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Abstract:

Background:

Repair  is  a  conservative  treatment  of  defective  composite  restoration.  Sealing  the  repair  interface  is  a  critical  factor  to  achieve
successful repaired restorations.

Objective:

The aim of this study was to evaluatethe effect of three finishing times on the microleakage at the composite-repair interface.

Method:

Eighty composite specimens (Z250) were made and aged for eight weeks in water. They were randomly divided into four groups. In
the control group, repairing was done with no surface treatment and using bonding agent. In groups 2 to 4, the specimens were
repaired following roughening, etching and use of Adper Single Bond, and finished immediately, after 20 minutes and after 24 hours,
respectively. After thermocycling, the microleakage at the repair interface was assessed using dye-penetration technique. The results
were analyzed using Kruskal-Wallis and Mann-Whitney tests (α=0.05).

Results:

There was a significant difference among the four groups (P<0.001). The control group with the highest leakage showed a significant
difference with the other groups (P<0.05). Immediate finishing showed a significantly higher leakage compared to 20-minute and 24-
hour delayed finishing time (P<0.001). The two latter groups had no difference.

Conclusion:

Immediate finishing of the repaired restorations negatively affect the sealing at the repair interface, while 20-minute and 24-hour
delayed finishing had no adverse effect on the interface sealing.

Keywords: Composite Resin, Finishing Time, Microleakage, Repair Interface.

INTRODUCTION

During the last decade, resin-based composites have become the first choice material for direct restorations. Despite
a good clinical performance, as with any restorative material, composites have a limited longevity due to deterioration
and degradation in the oral cavity [1, 2]. A mean annular failure rate of 2.2% for composite restorations was reported.
The failure can be the result of caries, fracture, discoloration, wear, and insufficient contour [3].
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Defective restorations are traditionally replaced. This long lasting procedure which is considered complex results in
removal of a significant amount of sound tooth structure and possible pulp trauma [3 - 5]. Restoration repair can be
applicable as a minimally invasive approach, reducing treatment time, cost, pain and possibility of the pulp injury and
damage to the adjacent teeth [5, 6]. Therefore, repair of defective restoration instead of its complete replacement can be
performed when a large part of the restoration is clinically and radiographically intact, resulting in extended longevity
of the restoration [3, 7]. In a recent clinical trial, the repair has been proved to be a safe and effective treatment in the
long-term [8].

In  order  to  achieve  long-term  clinical  successful  composite  repair,  development  of  an  intimate  resin-to-resin
attachment and sufficient interfacial bonding between the old and new composite is required during repairing procedure
[9].  Although  the  efficacy  of  the  repair  is  related  to  obtaining  adequate  bond  strength  at  the  repair  interface,  this
bonding should be capable of preventing microleakage at the interface. This leakage leads to interfacial discoloration,
compromising aesthetic appearance of the repaired restoration [4]. Additionally, this interfacial staining may represent
signs of early deterioration and debonding which accelerate the restoration failure [10, 11].

The limited availability of residual free radicals for cross-linking with repairing composite on the aged restoration
[12], the poor wettability of high viscous repairing composite and polymerization shrinkage during the cure of repairing
composite  are  contributing  factors  to  poor  coupling/bonding  between  the  old  and  new  composites  [13].  Different
chemical and/or micromechanical treatments have been evaluated for establishment of high repair bond strength. The
roughening  of  the  aged  surface  restoration,  followed  by  application  of  an  intermediate  bonding  agent,  has  been
indicated to enhance the repair bond strength [14 - 17]. Although several studies have evaluated the efficacy of various
repair  procedures  through  measuring  the  bond  strength  obtained  at  the  repair  interface  [12  -  17],  few  researchers
focused on the sealing at the composite repair interface [9, 18, 19].

Recently,  Celik  et  al.  have  evaluated  the  effects  of  two  composite  types  and  different  bonding  agents  on
microleakage at the repair interface of air-abraded or bur-prepared aged composite restorations. They observed little
penetration at the repair interface; however, this microleakage was less than the resin-tooth interface [19].

Cavalcanti  et  al.  have  reported  that  different  roughening  surface  treatments  of  the  aged  composite  and  even
untreated surface show little or no microleakage at the repair interface. They concluded that the use of a bonding agent
in all groups (the control and experimental groups) may have masked any possible treatment effects; the bonding agent
may have played a main role for sealing the repair interface [9]. The same authors in another study indicated that using
different bonding agents or even not using any bonding agents on air-abraded or acid-etched composite has little or no
dye penetration at the repair interface [18].

It was considered that finishing procedures of repaired specimens were made after 24 hours in the cited studies [9,
18].  However,  a  24-hour  delay  in  finishing  is  not  clinically  applicable.  Recontouring  and  finishing  of  the  repaired
restoration are usually performed immediately at the same session that the repair is done. On the other hand, some
authors stated that immediate finishing could have increased the microleakage at the adhesion-tooth structure interface
[20]. The finishing step of repaired restorations may affect the repair interface. Although the effects of different surface
treatments  on  microleakage  at  the  repair  interface  were  evaluated,  the  literature  lacks  information  on  the  effect  of
finishing time of repaired restorations on the sealing of the interface. Clinically, microleakage at the repair interface
could adversely influence the performance and longevity of the repaired restoration. Therefore, this study investigated
the effect of finishing time on the microleakage between the old and new composites.

MATERIALS AND METHODS

In the first part of this in vitro study, eighty composite resin specimens were made in half length of a quadrangular
acrylic resin mold with an internal space of 6 x 6 x 2mm using a removable acrylic resin spacer. Initially, half of the
mold was filled with composite resin Filtek Z250, shade A1 (3M-ESPE, St. Paul, MN, USA), in a single increment Fig.
(1). A glass microscope slide covered over the mold and was pressed to remove the excess composite. Each specimen
was  light  cured  through  the  slide  for  20  s  using  a  halogen  light  curing  unit  (Coltolux  75,  Coltene/Whaledent  AG,
Altstatten, Switzerland) at 500mW/cm2 light intensity.

The tip of the curing light was kept at a 90-degree angle to the top surface, in contact with the glass to achieve
maximum curing depth. After the top surface was cured, the specimens were carefully removed from the mold and then
subjected to an additional light curing for 40 s.

The specimens were stored in water at 37º C for eight weeks. The specimens were then divided into four groups. In
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the control group (group 1), repairing was made with no surface treatment and use of bonding agent. In groups 2 to 4, in
order to repair the surface, each specimen was roughened with high speed diamond bur and water spray. Each surface
was rinsed with distilled water for 20 s and dried with compressed air for 10 s. The samples were cleaned with 37%
phosphoric acid gel (3M Dental Products) for 60 s, rinsed vigorously, and then a bonding agent (Adper Single Bond,
3M Dental Products) was applied according to the manufacturer’s instructions and light cured for 10 s. Each specimen
was then placed into the mold and the repairing composite (Z250, shade A3) was applied and cured as described above;
this completed the repair procedure. Using the darker shade allowed us to better assess the repair interface.

In group 2, finishing procedures were immediately made after repair procedure completion. In group 3, finishing
procedures were made 20 minutes after repair procedure completion and in group 4, they were done 24 hours after
repair procedure completion. Finishing procedures were made with a decreasing abrasive sequence of aluminum oxide
disks (Sof-Lex, 3M Dental Products).

The  repaired  specimens  were  removed  from  the  mold  and  stored  in  distilled  water  for  24  hours.  The  external
surfaces of each sample were sealed with two layers of nail varnish, with the exception of the side directly exposed to
the light curing. They were then thermocycled for 1000 cycles between 5 ̊C and 55 ̊C with a one minute dwelling time
at each temperature, and then immersed for 24 hours in a 0.2% methylene blue solution.

Fig. (1). Representative image showing composite specimen prepared into a mold.

Fig. (2). Representative image showing microleakage at the repair interface.
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Fig. (3). Representative image showing no microleakage at the repair interface.

The samples were transversely sectioned with a double faced diamond disk. The sections were blindly assessed for
the extent of dye penetration by two independent evaluators using a stereomicroscope (Carl Zeiss Inc, Oberkochen,
Germany) at magnification x 20 according to the following scores:

0=absence of dye penetration

1=up to ½ of repair interface

2=more than ½ of repair interface, without total involvement

3=complete repair interface involvement

Data were analyzed statistically using a non parametric Kruskal-Wallis and Mann-Whitney tests at a significance
level of 5%.

RESULTS

Table 1 shows the microleakage scores and median scores of the four groups. According to the results of Kruskal-
Wallis test, there was a significant difference among the four groups (P<0.001). The control group (with no surface
treatment) showed the highest leakage (Fig. 2). This group revealed the capability of dye solution for penetrating at the
unsealed composite-repair interface.

Table 1. Microleakage scores frequency in the four groups.

Microleakage Score
groups 0 1 2 3 Median score Std. deviation

1. Control 0 1 17 2 2 a 0.46
2. Immediate finishing 3 7 9 1 1.5 b 0.82
3. 20-min delayed finishing 17 2 - 1 0 c 0.72
4. 24-hour delayed finishing 18 1 1 - 0 c 0.49

* Different superscript letters in median column indicate statistically significant differences among groups (p<0.05)

Multiple comparison analysis by Mann-Whitney test showed a significant difference between group 1 and the other
groups (1 and 2, P=0.008); (1 and 3, P<0.001); (1 and 4, P<0.001).This result indicated the beneficial effect of surface
treatments used in this study compared to no treatment.

Among  different  finishing  time  groups  (groups  2,  3  and  4),  group  2  showed  the  highest  leakage.  There  was  a
significant difference between groups 2 and 3 (P<0.001) and groups 2 and 4 (P<0.001). These differences demonstrated
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the adverse effect of immediate finishing on microleakage at the repair interface.

This test also revealed no differences between groups 3 and 4 (P=0.64), demonstrating similar microleakage score
between 20-minute and 24-hour delayed finishing time. Fig. (3) shows no microleakage at the interface.

DISCUSSION

Proper finishing and polishing of composite restoration are important steps that improve aesthetics and longevity of
the restoration [21]. These steps are also critical clinical procedures for repaired restorations. The repair of the aged
composite could be done in different time periods after baseline. In the literature on the repair of composites, the most
common aging method is water storage of the composite specimens for various periods ranging from one week to one
year [22 - 24]. Water storage for two months was found to result in significantly lower repair bond strength than that of
shorter storage time [25]. In the current study, the composites were water aged for 8 weeks prior to repairing.

Different surface treatment methods were proposed to repair the aged composites. The most frequently used method
to repair are roughening of the surface with a coarse diamond bur, with silicone carbide grinding and sandblasting or air
abrasion with aluminum oxide or silica-coated particles [6, 15, 22, 23, 25]. An intermediate bonding resin is usually
applied on the acid etched abraded surface. In this study, a common repair technique, roughening with a diamond bur,
etching with phosphoric acid followed by a bonding agent application was used [15 - 17, 24, 26].  This mechanical
treatment is easily applied and is efficient and without less available intraoral devices in daily practice [26, 27]. The use
of acid etching and rinsing as a cleaning step to remove the debris and grinding dust from the surface does not create
changes in the retentive pattern of the composite’s resin surface [14, 15]. This method showed little dye penetration
when finishing was done after 20 minutes and 24 hours that was similar to those of the other surface treatments used in
Cavalcanti et al. study [9].

In the current study, the effect of three different finishing times on sealing the repair interface was evaluated by dye
penetration technique. The immediate finishing resulted in a relatively high microleakage that was significantly lower
than that of the control group (with no surface treatment) and was significantly higher than those of 20-minute and 24-
hour delayed finishing groups. Little leakage was observed when finishing was delayed for 20 minutes and/or 24 hours.
Similarly, in two studies conducted by Cavalcanti et al., little or no dye penetration was observed at the repair interface
for all the groups in which finishing was done after 24 hours [9, 18]. In these studies, the repair was performed on flat
surfaces of the aged composites prepared into a mold without using tooth restoration. Our study was similar to this
experimental set up.

In agreement with our results, Frankenburger et al. reported that different roughening treatments combined with
adhesives  and  flowable  composite  could  not  totally  prevent  leakage  at  the  repair  interface.  In  a  recent  study,  little
microleakage at the repair interface was reported when using different bonding agents (except for Beauty Bond) on bur-
and air-abraded composite. This microleakage was less than that of the tooth-interface [19]. In two subsequent studies,
the repair was performed in a cavity prepared into pre-existing composite restoration and the process of the repaired
restoration was finished immediately [19, 22].

Composites are not 100% polymerized immediately after curing. They obtain approximately 70% of the maximal
polymerization after 10 to15 minutes following light curing (dark curing) [14]. It seems that finishing procedures before
complete composite maturation could have disrupted the initiated chemical and/or micromechanical bonding of the
repairing composite to the aged composite. Immediate finishing could lead to plastic deformation of the composite due
to thermal effect of the finishing [28]. This stress may have contributed to negative effect of early finishing on the
sealing  the  repair  interface.  There  is  no  study  regarding  the  time  at  which  finishing  and  polishing  of  the  repaired
restorations were initiated.

Considering  destructive  effect  of  finishing  procedures  on  the  marginal  adaptation  of  newly  placed  composite
restorations [28],  some authors have suggested 24-hour delayed finishing of composite restorations [20].  However,
there is controversy about finishing time on composite restorations in the literature. Yap et al. reported that one-week
delayed finishing compared to immediate finishing did not improve but rather decreased the marginal sealing of the
Class  V  composite  restoration  [21].  These  authors  explained  that  delayed  finishing  produced  stresses  that  may
compromise  the  seal  formed  by  hygroscopic  expansion  of  the  bonding  agent  and  composite  [21].

However, the results of the other study revealed that 24-hour delayed wet finishing resulted in a significantly lower
microleakage for microfilled composite on the dentin margin, but it had no effect on the hybrid composite [20]. The
beneficial effect of 24-hour delayed finishing on marginal sealing of a microfilled composite was also reported by Irie
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et al. [29]. Nevertheless, Venturini et al. demonstrated that immediate finishing did not negatively affect the sealing
ability of a microfilled and microhybrid composite [30].

According to the result of the current study, little microleakage was observed at the repair interface when finishing
was delayed for 20 minutes which was in an equivalent level of microleakage of 24-hour delayed finishing. This finding
could suggest that there was no reason to postpone finishing procedure for 24 hours. The finishing could be performed
20 minutes after curing at the same seating that the repair of composite restoration was done, thereby reducing the
number of clinic sessions for the patient.

In the present study, the repair was done on the flat surface of the aged composite into the mold without tooth cavity
involvement. This set up might mimic repairing on the composite surface alone without enamel/dentin preparation in
the clinic. In in vivo situation, repair procedures can be applied with small cavity preparation in defective part of the
existing restoration associated with enamel and/or dentin exposure such as repair of marginal adaptation problems. This
situation may influence the microleakage at the repair interface.

Further studies should be conducted on microleakage of the repair interface at different clinical situations in which
repair may be applied along with adjacent enamel or dentin involvement.

CONCLUSION

Within the limitations of this in vitro study and based on the obtained results, it can be concluded that immediate
finishing negatively affected the microleakage of the composite- repair interface. The repair interface could be sealed
when finishing procedures were delayed for 20 minutes and 24 hours. Therefore, repairing of a defective composite
restoration can be completed in one session without compromising of the repair interface sealing.
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