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Abstract 
Background: In the search for alternatives to increase the bond strength of brackets, when necessary, this study 
proposes to apply the enamel deproteinization protocol to eliminate the proteins in the surface enamel to achieve 
better etching patterns and thereby increase bond strength. The aim of this study was to evaluate the effect of so-
dium hypochlorite as a deproteinizing agent on the bond strength of metal brackets. 
Material and Methods: Forty bovine teeth were randomly and equally divided into two groups. The experimental 
group (n=20) underwent a deproteinization treatment with sodium hypochlorite at 5.25% for 60 seconds prior 
to acid etching of the enamel with 37% phosphoric acid and bracket bonding with Transbond XTTM resin. The 
control group (n=20) underwent enamel etching with 37% phosphoric acid and bracket bonding with Transbond 
XTTM resin.  Shear strength and the adhesive remnant index were evaluated and the Students t and Chi-square 
tests were used (P<0.05). 
Results: The bond strength values of the control group (27.72±6.42 Mpa) were not significantly lower compared 
to the experimental group (29.21± 7.96 Mpa) (p=0.259). The adhesive remnant index showed a similar behavior 
in both groups, with the amount of adhesive remaining on the enamel being less than 50% in most samples of both 
the control and experimental group. 
Conclusions: Deproteinization treatment of bovine tooth enamel with 5.25% sodium hypochlorite for 60 seconds 
prior to enamel acid etching does not improve the bond strength of a resin in orthodontic bracket bonding.

Key words: Deproteinization, sodium hypochlorite, bracket bonding, orthodontics.

doi:10.4317/jced.61807
https://doi.org/10.4317/jced.61807

Mas-López AC, Robles-Ruíz J, Arriola-Guillén LE. Effect of enamel 
deproteinization with 5.25% sodium hypochlorite on the bond strength 
of orthodontic brackets. An experimental study. J Clin Exp Dent. 
2024;16(8):e947-52.

Article Number: 61807               http://www.medicinaoral.com/odo/indice.htm
© Medicina Oral S. L. C.I.F. B 96689336 - eISSN: 1989-5488
eMail:  jced@jced.eseMail:  jced@jced.es
Indexed in:Indexed in:

PubmedPubmed
Pubmed Central® (PMC)Pubmed Central® (PMC)
ScopusScopus
DOI® SystemDOI® System



J Clin Exp Dent. 2024;16(8):e947-52.                                                                                                                                                                                                   Enamel deproteinization on the bond strength of brackets 

e948

Introduction
The bonding of brackets to tooth enamel is an important 
step in orthodontic treatment because they must remain 
in position for a long time and be exposed to chewing, 
orthodontic and other forces. Nowadays, in most cases, 
the bonding materials for brackets provide adequate 
bonding forces (1). However, in some circumstances it 
is necessary to reinforce the bonding, as in the case of 
patients with limited oral opening, bonding in teeth with 
structural alterations of the enamel, such as hypocalci-
fication or fluorosis; clinical conditions which, due to 
the difficulty of access, require a technique that allows 
greater adhesion, such as the sticking of tubes in second 
molars with poor position and difficult access, retained 
or impacted teeth that need to be tractioned or also in 
some cases of indirect bonding and lingual orthodontics; 
clinical situations in which the detachment of brackets 
continues to be a problem. This challenge of reinfor-
cing bonding has given rise to multiple alternatives to 
increase adhesion, including sandblasting of the enamel 
prior to acid etching, pretreatment of the enamel with 
low frequency laser, and a procedure little studied in the 
field of orthodontics, which is the deproteinization of the 
enamel (2-4).
It has been found that the effect of acids on tooth ena-
mel can change. Silverstone et al. (5) demonstrated that 
the action of acidic solutions does not produce a specific 
etching pattern on the enamel surface, on finding that 
acids produced 3 types of etching patterns. Of these et-
ching patterns, types 1 and 2 offer the greatest area and 
depth of retention while the type 3 pattern is the least 
favorable. These three patterns appear randomly at any 
point on the enamel, but clinically only an opaque whi-
te surface is observed showing the quantity but not the 
quality of the etched surface (6). These acid-produced 
differences could be due to variation in chemical com-
position and crystal orientation, highlighting the varia-
tions present in enamel structure and that they can occur 
not only from tooth to tooth, or surface to surface, but 
also from site to site on a single tooth surface.  Kelly et 
al. (7) reported differences in enamel surface structure 
observed by scanning electron microscopy, associated 
with genetic variants; concluding that this variation can 
affect the formation of enamel structure.
Espinosa et al. (8) evaluated the effect of enamel depro-
teinization on acid etching. They topographically eva-
luated the surface of deproteinized enamel etched with 
phosphoric acid, compared with enamel treated only 
with acid etching, and concluded that the pretreatment 
of enamel with sodium hypochlorite at 5. 25% for 60 
seconds prior to acid etching increases the type 1 and 
2 etch patterns, providing better retention areas in size 
and depth by removing organic matter from the enamel 
surface of both the acquired film and the enamel struc-
ture. Several chemical reactions occur when sodium 

hypochlorite (NaClO) is in contact with organic matter, 
resulting in liquefaction of the organic tissues and gene-
rating better conditions for bonding (9).  
Therefore, in the search for alternatives to increase bond 
strength, this study proposes the application of the ena-
mel deproteinization protocol suggested by Espinosa 
et al. (8) for the elimination of proteins in the surface 
enamel, with the aim of achieving better etching patter-
ns and, thus, increasing the bond strength of a resin in 
orthodontic bracket bonding. The present study aimed 
to evaluate this procedure which has been little studied 
and used in the field of orthodontics.  Consequently, the 
purpose of this study was to compare the bond strength 
of metal brackets bonded to bovine enamel treated with 
and without deproteinization of the enamel with 5.25% 
NaClO prior to acid etching.

Material and Methods
This experimental in vitro study on bovine teeth was 
approved by the technical report of the reviewers of the 
Stomatology Career of the Universidad Científica del 
Sur with code No. 321-POS-2017.
The sample consisted of 40 recently extracted bovine 
incisors, free of caries, fractures, wear, or any other vi-
sible defect in the enamel. The incisors were extracted 
from the jaws of cattle slaughtered for human consump-
tion, were washed with abundant drinking water, and 
the remains of adhered tissues were eliminated. They 
were then cut transversely at the neck level separating 
the crown from the root. To eliminate the roughness of 
the vestibular surface, a 1 mm abrasion was made using 
600 grit sandpaper that was placed in a lathe, obtaining 
a completely flat, smooth surface free of irregularities, 
and they were immediately stored in distilled water at 
room temperature.
Subsequently, the teeth were immersed in acrylic resin 
placed in PVC tubes of 1¼” diameter by 40 mm in hei-
ght, leaving the flat surface of the enamel free (Fig. 1).

Fig. 1: Specimen dipped in acrylic resin, with the 
enamel surface free for adhesion.
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-Bracket bonding protocol
Forty lower incisor metal brackets with 0.022” Edgewi-
se Slim slot (Morelli Ortodontia, Sorocaba - SP Brazil) 
were used. The area of the bracket base was calculated 
using a microscope, and the value obtained was 9.055 
mm2. 
The teeth were divided equally and randomly into two 
groups (20 in each group) in which two different bon-
ding protocols were applied. Prior to each bonding 
procedure the teeth were cleaned and polished with a 
prophylaxis brush and pumice paste with water for 10 
seconds, rinsed for 10 seconds and dried with air from a 
triple syringe.
-Group 1 (Control group) 
The bonding protocol indicated by the manufacturer was 
used; 37% phosphoric acid (3M ESPE Scotchbond et-
chant) was applied and the enamel surface was etched 
for 30 seconds, washed with abundant pressurized wa-
ter for 20 seconds and dried with air. Then, a thin layer 
of Transbond XTTM primer was applied on the etched 
surface with a brush and a small amount of Transbond 
XTTM resin was applied on the base of the bracket. The 
bracket was placed on the surface of the tooth and pres-
sed firmly, applying a force of 380 grams using a dyna-
mometer (Orthosur, Brazil) to standardize the thickness 
of the resin, the excess around the base of the bracket 
was removed using a scaler and light cured for 40 se-
conds (10 seconds on each side of the bracket) using an 
EliparTM S10 LED curing light (3M ESPE) (Fig. 2). 
The specimens were immediately stored again in disti-
lled water at room temperature until use.

Fig. 2: Bracket bonded to enamel surface.

-Group 2 (Experimental group)
Before applying the bonding protocol indicated by the 
manufacturer, the enamel deproteinization procedure 
was performed prior to acid etching, for which 5.25% 
NaClO was applied with a microbrush performing cir-

cular movements for 60 seconds on the surface of the 
enamel. The enamel was then washed with abundant 
pressurized water for 20 seconds, and immediately the-
reafter, the acid etching and cementing of the bracket 
was performed following the same protocol that was 
applied in the control group. The specimens were then 
stored in distilled water until use.
-Shear bond strength test (SBS)
Bond strength was evaluated in Mpa by measuring shear 
strength, using a universal mechanical testing machine 
(Amsler and CIA. Schaffhausen, Switzerland), to which 
a steel shank with a bevel termination was attached. The 
specimens were held by a press, oriented in such a way 
that the bevel applied a load between the base of the 
bracket and the surface of the tooth parallel to it and in 
the incisal-gingival direction (Fig. 3). At a speed of 1 
mm/min until the bracket detached, this value was recor-
ded in kgF which was then converted to MPa, multipl-
ying the load by 9.8066 and dividing the value obtained 
by the area of the base of the bracket (9.055mm2).

Fig. 3: Specimen placed in a press on the universal mechanical 
testing machine to undergo the shear test.

-Evaluation of the adhesive remnant index (ARI)
The amount of adhesive remnant was quantified by 
stereo microscopy (10x magnification) observing the 
amount of adhesive paste remaining on the enamel sur-
face after bracket detachment. Adhesive-free surfaces 
were recorded as 0, surfaces with up to 50% adhesive 
remnant were recorded as 1, surfaces with more than 
50% adhesive remnant were recorded as 2, and surfaces 
on which all the adhesive was impregnated were recor-
ded as 3.
Statistical analysis
The data were processed and analyzed using IBM SPSS 
Statistics version 29 (IBM Corp., NY, USA). For the 
strength of bonding, the values of central tendency and 
measures of dispersion were calculated for each group. 
To determine whether the groups had a normal distri-
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bution, the Shapiro Wilk test was applied; since both 
groups showed normal distribution, the Student’s t-test 
was applied to determine the difference between the two 
groups. Likewise, the chi-square test was used to deter-
mine if any association was present in the ARI scores in 
both groups. A significance level of 5% was considered.

Results
The descriptive statistics of the bond strength values for 
the control and experimental groups are shown in Ta-
ble 1. The mean value found in the experimental group 
(29.21± 7.96 Mpa) was slightly higher than that of the 
control group (27.72±6.42 Mpa), with no statistica-
lly significant difference between the two groups (p = 
0.259).
Our study did not find a significant association in the 
Adhesive Remnant Index (ARI) scores between the 
groups (p=0.916), as indicated in Table 2. Both groups 
showed similar behavior, with less than 50% of adhesive 
remaining on the enamel. The highest percentage of ARI 
score was 1, with 40% in the control group and 50% in 
the experimental group.

Group n Mean SD P-value Mean difference
95% confidence interval

Lower limit Upper limit

Control group 20 27.72 6.42 0.259 -1.49 -6.12 3.14

Experimental group 20 29.21 7.96

Table 1: Comparison of bond strength in Mpa of brackets bonded to bovine enamel with and without deproteinization treatment 
with 5.25% NaOCl prior to enamel acid etching.

Student t-test for independent samples
SD: standard deviation

Groups  
 

Index ARI
ARI 0 ARI 1 ARI 2 ARI 3 Total

Control group
n 6 8 3 3 20
% 30.00 40.00 15.00 15.00 100.00

Experimental group
n 5 10 2 3 20
% 25.00 50.00 10.00 15.00 100.00

Total
n 11 18 5 6 40
% 27.50 45.00 12.50 15.00 100.00

Table 2: Adhesive remnant index (ARI) in the groups evaluated.

P= 0.916, Chi-square test.

Discussion
The purpose of this study was to determine if the depro-
teinization of enamel with 5.25% sodium hypochlorite 
applied for 60 seconds before acid etching with 37% 
phosphoric acid produces an increase in bond strength 
using the Transbond XTTM system marketed worldwi-
de for orthodontic bonding.

This in vitro study was performed in bovine teeth based 
on multiple studies that used bovine enamel as an alter-
native to human teeth. The similarity in enamel micros-
tructure of both species, makes bovine teeth an excellent 
alternative to human teeth in dental research (10-15).
The shear strength values obtained in our study were 
29.21± 7.96 Mpa in the NaClO + Transbond XTTM 
treated group (experimental group) and 27.72±6.42 Mpa 
in the Transbond XTTM group (control group), with 
the results of both groups being above the acceptable 
clinical values (5.9 - 7.8 MPa) proposed by Reynolds 
et al. (1). The bond strength values obtained coincided 
with the values of 29.19±6.1 MPa reported by Zheng et 
al. (16) using conventional acid etching and Transbond 
XTTM.
Regarding the effect of 5.25% NaClO prior to enamel 
acid etching, the present study found no significant in-
crease in the shear strength of the brackets bonded with 
Transbond XTTM. This is in agreement with the fin-
dings of Justus et al. (2) and Mahmoud et al. (3) who, in 
the groups in which they used Transbond XTTM resin, 
found no significant differences in bond strength be-

tween the specimens that were treated with NaClO prior 
to acid etching and those that were not.  
Likewise, our results agree with those obtained in the 
split-mouth trial by Peloso et al. (17), who found that 
enamel deproteinization had no impact on the number of 
bracket detachments. However, some studies have found 
different results to those mentioned above. In this sense, 
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Panchal et al. (9) reported that enamel treatment with 
deproteinizing agents including 5.25% NaClO and 10% 
papain gel significantly increased shear strength This 
difference in results could be attributed to the shorter 
acid etching time applied, which was 15 seconds. Also, 
Sharma et al. (18) concluded that deproteinization using 
5.25% NaOCl before acid etching significantly increa-
sed the shear strength of brackets bonded to teeth with 
fluorosis. This difference with most of the results repor-
ted could be related to the different substrate used, since 
enamel with fluorosis has a more acid-resistant surface 
and a significantly higher protein content than healthy 
enamel.
Contrary to the results reported in previous scientific li-
terature, the study by Huilcapi et al. (4) found that the 
application of NaClO produced a significant decrease in 
the bond strength of brackets on healthy enamel, attribu-
ting this result to the possible presence of free radicals 
formed by NaClO that can inhibit adequate polymeri-
zation of the resin cement, manifesting as a decrease in 
bond strength. It is essential to consider that the unusual 
result could be because they did not wash with water 
after using NaClO before the acid etching. There might 
have been remaining NaClO, which inhibited proper 
polymerization.
On the other hand, the ARI scores show that, in most 
of the specimens of both groups, adhesive failure oc-
curred at the adhesive - enamel interface, which is fa-
vorable since, with less residual adhesive remaining on 
the surface of the tooth, the possibility of damaging this 
structure at the time of removing the resin remnants after 
bracket removal decreases.
Finally, after analyzing previous publications on the 
subject and our results, we do not suggest including the 
enamel deproteinization protocol prior to acid etching 
in the bonding of brackets with Transbond XTTM resin, 
since this would add a step to the bonding procedure wi-
thout greater clinical benefit, in addition to taking addi-
tional precautions for the clinical management of HClO.

Conclusions
Deproteinization treatment of bovine tooth enamel with 
5.25% sodium hypochlorite for 60 seconds prior to ena-
mel acid etching does not significantly improve the bond 
strength of a resin in bracket bonding.

Acknowledgement 
The authors thank the Universidad Científica del Sur for their support 
in the publication of this research/project. 

Institutional Review Board Statement
This experimental in vitro study on bovine teeth was approved by the 
technical report of the reviewers of the Stomatology Career of the Uni-
versidad Científica del Sur with code No. 321-POS-2017.

Data Availability Statement
The datasets used and/or analyzed during the current study are availa-
ble from the corresponding author.

Author Contributions
Not specified.

Funding
None.

Conflict of interest
Declared none.

References
1. Reynolds IR. A review of direct orthodontic bonding. British Jour-
nal of Orthodontics, 1975;2(3):171-178.
2. Justus R, Cubero T, Ondarza R, Morales F. A New Technique with 
sodium hypochlorite to increase bracket shear bond strength of fluo-
ride-releasing resin-modified glass ionomer cements comparing shear 
bond strength of two adhesive systems with enamel surface deproteini-
zation before etching. Semin Orthod. 2010;16(1):66-75.
3. Mahmoud GA, Grawish ME, Shamaa MS, Abdelnaby YL. Cha-
racteristics of adhesive bonding with enamel deproteinization. Dental 
Press J Orthod. 2019;24(5):29.e1-29.e8.
4. Huilcapi M, Armas-Vega A, Cardenas AFM, Araujo LCR, Ocampo 
JB, Bandeca MC, Siqueira FSF, Loguercio A. Effect of surface treat-
ments on the adhesive properties of metallic brackets on fluorotic ena-
mel. Dental Press J Orthod. 2020;25(4):59-67.
5. Silverstone LM, Saxton CA, Dogon IL, Fejerskov O. Variation in 
the pattern of acid etching of human dental enamel examined by scan-
ning electron microscopy. Caries Res. 1975;9(5):373-87.
6. Pereira TB, Jansen WC, Pithon MM, Souki BQ, Tanaka OM, Oli-
veira DD. Effects of enamel deproteinization on bracket bonding with 
conventional and resin-modified glass ionomer cements. Eur J Orthod. 
2013;35(4):442-6.
7. Kelly AM, Kallistova A, Küchler EC, Romanos HF, Lips A, Costa 
MC, Modesto A, Vieira AR. Measuring the Microscopic Structures of 
Human Dental Enamel Can Predict Caries Experience. J Pers Med. 
2020;10(1):5.
8. Espinosa R, Valencia R, Uribe M, Ceja I, Saadia M. Enamel de-
proteinization and its effect on acid etching: an in vitro study. J Clin 
Pediatr Dent. 2008;33(1):13-9.
9. Panchal S, Ansari A, Jain AK, Garg Y. Effects of different deprotei-
nizing agents on topographic features of enamel and shear bond stren-
gth - An in vitro study. J Orthod Sci. 2019;8:17.
10. Nakamichi I, Iwaku M, Fusayama T. Bovine teeth as possible subs-
titutes in the adhesion test. J Dent Res. 1983;62(10):1076-81.
11. Oesterle LJ, Shellhart WC, Belanger GK. The use of bovi-
ne enamel in bonding studies. Am J Orthod Dentofacial Orthop. 
1998;114(5):514-9.
12. Godoy-Bezerra J, Vieira S, Oliveira JH, Lara F. Shear bond stren-
gth of resin-modified glass ionomer cement with saliva present and 
different enamel pretreatments. Angle Orthod. 2006;76(3):470-4.
13. Wang C, Fang Y, Zhang L, Su Z, Xu J, Fu B. Enamel microstruc-
tural features of bovine and human incisors: A comparative study. Ann 
Anat. 2021;235:151700.
14. Pithon MM, Ferraz CS, Oliveira GD, Dos Santos AM. Effect of 
different concentrations of papain gel on orthodontic bracket bonding. 
Prog Orthod. 2013;14:22.
15. Prylińska-Czyżewska A, Maciejewska-Szaniec Z, Olszewska A, 
Polichnowska M, Grabarek BO, Dudek D, et al. Comparison of Bond 
Strength of Orthodontic Brackets Onto the Tooth Enamel of 120 Fres-
hly Extracted Adult Bovine Medial Lower Incisors Using 4 Adhesives: 
A Resin-Modified Glass Ionomer Adhesive, a Composite Adhesive, a 
Liquid Composite Adhesive, and a One-Step Light-Cured Adhesive. 
Med Sci Monit. 2022;28:e938867.
16. Zheng BW, Cao S, Al-Somairi MAA, He J, Liu Y. Effect of ena-
mel-surface modifications on shear bond strength using different adhe-
sive materials. BMC Oral Health. 2022;22(1):224.
17. Peloso RM, Cotrin P, Oliveira RCG, Oliveira RCG, Valarelli FP, 
Freitas KMS. Evaluation of enamel deproteinization in bond streng-
th of orthodontic accessories: A split-mouth randomized clinical trial. 
Am J Orthod Dentofacial Orthop. 2022;162(4):443-450.



J Clin Exp Dent. 2024;16(8):e947-52.                                                                                                                                                                                                   Enamel deproteinization on the bond strength of brackets 

e952

18. Sharma R, Kumar D, Verma M. Deproteinization of Fluorosed 
Enamel with Sodium Hypochlorite Enhances the Shear Bond Stren-
gth of Orthodontic Brackets: An In vitro Study. Contemp Clin Dent. 
2017;8(1):20-25.


