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Abstract
It is not known whether cleaning with a bristle brush can completely remove debris from fractured surfaces in the case of 

fractured teeth are left untreated after traumatic injuries. Therefore, the present study investigated the necessity of pre-treatment 
with a low-speed round bur instead of cleaning with a bristle brush and compared the adhesive effect to tooth surfaces with several 
etching systems by microleakage test and scanning electron microscopic (SEM) observation. Both corners of the incisal edges of 
60 extracted human permanent incisors were cut and applied organic debris artificially, then immersed in artificial saliva at 37°C 
for 7 days and divided into two groups: group A was treated with bristle brush and group B was treated by a stainless round bur. 
The specimens in each group were divided into five subgroups (subgroup 1: total-etching system, subgroups 2 and 3: two-step 
self-etching system, subgroups 4 and 5: one-step self-etching system). The tooth surface was then restored with composite resin. 
The teeth in each fractured area were evaluated leakage condition and gap formation by microleakage test and SEM observation. 
As a results, specimens in group A showed the presence of residual organic debris and microleakage in some cases and this group 
showed significantly more gap formation than group B. There were no significant differences between each subgroup in group A 
and group B respectively. In conclusion, removal of debris by a low-speed round bur along the fractured surfaces would be required 
in this case of a few days after injury.
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Introduction
Although loss of the crown structure is mainly caused by 

caries, dental trauma is not a rare contributing factor. Researchers 
reported that the most commonly traumatized teeth were the 
maxillary central incisors [1-3] and the most frequent type of injury 
was crown fracture, especially enamel-only fracture and enamel–
dentin fracture without pulp involvement (no pulp exposure) [1-7].  
These fractures are usually restored with composite resin due to  

 
esthetic considerations. The success of composite resin restoration 
is strongly dependent on the bonding force between tooth surface 
and composite resin. The adhesive effects are influenced by the 
surface condition; therefore, cleaning the fractured surface is one 
of the most important steps determining success of the composite 
resin restoration. Usually, patients visit the dentist immediately 
after dental trauma. However, some patients do not seek treatment 
soon after injury and the injured tooth is left untreated for a few 
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days to months. Ekanayake & Perera reported that half of the 
patients who had traumatized teeth had been treated more than 1 
month after the traumatic injury [8]. Zuhal et al. also reported that 
only 22.8% of patients visited a dental clinic in the first 3 days [9] 
and Rajab revealed that only 17.1% of patients sought treatment 
the same day or the day after the injury [3]. Most of these cases 
were simple crown fractures without pain.     

The surfaces of fractured teeth can become contaminated by 
plaque and organic debris during the untreated period, and they 
are usually cleaned by a bristle brush with prophylaxis paste before 
restoration. However, it is not known whether cleaning with a bristle 
brush adequately removes debris from fractured surfaces before 
restoration. There is a possibility that cleaning using a bristle brush 
and prophylaxis paste is not sufficient to remove debris, and that 
pre-treatment with rotary burs before composite resin restoration 
is necessary to remove enamel and dentin contaminated by plaque 
and organic debris.

The aims of this study were to clarify the influence of pre-
treatment with bristle brush and low-speed hand round bur of 
fractured surfaces before restoration on the adhesiveness of the 
material, and to compare the adhesive effect of different adhesive 
systems, such as a total-etching system, a one-step self-etching 
system and a two-step self-etching system, by microleakage test 

and scanning electron microscopic (SEM) observation.

Materials and Methods
Sample collected and artificial crown fracture 
preparation

Sixty extracted human permanent incisors with intact crown 
surfaces were used in this study. The teeth were extracted for 
orthodontic and periodontal reasons after obtaining informed 
consent from patients. The teeth were brushed and washed with 
distilled water at room temperature. Both corners of the incisal 
edge of the central incisors were cut by dental mallet and Chisel 
(diameter, 3 mm) as shown in Figure 1 to represent an artificial 
traumatic crown fracture, and artificial organic debris was applied 
to each fractured surface. Artificial organic debris was prepared 
according to a previous report [10]. It contained 20% of Liquitex 
(Liquitex Co.OH, USA), 30% of Starch gruel (Fueki-ko, Fueki Co., 
Yao, Japan), 30% of Poster color (Sakura Co., Osaka, Japan), and 
20% of solid food fragments for rats (MR-stock, Nihon-Nosan Co., 
Yokohama, Japan) normally used as animal feed. All ingredients 
were mixed together to simulate a clinical debris condition. After 
applying artificial organic debris to the surfaces, all specimens were 
immersed in artificial saliva (Salivate, Teijin, Tokyo, Japan) at 37°C 
for 7 days.

Figure 1: Specimen preparation.

Group classification, and experimental procedures for 
fractured surface

After storage for 7 days, each fractured surface was washed with 
distilled water to remove the excess debris on the surrounding 
surface, and the following procedure was performed. In group A, 
the right-side crown-fractured surfaces were cleaned with a dry 
pointed bristle brush (Merssage brush CA, YDM Co, Tokyo, Japan) 
and prophylaxis toothpaste (Profylaxpasta CCS, Clean Chemical 
Sweden A.B., Borlänge, Sweden) using a low-speed hand piece 
(550 cycles per minute), but this process was stopped in 5 minutes 
even if debris remained on the surfaces. In group B, the left-side 
fractured surfaces were pre-treated with #2 stainless steel round 
burs using a low-speed hand piece (550 cycles per minute). This 

process continued until the debris was removed from the surfaces. 
After this procedure, all surfaces were rinsed with water, dried 
with oil-free compressed air for 20 seconds, and subjected to the 
following investigations.

Stereoscope observation and microleakage test

To verify the surface characteristics, fractured surfaces from 
each group were examined using a stereoscope (SMZ-10, Nikon, 
Tokyo, Japan), and then all surfaces in each group were subjected 
to a microleakage test.

The specimen teeth were randomly divided into five subgroups 
(12 teeth each) based on the adhesive system. In subgroup 1, a 
total etching system was used. The surfaces were acid-etched with 
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30% phosphoric acid gel (Clearfil K-etchant, Kuraray Co., Kurashiki, 
Japan) using a disposable microbrush for 20 seconds. Thereafter, 
they were washed with water spray for 10 seconds, thoroughly 
dried with oil-free compressed air. They were then treated with 
bonding agent (Clearfil Photo Bond, Kuraray Co.) with light-cured 
for 10 seconds each. and filled with composite resin (Beautyfil II, 
Shofu Inc., Kyoto, Japan). After the fractured surface was restored 
with composite resin, it was light-cured for 20 seconds. A two-
step self-etching system was used for subgroups 2 and 3. The 
surfaces were washed and air-dried as in subgroup 1, treated with 
priming agent for 10 seconds, and thoroughly dried with oil-free 
compressed air for 5 seconds. Then, a bonding agent was applied 
(subgroup 2: Clearfil Mega bond FA, Kuraray Co.), (subgroup 3: FL-
BOND II Shofu Inc.), light-cured for 5 s and restored with composite 
resin (Beauty Fill II, Shofu Inc.).

One-step bonding system was used for subgroups 4 and 5. The 
fractured surfaces were treated with a priming agent (subgroup 4: 
Clearfil Tri-S Bond, Kuraray Co.), (subgroup 5: Bond Force Tokuyama, 
Hyogo, Japan) for 10 seconds, gently air-dried for 5 seconds and 
strongly air-dried for another 5 seconds. Then, the tooth was 
restored with composite resin according to the same procedure 
of the previous two systems. Microleakage test was performed 
according to a previous study [10]. All tooth surfaces except the 
areas of the filled fractured surfaces and 1 mm outside the margins 
of the cavities were double-coated with nail varnish. The samples 
were performed thermal cycling for 10,000 cycles between 5°C (± 

2) and 55°C (± 2) with a 1- minute dwell time in each temperature 
and immersed for 24 hours in a rhodamine-buffered dye solution. 
The samples were longitudinally bisected with a diamond saw disc 
(Isomet, Buehler, IL, USA). The degree of microleakage was scored 
in a blinded manner using dye penetration, based on a modification 
of a previously reported 3 grade-scale criteria (Table 1), under a 
microscope by a technician who was not informed of the true nature 
and purpose of this experiment. Thus, judgment of the degree of 
microleakage was blinded. Where scores were different on both 
sides, the worse (higher degree of leakage) score was adopted for 
this research.

SEM observation for evaluating gap formation

For observation of the enamel/dentine-composite resin interface 
and investigation of the ratio of gap formation between them, cut 
sections were polished to a high gloss with waterproof carbide 
paper of 400 to 2,000 grits, immersed in 40% phosphoric acid gel 
for 15 minutes, and then observed by SEM. For SEM examination, 
specimens were dehydrated in a graded series of aqueous ethanol 
(70%, 80%, 90%, and 100% ethanol) for 24 hours in each solution, 
dried with liquid CO2 using a critical point dryer device (JCPD-
3, JEOL, Tokyo, Japan), coated with platinum to a thickness of 15 
µm, and observed by SEM (JSM-T220A, JEOL) at 15 kV. The gap 
formation was scored as shown in Table 2. After all results were 
obtained, statistical analysis of the data was performed using a 
Mann Whitney U test and Kruskal-Wallis ANOVA. A value of p < 0.05 
was considered significant.

Table 1

Score Condition of Microleakage

0 No Leakage

1 Partial Leakage (under 50%)

2 Partial (over 50%) or total leakage

Results
Residual artificial debris after cavity cleaning

Figure 2: Surface condition after debris removal
Figures 2 (A, B): Group A (bristle brush and a prophylaxis paste cleaning group).
Residual debris was seen in some cases on the fractured surface. Residual debris was most frequently observed at dentino enamel 
junction (arrows show remaining debris).
Figure 2(C, D): group B (rotary bur-pretreated group).
Debris was completely removed from the fractured surface.
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The surface condition in group B showed no residual organic 
debris. Fractured surfaces also did not exhibit any remarkable 
problems such as cracks or fractures. On the other hand, residual 
organic debris was seen in some cases of group A (Figure 2). The 
percentage of residual debris was 67%; the residual organic debris 
was most frequently seen at the border of the dentin-enamel 
junction (47%). However, there were no fractures and cracks of the 
tooth surfaces in group A.

Results of microleakage test

The leakage score values are presented in Table 1. A few cases in 

both groups did not show any leakage (Figure 3a). However, some 
degree of microleakage was observed in many cases, especially in 
group A (Figures 3B & 3C). The ratio of leakage was 43% (score 1 
and 2) in the rotary brush group, and 23% (score 1 and 2) in the 
round bur cleaning group. Although the difference between group 
A and B in each etching system was not statistically significant, the 
tendency of leakage was higher with bristle brush cleaning than 
round bur pretreatment. When compared within each etching 
system (subgroups 1-5), there were no statistical differences among 
etching systems in groups A and B. The summary of the results of 
microleakage test is shown in Table 3.

Table 2

Score Condition of gap formation

0 No gap formation

1 Partial gap formation (under 50%)

2 Gap formation in most parts of fracture

Table 3

Subgroup

Group A Group B

Score

0 1 2 0 1 2

  1 (Photo Bond) 4 2 6 6 6 0

 2 (Mega Bond) 6 2 4 10 2 0

   3 (Fluoro Bond) 6 4 2 10 2 0

4 (Tries Bond) 4 6 2 8 4 0

 5 (Bond Force) 6 3 3 10 2 0

Figure 3: Results of leakage condition (stereoscopic observation).
A few cases in both groups did not show any leakage (Figure 3a). Some degree of microleakage was observed in many cases, 

especially in group A (Figures 3b, 3c).

Results of gap formation

From SEM observation, the sites with no microleakage showed 
good adhesion at the enamel/dentine and composite resin 
interface. Sites where resin tags penetrated into the tooth surface 
were also observed (Figures 4A & 4B). In contrast, gap formation 
at the composite-dentin interface was observed at several areas 

on the specimen in each etching system (Figures 4C & 4D). The 
tendency of gap formation was obviously higher in group A than 
in group B, and statistical differences were seen between the two 
groups in each etching system. However, comparing each subgroup, 
statistically significant differences were not recognized among each 
etching system in groups A and B, respectively. The summary of the 
result of gap formation is indicated in Table 4.
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Figure 4: SEM observation of tooth material-resin composite interface
Figure 4(A, B): no gap formation.

Immersed resin tags were observed in adhesive tooth materials.
Figure 4(C, D): gap formation.

Gap formation was observed in many cases in group B (arrow shows the location of gap formation).

Table 4

Subgroup

Group A Group B

Score

0 1 2 0 1 2

 1 (Photo Bond) 0 5 7 6 3 3

2 (Mega Bond) 2 5 5 6 5 1

   3 (Fluoro Bond) 2 6 4 7 4 1

4 (Tries Bond) 1 6 5 6 4 2

 5 (Bond Force) 1 7 4 8 2 2

Discussion
Many researchers reported that the highest frequency of tooth 

injury occurs in school children aged around 6 to 12 years old 
[3,11,12]. However, adults are also vulnerable to tooth damage 
by several types of traumatic injuries. Many cases of such injuries 
resulting in tooth fractures are repaired by restorative materials. 
However, re-restoration is sometimes necessary because of loss 
of the restorative material, residual debris or development of new 

caries from the margin of the restorative material–tooth interface. 
The result of the present study also indicated that residual debris 
is commonly seen on the fractured surfaces cleaned by a bristle 
brush, especially at the marginal area of the dentin-enamel 
junction. Organic debris such as food particles easily accumulate 
at the dentin-enamel junction, and it is difficult to remove debris 
from this site. Previous studies demonstrated that carious dentine 
and several bacteria are also hard to remove completely, and they 
partially remain at the dentin-enamel junction [13-15]. Moreover, 
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dental plaque looks similar to the dentin in color, and it is possible 
to mistake residual debris as tooth dentin after cleaning with a 
bristle brush.

To resolve this serious problem, it is therefore strongly 
proposed to use a round bur on a low-speed hand piece to remove 
the thin surface layer of organic debris and expose the healthy 
tooth surfaces. In the case of untreated fractured crown surfaces, 
a round bur with a low-speed hand piece should be used before 
restoring with composite resin. Otherwise, organic debris will 
not be removed completely; consequently, the surface layer of 
the specimen will be infected by bacteria. This is also supported 
by some of the previous studies that when debris or smear layer 
are present on the surface, resin tags are not able to penetrate 
into enamel or dentin, consequently causing the interface to be 
more sensitive to degradation [16,17]. The adaptation between 
composite resin and dentin seems to improve by removing the 
smear layer from intertubular dentin [18].Therefore, achievement 
of tight adhesion between composite resin and dentine surfaces 
is a necessary element to establish good adhesion, and removing 
the smear layer on the fractured surfaces is one of most important 
factors to achieve stable bond strength.

The results of microleakage test also revealed that cleaning with 
bristle brush treatment showed more leakage and gap formation 
than the groups with round bur treatment. This indicates that 
cleaning by bristle brush and prophylaxis paste might not be 
adequate as pre-treatment before composite resin restoration. 
This is also supported by some of the previous studies that it is 
hard to remove debris and plaque completely by cleaning with a 
bristle brush. Furthermore, several researchers also demonstrated 
that even saliva contamination reduced adhesion [19,20]. Wang 
& Spencer reported that the acid etching process was not able to 
remove debris and the smear layer completely, resulting in remaining 
denatured collagen within the smear layers [21]. Consequently, 
thorough cleaning of the tooth surfaces is essential for composite 
resin bonding. These findings indicated that stain and debris on 
the tooth surfaces are not easy to remove using ordinary methods. 
Using of low-speed round bur could be an alternative method to 
bristle brush. The results of the present study also showed that 
there was no statistically significant difference among each etching 
system. This result indicated that the adhesive strength between 
tooth and composite resin might not be influenced by differences 
among the adhesive systems. Even though the total-etching system 
(Photo Bond) showed high tendency of microleakage and gap 
formation in both bristle brush-treated and round bur-treated 
groups, statistical significance was not revealed in this study and 
these results were in agreement with previous studies [22,23]. 

However, this study evaluated the specimen after 10,000 
thermal cycles; therefore, it is possible that different results of 
microleakage test and gap formation in each adhesive system 
would be obtained when the specimen is subjected to over 10,000 
cycles. Further studies using 20,000 or 30,000 cycles are necessary. 

In clinics, bevel creation along the marginal area of fractured tooth 
is often performed in anticipation of increasing adhesive effect [24-
26].  However, this additional option is not effective if there is any 
barrier to prevent bonding to teeth and will result in problems such 
as recurrent caries under composite resin restoration, fracture of 
composite resin or detachment of resin from teeth. The results of 
this study indicate that performing pre-treatment with a low-speed 
round bur removes residual debris and infected bacteria. Moreover, 
SEM observation demonstrated that round bur treatment may 
not cause serious problems such as cracks or fractures during 
this process and is a safe method to be applied on fractured teeth 
surfaces. Therefore, this process could improve the adhesive effect 
of composite resin yielding satisfactory results in the case of 
fractured tooth left untreated for a few days or more.
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