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Abstract 
      Purpose to review the clinical bond failure rate of adhesive precoated brackets (APC). 
Five online databases: PubMed, Scopus, Cochrane, EBSCO, and Web of Science were searched 
for potential eligible clinical trials. The correlated orthodontic articles and reference records were 
confirmed for all eligible studies. Two journal reviewers individually retrieved the data and evaluated 
the quality of the primary studies. 
      A total of 146 articles were extracted in the initial search. However, only 13 articles met the 
inclusion criteria. Thirteen studies reported the failure rates using metal brackets for both APC and 
conventional systems. Three studies compared APC ceramic to conventional ceramic brackets.  
The result was inconclusive, there is no superiority of APC brackets over conventional bracket 
systems regarding the failure rate of the brackets.  
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 Introduction 
 

Adhesive precoated (APC) brackets have 
been introduced by 3M in 1991– 1992. Cooper et 
al.1 listed the following advantages of APC: 
consistent quality and quantity of adhesive, 
easier clean up following bonding, reduced waste 
during bonding, improved assessment, and 
better inventory control.  

In addition, 3M claims that the APC can 
improve bond strength and clinical failure rate. 
Bond failure is a more common occurrence 
during orthodontic treatment which will adversely 
affect both dentists and patients. This will 
increase treatment time, additional costs of 
materials and personnel, and unexpected 
additional patient visits. For these reasons, bond 
failure rates below 10 percent are generally 
considered clinically acceptable2.  

Therefore, this study is a systematic 
review about the clinical bond failure rate of 
adhesive precoated brackets. 

Materials and methods 
 

Search Strategy  
Five electronic databases: the Cochrane 

Central Register of Controlled Trials (CENTRAL), 
Scopus, PubMed, EBSCO, and Web of Science, 
were searched individually by reviewers 
beginning in November 1996 through December 
2020 for potential eligible clinical trials. All terms 
used for each database search are shown in 
table 1. The search was conducted with no 
restrictions regarding language, publication 
dates, or study design.  

 

 
Table 1. Keywords used for each data base 
search. 
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Data extraction  
Data extraction was independently 

performed by a reviewer according to  inclusion 
criteria and exclusion criteria. Studies that were 
not correlated to the issue were excluded. 

Extracted information from the included 
trials were study design, participants, type of 
intervention and outcome of each study to 
represent each of them. 

The outcome of this review was the 
clinical bond failure rate of precoated orthodontic 
brackets. 

Inclusion criteria  
The trials that meet the following criteria were 

included: 
§ Only human clinical controlled trials.  
§ Only English language 
§ Patients undergoing fixed appliance, full upper 

and lower arch bracketing.  
§ Study with APC only or with other types of 

orthodontic brackets. 
Exclusion criteria  

§ The studies with irrelevant study title or study 
design or study protocol 

§ Case reports, commentaries, systematic 
reviews or meta-analyses, descriptive studies, 
opinion articles, or abstracts. 

§ Studies in which intervention and comparison 
were not included in the same research.  

 
Results  

 
Search strategy  
The numbers of studies screened at each 

stage are presented in the PRISMA flow diagram 
of search strategy process (Fig. 1). Overall, 146 
citations were exported to EndNote program 
(Version X9, CA, USA). Duplications were 
removed using the EndNote (Command: find 
duplicates), which reduced the number of eligible 
abstracts down to 69. After duplicating records 
were eradicated, 69 studies were examined by 
viewing titles and abstracts and 56 studies were 
eliminated. The remaining 13 articles were read 
out in full text for suitability, following the 
inclusion criteria and all of these publications 
were incorporated in this review. The details are 
shown in the PRISMA flow chart. 

Study characteristics 
Characteristics of the Included Studies  
All of the included studies were RCTs, 

except Oliver and Dama10, who designed a 
retrospective study. Five of the included studies 

were conducted in a hospital setting, whereas the 
others were conducted in a university clinic 
setting.  
 

 
Figure 1. PRISMA flow chart. 

 
Characteristics of the Participants  
Seven studies 3-9 recruited participants 

who sought orthodontic treatment with fixed 
appliances without age restrictions. However, 
Oliver and Dama10 recruited participants between 
8-55 years old, Grunheid and Larson9 recruited 
participants between 11-50 years old, other 
studies 11-15 recruited participants under 19 years 
of age (Table 2).  
 

Characteristics of the Interventions 
and Comparison  

Most of the included interventions were 
compared with APC metal brackets to 
conventional metal brackets except for two 
studies6, 15, which compared APC ceramic 
brackets to conventional ceramic brackets. Three 
studies8, 13, 14 used APC brackets but are 
compared using a light-curing unit. There is only 
one study7 that compared bond failure between 
one-step and two-step orthodontic bonding 
systems on APC brackets. Moreover, Grunheid 
and Larson9 compared 2 types of APC ceramic 
brackets. 

All of the studies used light-cured 
adhesives for both the APC intervention group 
and comparison group except Sunna and Rock 4 
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and Ash and Hay3, who used light-cured 
adhesives for the APC group and chemically 
cured adhesives for the conventional group.  

Characteristics of the Outcomes  
Failure rates 
All of the studies reported the failure of 

both brackets. Most reported the failure at 12 
months, others reported the failure at 3-9 
months, and two studies6, 8 reported the failure at 
debonding with the exception of Kula et al.11 who 
reported the failure at three different time points, 
namely at 3, 6, and 12 months.  

All of the studies reported the failure by 
bracket numbers and percentages except Ash 
and Hay3, who reported the failure by the mean 
and standard deviation (Table 3). 

Risk of Bias within Studies  
Only one study9 was judged with a low 

risk of bias, an assessment enabled by the 
Cochrane Risk of Bias tool (Table 4). Two 
studies3, 10 were judged as having some 
concerns about random sequence generation. 
No study scored a high risk of bias. The reviewer 
agreed that blinding the operator was not feasible 
due to the nature of the intervention and 
therefore it was not judged as a high risk of bias. 
 

Discussion 
  
The majority of the studies included in this 

review were prospective RCTs with high-quality 
evidence except one study10 which was a 
retrospective study. All of these studies were 
split-mouth RCTs except three studies3, 7, 15 that 
were parallel-group RCT.  

A split-mouth RCT study design was 
considered a good choice of study design for this 
intervention for multiple reasons.                  

It eliminated multiple factors that could 
have affected the outcomes such as patient 
habits, type of malocclusion, and the oral 
environment surrounding the brackets. In 
addition, a smaller sample size was required 
which was almost half the number required 
compared to a parallel RCT study design. 

A critical appraisal using the Cochrane 
RoB tool (Table 4) led to all of the included 
studies being judged as having some concerns 
except Grunheid and Larson9, which was 
assessed as having a low risk of bias in part 
because the author was contacted and 
clarification of the missing information was 
obtained. Most of the bias arose from outcome 

assessment due to the fact that it was not 
possible  to blind the operator to the precoated 
bracket or conventional bracket being used in 
each study. 

Clinical failure rate  
Four studies 4, 5, 11, 12 reported that there 

were no clinically significant differences between 
the APC and conventional systems regarding 
failure. However, Sunna and Rock 4 compared 
APC brackets with light-cured adhesive and two 
types of metal bracket combinations with 
chemically cured and light-cured adhesive.  

Ash and Hey 3 found that there was a 
statistically significant reduction in the bracket 
failure rate on the APC system.  In contrast, 
Oliver and Dama 10 reported that APC brackets 
failed more often than conventional brackets over 
a 6-month period. 

Two of the included studies compared 
APC ceramic brackets with conventional ceramic 
brackets, one 6 reported that no bracket failed 
during the study, but another 15 showed that APC 
ceramic brackets (Readi-base eXact) 
demonstrated a higher failure rate when 
compared to conventional brackets (InVu). 

In a study by Grunheid and Larson, 9 it 
compared the 2 adhesives for bracket failure 
rates and bonding ceramic orthodontic brackets 
with flash-free adhesive was found to be 
statistically equivalent to bonding with 
conventional adhesive. The bracket failure rate at 
1 year for the flash-free adhesive was 4 times 
higher than for the conventional adhesive. 
Ultimately, the clinical relevance of this finding is 
subject to the interpretation of each clinician, who 
must weigh this potential disadvantage against 
the various advantages of the flash-free 
adhesive, such as the elimination of the flash 
removal step, reduced time for bracket bonding, 
and improved ability to focus on bracket 
positioning16. 

Two studies of Cacciafesta et al.13 and 
Russell et al.8 reported the failure rate of APC 
bracket through the comparison between plasma 
and halogen light-curing units and found that 
there was not a statistically significant difference. 
Moreover, Mirabella et al.14 studied the 
comparison between LED and halogen light-
curing units on APC brackets and found no 
statistically significant difference in bond failure 
rate. 

From a study of Manning et al.7, it was 
the only study that assessed the clinical bond 
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failure rates of APC brackets bonded using a 
self-etching primer (SEP) compared with using a 
conventional acid-etched technique. They found 
that failure rates over the initial 6-month period 
were 2.0% (TransbondTM) and 1.7% (SEP) with 
no statistically significant difference between the 
two groups. In contrast, the study of Luh De 
Puspita Dewi et al17 discovered that although 
both groups used self-etching primer, the shear 
bond strength of the APC group was higher than 
the conventional group. Interestingly, its shear 
bond strength was the same as in the control 
group which used the total etching technique.  

Limitations 
The limitations of this study were the 

variation in age, type of intervention, type of 
comparator, type of adhesive, type of light-curing 
unit , and duration which all factors can greatly 
affect the result of the studies. Therefore, these 

limitations must be taken into consideration when 
interpreting these results because failure is 
caused by many factors including the patient, 
operator, material, time, force, mastication, etc. 
and thus it is difficult to make direct comparisons 
of the clinical bond failure rate between studies. 
 

Conclusions  
 

From the view of the studies included in 
this systematic review, it can be concluded that 
there is no superiority of APC over conventional 
bracket systems regarding the failure rate of the 
brackets. 
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Table 2. Characteristics of the included studies in the systematic review. 
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Table 3. Bond failure rate. 
 

 
Table 4. Risk of Bias in the Included Studies. 
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