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Abstract 
Objective: The study compared 2 Light Emitting Diode 

(LED) curing units with a universal testing machine for 

checking the shear bond strength and also evaluated 

adhesive remnant index (ARI). 

Methods: This in vitro study was carried out on sound 

120 human extracted premolars. All the teeth were 

bonded with adhesive precoated metal brackets. The 

brackets were instantly set in place and confidently 

pressed against the tooth surfaces and polymerization 

of brackets was done with LED curing units [VALO and 

ELIPAR]. Both groups were further divided according 

to different debond times. SBS values in all the cases 

were measured at a crosshead speed of 1 mm/min and 

a 50-kg load cell. Significance for all statistical tests 

was pre-determined at p < .05. 

Results: In-vitro bond strengths for the LED curing 

units (Elipar and VALO) were 8.84±3.141 MPa and 

9.87±5.591 MPa, respectively. Moreover, the shear 

bond strength was improving with time from 12 hours 

to 7 days in both the units. An equivalent distribution 

of the ARI (Adhesive Remnant Index) scores of 0, 1, and 

3 was noticed for all debond times but an ARI score of 

2 was not observed in this group. However, in LED unit 

(VALO) all the ARI scores (0, 1, 2, 3) were observed at 

different deboning times. 

Conclusions: The results revealed that the shear bond 

strength (MPa) improved with time from 12 hours to 7 

days in both the curing units. 
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Introduction 
Curing devices have been developing in line with up-coming 

innovations in the dental field.1,2 Dentistry has experienced 

a terrific progression, beginning from the technique of 

enamel acid etching since 1955. Similarly, the direct 

bonding of brackets on the teeth revolutionized the branch 

of Orthodontics.3  

 

The primary used light source for curing the composite 

resins used halogen bulbs. Their spectrum of radiation is 

continuous over the visible range. The halogen curing lights 

have several limitations as only 1% of its total energy input 

is converted into light and rest is generated as heat. This heat 

can lead to discoloration of the reflectors.4,5  

Even though conventional halogen lights have been used for 

decades still their curing time was inconvenience to 

clinicians.6 Therefore, Light-cured materials were developed 

for bonding the brackets in clinical orthodontic practice 

based on numerous advantages, including less working 

period and effortless removal of excess material.7 Also, 

according to intensity of conventional halogen lamps (300 to 

400 mW), LEDs emit energy at levels up to the intensity of 

1600 mW, and plasma arc lamps up to 2000 mW.8,9 

 

LEDs have a probable lifetime above 10,000 hours and 

vibration with extremely little failure percentage. LED 

curing units have also shown advanced mean scores of shear 

bond strengths (SBS) when the cure time was raised from 10 

seconds to 40 seconds.10,11,12 

 

In recent times, fresh LED curing light units (VALO Ortho; 

Ultradent Products, South Jordan, Utah) and (Elipar S10; 3M 

Unitek, Monrovia, Calif), hve been commercially available 

for bonding the brackets.12 As it has a high-intensity light 

waves, so it might cure the adhesive materials within 3 

seconds. Very few data are published in relation to this 

curing technique. Therefore, in this invitro study 2 LED 

curing units were examined and compared with a universal 

testing machine for checking shear bond strength and also 

evaluated adhesive remnant index (ARI) at with different 

emission intensities and at different curing times using a 

universal testing machine. 

 

Methods 
This in vitro study was conducted on 120 human premolar 

teeth without dental caries or filling that had been extracted 

for therapeutic purpose in patients undergoing orthodontic 

therapy. After extraction, the teeth were cleaned to remove 

blood, periodontal soft tissue, calculus and debris and were 

gently stored in distilled water containing crystal of thymol 

in closed container at room temperature until preparation and 

testing. 

 

Instantly before the bonding procedures, polishing on the 

buccal surfaces was done with a rubber cup and polishing 

paste for 30 seconds and air-dried. Enamel of buccal surfaces 

were etched with a 35% phosphoricacid gel 30 seconds. 

After this process, all the teeth were washed with water spray 

and air dried with compressed air for 5 seconds. 

 

All the 120 extracted premolars were bonded with adhesive 

precoated metal brackets (3M Unitek). Each bracket was 

removed from its individual blister pack immediately before 

placement. The application of bracket was in a consistent 
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layer of adhesive primer (Transbond XT Primer) on the 

enamel of buccal surface, and the resin cement (Transbond 

XT Light Cure Orthodontic Adhesive) on the base of the 

brackets. The brackets were right away set in place and 

confidently pressed against the buccal tooth surfaces. After 

placement, excess adhesive flash was removed and 

polymerization for all the brackets was done with LED 

curing units [VALO (for 3 seconds) and ELIPAR (for 10 

seconds)].  

 

The Light intensity of both the curiing systems was 

measured using a radiometer (Curing Radiometer Model 100 

Demetron Research Corp., Danbury, CT, USA) before 

bonding. Both the study groups were subdivided into 3 

groups (n = 20) according to the debond times: after 12 hours 

(a), 24 hours (b) and 7 days (c). 

 

SBS values were noted at a crosshead speed of 1 mm per min 

and with a 50-kg load cell. The force was directly recorded 

in N (Newtons) and converted into MPa (megapascal). 

 

The enamel surfaces were examined with a 

stereomicroscope (Stemi 2000-C; Carl Zeiss, Go¨ ttingen, 

Germany) at a magnification of 10 to determine the amount 

of composite resin remaining according to the adhesive 

remnant index (ARI). ARI ranged from 0 to 3, following the 

scores defined as:  

 

0 = no adhesive left on the tooth surface; 

1 = less than half of the adhesive left on the tooth surface; 

2 = more than half of the adhesive left on the tooth surface; 

3 = adhesive totally left on the tooth surface with a distinct 

impression of the bracket mesh.13  

Descriptive statistics, with the mean and standard deviation, 

were calculated for each of the study groups tested. Tukey’s 

test was used to categorize the groups in a uniform division, 

and the ARI scores were compared by means of the Chi-

square test. Significance for all statistical tests was pre-

determined at p < .05. 

 

Results 
In-vitro bond strengths for the LED curing units (Elipar and 

VALO) were 8.84±3.141 MPa and 9.87±5.591 MPa, 

respectively. The results were significant in case of Elipar 

unit but not in VALO. Moreover, the shear bond strength 

was improving with time from 12 hours to 7 days in both the 

units as mentioned in table 1 and 2. 

 

The study also performed Tukey’s Test for getting the mean 

difference of units at different time intervals. Elipar curing 

unit showed significant difference between 12 hours and 7 

days only (p=0.006) as shown in table 2. However, there was 

absence of significant differences in the values of VALO at 

different time intervals (Table 3). 

 

The results of Table 4 declare that there was no significant 

difference in both the LED units as analyzed by Chi square 

test. In LED unit (Elipar), an equivalent distribution of the 

ARI (Adhesive Remnant Index) scores of 0, 1, and 3 was 

noticed for all debond times but an ARI score of 2 was not 

observed in this group. However, in LED unit (VALO) all 

the ARI scores (0, 1, 2, 3) were observed at different 

deboning times as illustrated in Table 4. 

 

 

 

Table 1 

Means and standard deviations of the shear bond strengths (MPa) 
 

LED unit (Elipar) No Mean SD F value Sig. 

12 hours 60 8.20 1.603  

5.761 

 

.004 24 hours 60 8.40 1.429 

7 days 60 9.93 4.846 

Total 180 8.84 3.141   

LED unit (VALO) No Mean SD F value Sig. 

12 hours 60 9.17 3.928  

.715 

 

.490 24 hours 60 10.20 6.025 

7 days 60 10.25 6.508 

Total 180 9.87 5.591   
 

Table 2 

Statistical comparison between the LED unit (Elipar S10; 3M Unitek, Monrovia, Calif) by means of the Tukey’s Test 
 

(I) LED unit 

(Elipar) 

(J) LED unit 

(Elipar) 

Mean Difference 

(I-J) 

Sig. 

12 hours 24 hours -.200 .932 

 7 days -1.733(*) .006 

24 hours 12 hours .200 .932 

 7 days -1.533(*) .018 

7 days 12 hours 1.733(*) .006 

 24 hours 1.533(*) .018 

                                       *The mean difference is significant at the .05 level. 
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Table 3 

Statistical comparison between the LED unit (VALO Ortho; Ultradent Products, South Jordan, Utah)  

by means of the Tukey’s Test 
 

(I) LED unit 

(VALO) 

(J) LED unit 

(VALO) 

Mean Difference 

(I-J) 

Sig. 

12 hours 24 hours -1.033 .571 

 7 days -1.083 .540 

24 hours 12 hours 1.033 .571 

 7 days -.050 .999 

7 days 12 hours 1.083 .540 

 24 hours .050 .999 

                                      *The mean difference is significant at the .05 level. 
 

Table 4 

ARI (Adhesive Remnant Index) for the two different LED Groups 
 

LED unit (Elipar) 0 1 2 3 Sig. 

12 hours 8 5 0 4  

NS 24 hours 6 5 0 2 

7 days 5 4 0 2 

LED unit (VALO) 0 1 2 3 Sig. 

12 hours 3 6 3 2  

NS 24 hours 1 5 1 2 

7 days 0 5 0 4 

 

Discussion 
During functional movements, orthodontic brackets are 

usually subjected to shear, tensile forces, and/or sometime 

combination of all these factors. The adequate bond 

strengths to enamel surface for metal orthodontic brackets 

ought to be ranged between 8 and 9 shear bond strengths 

(MPa), as these values are sufficient to resist standard 

orthodontic forces.12 Hence, many researches have been 

accomplished to assess the correlation between adhesive 

bond strength and post-bonding time.  

 

In the current study, the mean value shear bond strengths 

(MPa) for LED unit (Elipar) and LED unit (VALO) was 

8.84±3.141 MPa and 9.87±5.591 MPa, respectively and the 

figures were comparable with the previous studies.14  

 

The values were almost increasing with the increase in 

debonding times (from 12 hours to 7 days) and the maximum 

MPa was noticed at the debond time of 7 days for LED unit 

(Elipar) and LED unit (VALO) as 9.93±4.846 and 

10.25±6.508 respectively. Similarly, Turka et al found that 

the mean shear bond strength at 24 hours (17.61 MPa) was 

superior and the mean SBSs at 5 mins (8.38 MPa) and at 15 

mins (9.91 MPa). [15] Hajrassie, Khier also reported that SBS 

scores with orthodontic adhesives to metallic brackets 

enhance with the debonding time for both studies (in vivo 

and in vitro). The authors also stated that in vitro results are 

comparatively 40% superior than the results seen in vivo 

studies.16 

 

Previous studies also found significant differences among 

lights and curing times when comparing LED units with 

halogen based devices.17,18 I a study by Usümez et al 

suggested that 20 seconds of LED exposure might generate 

shear bond strengths comparable to those obtained with 

halogen-based units for 40 seconds17, however Swanson et 

al, found higher bond strengths were obtained with longer 

curing times. Although they found adequate bond strengths 

with even a 10- second cure, yet they recommended longer 

periods of polymerization.19 

 

In the present study, no significant difference was seen in 

both the LED units for ARI (Adhesive Remnant Index) 

values. The study also showed that LED unit (Elipar), had 

an equivalent distribution of the ARI scores of 0, 1, and 3 for 

all debond times but an ARI score of 2 was not seen in this 

group. Whereas in LED unit (VALO) all the ARI scores (0, 

1, 2, 3) were observed at different deboning times. 

 

Retamoso et al observed a similar distribution of the ARI 

scores of 1, 2, and 3 was in the control group during the first 

30 minutes. It was also noticed that with saliva 

contamination, an elevated frequency of ARI scores of 1. 

This indicates a sign of bond failure at the enamel & 

adhesive interface.3 Similarly other studies also found that 

the ARI frequencies did not disclose significant differences 

between the study groups.12,20,21  

 

Gomes et al found that shorter light exposure time was 

associated with reduced adhesive scores.22 Abdullah et al 

also mentioned that ARI scores of in-vitro study, noticed 

most of the adhesive stayed on the bracket after debonding, 

demonstrating that strength of the bond at the enamel & 

composite interface was lesser than the bond at the bracket 

and composite interface.23  
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Conclusion 
This in-vitro study, shear bond strengths (MPa) showed that 

both the protocols were sufficient for clinical usage. 

Furthermore, the shear bond strength was improving with 

time from 12 hours to 7 days in both the LED units. 
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