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In-vitro bond strengths and clinical failure
rates of metal brackets bonded with different
light-emitting diode units and curing times
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Introduction: The purpose of this study was to compare the clinical failure rates and the in-vitro bond strengths
of metal brackets bonded with different light-emitting diode (LED) devices and curing times.Methods: Forty pa-
tients were included in the clinical part of this study. A split-mouth design was used, with the adhesive in group 1
cured for 10 seconds with an LED unit (Elipar S10; 3M Unitek, Monrovia, Calif), and the adhesive in group 2
cured for 3 seconds with another LED unit (VALO Ortho; Ultradent Products, South Jordan, Utah). Bond
failures during 12 months of orthodontic treatment were recorded. In-vitro performance of the brackets was
also compared by bonding brackets to extracted premolars and using the same light units and curing times
(n 5 20 for each group). The adhesive remnant index was used to determine the bond failure interface.
Results: Clinical bond failure rates were 2.90% for the Elipar and 3.16% for the VALO curing units. The differ-
ence in bracket failure rates between the 2 LED devices was not statistically significant. No statistically signifi-
cant difference was found between the in-vitro bond strengths of the groups. Conclusions: Our findings
regarding long-term clinical survival rates and in-vitro bond strengths indicate that bracket bonding can be
safely accomplished in 10 seconds of light-curing with an Elipar LED and 3 seconds of light-curing with a
VALO LED. (Am J Orthod Dentofacial Orthop 2016;149:212-6)
Light-cured materials developed for bracket
bonding have come into widespread use in clinical
orthodontic practice based on several advantages,

including better bracket positioning, shorter working
time, and easy removal of excess material.1,2 Curing
devices have developed in line with emerging
technologies in dentistry. Although conventional
halogen lights have for decades been the main devices
used in light-curing, their curing times of 20 to 40 sec-
onds per bracket are an inconvenience for clinicians.3-5

Alternatives to halogen lights include plasma arc and
light-emitting diodes (LEDs). Compared with the 300
to 400 mW intensity of conventional halogen lamps,
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most LEDs emit energy at levels up to 1600 mW, and
plasma arc lamps up to 2000 mW.6

Various studies have compared halogen lights, LED
devices, and plasma arc lamps in terms of clinical bond
failures of orthodontic brackets. Sfondrini et al2 evalu-
ated bond failures of metal brackets cured with conven-
tional halogen and plasma arc light-curing units and
found no significant difference in the failure rates be-
tween the 2 units. Similarly, Krishnaswamy and Sunitha7

assessed the clinical performance of conventional
halogen units and LEDs during 15 months and found
no statistically significant difference in bond failure rates
and mean survival times. Furthermore, Pandis et al8

compared the long-term failure rates of brackets bonded
with high-intensity LED and plasma arc curing units and
found that LED lights had higher bond failure rates than
plasma lamps. An in-vitro study comparing the shear
bond strength values of brackets cured with halogen,
plasma arc, and LED light sources found no differences
between any of the light sources.9 Although there is
no clear evidence to suggest any significant differences
in the bracket failure risk between the 3 curing light sys-
tems, most studies have emphasized that plasma arcs
and LEDs significantly reduce the curing time of ortho-
dontic brackets,7,10 with plasma arcs requiring only
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Table I. Specifications of the LED light-curing units

Light intensity (mW/cm2) Wavelength (nm)
Elipar S10 1600 430-480
VALO Ortho 3200 395-480
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6 seconds11 and LED units 10 seconds for bracket
bonding.7,12,13

Recently, a new LED curing light unit (VALO Ortho;
Ultradent Products, South Jordan, Utah) has become
commercially available for orthodontic bonding. This
product has 3 curing modes including an extra power
mode with 3200 mW per square centimeter of light in-
tensity. Because of its high-intensity light waves, it is
claimed to cure adhesive materials in 3 seconds.
Currently, no studies have evaluated the performance
of this LED curing unit.

Long-term clinical studies could provide more rele-
vant data on actual clinical bond failures than in-vitro
studies, which might not be a proper guide for clinical
practice. Therefore, in this study, we aimed to investigate
and compare clinical bond-failure rates of brackets
bonded with 2 LED curing units with different emission
intensities and curing times. We also evaluated the in-
vitro bond strengths of the same curing protocols using
a universal testing machine.
MATERIAL AND METHODS

This study was approved by the regional ethics com-
mittee (ethics number B.30.2.ODM.0.20.08/1129) of
Ondokuz Mayıs University, Samsun, Turkey. Our sub-
jects were 40 patients with a mean age of 14.3 years
(13 boys, 27 girls). They were selected according to the
following criteria: (1) permanent dentition with fully
erupted teeth; (2) no morphologic crown anomalies;
and (3) no restorations that might affect bracket
bonding on buccal enamel surfaces.

All teeth were cleaned and polished with pumice
before bonding. A total of 759 metal brackets (Gemini;
3M Unitek, Monrovia, Calif) were included in the assess-
ment of bond failures during orthodontic treatment. All
brackets were bonded using Transbond XT adhesive
resin (3M Unitek) according to the manufacturer's in-
structions. A split-mouth design was used, and the pa-
tient's oral cavity was divided into 4 quadrants. In 20
randomly selected patients, the maxillary left and
mandibular right quadrants of the dental arches were
cured using an Elipar S10 LED light-curing unit (3M
Unitek) for 10 seconds, and on the other side the teeth
were cured with a VALO Ortho LED light-curing unit
for 3 seconds. Each of the 5 teeth was exposed for 3 sec-
onds followed by a 2-second rest. The quadrants were
inverted when the other 20 patients' brackets were
cured. The sides cured with the Elipar and VALO units
were alternated with each consecutive patient to elimi-
nate any bias that might have been introduced because
the clinician (A.Z.O.) was right handed. The specifica-
tions of the LED light-curing units are given in Table I.
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The patients were recalled every 4 weeks for ortho-
dontic treatment. First-time bracket failures were re-
corded, and broken brackets were replaced at the first
appointment after the bond failure. New brackets replac-
ing failed brackets were not included in the clinical study.

Bond strengths of the different LED devices were also
investigated in vitro using 40 extracted premolars
collected from patients who had undergone extraction
therapy. The sample size was determined using the data
from Dall’Igna et al.14 A sample size of 20 teeth per group
would give more than 99% power to detect significance
differences at the 0.05 level. The teeth were stored in
distilled water until use. Extracted teeth were embedded
in casts, with the buccal surfaces exposed and aligned
with the horizontal plane. Enamel surfaces were acid-
etched with 37% phosphoric acid for 30 seconds, rinsed,
and dried. Gemini metal brackets were bonded to the
teeth with Transbond XT adhesive resin according to
the manufacturer's instructions. The samples were
randomly divided into 2 groups, and those in group 1
were cured with the Elipar curing unit for 10 seconds,
and those in group 2 were cured with the VALO curing
unit for 3 seconds. The samples were stored in distilled
water at 37�C for 24 hours before the debonding tests.
Bond strength was tested using a testing machine (LRX;
Lloyd Instruments, Fareham, Hampshire, United
Kingdom) set at a crosshead speed of 1 mm per minute.

The samples were scored using the 4-step adhesive
remnant index (ARI) according to the method of �Artun
and Bergland,15 as follows: 0, all adhesive on the bracket
base; 1, more than half of the adhesive on the bracket
base; 2, less than half of the adhesive on the bracket
base; and 3, no adhesive on the bracket base.

Statistical analysis was performed using SPSS for
Windows (version 15.0; SPSS, Chicago, Ill). Bracket sur-
vival rates were evaluated with the Kaplan-Meier test.
Differences in bracket survival curves by LED device,
tooth type, dental arch, and patients' sex were evaluated
with the log-rank test. In-vitro bond strength was eval-
uated using paired samples t tests. In-vitro ARI scores
were assessed using the chi-square test. The level of sig-
nificance was set at P\0.05.

RESULTS

Table II shows the sample characteristics and distri-
butions of bracket types, curing units, and sexes. Of a
ics February 2016 � Vol 149 � Issue 2



Table II. Identification of the samples

Number Percentage
Patients 40
Female 27 32.5
Male 13 67.5

Brackets 759
Bonded with VALO 380 50.1
Bonded with Elipar 379 49.9
Maxillary brackets 375 49.4
Mandibular brackets 384 50.6
Maxillary incisors 159 28.4
Mandibular incisors 158 20.8
Maxillary canines 80 10.5
Mandibular canines 80 10.5
Maxillary premolar 136 17.9
Mandibular premolar 146 19.2

Table III. Distribution of bracket failure rates

Number Bracket failures (n) Rate (%) Log-rank
LED type NS
VALO (3 s) 380 12 3.16
Elipar (10 s) 379 11 2.90

Dental arch NS
Maxillary 375 10 2.66
Mandibular 384 13 3.38

Bracket type 0.001
Incisor 317 3 0.95
Canine 160 3 1.88
Premolar 282 17 6.03

Sex NS
Male 253 10 3.95
Female 506 13 2.57

NS, Not significant.
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total of 759 brackets, 23 bond failures occurred over the
12-month evaluation period. Bond failure rates for the
Elipar and VALO curing units were 2.90% and 3.16%,
respectively. The difference in bracket failure rates be-
tween the 2 LED devices was not statistically significant.
No significant difference was observed between the
dental arches and sex in the bracket failure rates. Bond
failure rates were higher for premolars (6.03%) than
for incisors (0.95%) and canines (1.88%) (Table III).
The effects of curing unit, sex, dental arch, and tooth
type on bracket survival rates are shown in the Figure.

In-vitro bond strengths for the Elipar and VALO
curing units were 9.80 6 4.27 MPa and
11.43 6 3.56 MPa, respectively. This difference was
not statistically significant (P.0.05). Moreover, no sig-
nificant differences were observed in the ARI scores be-
tween the groups (Table IV).

DISCUSSION

The clinical portion of this prospective study was
conducted using a split-mouth design to remove in-
tersubject variability. Previous studies have also used
a split-mouth design to investigate bracket fail-
ures.16-18 All brackets were bonded by the same
orthodontist (A.Z.O.) to eliminate interexaminer
variability.

Adhesive polymerization levels are affected by light
intensity. Rueggeberg et al19 suggested irradiance of at
least 400 mW per square centimeter for 60 seconds for
curing a 1-mm composite sample, whereas another
study demonstrated that light intensity of 300 to
400 mW per square centimeter could provide an
adequate cure of the adhesive.20 This study was con-
ducted with an Elipar LED curing-unit with an 8-mm
light guide, a light intensity of 1600 mW per square
centimeter, and an exposure time of 10 seconds, and a
February 2016 � Vol 149 � Issue 2 American
VALO LED curing unit in extra power quadrant mode
with a light intensity of 3200 mW per square centimeter
and an exposure time of 3 seconds. It was possible to
achieve sufficient polymerization using shorter curing
times because of the increased light intensity of the de-
vices. The Elipar and VALO curing units operate at wave-
lengths ranging from 430 to 480 nm and 395 to 480 nm,
respectively. The high-intensity light produced by both
units can provide deep curing of all light-cured dental
materials. Fujibayashi et al21 found that an LED device
with a 470-nm wavelength produced a deeper cure
than a halogen light at curing times between 10 and
60 seconds.

Various studies in the orthodontic literature have re-
ported on efforts to reduce chair time during bracket
bonding.7,22,23 Manzo et al22 reported that the use of
a plasma-arc curing unit rather than a conventional
curing unit could save chair time without affecting
bracket failure rates. Krishnaswamy and Sunitha7

compared the clinical performance of brackets cured
with conventional halogen for 40 seconds and LED light
for 10 seconds and reported the LED to be an acceptable
alternative to conventional halogen light-curing. Mira-
bella et al12 also compared LED and conventional
halogen lights and reported similar results. Most of these
previous studies used a 10-second exposure for bracket
bonding with LED, which, when compared with the 30 to
40 seconds required for curing with a conventional
halogen unit, would amount to a difference of 400 to
600 seconds for full-mouth bonding. We compared
the bonding performance of LED units with curing times
of 10 and 3 seconds and found no significant difference
between the 2 devices in terms of either bracket failure
rate or in-vitro bond strength.

In addition to evaluating LED units, we also assessed
the effects of patient sex, bracket location, and tooth
Journal of Orthodontics and Dentofacial Orthopedics



Fig. Bracket survival during the 12-month period of orthodontic treatment: A, dental arches; B, curing
units; C, sexes; and D, tooth types.
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type on bracket failures. Of these factors, only tooth type
had a significant effect on the bracket failure rate, with
the highest failure rate found in premolars (6.03%). Pre-
vious studies have also found bracket failures to occur
more frequently on posterior teeth than anterior
teeth.4,17 According to Knoll et al,24 the risk of moisture
contamination is higher for premolars than for anterior
teeth, whereas Sunna and Rock4 concluded that the
comparatively high failure rate of posterior brackets is
due to the higher occlusal forces generated by mastica-
tion on posterior teeth when compared with anterior
teeth.

The clinical failure rates of 2.90% and 3.16% for
the Elipar and VALO, respectively, over the 12-
month observation period support the in-vitro find-
ings of no significant difference in bond strength
American Journal of Orthodontics and Dentofacial Orthoped
between the Elipar (9.80 MPa) and the VALO
(11.43 MPa) groups. Reynolds25 suggested that bond
strengths exceeding 6 to 8 MPa are clinically accept-
able; accordingly, the in-vitro bond strengths of
both groups in this study are adequate for clinical
conditions.

ARI scores of the in-vitro part of our study showed
that most of the adhesive remained on the bracket bases
after debonding, indicating that the strength of the
bond at the enamel-composite interface was lower
than the bond at the bracket-composite interface. The
ARI scores did not vary significantly between groups.

CONCLUSIONS

No statistically significant differences in clinical
bracket failure rates were found between 3-second
ics February 2016 � Vol 149 � Issue 2



Table IV. Means and standard deviations of the shear
bond strengths and frequency distribution and results
of the chi-square analysis of the ARI in-vitro tests

Shear bond strength ARI score

n Mean SD P 0 1 2 3 P
VALO (3 s) 20 11.43 3.56 NS 6 9 3 2 NS
Elipar (10 s) 20 9.80 4.27 NS 10 7 2 1

x2 5 1.783; P 5 0.686.
NS, Not significant.
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light-curing with a VALO LED unit and 10-second light-
curing with an Elipar LED unit over a 12-month period.
In-vitro bond strengths indicated that both protocols
were adequate for clinical usage. Therefore, it can be
concluded that the use of high-light-intensity LED units
for bracket bonding can save chair time without
increasing failure rates.
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