Med Oral Patol Oral Cir Bucal. 2013 May 1;18 (3):e521-8. Comparing 3 year clinical performance of composite inlays

Journal section: Biomaterials and Bioengineering in Dentistry doi:10.4317/medoral. 18491
Publication Types: Research http://dx.doi.org/doi:10.4317/medoral 18491

Three-year clinical performance of two indirect composite
inlays compared to direct composite restorations

Nurcan Ozakar-Ilday !, Yahya-Orcun Zorba %2, Mehmet Yildiz 3, Vildan Erdem *, Nilgun Seven 3, Sezer
Demirbuga $

! Assistant Professor, Department of Restorative Dentistry, Faculty of Dentistry, Ataturk University, Erzurum, Turkey
2 Associate Professor, Department of Restorative Dentistry, Faculty of Dentistry, Erciyes University, Kayseri, Turkey
3 Professor, Department of Restorative Dentistry, Faculty of Dentistry, Ataturk University, Erzurum, Turkey

* Research Assistant, Department of Restorative Dentistry, Faculty of Dentistry, Ataturk University, Erzurum, Turkey
’ Research Assistant, Department of Restorative Dentistry, Faculty of Dentistry, Erciyes University, Kayseri, Turkey

Correspondence:

Department of Restorative Dentistry

Faculty of Dentistry, Erciyes University

38039, Melikgazi, Kayseri, Turkey

sezerdemirbuga@hotmail.com Ozakar-Ilday N, Zorba YO, Yildiz M, Erdem V, Seven N, Demirbuga
S. Three-year clinical performance of two indirect composite inlays com-
pared to direct composite restorations. Med Oral Patol Oral Cir Bucal.
2013 May 1;18 (3):e521-8.

Received: 13/05/2012 http://www.medicinaoral.com/medoralfrec01/v18i3/medoralv18i3p521.pdf

Accepted: 14/11/2012

Article Number: 18491 http://www.medicinaoral.com/
© Medicina Oral S. L. C.ILF. B 96689336 - pISSN 1698-4447 - eISSN: 1698-6946
eMail: medicina@medicinaoral.com
Indexed in:
Science Citation Index Expanded
Journal Citation Reports
Index Medicus, MEDLINE, PubMed
Scopus, Embase and Emcare
Indice Médico Espaiiol

Abstract

Objective: Despite the incremental build-up of resin composite restorations, their polymerization shrinkage dur-
ing curing presents a serious problem. Indirect composite resin systems represent an alternative in overcoming
some of the deficiencies of direct composite restorations. The hypothesis of the present study states that the clini-
cal performance of restorations may be affected by different generation and application techniques.

Study Design: Sixty restorations (20 DI system (Colténe/Whaledent AG, Altstitten, Switzerland) composite in-
lays, 20 Tescera ATL system (BISCO Inc. Schaumburg, Illinois, USA) composite inlays, and 20 direct compos-
ites) were applied to premolar teeth in 49 patients. Restorations were clinically evaluated by two examiners. Data
were analyzed using the Kruskal-Wallis, Mann-Whitney U, Wilcoxon Signed Ranks, and X2 tests.

Results: The Tescera ATL system performed significantly better than both direct composite restorations (p<0.001)
and DI system (p<0.05).

Conclusion: Within the limitations of this 3-year clinical study, indirect resin restorations showed better scores
than direct restorations. In addition, the Tescera ATL system was found to be more successful than the DI system
and direct composite restorations.

Key words: Composite, inlay, direct composite restorations, indirect composite restorations.
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Introduction

Advances in restorative dentistry and increases in pa-
tient expectations regarding aesthetics have led to de-
mands for non-metallic, tooth-colored restorations in
the posterior region (1). Indirect composite resin sys-
tems represent an alternative to overcome some defi-
ciencies of direct composite restorations.

The composition of indirect composite resin systems is
similar to that of direct systems, differing by the use
of various methods of additional polymerization, which
cause a higher radical conversion. These additional po-
lymerization procedures can involve photo-activation,
heat, pressure, and a nitrogen atmosphere (2). Post cur-
ing at high temperature results in a higher stress relaxa-
tion and degree of conversion compared to the directly
placed light-cured composite restoration. Moreover, po-
lymerization shrinkage takes place outside the mouth,
thus limiting the shrinkage to that of the thin luting ce-
ment layer (3). In comparison to direct composite res-
torations, indirect adhesive restorations are believed to
exhibit better proximal contact, occlusal morphology
and marginal compatibility (4).

The first generation of laboratory composites was de-
veloped in the 1980s as an alternative for clinicians to
overcome some inherent deficiencies of direct compos-
ites restorations, including polymerization shrinkage,
inadequate polymerization in deep interproximal areas
and restoration of proximal contacts and contour (5). In
spite of their secondary curing (by heat, light, pressure,
or argon laser), the first generation laboratory inlay
composite resins exhibit low levels of flexural strength
(60-80 MPa) and elastic modulus (2.0-3.5 GPa), a resin
volume percentage higher than 50% and high abrasive
wear levels in conjunction with low levels of inorgan-
ic filler contents (6). Because of these disadvantages,
in the early 1990s a second generation of laboratory-
processed resin composites, or polyglass materials, was
developed. The manufacturer advocated these materials
could be used for a wide range of fixed prosthodontic ap-
plications such as inlays, onlays, veneering, metal-free
single unit crowns, and short span anterior bridges (5).
These materials can be classified as microhybrid com-
posites with higher inorganic fillers of approximately
66% by volume. This situation results in improved me-
chanical properties with flexural strength between 120-
160 MPa and elastic modulus of 8.5-12 GPa (7).

DI system (Colténe/Whaledent AG, Altstatten, Switzer-
land) is a first-generation laboratory composite system
that consists of a hybrid composite containing fine-
particle glass filler and a DI 500 heat/light cure oven
required for advanced polymerization. Tescera ATL
system (BISCO Inc., Schaumburg, Illinois, USA) is a
second-generation laboratory composite system that,
in addition to heat and light, utilizes air pressure for
polymerization. The system consists of a microhybrid
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composite and an Indirect Aqua Thermal Light Polym-
erization unit for processing indirect composites in an
oxygen-free environment.

Although laboratory-processed indirect restorations
have been previously reported to offer minimal polym-
erization shrinkage and maximum aesthetic satisfaction
together with good mechanical and biological function-
ing (5), in general, there is insufficient data in the litera-
ture regarding characteristics and clinical performance
of laboratory-processed resin materials.

This study aimed to assess the 3-year clinical perform-
ances of DI system and Tescera ATL indirect composite
inlays when used for restoration of premolar teeth. The
null hypothesis in this study was that the clinical per-
formance of composite inlays may be affected by differ-
ent generation and application techniques.

Material and Methods

Table 1 lists the brand names, manufacturers, polym-
erization type, and content of the restorative materials
used in the study. Twenty direct composite restorations,
20 DI system indirect composite inlay restorations and
20 Tescera ATL system indirect composite inlay resto-
rations were applied to the upper and lower premolars of
49 non-smoking patients (28 male, 21 female; mean age:
32) by the same researcher. Approval was obtained from
the university ethics committee, and treatment plans
were approved by the patient. For indirect restorations,
only vital premolar teeth in occlusion, with at least one
proximal contact with an adjacent tooth and requiring
large cavities for which the isthmus width extended two
thirds of the intercuspal distance were included in the
study. Teeth with preoperative symptoms or requiring
restorations with subgingival edges 3 mm or more be-
low the cemento-enamel junction were excluded from
the study. Small- and medium-sized defects, namely
isthmus width smaller than one-half to two-thirds of the
intercuspal distance, were treated with an incrementally
placed direct composite restoration.

All inlay cavities were prepared according to the com-
mon principles for adhesive inlays. Class Il cavity
preparation was initiated with 80 mm diamond grit ta-
pered fissure burs (Diatech, Colténe/Whaledent AG,
Altstétten, Switzerland) to obtain a convergence angle
of 10°-12° between opposing walls. Internal line and
point angles were rounded, and butt joints were used for
enamel margins. The pulpal floor was shaped to obtain
an occlusal thickness between 1.5-2 mm, and all under-
cuts were removed. Cavities were finished with 25 mm
diamond grit tapered fissure burs (Diatech, Colténe/
Whaledent AG, Altstitten, Switzerland).

Restorative treatment was performed under local an-
esthesia. Patients were fitted with a rubber dam. In cas-
es where the cavity was deep, a calcium hydroxide lin-
ing (Life, Kerr, Portland, Oregon, USA) and a thin layer
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Table 1. Manufacturers and specifications of materials used in the present study.

Materials Barand name Manufacturer Composition
Barium glass, silanized
Indirect Brilliant Esthetic | Colténe/Whaledent AG, Amorphous silica hydrophobed
Composite Inlay Line Altstatten, Switzerland Bis-GMA
Bis-EMA
TEGDMA
Amorphous silica,
Indirect Tescera BISCO, Inc Glass frit
Composite Inlay Body Composite Schaumburg, Illinois, TEGDMA, BisGMA
USA Camphoroquinone
Tertiary amine
TBPZ (Heat Initiator)
Resin Composite Valux Plus 3M-ESPE, St.Paul, Bis-GMA, TEGDMA; zirconia-silica fillers
MN, USA
One-bottle Adper Single 3M-ESPE, St.Paul, BisGMA, HEMA, dimethacrylates,
adhesive agent Bond MN, USA ethanol, water, photoinitiator, polyacrylic
and polyitaconic acids
One-bottle One-Step Plus BISCO, Inc Dimethacrylate monomers, HEMA, acetone,
adhesive agent Schaumburg, Illinois, initiators, filler particles
USA
Dual Curing Brilliant Duo Coltene/Whaledent AG,
Bonding agent Bond Altstdtten, Switzerland
Dual Curing Brilliant Duo Coltene/Whaledent AG,
Luting Cement Cement Altstitten, Switzerland
BASE: Bis-GMA.
Triethyleneglycol Dimethacrylate.
Dual Curing Duo Link BISCO, Inc Urethane dimethacrylate.
Luting Cement Schaumburg, Illinois, Glass Filler.
USA CATALYST:Bis-GMA
Triethyleneglycol Dimethacrylate.
Glass Filler
Mixture of different
Glass Ionomer Tonoseal Voco GMBH, dimethacrylates(Bis_ GMA, UDMA),
Liner Cuxhaven, Germany silicates, pigments and catalyst system
Calcium Life Kerr, Romulus, Zinc Oxide (ZnO), Calcium Hydroxide
Hydroxide Michigan, USA (Ca(OH)2), Calcium Oxide (CaO) and Zinc
Stearate.

Bis-GMA:Bisphenol A diglycidylmethacrylate, Bis-EM A:Bisphenol A diethoxymethacrylate. TEGDMA: Triethylene
glycol dimethacrylate, TBPZ: Tertiary butyl peroxybenzoate.

of glass-ionomer liner (Ionobond, Voco, Cuxhaven,
Germany) were applied, respectively. Complete arch
impressions were taken using a polyether impression
material (Impregum F, 3M-ESPE, St Paul, MN, USA),
and temporary restorations were placed using an euge-
nol-free temporary cement (Provicol, Voco, Cuxhaven,
Germany). All inlays were fabricated in the same com-
mercial laboratory by the same technician.

All inlays were definitively inserted within two weeks
after fabrication. The temporary restorations were re-
moved, and prepared teeth were cleaned using a rub-
ber cup and pumice slurry. Enamel cavity margins were
acid-etched with 35% orthophosphoric acid (3M ESPE
Dental Products, St. Paul, MN, USA) scrubbed for 15-
20 seconds, and rinsed by thoroughly spraying with
water for 20-25 seconds. The excess water was blotted
using a cotton pellet.

For applying the DI inlay system, the inner surface of
the restoration was sandblasted with 50 pm alumina
particles and rinsed with water. A dual-cured bond-
ing agent (Brilliant Duo Bond, Colténe/Whaledent
AG, Altstétten, Switzerland) was applied for 15 sec-
onds with gentle agitation, and disbursed using a gentle
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stream of compressed air without light-curing. A clear
plastic matrix band and light-reflecting wedges (Luci
Wedges, Hawe Neos, manufactured for Coltene) were
inserted, and a dual-curing luting composite (Brilliant
Duo Cement, Colténe/Whaledent AG, Altstitten, Swit-
zerland) was applied to the cavity and/or the inside of
the inlay using a disposable brush. Inlays were quickly
inserted using moderate pressure, and any major excess
cement was removed using an explorer and dental floss.
Inlay surfaces were light-activated for 40 seconds each
using a light emitting diode curing unit (LED, Elipar
Free Light 2, 3M ESPE Dental Products, St. Paul, MN,
USA). Following curing, occlusion and articulation
were carefully checked, and interproximal contacts
were controlled with dental floss. Inlays were finished
under water-cooling using fine-particle finishing dia-
monds, carbide finishing burs, polishing strips (Soflex,
3M-ESPE, Dental Products, St. Paul, MN, USA) and a
composite finishing polishing kit (Enhance, Dentsply-
Caulk, Milford, Del, USA).

For applying Tescera ATL inlay system, two drops of
One-step plus (BISCO Inc., Schaumburg, Illinois, USA)
was dispensed into a mixing well. Two generous coats
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of adhesive were applied for 15 seconds with gentle agi-
tation and gently air thinned for 5 seconds to evaporate
solvent and then light cured for 10 seconds with LED.
The inner surface of the restoration was sandblasted
with 50 pum alumina particles and rinsed with water.
Two coats of composite activator (BISCO, Inc., Schaum-
burg, Illinois, USA) were applied to the inner surface of
restoration and then air-dried. A dual-cure resin cement
was applied (Duo Link, BISCO, Inc., Schaumburg, IL,
USA) to the cavity and/or the inside of the inlay using
a disposable brush. The inlays were cemented, control-
led, and finished as described above.

Direct composite restorations were produced in a class
II cavity. The preparation was performed in the manner
described above for adhesive inlays; however, prepara-
tion was limited to the removal of decay so as to preserve
sound tooth structure. Two consecutive coats of adhe-
sive (Single Bond, 3M-ESPE, St. Paul, MN. USA) were
applied for 15 seconds with gentle agitation and gently
air thinned for 5 seconds to evaporate solvent then light
cured for 10 seconds with LED as to manufacturer’s in-
structions. Composite resin (Valux Plus, 3M-ESPE, St.
Paul, MN, USA) was placed incrementally, with each
layer light-cured for 40 seconds using LED. Finishing
and polishing were performed as described above.

At the initial recall examination (after one week) and
after a 3-year period, Modified U.S. Public Health
Service (USPHS) criteria was used by two independ-
ent, experienced examiners using mirrors and probes
to analyze the degree of quality, according to the de-
scription in a study by Kramer N-Frankenberger R
(8) and Ernst CP et al. (9) (Table 2). Alpha and Bravo
scores indicate “excellent” and “clinically accept-
able” results, while Charlie and Delta scores indicate
“clinically not acceptable” (9). The differences were
discussed in cases where there was an initial disagree-
ment between the examiners and an ultimate decision
was reached by consensus.

-Statistical analysis

Statistical analysis was performed using the SPSS soft-
ware (Version 16.0, SPSS, Chicago, IL, USA). Differ-
ences between groups were evaluated using Kruskal-
Wallis and Mann-Whitney U tests, and changes between
the initial and 3-year assessments were evaluated using
the Wilcoxon Signed Ranks test. A level of p<0.05 was
considered significant.

Results

After 36 months, all restorations were available for
clinical evaluation (Recall rate: 100%). Clinical evalua-
tions for each group at initial recall and after 3 years are
presented in table 3.

After 3 years, in terms of all 11 criteria evaluated, the
Tescera ATL inlay system was found to perform sig-
nificantly better than both direct composite restorations
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(p<0.001) and the DI inlay system (p<0.001 for color
match, p<0.05 for all other criteria). The DI inlay system
was also found to perform significantly better (p<0.05)
than direct composite restorations in terms of anatomic
form, marginal integrity, marginal discoloration, color
change, post-operative symptoms, and tooth integrity.
However, no significant differences were found between
the DI system inlays and direct restorations in terms of
surface roughness, occlusion, patient complaints, sensi-
tivity, and restoration integrity.

Significant differences were found between the initial
evaluations and the 3-year evaluations for all criteria
(p<0.05 for sensitivity and occlusion, p<0.001 for all
other criteria) for all 3 groups tested (Table 3). However,
at the end of the 3-year follow-up, no Delta (insufficient/
poor) scores were observed for any of the evaluation cri-
teria in any of the groups.

The Wilcoxon test proved a statistically significant
differences in the evaluation of anatomic form, mar-
ginal integrity, marginal discoloration, color change,
surface roughness, postoperative symptoms, tooth
integrity (p=0.001), occlusion, patient compliance
(p=0.005), restoration integrity (p=0.004), and sensitiv-
ity (p=0.014) between the initial and 3-year evaluations
for direct composite restorations. All criteria from the
DI group were statistically and significantly different
(p <0.05) in terms of marginal integrity, surface rough-
ness, color change, and sensitivity (p=0.025), anatomic
form, postoperative symptoms, marginal discoloration,
and occlusion (p=0.014), patient compliance (p=0.023),
and restoration integrity, and tooth integrity (p=0.034)
between the initial and 3-year evaluations. Tescera
ATL group did not present significant differences be-
tween the initial and 3-year evaluations except for color
change, post-operative symptoms (p=0.046), patient
complaints, and restoration integrity (p=0.025).

The main reasons for failure in the direct restoration
group were anatomic form, marginal integrity, marginal
discoloration, and color change. The Coltene DI system
group was unsuccessful in terms of anatomic form and
postoperative symptoms.

In Tescera ATL group, the postoperative symptoms and
patient compliance criteria had higher C scores com-
pared to the other criteria.

Discussion

The null hypothesis “the clinical performance of com-
posite inlays may be affected by different generation
and application” was confirmed.

Due to the increasing use of composites and the number
of new resin brands, it is important for dentists to be
aware of the probable longevity and likely modes of fail-
ure in composite restorations. This information is best
obtained from randomized controlled trials conducted
clinically and in the laboratory (10). Although the ma-
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Table 2. Descriptive criteria used for scoring restoration quality.
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Alfa Bravo Charlie Delta
Anatomic Form The restoration is not The restoration is Sufficient restorative Parts of restoration
undercontoured undercontoured, but there is material is missing so missing form is
no dentin or base exposed that dentin or base is completely
exposed unsatisfactory
Marginal No visible gap, probe Slight penetration of probe Visible gap or Loose restoration
Integrity does not extensive probe
penetration between
cavity wall and
restoration
Marginal No existing marginal Presence of discoloration at The discoloration Severe staining
Discoloration discoloration at all the margins between the penetrated along the and/or subsurface
restoration and the tooth margins of the staining
structure; discoloration restoration in a pulpal
does not penetrate along the direction
margins of the restoration
toward the pulp
Color Change The restoration cannot be | The restoration is visible but | There is a mismatch in The mismatch is
detected with a mirror there is no mismatch in color, shade or outside the normal
color, shade, and/or translucency but not range of tooth color,
translucency between the outside the normal shade, and/or
restoration and the adjacent range of tooth color, translucency
tooth structure shade, and/or
translucency
Surface Surface is smooth and Surface of the restoration is Surface is deeply Surface is fractured or
Roughness the adjacent tissues slightly rough or pitted but pitted or shows flaking
showed no irritation can be refinished irregular grooves,
which were not related
to the natural anatomy
and
could not be refinished
Postoperative Minor complaints after Persisting minor complaints; Persisting pain; Persisting pain; root
Symptoms placement of the still no therapy necessary treatment (removal of canal treatment
restoration; no therapy restoration) necessary | necessary and planned
necessary and planned
Occlusion Contacts on all cusps Contact only on one side of Contact only on one No contact, does
the occlusal adjacent teeth cusp surface not occlude
Patient Satisfied Minor criticism of aesthetics Desire for Completely
Compliance improvement dissatisfied
Sensitivity Normal reaction to cold Increased cold sensitivity Spontaneous pain Non-vital
spray sporadic increased
sensitivity
Restoration No defects in material, Two or more larger hairline Chipping fractures Partial or complete
Integrity no cracks, or fractures cracks and/ or chipping, but which damage loss of restoration
not affecting the marginal marginal quality or
integrity or proximal contact proximal contact
Tooth Integrity No damage of tooth Larger enamel cracks where Enamel splinters with Fracture of cusp/tooth
structure, an explorer will catch, not exposure of dentin
Minor splinters of recontourable splinters
enamel or enamel cracks;
repolishable; no need for
therapy

jority of inlays are applied to molar teeth, the use of
indirect restorations may be more appropriate and more
beneficial in premolar teeth, which are less prone to oc-
clusal abrasion than posterior teeth and are also more
important in terms of facial aesthetics (11). Moreover,
easy access to this region permits the clinician to main-
tain better control of the technique. For this reason, this
study focused only on premolar teeth.
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A 3-year clinical follow-up with modified USPHS criteria
produced a success rate of 93% for Tescera ATL system
indirect inlays, 86% for DI system indirect inlays, and 67%
for direct composite fillings. These results are in line with
previous reports of success rates of 80 -100% for compos-
ite inlays following similar observation periods (12-14)
(Table 4). Previous studies showed that the physical and
mechanical properties of resin composites are greatly
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Table 3. Modified USPHS ratings of restorations at initial recall and after 3 years.

USPHS Ratings (Percent of Recall)
Evaluation Restoration Materials Initial recall 3-year follow-up
Criteria A B A B C
(Alfa) (Bravo) | (Alfa) | (Bravo) (Charlie)

Anatomic Form Direct restoration c, ¥ 86 14 13 40 47
DI inlay b, ¥ 93 7 53 27 20

Tescera ATL inlay a 100 - 86 14 -
Marginal Direct restoration c, ¥ 73 27 13 40 47
Integrity DI inlay b, ¥ 86 14 66 20 14
Tescera ATL inlay a 93 7 80 13 7
Marginal Direct restoration c, ¥ 73 27 8 46 46
Discoloration DI inlay b, ¥ 80 20 53 33 14
Tescera ATL inlay a 93 7 80 13 7
Color Change Direct restoration c, ¥ 80 20 13 27 60
DI inlay b.¥ 73 27 46 47 7

Tescera ATL inlay 2 ¥ 100 - 73 27 -

Surface Direct restoration b, ¥ 93 7 20 47 33
Roughness DI inlay b, ¥ 86 14 46 40 13
Tescera ATL inlay a 100 - 80 13 7

Postoperative Direct restoration c, ¥ 93 7 14 53 33
Symptoms DI inlay b, ¥ 86 14 60 26 14
Tescera ATL inlay 2 ¥ 93 7 66 20 14

Occlusion Direct restoration b, ¥ 100 14 40 47 13
DI inlay b, ¥ 86 - 60 26 14

Tescera ATL inlay a 100 - 93 7 -
Patient Direct restoration b, ¥ 93 7 40 40 20
Compliance DI inlay b, ¥ 93 7 60 20 20
Tescera inlay 2 ¥ 100 - 66 20 14
Sensitivity Direct restoration b, ¥ 80 13 53 27 20
DI inlay b, ¥ 86 14 66 20 14

Tescera ATL inlay a 93 7 80 7 13
Restoration Direct restoration b, ¥ 86 14 46 34 20
Integrity DI inlay b, ¥ 100 - 66 20 14
Tescera ATL inlay 2 ¥ 100 - 73 20 7
Tooth Integrity Direct restoration c, ¥ 100 - 20 60 20
DI inlay b, ¥ 100 - 66 27 7

Tescera ATL inlay a 100 - 73 27 -

20 direct composite restorations, 20 DI system and 20 Tescera ATL system indirect composite inlay restorations were applied to the patients.
Differences between groups were evaluated using Kruskal-Wallis and Mann-Whitney U tests, and changes between the initial and 3-year
assessments were evaluated using the Wilcoxon Signed Ranks test. Symbols represent significant differences between the initial recall and
3-year follow-up for the same restoration material (p < 0.05). Lower case letters represent significant differences among restoration materials

in the evaluation criteria (p < 0.05).

affected by the degree of conversion (DC) in the cross-
linked polymeric system (15). This may affect the clinical
performance of restorative material. Both DI and Tescera
ATL indirect inlay systems use heat and light as part of the
post-cure process; however, in the Tescera ATL indirect
inlay system, post-cure heat and light are applied under
pressure, which results in better mechanical properties and
adhesion between layers. The reason for the Tescera ATL
system’s good clinical performance may be use of aqua
thermal light polymerization unit in an oxygen-free envi-
ronment. Because the post-curing procedure took place in

a pressurized environment, the superior aesthetic and me-
chanical properties exhibited by the Tescera inlays likely
attributed to higher wear-resistance. In addition, Tescera’s
good wear-resistance performance may also be related to
the micro-particles in the filler.

In the present study, both indirect restoration systems
performed better than direct composite restorations in
terms of anatomic form, marginal adaptation, marginal
discoloration, color change, and postoperative symp-
toms. These findings contrast with those of a different
five-year clinical study (16), which showed no differ-
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Table 4. Success rates of inlays and direct composite restorations.

Observation
period

Authors and year of Succes of restoration (%)

publication

Inlay/direct composite
materials and numbers

30 composite inlay

30 direct composite
Tetric (Vivadent,)

Blend a Lux (Procter and
Gamble)

Pertac hybride unifil
(ESPE)

Manbhart et al. (14)

93 % (direct composite)
87 % (inlay restoration)

3 year

64 indirect inlay/onlay

Leirskar et al.(13) Liechtenstein)
Z 100 3M)

Maxxim (Ceramco)

Tetric (Vivadent, Schaan,

4-6 year 95%

Briliant dentin (inlay-
direct composite)
(Coltene)

Pallesen et al. (28) Estilux posterior (inlay-

Inc)

107 direct composite/inlay

direct composite) (Kulzer,

SR Isosit (inlay) (Ivoclar)

70% (direct composite)
88% (inlay restoration)

11 year

113 inlay
Barone et al. (29)

Signum (Heraeus Kulzer)

3 year 97.4%

115 Composite inlay
75 Artglass (Heraeus
Kulzer)

80 Charisma (Heraeus
Kulzer)

Manhart et al. (30)

96.6%
3 year
94.7%

61 Indirect composite
restoration

26 Grandio (Voco)
35 Admira (Voco)

Dukic et al. (12)

3 year 100%

ences in survival rates among direct and indirect resin
composite and ceramic inlay restorations. Wassel com-
pared the success rate between direct inlays and direct
conventional composite restorations, showed that the
direct inlay technique has no clinical advantage when
compared with the direct conventional technique (17).
The difference in findings may be due to the differences
in follow-up periods between the studies and to the se-
lection of different materials.

Terry and Touati suggested that after photoactivation,
additional treatments such as heat and/or light cure and
mechanical polishing lead to an increase in degree of
conversion, improved mechanical properties, color sta-
bility, and reduction of wear (18).

Klymus et al. reported that composites polymerized un-
der high temperatures (belleGlass and Targis) have higher
flexural strength and modulus of elasticity than compos-
ites polymerized by light (Artglass and Solidex) (19). The
findings of present study confirmed these conclusions.
In contrast to the findings of our study, a 3-year clinical
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study by Wendt et al. comparing indirect, light-polym-
erized composite resin inlays with indirect, heat-polym-
erized composite resin inlays found no differences in
terms of wear resistance (20). However, the same study
showed heat-polymerized inlays to be more successful
in terms of marginal integrity and marginal discolora-
tion (interfacial staining), which is in line with the find-
ings of our study.

In a previous study, the authors observed that composite
inlays reduced postoperative sensitivity and microleak-
age and provided better sealing and clinical perform-
ance when compared to direct restorations after 3 years
of follow-up. (14). Liberman et al. concluded that the
inlay technique provides better marginal coverage than
direct placement (21). However, Dukuia et al. concluded
that indirect systems only provide better sealing than
direct composites in enamel surface. (22). On the con-
trary, Soares et al. found that there were no significant
differences between direct and indirect techniques for
the cervical finishing line in enamel, but for the finish-



Med Oral Patol Oral Cir Bucal. 2013 May 1;18 (3):¢521-8.

ing line in dentin, the indirect technique allowed less
microleakage than the direct technique (23). In the
present study, indirect restorations showed better mar-
ginal integrity when compared the direct technique. In
addition, after a 3-year clinical follow-up, the Tescera
ATL system showed superior marginal integrity when
compared the others.

A number of factors may play a role in the post-opera-
tive discoloration of restorations, including chemical re-
actions within the resin matrix or the material’s surface
structure and the interaction between the organic matrix
and filler particles (24). Fillers also enhance aesthetics
and improve handling properties, and the modification
of filler size and morphology results in improved me-
chanical properties and aesthetics compared with ear-
lier composite materials (25). The result of this study
showed that post curing increased color stability. Also,
the Tescera ATL system was better than the other with
regard to color change. Because the Tescera composite
includes small inorganic microparticles, it may provide
better surface polishing and help to remove foods and
accumulated plaque, which would help to maintain long
term-color stability.

Previous studies showed that both direct and indirect
restorations provide satisfactory clinical performance;
also, there was no significant difference between them
in the short term (26,27). A 3-year period may not be
considered sufficient for drawing definitive conclusions
on the performance of direct and indirect restoration
techniques; however, within the limitations of the re-
sults of the present study, an indirect composite may
offer a good alternative to direct restorations for long-
term clinical performance. In time, the results of 5-year
follow-up examinations are expected to yield more clin-
ically-relevant information.
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