
Int J Clin Exp Med 2014;7(9):2705-2711
www.ijcem.com /ISSN:1940-5901/IJCEM0001434

Original Article
Optimal enamel conditioning strategy for rebonding 
orthodontic brackets: a laboratory study

Qi-Feng Zhang, Hua Yao, Zhi-Yong Li, Li Jin, Hui-Ming Wang

Department of Stomatology, The First Affiliated Hospital of Medical College, Zhejiang University, Hangzhou, 
Zhejiang, China

Received July 16, 2014; Accepted August 16, 2014; Epub September 15, 2014; Published September 30, 2014

Abstract: Objective: To compare the conventional etching and primer method (CEP) and the self-etching primer 
method (SEP) in rebonding brackets. Methods: Forty human maxillary second premolars extracted for orthodontic 
purpose were randomly divided into 4 equal groups. Group 1 and Group 2 were bonded using the CEP method; 
Group 3 and Group 4 using the SEP method. All the brackets were debonded and 40 new brackets were rebonded 
with four different protocols after surface cleaning: Group 1: CEP + adhesive; Group 2: CEP without etch step + 
adhesive; Group 3: SEP + adhesive; Group 4: non-acidic primer + adhesive. Then, the shear bond strength (SBS) 
of each group was tested and the measurements of adhesive remnant index scores (ARI) and SEM examination 
were performed. Results: The mean SBSs for Group 1, 2, 3 and 4 were 14.18, 6.57, 11.90, 5.91 MPa, respectively. 
Statistical differences of the SBS existed between Group 1 and 2 (P < 0.05) and between Group 3 and 4 (P < 0.05). 
No difference was found between Group 1 and 3, or Group 2 and 4. Conclusion: Omission of the acid-etching step 
in rebonding orthodontic brackets may be adequate for the clinical requirement. No differences in SBS and ARI of 
the rebonded brackets were showed between CEP and SEP methods.
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Introduction

Bond failure of brackets is common and unde-
sirable during orthodontic treatment. Mostly, 
new brackets are rebonded using the same 
protocol as the first bonding. However, etching 
from the first bonding has induced enamel 
alteration and etching during second bonding 
(rebonding) may induce further enamel loss. 
Montasser et al. found that shallow depres-
sions and pits from etching were still presented 
on the enamel surface after debonding and 
removal of all visible adhesive. Until now, most 
published data were just focused on the effect 
of acid etching on the first bonding of brackets, 
with only a few studies on the rebonding of 
brackets using different adhesive systems [1, 
2], or on the optimal procedure for rebonding 
brackets [3].

Conditioning enamel surface with acid and sub-
sequently applying primer are the traditional 
method of direct bonding of orthodontic attach-
ments [4]. This method may result in side-
effects such as excessive enamel loss by inevi-

table over-range etching [5] and acid-etching-
induced enamel surface vulnerable alterations 
[6-8].

Two main methods are used for direct bonding 
of brackets: the conventional two-stage etching 
and primer method (CEP) and the self-etching 
primer method (SEP) [9, 10]. Differences 
between these two methods in the first bonding 
of brackets have been studied comprehensive-
ly [11, 12]. However, no study has addressed 
the application of these methods on rebonding 
brackets.

The aim of the present study was to study 
whether an acid etching step is necessary for 
rebonding orthodontic brackets, and to com-
pare the results of brackets rebonding with the 
CEP and the SEP methods.

Materials and methods

Teeth

40 human maxillary second premolars freshly 
extracted for orthodontic reasons were used. 
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These teeth were stored in an aqueous solution 
of thymol (0.1% weight/volume). Informed con-
sent was obtained from each patient. The use 
of extracted human teeth has been approved 
by the ethical committee of Sichuan University. 
The root of each tooth was mounted to a block 
of self-curing acrylic, with the long axis vertical. 

Every tooth was given a unique number, and 
randomly divided into four equal groups.

Brackets

80 stainless steel Gemini MBT brackets (0.022 
× 0.028 slot) for maxillary second premolar 

Figure 1. Protocols of enamel conditioning for first bonding and rebonding.
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Table 1. Mean shear bond strengths, standard 
deviations (SD), and maximum (Max) and 
minimum (Min) values for each group (n = 10)
Group Mean SD Max Min
1 14.18 2.59 23.34 9.05
2 6.57 2.58 11.65 2.98
3 11.90 2.70 18.02 8.89
4 5.91 2.73 13.04 3.71

were used (3M Unitek, Monrovia, Calif.). The 
bracket base area was 9.08 mm2.

Bonding systems

CEP system: acid (3M™ ESPE™ Etchants); non-
acidic primer (Transbond XT Primer); adhesive 
resin (Transbond XT Light Cure Adhesive Paste). 
SEP system: acidic primer (Transbond Plus Self 
Etching Primer); adhesive resin (Transbond XT 
Light Cure Adhesive Paste). All the materials 
mentioned above were from 3M Unitek 
(Monrovia, Calif).

Methods

All bonding, rebonding and the following proce-
dures were performed by the same operator.

First bonding

Group 1 and Group 2:20 teeth were bonded 
with CEP method according to the manufac-
ture’s instruction. Briefly, the enamel surface 
was etched with 37% phosphoric acid for 30 
seconds, rinsed and primed with non-acidic 
primer, then adhesive resin was applied and 
polymerized for a total of 20 seconds, using a 
visible light-curing unit (3M Unitek OrtholuxTM 
LED Curing Light) with an output power of 600 
mW/cm2.

Group 3 and Group 4: 20 teeth were bonded 
with the SEP method. The enamel was etched 
and primed with acidic primer, and then the 
adhesive resin was performed. Two minutes 
after bonding, the specimens were stored in 
deionized water (37°C) for 24 hours, with each 
group in a separate container prior to the fol-
lowing step.

Debonding and cleaning

The 40 brackets were debonded by a universal 
testing machine with a standard protocol. All 
visible residual adhesive was carefully removed 
using low speed hand-piece with a tungsten bur 
under light pressure and adequate air cooling 
without water spray [13]. Composite removal 
was considered complete when the tooth sur-
face appeared smooth and free of composite to 
the naked eye under an operatory lamp.

Rebonding

40 brand new brackets were used, and the 
teeth were subjected to one of four rebonding 
methods shown in Figure 1. Group 1: 37% 
o-phosphoric acid + non-acidic primer + 
adhesive; 

Group 2: non-acidic primer + adhesive; Group 
3: self-etch acidic primer + adhesive; Group 4: 
non-acidic primer + adhesive. All the rebonded 
specimens were then immersed in deionized 
water, with each group in a separate container, 
and were placed in a humidor at 37°C for 24 
hours prior to SBS test.

Data collection

Shear bond strength: The shear test was per-
formed with the universal mechanical testing 
machine (Shimadzu Autograph AGS-J-Serie, 10 
kND; Japan) at a feed rate of 1.0 mm/minute 
with an occlusal-gingival load applied to the 
bracket, producing a shear force at the bracket 
tooth interface. Deformation of the bracket 
wings when shearing off was avoided by placing 
square steel wire in the bracket slot. Shear 
power was registered in Newtons (N) and 
recorded as force/surface in Megapascals 
(MPa) [14, 15].

Residual adhesive: The enamel surfaces were 
examined with a stereomicroscope at a magni-
fication of 10X to determine the amount of 
composite resin remaining according to the 

Table 2. Frequency distribution of the Adhesive 
Remnant Index (ARI)

Group
ARI Score Total Ari 

Score0 1 2 3
1 3 3 1 3 10
2 10 0 0 0 10
3 2 7 1 0 10
4 10 0 0 0 10
Notes: ARI scores: 0 = no composite left on enamel sur-
face; 1 = less than 50% of composite left; 2 = more than 
50% composite left; and 3 = more than 90% composite 
left. Significant difference existed only between group 1 
and 2 (P < 0.01).
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adhesive remnant index (ARI), immediately 
after shear bond strength of debonding was 
tested.

Scanning electron microscope examination: 
One sample with no remnant was randomly 
picked up from each group. The crowns of the 
four subjects were sectioned mesio-distally 
with a diamond separating disc, leaving only a 
thin layer of the underlying dentin, polished 
with pumice and rubber prophylactic cups for 
10 seconds and cleaned in distilled water with 
ultrasonic agitation for 30 minutes and gently 
air dried. They were affixed to SEM stubs, coat-
ed with gold, and examined on Jeol JSM-5900 
LV SEM (Tokyo, Japan) operating at 20 kV.

Statistical analysis

Descriptive statistics, including the mean, stan-
dard deviation, maximum and minimum SBS 
values were calculated for each group. The two-
sample t-test was used to determine the differ-
ences in SBS between the groups. Monte Carlo 
exact test was used to determine the differ-
ences in ARI scores between the groups. 

Difference was considered significant when P ≤ 
0.05.

Results

Shear bond strength

Descriptive statistics for the four groups are 
presented in Table 1. The mean SBS values of 
Group 1, Group 2, Group 3 and Group 4 are 
14.18 ± 2.59, 6.57 ± 2.58, 11.90 ± 2.70, 5.91 
± 2.73 Mpa, respectively. The mean SBS values 
were significantly different between Group 1 
and 2 (P < 0.01), and Group 3 and 4 (P < 0.01). 
No difference existed between Group 1 and 3, 
Group 2 and 4 (P > 0.05). Significant difference 
existed in ARI score between Group 1 and 2 (P 
< 0.05), and no difference existed between 
Group 1 and 3, Group 2 and 4 or Group 3 and 4 
(P > 0.05) (Table 2).

SEM examination

The obvious differences in size and depth of 
the anomalies on enamel surface were showed 
in Figure 2. Group 1 (Figure 2A) and 3 (Figure 

Figure 2. SEM photomicrographs of the enamel surfaces (Original magnification × 500). (A) Group 1, (B) Group 3, 
(C) Group 2, (D) Group 4.
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2B) showed deep and numerous gouges and 
pits. However, the grooves in the Group 1 (CEP 
method) were deeper than that in the Group 3 
(SEP method). Group 2 (Figure 2C) and 4 
(Figure 2D) showed typical shallow and less 
arcades and pits representing the still present 
etching-effect.

Discussion

The optimal orthodontic bond strength should 
be sufficient to retain the brackets for the desir-
able treatment duration, but low enough to 
allow easy cleanup of adhesives when the 
brackets are removed. Greater shear bond 
strengths may help to alleviate unwanted bond 
failure of brackets during orthodontic treat-
ment, but the risk of enamel fracture and 
patient discomfort may arise when the brack-
ets are removed. Clinically adequate bond 
strengths for metal brackets to enamel were 
suggested between 5.9 to 8 MPa [16, 17]. 9.7 
MPa was proposed as the lowest bond strength 
which led to enamel fracture upon debonding 
[18]. At loads of 9-11 MPa, enamel fracture was 
observed [7, 19].

Based on the presented data, the first null 
hypothesis was rejected. Omission of enamel 
etching procedure when rebonding a bracket 
significantly reduced the bonding strength. Yet 
the mean SBS values of the two groups without 
acid etching fell within the optimal range of clin-
ical need. More importantly, they were lower 
than the value of enamel fracture. Therefore 
such reduction may be beneficial for clinical 
practice. On the contrast, acid etching in 
rebonding produced excessive bond strength, 
which may lead to enamel fracture.

There were two possible mechanisms for the 
adequate bond strength of the two non-acid 
etched groups during brackets rebonding. 
Firstly, the enamel “hybrid” zone (resin pene-
trated enamel) may have been completely 
removed after the cleanup procedure. Thus, 
the mechanically retentive force is mainly from 
the scarring of enamel surface. This is in agree-
ment with the previous works, which reported 
that the depth of penetration of the resin tags 
reached up to 50 µm [20, 21]. The cleanup pro-
cedure of the adhesive after debonding may 
remove 55.6 µm of surface enamel. Therefore, 
no resin tags would be left after debonding and 
cleanup [5]. Secondly, after debonding and 

cleanup, the residual enamel was still infiltrat-
ed with resin, which is consistent with Diedrich’s 
study [7] that the resin tags generally reached 
a depth of 80 µm, and sometimes extended to 
100 to 170 µm in length. Sandison also stated 
that it was highly possible that tags of compos-
ite still remained in most cases following 
debonding, although, the tooth surface might 
look very clean clinically [22]. Thus, the sub-
strate is susceptible for copolymerization. 
Besides this, the cleanup procedure removed a 
shallow layer of outer enamel, therefore, in the 
elimination of plaque, pellicle and other sur-
face debris, a more active surface area is avail-
able for chemical bonding [6]. As a result, for 
Groups 2 and 4, the adequate retentive force 
may come from both chemical and mechanical 
interaction with the enamel surface. These 
hypotheses need to be tested further, which is 
beyond the scope of the present study.

Of primary concern to the clinician is the main-
tenance of a sound, unblemished enamel sur-
face after bracket removal. In the present 
study, the ARI scores for Groups 2 and 4 were 
both 0. This indicated less damage to the 
enamel surface after rebonding without acid 
etching. Moreover the neglectable adhesive 
remnant after debonding would save the time 
for tooth surface cleaning. Furthermore, the 
results of ARI scores indicated that brackets 
rebonded with conventional two-stage etch 
and prime system (Group 1) and the self-etch-
ing primer system (Group 3) showed a similar 
mode of bond failure. To summarize, our results 
supported the second hypothesis that no dif-
ference in SBS and ARI existed between the 
CEP and SEP methods in rebonding brackets. 
Interestingly, it seems that the enamel condi-
tioning methods used for the first bonding had 
no effect on the rebonding.

The result of SEM examination was in accor-
dance with the phenomenon mentioned above. 
Omission of the acid-etch step in rebonding 
protected the enamel from excessive decalcifi-
cation. The enamel treated with CEP method 
caused more enamel damage than the one 
treated with the SEP method, which was in line 
with the previous studies that the self-etching 
adhesive system minimized the amount of the 
enamel loss [23, 24].

Subjects with the ARI values of 0 were selected 
for SEM tests, because this excluded the enam-
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el alteration caused by adhesive-removing pro-
cedure. Furthermore, pumicing procedure only 
removed surface stains but did not produce 
damage or extensive roughening of the underly-
ing tooth structure. So the different appear-
ance of the enamel reflected the change result-
ing from etching.

Still, further work is required to assess if the 
performance of the bracket rebonded without 
acid-etching system evaluated in this laborato-
ry study is mirrored in the clinical environment. 
In the present study, the SBS was tested 24 
hours after rebonding, which period does not 
completely reflect clinical orthodontic practice 
[25, 26]. To simulate clinical situations, the 
bond strengths of rebonded brackets needs to 
be measured at more time points in future 
studies [26-28].

Conclusion

This study showed that: 1) Irrespective of the 
enamel etching or priming method for the first 
bonding of brackets, omitting the acid-etch 
step in rebonding can achieve adequate and 
reasonable SBS levels for clinical use; 2) No dif-
ferences existed in SBS, ARI of rebonded brack-
ets between enamel treated with the CEP or 
SEP method. However, more enamel damage 
occurred with CEP method.
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