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To evaluate the clinical quality of ceramic (Optec) inlays, the inlay production of 10 dentists,
served by 3 dental laboratories, was examined independently by 2 calibrated examiners. A
total of 57 patients with 205 inlays (mean age, 8.1 months) were examined 1 to 32 months
after placement by means of using a slightly modified form of the California Dental Association
criteria. Periodontal variables such as plaque index, gingival index, and margin index were
also recorded. Eight patients reported postoperative but not persistent hypersensitivity in
relation to the Optec therapy. No differences between Optec proximal surfaces and hom-
ologous control surfaces were seen with regard to plaque or bleeding on probing. The
examination using the CDA criteria showed that 59% of the inlays had a slight color mismatch.
Slightly roughened surfaces were most common (86%). As to anatomic form and margin
integrity, 24% and 67 %, respectively, of the inlays were rated excellent. A difference between
the dentist with regard to the clinical quality of the inlay treatment procedure was seen. The
present results cannot allow a definitive judgement with regard to the long-term clinical quality
of the Optec inlay system but will serve as a base for further studies. O Ceramic inlays; clinical
examination; porcelain
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An increasing interest in and patient demand
for tooth-colored, nonmetallic restorations
during the past decade has resulted in the
development of a great number of ceramic
systems as an alternative to silver amalgam
alloys in particular in posterior teeth. Cer-
amics are well known to be esthetic and
biocompatible materials and should there-
fore be viable alternatives when applying the
appropriate case selection and indications
for their use clinically. However, many of
the ceramic systems on the market, used for
the inlay procedure, were originally meant
for the full-crown technique, and their mech-
anical properties may therefore not be suit-
able for the inlay technique. These materials
could be too fragile and nonresistant to
fracture before being bonded to the tooth
structure by an etching technique and also
when exposed to functional loading. At
present, there are several ceramic materials
commercially available for the indirect or
direct inlay procedure.

With regard to longevity, the interface
between tooth structure and inlay will prob-

ably be of critical importance. A clinical
consideration of significance is the mode of
cementation and the type of cement used.
Several in vitro studies have convincingly
reported that the marginal fit of ceramic
inlays is inferior to that of gold inlays (1-
4). This marginal discrepancy is said to be
compensated for by the use of a bonded
dual-cure composite resin luting agent, filling -
the gap. In the long term, however, this
could be a serious drawback, promoting the
failure of the restoration due to dissolution
and leakage, discoloration, and excessive
wear of the luting agent. So far, clinical in
vivo studies are too scarce and limited in
time to verify these assumptions, particularly
in the long term. Therefore, a need for longi-
tudinal evaluations of this type of therapy
seems to be essential to achieve a basis for
its performance, and guidelines for clinical
acceptability.

In consequence, this study was performed
to evaluate clinically a high-strength por-
celain system (Optec) used for the inlay
procedure.
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Materials and methods

Three dental laboratories in Sweden were
questioned about their Optec inlay produc-
tion. Thereby 10 dentists, 8 in G&teborg
and 2 in Stockholm, were located and asked
whether they would agree to having their
patients with Optec inlays participate in a
clinical evaluation. The dentists, of whom
seven were private practitioners, two worked
for the National Health Service, and one
was a faculty staff member, all agreed to
participate. As a result 57 patients with a
total of 205 Optec inlays were examined.
The mean and median age of the 39 female
patients were 41.6 and 41 years, respectively
(range, 19-72 years), and those of the 18
male patients 39.1 and 38.5 years, respect-
ively (range, 15-62 years).

Apart from routine anamnestic records
the patients were asked about the reasons
for treatment with porcelain inlays. Com-
plications during and after the placement
were reported by each dentist, as were the
subjective impressions of each patient. The
status of the oral mucosa, the temporo-
mandibular joint (TMJ), and the masti-
catory muscles and the incisal and occlusal
tooth wear (5) were recorded. The margin
index in accordance with Silness (6), and
the plaque and bleeding index in accordance
with Lenox & Kopczyk (7) were monitored.
For comparison, the periodontal variables
were recorded on surfaces restored with an
inlay and, if available, on homologous sur-
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faces not treated with an inlay. The res-
torative status of the homologous teeth was
also recorded.

Information about cavity treatment and
luting technique was obtained from patient
records and/or from direct questioning of
the dentists.

The clinical examination and evaluation
were performed by the authors after a careful
calibration procedure. The two authors
examined all the restorations independently
in accordance with a slightly modified form
of the California Dental Association’s
(CDA) quality evaluation system (8). In case
of disagreement, the result was discussed,
and a joint decision was made. The CDA
criteria focus on Surface and Color, Ana-
tomic Form, and Margin Integrity, and each
restoration is given a rating representing one
of two main categories: satisfactory with the
subratings excellent (R) and acceptable (S),
and not acceptable with the subratings
replace/correct (T) and replace immediately
(V). For Color the subrating excelient (R)
was modified to absolutely perfect (R0) and
a small mismatch in color (R1).

Results

The number, median and mean age, and the
age range of the Optec inlays as related to
dentist and dental laboratory are presented
in Table 1. One hundred and twenty inlays
were placed in the molar and 85 in the pre-

Table 1. Number, median age, and age range of Optec inlays as related to dentist and dental

laboratory
Dental No. of Median age Mean age Range

Dentist laboratory inlays (n) (months) (months) (months)
A I 14 7 7.3 1-15
B I 4 15.5 15.5 12-19
C I 36 9.5 11.4 1-20
D I 8 4 3.6 3-4

E II 20 11.5 11.5 321
F I 11 11 12.1 3-32
G 1T 9 2 5.7 1-15
H I 17 7 5.7 1-12
I 111 51 7 5.9 1-10
J I 35 6 6.7 1-19
Total 10 3 205 8 8.1 1-32
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Table 2. Distribution of restorations on available hom-
ologous teeth

No. of proximal

Type of restoration surfaces restored

Isosit inlay onlay 2
Hi-ceram 2
Gold 6
Acrylic 8
Temporary filling material 9
Composite 17
Metal ceramic 58
Amalgam 41
Total 143
Not restored 12
Total 155

molar region. Twelve inlays were of class-I
and 193 inlays of class-II type of restoration.
The number and type of restorations on
available homologous teeth are presented in
Table 2.

Eight dentists used a dentin bonding
agent, while two dentists did not. All inlays
were cemented with dual-cured light-acti-
vating composite resins. Three dentists (A,
C, E) used a metal strip, and one dentist (J)
a plastic strip during cementation, whereas
the remaining dentists did not use a strip at
all.

Twenty-three patients reported that
esthetic reasons and 25 patients that adver-
sion to metallic restorations in general and
dental amalgam in particular was the reason
for the replacement with porcelain inlays.
Nine patients reported that they had been
advised to choose Optec therapy by their
dentist. Eight patients reported postop-
erative but not persistent hypersensitivity

229

Optec ceramic inlays

after treatment. However, one patient had
two Optec inlays replaced by gold inlays
owing to severe hypersensitivity. These
inlays were not included in the study since
they had been replaced at an early stage and
had therefore not been examined.

The clinical examination showed that four
patients had nickel allergy. Three patients
had signs of lichenoid lesions of the buccal
mucosa in relation to the Optec inlays. Four
patients had clicking sensations from the
TMJ bilaterally, and 19 patients showed
moderate tenderness on palpation of the
masticatory muscles. Forty-five patients
showed moderate (II) to severe (III) wear
of occlusal surfaces.

Most of the inlays had subgingivally placed
margins (Table 3). No difference between
Optec inlay surfaces and homologous sur-
faces were seen either for proximal plaque
or for bleeding on probing (Tables 4 and 5).
The examination using the modified criteria
of the CDA with regard to Color showed an
absolutely excellent rating (R0) in 6.8%. The
excellent ratings were 14.1% for Surface,
23.9% for Anatomic Form, and 67.3% for
Margin Integrity. The number and per-
centage of inlays not receiving an excellent
CDA rating are presented in Table 6. A
slight but detectable color mismatch (R1)
between the inlay and the tooth structure was
seen in 41.5%, and a more distinct mismatch
(SMM) was seen in 51.7%. As to Anatomic
Form the most frequent finding was slightly
undercontoured marginal ridges (SMR) in
63.9% and slightly overcontoured resto-
rations (SOCO) in 13.7%. Visible evidence
of ditching along the margin (SCR) was seen
in 23.4%. In four of the inlays (1.9%) res-
toration material was missing (VMIS), and
three inlays (1.5%) were fractured (VFR).

Table 3. Margin index scores of Optec proximal surfaces

Surface Score 0 Score 1 Score 2 Score 3
Mesial (n = 149) 4 16 26 103
Distal (n = 152) 15 6 27 104

Score 0 = restoration margin > 2 mm above the gingival margin; score 1=
restoration margin < 2 mm above the margin; score 2 = restoration of the gingival
margin; and score 3 = restoration below the gingival margin.
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Table 4. Relative number and percentage of restored proximal surfaces with plaque

Optec surfaces (n = 301)

Homologous surfaces (n = 142)

Surface Relative no. % Relative no. %
Mesial 131/149 87.9 73/73 100
Distal 139/152 91.4 53/69 76.8
Total 290/301 89.7 126/142 88.7

The percentage of Optec inlays not receiving
an excellent CDA rating related to treating
dentist is presented in Table 7. Differences
in clinical quality of the Optec inlay treat-
ment was seen between the dentists. The
overall best result was produced by dentist
F. No differences were seen between the
dental laboratories with regard to the quality
ratings.

The inter-examiner agreement of the
CDA quality rating was 96%.

Discussion

The patient selection was based on the objec-
tive to examine all patients treated with
Optec inlays by the participating dentists.
However, the patient selection was made by
the dentists without the authors’ influence,
other than the request to refer all patients
treated. The fact that almost 70% of the
patients in this study were women is well
in agreement with other studies concerning
tooth-colored restorations (9-11). This
might reflect a greater interest in tooth
rehabilitation that improves esthetics in
women than in men. However, as 59% of
the inlays were placed in the molar region,
esthetics may not have been the main reason

for the porcelain inlay therapy. This was also
verified by the fact that 44% of the patients
reported that they had chosen this type of
therapy to avoid metallic restorations, com-
pared with the 40% who had chosen it for
esthetic reasons. That females are more
negative to metallic restorations has been
shown in several other studies (12-14) and
is corroborated by our findings.

Sixteen per cent of the patients had been
advised to have an Optec porcelain inlay
restoration by their dentist. This is a low
frequency compared with a similar study of
Cerec inlays (10) in which almost 60% of the
patients had been advised to choose Cerec
therapy by their dentist. However, this dis-
crepancy may be explained by the fact that
a dentist who has access to a special type of
equipment and who has learned a special
techmque, as for Cerec inlays, prefers this
therapeutic method.

Postoperative hypersensitivity has been
reported in several studies concerning tooth-
colored inlays (9, 10, 15). Factors such as
cavity treatment, luting medium, bacterial
invasion, and pulpal inflammation have been
presented as possible explanations of this
phenomenon (16, 17). In the present study

- eight patients (14%) reported postoperative
hypersensitivity after treatment. This is

Table 5. Relative number and percentage of restored proximal surfaces with bleeding

Optec surfaces (n = 301)

Homologous surfaces (n = 142)

Surface Relative no. % Relative no. %

Mesial 54/149 36.2 26/73 35.6
Distal 55/152 36.2 26/69 37.7
Total 109/301 36.2 52/142 36.6
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about the same frequency as reported for
Cerec inlays (10). As the hypersensitivity
was not persistent in any of the patients and
as no systematic observations were con-
nected with this symptom, it is possible that
the cavity treatment of earlier decayed and
filled teeth initiated the temporary hyper-
sensitivity.

According to the manufacturer’s instruc-
tions Optec restorations are contraindicated
in patients with bruxism. It is noteworthy
that about 80% of the patients had moderate
to severe wear of the occlusal surfaces and
that more than 30% of the patients showed
signs from the craniomandibular system,
indicating that bruxism had taken place.
These findings do not seem to have any effect
so far on the clinical performance of the
Optec inlays studied here. However, it
should be realized that the median age of
the inlays was less than 1 year. To evaluate
the longevity of this porcelain system,
further studies are necessary.

Concerning plaque and bleeding on
probing, there were no differences between
the 301 inlay proximal surfaces and the 142
homologous surfaces not restored with
Optec inlays (Tables 4 and S). This is in
accordance with the findings for Cerec inlays
(10). It is predictable that the Cerec inlay
system, in which the dentist has to give the
ceramic surface the final polish, will not give
as excellent a result as can be achieved by the
dental laboratory procedure. The superior
polishing grade achieved in this manner re-
quires that any necessary adjustment to get
an acceptable form is done before the final
glazing. However, according to the quality
rating with regard to the CDA criteria, the
most notable deviation from excellence was
related to the variable Surface. Apparently,
the above-mentioned more time-consuming
step was neglected, and the adjustments
were not followed by a satisfactory polishing,
which explains the rough surface. In this
respect the Optec inlays were comparable to
the Cerec inlays.

The results reported for Dicor inlays/
crowns (9,18,19), in which more plaque
was seen on homologous surfaces than on
porcelain surfaces, has made us conclude
that this type of restoration would possess
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some advantage with regard to the resistance
to plaque accumulation. Results from a clini-
cal study evaluating Dicor inlays (9) showed
that only 13% of the inlays did not receive
excellent ratings with regard to Surface,
compared with 74% for Cerec inlays (10)
and 85% in the present study. Altogether
these results indicate that the surface texture
is important for the plaque accumulation.
However, as the bleeding on probing was
not reflected by the plaque accumulation in
any of the studies, a multifactorial expla-
pation seems to be more pertinent. It might
be speculated whether different material sur-
face properties or individual patient factors
prevail.

With regard to Color all the inlays were
rated satisfactory, but only 48% within the
range of excellence (R0O/R1). This is about
the same frequency as has been reported for
Dicor inlays (9) but not as good as the results
from a similar study of Cerec inlays (10).
With regard to the Dicor inlays this deviation
from the rating excellence was explained by
the fact that the inlays had been adjusted,
leaving a surface stripped of its colored glaz-
ing, exposing the opaque glass. This is prob-
ably a valid explanation for the Optec inlays
as well, since in most cases they were exten-
sively adjusted in the occlusal surface area
affecting the coloring layers. Another but
less feasible explanation might be poor shade
matching by the dentist.

Compared with other studies, the Optec
inlays had a significantly lower number of
excellent ratings for anatomy. This is in line
with the already discussed consequences of
the extensive surface adjustment of the
inlays. Nearly 70% of the inlays were rated
excellent with regard to Margin Integrity.
This has also been reported for Dicor inlays
(9). In that study the deviation from excel-
lence could be explained by a poor luting
medium (zinc—phosphate cement) for that
purpose. In the present study all the inlays
were cemented with dual-cured light-acti-
vating resin cement. Considering the fact
that the luting technique is clinically sensitive
and that most of the margins were placed
subgingivally (Table 3), the clinical outcome
must be regarded as acceptable. Further-
more, the fact that this study in relation to
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the Dicor study (9) comprised a substantially
greater number of inlays made by more den-
tists indicates that the results were within the
range of normal clinical variation. A higher
frequency of excellent ratings reported for
Cerec inlays (10) might be explained by dif-
ferent material properties. The prefabri-
cated Cerec ceramic block obtains a high and
uniform quality, making it less fragile than
manually produced porcelain. It can there-
fore be handled more like a metallic res-
toration at the cementation procedure, and
consequently a small marginal discrepancy
can be achieved.

The difference in clinical quality between
the participating dentists was not related to
any specific CDA variable, the number of
inlays, or their time in function. Nor could
any systematic pattern related to dental
laboratory procedures explain the quality
deviation. The authors’ impression is that
the attitude towards excellence has to be
even more pronounced in the case of ceramic
inlay restorations than for conventional den-
tal treatment procedures.

The results of the present clinical eval-
uation indicate that the clinical acceptance
of the Optec porcelain inlay system is satis-
factory in the short run and in agreement
with the results from other similar studies.
However, the material properties and clini-
cal handling difficulties necessitate a more
time-consuming clinical procedure than for
metallic restorations to achieve the best clini-
cal results. From a clinical point of view
this is a limitation of the system but can
be accepted if these preliminary promising
results remain constant. However, further
studies are necessary to establish this, and
the present study should serve as a base.
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