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In Vitro Evaluation of Direct and Indirect Effects of 
Sonic and Ultrasonic Instrumentations on the Shear 
Bond Strength of Orthodontic Brackets

ABSTRACT

Objective: Sonic and ultrasonic instrumentations generate vibrations that may influence debonding characteristics. The objective of 
this in vitro study was to assess the direct and indirect effects of sonic and ultrasonic periodontal instrumentations on the shear bond 
strength (SBS) and the adhesive remnant index (ARI) scores of metallic orthodontic brackets.

Methods: Metallic brackets were bonded to 75 extracted mandibular central incisors that were embedded in acrylic resin. Instru-
mentations around the bracket base performed with ultrasonic (UltrasonicB group, n=15) and sonic (SonicB group, n=15) scalers 
were used to evaluate the direct effects on the SBS of brackets. Lingual surface instrumentations with ultrasonic (UltrasonicL group, 
n=15) and sonic (SonicL group, n=15) scalers were performed to assess the indirect effects. The control group (n=15) did not have any 
treatment. Instrumentations were performed for 30 s with 0° scaler tip angulations with settings recommended by manufacturers. 
The SBS of the brackets tested with a universal testing machine and ARI scores were recorded. Data were analyzed by Kruskal–Wallis 
and Mann–Whitney U tests.

Results: The mean SBS of the control group was significantly higher than that of the UltrasonicB and SonicB groups (p=0.008). The 
UltrasonicL and SonicL group instrumentations also decreased the SBS, although the difference was statistically insignificant. Ultra-
sonicB instrumentations caused significantly higher frequency of ARI scores than the control group.

Conclusion: The decrease of the SBS of metallic brackets indicates the influence of ultrasonic and sonic instrumentations on the 
breakage behavior at the bracket–resin interface. Instrumentations around the bracket base should be conducted with caution to 
decrease the bond failure risk of metallic brackets.
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INTRODUCTION

Orthodontic treatment with fixed appliances increases the plaque retention areas and impairs the appropriate 
oral hygiene measures by patients. Changes in oral microbiota can be detected that might be associated with 
the observed white spot lesions, carie, and periodontal problems (1-5). In addition to increased plaque accumu-
lation, patients often exhibit gingival enlargements, bleeding, and calculus formation during the orthodontic 
treatment (6). Although the importance of oral hygiene measures was emphasized to all patients before and 
during the orthodontic treatment, the necessity of professional oral hygiene procedures, including plaque re-
moval and scaling that were accomplished by manual and power-driven instrumentations, is observed frequent-
ly for patients with fixed appliances.

Power-driven instruments, which have been proven to have less treatment time and reduce the subgingival bio-
film to the same extent compared with manual instrumentation, vary in their clinical efficiency and mechanism 
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of action (7-9). In sonic scalers, air-turbine-generated vibrations 
range between 2 and 6 kHz/3000 and 8000 cycles/s, and scaler 
tip oscillates almost circularly (10-12). In piezoelectric ultrasonic 
instruments, a quartz crystal that was inserted into the hand-
piece is provided with high-frequency alternating current caus-
ing dimensional changes of crystal generating the vibrations. 
The scaler tip vibration is linear, and the vibration frequency 
ranges between 25 and 42 kHz/25,000 and 50,000 cycles/s (10-
12). In addition to physical action of oscillating tip, cavitational 
effect and acoustic microstreaming may influence the removal 
of deposits from the root surface (13, 14). The direct effect of 
oscillating scaler forms on surface contact with the tip and the 
influence of vibrations transmitted through the tooth defines 
the indirect effect of power-driven instrumentations. During 
ultrasonic scaling procedures, transmission of acoustic energy 
through the tooth has been demonstrated (15).

During the professional oral hygiene procedures of patients 
with orthodontic brackets, sonic and ultrasonic instrumenta-
tions were performed around the bracket base and at the lingual 
(reciprocal tooth surface) surface if necessary. The generated 
instrumentation vibrations could have influenced the brackets 
on the tooth as high-frequency vibrations of sonic and ultrason-
ic instruments are also known to facilitate the removal of posts, 
crowns, and bridge restorations and debonding of orthodontic 
brackets (16-19). While performing professional oral hygiene 
procedures, the instrumentation around the bracket base pres-
ents a direct effect as the scaler tip mostly works in contact with 
brackets and the vibrations directly influence the bracket base 
area. On the other hand, instrumentation at the lingual (recipro-
cal) surfaces indirectly affects the tooth–bracket interface as the 
vibrations were transmitted through the tooth without any scal-
er tip contact to the bracket base. However, the effect of instru-
mentation on the shear bond strength (SBS) of brackets has not 
been investigated until the study conducted by Bonetti et al. (20) 
that revealed that prolonged ultrasonic instrumentation around 
the bracket base has been shown to reduce the SBS of metallic 
orthodontic brackets.

Considering the differences of vibration frequencies and tip ac-
tions, sonic and piezoelectric ultrasonic instrumentations were 
suggested to vary by means of direct and indirect effects on the 
SBS of metallic orthodontic brackets. The tested null hypothesis 
was that direct and indirect applications of sonic and ultrasonic 
instrumentations do not decrease the SBS values of orthodontic 
brackets. Therefore, the aim of the present study was to evaluate 
the direct and indirect effects of sonic and piezoelectric ultra-
sonic instrumentations on the SBS and failure type of metallic 
orthodontic brackets.

METHODS

The study was approved by the Institutional Review Board and 
Ethics Committee of Başkent University (project no. D-KA14/15) 
and supported by the Başkent University Research Fund.

The sample size was calculated by using G*Power 3.1.9.2 (21). 
Given an α level of 0.05 (difference between two independent 

means) with a power of 80%, a minimum number of 14 speci-
mens were required for each group.

A total of 75 mandibular central incisors, which were extracted 
for periodontal reasons, without any presence of caries, resto-
rations, decalcifications, microcracks, and enamel fractures were 
collected. After extraction, all teeth were debrided, washed, and 
stored in distilled water.

Each tooth was individually embedded in autopolymerizing 
acrylic resin (Meliodent; Heraeus Kulzer, Hanau, Germany) blocks 
using the cemento-enamel junction as the lower limit. During 
the embedding procedure, all teeth were centered, and crowns 
were oriented as perpendicular to the bonding labial surface 
and parallel to the force to be applied for the SBS test. All resin 
blocks were code-numbered for identification.

Buccal surface prophylaxis was performed with pumice slurry 
using rubber cups. All teeth were washed with water spray and 
dried with air spray for 15 s. The bonding procedures were per-
formed by one operator. The brackets (Ormco Mini 2000; Ormco 
Corporation, Glendora, CA, USA) were bonded according to the 
manufacturer’s instructions, with 30 s of etching with 37% phos-
phoric acid gel (Pulpdent Corporation, Watertown, MA, USA), fol-
lowed by washing for at least 15 s and drying with water–air spray 
until a characteristic frosty white etched area was observed on 
the enamel. A thin uniform layer of bonding agent (Transbond™ 
XT Lightcure adhesive primer; 3M™ Unitek, Monrovia, CA, USA) 
was applied. The brackets were bonded with light cure adhesive 
paste (Transbond™ XT) and were adjusted to ensure that the SBS 
test force to be applied would be perpendicular to the bracket 
base. Brackets were pressed lightly in their final position, the ex-
cess adhesive was removed with a sharp scaler, and the adhesive 
was cured with a LED light curing unit (Ortholux™, 3M™ Unitek, 
Monrovia, CA, USA) for 20 s (5 s on each of the mesial, distal, gin-
gival, and incisal margins).

The specimens were randomly divided into five groups: Ultra-
sonicB group, ultrasonic instrumentation of specimens around 
the bracket base; UltrasonicL group, ultrasonic instrumentation 
of specimens on the lingual surface; SonicB group, sonic instru-
mentation of specimens around the bracket base; SonicL group, 
sonic instrumentation of specimens on the lingual surface; and 
control group, specimens without any instrumentation. In the 
UltrasonicB and SonicB groups, the scaler tip was applied in con-
tact with the bracket base. These groups represented the direct 
effect, and the UltrasonicL and SonicL groups represented the 
indirect effect as the instrumentations were performed on the 
reciprocal-lingual surface to evaluate the effects of vibrations 
transmitted through the tooth.

Ultrasonic instrumentation was performed using a piezoelectric 
ultrasonic scaler (Suprasson® P5 Newtron SATELEC; ACTEON, 
Merignac, France). The scaler tip (Universal tip, #1, SATELEC; AC-
TEON) was used with a 0° scaler tip angulation. A sonic scaler 
(SONICflex 2000N; KaVo Dental GmbH, Biberach, Germany) was 
used for sonic instrumentation procedures. The scaler insert 
(SONICflex scaler tip no. 6; KaVo Dental GmbH) was used with a 
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0° scaler tip angulation. A new scaler tip was used in each study 
group. The manufacturer’s recommended power settings were 
applied (settings of 14–15 for ultrasonic instrumentation and 
medium for sonic instrumentation). All instrumentation pro-
cedures were conducted by one experienced operator. A pilot 
study to maintain reproducible and the least possible load appli-
cation was performed by the operator, with a reproducibility of 
92% based on intraclass correlation coefficient index.

A pilot study of professional oral hygiene procedures was per-
formed with sonic or ultrasonic instrumentation to estimate the 
time required for applications for patients with fixed orthodontic 
appliances. Periodontal procedures at the buccal or lingual sites 
were completed within 30 s/tooth for both sonic and ultrasonic 
instrumentations. Depending on the results of the pilot study, 
the instrumentation period was determined as 30 s for each of 
the specimens in the test groups. In the UltrasonicB and SonicB 
groups, instrumentation was performed for 10 s on each mesial, 
distal, and incisal side of the bracket base. The gingival bracket 
side instrumentation was excluded in the present study as the 
selected scaler tip angulation restricted the appropriate access 
to the area. The tip angulation was ensured by positioning the 
ultrasonic/sonic scaler tip parallel to the bonding surface and 
perpendicular to the bracket base for buccal instrumentation in 
the UltrasonicB and SonicB groups.

In the UltrasonicL and SonicL groups, instrumentation was per-
formed on the lingual surfaces of each specimen excluding the 
incisal 1/3 part of the crown. With maintaining scaler tip parallel 
to the long axis of the crown in an apico-coronal direction, the 
0° angulation of the scaler tip in contact to tooth surfaces was 
achieved, and instrumentation on the lingual surfaces was per-
formed continuously for 30 s in an apico-coronal direction.

All samples were stored for 24h in distilled water before SBS 
testing. The test was performed using a standard knife-edge 
chisel in a universal testing machine (3343, Instron Corporation, 
Norwood, MA, USA) with a crosshead speed of 0.5 mm/min. The 
specimens were positioned to ensure the long axis of the inci-
sors, and the bracket base was parallel to the direction of the ap-
plied force. An occlusogingival load was applied to the bracket at 
the incisal groove, producing a shear force at the bracket–tooth 
interface. The breaking loads required for debonding were re-
corded in Newtons (N) and converted into stress values in mega-
pascals (MPa) that were calculated by dividing the failure load 
(N) by the surface area of the bracket base (7.386 mm2).

After the SBS testing, the teeth and bracket surfaces were exam-
ined using a stereomicroscope (Leica MS5; Leica Microsystems, 
Singapore) at ×16 magnification to determine the type of failure. 
The adhesive remnant index (ARI) scoring system was used to 
assess the amount of adhesive left on the enamel surface of each 
specimen (22). The ARI scores were as follows: 0, no adhesive re-
mained on the tooth; 1, less than half of the adhesive remained 
on the tooth; 2, more than half of the adhesive remained on the 
tooth; and 3, all of the adhesive remained on the tooth with a 
distinct impression of the bracket base.

Statistical Analysis
All statistical analyses were performed by using Statistical Pack-
age for Social Sciences version 20.0 for Windows (IBM Corp.; Ar-
monk, NY, USA). Shapiro–Wilk test was used for the distribution 
of data. Data were not normally distributed. Levene test was 
used for the evaluation of homogeneity of variances. Kruskal–
Wallis test was used to determine whether the differences in the 
SBS and ARI scores among the groups were statistically signifi-
cant or not. Mann–Whitney U test was used for comparisons of 
all groups, and Bonferroni correction (p<0.01) was applied for 
controlling Type I error.

RESULTS

One specimen in the UltrasonicB group failed during the in-
strumentation, and it was accepted as a presentation of clinical 
instrumentation procedure, and the SBS value of this specimen 
was accepted as 0 MPa (20).

The SBS values and standard deviations for all groups are shown 
in Table 1. The SBS values of the lingual instrumentation groups 
were higher than those of the buccal instrumentation groups, al-
though a statistical significance was not observed. Comparisons 
of instrumentation methods have shown that the SBS values of 
sonic instrumentation were lower than those of the UltrasonicL 
group and higher than those of the UltrasonicB group without 
any statistical significance. The SBS values of the UltrasonicB and 
SonicB groups were significantly lower than the highest SBS val-
ues of the control group (p<0.01, p=0.002 and p<0.01, p=0.004, 
respectively).

Kruskal–Wallis analysis revealed the presence of significant dif-
ferences among the groups for ARI scores. The ARI scores of 
buccal instrumentations were higher than those of lingual in-
strumentations, although the difference was not statistically sig-

Table 1. Descriptive data of shear bond strength (MPa) analysis of the test and control groups

Group	 n	 Mean±SD	 Minimum	 Maximum	 Median

UltrasonicL	 15	 10.52±4.48	 4.70	 18.50	 9.86

UltrasonicB	 15	 7.93±3.10*	 0.00	 14.20	 7.79

SonicL	 15	 9.36±2.36	 6.37	 13.07	 8.18

SonicB	 15	 8.16±2.26†	 5.52	 13.34	 7.33

Control	 15	 12.19±4.16*, †	 6.69	 18.20	 9.63

*p=0.002, †p=0.004 (same characters on the same column indicate statistical significance).
SD: standard deviation; UltrasonicL: ultrasonic instrumentation of specimens on the lingual surface; UltrasonicB: ultrasonic instrumentation of specimens around the bracket base; SonicL: 
sonic instrumentation of specimens on the lingual surface; SonicB: sonic instrumentation of specimens around the bracket base; Control: control specimens without any instrumentation
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nificant. Intergroup comparisons showed that the ARI scores of 
the UltrasonicB group were significantly higher than those of the 
control group (p=0.009) (Table 2). The ARI scores of the Ultrason-
icB group were also higher than those of the SonicB group, but 
statistical significance was not revealed (p>0.01). 

DISCUSSION

To the best of our knowledge, this is the first study investigating 
the direct and indirect effects of sonic and ultrasonic instrumen-
tations on metallic orthodontic brackets’ SBS and failure mode. 
Sonic and ultrasonic instruments are usually used for periodon-
tal therapy of patients with fixed orthodontic appliances, disre-
garding their possible direct and indirect effects.

The type of scaler tip oscillations and the operating frequencies 
are different for sonic and piezoelectric ultrasonic instruments. 
Considering the characteristics of instruments, the effects of vi-
brations conducted on the tooth and tooth–resin–bracket inter-
face could also be expected to be different, with similar clinical 
treatment outcomes. Instrumentations of the UltrasonicB and 
SonicB groups around the bracket base had been performed to 
determine the direct effects of vibrations, whereas instrumenta-
tions of the UltrasonicL and SonicL groups, that aimed to simu-
late periodontal therapy on the lingual surfaces, had been per-
formed to define the indirect effects of vibrations on the SBS of 
orthodontic brackets.

The sonic scaler tip oscillates almost circularly performing a 
localized hammering effect on the tooth surface; on the oth-
er hand, the piezoelectric ultrasonic scaler tip has a linear vi-
bration pattern. Depending on the oscillation patterns and 
vibration frequency ranges, piezoelectric ultrasonic instrumen-
tations around the orthodontic bracket base were expected 
to be more “detrimental” on bond failure. Bonetti et al. (20) 
reported that prolonged piezoelectric ultrasonic instrumenta-
tion around the bracket base has been shown to decrease the 
SBS values significantly, indicating a higher risk of bracket bond 
failure. In agreement with the former study, the study results 
revealed that sonic and piezoelectric ultrasonic instrumenta-
tions around metallic orthodontic brackets have affected the 
SBS significantly compared with control specimens. Therefore, 
the null hypothesis that direct and indirect applications of son-
ic and ultrasonic instrumentations do not decrease the SBS 
values of orthodontic brackets was rejected. The decrease in 
the mean SBS of the UltrasonicB group specimens was more 

pronounced than that of the SonicB group specimens, which 
might be attributed to effects of higher frequencies of piezo-
electric scaler than sonic scalers. The reduction of the SBS sup-
ports the direct effect of sonic and piezoelectric ultrasonic in-
strumentations on the tooth–bracket interface. The mean SBS 
of the control group specimens was higher than that of the Ul-
trasonicL and SonicL group specimens, although the difference 
was statistically insignificant.

As vibration formed during instrumentation with ultrasonic 
scaler is higher than sonic scalers, the mean SBS values of the 
UltrasonicL group, which had the highest mean value among 
the test groups, were unexpected. This result in the Ultrason-
icL group could be attributed to specimen-based character-
istics that may affect the vibrations transmitted through the 
tooth structure, although a single type of tooth was used to 
determine the influence of instrumentations. For each of the 
instrumentation type, buccal applications have more efficiency 
on the SBS of metallic brackets than lingual instrumentation. 
The findings demonstrate that vibrations produced by sonic 
and piezoelectric ultrasonic instrumentations appear to have 
a limited indirect effect on the SBS of metallic brackets. The in-
strumentation of both buccal and lingual surfaces with sonic 
and ultrasonic scalers had not been performed. However, an 
increase of detrimental effects of both instrumentation types 
might be expected, as application on both buccal and lingual 
sides might generate a synergistic effect on the tooth–bracket 
interface. Further studies to evaluate the consecutive instru-
mentation of both buccal and lingual surfaces should be con-
ducted to clarify this issue.

The scaler tip angulation has considerable effects on root sub-
stance removal and defect depth. The defect depth of piezoelec-
tric ultrasonic instrumentation was found to be the highest at 
45° angulations (23). The root damage was not severe with 0° tip 
angulation, and the tip angulation <15° or the scaler tip aligned 
parallel to the root surface during instrumentation was recom-
mended to prevent severe root damage (12, 24, 25). Ultrasonic 
instrumentation around the bracket base with 0° and 45° tip an-
gulations did not reveal significant differences by means of the 
effect on the SBS (20). Therefore, 0° tip angulation was selected 
for instrumentation in all test groups to decrease the possible 
damage. However, this scaler tip angulation prevented the ap-
propriate access and instrumentation at the gingival side of the 
bracket base, which might have an effect on the bond strength, 
if it had been performed.

Table 2. Descriptive data and frequencies of the adhesive remnant scores (ARI) of the test and control groups

	 n	 ARI=0 (%)	 ARI=1 (%)	 ARI=2 (%)	 ARI=3 (%)	 Mean±SD

UltrasonicL 	 15	 0 (0.0)	 0 (0.0)	 12 (80)	 3 (20)	 2.20±0.41

UltrasonicB 	 15	 0 (0.0)	 0 (0.0)	 4 (26.7)	 11 (73.3)	 2.73±0.46*

SonicL 	 15	 0 (0.0)	 1 (6.7)	 8 (53.3)	 6 (40)	 2.33±0.62

SonicB 	 15	 0 (0.0)	 1 (6.7)	 5 (33.3)	 9 (60)	 2.53±0.64

Control 	 15	 0 (0.0)	 1 (6.7)	 11 (73.3)	 3 (20) 	 2.13±0.52*

*p=0.009 (same characters on the same column indicate statistical significance)
SD: standard deviation; UltrasonicL: ultrasonic instrumentation of specimens on the lingual surface; UltrasonicB: ultrasonic instrumentation of specimens around the bracket base; SonicL: 
sonic instrumentation of specimens on the lingual surface; SonicB: sonic instrumentation of specimens around the bracket base; Control: control specimens without any instrumentation
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The time required for professional hygiene procedures depends 
on various factors, such as clinical case characteristics, experi-
ence of the dental professionals, and instrumentation-based 
considerations. The average times for a single session supra- and 
subgingival debridement of adult patients with periodontitis 
were determined as 4 min/tooth and 3.3 min/tooth for sonic and 
ultrasonic instrumentations, respectively (26). The mean time 
needed for ultrasonic instrumentation was 0.4 min/tooth for pa-
tients in maintenance periodontal therapy (27). In a study assess-
ing the influence of ultrasonic instrumentation around metallic 
orthodontic brackets, instrumentation was performed for 60 s, 
which was reported to be overrated to simulate extreme condi-
tions and to highlight the most detrimental effects (20). Instru-
mentation time was determined as 30 s in this in vitro study. The 
decreased levels of the SBS of brackets in test specimens com-
pared with control specimens have shown that instrumentation 
time was long enough to affect the bracket bond failure. Consid-
ering that in clinical procedures power-driven instrumentation 
around the bracket base is generally shorter than 30 s, the given 
results represent the effects of prolonged instrumentation, al-
though it was less than the mean application time reported in 
former studies.

The present study should be evaluated by considering other fac-
tors that might have an influence on the results. The mandibular 
central incisors used to test the SBS had been shown to have dif-
ferent bond failure probabilities at a particular stress compared 
with premolar teeth, which have been used frequently for SBS 
evaluating studies (28). In the UltrasonicB, SonicB, and SonicL 
groups, stress strength values were reduced with power-driven 
instrumentation, which may increase the probability of failure 
rates calculated (28). The failure rate probability of 1st premo-
lars and central incisors was higher than that of 2nd mandibular 
premolars; therefore, conducting a study with different tooth 
types may reveal different results. The mandibular incisors also 
have the smallest bracket base area, and prolonged instrumen-
tation around the bracket base might have decreased the stress 
strength more easily.

The absorption depth of vibrations by different tooth types or 
the influence of transmission of vibrations through the tooth 
has not been studied. Regarding the differences in tooth di-
mensions, tooth volumes, and structural characteristics, such as 
mineralization, thickness, and density of the enamel and dentin, 
the transmission and absorption of vibrations could be expected 
to be various if different tooth types have been tested. Another 
issue to be considered is the tooth-supporting structures, such 
as periodontal ligament and alveolar bone, that absorb or lim-
it the effects transferred through the tooth. During the ortho-
dontic treatment, bone remodeling and changes in periodontal 
ligament occur, which would have at least partly an impact on 
the absorption of vibrations by tooth or vibrations transferred 
through the tooth (29-30). Although a limited influence of vi-
brations transmitted through the tooth was detected, the di-
mensional and structural characteristics of the selected teeth 
might have affected the results in the present study. The lack of 
periodontal ligament simulation and testing of resin-embedded 
specimens in this study might also have an effect on results.

Evaluation of ARI scores revealed that piezoelectric instrumen-
tation around the bracket base significantly affects the debond-
ing characteristics on the tooth–resin–bracket system compared 
with control specimens. The vibrations formed during the instru-
mentation of the UltrasonicB groups in contact to the bracket 
appear to influence the breakage behavior at the bracket–resin 
interface. The remaining intergroup comparisons of ARI scores 
revealed non-significant differences. Bond failure type of all 
groups had a mean index >2, indicating that the failure was 
mostly confined to the bracket–resin interface and decreased 
risk of enamel damage after debonding could be expected.

The results indicate that sonic and ultrasonic periodontal in-
strumentations around the orthodontic metallic bracket base 
reduce the SBS of metallic orthodontic brackets that may in-
crease bracket failure risk. Considering the displeasing out-
comes of bracket failure on orthodontic treatment progression, 
such as prolonged treatment time, sonic and ultrasonic instru-
mentations around the bracket base should be conducted with 
caution. Further studies investigating the sonic and ultrasonic 
periodontal instrumentations should be interpreted to clarify 
the direct and indirect effects on the SBS of orthodontic metal-
lic brackets and to reveal the influence of instrumentation- and 
specimen-based factors on the bond strength of orthodontic 
brackets.

CONCLUSION

The simulation of sonic and piezoelectric ultrasonic instru-
mentations reduced the bond strength of metallic orthodontic 
brackets tested in this in vitro study. Instrumentation around 
the bracket base was detected to have more dramatic effects on 
the SBS than instrumentation performed on the lingual surface. 
Sonic instrumentation applied around the bracket base demon-
strated higher SBS than ultrasonic instrumentation. Given the 
results that sonic and ultrasonic periodontal instrumentations 
around the orthodontic metallic bracket base reduce the SBS of 
brackets, instrumentations particularly around the bracket base 
should be conducted with caution.
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