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Effect of an Antioxidizing Agent - containing Citric Acid on the Shear Bond Strength
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ABSTRACT
The purpose of this study was to evaluate the effect of ascorbic acid combining with citric acid
on the shear bond strength of brackets bonded with composite resin to human teeth after bleaching.
For shear bond strength test, fifteen maxillary premolar teeth were divided to 3 groups (n=5). In control
group, 37% phosphoric acid (PA) was applied on unbleached teeth 15 secs. For group 1, 37% PA was
applied on bleached teeth 15 secs. In group 2, 50% ascorbic acid-50%citric acid formulation (50AA50CA)
was applied instead of PA on bleached teeth 5 mins. Data were analyzed by one-way ANOVA. The result
was that the 50AA50CA had significantly higher shear bond strength than PA group (p<0.02) but lower
strength than control group (p>0.05). In conclusion, the 50AA50CA improved adequate shear bond
strength for etching in the orthodontic bracket bonding to the bleached teeth.
บทคัดยอ
วัตถุประสงคของการศึกษาครั้งนี้คือการประเมินผลของกรดแอสคอรบิกรวมกับกรดซิตริกบนความแข็งแรงยึด
เฉือนของแบร็กเกตที่ถูกยึดติดดวยเรซินคอมโพสิตกับฟนมนุษยหลังจากการฟอกสีฟน โดยงานวิจัยในครั้งนี้จะใชฟนกราม
นอยบน 15 ซี่แบงออกเปน 3 กลุม (5 ซี่ตอกลุม) ในกลุมควบคุมจะใชกรดฟอสฟอริกความเขมขนรอยละ 37 กัดบนผิว
เคลือบฟนที่ไมไดฟอกสีฟน 15 วินาที สําหรับกลุมทดลองที่ 1 จะใชกรดฟอสฟอริกความเขมขนรอยละ 37% กัดบนผิวฟน
ที่ถูกฟอกสีฟน 15 วินาที กลุมทดลองที่ 2 นั้นจะใชกรดที่ผสมดวยกรดแอสคอรบิกและกรดซิตริกที่ความเขมขนรอยละ 50
กัดบนผิวฟนที่ถูกฟอกสีฟน 5 นาที โดยใชสถิติการวิเคราะหความแปรปรวนแบบทางเดียวในการวิเคราะห การศึกษานี้
พบวากลุมทดลองที่ 2 มีความแข็งแรงของยึดเฉือนของสูงกวากลุมทดลองที่ 1 อยางมีนัยสําคัญ แตมีความแข็งแรงตํ่ากวา
กลุมควบคุม สรุปไดวา กรดแอสคอรบิกและกรดซิตริกที่ความเขมขนรอยละ 50 สามารถเพิ่มความแข็งแรงยึดเฉือนที่
เพียงพอสําหรับแบร็กเกตที่ถูกยึดติดดวยเรซินคอมโพสิตกับฟนที่ถูกฟอกสีฟน
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Introduction
Due to a growing trend towards aesthetics dentistry, vital tooth bleaching had currently become
one of the most popular cosmetic dental procedures especially for adult patients. Whitening was
requested more frequently, especially by orthodontic patients.
In addition to its general purpose, tooth whitening was necessary in patients with teeth
discoloration from nonvital pulp, particularly in the anterior region. However, many studies showed that
the bond strength of resin composite and enamel was reduced when the tooth had been bleached
with an in-office or at-home technique (Dishman et al., 1994; Sung et al., 1999; Cavalli et al., 2001).
According to Uysal et al. (2009), the shear bond strength was reduced after intracoronal
bleaching. To overcome this problem, an antioxidant could be applied before application of the
adhesive system. In the majority of the studies, sodium ascorbate that was a sodium salt of ascorbic
acid with a neutral pH was applied due to higher antioxidant activity of SA in comparison to several
evaluated substances.
However, to simplify adhesive procedures according to the current trend of dental adhesive
development, considering that both sodium ascorbate and etchant needed to be removed. The
incorporation of antioxidant in etchant was an interesting option.
So, in this study, we investigated ascorbic acid’s efficacy as an antioxidant in the presence of
citric acid to create the etchant formulations, which could improve bond strength of brackets to
bleached enamel.
Objectives of the study
The purpose of this study is to evaluate the effect of ascorbic acid combining with citric acid
on the shear bond strength of metallic brackets bonded with composite resin to human teeth after
bleaching.
Methodology
All study protocols were approved by the Human Research Ethics Committee of the Faculty of
Dentistry, Chulalongkorn University (HREC-DCU 2020-113).
Tooth sample preparation
Fifteen human maxillary premolars indicated for orthodontic extraction were collected from
patients aged between 17 and 30 years (Hobson et al., 2001), cleaned of debris and disinfected in 10%
formalin solution for two weeks.
Teeth with caries, enamel defects, restorations and pretreatments of chemical agents such as
derivatives of peroxide, acid or any other form of bleaching were excluded.
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After that, the roots of teeth were cut below CEJ 2 mm. and the crowns were stored in fluoridefree artificial saliva at 37°C. All specimens were stored in artificial saliva for 1 week before bonding. The
artificial saliva was changed twice per day during the 1-week period.
The fluoride-free artificial saliva was prepared from Department of Pharmacology, Faculty of
Dentistry, Chulalongkorn University.
The teeth were randomly divided into 3 groups as follows:
Control group (n = 5): 37% phosphoric acid on unbleached teeth 15 seconds
Group 1 (n = 5): 37% phosphoric acid on bleached teeth 15 seconds
Group 2 (n = 5): 50% ethyl ascorbic acid + 50% citric acid on bleached teeth 5 minutes
Control group
After the specimens had been removed from the artificial saliva, the enamel surfaces were
rinsed (10 seconds) and dried (10 seconds) with a triple syringe. Then, buccal surfaces of teeth were
etched with 37% phosphoric acid (Ormco®) for 15 seconds. The etching area was wider than bracket
base about 1 mm for each margin. The solution was applied with a disposable applicator with
continuous agitation, followed by rinsing for 30 seconds and drying for 10 seconds with oil-free
compressed air.
In the experimental groups, before bleaching procedure, the enamel surfaces were polished
with fluoride-free pumice powder and water by using a brush and a slow-speed handpiece, rinsed 10
seconds and dried with a triple syringe for 10 seconds.
Group 1
35% HP bleaching gels (Pola Office®) were applied in four applications for 8 minutes each, for
a total of 32 minutes of bleaching according to the manufacturers’ instructions. After each bleaching
session, the bleaching agents were removed with high power suction. When bleaching procedure ends,
enamel surfaces were cleaned with water (30 seconds) and air-dried (10 seconds). For the rest of the
day, the teeth were stored in artificial saliva at 37 ºC. The procedure was continued for 1 week.
After the specimens had been removed from the artificial saliva, the enamel surfaces were
rinsed (10 seconds) and dried (10 seconds) with a triple syringe. Then, buccal surfaces of teeth were
etched with 37% phosphoric acid (Ormco®) for 15 seconds. The etching area was wider than bracket
base about 1 mm for each margin. The solution was applied with a disposable applicator with
continuous agitation, followed by rinsing for 30 seconds and drying for 10 seconds with oil-free
compressed air.
Group 2
35% HP bleaching gels (Pola Office®) were applied in four applications for 8 minutes each, for
a total of 32 minutes of bleaching according to the manufacturers’ instructions. After each bleaching
session, the bleaching agents were removed with high power suction. When bleaching procedure ended,
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enamel surfaces were cleaned with water (30 seconds) and air-dried (10 seconds). For the rest of the
day, the teeth were stored in artificial saliva at 37 ºC. The procedure was continued for 1 week.
After the specimens had been removed from the artificial saliva, the enamel surfaces were
rinsed (10 seconds) and dried (10 seconds) with a triple syringe. Then, buccal surfaces of teeth were
etched with ascorbic acid-containing citric acid formulation (50% ascorbic acid +50% citric acid) for 5
minutes.
The pH of the ascorbic acid-containing citric acid formulations was measured by pH meter
(Mettler Toledo®). The etching area was wider than bracket base about 1 mm for each margin. The
solution was applied as an irrigating solution for 5 minutes with a flow rate of 1 mL per minute under
continuous agitation, followed by rinsing for 30 seconds and drying for 10 seconds with oil-free
compressed air.
For the adhesive procedure, the upper premolar brackets with slot 0.018” x 0.025” (Omi arch®
Roth type, TOMY) were used in this study. TransbondTM XT (3M Unitek) adhesive primer was applied on
the etched surfaces. Prior to seating on tooth surface, TransbondTM PLUS (3M Unitek) adhesive was
applied to the bracket base according to the manufacturer’s instructions.
The brackets were fixed on the tooth surface with 300 grams of force for 5s using a Dontrix
gauge (Orthopli) to standardize the amount of force used for all samples and positioned on FA point of
buccal surface. Excess composite would be removed with fine explorer. Ortho curing light (Mini LED
SATELEC®, Acteon) would be used for lightening 10 seconds at each margin from 5 mm distance (Jain
et al., 2013) and the same curing light would be used throughout the procedure. A radiometer (Kerr
Corporation) would be used to ensure the light is curing constant output of 1800 - 2200 mW/cm2.
Afterwards, in order to minimize misalignment of the testing apparatus, a guiding index was
made so that the buccal surface of the tooth would be parallel to the applied force during the shear
bond strength test.
The guiding index is made by attaching two brackets (Upper premolar brackets, Omi arch® Roth
type, TOMY) to the opposite rims of a PVC pipe (21 mm in diameter and 5 mm in length) and inserting
guiding wire (0.018” x 0.025” rectangular stainless-steel wire) into slots of the guiding brackets (Fig. 1A).
The prepared crown was ligated to the guiding wire at the center with an elastomeric o-ring.
Then, the crown attached to the guiding index was placed on a PVC pipe (21 mm in diameter and 25
mm in length), containing self-cured acrylic (Fig. 1B). The palatal half of the tooth was embedded in
self-cured acrylic at the established position. After the acrylic was set, the elastomeric o-ring was
removed, followed by the guiding index.
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A

B
Figure 1 The illustration of guiding index A, the prepared crown was ligated to the guiding index with
an elastomeric o-ring at the center of the guiding wire. B, the prepared crown attached to the
guiding index as placed on a PVC pipe which contained self-cured acrylic. The palatal half of
the tooth was embedded in self-cured acrylic at the established position.
The finished specimens were stored in artificial saliva at 37°C for 24 hours before bond strength
testing.
Enamel shear bond strength test
A universal testing machine (EZ-S, SHIMADZU) was used for the shear bond strength test. The
crosshead speed was set at 1 mm per minute until failure occurs. The direction of the blade was
occluso-gingival to teeth and the shear force was applied parallel to the height of contour of the teeth.
A blade was positioned as close as possible to the resin–enamel interface (Fig 2). The shear force was
recorded in newton (N). The shear bond strength (MPa) was then calculated as the ratio of shear force
to bracket base area (12.28 mm2).
Statistical Analysis
Statistical analysis program (SPSS version 22, statistic software) was used for all the tests. The
data were collected and shown as mean ± standard deviation (SD). Shear bond strength was analyzed
by one-way analysis of variance (ANOVA). Since variance was not homogeneous, multiple comparisons
of shear bond strength were evaluated by Dunnett’s T3 Test. A p-value less than 0.05 was considered
to be statistically significant.
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Figure 2 The universal testing machine (EZ-S, SHIMADZU) with a specimen in place. The edge of blade
(arrow) was positioned as close as possible to the resin–enamel interface.
Results
The mean and standard deviation for each group were shown in Table 1. One-way ANOVA
(Table 2) showed significant differences of shear bond strength among the tested groups (p<0.001).
A Dunnett’s T3 test (Table 1) showed that shear bond strength of the brackets bonded
immediately after bleaching enamel with 35% HP was significantly lower compared to that of the
brackets bonded with the unbleached enamel (p<0.001).
For the bleaching groups, there was statistically significant difference with respect to the shear
bond strength between ascorbic acid-citric acid formulation group and phosphoric acid group (p<0.02).
However, when the ascorbic acid-citric acid formulation group was compared with the control
group, there was no statistically significant difference (p>0.05).
Accordingly, it showed that the etching formulation with 50% ascorbic acid combine with 50%
citric acid was significantly effective in increasing the shear bond strength values of the bleached teeth
that were statistically similar to those of the unbleached specimens.
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Table 1 The mean, standard deviation of shear bond strength (MPa) for each treatment by group
Group
Mean
SD
Std
95% Confidence interval
Min
Max
error Lower bound Upper bound
(MPa)
(MPa)
Control
27.16a
1.57 0.70
25.20
29.11
25.58
29.18
1
12.79b
2.64 1.18
9.52
16.07
10.22
16.48
2
20.95a
4.16 1.86
15.78
26.12
15.79
25.25
Note: Different letters indicate a significant difference using Dunnett’s T3 Test for multiple comparisons (p≤0.02).

Table 2 One-Way ANOVA test for shear bond strength
Sum of Squares
df
Mean Square
Between Groups
518.984
2
259.492
Within Groups
106.971
12
8.914
Total
625.955
14

F-value
29.110

P-value
<0.001

Discussion and Conclusions
There have been several studies regarding the interaction between bleaching agent and bond
strength of composite resin to enamel. The recent reports found that peroxide in bleaching agents had
negative impacts to physical and chemical properties in enamel and dentin. Their bond strength
decreased as the compound not only restricted monomers from polymerization in hybrid layer but also
inhibited resin tags’ penetration and formation (Attin et al., 2004).
In order to prevent side effects of diminished bond strength after bleaching, several studies had
used sodium ascorbate (SA) as an antioxidant to eliminate all residual oxygen generated by bleaching
agents (Lai et al., 2001; Lai et al., 2002; Kaya et al., 2008; Briso et al., 2012). Ascorbic acid and its salts
were common antioxidants that can reduce diverse oxidative compounds, especially free radicals (Rose,
Bode, 1993).
From this study, the null hypothesis was rejected as there was a significant difference in shear
bond strength among the tested groups. The data revealed that etching the bleached enamel with 50%
ascorbic acid plus 50% citric acid before bonding was able to restore the lost shear bond strength of
the metal brackets bonded by composite resin to the bleached enamel with 35% HP.
The results appeared to align with the recent studies (Torres et al., 2006; Briso et al., 2014) that
antioxidant treatment effectively regained the bond strength of composite resin to bleached enamel.
Furthermore, considering that both sodium ascorbate and etchant needed to be removed, the
incorporation of sodium ascorbate in phosphoric acid was an interesting choice.
Nevertheless, due to high pH and short application time of phosphoric acid, it had many
restrictions to combine with antioxidant. So, citrid acid was rather applied in this study.
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Citric acid was a weak tricarboxylic acid that was naturally concentrated in citrus fruits (Best
et al., 2019). In the fields of dentistry, the clinical efficiency of this solution had been reported previously
(Newman et al., 1968; Pérez-Heredia et al., 2006).
However, from the review literature, citric acid was rarely used as the etchant for enamel surface
preparation due to its long application time. However, after applying citric acid more than three minutes,
the result of enamel bond strength to brackets was enough for clinically acceptable range (Reynolds,
1975; Lee et al., 1971).
However, using a concentration of ascorbic acid and citric acid at 50% and application time of
5 minutes was reasonable due to the findings from previous studies. It was showed that when hydrogen
peroxide and carbamide peroxide with high concentrations were applied on bleached teeth, 10%
sodium ascorbate was not sufficient to restore the original level of the unbleached group’s bond
strength despite substantial increase in the strength after its use (Kaya et al., 2008; Türkün, Kaya, 2004).
According to Coppla et al. (2019), 35% sodium ascorbate was adequate for all tooth whitening
groups. In contrast, the results from 10% and 20% sodium ascorbate reported in previous studies (Torres
et al., 2006; Briso et al., 2014) were satisfactory only in case of at-home bleaching.
Additionally, the results of the study by Freire et al. (2009) revealed the quick reaction of 35%
hydrogen peroxide and sodium ascorbate. It was reported that 5-minute duration was already a sufficient
period of time for manifesting its antioxidant potential. This was the minimum amount of time taken for
sodium ascorbate’s effects to be adequate.
Furthermore, from the study of H. Lee et al. (1971), the adhesive strength from etching enamel
with 50% citric acid was more than 8 MPa, which met the minimum requirement of 5.9 to 7.8 MPa for
clinical orthodontic treatment, in three-minute application time. Besides, the strength didn’t decrease
when the time was passed to five-minute. Consequently, the result of 50% citric acid for direct bonding
in orthodontic dentistry might be satisfactory to create the optimal bond strength of brackets.
As a result of this study, the ascorbic acid and citric acid concentration of 50% and the
application time of 5 minutes assisted in the enamel surface preparation for appropriate bonding and
hence effectively improved the shear bond strength of brackets to bleached enamel. Due to the
promising outcome, further studies might take less application time in order to reduce clinical chair time
and thus increase patient satisfaction.
Conclusion
In conclusion, under the conditions of this in vitro study, the 50% ascorbic acid combining with
50% citric acid can increase adequate shear bond strength for etching in the orthodontic bracket bonding
to the bleached teeth.

659

MMP15-9
Acknowledgements
We would like to express our appreciation to Tomy international Inc. for providing the brackets
for this study. Thanks to Associate Professor Dr. Paiboon Techalertpaisarn, Thanit Charoenrat and Dr.
Chanat Aonbangkhen for their valuable suggestions.
References
Attin T, Hannig C, Wiegand A, Attin R. Effect of bleaching on restorative materials and restorations—a
systematic review. Dent Mater 2004; 20(9): 852-61.
Best SL, Liu Y, Keikhosravi A, Drifka CR, Woo KM, Mehta GS, Altwegg M, Thimm N, Houlihan M, Bredfeldt
JS, Abel JE, Huang W, Eliceiri KW. Collagen organization of renal cell carcinoma differs between
low and high grade tumors. BMC Cancer 2019; 19(1): 1-8.
Briso AL, Toseto RM, Rahal V, Dos Santos PH, Ambrosano GM. Effect of sodium ascorbate on tag
formationin bleached enamel. J Adhes Dent 2012; 14(1): 19-23.
Briso ALF, Rahal V, Sundfeld RH, Santos PH, Alexandre RS. Effect of sodium ascorbate on dentin bonding
after two bleaching techniques. Oper Dent 2014; 39(2): 195-203.
Cavalli V, Ries AF, Giannini M, Ambrosano GM. The effect of elapsed time following bleaching on enamel
bond strength of resin composite. Oper Dent 2001; 26(6): 597-602.
Coppla FM, Freire A, Bittencourt B, Armas-Vega A, Benítez VE, Calixto AL, Loguercio AD. Influence of
simplified, higher-concentrated sodium ascorbate application protocols on bond strength of
bleached enamel. J Clin Exp. Dent 2019; 11(1): 21-6.
Dishman MV, Covey DA, Baughan LW. The effects of peroxide bleaching on composite to enamel bond
strength. Dent Mater 1994; 10(1): 33-6.
Freire A, Souza EM, de Menezes Caldas DB, Rosa EA, Bordin CF, de Carvalho RM, Vieira S. Reaction kinetics
of sodium ascorbate and dental bleaching gel. J Dent 2009; 37(12): 932-6.
Hobson RS, McCabe JF, Hogg SD. Bond strength to surface enamel for different tooth types. Dent Mater
2001; 17(2): 184-9.
Jain A, Ray S, Mitra R, Chopra SS. Light Cure Tip Distance and Shear Bond Strength: Does It have any
Clinical Significance? J Ind Orthod Soc 2013; 47(3): 135-42.
Kaya A, Türkün M, Arici M. Reversal of compromised bonding in bleached enamel using antioxidant gel.
Oper Dent 2008; 33(4): 441-7.
Lai S, Mak Y, Cheung G, Osorio R, Toledano M, Carvalho RM, Tay FR, Pashley DH. Reversal of compromised
bonding to oxidized etched dentin. J Dent Res 2001; 80(10): 1919-24.
Lai S, Tay F, Cheung G, Mak Y, Carvalho RM, Wei S, Toledano M, Osorio R, Pashley DH. Reversal of
compromised bonding in bleached enamel. J Dent Res 2002; 81(7): 477-81.
Lee HL, Cupples AL, Schubert RJ, Swartz ML. An adhesive dental restorative material. J Dent Res 1971;
50(1): 125-32.

660

MMP15-10
Newman GV, Snyder WH, Wilson Jr CE. Acrylic adhesives for bonding attachments to tooth surfaces.
Angle Orthodond 1968; 38(1): 12-8.
Pérez-Heredia M, Ferrer-Luque CM, González-Rodríguez MP. The effectiveness of different acid irrigating
solutions in root canal cleaning after hand and rotary instrumentation. J Endod 2006; 32(10): 993-7.
Reynolds IR. A review of direct orthodontic bonding. Br J Orthod 1975; 2(3): 171-8.
Rose RC, Bode AM. Biology of free radical scavengers: an evaluation of ascorbate. FASEB J 1993; 7(12):
1135-42.
Sung EC, Chan SM, Mito R, Caputo AA. Effect of carbamide peroxide bleaching on the shear bond strength
of composite to dental bonding agent enhanced enamel. J Prosthet Dent 1999; 82(5): 595-9.
Torres CRG, Koga AF, Borges BA. The effects of anti-oxidant agents as neutralizers of bleaching agents on
enamel bond strength. Braz J Oral Sci 2006; 5(16): 971-6.
Türkün M, Kaya AD. Effect of 10% sodium ascorbate on the shear bond strength of composite resin to
bleached bovine enamel. J Oral Rehabil 2004; 31(12): 1184-91.
Uysal T, Er O, Sagsen B, Ustdal A, Akdogan G. Can intracoronally bleached teeth be bonded safely? Am
J Orthod Dentofacial Orthop 2009; 136(5): 689-94.

661

