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1. INTRODUCTION 

The use of the acid etch technique in 

orthodontics, presents the major challenge of 

orthodontic bracket bond failures in the course 

of treatment.
1 

An orthodontic bracket bond 

failure is said to have occurred when the bracket 

attachment to the enamel surface of a tooth 

ceases to be attached by the adhesive bond.
1
 

These orthodontic bracket failures are relatively 

frequent, undesirable and has unwanted 

consequences. Periodontal health may be 

compromised due to plaque accumulation 

between the failed bracket and the tooth surface. 

There is usually an increased demand for clinic 

and clinicians time since the orthodontist will 

need to follow a protocol to replace the failed 

bracket.
2,3,4

 There is also an increase in the total 

treatment time because the tooth on which the 

bracket has failed cannot be acted upon by the 

appliance.
2,3,4 

Finally, enamel fractures may also 

result as a consequence of orthodontic brackets 

failure.
5
 

Several reasons account for bracket failure 

among which are operator-related factors like 

the bonding technique, patient-related factors 

including age, sex, general level of cooperation 

and compliance with dietary and oral hygiene 

instructions.
 6

 There are also material-related 

factors like the type of etchant or adhesive used 

alongside the bracket properties.
6 

Efforts at 
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reducing bracket failure rates have been directed 

at improvements in bonding technique, bracket 

bases and in adhesive technology. Though 

manufacturers of orthodontic adhesives continue 

to claim to have made new advancements as 

regards clinical efficiency so as to reduce 

bracket failures, clinical studies are necessary in 

assessing adhesive performance because all the 

factors that can contribute to bond failure would 

be present.
7,8

 

The first and most popular bonding resins 

introduced were the self-curing bonding 

systems.
9 

The two-paste-mix self-curing 

polymeric resin adhesives were invented in the 

1970’s for direct bonding of attachments to 

etched enamel surface.
10 

This was followed in 

1975 by the invention of the no-mix self-cure 

adhesive which eliminated the clumsiness of the 

mixing steps in the two-mix system.
11

The first 

single-paste ultraviolet light-curing adhesive 

was introduced in 1974,
11

 however, its use for 

orthodontic bonding was first described in 

1979.
12

 Light-cure adhesives polymerize due to 

a reaction between the catalyst in the adhesive 

and the photon emitted by the light-curing 

source. The evolution of the light source has 

been from bulky, corded halogen curing lamps 

to lightweight, portable, Light-emitting diodes 

(LED) lights.
13 

2. MATERIALS AND METHODS 

This study was carried out at the Orthodontic 

unit of the Department of Child Dental Health, 

University of Nigeria Teaching Hospital 

(UNTH), Enugu, Nigeria after ethical approval 

was obtained from the Ethics and Research 

Committee of the University of Nigeria 

Teaching Hospital, Ituku-Ozalla, Enugu with 

approval number 1RB00002323. 

Written consent was obtained from parents 

while the children also gave assent. It was a 

prospective six-month, single-blinded split 

mouth design in which the rates of orthodontic 

bracket failure was determined after using Light 

Bond
(R) 

light-cure and Rely.a.Bond
(R) 

self-cure 

adhesives to bond brackets on a total of five 

hundred and twelve (512) teeth, with two 

hundred and fifty six (256) brackets bonded 

using each adhesive type in 30 consecutive 

patients whose treatment with upper and lower 

fixed appliance therapy required or did not 

require tooth/teeth extractions. The study was 

not limited to any type of malocclusion, 

however, patients who had teeth with fractured 

or restored buccal surface, microdonts or enamel 

hypoplasia were excluded from the study. 

Teeth of consecutive male and female 

participants presenting at the Orthodontic Unit 

of the UNTH, which met the inclusion criteria 

for the study were bonded during treatment. The 

bonding procedure was performed by the same 

clinician to avoid possible procedural 

differences. It was a prospective randomized 

clinical trial which used a single-blind design, 

involving a within-subject comparison of the 

light-cure and the self-cure adhesive systems, 

with each subject randomly allocated two 

bonding systems for each side of the mouth. The 

Battenburg design was used as in a previous 

study
4
 in which for a participant, when upper 

right/ lower left quadrants were bonded with one 

type of adhesive, then the upper left/lower right 

quadrants were bonded with the other type of 

adhesive. This design had the advantage that 

both adhesive types were on each side of a 

participant’s mouth, allowing both to 

simultaneously experience similar intra-oral 

conditions on both sides of the mouth. Bonding 

of brackets to teeth was carried out by one 

operator from the Central Incisors to the Second 

Premolars. (Where any tooth had been extracted 

from any quadrant, the remaining teeth were 

bonded). Bracket failure rates were 

prospectively determined for each adhesive 

type.Teeth were scaled and polished using 

pumice. They were then rinsed with water and 

dried in a stream of oil-free compressed air.
20

 

2.1. Bonding with the Self-cure Adhesive 

The teeth were isolated using cotton pledgets 

and cheek retractor, in readiness for bonding. 

Brush applicator was used to apply 37% 

Phosphoric acid gel to the mid-buccal enamel 

surface of each tooth (from the Central Incisor 

to the 1
st
 Molar) and left for 15 seconds. In 

participants who had teeth extracted as part of 

the treatment plan, the remaining teeth were 

prepared for bonding. Following adequate 

etching, the teeth were rinsed with water and 

dried with oil free compressed air, until the 

enamel surface appeared frosty white. 

Rely.a.Bond
(R)

 adhesive primer was applied 

onto the etched tooth surface and the mesh 

surface of the bracket using a brush applicator. 

The Rely.a.Bond
(R) 

adhesive was syringed onto 

the bracket base (just enough to cover the 

bracket base when placed on the tooth) and 

firmly placed in position on the tooth surface. 

After thirty seconds, excess adhesive was 

removed using a sharp probe.
20

A waiting period 

of between 10 minutes was observed to allow 

for adequate polymerization of the adhesive.
14,15 
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0.014 Nickel-Titanium archwire was ligated 

onto the brackets. Same wire sequence was used 

after bonding for all the patients. 

2.2. Bonding with the Light-cure Adhesive 

Similar manufacturer’s recommended protocol 

as with the self-cure adhesive up to the point of 

etching was followed.
20

 A thin layer of Light 

Bond
(R)

 adhesive primer was then smeared onto 

the etched tooth surface with a different brush 

applicator. Light Bond
(R)  

light-cure adhesive 

was syringed onto the bracket base and placed 

in position on the tooth surface. Excess resin 

was removed by running a dental probe around 

the base of the bracket. The resin was 

polymerized using the Woodpecker LED-b 

curing light source with wavelength of 480nm 

on the tooth (20 seconds for each bracket-

adhesive interface: 10 seconds on the mesial and 

10 seconds on the distal side). The light source 

was brought as close to the bracket as possible, 

as was recommended by the manufacturer. 

0.014 Nickel-Titanium archwire was ligated 

onto the brackets. Same wire sequence was used 

after bonding for all the patients. 

2.3. Post Set-up Instructions and Reviews 

Verbal and written oral hygiene and care of 

appliance instructions were given to each 

participant. They were to by brush their teeth 

with a fluoride containing toothpaste after every 

meal. They should eat only soft food during the 

duration of the treatment because hard, large 

and sticky pieces of food (nuts, crisps, chunky 

meat and chewing gum) may damage the 

appliance. They were also to avoid taking a bite, 

but to cut large pieces of food into smaller 

pieces before eating them.  

Weekly telephone calls were made to each 

participant throughout the research duration of 

six months during which they came for review 

every six weeks and similar sequence of 

archwire and treatment approach was adopted 

for each patient.  

2.4. To Determine the Bracket Failure Rate 

Each participant was given a diary in which to 

record the date and time of bracket failures. 

They visually inspected the appliance daily 

using a mirror and reported any loosening of 

bracket via telephone as soon they thought it 

occurred and in such circumstance, were asked 

to report to the clinic as soon as possible for 

bracket replacement. The type of adhesive that 

was used to bond each tooth and sex of 

participant were also recorded. In case of 

failures not detected and therefore, not recorded 

by the patient, the date of the review 

appointment during which the clinician detected 

the failure, was taken as the date of failure. No 

second recording of the same tooth was made 

even if a second bracket failure results for that 

tooth. At the completion of six months of 

observation for each participant, the following 

were determined; 

1. The rate of bracket failure with the Self-

cure adhesive 

2. The rate of bracket failure with the Light-

cure adhesive 

2.5. Statistical Analysis 

Analysis of the data was carried out using 

descriptive statistics (frequency, percentage, 

mean and standard deviation). Chi-square was 

used to compare bracket failures and type of 

adhesives used. Analysis of variance (ANOVA) 

was used to compare the bracket failure rate 

among the various age categories. Multiple 

linear regression analysis was used to ascertain 

if age and sex were significant predictors of 

bracket failure rates. A p-value of 0.05 or less 

was considered statistically significant. 

Statistical Package of Social Science 

(SPSS)/Statistical Product for Service Solution 

(SPSS) version 21.0 was used to analyse the 

data generated.  

The light-cured adhesives have unlimited 

working time during bracket placement, less 

patient discomfort because of accelerated setting 

time and significant less chair side time, since 

archwire can be placed immediately without 

having to wait 8-10 minutes for polymerization 

to occur.
14,15

 Bracket placement and flash 

removal are also much easier with the light 

activated composites.
14,15 

One key advantage of 

the self-cure adhesive is that it does not require 

the curing light, which makes its useless bulky 

versatile for use even in rural areas with no 

power supply.  

Previous studies across the world,
2,16,17,18

 had 

studied failure rates of light-cure and self-cure 

adhesives, with varying reports including that 

both adhesive types have different failure rates
19 

and similar failure rates.
17,18 

Bishara et al
17

, also 

reported greater use of the light-cure adhesive 

than the Self-cure adhesive. However, there is 

still limited information on comparative 

assessment of bracket failure rates using of the 

light-cure and the self-cure adhesives, hence the 

need for this study. 
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3. RESULTS 

As shown in table 1, the participants were 

predominantly males (66.7%), and the 

remaining 33.3% were females. The participants 

had a mean age of 18.87 ±7.27 years. 

Table1. Percentage Distribution of participant’s sex 

Variables Frequency(n꞊30) Percentage 

Sex  

Male   20  66.7 

Female
 

  10
 

 33.3
 

Table2. Relationship between Bracket Failure Rate and Adhesive Type 

Type of 

adhesive 

Number 

Bonded 

Number of bracket 

failures 

Bracket Failure 

rates 

Chi-Square 

value 

p-value 

Light-cure 256 23 9.0 0.240 0. 624 

Self-cure 256 20 7.8   

Of the 256 teeth bonded with the light-cure 

adhesive, 23 (9.0%) failed, while the remaining 

233 (91.0%) did not fail. While 20 (7.8%) of the 

brackets bonded on 256 teeth using the self-cure 

adhesive failed, the remaining 236(92.2%) did 

not fail as shown in table 2. Therefore, a total of 

43(8.4%) brackets (of the 512 bonded) failed.  

Test of association between bond failure and 

type of orthodontic adhesive used, showed that 

there was no significant association (X
 2
= 0.240, 

p-value=0.624). That is, failure rate had no 

significant association with the type of 

orthodontic adhesive used. 

Regarding the influence of age with the use of 

the light-cure, participants aged 23 - 27 years 

had the highest mean percentage failure 

(12.5%), while those aged 18 - 22 years had the 

least mean percentage failure rate (3.1%). A 

comparison of the mean percentage failure rate 

showed no significant difference across the 

various age categories (p=0.708). With the self-

cure adhesive, participants aged 18-22 years had 

the highest mean percentage failure rate 

(12.5%). While both 23-27 years and 28-32 

years age ranges had no (0.0%) percentage 

failure. The comparison showed that age ranges 

had no significant differences on their mean 

percentage failure (p=0.616) as shown in table 

3. 

Table3. Comparison of Failure Rates among the Age group using ANOVA 

Adhesive Type Age group (Years) Mean Percentage   Failure rate (%) p-value 

Light-cure 

13-17 10.0 

0.708 

18-22 3.1 

23-27 12.5 

28-32 6.3 

33-37 10.8 

Self-cure 

13-17 7.5 

0.616 

18-22 12.5 

23-27 0.0 

28-32 0.0 

33-37 11.7 

Teeth bonded with light-cure had more 

percentage failure rate among the males (9.1%) 

as against their female counterparts who had an 

average percentage failure rate of 8.8%. A 

further comparison among the males and 

females showed no significant difference in the 

mean percentage failure rates (p=0.918). With 

the self-cure adhesive, a similar pattern was 

observed. The male participants had a higher 

average percentage failure of 8.6%, whereas the 

females had 6.3% as their average failure rates. 

The comparison between genders showed that 

there is no significant difference in the mean 

percentage failure rates (p=0.572). (Table 4) 

It is seen in table 5 that the light-cure adhesive, 

age was not found to be a significant 

determinant of bracket percentage failure 

(P=0.794). Also, sex was not found to be a 

significant predictor of the bracket percentage 

failure (P=0.941). The test of both age and sex 

together as possible determinant of bracket 

percentage failure was not also significant 

(P=0.961) with an adjusted R
2
 value of 0.071.  
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Table4.  Comparison of Bracket Failure Rates between Males and Females using t-test 

Variables Sex Mean Bracket failure rate (%) p- value 

Light-cure 
Male 9.1                      0.918 

Female 8.8 

Self-cure 
Male 8.6  

0.572 Female 6.3 

Table5. Multiple Linear Regression Analysis of the Influence of Age and Sex on Bracket Failure Rate of the 

Light-cure Adhesive 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

   T– Values p-value  95% Confidence Interval 

B Std. Error Beta Lower Upper 

Constant 10.032 5.726  1.752 0.091 -0.305 23.215 

Age -0.064 0.245 -0.051 -0.263 0.794 -0.510 0.246 

Sex   0.275 3.709 0.014 0.074 0.941 -7.373 7.430 

Adjusted R
2
= 0.071; p= 0.961 

The relationship between the age and sex and 

failure rate among patients who received the 

self-cure adhesive. Both age and sex did not 

significantly predict (p=0.855) the bracket 

percentage failure with adjusted R
2
=0.062. 

(Table 6) 

Table6. Multiple Linear Regression Analysis of the Influence of Age and Sex on Bracket Failure Rate of self-

cure adhesive 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

T value p-value  95% Confidence Interval 

B Std. Error Beta Lower Upper 

Constant 6.206 6.566  0.945 0.353 -7.101 20.500 

Age 0.002 0.281 0.002 0.008 0.994 -0.589 0.532 

Sex 2.378 4.253 0.108 0.559 0.581 -6.932 10.128 

Adjusted R
2
= 0.062; p=0.855 

4. DISCUSSION  

In the present study, the bracket failure rate for 

the light-cure adhesive was more than that for 

the self-cure adhesive, but the difference was 

not significant. Age and Sex were also not found 

to be significant predictors of bracket failure 

rate. The bracket failure rate for the light-cure 

adhesive in this study was 9.0% which is similar 

to that reported by Galindo et al
21 

in which the 

failure rate was 11.3% after a study duration of 

eleven months. Le et al
22 

had also reported a 

value of 11.3%. Conversely, O’Brien et al
23 

and 

Millet et al
24

 reported a relatively much lower 

bracket failure rate. Following a study duration 

that lasted through the entire treatment time, 

O’Brien et al
23 

reported a failure rate of 3.9% 

while Millet et al
24 

reported a failure rate of 6% 

over a 48-month study period. The lower value 

reported in the previous studies
23,24 

maybe as a 

result of dietary differences which have also 

been reported to affect bond failure rate.
1
 The 

harder the diet, the greater the tendency for 

failure to occur.
1
 

With the self-cure adhesive used in the present 

study, the bracket failure rate was 7.8%, which 

is similar to the finding by O’Brien et al
23

 in 

which the bracket failure rate for the self-cure 

adhesive was 7.5%. However, in a Nigeria 

based study
25

 which used similar adhesive to the 

present study, Moninuola et al
25

 reported a 

higher failure rate of 24.1%. This higher value 

of the self-cure adhesive may be attributed to 

the longer study duration of 24 months as 

against 6 months in the present study.  In the 

present study, when the bracket failure rates of 

the light and the self-cure adhesive systems in 

the clinic were compared within the study 

duration of 6 months, greater bracket failure rate 

was recorded for the light-cure than for the self-

cure adhesives. This higher failure rate for the 

light-cure adhesive has been reported in a 

previous study by Trimpeneers et al
18

 who 

reported a significantly higher failure rate for 

light-cure (24.3%), being twice that for self-cure 

(12.4%). However, the higher bracket failure 

rate recorded for the light-cure adhesive in the 

present study was not statistically significant. 
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Incomplete polymerization has been suggested 

as a possible reason for this higher bracket 

failure rate with the light-cure adhesives.
26,27

 On 

the other hand, other studies reported higher 

failure rates for self-cure adhesives.
2,21,23

. 

Galindo et al
21

 reported a 12% bracket failure 

rate for the self-cure and 11.3% for the light-

cure. Likewise, in a separate study by O’Brien 

et al
23

, a failure rate of 7.5% and 5.5% was 

reported for self-cure and light-cure, 

respectively. However, Sonis et al
14

 and Artun 

et al
28

, reported no significant difference in 

bracket failure rate between the light and the 

self-cure adhesives. This is in agreement with 

the findings in the present study which showed 

that despite the higher failure rate of the light-

cure adhesive over the self-cure, the difference 

was not significant.  

Following the reported presence of confounding 

factors, the effects of age and sex on the failure 

rates of the light-cure and self-cure adhesives 

were also investigated in the clinic study.
25,29,30

 

Investigation of the relationship between age 

and bracket failure rate of either the light-cure 

adhesive or the self-cure adhesive, showed no 

significant relationship. One study
24

 had 

reported similar finding, though the same group 

of researchers had in an earlier study
31

 reported 

lower brackets failure rates in adults than in 

younger patients. Other studies have also 

reported a higher failure rate in the younger age 

group than in the adults.
25,29,30,32 

This has been 

attributed to increased self‑consciousness and 

self‑motivation in adults while undergoing 

orthodontic treatment when compared to 

adolescents.
29,32 

However, the finding of a more 

recent study
31

 agrees with the finding in the 

present study, that age does not necessarily 

dictate bracket failure rate.  

In the present study, sex did not significantly 

affect the bracket failure rates, however males 

had greater failure rate than the females. This 

finding agrees with that of previous studies 

carried out in Nigeria
25,30,34 

which reported that 

males have a higher failure rate of brackets. A 

Nigerian based study by Moninuola et al
25

 

reported the bracket failure rate in males as 

26.2% and in females 23.4%. Aikins and Ututu
30

 

in a later study carried out at a tertiary health 

facility, reported a bracket failure rate of 81.2% 

for males and 69.2% for females. A similar 

finding has also been reported in a previous 

study in Europe,
35 

with males having 2.4 times 

greater chance of bracket failure than females. 

The reasons for the greater bracket failure rate 

in males may be as a result of a greater care for 

oral hygiene exhibited by the females, including 

the fact that females tend to apply lighter 

masticatory forces than males
30,36,37

. Other 

possible explanations are that males engage 

more in contact sports which can predispose to 

traumatic bracket failure.
36

 Males are also said 

to practice bad eating habits than females since 

they eat more of junk food, which may contain 

hard food particles that may break off 

brackets.
36 

Notwithstanding the above reported findings, 

contradictory results have been reported in 

which females were reported as having greater 

bracket failures.
29,32,36 

Though higher failure rate 

was noted for males in this study, sex was not a 

significant predictor of bracket failure rates of 

light-cure adhesives nor is it for the self-cure 

adhesive. This is similar to the report from 

several studies
16,33,38,39,40,41,42

 which showed that 

sex was not a significant predictor of bracket 

failure rates. Umeh et al in their study
41

 carried 

out in Lagos, Nigeria reported no significant 

effect of gender, time, or side of the arch on the 

prevalence of first molar buccal tube failure.
 

5. CONCLUSION 

The bracket failure rate of the light-cure 

adhesive was higher than that of the self-cure 

adhesive. Age had no significant influence on 

the bracket failure rates of orthodontic brackets 

bonded with either the light-cure or the self-cure 

adhesive. Sex had no significant influence on 

the bracket failure rates of orthodontic brackets 

bonded with either the light-cure or the self-cure 

adhesive. 

LIMITATION 

The study only assessed failure rate within the 6 

months’ study period. Changes beyond this 

period which may be different from the reported 

findings are possible. 
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