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Abstract
Purpose: To investigate the effects of surface preparation with sodium hypochlorite (NaOCl) on bracket shear bond strength andamount of residual adhesive on primary and permanent teeth.Materials & Methods: Twent-four permanent premolars, 12 in each group (groups I and III), and 24 primary molars, 12 in eachgroup (groups II and IV) were included. In group I and II, 37% phosphoric acid was applied to the tooth surfaces, without using anyother agent. In Group III and IV, 5.25% NaOCl was first applied. Following washing and drying, surface roughening was performedwith phosphoric acid. The shear bond strengths (SBS) of the brackets bonded to the tooth surfaces was measured. After debonding,the base of each bracket was examined for adhesive remnant index (ARI) scores.Results: There were no statistically significant differences in SBS values between primary and permanent teeth with and withoutpreparation with NaOCl(P>0.05). Mean SBS(18.55±14.98 MPa) was higher in permanent premolars subjected to surfacedeproteinization with NaOCl (group III) when compared with other groups, but the difference was not significant. There was nosignificant difference in ARI scores between the groups.Conclusion: The bond strength of orthodontic brackets or the distribution of ARI scores were similar between groups with andwithout NaOCl pretreatment. Hence, it can be concluded that conventional bonding procedures applied without any additionalpreparation to primary teeth are sufficient and the debonding of brackets didn’t cause any harm to enamel surfaces.
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Introduction
It has been suggested that skeletal and dental malocclusions shouldbe treated before the completion of permanent tooth eruption andskeletal development. 1 In early treatment to correct anterior cross-bite, orthodontic brackets are bonded to permanent incisors, pri-mary canines, and primary molars in order to level ectopic or im-pacted incisors. These teeth are used as anchoring units for fixedorthodontic treatment mechanics. 2,3 Furthermore, in cases of con-genitally missing permanent teeth such as agenesis of the perma-nent second molar, preserving the primary second molar is a rea-sonable plan for patients with acceptable occlusion, as these teethcan be retained until the patient is in their early to late 20s at least.

There are many reports of patients retaining primary molars until40 to 60 years of age. 4–6 Even if it eventually needs to be replacedwith an implant or bridge, retaining a primary molar as long aspossible is an excellent way to protect the alveolar bone in that area.
Numerous factors impact the bond strength of orthodonticbrackets attached using light-cured composite resin adhesives.These include enamel surface variations, tooth type, surface abra-sive concentration and application time, primer and adhesive type,bracket type and base structure, and light source and applicationtime. 7–10
The main mechanism for bonding of adhesive materials toenamel is micromechanical interlocking via the polymerizationof resin monomers filling micropores created by the removal of
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inorganic minerals from hard tissues. 11 Because the enamel struc-tures of primary and permanent teeth differ substantially, adhesionto these tissues occurs by different mechanisms. Enamel prismsextend horizontally or apically in permanent teeth but are orientedocclusally in primary teeth. In primary teeth, the enamel prismsform a wider angle to the surface than in permanent enamel. 12 Thesurface of primary teeth is also covered with an aprismatic enamellayer which is only found in the cervical third of permanent teeth.The aprismatic layer of primary tooth enamel is thicker than thatof permanent teeth. 13,14 Due to the irregular prism structure inprimary teeth, surface roughening is less effective, resulting inlower resin penetration and bonding success. 7,8
Sodium hypochlorite (NaOCl) has an antibacterial effect anddoes not damage healthy tissue or dental structures. NaOCl is usedin endodontics as an irrigant solution to noninvasively disinfectand flush residue and organic material from the root canals. 15,16 Asa deproteinizing agent, NaOCl can enhance adhesion of orthodonticbrackets to the enamel surface by removing organic elements fromthe enamel structure and the acquired pellicle from the enamelsurface when applied before the acid etching process. 17
To date, there have been few studies investigating the shearbond strength of orthodontic brackets applied to primary and per-manent teeth. 18 Similarly, studies evaluating the impact of enamelsurface preparation with NaOCl on bracket adhesion are limitedin permanent teeth and nonexistent for primary teeth. 17 The aimof this study was to investigate and compare the effects of surfacepreparation with NAOCl on orthodontic bracket shear bond strengthand amount of residual adhesive on primary and permanent teeth.The null hypothesis was there no difference between the groups.

Materials and Methods
This study was approved by the Yeditepe University Ethics Commit-tee (10840098-772.02-E.34483). Informed written consent was ob-tained from each patient. Power analysis (GPower 3.1.0, UniversitätDüsseldorf, Düsseldorf, Germany), was performed to determinethe sample size and it was found that at least 10 teeth for each groupwere needed to verify an effect with 80% power (α= 0.05). There-fore, a total of 24 permanent premolars and 24 primary molarswere included in the study. When selecting teeth for the study, carewas taken to ensure that the enamel surface for bracket bondinghad no fractures, cracks, caries, or previous restoration. Therefore,primary molars and permanent premolars which were extractedonly for orthodontic purposes were included to the study. Teethmeeting these criteria were washed with water to remove surfaceresidue and stored in 0.1% thymol solution at 4°C until used in thestudy. The permanent premolars were divided into 2 groups of 12(groups I and III) with equal numbers of maxillary and mandibularfirst and second molars in each group. The primary teeth were alsodivided into 2 groups of 12 (groups II and IV) with equal numbersof maxillary and mandibular first and second molars in each group.

All teeth were placed with their roots centered in 20 mm x 40mm plastic cylinder molds and fixed with cold acrylic (Steady-Resin,Scheu-Dental GmbH, Iserlohn, Germany)(Figure 1) and theywere brushed with pumice. In groups I and II, 37% phosphoric acidwas applied to the tooth surfaces for 20 seconds, without using anyother agent. The tooth surfaces were then washed with water for20 seconds and dried with compressed air for 20 seconds. In groupsIII and IV, 5.25% NaOCl was first applied with a microbrush to thetooth surfaces for 1 minute for deproteinization. After the surfaceswere washed and dried with compressed air, surface rougheningwas performed with 37% phosphoric acid. In all groups, 0.018-inchGemini (3M Unitek,Monrovia,CA,USA) metal orthodontic bracketswere bonded to the enamel surface of each tooth using a primer(Transbond XT Primer, 3M Unitek, Monrovia, CA, USA) to form athin resin adhesive layer at first, and then a composite resin adhe-sive (Transbond XT,3M Unitek, Monrovia, CA, USA) according to

the manufacturer’s instructions. To simulate the intraoral environ-ment, all teeth were stored in distilled water at 37°C for 24 hoursafter the procedure.
Shear Bond Strength (SBS)
The SBS of the brackets bonded to the tooth surfaces was measuredby applying occluso-gingival force to the bracket-tooth interfaceusing a universal testing device (AGS-X, Shimadzu, Kyoto, Japan).Bond strength was measured at a crosshead speed of 1 mm/min.The load applied at the time of debonding was recorded in newtons(N) and this value was divided by the surface area of the bracketbase to obtain a value in megapascal (MPa).
Adhesive Remnant Index (ARI)
After debonding, the base of each bracket was examined by stere-omicroscope (Lumera T, Carl Zeiss AG, Oberkochen, Germany) at20x magnification (Figure 2) and an ARI score was determinedaccording to the criteria defined by Artun and Bergland. 19 Theamount of residual adhesive on the base of the bracket is gradedon a 4-point scale: 0=all adhesive remaining on the bracket base,1=more than half of the adhesive remaining on the bracket base,2=less than half of the adhesive remaining on the bracket base,3=no adhesive remaining on the bracket base.
Statistical Analysis
Mean SBS and ARI values were analyzed using analysis of variance(ANOVA). Kruskal–Wallis H test was used to evaluate the differ-ences in SBS between the groups. The categorical ARI scores ofthe 4 groups were compared using chi-square test. A p<0.05 wasconsidered statistically significant.

Results
Comparison of the SBS values in the groups is shown in Table 1.There were no statistically significant differences in SBS valuesbetween primary and permanent teeth with and without enamelsurface preparation with NaOCl (P>0.05). Mean SBS (18.55±14.98MPa) was higher in permanent premolars subjected to surface de-

Figure 1. Teeth were placed with their roots centered in 20 mm x 40 mm plastic
cylinder molds and fixed with cold acrylic (Steady-Resin, Scheu-Dental GmbH,
Iserlohn, Germany)
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Table 1. Comparison of shear bond strength (SBS) values between groups.
n SBS value (MPa) Kruskal–Wallis H testMean Median Min. Max. ±SD Row mean KWH P

Group I 12 10.17 10.93 1.82 18.29 ±5.67 22.92
2.18 0.536Group 2 12 11.28 9.13 2.75 32.51 ±8.44 22.75Group 3 12 18.55 13.31 2.07 46.77 ±14.98 29.67Group 4 12 10.87 10.81 2.18 30.37 ±7.08 22.67

Total 48 12.72 10.46 1.82 46.77 ±10.01
SD: Standard deviation
Table 2. Distribution of ARI Scores in Each Group.

Group I Group 2 Group 3 Group 4 Total Chi-Square
n % n % n % n % n % p

ARI Score
0 1 8.3 2 16.7 3 25.0 3 25.0 9 18.8

0.3411 1 8.3 5 41.7 4 33.3 2 16.7 12 25.0
2 10 83.3 5 41.7 5 41.7 7 58.3 27 56.3

Total 12 100.0 12 100.0 12 100.0 12 100.0 48 100.0

proteinization with NaOCl (group III) when compared with othergroups, but the difference was not statistically significant. MeanSBS values were 10.17±5.67 MPa for permanent premolars withoutsurface preparation with NaOCl (group I), 11.28±8.44 MPa for pri-mary molars without surface preparation with NaOCl (group II),and 10.87±7.08 MPa for primary molars treated with NaOCl (groupIV).
The distribution of ARI scores in each group are shown in Table2. There was no significant difference in ARI distribution betweenthe groups. Although not statistically significant, it was noted thata larger proportion of teeth in group I (83.3%) had ARI scores of 2(less than half of the adhesive material remaining on the bracketbase). An ARI of 2 was also the most frequent score in all groups,accounting for 41.7% in groups II and III and 58.3% in group IV.

Discussion
Primary teeth are sometimes retained in adults due to impactionor hypodontia of the permanent teeth. 20 This phenomenon is re-ported at an incidence of 0% to 9%. 21 When primary teeth retaineddue to impaction of permanent teeth are recognized early, differenttreatments can be successfully implemented to assist eruption ofthe impacted permanent tooth. Especially with agenesis of the per-

Figure 2. The base of each bracket was examined by stereomicroscope (Lumera
T,Carl Zeiss AG,Oberkochen,Germany) at 20x magnification and an ARI score was
determined according to the criteria defined by Artun and Bergland. 19

manent second molar, gap closure can be achieved by extractingthe primary second molar at around 9 years of age. 22
Nordquist et al. found that the mandibular primary second mo-lars were the most common primary tooth retained in adults, fol-lowed by maxillary primary canines. 23 Although extracting pri-mary teeth is considered the first-line treatment option in adults,tooth extraction is not suitable for patients who do not have crowd-ing, low angle, or deep-bite. 24 In such cases, it may be decidedto leave the primary tooth in the mouth if it is in good condition.Long-term follow-up studies have reported primary teeth show-ing good prognosis in individuals in their 30s. 25 Therefore, fixedorthodontic mechanics that also include the bonding brackets toprimary teeth can be used in daily practice.
To date, there has been no study comparing the SBS of orthodon-tic brackets on primary and permanent teeth after surface prepara-tion with NaOCl. The bond strength of orthodontic brackets to theenamel surface should be sufficient to withstand the forces that willbe applied during orthodontic treatment. In the literature, bondstrength values of 6 to 8 MPa were reported to provide clinically ad-equate adhesion of brackets to the enamel surface. 26 In the presentstudy, bond strength was 10.17 MPa and 11.28 MPa for permanentand primary teeth without NaOCl pretreatment versus 18.55 MPaand 10.87 MPa for permanent and primary teeth with NaOCl pre-treatment. Therefore, it can be concluded that a sufficient bond wasachieved in all groups.
In studies comparing bond strength on primary and permanentteeth, primary teeth were found to have a significantly lower bondstrength compared to permanent teeth, which was proposed toresult from the aprismatic layer that is more widely found in theouter surface of the primary enamel and from an excessive amountof adhesive material remaining between the enamel surface andbracket base. 13,14 Endo et al. stated that the thicker aprismaticlayer on primary teeth may cause inadequate resin penetrationand weak bond strength, and that this caused the enamel tissuestructure formed through acid etching to be less resistant to shearforces compared to permanent teeth. 18 In the present study, nosignificant difference was observed in the bond strength of bracketsattached to the enamel surfaces of primary and permanent teeth inthe experimental groups, similar to the findings of Ergas et al. 27
It is emphasized that the main factor affecting adhesion qualityafter acid etching is the contribution of permanent morphologicalchanges in the enamel surface to retention. 28 However, studieshave revealed that topographic alterations are not consistent acrossthe entire adhesion area after etching the enamel surface with phos-phoric acid. Hobson et al. 29 reported in their study that the desiredeffect was not observed in 69% of the acid-etched enamel and ideal



90 | Arslan et al.

roughening was achieved in only 2%. In order to avoid these lim-itations, the use of a deproteinizing agent prior to acid treatmentof the enamel surface has been recommended. The deproteiniza-tion process, which eliminates the organic structure of both theenamel and the acquired pellicle, has been suggested as an adhesion-promoting alternative to achieve better bonding strength. 30 Stud-ies have demonstrated that surface deproteinization with NaOClimproves the marginal seal of the bracket base to the enamel sur-face, thereby providing better bonding strength. 31 Elnafar et al.reported that 5.25% NaOCl applied to the enamel surface for 60 sec-onds significantly increased bond strength. 32 In the present study,although mean bond strength values were higher in permanent mo-lars treated with NaOCl than in permanent molars without NaOClsurface preparation, the difference was not statistically significant.A possible explanation for the difference between our results andthose of similar studies is the different types of adhesives used. Inthe literature investigating the effects of deproteinization on bond-ing strength, NaOCl was found to facilitate bracket adhesion withresin-modified glass ionomer cement (RMGIC). 32 However, thepresent study is the first to examine the effects of deproteiniza-tion with NaOCl on the bonding strength of brackets applied withcomposite adhesive to primary and permanent teeth.
This study also evaluated the potential of brackets bonded toprimary and permanent molars with and without NaOCl surfacepreparation to damage the enamel surface in case of debonding.The most important point to consider in this assessment is theadhesive fracture line formed during debonding of the bracket fromthe tooth surface. According to Artun and Bergland, 19 the enamel isprotected if the adhesive fracture line is exclusively within the resinlayer. Therefore, the ARI is an important indicator when evaluatingthe integrity of the enamel surface after debracketing. ARI scoringis conventionally performed by examining the bracket base or toothenamel surface under 10x or 20x magnification. 33 Cehreli et al.conducted a study comparing the different methods used in ARIscoring and determined that visual examination under a microscopeat 20x magnification yielded sufficient and reliable results. 34
Abu Alhaija et al. investigated the effects of different surfaceetching times on the bond strength of brackets bonded to primaryand permanent teeth and reported that bond failure occurred morefrequently at the enamel-resin interface in primary teeth and at thebracket-resin interface in permanent teeth. 35 Pereira et al. reportedsignificantly more remnant adhesive remaining on the enamel sur-face after debracketing from enamel surfaces that had undergonesurface deproteinization with NaOCl. 36 Researchers have empha-sized that by reducing surface tension, NaOCl facilitates deeperpenetration of adhesive into the enamel surface, thereby improvingbond strength. Similarly, in the present study, it was found thatless than half of the adhesive material remained on the bracketbase while the majority remained on the tooth surface in the NaOCl-treated groups (groups III and IV). This leads to the conclusion thatthe enamel surface may be protected from potential damage in theevent of debonding.

Limitations
To increase the reliability of this study, the sample size of the groupswould be expanded despite the fact that the power analysis con-cluded that they were sufficient. Moreover, a future study to furtherjustify our results can be designed using micro-CT in order to ob-serve the changes on tooth surfaces more clearly. In addition, theage of the individuals was not taken into consideration when creat-ing the sample size in this study. However, with age, some changesmay occur in the tooth infrastructure which may affect the results ofour study. This should be taken into consideration in future studies.

Conclusion
Null hypothesis is accepted. The bond strength of orthodonticbrackets bonded to primary and permanent teeth or the distribu-tion of ARI scores were similar between groups with and withoutNaOCl pretreatment. Bond strength was high enough in all groupsto provide sufficient adhesion of brackets to the enamel surface.Accordingly, it can be concluded that bonding brackets to primaryteeth without additional surface preparation is as reliable as per-manent teeth. Also, bracket debonding occured mainly as failure atthe bracket-adhesive interface indicating that the enamel surfacemostly stayed intact and the debonding of brackets didn’t cause anyharm to primary teeth enamel surfaces.
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