoration of missing dental structures have high biocompati-
bility and remineralization potential. However, low mechanical resistance excludes their use for long-term restora-
tions of extensive lesions, particularly on approximal surfaces in permanent dentition. GIC with increased viscosity 
have much better physical properties, which involves better bonding and wear resistance, so they can be considered 
as an alternative to composite resin materials. The aim of this study was to perform a clinical and radiological as-
sessment of restorations in permanent teeth, made with an increased viscosity GIC - Equia Fil (Ivoclar Vivadent) 
with Equia Coat (Ivoclar Vivadent) and composite material - Tetric EvoCeram (Ivoclar Vivadent) in young patients. 
Material and Methods: A total of 100 cavities on approximal surfaces were filled with the composite material or 
GIC in 49 patients aged from 12.08 to 19.58 years. During control examinations, the condition of each restoration 
was assessed with criteria acc. to Hickel et al. Bitewing radiographs had been taken before fillings were placed and 
after 12 and 24 months.
Results: After two years of observations, two GIC restorations were replaced due to loss of retention and staining. 
The other 96 restorations were given a satisfactory grade. The clinical efficacy of Equia Fil after 24 months was 
assessed at 95.83%, the Tetric EvoCeram at 100%. The difference was not statistically significant (P=0.145). When 
GIC was used, there was a higher risk of marginal adaptation deterioration and the occurrence of staining and ero-
sion. Radiographic efficacy of the Equia Fil material for cavity restoration after 24 months was assessed at 93.75%, 
for the Tetric EvoCeram material at 100%. Differences were not significant statistically (P=0.073).
Conclusions: Tetric EvoCeram and Equia Fil used for the restoration of approximal lesions in premolars and per-
manent molars have similar efficacy in a 2-year period of observation.
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Introduction
Composite materials are the most frequently used ones 
for direct restoration of missing dental structures on 
approximal surfaces of premolars and permanent mo-
lars (1-4). They are characterized by durability, hardness 
and wear-resistance comparable with enamel; they also 
have excellent polishability (5). However, they do not 
have the potential for remineralization of the partially 
demineralized dentine at the bottom of the cavity. They 
are also burdened with cytotoxicity, which can decrease 
treatment efficacy of caries profunda. Several resear-
chers associate the occurrence of pulpal inflammatory 
reactions, as well as cellular apoptosis, with monomers 
that they release (6). It is particularly valid in newly erup-
ted permanent teeth with higher permeability of dentine 
(thin layer of primary dentine, wide dentinal tubules). 
Glass ionomer cements have high biocompatibility and 
remineralization potential. They are readily used in pe-
diatric dentistry for permanent restorations of lesions in 
deciduous teeth and for correction of minor defects in 
permanent teeth; they are also suitable as temporary res-
torations of deep carious lesions, or when reduction of 
the risk of caries is necessary (5, 7, 8). Low mechanical 
resistance of standard glass ionomer cements excludes 
their use for long-term restorations of extensive lesions, 
particularly on approximal surfaces in the permanent 
dentition.
Glass ionomer cements with increased viscosity have 
much better physical properties, which involves better 
bonding, good wear resistance, low solubility in the oral 
environment and low sensitivity to moisture; they are 
also characterized by better aesthetics (9, 10, 11, 12,13). 
 Wear resistance and surface hardness, as well as aesthe-
tics of the restoration, can additionally be increased by 
an application of a protective varnish with a nanofiller. 
As far as Equia Fil (Ivoclar Vivadent) GIC with increa-
sed viscosity is concerned, the application of Equia Coat 
(Ivoclar Vivadent) protective varnish can increase the 
material’s flexure resistance by 48% (14). This material 
is recommended for restoration of Class I cavities acc. to 
Black, as well as minor lesions on approximal surfaces. 
However, their application in extensive carious defects 
on approximal surfaces in newly erupted permanent tee-
th still requires sounder scientific basis (15, 16).
The aim of this study was to perform a clinical and ra-
diological assessment of the quality of restorations of 
approximal lesions in permanent teeth made with Equia 
Fil glass ionomer cement and Tetric EvoCeram (Ivoclar 
Vivadent) composite in adolescents and young adults. 
The effect of clinical parameters on the quality of fillings 
has also been examined. 

Material and Methods
Clinical and radiological examinations included baseli-
ne assessment and two reviews (I – after 12 months and 

II – after 24 months). The study also involved therapeu-
tic intervention: making a restoration on the approximal 
surface of a molar or a premolar with a composite ma-
terial (group A) or a GIC (group B). The examinations 
were carried out by two dental practitioners following 
training and calibration (Kappa coefficient: 0.89). The 
consent of the Bioethics Committee at the Medical Uni-
versity of Warsaw was obtained KB/157/2013.
The study subjects were selected from patients presen-
ting at the Department of Paediatric Dentistry, Medical 
University of Warsaw. The inclusion criteria were as fo-
llows: age between 12-20 years, Class II carious lesion 
acc. to Black (code 4 or 5 acc. to ICDAS II; code D1, 
D2 or D3 acc. to Manji et al. for molars and premolars), 
written consent for participation in the study expressed 
by patients and/or parents/legal caregivers. The exclu-
sion criteria included recurrent caries, symptoms of pul-
pitis in a tooth with a approximal defect (pain, improper 
response to pulp vitality testing), occlusal parafunction 
(bruxism), malocclusion or an on-going orthodontic 
treatment, history of chronic disease requiring specialist 
medical care, planned change of a place of residence wi-
thin a year, absence of consent.
Clinical examination was carried out in a dental surgery 
by means of a WHO-621 periodontal probe (17). It in-
cluded assessment of oral hygiene status by means of 
a simplified oral hygiene index (OHI-S) acc. to Gree-
ne and Vermillion (1964), condition of dentition – the 
presence of dental caries on all dental surfaces acc. to 
International Caries Detection and Assessment System 
(ICDAS-II), pulp vitality thermal test with ethyl chlo-
ride and electrical test (Sybron Endo Vitality Scanner) 
of a tooth to be treated and compared with its contra-
lateral counterpart. At baseline, DMFT was calculated, 
with D being the value of ICDAS II 1 and 2 codes, with 
P – values of ICDAS II codes ≥3. During control exami-
nations, additionally the condition of the restoration was 
assessed with criteria acc. to Hickel et al., recommended 
by the World Dental Federation (FDI) (Table 1) (18) 
During review visits, the patients received dietary tips. 
Oral hygiene instructions were delivered together with a 
topical application of a fluoride varnish.
Bitewing radiographs had been taken before fillings 
were placed and after 12 and 24 months. Depth of ca-
vities in dentine on approximal surfaces was assessed 
acc. to Manji: D1 – radiolucency in 1/3 of the outer den-
tine, D2 – radiolucency in 1/3 of the central dentine, D3 
– radiolucency reaching 1/3 of the inner dentine (19). 
Control radiographic examinations served to assess the 
presence of deficiency/excess of the material and radio-
lucency near the gingival wall of the tooth, which might 
indicate the presence of a marginal gap and thus secon-
dary caries. It also served to determine the presence of 
horizontal and vertical bone defects in interdental spaces 
indicating marginal periodontitis, fracture of minerali-
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Condition of the 
restoration

Excellent,
very good

Good Sufficient, satisfactory Unsatisfactory Failed

Surface 
discoloration

Without staining Minor staining easy 
to remove

Average surface 
staining, also on other 

teeth, aesthetically 
acceptable

Surface staining 
non-acceptable, more 
extensive intervention 

required

Considerable 
staining,  

not reparable

Retention and 
fractures

Without 
fractures

Hairline fractures Major fractures not 
affecting marginal seal 
or approximal contact

Cracks affecting seal 
or approximal contact, 
massive fractures with 

loss of less than half of a 
restoration

Partial or complete 
loss of restoration

Marginal 
adaptation

Without 
discontinuity or 

staining

Fracture line 
removed with 

polishing

Fracture line cannot be 
removed with polishing, 
slight enamel or dentine 

split

Exposed dentine, 
fracture line affecting 

marginal seal and 
exposing dentine

Mobile restoration

Postprocedural 
hypersensitivity 
and tooth vitality

Tooth vital, 
without 

hypersensitivity

Slight, short-term 
hypersensitivity, 

vitality maintained

No subjective 
sensations, weakened 
or delayed reaction to 
stimuli, no treatment 

necessary

Reaction intensified, 
prolonged, ailments 

reported

Symptomatic 
pulpitis, pulpal 

necrosis, 
endodontic 

treatment required

Recurrent caries, 
erosion, 
abfraction

Not present Very small, 
localized; 

demineralization, 
abfraction, erosion,  

correction not 
required

Major areas of 
demineralization, 

erosion, abfraction, 
dentine not exposed, 

intervention not 
required

Undermining caries, 
lesions, abfraction, 

correctable abrasion in 
dentine

Deep secondary 
caries, exposed 

dentine, not 
reparable

Table 1: Evaluation criteria of individual characteristics of restorations acc. to Hickel et al.

zed dental tissues and altered shape of the restoration. 
The occurrence of any of the above-listed manifestations 
qualified the restoration as unsatisfactory (19).
In accordance with the principles of randomized trials, 
selection was made with the use of block size 6 allo-
cation for two types of intervention (A, B) assigned to 
tooth numbers (n) in the order of patients’ presentation 
in the surgery. If more than one tooth qualified for in-
tervention in one patient, the order in which it was per-
formed was determined by the location of a given tooth 
in the mouth: first, tooth 16, followed by 26, 36 and 46. 
Blinding of the type of intervention was obtained by pla-
cing the result of the draw in non-transparent envelopes. 
This form of allocation concealment made it possible to 
protect the randomization process and prevent access to 
the information about the group to which the given pa-
tient was allocated before inclusion in the study.
Class II lesions in premolars and molars were prepared 
according to generally accepted methods of cavity res-
toration with composite materials and GIC. A layer of 
partially demineralized dentine was left at the bottom of 
the carious lesion. In order to retain the shape of the too-
th, 0.045 mm anatomic matrix strips were used; the ope-
rating area was isolated with cotton wool rolls (20,21). 
 The materials were applied according to manufacturers’ 

instructions. Tetric EvoCeram with ExciteF (Ivoclar Vi-
vadent) bonding agent (intervention A) was applied in 
layers (incremental technique), Equia Fil (intervention 
B) with a single-layer technique. Composite materials 
were prepared directly after placement. The final prepa-
ration of Equia Fil was undertaken 2.5 min after com-
mencement of mixing. The surface was covered with 
Equia Coat and polymerized for 20 seconds.
The results of the study were subjected to statistical 
analysis by means of Statistica 12 (StatSoft) for Win-
dows (Microsoft). For each calculation the significance 
level was set at p≤0.05. Data for statistical analysis was 
obtained from previously prepared Excel spreadsheets 
(Microsoft). Comparisons of mean values and clinical 
and radiological effectiveness of materials was perfor-
med with U Mann-Whitney and chi-square tests.

Results 
A total of 100 cavities on approximal surfaces were fi-
lled in 49 patients aged from 12.08 years to 19.58 years 
(mean 15.87±1.80 years), with mean OHI-S 1.32±0.54 
and mean DMFT 11.25±5.01. Clinical parameters of pa-
tients qualified for the study and the number of resto-
rations with Tetric EvoCeram and Equia Fil depending 
on the localization of treated teeth and depth of cavities 
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are presented in Table 2. Depth of cavities, as assessed 
radiographically, is presented in Table 3. After 12 mon-
ths, 47 participants presented for the first review (98 fi-
llings). After 24 months, 45 patients were re-examined 
(96 fillings). 
During the first control examination after 12 months, 50 
teeth filled with Equia Fil and 48 teeth filled with Te-
tric EvoCeram were reviewed. The unsatisfactory grade 
(score 5) was given to two GIC restorations. In one case, 
the patient presented with a temporary filling placed by 
an independent GDP because the original GIC filling 
had been lost. The other restoration covered by the study 
also received the score of 5 due to staining and loss of 
retention, and the score of 4 because the restoration ma-
nifested signs of erosion. 

Parameters Intervention A 
-Tetric EvoCeram

Intervention B - 
Equia Fil

Total

Number and localization of restored teeth N (%)

Number of teeth 50 (50) 50 (50) 100 (100)
premolars 28 (28) 18 (18) 46 (46)
molars 22 (22) 32 (32) 54 (54)
maxilla 30 (30) 34 (34) 64 (64)
mandible 20 (20) 16 (16) 36 (36)

Table 2: Clinical parameters of the examined patients and the type of restoration on approximal surfaces.

Materiał used for 
restoration

D1  
– radiolucency in 
1/3 of the outer 

dentine

D2  
– radiolucency in 
1/3 of the inner 

dentine

D3  
– radiolucency 

reaching 1/3 of the 
inner dentine

Total

n (%)
Tetric EvoCeram 6 (12) 26 (52) 18 (36) 50 (100)

Equia Fil 8 (16) 25 (50) 17 (34) 50 (100)

Table 3: Depth of lesions filled with Tetric EvoCeram and Equia Fil – radiographic evaluation.

Evaluation criteria A - Tetric EvoCeram B - Equia Fil P (based on U 
Mann- 

-Whitney test
Review mean ±SD

Condition of the restoration I 1.146 ±0.357 1.840 ±0.961 0.000*

II 1.208±0.410 2.083±0.647 0.000*

Discoloration I 1.063 ±0.245 1.380 ±0.725 0.002*

II 1.208±0.410 1.917±0.577 0.000*

Retention and fractures I 1.000 ±0.000 1.200 ±0.833 0.089

II 1.000±0.000 1.042±0.289 0.863

Marginal adaptation I 1.042 ±0.202 1.380 ±0.697 0.002*

II 1.042±0.202 1.396±0.707 0.048*

Erosion I 1.000 ±0.000 1.320 ±0.683 0.001*

II 1.000±0.000 1.354±0.601 0.014*

All 96 restorations reviewed during the control examina-
tion after 24 months were given a satisfactory grade. The 
two Equia Fil restorations, which previously had received 
an unsatisfactory grade, were not taken into consideration. 
Postprocedural hypersensitivity was not recorded. Pulpal 
vitality, when examined by appropriate tests, was normal. 
The analysis of Spearman correlation failed to confirm 
any association between the condition of the restorations 
and a specific type of tooth under treatment, its position 
in the maxilla or the mandible. When the U Mann-Whit-
ney test was used for comparison of mean values of the 
studied materials (p≤0.05) the statistically significant di-
fferences were observed for such criteria as: the general 
condition of the restoration, staining, marginal adapta-
tion and erosion (Table 4).

Table 4: Comparison of mean values of the examined materials after 12 and 24 months (review I and II).

* Statistical significance p≤ 0.05
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The clinical efficacy of the Equia Fil material used for 
the restoration of approximal lesions in molars and pre-
molars after 12 months was assessed as 95.83%; for the 
Tetric EvoCeram material at 100%. The demonstrated 
difference was not statistically significant P=0.145. Af-
ter 24 months, no restorations were assessed as unsatis-
factory, thus the efficacy of both materials was identical, 
similar to the review examination performed after 12 
months.
Based on radiographic examination, three fillings (6%) 
made with the Equia Fil material were assessed as un-
satisfactory after 12 months. In one case, altered shape 
of the restoration in the vicinity of the approximal con-
tact was observed; in two cases, there was a suspicion 
of recurrent caries/presence of a marginal gap. For com-
posite restorations, no complications were noted radio-
graphically. At 24-month review, all restorations were 
radiographically considered satisfactory. Radiographic 
efficacy of the Equia Fil material for cavity restoration 
after 12 months was assessed at 93.75%, for the Tetric 
EvoCeram material at 100%. After 24 months, these va-
lues remained the same. Differences were not significant 
statistically (P=0.073).
When both clinical and radiological features of the res-
torations are concerned, the efficacy for Equia Fil and 
Tetric EvoCeram was 91.67% and 100%, respectively 
after 12 and 24 months of observation. The difference 
was statistically significant (P=0.037).

Discussion
The properties of composite materials, such as amal-
gam-like durability, ease of application and high accep-
tance by patients, are an argument for their widespread 
use in the clinical practice when it comes to restoration 
of approximal lesions in permanent teeth (1-4). Their 
clinical suitability has been confirmed by Pallesen et al. 
(21). These researchers evaluated the efficacy of com-
posite materials used for restorations of Class I and II 
lesions in permanent teeth of children and adolescents 
(mean age 13.7 years). A total of 4355 restorations were 
evaluated (Class I cavities – 49%, Class II – 41.7%, 
multi-surface lesions – 9.3%). In the course of 8 years 
of observations, 406 restorations had been replaced and 
125 required correction. An overall efficacy of compo-
site materials was assessed at 97.7% after a year, 92.8% 
– after 3 years, 87.5% – after 5 years, and 84.3% – after 
8 years. After 5 years, the efficacy of the tested materials 
used for Class I cavities was higher (91%) in compari-
son with Class II cavities (85%) and multi-surface ones 
(81%). The authors, however, did not present results of 
a two-year observation of Class II fillings. The overall 
one-year assessment of all restorations (97.7%) was si-
milar to the one obtained by the authors of the present 
study in a comparable observation period.  
When studies were being reviewed for the purpose of the 

present study, no clinical failure had been reported con-
cerning the Tetric EvoCeram composite material. Cetin 
et al. utilized the so-called modified Ryge scale for the 
assessment of three different composite materials used 
for the restoration of Class I and II cavities acc. to Black 
in patients aged 20-28 years. The authors examined the 
Filtek Supreme XT, Aelite Aesthetic and Tetric EvoCe-
ram materials in a year-long observation. After 12 mon-
ths, 100% efficacy was noted for all of these materials. 
Retention and gingival adaptation had the highest Alpha 
score of 100% for each material. In the “surface smoo-
thness and marginal adaptation” category Tetric EvoCe-
ram and Aelite Aesthetic materials obtained 95% Alpha 
score and 5% Bravo score, which indicates acceptable 
condition of restorations. In the “surface smoothness” 
and “marginal staining” categories the lowest score was 
given to Filtek Supreme XT (Alpha score of 80% and 
85%, and Bravo score of 20% and 25%, respectively). 
All the other criteria received Alpha scores (100%) on 
the scale used by the authors No statistically significant 
differences were observed between the materials. These 
results seem similar to the ones obtained in the present 
study after one year of observations, yet direct compa-
rison is not possible. In the studies by Cetin et al., sixty 
fillings in total were evaluated (twenty each for three di-
fferent materials). Filtek Supreme XT was used for ele-
ven Class I and nine Class II fillings, Tetric EvoCeram 
for twelve Class I and eight Class II fillings, and Aelite 
Aesthetic for fourteen and six fillings, respectively (22). 
Comparable results were obtained by Schoch et al. who 
used Tetric Ceram for the restoration of six Class I le-
sions and nineteen Class II lesions in permanent teeth of 
patients aged 19-41 years. After one year, 96% of resto-
rations were scored as Alpha in all evaluation criteria. 
One filling (4%) received a Bravo score due to the pre-
sence of marginal staining; however, the authors failed 
to mention the class of the restoration in question. All 
Class I and II restorations were assessed as satisfactory 
at the 12-month review. The authors, however, failed to 
review the restorations after 24 months (23).
Unlike composite restorations, when Equia Fil glass io-
nomer restorations were reviewed after 24 months, 4% 
of failures were noted. In one case, discoloration, fractu-
re and surface erosion were present; in another case, the-
re was total loss of retention. Gurgan et al., who assessed 
Class II Equia Fil restorations in permanent teeth of pa-
tients aged 15-37 years, did not report such failures (24). 
These authors reviewed thirty fillings, which were all as-
sessed as acceptable. Only 6.9% of fillings were stained 
and in 13.8% of cases degradation of the marginal seal 
was noted. In the present study, at 12- and 24-months 
review, 28% and 79% Equia Fil discolored restorations 
respectively were observed, which received acceptable 
score; 2% of restorations were assessed as unacceptable. 
Gurgan et al. did not conduct a 2-year review, and so it is 
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impossible to undertake any comparative analysis with 
the results of the present study. However, 26% of their 
restorations had a score higher than 1 (acc. to Hickel et 
al.) when marginal adaptation is concerned, and this out-
come is comparable with the one obtained in the present 
study for the same study period. 
 Scholtanus et al. (25) reported similar efficacy of the 
Fuji IX GP Extra material (renamed as Equia Fil in some 
countries) for Class II restorations. 
In a retrospective study, they assessed 116 fillings, which 
were coated with a protective varnish. In the 18-month 
observation period they did not observe any failures. 
No information, however, was provided concerning the 
patients’ age or the time that had elapsed between the 
eruption of a tooth and the moment of observation. Teeth 
with both primary and recurrent caries were included in 
the study. 
Fried et al. in a retrospective study conducted in six 
German clinics reported no loss of restorations. Here, 
125 Class II cavities had been restored with Fuji IX GP 
Extra in 43 patients in permanent teeth in a 2-year ob-
servation period (20). In this case, similarly to the other 
previously cited authors, patients’ age was not given. In 
44% of the restorations, loss of approximal contact was 
observed; however, for the 35% of the restorations it 
amounted to a slight change of the restoration’s volume 
at the approximal surface, not resulting in total loss of 
contact. Total loss of approximal contact was observed 
in five restorations (4%), which were qualified for repla-
cement. In the present study, the altered shape of the res-
toration in the vicinity of a contact point was observed 
in one tooth only, basing on a radiographic examination 
carried out after 12 months. Fried et al. reported the pre-
sence of surface roughness in seven Class II restorations 
and loss of marginal seal only in one case (0.8%). Be-
cause of these findings, nine restorations (7.2%) were 
qualified for replacement after two years of observation. 
The authors attributed the altered shape of the restora-
tion in the vicinity of the contact point to the absence 
of coating with protective varnish. This view is shared 
by other researchers who noted increased wear of the 
material in comparison with the enamel in 37% of the 
restorations not protected with varnish and 28% that had 
been coated (26). The observed difference in the wear 
of the material was not statistically significant. Schol-
tanus reported similar opinions concerning the result of 
his studies. The author claimed that the contact point and 
the edge of the restoration gingivally are places that are 
not accessed by the liquid protective varnish (25). It is 
likely that the absence of varnish in these areas resulted 
in loss of approximal contact and the presence of a mar-
ginal gap gingivally in two fillings in the present study. 
It is recommended that the Equia Fil material be used 
with a dedicated protective varnish with a nanofiller, the 
application of which increases surface hardness, the ma-

terial’s aesthetics and wear resistance (20, 24, 26, 27). 
Lohbauer et al. (28) confirmed increased wear resistance 
of the Fuji IX GP Extra material if it is coated with var-
nish containing a nanofiller. However, an adverse effect 
of the varnish was documented since it impedes fluoride 
release from glass ionomer cement to the oral environ-
ment (29). 
Rutar et al. conducted a three-year observation of 129 
Fuji IX GP Extra restorations (Class I – 56, Class II – 
73); after one year the material was assessed at 96%, 
after three years at 94% (30). Considering marginal 
staining, 90% of Class I restorations and 100% of Class 
II restorations were deemed acceptable. In the margi-
nal adaptation category, these values were 100% and 
93%, respectively. No recurrent caries was observed. 
Deciduous second molars had been filled and evaluated 
with Ryge modified criteria. The authors claimed that 
the high success rate could be attributed to the minima-
lly invasive cavity preparation and to little exposure to 
occlusal forces. In the present study, no correlation was 
defined between the size of the restoration and their as-
sessment after 24 months. However, photographic do-
cumentation confirms that the GIC restoration, which 
failed, was large.
In conclusion, Tetric EvoCeram composite material 
and Equia Fil glass ionomer used for the restoration of 
approximal lesions in premolars and permanent molars 
of adolescents have similar clinical and radiological 
efficacy in a 2-year period of observation. When GIC 
is used, there is a higher risk of marginal adaptation de-
terioration and the occurrence of staining and erosion. 

References
1. Hickel R, Manhart J. Longevity of restorations in posterior teeth and 
reasons for failure. J Adhes Dent. 2001;3:45-64.
2. Da Rosa Rodolpho PA, Cenci MS, Donassollo TA, Loguércio AD, 
Demarco FF. A clinical evaluation of posterior composite restorations. 
17-year findings. J Dent. 2006;34:427-35.
3. Baldissera RA, Corrêa MB, Schuch HS, Collares K, Nascimento 
GG, Jardim PS, et al. Are there universal restorative composites for 
anterior and posterior teeth? J Dent. 2013;41:1027-35.
4. Fagundes TC, Barata TJ, Bresciani E, Cefaly DF, Jorge MF, Navarro 
MF. Clinical evaluation of two packable posterior composites. 2-year 
follow-up. Clin Oral Investig. 2006;10:197-203.
5. Forss H, Widström E. The post-amalgam era. a selection of mate-
rials and their longevity in the primary and young permanent denti-
tions. Int J Paediatr Dent. 2003;13:158-64.
6. Goldberg M. In vitro and in vivo studies on the toxicity of dental 
resin components. a review. Clin Oral Invest. 2008;12:1-8.
7. Van Dijken JW, Kieri C, Carlén M. Longevity of extensive class II 
open-sandwich restorations with a resin-modified glass-ionomer ce-
ment. J Dent Res. 1999;78:1319-25.
8. Andersson-Wenckert IE, van Dijken JW, Hörstedt P. Modified 
class II open sandwich restorations. evaluation of interfacial adapta-
tion and influence of different restorative techniques. Eur J Oral Sci. 
2002;110:270-5.
9. Ngo HC, Mount G, Mc Intyre J, Tuisuva J, Von Doussa RJ. Chemi-
cal exchange between glass-ionomer restorations and residual carious 
dentine in permanent molars. an in vivo study. J Dent. 2006;34:608-13. 
10. Dalli M, Çolak H, Mustafa Hamidi M. Minimal intervention con-



J Clin Exp Dent. 2021;13(2):e165-71.                                                                                                                                                                                                II class restorations – clinical study

e171

cept. a new paradigm for operative dentistry. J Investig Clin Dent. 
2012;3:167-75.
11. Frankenberger R, Sindel J, Krämer N. Viscous glass-ionomer ce-
ments. a new alternative to amalgam in the primary dentition? Quintes 
Int. 1997;28:667-76.
12. Nagaraja UP, Kishore G. Glass ionomer cement - the different ge-
nerations. Trends Biomater. Artif Organs. 2005;18:158-65.
13. Wiegand A, Buchalla W, Attin T. Review on fluoride-releasing 
restorative materials - fluoride release and uptake characteristics, 
antibacterial activity and influence on caries formation. Dent Mater. 
2007;23:343-62.
14. Kato K, Yarimizu H, Nakaseko H, Sakuma T. Influence of coa-
ting material on conventional glass-ionomer cement. J Dent Res. 
2008;87:487.
15. Frencken JE, Peters MC, Manton DJ, Leal SC, Gordan VV, Eden 
E. Minimal intervention dentistry for managing dental caries - a re-
view. report of a FDI task group. Int Dent J. 2012;62:223-43.
16. Klinge S, Kunstmann K, Frankenberger R, Krämer N. Clinical be-
havior of viscous glassionomer cement in classes I and II cavities. J 
Dent Res. 1999;78:2285.
17. World Health Organization. Oral health surveys. basic methods. 
Fifth edition. Geneva 2013.
18. Hickel R, Roulet JF, Bayne S, Heintze S, Peters S, Peters M, et 
al. FDI World Dental Federation. clinical criteria for the evaluation 
of direct and indirect restorations - update and clinical examples. Clin 
Oral Invest. 2010;14:349-66.
19. Kajka-Hawryluk K, Furmaniak K, Gromak-Zaremba J, Szopiński 
K. Zdjęcia zgryzowo-skrzydłowe we współczesnej stomatologii dzie-
cięcej. Nowa Stomatol. 2015;20:73-80.
20. Friedl K, Hiller KA, Friedl KH. Clinical performance of a new 
glass ionomer based restoration system. a retrospective cohort study. 
Dent Mater. 2011;27:1031-7.
21. Pallesen U, van Dijken JW, Halken J, Hallonsten AL, Höigaard 
R. Longevity of posterior resin composite restorations in permanent 
teeth in Public Dental Health Service. a prospective 8 years follow up. 
J Dent. 2013;41:297-306.
22. Cetin Ali R, Unlu N. One-year clinical evaluation of direct nanofi-
lled and indirect composite restorations in posterior teeth. Dent Mater 
J. 2009;28:620-6. 
23. Schoch M, Krämer N, Frankenberger R, Petschelt A. Direct pos-
terior composite restorations with a new adhesive system. one-year 
results. J Adhes Dent. 1999;1:167-73.
24. Gurgan S, Kutuk ZB, Ergin E, Oztas SS, Cakir FY. Four-year ran-
domized clinical trial to evaluate the clinical performance of a glass 
ionomer restorative system. Oper Dent. 2015;40:134-43.
25. Scholtanus JD, Huysmans MC. Clinical failure of class-II restora-
tions of a highly viscous glass-ionomer material over a 6-year period. 
a retrospective study. J Dent. 2007;35:156-62.
26. Diem VT, Tyas MJ, Ngo HC, Phuong LH, Khanh ND. The effect 
of a nano-filled resin coating on the 3-year clinical performance of a 
conventional high-viscosity glass-ionomer cement. Clin Oral Investig. 
2014;18:753-9.
27. Bonifácio CC, Werner A, Kleverlaan CJ. Coating glass-ionomer 
cements with a nanofilled resin. Acta Odontol Scand. 2012;70:471-7.
28. Lohbauer U, Krämer N, Siedschlag G, Schubert EW, Lauerer B, 
Müller F et al. Strength and wear resistance of a dental glass-ionomer 
cement with a novel nanofilled resin coating. Am J Dent. 2011;24:124-8.
29. Tiwari S, Nandlal B. Effect of nano-filled surface coating agent on 
fluoride release from conventional glass ionomer cement. an in vitro 
trial. J Indian Soc Pedod Prev Dent. 2013;31:91-5.
30. Rutar J, McAllan L, Tyas MJ. Three-year clinical performan-
ce of glass ionomer cement in primary molars. Int J Paed Dent. 
2002;12:146-7.

Ethics
The consent of the Bioethics Committee at the Medical University of 
Warsaw was obtained - KB/157/2013.

Source of funding
Non funding

Authors’ contributions
PR designed and performed the study, wrote the paper; DG designed 
and performed statistical analysis, EK wrote and prepared the paper, 
DOK designed and performed the study, wrote and reviewed the paper.

Conflict of interest
All authors have nothing to disclose.


