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SUMMARY:
Aim of the study:There are only a few studies avail-

able that deal with the clinical behaviour of different types
of composite inlays. The aim of this study is to compare
the clinical performance of three different groups of com-
posite inlays.

Material and Methods:Twenty-five laboratory-fab-
ricated composite inlays (Signum, Heraeus Kulzer), fifteen
CAD/CAM inlays (Cerasmart, GC) with standard impres-
sion technique and 14 CAD/CAM inlays (Cerasmart, GC)
with digital impression were placed in 43 patients by 2 ex-
perienced dentist. The first clinical evaluation was per-
formed 1 year after placement of the restorations and used
modified United States Public Health Services criteria.

Results: All of the indirect restorations were shown
acceptable clinical results except one. Statistical analysis
was performed with the One-way Anova test and Tukey
HSD test between the groups. There was a significant dif-
ference between groups. Group 1 has shown a significant
difference than Group 2 and 3.

Conclusion:It can be concluded that there is a sig-
nificant difference in of clinical performance between labo-
ratory and CAD/CAM composite inlays. CAD/CAM com-
posite inlays were shown better result than laboratory-fab-
ricated.

Keywords: CAD/CAM inlay/onlay, laboratory-fab-
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INTRODUCTION
Patients’ demand for aesthetic restorations and the

need to find alternatives to amalgam in the last years are
the reasons for the increased use of resin-based composite
and ceramic materials for posterior tooth restorations [1].
The composite materials have an elastic modulus similar
to the dental structures and high potential to bond with
enamel and dentin. This is one of the reasons why they are
more preferable to ceramic materials.

There are two different types of composite restora-
tions: direct - the polymerization of the material is in the
mouth, and indirect - the fabrication of the restorations is
outside of the mouth. As the indirect restorations provide

more precise marginal integrity, ideal proximal contacts,
wear resistance, reduced polymerization shrinkage, and op-
timal aesthetics, they are preferred over the direct ones in
cases of severe damage posterior vital teeth. They have
lower failure rates than direct composite restorations and
they prove to be an excellent choice of material for vital
posterior teeth [2]. However, indirect restorations have two
major disadvantages - their price is higher and their fabri-
cation - more time-consuming.

Nowadays materials for indirect restorations could
be divided into two groups: for laboratory and for CAD/
CAM application. All of them could be named hybrid ce-
ramics, but their composition is, in fact, closer to direct
composites. Indirect composite materials are characterized
by filler content possibly exceeding 70% by volume,
which provides improved fractural strength [3].

The indirect laboratory composites currently avail-
able are second-generation laboratory composite systems.
Signum ceramic (Heraeus Kulzer) is a tooth-colored indi-
rect resin composite with the advantages of both ceramic
materials and resin composites. This hybrid ceramics con-
tains a high percentage of inorganic filler particles (73
wt%) and multi-functional (meth)acrylic acid esters (27 wt
%).

Composite resin-based inlays could also be fabri-
cated with CAD/CAM technology. This technology was in-
troduced during the 1980s from Duret [4] and it has rap-
idly gained popularity. Cerasmart (GC) is one of the latest
composite blocks and it consists of 71 wt% of inorganic
filler particles and organic polymer from Bis-MEPP,
UDMA, DMA. The system exhibits superior physical and
aesthetic properties.

Many in vitro studies on the subject of indirect com-
posite inlays have been published, but there are few con-
cerning the clinical behaviour of new generation materials
for indirect technique.

The aim of this study was to compare the clinical
performance of three different types of composite inlays
according to the modified USPHS criteria. The null hypoth-
esis we were testing was that the indirect CAD/CAM in-
lays with digital impression technique show better results
than the other two groups.
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MATERIAL AND METHODS:
All patients recruited for the study were fully in-

formed of the nature of the study and the need for their
long-term availability. Each patient signed a written con-
sent form before being enrolled in the study. Each patient
enrolled in the study had at least one two-surface (mesio-
occlusal or disto-occlusal) or three-surface (mesial-occlu-
sal-distal) carious lesion or defective restoration to be re-
stored on maxillary or mandibular premolars or molars.
Each lesion or defective restoration exhibited sufficient size
to extend at least one-half the intercuspal width of the
tooth. All restored teeth were in functional occlusion. Ex-
clusion criteria included nonvital teeth, sensitive teeth,
teeth with previous endodontic treatment, patients with the
significant untreated dental disease (including periodonti-
tis and rampant caries) and bad oral hygiene.

During the period December 2017 to August 2018,
forty-three patients, randomly divided into three groups,
received 54 composite inlays. Group A included 25 com-
posite inlays of Signumceramis (Heraeus Kulzer), Group B
– 15 composite inlays of Cerasmart (GC) with standard im-
pression technique and Group C – 14 composite inlays of
Cerasmart (GC) with digital impression.

Cavity preparation
Inlay cavity preparation consisted of butt joint mar-

gins without bevels. All walls were tapered 8 to 12 degrees
from the pulpal floor to the cave surface margin. Liner
(Calcimol LC, Voco) and base (Fuji IILC, GC) were used in
deep cavities. The flare of the proximal boxes conformed
to standard criteria for an inlay with the proximal margins
exposed for convenience in finishing.Before the impres-
sion, immediate dentin sealing of the cavities was performed
(OptiBond Solo Plus, Kerr).

Impression technique and inlay fabrication
Group A
After cavity preparation, a two-stage impression was

taken using double viscosity A-silicone (Variotime, Heraeus
Kulzer)in a stock metal tray. The impressions were poured
with type IV dental stone (Octarock, HeraeusKulzer). After
that, the cavities were isolated with isolating gel (Signum
insulating gel, Heraeus Kulzer). All of the laboratory in-

lays were made with a horizontal layering technique using
a composite material (Signumceramis, Heraeus Kulzer).
Three layers were adapted for each inlay. Every layer was
polymerized for 6 sec and finally for 90 sec with a light
curing unit (HiLightpower 3D,Heraeus Kulzer).

Group B
After cavity preparation, a two-stage impression was

taken using double viscosity A-silicone (Variotime, Heraeus
Kulzer)in a stock metal tray. The impressions were poured
with type IV dental stone (Octarock,HeraeusKulzer). The
surface of models was scanned (Evolution Zfx, Zimmer
Biomet) and digital model was calculated. Then the resto-
rations were milled with a digital preset spacer for the ce-
ment-gap of 50 µm (Zfx in house 5x, Zimmer Biomet).

Group C
For group C after cavity preparation, a digital im-

pression was taken using an intraoral scanner (Intra scan
Zfx, Zimmer Biomet) and digital model was calculated.
Then the restorations were milled with a digital preset
spacer for the cement-gap of 50 µm (Zfx in house 5x,
Zimmer Biomet).

Cementation
The inner surfaces of the inlays were treated with

Al2O3 50 µm and silanized(Silan, Cerkamed)prior to cemen-
tation. After isolation of the operative field with a rubber
dam, the cavity surfaces were treated with H2O2 and alco-
hol and after that, a self-adhesive dual cured composite ce-
ment (i-Cem, Kulzer) was applied to it. With soft pressure,
the inlay was seated completely and after light curing, for
1-2 sec the excess cement was removed. The resin compos-
ite luting material was finally light cured for 30 seconds
from each side.

Evaluation of inlays
Two experienced dentists rated the restorations with

mirror and probe after insertion (baseline evaluation) and
at 1 year. The criteria listed in Table 1 were assessed using
modified USPHS criteria for the direct evaluation of the ad-
hesive technique. This evaluation resulted in ordinary
structured data for the outcome variables: alpha = excel-
lent result; bravo = acceptable result; charlie = replacement
of the restoration for prevention [5].

Table 1. Modified United States Public Health Service evaluation criteria.

 Alfa Bravo Charlie

Colour match Restoration matches adjacent Mismatch is within an Mismatch is outside of
 tooth structure in colour and acceptable range of tooth acceptable range
translucency colour and translucency

Marginal discoloration No discoloration evident Slight staining can be Obvious staining, cannot be
polished away polished away

Anatomic form Continuous Slight discontinuity, Discontinuous, failure
clinically acceptable

Marginal adaptation Closely adapted, Visible crevice, explorer will Crevice in which dentin is
no visible crevice  penetrate exposed

Secondary caries No evidence of caries  Caries is evident



3338 https://www.journal-imab-bg.org J of IMAB. 2020 Jul-Sep;26(3)

Statistical analysis was performed using one way
ANOVA with a post hoc test. A P value less than 0.05 was
considered statistically significant. SPSS 22.0 software
(SPSS, Inc., Chicago, IL, USA)was used to analyze the data.

RESULTS:
In total, 44 patients with restorations could be re-

examined from December 2018 to August 2019. Twenty

Proximal contact Physiological Far to weak Gingival trauma

Surface texture Smooth surface Slightly rough or pitted Surface deeply pitted,
irregular grooves

Integrity of No splits, cracks,
restorations roughness, fractures Loss of part of restoration Loss of restoration

patients with 25 laboratory-fabricated inlay restorations
and 24 patients with 29 CAD/CAM composite restorations
agreed to participate in the study.

After statistical analyses, it could be concluded that
there is a significant difference between laboratory-fabri-
cated and CAD/CAM inlays. Descriptive data and corre-
lations are in Table 2.

Table 2. Descriptive statistics of the study groups.

Treatment → A B C Pooled Total

observations N 200 120 112 432

sumΣxi 219.0000 122.0000 114.0000 455.0000

mean¯x 1.0950 1.0167 1.0179 1.0532

sum of squares Σx2i 257.0000 126.0000 120.0000 503.0000

sample variance s2 0.0864 0.0165 0.0357 0.0552

sample std. dev. s 0.2940 0.1286 0.1890 0.2349

std. dev. of mean SE¯x 0.0208 0.0117 0.0179 0.0113

One-way analysis of variance was used to test the difference between the means of several subgroups of a vari-
able (multiple testing). Table 3 displays the summary for the ANOVA.

Table 3. One-way ANOVA of the study groups.

Source
sum of squares degrees of mean square

 SS freedom ν  MS
F statistic p-value

Treatment 0.6495 2 0.3248 6.0244 0.0026

Error 23.1260 429 0.0539  

Total 23.7755 431  

The results of the ANOVA (fig. 1) allowed rejecting
the null hypothesis H0 and supporting the conclusion that
there is a statistically significant difference between the
three groups. The p-value corresponding to the F-statistic

Table 4.Tukey HSD results.

treatments pair Tukey HSD Q statistic Tukey HSD p-value Tukey HSD inferfence

A vs B 4,1321 0,0102263 * p<0.05

A vs C 3,9814 0,0140915 * p<0.05

B vs C 0,0552 0,8999947 insignificant

of one-way ANOVA is lower than 0.05, suggesting that one
or more treatments are significantly different. The Tukey
HSD test, multiple comparison tests follows (tabl. 4).
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Fig. 1.Graphical representation of statistical analysis
(One-way ANOVA) of the mean.

The results conclude that groups A and B are differ-
ent, whereas groups B and C are not different and groups
A and C are also different.

DISCUSSION:
In many in vivo studies, USPHS criteria were used

for the clinical evaluation of tooth-colored restorations in
posterior teeth [6, 7]. To ensure comparability of the results
of the current study with other studies, in this study, labo-
ratory-fabricated and CAD/CAM composite inlays were
also assessed using USPHS criteria.

The composite resin-based inlays were evaluated for
a period of one year in this study. Some clinical studies
using USPHS criteria had the same period of observations
[8, 9] while others had longer observation periods [10, 11].

In their study, Barone and others used different re-
examination interval of 3 years, but the same examination
criteria [12]. They reported a failure rate of 2.6 % for the
tested composite inlays (Signum, Heraeus Kulzer). In this
study, we investigated the clinical performance of labora-
tory-fabricated inlays (Signum, Heraeus Kulzer) and also
CAD/CAM inlays (Cerasmart, GC). We found that a failure
rate of laboratory-fabricated (Signum, Heraeus Kulzer) and
CAD/CAM with standard impression technique inlays is 0
% for 1 year and the failure rate of CAD/CAM inlays with
digital impression was 7 % for 1 year.

Derchi and others evaluated 99 composite inlays
(Signum, Heraeus Kulzer) cemented with three-step bond-
ing system and composite resin luting cement over a pe-
riod up to 12 years and found a survival rate of 88 %. Ac-
cording to their study adhesively bonded indirect compos-
ite resin inlays showed acceptable long-term clinical re-

sults in terms of function, but surface and margin charac-
teristics changed over time [13].

Colour matching for CAD/CAM restorations may be
considered problematic owing to the monochromatic na-
ture of the mill blocks. Fasbinder and others conducted a
study to evaluate the clinical performance of a resin-based
composite (Paradigm, 3M ESPE) for CAD/CAM inlays and
porcelain inlays of Vita Mark II for a period of three years
[14]. Initial colour match for both materials was rated very
well and was maintained better by the resin-based compos-
ite inlays at three years. Tooth colour match of the porce-
lain inlays decreased by the six-month recall but then re-
mained unchanged at the three-year recall. In this study,
we investigated a new type of resin-based composite block
(Cerasmart, GC).

Marginal adaptation is one of the most important
factors for longevity of indirect restorations. It has been
suggested that an increase in margin gap size may lead to
degradation of the adhesive bond, in turn resulting in
microleakage and recurrent caries. However, there is no
evidence about it. Fasbinder and others reported an equiva-
lent initially marginal adaptation of composite and porce-
lain inlays [14]. Manhart and others evaluated ceramic and
composite inlay for two years [15]. They reported many
Bravo scores for “marginal integrity” and “anatomic form
at the marginal step”. This could be due to resin cement
wearing in the luting gap, which is less wear resistant than
ceramics and post-cured composite inlays. In this study, all
of the materials were resin-based composites with a similar
composition. This could lead to similar resin cement wear-
ing. For a period of a year, all of the restorations of this
study had a score “Alfa” for “marginal integrity”.

In this study, we showed the results after one year
and they are the CAD/CAM inlays had better results than
laboratory-fabricated. Therefore, a longer observation pe-
riod is indicated for substantiating the clinical performance
of different types of composite inlays.

CONCLUSION:
Within the limits defined in the experimental design,

it can be concluded that there is a significant difference
between the three groups of composite inlays and the null
hypothesis was rejected. CAD/CAM inlays shown better
result than laboratory-fabricated ones. There is no statisti-
cally significant difference between the two groups of CAD/
CAM inlays.
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