
SUMMARY  
Background/Aim: The purpose of this in-vitro study was to compare the 

resin-bonded fixed partial dentures (RBFPD) fabricated using two different 
structural designs and two different antibacterial adhesive lutting protocols 
in regard to their resistance to debonding. Material and Methods: Forty 
samples for a model with single missing molar were divided into 4 groups 
(M1, M2, C1, C2) (n=10). M1 and M2 were prepared in accordance with 
modified inlay slot-cavity retained RBFPD design; C1 and C2 were prepared 
according to conventional inlay slot-cavity retained RBFPD design. M1 
and C1 cavities were treated with 2% chlorhexidine-based (CHX) cavity 
disinfectant and 10-methacryloyloxydecyl dihydrogen phosphate (MDP) 
containing adhesive system; M2 and C2 cavities were treated with MDP and 
12-methacryloyloxydodecylpyridinium bromide (MDPB) containing adhesive 
system featuring antibacterial cavity cleansing effect. The RBFPDs were made 
of base-metal alloy and their fit surfaces sandblasted with aluminium oxide 
(Al2O3). Adhesive resin cement was used for cementation, and the RBFPD 
retainers were interlocked into their corresponding inlay cavities using 
composite resin. After 1 week being immersed in aqueous environment, the 
RBFPDs were subjected to tensile loading at a crosshead speed of 1 mm/min 
until failure. One way ANOVA and Tukey HSD tests were used for statistical 
evaluation (α=0.05). Mode of failure and tooth damage was also noted. 
Results: Mean tensile bond strength values were 356 N for M1, 305 N for M2, 
467 N for C1, and 455 N for C2. Tensile strength values of C1 and C2 were 
significantly higher than those of M1 and M2 (p<0.05). The mode of failure 
was mostly adhesive in character at the metal-cement interface in all groups. 
Tooth fracture was observed nearly in all specimens. No significant difference 
was detected between the antibacterial adhesive lutting protocols (p>0.05). 
Conclusions: The RBFPDs with the conventional design were found to be 
more retentive than those with the modified design. Using an adhesive system 
featuring antibacterial properties with no need of separate antibacterial agent 
application during bonding may be favourable.
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Introduction

Resin-bonded fixed partial dentures (RBFPDs) 
have been in the service of dentistry for almost half a 
century. These restorations have made great progress 

since they were first introduced. They are widely used in 
contemporary dental practice.

RBFPDs can be preferred to conventional fixed 
partial dentures (FPD) because they are characterized 
by less invasive preparation methods. Due to their 

10.2478/bjdm-2020-0004



22   Ediz Kale et al. Balk J Dent Med, Vol 24, 2020

a recent clinical study, high success rates have been 
reported for RBFPDs that have been supported by 2-sided 
(MO and DO) inlay slot-cavities without proximal cavity 
preparations14.

Inlay-retained RBFPDs are often applicable in 
cases with decayed teeth, increasing the need to treat 
the cavities with antibacterial agents prior to any 
restoration18-20. However, fulfilling this requirement 
means adding an additional application to the cementation 
stage, thus making the procedure more technique 
sensitive. Furthermore, it has been advocated that the 
bonding strength of restorations to dental hard tissues 
may decrease depending on specific combinations 
between traditional antibacterial agents and adhesive 
bonding systems19,21,22. A recently developed adhesive 
system23 with self-antibacterial activity as effective as 
the traditional cavity disinfectants has been reported to 
provide high bond strength to dental hard tissues24.

The aim of this in vitro study was to test the 
hypothesis that modified inlay slot-cavity retained 
RBFPDs without additional proximal cavities could 
be as retentive as the conventional inlay slot-cavity 
retained RBFPDs (with additional proximal cavities), 
and to comparatively evaluate the tensile bond strength 
of an adhesive system with antibacterial property and a 
traditional cavity disinfectant combined with a regular 
adhesive system to dental hard tissues.

Material and Methods

At every stage of this study, from planning to 
financial support, from implementation to writing, 
the principle of strict compliance with the Helsinki 
Declaration Principles has been adopted and acted 
accordingly.

 

Preparation of Samples

Ninety-six teeth were selected among molars, without 
any fractures or caries, extracted for periodontal reasons. 
The teeth were divided into groups of two. Every pair 
consisted of teeth with similar crown size and form. The 
teeth were embedded in an autopolymerizing acrylic resin 
with a distance of 11 mm (the mesio-distal length of a 2nd 
Molar) between them to form 40 samples altogether. The 
samples were divided equally into 2 main groups with 
teeth having similar shape and size. In the first group, 
2-sided (modified) inlay cavities without additional 
proximal cavity were prepared. Their dimensions were 
planned to be 3 mm in the bucco-lingual direction (width), 
3 mm in the occluso-cervical direction (depth) and 6 
mm in the mesio-distal direction (length) (Figure 1). In 

supragingival positioning, they have little potential 
to cause periodontal problems. They also represent a 
practical and economic treatment option in terms of easy 
fabrication in a shorter time. In case of failure, being 
a minimally invasive treatment option, they can allow 
for retreatment using traditional treatment protocols, so 
with this advantage they also have an important role in 
preventive dentistry.

Different materials, designs, preparation methods 
and application steps can be used in the fabrication of 
RBFPDs1-5.

RBFPD designs are based on two main retainer 
types with different modifications. The first of these 
is the more widely accepted “lingual retainer” design, 
and the other is the “inlay retainer” design which has 
become widely used in recent years, especially with the 
introduction of fiber-reinforced composite RBFPDs to 
the dentistry. The lingual retainer design is based on the 
principle of minimal tooth preparation that is intended to 
remain within the enamel boundaries. The retainer here 
consists of three main components, proximal part, lingual 
part, and occlusal rest6. However, the basic shape of this 
design has shown low success in posterior regions7,8. 
Attempts have been made to extent longevity by adding 
additional elements to the retainer design. Modifications 
have been characterized by adding retention grooves on 
different aspects of the supporting tooth, extending lingual 
components to the vestibule or more than 180-degrees 
circumferentially, incorporating occlusal protrusions 
extending through the central groove or over the tubercle 
ridges9-13. The inlay retainer design may be adapted to 
RBFPDs mostly in the posterior. It provides more invasive 
but easier preparation performance. Retainers consist of 
projections that fit into inlay cavities prepared at dentine 
level, mainly at the occlusal aspect of the supporting teeth. 
These projections alone implement the role of components 
such as the proximal part, the lingual part and the occlusal 
rest, which form the basis of the lingual retainer design. 
The inlay retainer design is generally applied as a result 
of cavity preparation due to removal of an existing 
restoration or caries on the supporting teeth according 
to the inlay preparation principles3,14. The basic inlay 
retainer design RBFPD has 2-sided mesio-occlusal (MO) 
and disto-occlusal (DO) cavities with additional proximal 
cavity on the corresponding side. Common modifications 
are the conventional mesio-occluso-distal (MOD) cavities, 
proximal slot-cavities on mesial and distal aspects, or 
retainers receiving support from 2-sided MO and DO 
cavities without incorporation of additional proximal 
cavities14-17.

High success rate has been reported with the inlay-
retained RBFPDs incorporating retainer design with 
proximal cavity15. However, the necessity of additional 
proximal cavity preparation increases the loss of intact 
dental hard tissue and the risk of periodontal discomfort 
due to restoration margins approaching the gingiva. In 
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Figure 3. Metal framework fitted on its corresponding gypsum cast

Assembling Samples into Groups

Divided into 2 main groups prior to cavity 
preparations, the samples were further divided into 2 
subgroups after the preparation; Modified 1 and 2 (M1, 
M2), and Conventional 1 and 2 (C1, C2).

As a result of serial systematic measurements made 
on the gypsum model inlay cavities and restoration 
metal frameworks by using a digital caliper (Digital 
Vernier Caliper and Electronic Caliper Gauge 0-100 
mm; Hangzhou Broad Automotive Spare Parts Import & 
Export Co. Ltd., Hangzhou, China), the approximate area 
of   the cavity vertical walls and the approximate average 
vertical thickness of the framework retainer projections 
was calculated using simple mathematical formulas. 
Within each main group, subgroup members with similar 
calculated values   were matched to each other. The groups 
were assembled by a single operator (E.K.).

Cementation Process

The temporary fillings were removed. The cavities 
were brushed at low speed with aqueous pumice mixture. 
The fit of the metal frameworks was checked on the 
samples and necessary corrections were made. Adaptation 
of the restorations was approved for compliance with 
clinical criteria by 2 operators experienced in RBFPDs 
(E.K. and A.D.I.). The restoration retainers were 
sandblasted with 50 μm aluminium oxide (Al2O3) powder 
at a pressure of 0.4 MPa form a distance of 10 mm for 10 
s. Etched with gel (K-etchant Gel; Kuraray Medical Inc., 
Kurashiki, Okayama, Japan) containing 40-60% phosphoric 
acid for 3 minutes. Washed and dried by using air-water 
spray and treated with MDP (10-methacryloyloxydecyl 
dihydrogen phosphate) active phosphate-based monomer-
containing metal-conditioning adhesive agent (Alloy 

the second group, 2-sided (conventional) inlay cavities 
with additional proximal cavity were prepared. Their 
dimensions were planned to be 3 mm in width, 3 mm in 
depth, 6 mm in length, and at the proximal aspect (the 
proximal cavity) the base in mesio-distal direction (length) 
as well as axial wall in occluso-cervical direction (depth) 
to be 1.5 mm, and the side walls to be slightly divergent 
bucco-lingually (width) (Figure 2). Preparations were 
performed by a single operator with clinical experience in 
the field mimicking clinical conditions (E.K.). Impression 
procedures were made with 2-phase 1-step technique using 
polyvinyl siloxane impression material. The cavities were 
filled with temporary filling material (Cavit G; 3M ESPE 
AG, Seefeld, Germany). Gypsum casts were poured in 
dental hard stone and the restoration wax modelling was 
made. A standardized loop made of wax was accordingly 
integrated into the body of the restoration model, 
perpendicular to the mesio-distal, and parallel to the 
bucco-lingual and occluso-cervical direction of the pontic 
part. RBFPD frameworks were fabricated out of Ni-Cr 
metal-ceramic restoration metal (Heracles N; Eisenbacher 
Dentalwaren GmbH, Worth, Germany) using conventional 
casting methods. The RBFPD retaining parts were levelled 
to 1.25 mm thickness in the occluso-cervical direction, and 
their occlusal aspects were trimmed to become slightly 
concave to provide space for the composite resin to be 
added onto them (Figure 3).

Figure 1. Sample with modified inley cavity preparation

Figure 2. Sample with conventional inley cavity preparation  
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Tensile Test

One week after the cementation, the specimens were 
removed from the aqueous environment and subjected 
to tensile strength tested by using an instron universal 
testing machine (Lloyd LRX; Lloyd Instruments Ltd., 
Hampshire, England) at a crosshead speed of 1 mm/min 
(Figure 5). Mode of failure of the RBFPDs (adhesive, 
cohesive, adhesive-cohesive) and the level of destruction 
of the underlying tooth tissue (large, medium, small) were 
noted. The tensile test was performed by a single operator 
(E.K.).

Primer; Kuraray Medical Inc.). The concave occlusal 
aspects of retainers were coated with an opaque composite 
resin mask (Clearfil ST Opaquer L; Kuraray Medical 
Inc.) and subjected to blue LED (light emitting diode) 
light source (bluephase C5; Ivoclar Vivadent AG, Schaan, 
Liechtenstein) for 40 seconds for polymerization. The 
cavities were treated with traditional cavity disinfectant 
(Cavity Cleanser; Bisco Inc., Schaumburg, Illinois, USA) 
containing 2% chlorhexidine-digluconate (CHX) for 60 
seconds and dried. Self-etch adhesive dentin bonding 
system with MDP (Clearfil SE Bond; Kuraray Medical 
Inc.) was applied on the cavity walls according to the 
manufacturer’s recommendations. Dual-cure adhesive 
resin cement with MDP (Panavia F 2.0 Light; Kuraray 
Medical Inc.) was applied on the retainers facing the cavity 
walls and the RBFPDs were accurately fitted into their 
corresponding cavities. The cement was polymerized with 
light for 20 seconds. Universal micro-hybrid composite 
resin (Clearfil AP-X A2; Kuraray Medical Inc.) was 
used according to the manufacturer’s recommendations 
to fill the empty cavity areas over the retainers (Figure 
4). Composite surfaces were finished and polished 
accordingly to mimic clinical conditions. The cementing 
procedures for group M1 and C1 were accomplished in 
this way and the specimens were kept in 0.9% isotonic 
sodium chloride (NaCl) solution. Regarding group M2 
and C2, the cementation stages were identical with only 
exception that the adhesive system (Clearfil Protect Bond; 
Kuraray Medical Inc.) used, contained MDP along with 
MDPB (12-methacryloyloxydodecylpyridinium bromide) 
active monomer with antibacterial cavity cleansing effect 
in its chemical structure. Therefore, the cavity walls in 
these groups were only treated with adhesive bonding 
system according to the manufacturer’s recommendations 
and no additional separate cavity disinfectant. After 
the cementation procedure these specimens were also 
immersed in isotonic NaCl solution so that to maintain 
100% humidity as it is in the oral environment. The 
cementation was completed by 2 operators (E.K. and 
A.D.I.) performing certain stages of the whole process.

Figure 4. Incrementally built-up composite resin over restoration 
retainers, interlocking RBFPD into supporting teeth inlay cavities

Figure 5. Separated RBFPD from supporting inlay cavities (arrow) on 
abutment teeth (failure) as a result of tensile force application

   

Statistical Evaluation

Statistical analysis was performed using computer 
software (SPSS for Windows Ver. 10.0; SPSS Inc., 
Chicago, Illinois, USA). Homogeneous distribution was 
determined. Statistical significance between groups was 
tested with one-way analysis of variance (ANOVA). 
Multiple comparison between the groups was performed 
by Tukey HSD test. Statistical significance level was set 
at α=0.05.

Using the data obtained from the cavity 
measurements, the average bonding area for the main 
groups and therefore the maximum applied force per unit 
area for the subgroups were calculated according to the 
tensile test results.

Results 

The mean bond strength was calculated for the 
groups (n=10) using the maximum resistance values   
obtained from the tensile test (Table 1). One-way ANOVA 
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Figure 7. Adhesive-cohesive failure predominating within the dental hard 
tissue       

The destruction level of the teeth was mostly large or 
medium as a result of detachment of the fractured pieces 
of dental hard tissue adhered to the composite resin over 
the RBFPD retainers. Tooth destruction was observed in 
all specimens regardless of the group tested (Figure 8, 9 
and 10).

showed high statistical difference (F=10.342) (p=0.000). 
When the groups were compared with the Tukey HSD 
test, a significant difference was noted between the main 
groups (p<0.05), but there was no statistical difference 
between the subgroups within a main group (p>0.05) 
(Table 2).

Table 1. Calculated means and related values regarding tensile 
bond strength of groups (N)

Group n Mean Standard 
Deviation

%95 Confidence 
Interval Min. Max.

Lower Upper
M1 10 356 88 293 419 208 538
M2 10 305 80 248 363 171 427
C1 10 467 53 429 505 341 534
C2 10 455 81 397 513 311 621

Table 2. Multiple comparison test (Tukey HSD)  
results between groups

Group1 Group2 Mean 
Difference

%95 Confidence 
Interval P Statistical 

Significance
Lower Upper

M1
M2 50 42 143 0,467 −
C1 -111 -204 -19 0,013 Significant
C2 -99 -192 -7 0,032 Significant

M2
C1 -162 -254 -69 0,000 Significant
C2 -150 -242 -57 0,001 Significant

C1 C2 12 -81 105 0,986 −

The failure of RBFPDs presented mostly adhesive 
character expressed in detachment at the metal-cement 
interface, regardless of the group tested. A small number 
of RBFPDs detached at the metal-cement interface and in 
places within the cement itself representing an adhesive-
cohesive failure mode (Figure 6). Adhesive-cohesive 
failure was also detected within the tooth tissue in a 
specimen from group C1 and C2 (Figure 7). Cohesive 
failure mode was not observed at all.

Figure 6. Specimen presented adhesive-cohesive mode of failure with 
traces (circles) of cement on the metal retainer intaglio surface                    

Figure 8. Small level of destruction of supporting tooth 

Figure 9. Medium level of destruction of supporting tooth
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aspect. Comparing their results with the ones of the 
present study, it can be seen that groups C1 and C2 
showed higher tensile force resistance. However, the 
force applied to the unit area was greater for their results 
than the reported in the current study. The controversy 
here might be attributed to the existence of extra grooves 
prepared for additional retention of the composite resin in 
their inlay cavities.

The mode of failure of the specimens in the present 
study was predominantly noted as adhesive at the metal-
cement interface. Adhesive-cohesive failure characterized 
with small amounts of cement remnants spread on the 
metal surface was also observed. In both cases the resin 
cement covering the entire cavity walls was almost 
intact. These results are in accordance with previous 
studies investigating RBFPDs with sandblasted retainer 
surfaces14,26,27. El-Mowafy and Rubo16, emphasized that 
such failure mode was typical for the clinic conditions 
and did not report any failure of this character in respect 
to the inlay-retained specimens in their in vitro study. 
According to their results, the inlay retainer design 
underwent adhesive-cohesive failure while causing small, 
medium or large destruction to the supporting dental hard 
tissue. In the present study, also, the tooth destruction 
showed similarities in terms of manifestation. Fractured 
large and medium tooth fragments were holding to the 
composite resin on the inlay retainers, albeit in small areas 
still presented adhesion to the metal surfaces. However, 
assuming the adhesion as a result of the supporting 
composite resin mass, the failure for these specimens 
was considered adhesive rather than adhesive-cohesive. 
Only for 2 specimens that presented with very severe 
tooth destruction, this kind of failure was considered of an 
adhesive-cohesive character. The reason El-Mowafy and 
Rubo16 did not report any adhesive failure for the inlay-
retained RBFPDs might be attributed to their judgment 
for failure character noted in their study. Contrary to what 
was regarded as adhesive failure in the present study, they 
assumed as adhesive-cohesive failure in theirs16. The 
similarities between their cohesive failures which were 
almost completely restricted to the dental hard tissue and 
the adhesive-cohesive failures noted in the current study 
are noteworthy. This type of failure accompanied by large 
destruction was observed in both of the studies mainly in 
abutment teeth with smaller sizes.

The present study revealed no statistical difference 
between group M1 and M2, and group C1 and C2. 
The results could not demonstrate superiority of any 
antibacterial adhesive lutting protocol tested to one over 
other in terms of bond strength. The fact that RBFPDs 
presented predominantly adhesive failure at the metal-
cement interface prevented the chance of coming to 
a clear conclusion regarding these two applications. 
Previous studies have demonstrated superior bonding 
properties between the resin cement and each of the 
adhesive systems of the present study, and also superior 

Figure 10. Large level of destruction of supporting tooth

The average bonding area calculated for the main 
groups was 94 mm2 for the Modified (M1 and M2) and 
110 mm2 for the Conventional (C1 and C2) groups. 
Accordingly, the maximum tensile force values   applied to 
the unit area for the M1, M2, C1 and C2 were 3.8 MPa, 
3.3 MPa, 4.2 MPa and 4.1 MPa, respectively. 

Discussion

In the current study, group C1 and C2 values   were 
found to be statistically different from group M1 and 
M2 values. Therefore, the hypothesis that modified inlay 
slot-cavity retained RBFPDs could be as retentive as 
conventional inlay slot-cavity retained RBFPDs was 
rejected. The conventional inlay retainer design was more 
retentive than the modified design.

Modifying the conventional inlay retainer design 
by excluding the proximal cavity from the preparation 
reduced the bonding area by about 15%. This reduction 
resulted in a decrease in the resistance to the tensile 
force by about 24%, and a decrease in the maximum 
tensile force applied to the unit area by 10%. These 
results suggest for a positive interaction between the 
dimension of the bonding area and the bond strength, 
and correlate with the previous literature10. Furthermore, 
when the bonding area and tensile strength values were 
investigated, it was attributed that the vertical bonding 
areas, subjected to the shear force, had greater influence 
on the retention. This suggestion is in accordance with the 
conclusions and opinions of other researchers2,25.

El-Mowafy and Rubo16, showed that the design 
of the preparation is more important to achieve greater 
retention, than the area. They also used slot-cavities 
to retain inlay retainer designed RBFPDs on teeth, 
interlocking the metal framework projections by adding 
increments of composite resin on the retainers’ occlusal 
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Considering the failure character, the weak link 
of the retention mechanism for the RBFPDs tested was 
determined to be at the metal-cement interface.
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