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Abstract  

Background. Self-ligating brackets might be more efficient than conventional appliance systems during the initial alignment 

stage of orthodontic treatment due to reduced frictional resistance. This study aimed to compare the alignment efficiency and 

pain experience of Damon3 self-ligating and MBT pre-adjusted brackets in the initial alignment stage. 

Methods. In this randomized clinical trial, 30 patients aged 14‒20 years, who needed non-extraction treatment in both max-

illary and mandibular arches, were randomly assigned to two groups; 15 patients were treated with MBT pre-adjusted brackets, 

and 15 patients received Damon3 self-ligating brackets, both with 0.022-in slots. Alginate impressions were taken at the start 

of treatment (T0) and four monthly visits (T1, T2, T3, and T4). Little’s irregularity index (LII) was used to assess the tooth 

displacements. The patients rated their pain experience immediately after the insertion of the archwire, 4 hours, 24 hours, 3 

days, 7 days, and at each monthly visit using a visual analog scale (VAS). 

Results. The rate of upper dental alignment between T0 and T4 was significantly higher with the Damon3 compared to MBT 

brackets (P=0.015). Although significantly more changes in the lower LII scores were observed during the first three months 

with the Damon3 system, the rate of improvement in the irregularity of lower teeth over the 4-month period was not signifi-

cantly different between the two groups (P=0.50). The patients’ pain experience was not significantly different between the 

bracket groups (P=0.29).   

Conclusion. During the four-month alignment stage, significantly more improvement in the upper dental irregularity was 

observed with self-ligating compared to conventional brackets. The bracket type had no effect on pain experience during the 

alignment stage. 
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Introduction 

elf-ligating brackets (SLB) use an integrated sys-

tem to enclose the bracket slot, assuming that 

eliminating ligating modules would, in turn, diminish 

friction, thus reducing treatment time.1 

Self-ligating appliances have also been shown to 

provide a more reliable ligation, more efficient tooth 

movement, and better control of tooth rotation com-

pared to conventional brackets. The self-ligating 

brackets have also resulted in a 4-month reduction in 

treatment time and four fewer sessions during treat-

ment.2 

Numerous in vitro studies have demonstrated very 

low friction in self-ligating systems.3-5 In general, la-

boratory findings do not accurately simulate in vivo 

conditions.6 It has been shown that resistance to slid-

ing increased similarly in both self-ligating and con-

ventional appliances by changing bracket angulation.7 

Also, it seems that SLBs preserve anchorage better 

than CLBs (conventional-ligating brackets).8 SLB re-

quires less chair time and chair side assistance be-

cause it eliminates the need for any ligation. Vou-

douris et al9 showed a four-fold faster archwire re-

placement with the use of self-ligating appliances. 

It is well documented that one of the main side ef-

fects of fixed orthodontic treatment is pain or discom-

fort,10,11 which can dissuade the patient from treat-

ment,12 lower patient’s cooperation,13 and compro-

mise the results of orthodontic treatment.14 Different 

patient- and treatment-related factors can influence 

the experience of pain during orthodontic treatment. 

Patient-related factors, such as age, sex, and previous 

experiences of the patient, can affect pain sensation.15 

One of the main treatment-related factors, especially 

during the initial alignment phase of treatment, is the 

amplitude of the force that archwires apply to the den-

tition. The quantity of the applied force and the 

amount of tooth movement are directly related to the 

frictional resistance between the archwire and 

bracket. The degree of resistance is directly related to 

the physical characteristics of the archwire, bracket 

material, archwire dimensions, and the type of arch-

wire ligation.15,16 It has been shown that during align-

ing and sliding phases of treatment, SLB systems pro-

duce lower force levels, which, in turn, might reduce 

the pain and discomfort experienced by patients dur-

ing orthodontic treatment.15 

Heretofore, few clinical trials have compared the 

patient pain experience or the efficiency of alignment 

for self-ligating versus conventional appliances, and 

the results are controversial. This study aimed to com-

pare the Damon3 MX and MBT pre-adjusted bracket 

systems regarding the alignment efficiency and the 

pain and discomfort experienced by patients during 

the initial stages of orthodontic treatment. 

Methods 

Thirty subjects who met the inclusion criteria partici-

pated in this randomized clinical trial. The inclusion 

criteria consisted of females 14‒20 years of age, mild 

to moderate dental irregularity requiring non-extrac-

tion treatment, presence of all the permanent teeth at 

least up to the first molars, good oral hygiene, and per-

iodontal health. Patients were excluded if they re-

quired orthognathic surgery to correct skeletal dis-

crepancies, were taking medications, like NSAIDs or 

other anti-inflammatory drugs, had cleft lip or palate, 

hypodontia, or hyperdontia. Written consent forms 

were obtained after informing the patients and/or their 

parents of the interventions and the possible effects 

associated with them. Ethics approval for this clinical 

trial was obtained from the Ethics Committee under 

the code 1393.754. 

Simple randomization without any stratification 

was carried out using the Excel computer program 

with a 1:1 allocation ratio. The participants were re-

called from the waiting list, and each one was as-

signed a number. These assignments were hidden 

from the investigators using opaque letters until just 

before the placement of the appliance. 

Both patient groups were treated with one orthodon-

tist in a private office setting. In both groups, before 

bonding the brackets, the impressions for the maxil-

lary and mandibular dentitions were taken using algi-

nate impression material (T0). Self-ligating Damon 

3MX or conventional MBT pre-adjusted brackets 

(Ormco Corporation, Orange, California, USA; 

0.022-inch slot) were bonded on the teeth for the up-

per and lower arches at the same visit. An 0.014-inch 

round Cupper NiTi archwire (Ormco, California, 

USA) was first used for the alignment, followed by an 

0.016-inch Cu NiTi wire at the second visit in both 

groups. The conventional MBT brackets were fully li-

gated using elastomeric ligatures. 

No auxiliaries, such as lingual arches, bite plates or 

intermaxillary elastics, were used during the study pe-

riod. During four months of study, the patients were 

recalled at the end of each month, and impressions of 

both arches were taken using alginate impression ma-

terial (T1, T2, T3, and T4). 

Little’s irregularity index17 was used to assess the 

changes in dental alignment throughout the study. All 

the measurements were made on the study models 

taken at T0, T1, T2, T3, and T4 using an electronic 

digital caliper (Dentaurum, Inspringen, Germany) 

with an accuracy of 0.01 mm. Intra-examiner 
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reliability was assessed by randomly re-measuring 

five pairs of dental casts after four weeks by the same 

examiner. The intra-class correlation coefficient 

(ICC) was estimated at 0.92, indicating high intra-ex-

aminer reliability for the measurements. 

The patients were asked to record their pain expe-

rience immediately after wire insertion, at 4 hours, 24 

hours, 3 days, 7 days, and immediately after each 

monthly visit, using a 10-cm-long visual analog scale 

(VAS) in which the left end represented “no pain” at 

all and the right end signified the “worst pain imagi-

nable” (one pain score for both arches). The patients 

were advised not to use any pain killers. 

Statistical analysis 

Student’s t-test and repeated-measurements analysis, 

with the significance level of 0.05, were used to ana-

lyze the outcome measurements. SPSS 16.0 (IBM 

Corp., Armonk, New York, USA) was used to per-

form the analyses 

Results 

Thirty female patients with 15 patients in each group 

were included in this study. Table 1 presents the mean 

age and mean pretreatment LII (Little's irregularity in-

dex) scores of the upper and lower dental arches for 

both groups. Independent-samples t-test showed no 

significant differences between the conventional 

MBT and Damon3 MX bracket groups in terms of age 

(P=0.78) and pretreatment lower LII scores (P=0.68). 

The pretreatment irregularity in the upper arch was 

significantly different between the two groups 

(P=0.03; Table 1). 

A comparison of the difference in the upper LII 

scores at sequential time points between self-ligating 

and conventional appliances are presented in Table 2. 

There was a statistically significant difference in the 

rate of upper tooth movement at T0-T1 between con-

ventional MBT and Damon3 MX bracket types 

(P=0.02; Table 2). The rate of tooth movement during 

the 2nd, 3rd and 4th month of treatment was not sig-

nificantly different between the two groups (Table 2). 

Comparison of the difference in overall upper dental 

alignment between T0 and T4 showed significantly 

more changes with Damon3 MX brackets compared 

to conventional MBT system over the 4-month align-

ment stage (P=0.015; Table 3). 

Table 4 demonstrates the difference in the lower LII 

score changes during treatment between the two 

groups. The rate of tooth movement in the lower arch 

during the 1st, 2nd, and 3rd months of treatment was 

significantly different between the conventional MBT 

and Damon3 MX bracket types (Table 4). However, 

as shown in Table 5, the change in lower LII score 

between T0 and T4 (overall tooth alignment) was not 

significantly different between Damon3 MX and 

MBT bracket groups (P=0.50). 

Mean pain scores of patients in each group at nine 

time intervals during treatment are presented in Table 

6. The level of patients’ pain and discomfort 

Table 1. Comparison of age distribution and pretreatment Little' irregularity index (LII) between the Damon3 MX 

and conventional MBT bracket groups 

Bracket type Mean age (SD) Mean pretreatment upper LII score (SD) Mean pretreatment lower LII score (SD) 

MBT (n=15) 16.13 (1.25) 5.63 (1.45) 5.54 (2.41) 

Damon3 MX (n=15) 16.26 (1.39) 6.90 (1.66) 4.67 (2.06) 

Comparison between groups 
T= -0.27 
P=0.78 

T= -2.23 
P=0.03* 

T=1.06 
P=0.68 

   *P<0.05. 

 

Table 2. Comparison between the Damon3 MX and conventional MBT groups in the upper Little's irregularity in-

dex (LII) scores at the 4 treatment intervals: T0 = pretreatment and at the first (T1), second (T2), third (T3) and 

fourth (T4) month 

 Bracket type Mean upper LII scores (SD) 
Comparison between groups 

T statistics P-value 

T0-T1 difference 
MBT 2.01 (0.62) 

2.30 0.02* 
Damon3 MX 2.62 (0.83) 

T1-T2 difference 
MBT 1.36 (0.94) 

1.15 0.25 
Damon3 MX 1.71 (0.67) 

T2-T3 difference 
MBT 1.01 (0.62) 

0.24 0.81 
Damon3 MX 1.06 (0.64) 

T3-T4 difference 
MBT 0.57 (0.74) 

0.30 0.75 
Damon3 MX 0.64 (0.53) 

   *P<0.05. 
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significantly decreased during the sequential time in-

tervals of treatment in each group (P<0.001), but the 

bracket type had no influence on pain experience dur-

ing the alignment stage (P=0.29; Table 6). 

Discussion 

It has been assumed that very low frictional force with 

various designs of self-ligating brackets results in a 

faster alignment of the dentition and, in turn, lowers 

the overall treatment time.18 In particular, the Damon 

system has claimed that it presents advantages over 

conventional and other self-ligating systems for both 

the orthodontists and patients.19 The results of this ran-

domized clinical study showed that over a 4-month 

treatment period, alignment of the upper teeth was 

significantly faster with self-ligating Damon3 MX 

system compared to conventional MBT pre-adjusted 

brackets, which might be due to the significant differ-

ences between the groups. Compared to the assumed 

level of clinical significance in incisor irregularity (2 

mm), the observed difference in the upper mean T0-

T4 between the two groups is unlikely to be clinically 

significant. Although significantly lower LII score 

changes were observed during the first three months 

of alignment with Damon3 MX compared to conven-

tional MBT brackets, the rate of improvement in 

lower teeth irregularity over the 4-month period was 

not significantly different between the two bracket 

groups. This finding corroborates the results of a clin-

ical trial by Ribeiro et al.20 The authors found no sta-

tistically significant differences between self-ligating 

and conventional bracket systems in the correction of 

lower dental crowding during the initial alignment 

phase (after 180 days). On the other hand, after 600 

days of treatment, the difference in the correction of 

mandibular crowding between the conventional and 

self-ligating groups was statistically significant.20  

In an investigation with a split-mouth design by 

Miles et al,21 60 patients were enrolled to compare the 

efficacy of Damon2 brackets and conventional twin 

brackets during the initial alignment of mandibular 

teeth. At both 10 weeks and 20 weeks after the start 

of treatment, the conventional twin bracket system 

showed a lower irregularity index score than Damon2 

bracket by 0.2 mm, which was not clinically signifi-

cant. The authors concluded that there was no signifi-

cant difference between the conventional twin and the 

Damon2 bracket systems regarding alignment 

Table 5. Comparison of the difference in the lower LII scores between T0 (pretreatment) and T4 (after alignment) 

for MBT and Damon3 MX bracket systems 

Bracket type Mean T0 (SD) Mean T4 (SD) Mean T0-T4 (SD) 

MBT 5.54 (2.41) 0.82 (0.70) 4.27 (0.47) 

Damon3 MX 4.67 (2.06) 0.41 (0.44) 4.26 (1.95) 

Comparison between groups 
T=1.06 

P=0.29 

T=1.88 

P=0.06 

T=0.67 

P=0.50 

Table 3. Comparison of the difference in the upper LII scores between T0 (pretreatment) and T4 (after alignment) 

for MBT and Damon3 MX bracket systems 

Bracket type Mean T0 (SD) Mean T4 (SD) Mean T0-T4 (SD) 

MBT 5.63 (1.45) 0.68 (0.85) 4.95 (1.30) 
Damon3 MX 6.90 (1.66) 0.86 (1.18) 6.04 (0.99) 

Comparison between groups 
T=2.23 

P=0.034* 

T=0.47 

P=0.63 

T=2.58 

P=0.015* 

*P<0.05. 
 

Table 4. Comparison between the Damon3 MX and conventional MBT groups in the lower Little's irregularity in-

dex (LII) scores at the four treatment intervals: T0 = pretreatment and at the first (T1), second (T2), third (T3) and 

fourth (T4) months 

 Bracket type Mean lower LII scores (SD) 
Comparison between groups 

T statistics P-value 

T0-T1 difference 
MBT 1.55 (0.76) 

-2.86 0.009* 
Damon3 MX 2.66 (1.30) 

T1-T2 difference 
MBT 1.57 (0.73) 

2.69 0.012* 
Damon3 MX 0.87 (0.69) 

T2-T3 difference 
MBT 1.06 (0.81) 

2.89 0.008* 
Damon3 MX 0.36 (0.48) 

T3-T4 difference 
MBT 0.55 (0.45) 

1.38 0.177 
Damon3 MX 0.37 (0.22) 

  *P<0.05. 
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efficiency during the initial stages of orthodontic 

treatment.21 In another study by Miles et al with a sim-

ilar study design,22 the Smart clip self-ligating bracket 

was not more effective in reducing lower dental irreg-

ularity compared to a conventional twin bracket li-

gated with stainless steel ligatures or elastomeric 

modules during the initial stages of treatment. These 

findings are comparable to our results regarding the 

resolution of mandibular crowding. Likewise, in an 

investigation by Scott et al,23 no significant difference 

was noted in the initial rate of lower dental alignment 

for Damon3 self-ligating versus Synthesis conven-

tionally ligated brackets. 

Instead of comparing the improvements in LII dur-

ing a specific period, Pandis et al decided to calculate 

the time needed to correct the lower anterior teeth.24 

They investigated 54 subjects with mandibular irreg-

ularity index of >2, who needed non-extraction treat-

ment to compare the efficacy of Damon2 self-ligating 

brackets with Microarch conventional edgewise ap-

pliance. The authors concluded that, in general, there 

was no difference between Damon2 and conventional 

brackets regarding the time needed to correct mandib-

ular crowding during the initial alignment stage.24 

However, for moderate mandibular crowding (LII<5 

mm), 2.7 times faster correction was observed with 

the Damon2 bracket system. For greater crowding 

(LII>5 mm), the treatment time increased by an addi-

tional 20% for each irregularity index, regardless of 

bracket type.24  

In cases of severe dental crowding and rotations, a 

full closure of the sliding cap in self-ligating appli-

ances might not be possible because of excessive 

archwire bending. Failure of full archwire engage-

ment results in a lack of free sliding of archwire within 

the bracket slot, which might significantly lower the 

rate of tooth movement in severely crowded cases. 

Most previous clinical trials on the efficacy of self-

ligating brackets during the alignment stage only con-

sidered the lower dental irregularity, not the upper 

crowding. In the present study, we found a signifi-

cantly faster correction of upper dental irregularities 

with self-ligating Damon3 MX system compared to 

MBT pre-adjusted brackets over the 4-month align-

ment stage. The difference observed in the results of 

our study regarding the correction rate of mandibular 

and maxillary crowding might be related to the lower 

trabecular density of maxillary alveolar bone, which 

facilitates orthodontic tooth movement. 

Some previous works conducted by Eberting1 and 

Harradine et al8 showed significantly lower treatment 

and fewer treatment sessions using Damon brackets 

versus conventionally ligated edgewise brackets. 

However, because of the retrospective designs of 

these studies, there is some potential risk for bias. Fur-

thermore, it seems that any decrease in treatment time 

with SLBs might happen during the later stages of 

treatment, such as space closure in extraction cases, 

which does not happen during the initial alignment 

phase. The retrospective studies discussed earlier in-

cluded both extraction and non-extraction patients 

(40% extraction rate in the study by Harradine et al2) 

that reflects a more complex series of cases. In addi-

tion, the matching method of subjects in the study 

groups and the sequence of archwires used were not 

mentioned in those investigations. 

In the present study, the level of pain and discomfort 

experienced at different time intervals during the ini-

tial alignment stage was not significantly different be-

tween Damon3 MX and conventional MBT bracket 

Table 6. Mean pain scores of patients at different time intervals using VAS data in the two groups 

Time point Bracket type Mean pain scores (SD) 

After archwire insertion 
MBT 5.67 (1.29) 

Damon3 MX 7.27 (1.33) 

4 hours 
MBT 4.20 (1.37) 

Damon3 MX 4.33 (1.91) 

1 day 
MBT 4.60 (1.18) 

Damon3 MX 4.13 (1.24) 

3 days 
MBT 3.20 (0.94) 

Damon3 MX 2.97 (1.04) 

7 days 
MBT 1.20 (0.68) 

Damon3 MX 1.41 (0.91) 

1st month 
MBT 0.33 (0.49) 

Damon3 MX 0.47 (0.52) 

2nd month 
MBT 0.40 (0.51) 

Damon3 MX 0.40 (0.51) 

3rd month 
MBT 0.27 (0.46) 

Damon3 MX 0.33 (0.49) 

4th month 
MBT 0.20 (0.41) 

Damon3 MX 0.27 (0.46) 

Repeated-measurements analysis 
Effect of time: F= 137.93, P<0.001 

Effect of bracket type: F=1.16, P=0.29 



286     Jahanbin et al. 

JODDD, Vol. 13, No. 4 Autumn 2019 

groups. Similarly, in a systematic review by Celar et 

al,25 no significant difference in initial pain was found 

between self-ligating and conventional brackets. 

Likewise, in the study conducted by Fleming et al,26 

the subjective pain experienced during the first week 

of fixed orthodontic treatment was not influenced by 

the bracket type (self-ligating SmartClip versus con-

ventional Victory). These findings are consistent with 

the study of Scott et al,27 which found no significant 

differences in patients’ pain and discomfort between 

Damon3 self-ligating and conventional pre-adjusted 

brackets. 

On the other hand, in the study conducted by Miles 

et al,21 patients in the conventional twin bracket group 

reported a significantly higher discomfort than the 

Damon 2 group during the first few days of alignment 

phase using 0.014-inch NiTi archwire. However, 

when the 0.016*0.025-inch archwire was used, Da-

mon2 self-ligating group reported significantly higher 

discomfort than the conventional bracket group. The 

authors of this split-mouth-design study stated that the 

0.028-inch depth for the bracket slot of Damon 2 

appliance allowed an 8.5º rotational play with an 

0.014-inch archwire and thus caused less pain and dis-

comfort compared to the conventional system with no 

play at the bracket slot. At the insertion of the second 

0.016*0.025-inch archwire, the average lower incisor 

irregularity corrected on the Damon2 side of the arch-

wire was lower than the conventional bracket side, 

which resulted in more pain experience with Damon2 

self-ligating brackets.21 In a split-mouth design, the 

dentition’s response to different bracket systems 

could be directly compared for each person, and the 

levels of discomfort could also be personally 

 
Figure 1. Consort flow diagram. 

 

Figure 2. Assessment of Little’s irregularity index. 
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compared between these appliances without a need 

for VAS. However, in the present study, we did not 

apply a split-mouth design since using conventional 

brackets, and elastomeric modules on half of the arch 

inhibit the free sliding of wire in the Damon brackets 

past the midline, affecting the efficacy of self-ligating 

brackets. Furthermore, patients may not correctly 

specify the source of pain in areas close to the midline. 

The rate of bracket debonding and breakage also af-

fects the efficiency of treatment. A higher rate of 

bracket failure can be harmful to the office’s reputa-

tion, increases the treatment time, and requires addi-

tional clinical time for the repair and rebonding of the 

brackets. In some previous studies, a higher failure 

rate of the Damon system has been reported, which 

could be due to the clinician’s inexperience with the 

bracket system and the shearing force that is applied 

when opening or closing the slides of the brackets.22 

In the current study, the rate of bracket breakage was 

not recorded. Moreover, another limitation of this 

study is that arch length and inter-canine and inter-

molar widths were not measured at the beginning or 

after alignment to determine whether dental align-

ment was due to the proclination or mesiodistal move-

ment of the teeth. Further clinical trials on the efficacy 

of Damon brackets with larger sample sizes, longer 

treatment periods, and inclusion criteria of extraction 

patients are recommended.  

Conclusion 

The results of the present study indicated that over a 

4-month alignment stage, more correction of the up-

per crowding occurred with the self-ligating Damon3 

MX system compared with conventional MBT brack-

ets. Regarding the basic differences in the upper den-

tal crowding between the two groups, these results 

should be interpreted with caution. Although signifi-

cantly more correction of lower irregularities oc-

curred with Damon3 MX brackets during the first 

three months, the overall rate of dental alignment in 

the lower arch was not significantly different between 

the two groups. The type of bracket system resulted in 

no significant effect on subjective pain experience 

during the initial alignment stage of orthodontic treat-

ment. 

Acknowledgements 

This study was supported by a grant from the Vice Chan-

cellor of Research of Mashhad University of Medical Sci-

ences. The results presented in this work have been taken 

from a postgraduate student’s thesis (thesis number: 608). 

Authors’ Contributions 

AJ contributed to the design and implementation of the 

research, NH participated in planning the work and wrote 

the manuscript with input from all the authors. SKH per-

formed the measurements, and HSH contributed to the in-

terpretation of the results. All the authors discussed the re-

sults and commented on the manuscript.  

Funding 

Not applicable. 

Competing interests 

The authors declare no competing interests with regards to 

the authorship and/or publication of this article. 

Ethics Approval 

Ethical approval for this research was obtained from the 

Ethics Committee of Mashhad University of Medical Sci-

ences under the code 1393.754. 

References 

1. Eberting JJ, Straja SR, Tuncay OC. Treatment time, 

outcome, and patient satisfaction comparisons of Damon and 

conventional brackets. Clin Orthod Res. 2001;4(4):228-34. 

doi: 10.1034/j.1600-0544.2001.40407.x  

2. Harradine NW. Self-ligating brackets: where are we now? J 

Orthod. 2003;30(3):262-73.doi: 10.1093/ortho/30.3.262  

3. Bednar JR, Gruendeman GW, Sandrik JL. A comparative 

study of frictional forces between orthodontic brackets and 

arch wires. Am J Orthod Dentofacial Orthop. 

1991;100(6):513-22. doi: 10.1016/0889-5406(91)70091-A 

4. Krishnan M, Kalathil S, Abraham KM. Comparative 

evaluation of frictional forces in active and passive self-

ligating brackets with various archwire alloys. Am J Orthod 

Dentofacial Orthop. 2009;136(5):675-82. doi: 

10.1016/j.ajodo.2007.11.034 

5. Yeh CL, Kusnoto B, Viana G, Evans CA, Drummond JL. In-

vitro evaluation of frictional resistance between brackets 

with passive-ligation designs. Am J Orthod Dentofacial 

Orthop. 2007;131(6):704 e11-22. doi: 

10.1016/j.ajodo.2006.09.041 

6. Iwasaki LR, Beatty MW, Randall CJ, Nickel JC. Clinical 

ligation forces and intraoral friction during sliding on a 

stainless steel archwire. Am J Orthod Dentofacial Orthop. 

2003;123(4):408-15. doi: 10.1067/mod.2003.61 

7. Thorstenson GA, Kusy RP. Comparison of resistance to 

sliding between different self-ligating brackets with second-

order angulation in the dry and saliva states. Am J Orthod 

Dentofacial Orthop. 2002; 121(5): 472-82. doi: 

10.1067/mod.2002.121562 

8. Harradine NW. Self-ligating brackets and treatment 

efficiency. Clin Orthod Res. 2001;4(4):220-7. doi: 

10.1034/j.1600-0544.2001.40406.x 

9. Voudouris JC. Interactive edgewise mechanisms: form and 

function comparison with conventional edgewise brackets. 

Am J Orthod Dentofacial Orthop. 1997;111(2):119-40. 

10. Kvam E, Bondevik O, Gjerdet NR. Traumatic ulcers and pain 

in adults during orthodontic treatment. Community Dent Oral 

Epidemiol. 1989;17(3):154-7. doi: 10.1111/j.1600-

0528.1989.tb00012.x  

11. Scheurer PA, Firestone AR, Burgin WB. Perception of pain 

as a result of orthodontic treatment with fixed appliances. Eur 

J Orthod. 1996;18(4):349-57.  

12. Oliver RG, Knapman YM. Attitudes to orthodontic 



288     Jahanbin et al. 

JODDD, Vol. 13, No. 4 Autumn 2019 

treatment. Br J Orthod. 1985;12(4):179-88.  

13. Sergl HG, Klages U, Zentner A. Functional and social 

discomfort during orthodontic treatment--effects on 

compliance and prediction of patients' adaptation by 

personality variables. Eur J Orthod. 2000; 22(3): 307-15. 

14. Patel V. Non-completion of active orthodontic treatment. Br 

J Orthod. 1992;19(1):47-54. doi: 10.1179/bjo.19.1.47 

15. Berger J, Byloff FK. The clinical efficiency of self-ligated 

brackets. J Clin Orthod. 2001;35(5):304-8.  

16. Taylor NG, Ison K. Frictional resistance between orthodontic 

brackets and archwires in the buccal segments. Angle 

Orthod. 1996;66(3):215-22. doi: 10.1043/0003-

3219(1996)066<0215:FRBOBA>2.3.CO;2 

17. Little RM. The irregularity index: a quantitative score of 

mandibular anterior alignment. Am J Orthod. 

1975;68(5):554-63.  

18. Pizzoni L, Ravnholt G, Melsen B. Frictional forces related to 

self-ligating brackets. Eur J Orthod. 1998;20(3):283-91.  

19. Rinchuse DJ, Miles PG. Self-ligating brackets: present and 

future. Am J Orthod Dentofacial Orthop. 2007;132(2):216-

22. doi: 10.1016/j.ajodo.2006.06.018  

20. Gaspar Ribeiro DA, deAlmeida MR, Conti AC, Navarro R, 

Oltramari-Navarro P, et al. Efficiency of mandibular arch 

alignment with self-ligating and conventional edgewise 

appliances: A dental cast study. Dentistry 2012; 2:128. doi: 

10.4172/2161-1122.1000128 

21. Miles PG, Weyant RJ, Rustveld L. A clinical trial of Damon 

2 vs. conventional twin brackets during initial alignment. 

Angle Orthod. 2006;76:480‑5. doi: 10.1043/0003-

3219(2006)076[0480:ACTODV]2.0.CO;2 

22. Miles PG. SmartClip versus conventional twin brackets for 

initial alignment: Is there a difference. Aust Orthod J. 

2005;21:123‑7. 

23. Scott P, DiBiase AT, Sherriff M, Cobourne M. Alignment 

efficiency of Damon3 self‑ligating and conventional 

orthodontic bracket systems: A randomized clinical trial. Am 

J Orthod Dentofacial Orthop. 2008;134;470.e1‑8. doi: 

10.1016/j.ajodo.2008.04.018 

24. Pandis N, Polychronopoulou A, Eliades T. Self‑ligating vs. 

conventional brackets in the treatment of mandibular 

crowding: A prospective clinical trial of treatment duration 

and dental effects. Am J Orthod Dentofacial Orthop. 

2007;132:208‑15. doi: 10.1016/j.ajodo.2006.01.030  

25. Čelar A, Schedlberger M, Dörfler P, Bertl M. Systematic 

review on self-ligating vs. conventional brackets: initial pain, 

number of visits, treatment time. J Orofac Orthop. 

2013;74(1):40-51. doi: 10.1007/s00056-012-0116-x  

26. Fleming PS, Dibiase AT, Sarri G, Lee RT. Pain experience 

during initial alignment with a self-ligating and a 

conventional fixed orthodontic appliance system. A 

randomized controlled clinical trial. Angle Orthod. 

2009;79(1):46-50. doi: 10.2319/121007-579.1 

27. Scott P, Sherriff M, Dibiase AT, Cobourne MT. Perception 

of discomfort during initial orthodontic tooth alignment 

using a self-ligating or conventional bracket system: a 

randomized clinical trial. Eur J Orthod. 2008;30:227–232. 

doi: 10.1093/ejo/cjm131 

 


