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Structured Abstract

Objective – To evaluate the efficacy of tooth alignment achieved by

various small cross-section archwire/bracket combinations using the

orthodontic measurement and simulation system.

Materials and Methods – The study comprised three types of orthodon-

tic brackets 1) conventional ligating (Victory Series and Mini-Taurus), 2)

self-ligating (SmartClip a passive self-ligating bracket and Time3 an

active self-ligating bracket), and 3) a conventional low-friction bracket

(Synergy). All brackets had a nominal 0.022″ slot size. Brackets were

combined with 1) 0.012″ stainless steel, 2) 0.012″ Orthonol, 3) 0.012″

Thermalloy, and 4) 0.0155″ coaxial archwires. Archwires were tied to the

conventional brackets with stainless steel ligatures and elastomeric rings.

The malocclusion simulated represented a central upper incisor dis-

placed 2 mm gingivally (x-axis) and 2 mm labially (z-axis).

Results – The inciso-gingival correction achieved by the different arch-

wire/bracket combinations ranged from 15 to 95%, while the labio-lingual

correction ranged from 10 to 95%. The smallest correction was achieved

by coaxial, Orthonol, and thermally archwires when ligated with the elas-

tomeric rings to conventional brackets. Stainless steel archwires achieved

from 65 to 90% of inciso-gingival correction and from 60 to 90% of labio-

lingual correction.

Conclusion – The resultant tooth alignment was the product of interac-

tion between the archwire type, bracket type, and bracket design includ-

ing ligature type. Small cross-sectional archwires might produce up to

95% correction if combined properly with the bracket system. Elastomeric

rings when used with conventional brackets limit the efficacy of malalign-

ment correction.
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Introduction

Efficiency of orthodontic treatment is a major

consideration, and different indicators of effi-

ciency have been used in research including the

speed of ligation and chairside time (1), the time

required to complete alignment of a certain

crowding (2), duration of orthodontic treatment

or the number of visits required (3,4). The

importance of treatment efficiency arises from

the fact that treatment duration is a concern for

many orthodontic patients who want to know

for how long they will wear the braces as well

as for clinicians who want to ensure efficient

office management (5,6). Therefore, efficiency of

orthodontic mechanics has been in the focus of

orthodontic developments. Self-ligating brackets

have been developed to overcome the disadvan-

tages of conventional ligation. Self-ligation was

thought to be better than conventional ligation

regarding ergonomics, deformation, discolor-

ation, plaque accumulation, friction, and efficacy

(7). The interest of studying the efficacy of

self-ligating brackets was not only limited to

comparing self-ligating brackets to conventional

brackets but extended to compare active self-

ligating to passive self-ligating brackets (8).

On the other hand with the introduction of

NiTi archwires into orthodontics, their use in the

alignment and leveling stage was preferred

because of their low modulus of elasticity, high

springback, and wide force–delivery range.

Attention to wire size and shape retreated in

favor of the structural properties of the new

wires (9). In other words, NiTi wires gained pop-

ularity in orthodontics because their use coin-

cided with the notion of optimum orthodontic

force, whereas orthodontics is in the midst of a

paradigm shift, from the heavy forces of the past

to appropriate gentle forces that are optimum

for cellular response (10).

The objective of this study was to evaluate the

amount of correction of complex orthodontic

tooth malalignment achieved by various small

cross-section archwire/bracket combinations

using the orthodontic measurement and simula-

tion system (OMSS).

Materials and methods
Study materials and design

The study comprised three types of orthodon-

tic brackets 1) conventional ligating brackets

(Victory Series; 3M Unitek, Monrovia, CA, USA;

and Mini-Taurus, Rocky Mountain Orthodontics,

Denver, CO, USA), 2) self-ligating brackets

(SmartClip a passive self-ligating bracket; 3M

Unitek and Time3 an active self-ligating bracket;

American Orthodontics, Sheboygan, WI, USA) in

addition to 3) a specially designed conventional

low-friction bracket (Synergy; Rocky Mountain

Orthodontics). All brackets had a nominal 0.022″

slot size. The brackets were combined with four

arch wires: 0.012″ stainless steel (3M Unitek),

0.012″ Orthonol (Rocky Mountain Orthodontics),

0.012″ Thermalloy (Rocky Mountain Orthodon-

tics), and 0.0155″ coaxial (Advanced Orthodon-

tics; N€apflein GmbH, D€usseldorf, Germany).

Archwires were combined to the conventional

brackets with both stainless steel ligatures of size

0.010″ (Advanced Orthodontics; N€apflein GmbH)

and elastomeric rings (3M Unitek). The correc-

tion of the complex malocclusion was tested 20

times for each archwire/bracket combination

with the two types of ligation, thus a total of 640

tests was performed (Table 1).

Building a simulated maxillary dental arch of an

orthodontic case

Resin replicas (Palavit G; Heraeus Kulzer GmbH,

Hanau, Germany) were constructed from a Fra-

saco model (Franz Sachs & Co. GmbH, Tettnang,

Germany) of a normally aligned upper arch. The

right central incisor was removed from the resin

model to allow for placement of the sensor of

the testing OMSS (11,12). Brackets were bonded

from second premolar to second premolar on

the resin models with a cyanoacrylate adhesive.

A jig was used to standardize the bonding pro-

cess of the right central incisor bracket to a

bracket holder that was attached to one sensor

of the OMSS.

The self-ligating brackets in this study were

used in the closed position. For the conventional
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brackets, the stainless steel ligatures used were

tied using a needle holder, the ligature was first

tightened around the bracket wings and then

loosened one turn to allow free movement of

the archwire. The elastomeric ligatures used

were positioned using a needle holder, 3 min

waiting period was allocated to allow a repro-

ducible amount of stress relaxation to occur as

recommended by Henao and Kusy (13).

Experimental setup

The OMSS (11,12) comprises two force–moment

sensors capable of registering forces and

moments in the three planes of space simulta-

neously. The two sensors are mounted on

motor-driven positioning tables that can move

freely in three planes of space. Commands

regarding the conditions of the experiment are

given to the OMSS through a personal computer.

Two microcomputer-based sensor electronics

deliver the digital output of the force–moment

vectors to the personal computer where resul-

tant force–deflection curves are recorded, thus

facilitating a mean to study the loads from simu-

lated orthodontic tooth movement. The whole

mechanical assembly of the OMSS is built in a

temperature-controlled chamber which is espe-

cially important when testing temperature-

dependant alloys. The biomechanical principles

of the OMSS are similar to the principles of the

strain gauge apparatus used by Burstone to mea-

sure force and moments at the bracket in three

planes (14,15).

Experimental procedures

To prepare the setup for measurements, the

resin model was mounted on the OMSS table

and the bracket holder with the bracket of the

right central incisor bonded to it was fixed to

the left sensor (see Fig. 1). Only the left mea-

surement table was used for the current mea-

surements. The sensor was then adjusted such

that the bracket was in the right position in the

prepared space in the resin model. The whole

assembly now simulates the original aligned

arch. Before starting the measurements cycle,

the initial forces and moments exerted to the

bracket and recorded by the sensors were

adjusted as close to zero as possible. The maloc-

clusion simulated in this study comprised a

Fig. 1. Photograph of the orthodontic measurement and sim-

ulation system. The resin replica of a Frasaco model was

integrated in the setup. Two millimeter gingival and 2 mm

labial displacements of the test bracket were simulated at the

position of the upper right central incisor.

Table 1. Study materials and design

Bracket type

Bracket width

(central incisor)

Bracket width

(lateral incisor) Type of ligation Type of wire

Group

observations

Total

observations

Mini-Taurus 3.6 mm 3.1 mm Stainless steel ligation

Elastic ligation

Stainless steel 0.012-in

Coaxial 0.0155-in

Orthonol 0.012-in

Thermalloy 0.012-in

20 640

Victory Series 3.6 mm 2.9 mm Stainless steel ligation

Elastic ligation

Synergy 3.4 mm 3.4 mm Stainless steel ligation

Elastic ligation

Smart-Clip 3.8 mm 3.3 mm Passive self ligation

Time3 2.5 mm 2.4 mm Active self ligation
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gingival displacement of 2 mm and a labial

displacement of 2 mm. Intrusion–extrusion

movements were presented on the x-axis, while

labio-lingual movements were represented on

the z-axis. Thus, the OMSS was set to move the

upper right central incisor from the initial posi-

tion 2 mm gingivally (x-axis) and 2 mm labially

(z-axis).

The correctional movement then took place

automatically as a simulated tooth movement:

The force system was measured in the displaced

position, analyzed by the OMSS control software

and processed to a vector of tooth movement.

A mathematical model calculates a vector of

tooth movement taking into account the center

of resistance of the simulated tooth (12). The

center of resistance of the simulated malaligned

central incisor was positioned at 10 mm apically

and 4.5 mm lingually to the point of force appli-

cation. The vector of tooth movement was split

up into small increments of below 0.01 mm

(0.01°) and the motor-driven measurement table

performed an increment of the calculated move-

ment. The movement was stopped, and the force

system was measured again. By repeating this

cycle up to 200 times, the malposition of the

tooth was corrected until no force or moment

was active at the bracket. The quotient of the

performed movement and the initial malposition

was the efficacy of the correctional movement of

the respective archwire/bracket combination.

During testing, both the Orthonol and Therm-

alloy wires, the temperature was kept at 37

(�1)°C.

Statistical analyses

The maximum absolute values of the correction

of malalignment achieved in the two directions

were calculated from the recordings of the OMSS

software for each sample. Descriptive statistics

including means, standard deviations, and maxi-

mum and minimum values were calculated for

each archwire/bracket combination and were

then statistically analyzed with two-way ANOVA

followed by least significant tests. The data were

analyzed using SAS/STAT (SAS Institute Inc.,

Cary, NC, USA) software for statistical analysis.

Results

Descriptive statistics of the correction in the

x-axis (inciso-gingival) and in the z-axis (occlu-

so-gingival) are presented in Tables 2 and 3,

respectively. Figures 2 and 3 show bar graphs of

the correction achieved by different bracket/wire

combinations sorted by wire and bracket type,

for steel ligation (Fig. 2) and elastic ligation

(Fig. 3) compared to self-ligation.

The two-way ANOVA (Table 4) indicated a signif-

icant bracket-type effect (p ≤ 0.000) and wire-

type effect (p ≤ 0.000) on the correction of the

malalignment designed for this study. The

results also indicated the presence of interaction

(p ≤ 0.000) between the two variables.

The ANOVA results, Table 2, showed the effect of

the bracket type on the inciso-gingival and

labio-lingual malalignment correction. Mini-

Taurus ligated with elastic ligatures to Coaxial,

Orthonol, Thermalloy, and stainless steel wires

showed a significantly smaller correction (0.5 �
0.4, 0.3 � 0.2, 0.3 � 0.2 and 1.4 � 0.1 mm,

respectively, in the x-direction) and (0.3 � 0.5,

0.5 � 0.3, 0.3 � 0.2, and 1.4 � 0.2 mm, respec-

tively, in the z-direction) and so did Victory Ser-

ies brackets ligated with elastic ligatures to the

same wires (1.1 � 0.3, 0.3 � 0.3, 0.5 � 0.4, and

1.3 � 0.1 mm, respectively, in the x-direction)

and (0.2 � 0.1, 0.5 � 0.3, 0.4 � 0.4, and 1.2 �
0.2 mm, respectively, in the z-direction). Gener-

ally, the correction achieved with the coaxial,

Orthonol, and Thermalloy wires was smaller

than the correction achieved with the stainless

steel wires.

The ANOVA results (Table 3) showed a signifi-

cant effect of the type of archwire combined

with the bracket on the level of the inciso-gingi-

val and labio-lingual malalignment correction

achieved. All the wires showed no significant dif-

ference in the degree of correction achieved with

Time3 brackets with the exception of a larger

degree of inciso-gingival correction when using

stainless steel wires (1.6 � 0.1) compared to the

other wires. All the wires used showed no signifi-

cant difference in the degree of correction

achieved with SmartClip brackets with the
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exception of a larger degree of labio-lingual cor-

rection when using Orthonol (1.9 � 0.1) and

Thermalloy (1.9 � 0.1) wires compared with

stainless steel (1.7 � 0.2) and coaxial (1.7 � 0.2)

wires.

Discussion

The current study is an in vitro study and

although in vitro experimental setups cannot

replicate the oral environment, in vitro studies

cannot be omitted in today’s era of evidence-

based dental practice. The oral environment

could influence the results of an orthodontic

mechanotherapy through 1) the biologic

response of the periodontal attachment system,

and 2) the effect on the surface texture of the

archwires, brackets, and auxiliaries. Clinically

the geometric asymmetry of the tooth and the

periodontal ligament implies axes of resistance

that do not intersect and therefore do not repre-

sent the center of resistance as a 3D point (16).

Because the current experimental setup could be

described as ‘an idealized representation of the

in vivo situation’ the center of resistance was

considered as a point in 3D (17) as described in

the materials and methods section. On the other

hand, till now, there is not enough evidence for

the effects of aging of dental materials on ortho-

dontic tooth movement (18). In the current

study, certain measures have been taken to

moderate the difference between the in vitro

and in vivo experimental conditions, among

them that 1) during testing, both for the Ortho-

nol and Thermalloy wires, the temperature was

kept at 37(�1)°C which was feasible by the

mechanical assembly of the OMSS which is built

Table 2. Descriptive statistics of the mean correction in x (inciso-gingival) and z (labio-lingual) directions: effect of bracket
type

Wire type N

Bracket type

Mini-Taurus

Steel ligation

Mini-Taurus

Elastic

ligation

Victory

Series

Steel

ligation

Victory

Series

Elastic

ligation

Synergy

Steel

ligation

Synergy

Elastic

ligation Smart-Clip Time3

Correction (x )axis

Steel 20 1.6 � 0.1c 1.4 � 0.1d 1.8 � 0.1a 1.3 � 0.1d 1.6 � 0.1bc 1.7 � 0.1b 1.7 � 0.2b 1.6 � 0.1bc

80 � 5% 70 � 5% 90 � 5% 65 � 5% 80 � 5% 85 � 5% 85 � 10% 80 � 5%

Coaxial 20 1.6 � 0.2cb 0.5 � 0.4e 1.7 � 0.3ab 1.1 � 0.3d 1.6 � 0.3cb 1.8 � 0.1a 1.7 � 0.1ab 1.5 � 0.1c

80 � 10% 25 � 20% 85 � 15% 55 � 15% 80 � 15% 90 � 5% 85 � 5% 75 � 5%

Orthonol 20 1.8 � 0.1ab 0.3 � 0.2d 1.8 � 0.1a 0.3 � 0.3d 1.7 � 0.3b 1.7 � 0.1ab 1.7 � 0.2b 1.4 � 0.3c

90 � 5% 15 � 10% 90 � 5% 15 � 15% 85 � 15% 85 � 5% 85 � 10% 70 � 15%

Thermalloy 20 1.5 � 0.3c 0.3 � 0.2e 1.5 � 0.3c 0.5 � 0.4d 1.7 � 0.2ab 1.6 � 0.2cb 1.8 � 0.2a 1.5 � 0.3c

75 � 15% 15 � 10% 75 � 15% 25 � 20% 85 � 10% 80 � 10% 90 � 5% 75 � 15%

Correction (z )axis

Steel 20 1.8 � 0.1a 1.4 � 0.2d 1.7 � 0.1abc 1.2 � 0.2e 1.6 � 0.2bc 1.6 � 0.3c 1.7 � 0.2abc 1.7 � 0.2ab

90 � 5% 70 � 10% 85 � 5% 60 � 10% 80 � 10% 80 � 15% 85 � 10% 85 � 10%

Coaxial 20 1.6 � 0.4a 0.3 � 0.5c 1.5 � 0.4a 0.2 � 0.1c 1.0 � 0.2b 1.6 � 0.4a 1.7 � 0.2a 1.5 � 0.4a

80 � 20% 15 � 25% 75 � 20% 10 � 5% 50 � 10% 80 � 20% 85 � 10% 75 � 20%

Orthonol 20 1.8 � 0.1ab 0.5 � 0.3d 1.8 � 0.1b 0.5 � 0.3ad 1.8 � 0.3ab 1.8 � 0.2ab 1.9 � 0.1a 1.5 � 0.3c

90 � 5% 25 � 15% 90 � 5% 25 � 15% 90 � 15% 90 � 10% 95 � 5% 75 � 15%

Thermalloy 20 1.6 � 0.2bcd 0.3 � 0.2e 1.6 � 0.3 cd 0.4 � 0.4e 1.8 � 0.3ab 1.8 � 0.3abc 1.9 � 0.1a 1.6 � 0.4d

80 � 10% 15 � 10% 80 � 15% 20 � 20% 90 � 15% 90 � 15% 95 � 5% 80 � 20%

Mean values in each row with the same superscript letter are not significantly different at p ≤ 0.05.

Orthod Craniofac Res 2015;18:33–42 | 37

Montasser et al. Efficacy of tooth alignment



in a temperature-controlled chamber, 2) the

simulated malocclusion was kept to the minimal

malocclusion (2 mm inciso-gingival and 2 mm

labio-lingual) which means that this malalign-

ment clinically could be solved in one or two

orthodontic visits 4–6 weeks apart.

Different ligation methods were used, and it

was interpreted from the results that ligation

type had significantly influenced the degree of

correction achieved. The degree of correction

was significantly smaller when elastic ligature

was used with Mini-Taurus and Victory Series

brackets: The inciso-gingival correction with the

Victory Series system ranged from 15 to 65%

with the different archwires and the labio-lingual

correction ranged from 10 to 60% while with the

Mini-Taurus system the inciso-gingival and the

labio-lingual corrections ranged from 15 to 70%

with the different archwires. This interesting

result could be attributed to the frictional force

generated between the bracket and the archwire.

Friction is influenced by the physical character-

istics of the archwire and bracket materials,

bracket design, and the method of attachment

between archwire and bracket (19–26). Elastic

ligatures when used with conventional brackets

increased the levels of frictional resistance. (27)

Self-ligating brackets combined with different

archwires have been associated, in previous

studies, with friction reduction (13,25–27). In

alignment with these results, the least inciso-gin-

gival correction achieved in this study when self-

ligating brackets were used in combination with

different archwires was 70% and the least labio-

lingual correction was 75%. In the current study,

SmartClip and Time3 self-ligating brackets and

Victory Series and Mini-Taurus conventional

brackets ligated with stainless steel ligature

showed a large degree of consistency in the

inciso-gingival and labio-lingual correction

achieved with all the wires. Generally, the degree

of correction was comparable between these

Table 3. Descriptive statistics of the mean correction in x (inciso-gingival) and z (labio-lingual) directions: effect of wire type

Wire type N

Bracket type

Mini-Taurus

Steel

ligation

Mini-Taurus

Elastic

ligation

Victory Series

Steel ligation

Victory Series

Elastic ligation

Synergy

Steel

ligation

Synergy

Elastic

ligation Smart-Clip Time3

Correction (x ) axis

Steel 20 1.6 � 0.1b 1.4 � 0.1a 1.8 � 0.1a 1.3 � 0.1a 1.6 � 0.1ab 1.7 � 0.1b 1.7 � 0.2a 1.6 � 0.1a

80 � 5% 70 � 5% 90 � 5% 65 � 5% 80 � 5% 85 � 5% 85 � 10% 80 � 5%

Coaxial 20 1.6 � 0.2b 0.5 � 0.4b 1.7 � 0.3a 1.1 � 0.3b 1.6 � 0.3b 1.8 � 0.1a 1.7 � 0.1a 1.5 � 0.1ab

80 � 10% 25 � 20% 85 � 15% 55 � 15% 80 � 15% 90 � 5% 85 � 5% 75 � 5%

Orthonol 20 1.8 � 0.1a 0.3 � 0.2c 1.8 � 0.1a 0.3 � 0.3c 1.7 � 0.3ab 1.7 � 0.1ab 1.7 � 0.2a 1.4 � 0.3b

90 � 5% 15 � 10% 90 � 5% 15 � 15% 85 � 15% 85 � 5% 85 � 10% 70 � 15%

Thermalloy 20 1.5 � 0.3c 0.3 � 0.2c 1.5 � 0.3b 0.5 � 0.4c 1.7 � 0.2a 1.6 � 0.2c 1.8 � 0.2a 1.5 � 0.3ab

75 � 15% 15 � 10% 75 � 15% 25 � 20% 85 � 10% 80 � 10% 90 � 5% 75 � 15%

Correction (z ) axis

Steel 20 1.8 � 0.1a 1.4 � 0.2a 1.7 � 0.1ab 1.2 � 0.2a 1.6 � 0.2b 1.6 � 0.3b 1.7 � 0.2b 1.7 � 0.2a

90 � 5% 70 � 10% 85 � 5% 60 � 10% 80 � 10% 80 � 15% 85 � 10% 85 � 10%

Coaxial 20 1.6 � 0.4b 0.3 � 0.5c 1.5 � 0.4b 0.2 � 0.1c 1.0 � 0.2c 1.6 � 0.4ab 1.7 � 0.2b 1.5 � 0.4a

80 � 20% 15 � 25% 75 � 20% 10 � 5% 50 � 10% 80 � 20% 85 � 10% 75 � 20%

Orthonol 20 1.8 � 0.1a 0.5 � 0.3b 1.8 � 0.1a 0.5 � 0.3b 1.8 � 0.3a 1.8 � 0.2a 1.9 � 0.1a 1.5 � 0.3a

90 � 5% 25 � 15% 90 � 5% 25 � 15% 90 � 15% 90 � 10% 95 � 5% 75 � 15%

Thermalloy 20 1.6 � 0.2b 0.3 � 0.2c 1.6 � 0.3b 0.4 � 0.4cb 1.8 � 0.3a 1.8 � 0.3ab 1.9 � 0.1a 1.6 � 0.4a

80 � 10% 15 � 10% 80 � 15% 20 � 20% 90 � 15% 90 � 15% 95 � 5% 80 � 20%

Mean values in each column with the same superscript letter are not significantly different at p ≤ 0.05.
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different combinations. Using the OMSS system

(28) to test the leveling effectiveness of nine self-

ligating bracket systems and a conventional

bracket system ligated with stainless steel liga-

tures, both self-ligating brackets and conven-

tional brackets behaved similarly, therefore,

self-ligating brackets were not found superior to

conventional brackets in terms of their biome-

chanical characteristics.

The results of the current study showed

bracket type to have a significant effect on the

correction achieved, which was largely attributed

to the type of ligation of the brackets, whether it

is active self-ligation, passive self-ligation, elastic

or stainless steel conventional ligation. However,

other factors in the design of the bracket should

be considered as well. This could best be dis-

cussed based on the correction achieved with

Synergy brackets. The effect of ligation when

used with Synergy brackets was different; Syn-

ergy brackets ligated with elastic ligature

behaved differently than conventional brackets

ligated with the same type of ligature as it pro-

duced 80–90% correction in both directions with

the different wires used. Synergy brackets ligated

with elastic ligation produced a larger or compa-

rable degree of correction to steel ligation with

all wire types. The Synergy bracket had six tie

wings of which the central wings are raised so

the slot walls prevent contact between the wire

and the ligature and this was the protocol fol-

lowed in this study. With this protocol of liga-

tion, a free play of the archwire was ensured

with both stainless steel ligature and the elasto-

meric ligation. Also, with this protocol the inter-

bracket distance increases and as the distance

increases between the points of attachment of a

beam springiness increases rapidly (29). This

A

B

Fig. 2. (A) Maximum correction

in the x-direction (extrusive

movement), and (B) maximum

correction in the z-direction (lin-

gual movement) for conventional

brackets ligated with a stainless

steel ligature and for self-ligating

brackets.
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consistent result was not seen in the x-axis,

which represents the intrusion–extrusion direc-

tion; this could have happened because in this

direction the slot walls have more influential

effect on the force level than the type of ligature

used.

The findings of the comparisons of the clinical

effectiveness of conventional and self-ligating

bracket systems for initial alignment were not

always consistent. The effectiveness of correction

of SmartClip and conventional brackets was not

different. The type of ligation used, whether elas-

tic or stainless steel, showed no effect on the

effectiveness of correction (30,31). Comparing the

efficacy of Damon 3MX self-ligating and conven-

tional brackets during the first 5 months of extrac-

tion treatment showed that self-ligating brackets

were not more efficient than conventional ligating

brackets in anterior alignment and that ligation is

only one of many factors that can influence the

efficacy of treatment (32). On the other hand, con-

ventional brackets showed 98% correction com-

pared with 67% for Damon 3 self-ligating brackets

A

B

Fig. 3. (A) Maximum correction

in the x-direction (extrusive

movement), and (B) maximum

correction in the z-direction (lin-

gual movement) for conventional

brackets ligated with elastomeric

rings and for self-ligating brack-

ets.

Table 4. Results of two-way ANOVA of the correction for the
bracket/wire combinations

Two-way ANOVA

Sum of squares df F p Value

A (Force in x direction)

Brackets 106.29 7 305.67 ≤0.000

Wires 8.13 3 54.55 ≤0.000

Brackets 9 Wires 24.58 21 23.56 ≤0.000

B (Force in z direction)

Brackets 133.08 7 202.09 ≤0.000

Wires 13.87 3 49.16 ≤0.000

Brackets 9 Wires 26.19 21 13.26 ≤0.000

40 | Orthod Craniofac Res 2015;18:33–42

Montasser et al. Efficacy of tooth alignment



after 4 months of alignment and leveling. Con-

ventional brackets showed faster alignment of

teeth than self-ligating brackets specially in the

first month (33). Systematic review of the clinical

studies on effectiveness, efficacy, and stability of

treatment of conventional and self-ligating brack-

ets found no evidence of the claimed advantages

of self-ligating brackets (34,35).

Generally, in the current study, a noticeable

increase in the correction was observed with

stainless steel wires even when elastic ligature

was used compared with the correction achieved

with coaxial, Orthonol, and Thermalloy wires

which infers a significant effect of the archwire

type used. This high correction with stainless steel

wire might be attributed to the increased forces

exerted by these wires. A previous in vitro study

(36) measured the forces generated during com-

plex orthodontic tooth movements with various

archwire/bracket combinations. The study

reported the lowest forces for the brackets when

combined with either the coaxial or the Thermal-

loy archwires: the forces ranged from 3.4 � 0.2 to

0.7 � 0.1 N in the inciso-gingival direction, and

from 4.5 � 0.3 to 0.5 � 0.1 N in the labio-lingual

direction. The highest forces were measured in

combination with stainless steel archwires and

ranged from 6.3 � 0.3 to 3.0 � 0.1 N in the inc-

iso-gingival direction, and from 6.3 � 0.3 to

1.7 � 0.1 N in the labio-lingual direction.

Therefore, the force exerted on teeth should

not be overlooked when evaluating efficiency of

alignment. As concluded previously, it is impor-

tant to evaluate any orthodontic appliance sys-

tem for its ability to align teeth rapidly and

predictably, but with minimal deleterious effects

to the oral tissues (2).

Conclusions

The resultant tooth alignment was the product

of interaction between the bracket type, wire

type, and bracket design. Small cross-sectional

archwires might produce up to 95% malalign-

ment correction if combined properly with the

bracket system. Elastomeric rings when used

with conventional brackets limit the efficacy of

tooth alignment. Forces exerted on teeth should

not be overlooked when evaluating efficacy of

tooth alignment.

Clinical relevance

Orthodontics witnessed a great leap in the effi-

cacy of orthodontic mechanics and a big move

from heavy forces to optimal forces. Because

forces exerted on teeth should not be over-

looked when choosing an archwire/bracket

combination, the correction of complex ortho-

dontic tooth malalignment achieved by small

cross-sectional archwires combined with differ-

ent conventional and self-ligating brackets was

evaluated in this study. Wide variations of inc-

iso-gingival correction ranging from 15 to 95%,

and labio-lingual correction ranging from 10 to

95% were achieved. Certain small cross-sec-

tional archwires are recommended for clinical

use when combined with the proper bracket

systems.
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