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Tooth and bone changes after initial anterior dental alignment using

preformed vs customized nickel titanium archwires in adults:

A randomized clinical trial

Papatpong Phermsang-ngarma; Chairat Charoemratroteb

ABSTRACT
Objectives: To compare tooth movement achieved, time required for alignment, root resorption,
and alveolar bone thickness changes during initial dental alignment between groups treated with
0.012-inch preformed heat-activated or customized nickel titanium (NiTi) archwires.
Materials and Methods: Thirty-two subjects (mean age 19.8 6 1.7 years) with severe crowding of
maxillary anterior teeth had premolar extractions and were randomly allocated into control and
experimental groups receiving preformed heat-activated and customized NiTi archwires,
respectively. Limited field of view cone-beam computed tomographies were taken initially (T0)
and three months after final alignment (TF) to evaluate bone changes. Digital model analysis
assessed tooth movement at monthly intervals. Time to achieve alignment was assessed in
months. Wilcoxon signed-rank tests and Mann–Whitney U-tests were used to compare changes
within and between groups, as appropriate.
Results: Central incisor tooth movement was significantly different (all P � .003) between groups
at all time points. TF-T0 showed labial movement (0.75 6 1.42 mm) in the control group and palatal
movement (�0.96 6 0.41 mm) in the experimental group. The experimental compared to control
group showed significantly more canine distal movement (0.60 6 0.28 mm; P � .049), less labial
bone thickness changes (P � .004), less root resorption of the central and lateral incisors (P �
.007), and a longer time to achieve alignment (P ¼ .01).
Conclusions: The experimental group exhibited palatal movement of the central incisors, more
canine distal movement with less bone thickness changes, and less root resorption but took more
time to achieve alignment than the control group. (Angle Orthod. 2018;88:425–434.)

KEY WORDS: Nickel titanium; Heat-activated NiTi; Alveolar bone thickness; Root resorption;
Unfavorable tooth movement; Dental alignment

INTRODUCTION

Nickel titanium (NiTi) archwires have been widely

used during the initial alignment phase of orthodontic

treatment due to their shape memory and superelastic

properties, which offer large working ranges and

relatively low and constant applied force magnitudes.1,2

NiTi archwires are classified into two main types:

superelastic austenite-active and heat-activated mar-
tensitic-active NiTi archwires.3 Heat-activated NiTi
archwires have the advantage of producing lower force
magnitudes than superelastic NiTi archwires of the
same diameter and deflection.2,4,5

Relatively low force levels from NiTi archwires might
reduce the risk of root resorption.6 However, even small
diameter heat-activated NiTi archwires can produce

a PhD Candidate, Orthodontic Section, Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Hat Yai,
Songkhla, Thailand.

b Associate Professor, Orthodontic Section, Department of Preventive Dentistry, Faculty of Dentistry, Prince of Songkla University, Hat
Yai, Songkhla, Thailand.

Corresponding author: Chairat Charoemratrote, DDS, MSc, DScD, Associate Professor, Department of Preventive Dentistry, Faculty
of Dentistry, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand
(e-mail: metalbracket@hotmail.com)

Accepted: January 2018. Submitted: September 2017.
Published Online: March 22, 2018

� 2018 by The EH Angle Education and Research Foundation, Inc.

DOI: 10.2319/090317-589.1 Angle Orthodontist, Vol 88, No 4, 2018425



force magnitudes that are higher2,4 than recommended,1

especially the 10–20 cN recommended for intrusion.
Additionally, with greater amounts of crowding and
malalignment, the more deflection of the archwire
occurs, thus leading to higher magnitudes of forces
and moments applied to the teeth7,8 and potentially
greater undesirable side effects. Such side effects can
include initial incisor proclination in extraction cases
leading to incisor round-tripping,9 which may increase
the time required to achieve alignment.7,8,10 Because
initial dental alignment consists of many types and
amounts of tooth movement, archwire selection and
application are critical to minimize periodontal destruc-
tion.11 Preliminary laboratory studies using a three-
bracket bending test showed that a NiTi wire bent close
to the bracket produced deactivation forces ranging
from 23 to 70 cN, which were lower than those of heat-
activated NiTi wire at the same deflection (70–104 cN).

The purpose of customizing NiTi archwires would be
to minimize the applied forces with the intent of moving
teeth more efficiently with iatrogenic effects to the
periodontium. No previous study has demonstrated a
technique that diminishes the unfavorable side effects
created by inserting a preformed archwire into mal-
aligned brackets in continuous archwire treatment.
Thus, this study aimed to compare tooth and alveolar
bone changes after initial anterior dental alignment with
0.012-inch NiTi archwires of two types: preformed
heat-activated (control group) and customized (exper-
imental group). The null hypothesis was that there
would be no difference between the groups with
respect to tooth movement, bone thickness changes,
root resorption, and time to achieve alignment.

MATERIALS AND METHODS

Subjects

This was a two-arm, parallel, randomized controlled
trial approved by the Faculty of Dentistry, Prince of
Songkla University Ethics Committee (0521.1.03/591).
The sample size calculation was based on a previous

study12 to detect a mean difference in the irregularity
index of 0.8 mm. According to the power analysis, for
an independent t-test with a significance level of 0.05
and power of 80%, the sample size required was 17
per group. One additional subject per group was
recruited in case of subject attrition.

Thirty-six subjects were recruited and randomly
allocated using a random number table into two groups:
preformed heat-activated (control group) and custom-
ized superelastic NiTi archwire (experimental group).
The inclusion criteria were: healthy adults aged 18–25
years with periodontal pockets �3 mm, crowding of the
maxillary anterior teeth with an irregularity index13 score
.6 mm, and upper lip protrusion to be treated with
maxillary first premolar extractions. The exclusion
criteria were: failure of a bonded bracket and use of
nonsteroidal anti-inflammatory drugs during the study.
Blinding of the subjects and operator was not possible
due to the bends placed only in the customized
archwires of the experimental group; however, outcome
assessments were blinded and were performed by the
same examiner for both groups who was not part of the
clinical performance of the study.

Treatment Protocol

At the initial study visit (T0), all subjects had
impressions and limited field of view (FOV) cone-beam
computed tomographies (CBCT) made prior to bonding
conventional appliances (pre-adjusted edgewise
brackets: Roth system, Ormco, Glendora, Calif) with
0.018 3 0.025-inch slots for the incisors and 0.022 3

0.028-inch slots on canines and posterior teeth
consistent with the bidimensional technique.14 0.012-
inch NiTi archwires were used for both groups: the
control group received preformed heat-activated wires
(BioStarter, FORESTADENT, Straight-Arch-Form,
Transition temperature range at 378 C), and the
experimental group received customized superelastic
wires (SuperElastic Regular Force, Highland Metals).
The ends of the archwires were cinched in both
groups. Subjects were seen monthly until the maxillary

Figure 1. Tweed pliers were used to customize the NiTi archwires.
Figure 2. Appearance of a customized NiTi archwire from T0 to T3.
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anterior teeth were aligned and the irregularity index

equaled 0 (TF). The time between T0-TF was assessed

in months. During each subject’s visit, the archwire
was removed and left at room temperature and a

maxillary alginate impression was made. In the control

group, the same archwire was reinserted. In the

experimental group, the bending protocol was applied
and then the archwire was reinserted. After TF, the

same archwire remained in place for three months

before performing a second CBCT (TF) scan.

Bending Protocol

Custom bends in the superelastic NiTi archwires were

made chairside at room temperature, creating perma-

nent deformation at the bending points (Figure 1). The

bending protocol started from the midline landmark of

the archwire. Each bend was created relative to the

bracket slot to be engaged by the corresponding portion

of the archwire. The bends were created with vertical

and horizontal bias to produce a 1-mm activation of the

archwire to be engaged in the corresponding bracket

slots of all anterior teeth. At each visit, the same

archwire was removed and existing bends were

reduced, straightening the wire similar to the shape of

a preformed archwire, to continue moving the teeth

toward alignment (Figure 2) until the bends were nearly

eliminated and the teeth were aligned.

Assessment of Crowding

The amount of maxillary anterior dental crowding

was evaluated twice on each dental model using

Figure 3. Tooth movement assessment via digital model analysis.

Figure 4. Axial, sagittal, and coronal slices of CBCT images.
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Little’s irregularity index13 by the same blinded exam-
iner with the same Vernier caliper.

3D Digital Model Analysis

Dental models were made from maxillary impres-
sions made at the initial (T0) and subsequent
monthly visits (T1, T2, . . ., TF). The models were
scanned using a calibrated scanner (R700 Ortho-

dontic 3D Scanner, 3Shape, Copenhagen, Den-

mark). The rugae-palate superimposition method14

was employed with an analysis of superimpositions

shown to be accurate and reliable15,16 and accom-

plished using commercial software (Ortho Analyzer,

3Shape, Copenhagen, Denmark). Dental change

assessment focused on the movement of the

maxillary anterior teeth in the anteroposterior and

vertical dimensions by constructing X, Y, and Z axes

as reference planes with the origin at the center of

the incisive papilla of the initial cast. In the horizontal

plane (X axis), the þ/- signs indicated labial/palatal

movement for incisors and distal/mesial movement

of canines, respectively. In the vertical plane (Y

axis), the þ/- signs indicated extrusion/intrusion for

all anterior teeth. The mean distance of right and left

displaced canine cusp tips, middle of the incisal

edges of maxillary central and lateral incisors, were

measured relative to the 3D coordinate system at

each time point (Figure 3).

CBCT Analysis

Bone thickness changes and root resorption of the

maxillary anterior teeth were evaluated using limited

Figure 5. Levels of alveolar bone thickness measurement (S1, S2,

and S3).

Figure 6. Labial, palatal, and total alveolar bone thicknesses.

Figure 7. CONSORT flowchart of the study.
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field of view CBCT scans (80 kV, 5 mA, 80 3 40 mm
with 0.125 mm voxel resolution; Veraviewepocs, J.
Morita, Tokyo, Japan). The alveolar bone thicknesses
were evaluated as previously described17 (Figures 4, 5,
and 6). Each side and each level of each tooth were
averaged to represent the mean thickness (mm) of the
specific side and level. The data were paired and
averaged between the right and left of the central and
lateral incisors and the canines.

Root length was assessed by means of axial,
coronal, and sagittal slices18 (Figures 4 and 5). The
root lengths (mm) at T0 and TF were then compared.

Statistical Analysis

Shapiro–Wilk tests revealed that all of the parame-
ters were skewed. Wilcoxon signed-rank tests com-
pared the changes between T0 and TF and Mann–
Whitney U-tests evaluated between-group differences.
The significance level of all tests was 0.05. The 3D-
dental model and CBCT measurements, and four-
week remeasurements performed by the same blinded
examiner were used to evaluate the reliability of the
Dahlberg formula.19 The measurement errors of the
irregularity index, 3D-dental model, and CBCT mea-
surements were 0.19, 0.15, and 0.14 mm, respectively.
The Wilcoxon signed-rank test showed no significant
differences (P . .05) between the two sets of
measurements.

RESULTS

Four subjects were excluded: three because of
bracket failures and one withdrew from the study, as
shown in the CONSORT flowchart (Figure 7). Demo-
graphic characteristics of the two groups were not
significantly different between the groups (Table 1).

The labiopalatal movements of the central incisors
were different between the groups. The experimental
group showed almost linear palatal (�) movement with
a mean 6 standard deviation (SD) of �0.96 6 0.41
mm for TF-T0 and the control group showed labial (þ)
movement that peaked at T2-T0 (þ0.91 6 1.08 mm) and

resulted in þ0.75 6 1.42 mm for TF-T0 (Figures 8 and
9). For the lateral incisors, labial movement peaked at
T4 in both groups but the control group had a greater
amount at all time points than the experimental group
up to a maximum difference ofþ1.42 6 0.29 mm for TF-
T0 (Figures 8 and 9). For the canines, distal movement
peaked at T4 in both groups and were larger at all time
points for the experimental compared to the control
group by up to 0.60 mm more at TF-T0 (Figures 8 and
9).

Significant differences between the groups were
found in the labiopalatal movement for the central and
lateral incisors at each time point (all P � .003) and in
distal movement for the canines at T1-T0, T2-T0, and TF-
T0 (all P � .049). However, there was no significant
difference in the amount of extrusion found in either
group at any time point (all P . .05) (Table 2, Figure 9).

After alignment (TF-T0), at the S1 and S2 levels,
significantly decreased bone thicknesses labial to the
central and lateral incisors were found in both groups
(P , .046) (Table 3). The changes in bone thickness
labial to the central incisors were significantly different
between the groups at the S1 and S2 levels, where the
control group showed a two- to three-times greater
decrease in labial bone thickness (�0.22 6 0.06,�0.17
6 0.11 mm, respectively) compared to the experimen-
tal group (�0.07 6 0.08, �0.08 6 0.10 mm, respec-
tively; P � .004) (Table 4). For the lateral incisors, the
labial bone thickness changes between TF-T0 were
significantly different between the groups at the S1 and
S2 levels, where the control group showed a three- and
five-times greater decrease (�0.31 6 0.10, �0.23 6

0.13 mm, respectively) compared to the experimental
group (�0.10 6 0.11, 0.04 6 0.20 mm, respectively; P
� .001). Bone thicknesses palatal to the canines were
decreased at the S1 and S2 levels in both groups. In a
comparison between the two groups, no statistically
significant differences were found (P . .076) (Table 4).

Root resorption was noted in all anterior teeth
between TF-T0 (P , .001). The experimental group
had a lower amount of root resorption at the central and
lateral incisors (�0.24 6 0.15 and �0.24 6 0.18 mm,

Table 1. Demographics and Clinical Characteristics of the Patients at T0

Variable

Control

n ¼ 16 Mean or % SD

Experimental

n ¼ 16 Mean or % SD

Total

SD P Valuen ¼ 32 Mean or %

Age (y) 20.1 1.9 19.6 1.4 19.8 1.7 .56

Sex

Male 25 19 22

Female 75 81 78

Irregularity index (mm) 14.0 2.1 13.9 2.2 13.9 2.1 .56

* Significant at P , .05.
SD indicates standard deviation.
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respectively) compared to the control group (�0.30 6

0.09 and �0.44 6 0.20 mm, respectively; P � .007).

The duration of TF-T0 was significantly shorter (P ,

.01) in the control (3.4 6 0.5 months) compared to the

experimental (3.9 6 0.3 months) group. For the rate of

alleviation of crowding, the control group had a
significantly higher mean rate of 4.1 mm improvement
per month compared with 3.6 mm per month in the
experimental group (P ¼ .01). Comparisons of the
treatment times and reduction of the irregularity index
between the groups are shown in Table 5.

DISCUSSION

In this study, crowding was relieved by incisor
proclination to increase arch perimeter or canine distal
movement into extraction spaces or both. Generally,
incisor proclination is considered to be unfavorable
since there is unnecessary round-tripping of teeth.9,10,20

To prevent this, canine distal movement should be
initiated to gain sufficient space.9,21 From this study,
there were statistically and clinically significant differ-
ences in the amount of canine distal movement
between groups. In the experimental compared to the
control group, more canine distal movement occurred
in the first and second months leading to more total
canine distal movement, while the central incisors
moved labially, then progressively moved palatally (T0-
TF). The increased amount of canine distal movement
might have facilitated the central incisor retroclination
observed in the experimental group. In the control
group, the alignment achieved during the first two
months was achieved, at least in part, because of
increased arch perimeter due to incisor proclination20

from T0-T2 (Table 2).
Regarding lateral incisor movement, the amount of

proclination was higher in the control group because
space was lacking for the lateral incisors to align due to
the lower amount of canine distal movement in that
group. However, in the experimental group, more
space was gained from canine distal movement. These
findings corresponded with reduction in the irregularity
index, which occurred mostly in the first month of
treatment in the control group via incisor proclination.
In the experimental group, reduction of the irregularity
index occurred more steadily and with increased
canine distal movement (Table 5).

One possible explanation for the lesser amount of
canine distal movement observed in the control group
could be due to the complexity of the forces and
moments generated due to the wire-bracket angles7,8

created, which impeded canine movement into the
extraction site. With the aim of decreasing the
complexity of the forces and moments by decreasing
the wire-bracket angle magnitudes, the experimental
protocol may have promoted distal movement of the
canines and gradual alignment of the incisors following
the shape of the reduced bends.

Decreased bone thickness was observed in both
groups. The reason might be related to the amount of

Figure 8. Comparisons of the direction of tooth movement at monthly

intervals to T0 between groups.
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extrusion observed in all anterior teeth. As the teeth
extruded, they moved toward a narrower alveolar bone
configuration, leading to decreased bone thickness
around the teeth. A greater decrease in bone thickness
labial to the central and lateral incisors was observed
at the S1 and S2 levels in the control group. Changes
in the bone thickness were consistent with the
observed tooth movement. This was in agreement

with previous studies that used CBCT to measure bone
thickness changes.17,22 Decreased bone thickness
labial to the central and lateral incisors may have been
due to the amount of proclination and the magnitude of
forces applied to the tooth. As the amount of
proclination increased, the tooth tipped labially toward
the labial cortical bone, leading to labial bone
resorption. Furthermore, in the control group, incisor

Figure 9. Model superimposition of cases between groups from T0 to TF.

Table 2. Comparison of the Differences in Amount of Tooth Movement at Monthly Intervals to T0 Between Groups

Groups Tooth Direction

Time Interval; Mean (SD) (mm)

T1-T0 T2-T0 T3-T0 T4-T0 TF-T0

Control group Central incisors A-P 0.85 (0.74) 0.91 (1.08) 0.78 (1.34) 0.34 (1.18) 0.75 (1.42)

V 0.3 (0.42) 0.44 (0.37) 0.55 (0.5) 0.74 (0.48) 0.57 (0.52)

Lateral incisors A-P 1.38 (0.84) 2.05 (1.08) 2.51 (1.22) 2.72 (1.1) 2.65 (1.03)

V �0.16 (0.47) 0 (5.4) 0.31 (0.59) 0.81 (0.94) 0.68 (0.67)

Canines A-P 0.39 (0.22) 1.21 (0.8) 2 (0.78) 2.14 (0.55) 2.16 (0.8)

V 0.54 (0.54) 0.98 (0.58) 1.32 (0.82) 1.42 (0.93) 1.55 (0.73)

Experimental group Central incisors A-P 0.11 (0.11) �0.27 (0.19) �0.67 (0.35) �0.81 (0.5) �0.96 (0.41)

V 0.21 (0.26) 0.37 (0.37) 0.46 (0.31) 0.49 (0.39) 0.56 (0.38)

Lateral incisors A-P 0.33 (0.15) 0.74 (0.26) 0.99 (0.4) 1.29 (0.5) 1.22 (0.51)

V 0.11 (0.1) 0.14 (0.11) 0.3 (0.23) 0.42 (0.33) 0.41 (0.31)

Canines A-P 1.01 (0.34) 1.58 (0.5) 2.3 (0.73) 2.78 (0.86) 2.76 (0.81)

V 0.52 (0.28) 0.86 (0.5) 1.24 (0.67) 1.48 (0.76) 1.52 (0.74)

Between groups Central incisors A-P 0.74 (1.87) 1.18 (0.27) 1.45 (0.35) 1.15 (0.32) 1.71 (0.37)

P value , .001* .001* , .001* , .001* , .001*

V 0.09 (0.12) 0.07 (0.13) 0.09 (0.15) 0.15 (0.21) 0.01 (0.16)

P value .539 .59 .266 .412 .534

Lateral incisors A-P 1.05 (0.21) 1.31 (0.27) 1.52 (0.32) 1.43 (0.34) 1.42 (0.29)

P value , .001* , .001* .001* .003* , .001*

V �0.27 (0.12) �0.14 (0.14) 0 (0.16) 0.39 (0.37) 0.27 (0.18)

P value .149 .616 .385 .279 .109

Canines A-P 0.62 (0.1) 0.37 (0.1) 0.29 (0.27) 0.63 (0.31) 0.6 (0.28)

P value , .001* .008* .175 .117 .049*

V 0.02 (0.15) 0.12 (0.19) 0.08 (0.26) 0.06 (0.41) 0.03 (0.26)

P value .752 .402 .474 .765 .821

* Significant at P , .05.
SD indicates standard deviation; TF, the final visit when achieved alignment;
Antero-posterior movement;þ¼ labial movement of incisors, distal movement of canines, -¼palatal movement of incisors, mesial movement of

canines.
Vertical movement;þ¼ extrusion, - ¼ intrusion.
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crowding and consequently small interbracket distanc-

es, combined with a lack of canine distal movement to

create space for alignment, likely resulted in higher

force levels exerted by the wire.

The finding that root resorption occurred in the early

leveling phase using NiTi archwire is consistent with

previous studies.23,24 If the assumed association

between a greater risk of root resorption with higher

magnitude of applied forces11 is true, the significantly

higher mean root resorption of the central and lateral

incisors in the control compared to the experimental

group suggests that the applied forces in the control

group were higher than the experimental group.

However, the applied forces were not measured in

this study.

The time required to achieve alignment in the control

group was significantly shorter than in the experimental

group at 0.4 months overall, or at a rate of 0.5 mm/mo

faster. However, the control group experienced more

incisor proclination, greater labial bone thickness

decreases, and more root resorption.

The irregularity index was used in this study to

evaluate and monitor crowding, but the index does not

take into account tooth positions and changes in three

dimensions. Therefore, the anteroposterior and vertical

movements of the anterior teeth were evaluated and

compared to provide more detailed data to explain how

crowding was resolved within and between groups.

Limitations

Due to a loss of two subjects in each group, the

sample sizes were lower than expected and the power

of the study was reduced. However, several signifi-

Table 3. Mean Values and Differences in Bone Thickness Changes and Root Length at T0 and TF Within Each Group

Variables

Control Group Experimental Group

T0 TF

P Value

T0 TF

P ValueMean SD Mean SD Mean SD Mean SD

Bone thickness changes (mm)

Central incisors

S1L 0.71 0.26 0.49 0.25 , .001* 0.72 0.18 0.65 0.15 .007*

S1P 1.74 0.55 1.46 0.56 .004* 1.49 0.42 1.33 0.43 .066

S1T 8.42 0.69 7.96 0.62 .001* 8.36 0.58 8.07 0.63 .006*

S2L 0.58 0.2 0.4 0.16 .001* 0.63 0.19 0.55 0.17 .009*

S2P 2.3 0.59 2.1 0.52 .023* 2.18 0.52 2.05 0.57 .078

S2T 7.99 0.85 7.54 0.79 .001* 8.13 0.6 7.84 0.64 .008*

S3L 0.9 0.8 0.64 0.34 .07 0.93 0.44 0.7 0.43 .001*

S3P 3.14 0.99 2.91 0.96 .034* 3.4 0.79 3.48 1.06 .438

S3T 7.72 1.59 7.07 1.44 .002* 8.06 0.78 7.9 0.99 .485

Lateral incisors

S1L 0.61 0.21 0.3 0.2 , .001* 0.57 0.17 0.47 0.2 .005*

S1P 1.1 0.58 0.65 0.44 , .001* 0.98 0.39 0.78 0.4 .002*

S1T 7.71 0.78 6.97 0.74 , .001* 7.71 0.49 7.38 0.48 .001*

S2L 0.45 0.29 0.22 0.21 , .001* 0.32 0.13 0.37 0.22 .438

S2P 1.99 0.59 1.2 0.71 , .001* 1.87 0.53 1.38 0.67 .001*

S2T 7.61 1.05 6.61 1.03 , .001* 7.42 0.66 6.94 0.83 .001*

S3L 0.42 0.23 0.62 0.52 .046* 0.44 0.26 0.59 0.3 .004*

S3P 3.26 0.97 1.98 1.02 , .001* 3.32 0.87 2.54 1.13 , .001*

S3T 7.49 1.28 6.38 1.29 .001* 7.47 0.83 6.78 1.09 .001*

Canines

S1L 0.56 0.3 0.54 0.33 .66 0.55 0.25 0.59 0.25 .649

S1P 1.61 0.74 1.03 0.77 , .001* 1.51 0.56 1.21 0.63 .005*

S1T 9.68 0.82 9.17 0.82 .001* 9.53 0.68 9.21 0.69 .001*

S2L 0.39 0.19 0.34 0.24 .063 0.38 0.18 0.39 0.21 .9

S2P 2.33 1.09 1.87 1.08 .006* 2.24 0.84 2.1 0.91 .191

S2T 9.2 1.24 8.71 1.1 .011* 9.36 0.97 8.98 1.04 .001*

S3L 0.36 0.13 0.21 0.19 .005* 0.41 0.26 0.33 0.22 .004*

S3P 3.14 0.87 2.83 1.06 .224 3.41 0.77 3.15 1.01 .062

S3T 8.64 1.17 8.21 1.25 .034* 8.92 0.91 8.56 1.04 .004*

Root length (mm)

Central incisors 23.54 2.22 23.25 2.25 , .001* 23.79 0.98 23.55 0.97 , .001*

Lateral incisors 22.31 1.23 21.87 1.29 , .001* 22.76 0.93 22.52 0.96 , .001*

Canines 25.42 1.75 25.05 1.81 , .001* 25.9 1.4 25.69 1.44 , .001*

* Significant at P , .05.
SD indicates standard deviation.
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cantly different outcomes between the groups were still

detected.

To evaluate bone and root changes occurring during

the study, it would have been more ideal to wait six

months for bone remodeling to occur before reassess-

ment. However, for ethical reasons, a three-month

resting period after complete alignment was used,

which should have allowed reasonable time for the

repair process to occur,17 while minimally delaying

treatment progress.

To achieve the precision required to bend the wire

accurately for the experimental group in this study,

considerable clinical chair time was required for

customizing the NiTi archwires used. The time for

bending the wire was reduced with extra practice and

experience. However, the amount of time used to bend

the wire was not measured as part of this study.

Similarly, it is acknowledged that the properties of the

customized NiTi archwires might be altered by bend-

ing, thereby causing a decrease in elastic properties at

the permanent deformation points. However, the

mechanical property changes of the customized arch-

wires were not evaluated as part of this study.

The customized NiTi archwire protocol used in this

study reduced some of the undesirable side effects of

orthodontic alignment in comparison to the control NiTi

archwire protocol, but it required considerable clinical

chair time and resulted in a longer time required for

tooth alignment. Ultimately, the differences must be

considered in a cost-benefit analysis for patients. From

a long-term perspective, favorable tooth movement

decreased the risk of bone and root resorption, which

could be considerably beneficial to patients.

CONCLUSIONS

� Use of customized NiTi archwires to align anterior

teeth in the experimental group resulted in palatal

movement of the central incisors compared to labial

movement in the control group.
� The experimental group experienced more canine

distal movement with less bone thickness decreases

at the incisors, and less root resorption.
� It took more time to achieve alignment in the

experimental than the control group.
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