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Summary

Introduction. Glass-ionomer cements and composite materials are widely used for di-
rect restoration of carious lesions, also in young permanent teeth. However, knowledge 
on the effects of cariogenic factors on the quality of restorations performed using these 
materials, especially those covering proximal surfaces, which are more often exposed to 
bacterial plaque, is insufficient.
Aim. The aim of the study was to assess the impact of oral hygiene and increased intensity 
of caries on proximal composite and glass ionomer restorations in young permanent teeth 
after 2 years of usage.
Material and methods. Equia Fil glass-ionomer and Tetric EvoCeram composite resto-
rations were performed in patients aged between 12 and 20 years with proximal carious 
lesions in premolars and molars. The clinical condition of restorations was assessed and 
indices such as OHI-S and D1-2DMFT (along with their increased values) were calcu-
lated at baseline, as well as during follow-up visits at 6, 12, 18 and 24 months. Correlations 
between clinical assessment of restorations and indices for oral hygiene and caries inten-
sity, their increase and increased number of teeth with carious spots were evaluated.
The study was approved by the Bioethics Committee of the Medical University of War-
saw (No. KB/157/2013).
Results. A total of 100 proximal restorations were performed in 49 patients. After 
24 months, 98 restorations (50 Equia Fil and 48 Tetric EvoCeram) were evaluated. Mean 
baseline OHI-S and D1-2DMFT were 1.37 and 12.04, respectively, for Equia Fil restora-
tions, and 1.27 and 10.38 for Tetric restorations, with the following values reported during 
follow-up: 1.80 and 15.4; 1.63 and 12.38. Statistically significant relationships were found 
between OHI-S and values describing the state of materials. These values increased with 
increasing OHI-S and D1-2DMFT. 
Conclusions. Both Tetric Evo Ceram and Equia Fil restorations are susceptible to cario-
genic factors.
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Introduction
The current guidelines of minimally invasive dentistry 

recommend selective removal of carious dentin, i.e. leav-
ing residual demineralised dentin on the intrachamber 
wall followed by its sealing, preferably using materials 
that accelerate remineralisation of demineralised dentin 
to protect the pulp (1). Restoration of large two-surface 

lesions in lateral teeth requires an additional use of mate-
rials with high mechanical strength. For this reason, com-
posite materials, which ensure stability and aesthetics, 
are very popular. However, these materials are not rec-
ommended for patients at high risk of caries, i.e. exposed 
to cariogenic factors. It was found that patients with high 
intensity of caries are more likely to develop secondary 
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Medical University of Warsaw. Inclusion criteria were 
as follows: age 12-20 years, proximal carious lesions in 
premolars or molars (Black class II; ICDAS II code 4 or 5, 
radiographic caries depth D1, D2 or D3 according to 
Manji et al.), and a written consent from the patient/
parent or legal guardian to participate in the study.  
Exclusion criteria were as follows: secondary caries, 
signs of pulpitis in a tooth with a proximal cavity (pain, 
inappropriate response to dental pulp tests), parafunc-
tional tooth-clenching (bruxism), malocclusion, ongoing 
or planned orthodontic treatment, history of chronic dis-
ease requiring specialist medical care, planned change 
of residence during the year.

According to the principle of randomisation, a block-
size of 6 was used to allocate patients for two types of 
interventions. The codes for interventions (A, B) were 
assigned to the numbers of teeth (n), in accordance 
with the order of reporting. If more than one tooth was 
qualified in a given patient, the order of intervention 
was determined by the location of the tooth in the oral 
cavity – tooth 16 first, then teeth 26, 36 and 46. Blinding 
of the intervention was achieved by placing randomisa-
tion results in opaque envelopes. The use of allocation 
concealment allowed for the protection of randomisa-
tion and prevented access to information about the 
group to which the patient was allocated before inclu-
sion in the study. 

Class II cavities were treated according to the princi-
ples of minimally invasive dentistry, i.e. leaving residual 
demineralised dentin. Matrix bands 0.045 mm were used 
for tooth shape restoration, and lignin rolls were used for 
treatment site isolation (13, 16-20). The materials were 
applied in accordance with manufacturers’ instructions. 
Tetric EvoCeram was applied using the layered technique, 
while a single-layer method was used for Equia Fil. In the 
case of composite materials, surface finishing was done 
immediately after application. For Equia Fil, surface finish- For Equia Fil, surface finish-For Equia Fil, surface finish-
ing was done 2.5 minutes after the beginning of mixing. 
The surface was covered with Equia Coat and light-cured 
for 20 seconds.

Clinical examinations were performed in a dental office 
setting (21, 22). Baseline and follow-up examinations were 
performed to assess both oral hygiene using oral hygiene 
index simplified (OHI-S) for dental plaque according to 
Green and Vermillion (1964), and dentition – the presence 
of caries on all tooth surfaces according to the Interna-
tional Caries Detection and Assessment System (ICDAS-II).  
D1-2DMFT was calculated, with ICDAS II code 1 and 2 tak-
en as D1 and ICDAS II ≥ 3 taken as D.

Restorations were assessed after a month and during 
follow-up, using a 5-point scale, as in accordance with the 
criteria developed by Hickel et al., and recommended by 
the World Dental Federation (FDI) (23, 24) (tab. 1).

Patients were provided with dietary and hygiene ad-
vice, as well as had fluoride varnish applied during visits.

caries and present with the loss of marginal adhesion of 
composite materials (2).

Temporary restorations using glass-ionomer cements 
are recommended for high-risk patients. Owing to their 
remineralisation properties, these materials are com-
monly used for restoring carious lesions, deep ones in 
particular. Insufficient mechanical strength is a factor lim-
iting the use of conventional glass-ionomer cements for 
long-term restoration of proximal cavities in permanent 
teeth. Sensitivity to acids and worse aesthetics compared 
to composite materials are also important disadvantages. 
Currently available high-viscosity glass-ionomer cements 
show improved aesthetics and resistance to abrasion, 
as well as low solubility in the oral cavity (3-9). Cover-(3-9). Cover-Cover-
ing these materials with a protective varnish contain-
ing nanofiller increases their smoothness, resistance to 
abrasion and hardness (10-13). At the same time, high- 
-viscosity glass-ionomer cements show biocompatibility 
and the ability to release fluoride comparable to those of 
conventional ones. These properties suggest both longer 
use of restorations made of these materials, also when 
covering more than one surface, as well as benefits of 
their use in young permanent teeth showing higher den-
tin permeability, as well as in patients at high risk of car-
ies. However, there is no sufficient evidence supporting 
this hypothesis in literature.

Dental plaque, new cavities and carious spots are ob-
jective indicators of restoration exposure to cariogenic 
factors (14). Very few studies assessed the effects of cari-
ogenic factors or caries intensity on the performance of 
restorations made of different materials (2, 15).

Aim
The aim of the study was to assess the impact of oral 

hygiene and increased intensity of caries on proximal com-
posite and glass ionomer restorations in young permanent 
teeth after 2 years of usage.

Material and methods
A randomised clinical study involving two types of inter-

vention was conducted between 2013 and 2015. The in-
terventions included a preliminary clinical and radiological 
assessment, follow-up examinations at 6-month intervals 
for 2 years, as well as Tetric EvoCeram (Ivoclar Vivadent, 
Schaan, Liechtenstein) composite (intervention A) or 
Equia Fil (GC, Tokyo, Japan) glass-ionomer (intervention B) 
proximal restorations in molars and premolars. The exami-
nations were performed by two specialists in paediatric 
dentistry, each with more than 5 years of clinical experi- than 5 years of clinical experi-than 5 years of clinical experi-
ence, after appropriate training and calibration (Kappa 
coefficient: 0.89). The study was approved by the Bioeth-
ics Committee of the Medical University of Warsaw (No. 
KB/157/2013). 

Recruitment was performed among patients report-
ing to the Department of Paediatric Dentistry of the 
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and 46 mandibular) were performed, were included in 
the study. A follow-up of 98 restorations, including 50 
Equia Fil and 48 EvoCeram restorations, was performed 
after 24 months. The lower number of restorations as-
sessed during follow-up was due to patient failure to 
report.

The mean number of teeth present in the oral cavity 
was 27.95 (± 0.297). Mean values for OHI-S and D1-2DMFT 
at baseline and during follow-up after 24 months, along 
with the number of patients with increased number of car-
ious spots are shown in table 2. Mean Hickel scores for ma-
terials assessed after 24 months, along with the number 
of restorations with a score other than excellent and inter-
group differences are shown in table 3. Spearman’s cor-
relation coefficients reflecting the relationships between 
caries indices and OHI-S at baseline and after 24 months, 
as well as between changes of these indicators and res-
toration scores are shown in table 4. Since no erosion or 
secondary caries were observed in the teeth restored with 
composite material, these were not included in the calcu-these were not included in the calcu-
lation of correlations.

Table 5 shows mean D1-2DMFT, D1-2T, OHI-S and their 
increase at 24-month follow-up vs baseline in patients 
with restorations scored as excellent in accordance with 
the used scale.

Statistica 12 (StatSoft) for Windows (Microsoft) was 
used for statistical analysis. A p ≤ 0.05 was considered 
significant for all calculations. Data for statistical evalu-
ations was obtained from previously prepared Excel 
spreadsheets (Microsoft). T-student test was used to 
compare mean OHI-S, D1-2DMFT, increased D1-2T and 
the number of patients with an increased number of 
carious spots for interventions A and B, as well as mean 
D1-2DMFT, D1-2T, OHI-S and their increase for the in-
dividual materials rated excellent within 24 months.  
The U-Mann-Whitney test was used to compare the mean 
values from the assessment of materials in the individual 
categories, while chi-square test was used to compare 
the numbers of restorations with Hickel’s score of less 
than 1 for a given category. Spearman’s rank correlation 
coefficients were determined to assess the correlations 
between clinical findings for the tested materials (mean 
scores) and mean OHI-S for each patient throughout the 
study period, baseline D1-2DMFT, as well as an increase 
in OHI-S, D1-2DMFT and D1-2T.

Results
A total of 49 patients aged between 12.08 to 19.58 

years (mean age 15.87 ± 1.80), in whom 100 proximal 
restorations in 46 premolars and 54 molars (64 maxillary 

Tab. 1. Hickel’s criteria for the assessment of dental restorations 

Clinical 
condition

Excellent, 
very good Good Sufficient, satisfactory Unsatisfactory Poor

Surface 
discolouration none

mild, easily 
removable 
discolouration

moderate surface 
discolouration, 
including other teeth, 
aesthetically acceptable

unacceptable surface 
discoloration, greater 
intervention needed

severe  
unrepairable 
discoloration

Retention 
and cracking none hairline 

fractures

larger cracks with 
no effects on marginal 
sealing or the contact 
point

cracks affecting 
sealing or the contact 
point, massive cracks 
with the loss of more 
than 50% of filling 

partial or total loss 
of filling

Marginal 
adaptation

no gaps or 
discolouration

marginal gap 
removable by 
polishing

marginal gap cannot be 
removed by polishing, 
minor cracks in the 
enamel or dentin

exposed dentin, 
fracture gap 
compromising 
marginal sealing and 
exposing dentin

loose 
restoration

Post-operative 
hypersensitivi-
ty/tooth vitality

viable tooth, no 
hypersensitivity

mild, transient 
hypersensitivity, 
viability 
maintained

no subjective 
symptoms, reduced 
or delayed response 
to stimuli, no need for 
treatment

increased, 
longer-lasting 
response, symptoms 
reported

symptomatic 
pulpitis, 
pulp necrosis, 
endodontic 
treatment needed

Secondary 
caries, erosion, 
abfraction

none

very mild, in 
situ; deminera-
lisation, abfrac-
tion, correction 
not needed

large surfaces 
of demineralization, 
erosion, abfraction, no 
dentin exposure, no 
need for intervention

undermining caries, 
erosions, abfraction, 
dentin abrasion, 
repairable

deep secondary 
caries, exposed 
dentin, 
unrepairable
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glass-ionomer cements and the loss of marginal adapta-
tion of Equia Fil restorations and OHI-S. A positive corre-Equia Fil restorations and OHI-S. A positive corre- A positive corre-A positive corre-
lation was also found between increased OHI-S and ero-
sions. Erosion of glass-ionomer cements was observed 
in patients with higher OHI-S, and the relationship was 
statistically significant. Also, statistically significant dif- Also, statistically significant dif-Also, statistically significant dif-
ferences were found in D1-2DMFT, D1-2T, OHI-S and 
increased values of these parameters between patients 
with composite restorations rated excellent and patients 
with glass-ionomer restorations scored 1 according to 
Hickel’s scale. Significantly higher values for the above 
mentioned indices were reported in the first group. This 
provides evidence for the poor condition of Equia Fil res-
torations in patients with higher intensity of caries, poor 
oral hygiene and a higher number of carious spots.

Discussion
Our findings indicate that oral hygiene is an important 

factor affecting dental restorations, glass-ionomer res-
torations in particular. Spearman’s correlation analysis 
showed the impact of dental plaque on the clinical condi-
tion of both composite and glass-ionomer restorations. 
A strong positive correlation was found between OHI-S 
and the general condition of restorations. Increasing 
OHI-S correlated with a higher category of the general 
assessment of restorations. This correlation was statis-
tically significant for both composite and glass-ionomer 
restorations, with a stronger correlation for Equia Fil, in-
dicating greater dependence of its quality on oral hygiene 
compared to composite restorations. Also, a relationship 
was confirmed between discolouration of composite and 

Tab. 2. OHI-S and D1-2DMFT at baseline and at 24-month follow-up, the number of patients with increased number of carious spots 
within 24 months 

Clinical 
parameters

Equia Tetric P 

Baseline Follow-up Baseline Follow-up Baseline Follow-up

OHI-S mean ± SD 1.37 ± 0.54 1.80 ± 0.62 1.27 ± 0.54 1.63 ± 0.53 0.339 0.149

D1-2DMFT mean ± SD 12.04 ± 5.84 15.41 ± 7.51 10.38 ± 3.98 12.38 ± 4.68 0.100 0.019*

Increased D1-2T mean ± SD – 2.00 ± 1.84 – 1.40 ± 1.50 – 0.079

Increased D1-2T, 
number of patients (%) N (%) – 33 (67.3%) – 34 (70.8%) – 0.710

*statistical significance, p ≤ 0.05

Tab. 3. Mean scores obtained by the assessed materials for the individual categories after 24 months

 Category
Tetric EvoCeram Equia Fil

P 
Mean ± SD

Clinical condition 1.208 ± 0.410 2.083 ± 0.647 < 0.001*

Discolouration 1.208 ± 0.410 1.917 ± 0.577 < 0.001*

Retention/cracks 1.000 ± 0.000 1.042 ± 0.289 0.863

Marginal adaptation 1.042 ± 0.202 1.396 ± 0.707 0.048*

Secondary caries/erosion 1.000 ± 0.000 1.354 ± 0.601 0.014*

Number of restorations scored > 1
n/% P 

Clinical condition 10 (20.8%) 40 (83.3%) < 0.001*

Discolouration 10 (20.8%) 38 (79.2%) < 0.001*

Retention/cracks 0 (0.0%) 1 (2.1%) 0.315

Marginal adaptation 2 (4.2%) 13 (27.1%) 0.002*

Secondary caries/erosion 0 (0.0%) 14 (29.2%) < 0.001*

*statistical significance, p ≤ 0.05
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category for the state of Tetric EvoCeram and Equia Fil 
restorations over the 24-month period. A strong correla-
tion was observed between increased D1-2DMFT during 
the 2-year period and erosion, as well as worse marginal 
adaptation for glass-ionomer restorations. No studies 
assessing the effects of caries intensity and increased 
D1-2DMFT (and its components) on the condition and 
maintenance of restorations may be found in literature. 
However, McKenzie et al. (26) confirmed the susceptibility 
of glass-ionomer materials to acids in their in vitro study. 
The authors incubated conventional and resin-modified 
glass-ionomer samples in saliva, saline, coca-cola and 
juices (orange and apple juice). After 3 months, erosions 
on the surface of conventional glass-ionomer materials 
and reduced strength were observed; samples stored 
in juices dissolved after a year. This supports the thesis 

Kemoli and Amerongen (25) assessed glass-ionomer 
proximal ART restorations in primary teeth. Restorations 
were performed using glass-ionomer cements: Fuji IX (GC 
Europe) and Ketac Molar Easymix/Ketac Molar Aplicap (3M 
ESPE AG, Germany). Plaque index was assessed at baseline 
and after 2 years. Patients with a mean plaque index below 
1.5 presented with better condition of restorations com-
pared to patients with higher values. However, the differ-
ence was not statistically significant.

The condition of restorations was also correlated with 
dental health in the study group. Patients with higher 
D1-2DMFT presented with significantly worse condition 
of restorations. This correlation was statistically signifi-
cant for both types of restorations. A positive statistically 
significant correlation was demonstrated between in-
creased D1-2DMFT and its component D1-2T and a higher 

Tab. 4. Spearman’s correlation coefficients showing the relationships between caries indices, hygiene and increased OHI-S, D1-2DMFT, 
D1-2T and features regarding the assessment of restorations at baseline and after 24 months

Clinical parameters 
Clinical condition Discolouration Marginal adaptation Retention/

cracks Erosion

Tetric Equia Tetric Equia Tetric Equia Equia Equia

OHI-S (baseline) 0.250 0.526* 0.250 0.415* -0.169 0.462* 0.197 0.160

OHI-S (follow-up) 0.314* 0.719* 0,314* 0.537* -0.167 0.500* 0.090 0.274

Increased OHI-S 0.138 0.413* 0.138 0.262 -0.030 0.131 -0.165 0.293*

D1-2DMFT (baseline) 0.094 0.383* 0.094 0.467* -0.004 -0.017 -0.185 0.410*

D1-2DMFT (follow-up) 0.340* 0.565* 0.340* 0.546* 0.008 0.241 -0.137 0.490*

Increased D1-2DMFT 0.418* 0.668* 0.418* 0.359* 0.089 0.601* 0.028 0.397*

Increased D1-2T 0.535* 0.567* 0.535* 0.477* 0.035 0.477* 0.070 0.407*

*statistical significance, p ≤ 0.05

Tab. 5. Mean (± SD) indices for Equia Fil and Tetric EvoCeram rated excellent during the 24-month period

Clinical condition = 1

Equia (± SD) Tetric (± SD) P

D1-2DMFT 5.50 ± 1.51 7.47 ± 2.21 0.021*

Increased D1-2DMFT 0.13 ± 0.35 0.55 ± 1.03 0.257

D1-2T 1.13 ± 1.81 3.87 ± 2.30 0.003*

Increased D1-2T 0.00 ± 0.53 0.92 ± 1.00 0.015*

OHI-S 0.79 ± 0.50 1.54 ± 0.49 < 0.001*

Increased OHI-S -0.15 ± 0.46 0.36 ± 0.51 0.013*

*statistical significance, p ≤ 0.05
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The relationship between the condition of restora-
tions and caries intensity was assessed by Kogler et al. (2) 
and Trachtenberg et al. (15). Kohler et al. qualified 17.6 
and 27.6% of class II Superlux Molar (the DMG system; 
Dental Material Gesellschaft mbH, Hamburg, Germany) 
restorations in permanent teeth for replacement after 
3 and 5 years, respectively. However, the final result 
also included restorations classified as unacceptable af-
ter 3 years of usage. The authors did not exclude them 
from calculations. Most restorations (44%) were replaced 
due to recurrent caries, 25% due to the loss of marginal 
attachment. Similarly to our observations, the authors 
found that higher Ryge’s scores were accompanied by 
higher DMFS. However, they performed no statistical 
analysis to assess the relationship between this index and 
the condition of restorations.

Trachtenberg et al. (15) made an attempt to assess 
a correlation between the intensity of caries and the 
need to replace restorations in lateral primary and per-
manent teeth. The researchers assessed DFT/dft, DFS/
dfs during a visit when restorations were performed. The 
teeth missing due to caries were not included in the anal-
ysis. Composite, compomer and amalgam were used for 
restorations. Restorations were then assessed for recur- Restorations were then assessed for recur-Restorations were then assessed for recur-
rent (secondary) caries, fractures, loss of filling, and the 
presence of new carious lesions in the evaluated teeth. 
After 5 years, 6% of all restorations were replaced due 
to secondary caries. The authors found statistically sig- The authors found statistically sig-The authors found statistically sig-
nificant correlations between the number of replaced 
restorations and DFT/dft, DFS/dfs, which corresponds 
to our findings. However, it seems that an analysis for 
the risk of caries, in which not only carious lesions, but 
also carious spots are considered, is more valuable. An 
assessment of the relationship between the condition 
of restorations and increased intensity of caries is also 
important. The presence of new carious spots indicates 
persistent exposure to cariogenic factors. A correlation 
analysis of D1-2DMFT and D1-2DMFS alone fails to pro-
vide full information on the impact of cariogenic factors 
as the value of this index may consist mainly or only of 
the F component. Furthermore, it does not reflect oral 
conditions during the use of restorations. 

Conclusions
Both, Tetric EvoCeram composite and Equia Fil glass- 

-ionomer restorations are susceptible to cariogenic fac-
tors, as indicated by the statistically significant relationship 
between their condition and increased intensity of caries. 
The condition of Equia Fil restorations is dependent on oral 
hygiene to a greater extent.

on the susceptibility of glass-ionomer materials to acids.  
Increased intensity of caries and new carious spots indi-
cate the presence of cariogenic plaque, in which acids, 
which are the product of bacterial metabolism, compro-
mise the strength and hardness of materials, as well as 
alter their surface structure as a result of erosion. This 
promotes cracks, discolouration due to the accumulation 
of dyes in the eroded surface and general impairment of 
physical properties of these materials. The same mecha-
nisms were probably responsible for the deteriorated 
condition of restorations in our study.

Long-term observations indicate that secondary caries 
is the most common reason for replacing composite res-
torations. According to literature reports, this is mainly 
due to cariogenic bacteria accessing the restored lesion 
through microcracks and a gap at the border of material 
and mineralised dental tissue, which forms as a result 
of polymerisation shrinkage. No secondary caries was 
observed in our study. Similar results were obtained by 
other researchers. However, a positive statistically signifi-
cant correlation was found between increased caries and 
carious spots and deteriorated general condition of com-
posite restorations. This supports data in the cited litera-
ture, indicating that failures to maintain composite resto-
rations are more common in patients at an increased risk 
of caries (27-29).

Opdam et al. (30) determined the risk of caries in pa-
tients based on the presence of new carious lesions during 
their 20-year observations of Black class II composite and 
amalgam restorations. They reported failure in 55.9% of 
high-risk patients and 22.1% of other patients.

According to a cross-sectional study conducted by 
Sunnegardh-Gronberg et al. (31), patients at a high risk 
of caries needed earlier replacement of restorations (on 
average every 5 years) compared to moderate-to-low risk 
patients (every 7 years). Class II restorations were replaced 
every 4 and 6 years, respectively.

In their retrospective study, Opdam et al. (18) com-
pared the efficacy of open-sandwich class II restorations 
using glass-ionomer and composite materials vs total-etch 
composite restorations. The authors assessed the risk of 
carious disease in patients based on medical records cov-
ering a period of 9 years, including their socioeconomic 
status. They reported 2% of failures due to recurrent car-
ies in low-risk patients with composite restorations, and 
16% of failures in high-risk patients. The difference was 
statistically significant. Failure rates due to secondary 
caries were higher for open-sandwich restorations. They 
were 6 and 26% in patients at low and high risk of caries, 
respectively.
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