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ABSTRACT

Introduction: Fixed orthodontic appliances include a wide variety of archwires used as a means of delivering forces on teeth.
As there are a variety of available archwires, it is important to know which is the most efficient during the initial aligning stage
of the treatment. During the initial phase of orthodontic treatment, the use of rectangular arch wires has been reported to result in
decreased incisor inclination compared to the traditional round NiTi arch wires. Debates still exist regarding the effect of SLB on
the alveolar bone and the root length. Aim of the study: The aim of this clinical study is to evaluate the changes in the alveolar
bone and the root resorption during initial leveling and alignment with rectangular NiTi arch wires. Materials and methods:
The current randomized clinical prospective study was conducted on a total sample of 20 patients, divided into two groups of
ten. Group I consisted of 10 patients treated with active self-ligating stainless-steel brackets and round Cu NiTi wires using the
conventional sequence for leveling and alignment. Group II consisted of 10 patients treated with active self-ligating stainless-steel
brackets and rectangular Cu NiTi archwires for leveling and alignment. CBCTs were taken after achieving the study objectives
(post leveling and alignment) to be used for analyzing the study measurements and comparison with the pretreatment CBCT data.
Both groups were compared regarding alveolar bone length, alveolar bone thickness and root length. Conclusion: We concluded
that there was no significant difference between the two groups concerning alveolar bone length and thickness. However, group II

(treated with rectangular Cu NiTi archwires) showed a significant decrease in root length.

INTRODUCTION arch wires has been reported to result in decreased
incisor inclination compared to the traditional round

Fixed orthodontic appliances include a wide - .
pp NiTi arch wires.?

variety of archwires used as a means of delivering

forces on teeth. The aligning archwires are intended Self-ligating brackets are considered as a

to be inserted into the fixed orthodontic appliance
at the beginning of the treatment, mainly to correct
crowding and dental rotations." The success of the
orthodontic treatment may depend on the selection
of the aligning archwires. As there are a variety of
available archwires, it is important to know which
is the most efficient during the initial aligning
stage of the treatment.” During the initial phase
of orthodontic treatment, the use of rectangular
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revolution in the bracket systems. They do not
require an elastic or wire ligature, but have an
inbuilt mechanism which can be opened and closed
to secure the archwire.* Proponents of self-ligating
brackets claimed that it presents several clinical
advantages among which are reduced friction,
better sliding mechanics, full arch wire engagement,
higher rate of dental movement, improved oral
hygiene, better acceptance by patients and better
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treatment results.*> However, debates still exist
regarding the effect of SLB on the alveolar bone
and the root length. Some studies concluded that
there were no significant differences between SLB
and conventional brackets regarding dentoalveolar
changes and root resorption®®, while others have
found SLB more safe.’

Based on the above hypothesis, the current study
measures the changes in the alveolar bone and the
root length with active self-ligating brackets using
round versus rectangular NiTi arch wires in initial
alignment.

MATERIALS AND METHODS

The current randomized clinical prospective
study was conducted on a total sample of 20 pa-
tients, divided into two groups of ten. They were
selected from the orthodontic clinic, Department of
Orthodontics, Faculty of Dental Medicine (Boys),
Al-Azhar University, Cairo, Egypt.

Patients were included when their age ranged
between 14 and 20 years old, all permanent teeth
were erupted (3rd molar not included), Angle Class
I with normal facial proportions, mild to moderate
crowding in maxillary dental arch, all cases treated
with fixed appliance using non-extraction approach,
good oral and general health. Patients were excluded
when there was evidence of horizontal bone loss,
root resorption, periodontal or oral disease such
as enamel hypoplasia, systemic disease or regular
medication that could interfere and/or affect
orthodontic teeth movement, previous orthodontic
treatment.

The orthodontic patients involved in this study
were treated using fixed orthodontic appliances. Ac-
cording to the type of the initial wires that used for
leveling and alignment, the patients were randomly
divided into two groups (I&II). The random alloca-
tion was achieved by online computer software.

Group I consisted of 10 patients treated with
active self-ligating stainless-steel brackets and round
Cu NiTi wires using the conventional sequence for
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leveling and alignment. Group II consisted of 10
patients treated with active self-ligating stainless-
steel brackets and rectangular Cu NiTi archwires for
leveling and alignment.

The following routine records were obtained for
each patient before treatment: intra-oral and extra-
oral photographs, orthodontic study casts, panoramic
radiograph, lateral cephalometric radiograph, cone
beam computed tomography (CBCT).

CBCTs were taken after achieving the study
objectives (post leveling and alignment) to be
used for analyzing the study measurements and
comparison with the pretreatment CBCT data.

All patients in the current study were treated
with 0.022 x 0.028 inch - slot active self-ligating
stainless-steel brackets, Prodigy system, Ormco,
Glendora, California, USA. Cu NiTi archwires,
Ormco, Glendora, California, USA were used
during the leveling and alignment stage. The wires
were changed every 2 months in all patients during
the study period (6 months), while the cross section
and the sequence of the wire replacement were
different in each group:

Group I: For both maxillary and mandibular
arches; round Cu NiTi archwires were used
during leveling and alignment in the conventional
sequences: 0.14 inch, 0.016 inch and 0.018 inch.

Group II: For the maxillary arch; rectangular
Cu NiTi archwires were used during leveling and
alignment in the following sequences: 0.014 x
0.025-inch, 0.016 x 0.025-inch and 0.017 x 0.025-
inch. While in the mandibular arch; round Cu NiTi
archwires were used during leveling and alignment
in the conventional sequences: 0.14 inch, 0.16 inch
and 0.18 inch.

Pre-alignment and post-alignment CBCT scans
of the maxillary arch were taken for all patients and
analyzed for the following variables: alveolar bone
level at first molars, first premolars and central incisors,
buccal bone thickness at first molars, first premolars
and central incisors, root length of central incisors.
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The CBCT images were acquired at Photon Scan
Center using a Planmeca Promax Mid machine.
A scout view was obtained and adjustments were
made to ensure that the all patients were correctly
aligned in the scanner according to adjustment light
beam before acquisition.

The machine was operating at the following
protocol for all the scans of the study: Tube voltage
90 Kvp, Exposure time 12 S, Current 12 mA, Voxel
size 200 mm, Field of view 401cm Height x 401cm
width x 401 depth.

After acquisition, data were exported and trans-
ferred in DICOM format and downloaded via a Com-
pact Disk (CD) to a personal computer for linear mea-
surements, where in vivo Dental software was utilized.

Superimposition module was used to superim-
pose the postoperative scan over the preoperative
one, where four landmarks at different anatomical
areas were chosen at each scan, and then registra-
tion of these landmarks was automatically per-
formed by the software. Superimposition sequence
was repeated for each patient individually.

After completion of superimposition, the two
scans (preoperative and postoperative) were one
unit and move in the same sequence. Orientation of
the whole volume was made to ensure that the or-
thogonal reference lines (axial, coronal and sagittal)
were following certain planes.

In order to assign maxillary plane,' three points
were identified at the level of the hard palate; ANS
anteriorly, right and left posterior maxillary points
(rPMP and IPMP).

1. Buccal alveolar bone level:

At sagittal view for central incisors and coronal
view for 1st premolars and 1st molars, the distance
between the lowest point of the alveolar bone and
the maxillary reference plane was measured.

2. Buccal alveolar bone thickness:

A vertical line was drawn from the maxillary
plane to the lowest point of the alveolar crest at the
mesiodistal midway of the measured tooth. Three
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measurements for the buccal alveolar bone thickness
were taken; at the widest area of the alveolar bone
crest, at the level of root apex and at the midpoint
between them. The measurements were taken at
sagittal view for central incisors and coronal view
for 1* premolars and 1st molars.

3. Root length

The vertical distance between the apex and the
line representing CEJ of the central incisors was
measured.

Numerical data were explored for normality by
checking the data distribution using Kolmogorov-
Smirnov and Shapiro-Wilk tests. All data showed
parametric distribution except for bone thickness,
changes, % changes in all measurements data which
showed non-parametric distribution.

For parametric data; Student’s t-test was used
to compare between mean ages in the two groups.
Repeated measures ANOVA test was used to study
the changes by time within each group as well as
to compare between the two groups. Bonferroni’s
post-hoc test was used for pair-wise comparisons
when ANOVA test is significant.

For non-parametric data; Wilcoxon signed-rank
test was used to study the changes by time within
each group. Mann-Whitney U test was used to
compare between changes as well as % changes in
the two groups.

Qualitative data (Gender data) were presented
as frequencies and percentages. Fisher’s Exact test
was used to compare between the two groups.

Measurement error was assessed using
Dahlberg’s formula: d*
2n

Measurement error =

Where (d) is the difference between the
measurements and (n) is the number of duplicates.

The significance level was set at P < 0.05.
Statistical analysis was performed with IBM SPSS
Statistics Version 20 for Windows.
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FIG (1) Sagittal view showing measurement of alveolar FIG (2) Coronal view showing measurement of alveolar
bone level at central incisor bone level at 1¥ premolar

FIG (3): Coronal view showing measurement of alveolar FIG (4): Sagittal view showing measurement of labial
bone level at 1% molar alveolar bone thickness at central incisor

FIG (5): Coronal view showing measurement of buccal FIG (6): Coronal view showing measurement of buccal
alveolar bone thickness at 1* premolar alveolar bone thickness at 1* molar
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FIG (7): Coronal view showing measurement of root
length of central incisor

RESULTS

In the current study 3 cases out of a total sample
of 22 randomly selected orthodontic patients have
dropped out. The remaining 17 patients (6 males
and 11 females) were 8 patients in group I (2 males
and 6 females) and 9 patients in group II (4 males
and 5 females).

Comparison of age and gender between the two
groups are presented in tables 1-2.

TABLE (1): Descriptive statistics and results of
Student’s t-test for comparison between age values
in the two groups

Age Round Rectangular P-value
Mean (SD) 163 (1.0) 164 (1.4)
Median 16.0 16.0
Range (Minimum -
150-180 150-190 0.755
Maximum)
95% CI (Lower bound
154-17.1 153-175
— Upper bound)

* Significant at P < 0.05
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TABLE (2): Descriptive statistics and results of
Fisher’s Exact test for comparison between gender
distributions in the two groups

Round Rectangular P-value
Gender
n %o n %

Mal

ales 2 250 4 444 0.620
F 1

emates 6 750 5 556

* Significant at P < 0.05

Statistical data analysis is shown in tables 3-28.

TABLE (3): Mean, standard deviation (SD) and
test of significance (ANOVA) to compare alveolar
bone level measurements (mm) at first molars after
leveling within each group and between groups

Before After leveling P-value
treatment oy e
Group within
Mean SD Mean SD  8roup
Round 1325 218 13.06 203 0448
Rectangular 1521 296 1493 302 0235
P- value 0.145 0.160
between groups
* Significant at P < 0.05

TABLE (4): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare
the changes of alveolar bone level at first molars be-
tween the two groups

Round Rectangular
Time P-value
Mean SD Mean SD
Change(mm) -0.18 0.19 -028 0.90 0.699
% Change -125 133 -173 580 0.700
* Significant at P < 0.05
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TABLE (5): Mean, standard deviation (SD) and
test of significance (ANOVA) to compare alveolar
bone level measurements (mm) at first premolars af-

ter leveling within each group and between groups
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TABLE (8): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare
the changes of alveolar bone level at central incisors
between the two groups

trf:fr(:ll:nt After leveling P-value Round Rectangular
Group within Time P-value
Mean SD Mean SD  8roup Mean SD  Mean SD
Round 1443 230 1371 270 0010 Change(mm) 050 032 -040 045 0736
Rectangular 1611 3.13 1578 292  0.167 % Change — -349 230 272 2.63 0564
P- value 0230 0151 Significant at P < 0.05
between groups
TABLE (9): Mean, standard deviation (SD) and test
*Significant at P < 0.05

TABLE (6): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare
the changes of alveolar bone level at first premolars

between the two groups

of significance (Wilcoxon signed-rank) to compare
alveolar bone thickness measurements (mm) at first

molars apically after leveling within each group and
between groups

Before After leveling P-value
Round Rectangular Group treatment within
e Mean SD Mean SD Frvale Mean SD Mean SD group
Change(mm) 072 048 -034 084 0385 Round 29 175z s 0018
% Change 555 457 -179 579 0248 Rectangular 289 186 232 1.63 0.008%*
* Significant at P < 0.05 ll:;t‘;?(lt:ﬁ groups 0.962 0-810
TABLE (7): Mean, standard deviation (SD) and test * Significant at P < 0.05

of significance (ANOVA) to compare alveolar bone

level measurements (mm) at central incisors after

leveling within each group and between groups

TABLE (10): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness at first

Before After Poval molars apically between the two groups
. -value
Group treatment leveling within
Mean SD Mean SD  group Round Rectangular
Time P-value
Round 14.67 209 14.17 2.17 0.003* Mean SD Mean SD
Rectangular 1637 326 1597 349 0.008% Change(mm) -025 026 -0.57 0.65 0.176
P- value 0.227 0.228 % Change  -1140 13.00 -2839 3054  0.102
between groups
* Significant at P < 0.05

* Significant at P < 0.05
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TABLE (11): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around first molars at the middle third after leveling
within each group and between groups

Before

treat ¢ After leveling P-value

Group reatmen within
Mean SD Mean SD  8roup
Round 1.10 054 090 068 0079
Rectangular 151 091 093 075 0.012%

P-value 0311 0.630
between groups
* Significant at P < 0.05

TABLE (12): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare the
changes of alveolar bone thickness around first molars
at the middle third between the two groups

Round Rectangular
Time P-value
Mean SD Mean SD
Change(mm) -020 020 -0.58 0.43 0.091
% Change -35.51 42.03 -46.57 25.60 0.248
* Significant at P < 0.05

TABLE (13): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around first molars at the cervical third after level-

ing within each group and between groups

¢ Betf ore ¢ Afterleveling P-value
Group reatmen within
Mean SD Mean SD  8rouP
Round 1.64 0.38 1.45 047  0.161
Rectangular 1.54 0.51 108 031 0.011%
P- value 0.700 0.112

between groups

* Significant at P < 0.05
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TABLE (14): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness around
first molars at the cervical third between the two
groups

Round Rectangular
Time P-value
Mean SD Mean SD
Change(mm) -0.19 043 -046 034 0311
% Change -10.79 2756 -2726 1501 0.054
* Significant at P < 0.05

TABLE (15): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around first premolars at the apical third after level-
ing within each group and between groups

Before

P-value
After leveling
Group treatment within
Mean SD Mean SD group
Round 099 075 099 0.80 0.236
Rectangular 102 071 1.10 1.02 0.594
P- value 0.773 0.885
between groups
* Significant at P < 0.05

TABLE (16): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness around
first premolars at the apical third between the two
groups

Round Rectangular
Time P-value
Mean SD Mean SD
Change(mm) 000 029 008 040 0.923
% Change -427 2664 985 97.86 0.847
* Significant at P < 0.05
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TABLE (17): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around first premolars at the middle third after lev-
eling within each group and between groups

Before After P-value

Group treatment leveling within
Mean SD Mean SD group
Round 087 052 076 054 0.035%
Rectangular 094 042 077 0.68 0.122
P- value 0.663 1.000
between groups
* Significant at P < 0.05

TABLE (18): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare the
changes of alveolar bone thickness around first premo-
lars at the middle third between the two groups

Round Rectangular
Time P-value
Mean SD  Mean SD
Change (mm) -0.11 0.12 -0.18 035 0.699
% Change  -2035 2655 -2842 4433 0.847
* Significant at P < 0.05

TABLE (19): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around first premolar at the cervical third after lev-
eling within each group and between groups
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TABLE (20): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness around
first premolar at the cervical third between the two

groups
Round Rectangular
Time P-value
Mean SD Mean SD
Change (mm) 062 086 -043 021 0.594
% Change -34.18 3140 -29.57 19.03 0.923

* Significant at P < 0.05

TABLE (21): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around central incisors at the apical third after lev-
eling within each group and between groups

Before After
treatment leveling P-value
Group within
Mean SD Mean SD group
Round 186 0066 154 0095 0.091
Rectangular 193 070 222 096 0314
P- value between 0.962 0.102
groups
* Significant at P < 0.05

TABLE (22): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness around
central incisors at the apical third between the two

Before groups

treatment After leveling P-value

Group reatmen within
Mean SD Mean SD  Sroup ] Round Rectangular
Time P-value
Round 169 065 107 066 0.021% Mean SD Mean SD
Rectangular 153 031 1.10 039 0011* Change(mm)  -0.32 051 029 084 0135
P- value
between groups 0.360 1.000 % Change  -2509 3952 2357 66.12 0.102
* Significant at P < 0.05 * Significant at P < 0.05
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TABLE (23): Mean, standard deviation (SD) and

test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around central incisors at the middle third after lev-
eling within each group and between groups
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TABLE (26): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of alveolar bone thickness around

central incisor at the cervical third between the two
groups

Before After P-value

Group treatment leveling within

Mean SD Mean SD group

Round 094 0.19 081 0.17 0.108

Rectangular 108 035 102 0.60 0.512

P-value 0.626 0.664
between groups
* Significant at P < 0.05

TABLE (24): Mean, standard deviation (SD) and test
of significance (Mann-Whitney U test) to compare the
changes of alveolar bone thickness around central inci-
sors at the middle third between the two groups

Round Rectangular
Time P-value

Mean SD Mean SD

Change (mm) -0.13 0.17 -0.07 041 0.962

% Change -12.18 1695 -838 3581 0923

* Significant at P < 0.05

TABLE (25): Mean, standard deviation (SD) and
test of significance (Wilcoxon signed-rank) to com-
pare alveolar bone thickness measurements (mm)
around central incisors at the cervical third after
leveling within each group and between groups

Before After P-value

Group treatment leveling within

Mean SD Mean SD group

Round 115 026 076 022 0012%
Rectangular 097 030 071 023 0.008*
P- value between 0067 0596

groups

* Significant at P < 0.05

Round Rectangular
Time

P-value
Mean SD Mean SD

Change(mm) -0.40 0.16 -0.26 0.17 0.123

% Change -33.83 11.87 -25.93 14.08 0.162

* Significant at P < 0.05

TABLE (27): Mean, standard deviation (SD) and
test of significance (ANOVA) to compare the root
length measurements (mm) of central incisors after
leveling within each group and between groups

Before After
treatment leveling P'Yal_“e
Group within
Mean SD Mean SD group
Round 1291 093 12.74 0.87 0.032*

Rectangular 14.07 1.71 13.40 1.64 <0.001%

P- value
between groups 0.112 0.323
* Significant at P < 0.05

TABLE (28): Mean, standard deviation (SD) and
test of significance (Mann-Whitney U test) to com-
pare the changes of root length of central incisors
between the two groups

Round Rectangular
Time

P-value
Mean SD Mean SD

Change(mm) -0.18 0.18 -0.67 0.24 0.002

% Change -135 125 473 154 0.001

* Significant at P < 0.05
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DISCUSSION

The current study was done on 17 patients with
an age ranged between 14 and 20 years, with a mean
age of 16 = 1.2 years. The age range was selected in
such way to diminish as much as possible the gap in
age between patients to ensure the same biological
response in all patients. In addition, adolescents and
young adults were selected in order to negate the
effects of aging on the periodontium, since many
previous studies have indicated that the prevalence
of alveolar bone loss and root length reduction
increases with age.!'!?

CBCTs have been used in the current study, for
measuring the linear variables. Various studies!*-!>!4
have indicated that CBCT images can be used to
obtain accurate linear and angular dento-skeletal
measurements. Another study ' found a small sys-
tematic error, which became statistically significant
only when combining several measurements.

In the present study, maxillary plane'® which is
fixed skeletal reference line was used to assess the
crestal bone level to overcome the problem with the
landmarks used in previous studies. Those studies
have been assessed the buccal bone level changes
by measuring the distance from CEJ to the alveolar
crest'!? or from cusp tip to alveolar crest.® The
problem with measurement from the cusp tip is
that; the cusp tip is a dental structure which may
be changed due to other factors rather than the real
treatment changes, for example the cusp tip may be
liable to wear or even fractured accidentally during
treatment. In addition, with using cusp tip or CEJ
as a reference, the tooth as a whole may undergo
vertical intrusive or extrusive movements during
leveling which of course affects the reliability of
measurements.

Concerning the bone thickness, previous studies
assessed its changes measuring the distance from
the lamina dura of the root surface to the outer
surface of the alveolar bone by using the long axis
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of tooth and CEJ as references guide.'®?' Using
the tooth as a reference in assessment alveolar
bone changes, a measurement possibly lies within
fraction of millimeter, could be misleading. This is
due to the possible changes occurring in the vertical
tooth position during treatment, which could affect
the measurements on the corresponding points
on alveolar bone. Therefore, in the present study,
maxillary plane which is fixed skeletal reference
was used to assess the buccal bone thickness to
overcome the problem with using the previous
landmarks.

As regarding the root length changes, the upper
incisor was chosen because it has been suggested
that these are at most risk of root resorption.”> The
root resorption was measured as distance from CEJ
to the apex of the root.

The effect of treatment on the maxillary buccal
alveolar bone level

The results of the present study have shown a
significant mean reduction in the alveolar bone level
in the round group at the first premolar and at the
central incisor.

This isin agreement with Kortam et al,* who found
that both buccal bone height and thickness decrease
significantly after treatment with smart clip active
SLBs. These results are also in accordance with
Castro et al,'® who found that the distance from the
cemento-enamel junction to the alveolar bone crest
changed after orthodontic treatment; the distance
was greater than 2 mm in 11% of the surfaces before
treatment and in 19% after treatment.

However, the mean reduction was non-
significant at the first molar. This finding is disagree
with the findings of Kortam et al® and Castro et al'®.
This disagreement may be related to the difference
in the way of measurement or to the amount of force

applied.
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The results of the present study have shown a non-
significant reduction in the alveolar bone level in the
rectangular group at the first molar and at the first
premolar. This finding may be related to the reduced
force applied on these teeth during the leveling and
alignment stage. On the other hand, the bone level
at the central incisor showed a significant reduction
after leveling and alignment with rectangular wire.
This significant change reflects the amount of force
applied on these previously crowded teeth. This
finding is in accordance with many studies.®'¢2*

The alveolar bone height changes in both groups
are not significantly different, indicating that the
rectangular wire with active self-ligating brackets
in leveling and alignment stage might not affect the
alveolar bone height rather than round wire.

The effect of treatment on the maxillary buccal
alveolar bone thickness:

Concerning the alveolar bone thickness at the
cervical third in both groups, round and rectangular,
it mostly showed significant reduction in buccal
bone thickness in both groups indicating the possible
crown tipping during the leveling and alignment
stage either with round or rectangular archwire.

This finding was also explained on the basis of
the reduction in alveolar bone height concomitant
with many teeth in this study. This finding are in
agreement with many other studies.®2326

The buccal bone thickness was significantly
reduced in apical and/or middle third of other studied
teeth with either round or rectangular archwire.

The effect of treatment on the root length:

This study showed a significant root length
reduction in both groups, round and rectangular
archwire groups, during the leveling and alignment
stage as indicated by the CBCT measurements. The
root length reduction during orthodontic procedures
was common in many studies.”’
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The finding of Andreasen and Amborn 1989%
was disagree with the finding of this study. This
disagreement may be related to the difference in
the methodology. The present study was performed
using CBCTs, while the compared previous study
used periapical radiographs.

The significant difference in the amount of
reduction in the rectangular archwire group than
the round archwire group may be related to the
amount of force exerted by rectangular archwire
on the incisors during leveling and alignment. This
difference disagree with Mandall et al,” who found
no statistically significant difference. However,
their results should be interpreted with caution as
the standard deviations were large. Besides, they
used periapical radiographs while the present study
used CBCTs.

CONCLUSION

Based on the findings of the current study, the
following conclusions could be obtained:

Concerning the labial alveolar bone level and
thickness:

1. Orthodontic alignment with both round and
rectangular CuNiTi wires when combined with
active self ligating brackets causes variable
amounts of alveolar bone loss of maxillary teeth.

2. No wire type is preferred over the other in
reducing the risk for alveolar bone loss during
the alignment phase of orthodontic treatment.

Concerning the root resorption:

1. Orthodontic alignment with both round and
rectangular CuNiTi wires causes considerable
amounts of apical root resorption of maxillary
incisors.

2. Round CuNiTi wire is preferred over rectangular
in reducing the risk for root resorption during
the alignment phase of orthodontic treatment.



530

Mahmoud El-Mowafi, et al.

REFERENCES

1.

10.

11.

12.

13.

14.

Burstone C. J. Variable-modulus orthodontics. Am J Or-
thod. 1981; 80:1-16

Abdelrahman RS, Al-Nimri KS, Al Maaitah EF. A clinical
comparison of three aligning archwires in terms of align-
ment efficiency: A prospective clinical trial. Angle Orthod.
2014;85(3):434-9.

Braun S. An Examination of the effects of Leveling With
Nickel Titanium Rectangular Arch Wires Combined With
Torqued Incisor Brackets. Semin Orthod 2001; 7;215-20.

Berger J. Self-ligation in the year 2000. J Clin Orthod.
2000;34(2):74-81.

Zreaqat M, Hassan R. Self-Ligating Brackets: An Over-
view, ISBN 2011:4-30.

Kortam SI. Buccal Bone Changes With Self Ligating
Brackets Versus Conventional Brackets. A Comparative
Study. The Ohio State University; 2010.

Pandis N, Nasika M, Polychronopoulou A, Eliades T. Ex-
ternal apical root resorption in patients treated with con-
ventional and self-ligating brackets. Am J Orthod Dento-
fac Orthop. 2008;134(5):646-51.

Leite V, Claudia A, Navarro R, Almeida M, Conti AC,
Navarro R, et al. Comparison of root resorption between
self-ligating and conventional preadjusted brackets us-
ing cone beam computed tomography. Angle Orthod.
2012;82(6):1078-82.

Ryoko K-I, Masaru Y, Yasuhiro T, Masaki A, Kunihiko Y,
Ryo N, et al. External apical root resorption and the release
of interleukin-6 in the gingival crevucular fluid induced by
a self-ligating system. Open J Stomatol. 2012.

Swennen GRJ, Schutyser FAC, Hausamen J-E. Three-
dimensional cephalometry: a color atlas and manual.
Springer Science & Business Media; 2005.

Albandar JM, Rise J, Gjermo P, Johansen JR. Radiograph-
ic quantification of alveolar bone level changes. J Clin
Periodontol. 1986;13:195-200.

Harris EF, Baker WC. Loss of root length and creastal
bone height before and during treatment in adolescent and
adult orthodontic patients. Am J Orthod Dentofac Orthop.
1990;98:463-9.

Wang Y,He S, Yu L, LiJ, Chen S. Accuracy of volumetric
measurement of teeth in vivo based on cone beam comput-
er tomography. Orthod Craniofac Res. 2011;14:206-12.
Misch KA, Yi ES, Sarment DP. Accuracy of cone beam

computed tomography for periodontal defect measure-

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

AJ.D.S. Vol.21,No.5

ments. J Periodontol. 2006;77:1261-6.
Baumgaertel S, Palomo JM, Palomo L, Hans MG. Reli-

ability and accuracy of cone-beam computed tomography
dental measurements. Am J Orthod Dentofac Orthop.
2009;136:19-25.

Castro LO, Castro 10, de Alencar AHG, Valladares-Neto
J, Estrela C. Cone beam computed tomography evalua-
tion of distance from cementoenamel junction to alveolar
crest before and after nonextraction orthodontic treatment.
Angle Orthod. 2015; 33:1-7.

Garlock DT, Buschang PH, Araujo EA, Behrents RG, Kim
KB. Evaluation of marginal alveolar bone in the anterior
mandible with pretreatment and posttreatment computed
tomography in nonextraction patients. Am J Orthod Den-
tofac Orthop. 2016; 149:192-201.

Hollender L, Ronnerman A, Thilander B. Root resorp-
tion, marginal bone support and clinical crown length
in orthodontically treated patients. Eur J Orthod. 1980;
2:197-205.

Janson G, Bombonatti R, Branddo AG, Henriques JFC, de
Freitas MR. Comparative radiographic evaluation of the
alveolar bone crest after orthodontic treatment. Am J Or-
thod Dentofac Orthop. 2003;124:157-64.

Cattaneo PM, Treccani M, Carlsson K, Thorgeirsson T,
Myrda A, Cevidanes LHS, et al. Transversal maxillary
dento-alveolar changes in patients treated with active and
passive self-ligating brackets: a randomized clinical trial
using CBCT-scans and digital models. Orthod Craniofac
Res. 2011;14:222-33.

Almeida MR de, Futagami C, Conti AC de CF, Oltramari-
Navarro PVP, Navarro R de L. Dentoalveolar mandibular
changes with self-ligating versus conventional bracket
systems: A CBCT and dental cast study. Dental Press J Or-
thod. 2015;20:50-7.

Remington DN, Joondeph DR, Artun J ,Riedel RA, Chap-
ko MK. Long-term evaluation of root resorption occurring
during orthodontic treatment. Am J Orthod Dentofac Or-
thop. 1989;96:43—6.

Mandall NA, Lowe C, Worthington H V, Sandler J, Der-
went S, Abdi-Oskouei M, et al. Which orthodontic arch-
wire sequence? A randomized clinical trial. Eur J Orthod.
2006;28:561-6.

Lund H, Grondahl K, Grondahl H. Cone beam computed
tomography evaluations of marginal alveolar bone before

and after orthodontic treatment combined with premolar
extractions. Eur J Oral Sci. 2012; 120:201-11.



AJ.D.S. Vol.21,No.5

25.

26.

217.

Bollen A-M, Cunha-Cruz J, Bakko DW, Huang GJ, Hu-
joel PP. The effects of orthodontic therapy on periodontal
health: a systematic review of controlled evidence. J Am
Dent Assoc. 2008;139:413-22.

Picanco PRB, Valarelli FP, Cancado RH, Freitas KMS de,
Picango GV. Comparison of the changes of alveolar bone
thickness in maxillary incisor area in extraction and non-
extraction cases: computerized tomography evaluation.
Dental Press J Orthod. 2013;18:91-8.

Parker RJ, Harris EF. Directions of orthodontic tooth
movements associated with external apical root resorption
of the maxillary central incisor. Am J Orthod Dentofac Or-
thop. 1998;114:677-83.

ALVEOLAR BONE CHANGES AND ROOT RESORPTION CONCOMITANT

28.

29.

30.

531

Harris DA, Jones AS, Darendeliler MA. Physical proper-
ties of root cementum: part 8. Volumetric analysis of root
resorption craters after application of controlled intrusive
light and heavy orthodontic forces: a microcomputed to-
mography scan study. Am J Orthod Dentofac Orthop.
2006;130:639-47.

Jacobs C, Gebhardt PF, Jacobs V, Hechtner M, Meila D,
Wehrbein H. Root resorption, treatment time and extrac-
tion rate during orthodontic treatment with self-ligating
and conventional brackets. Head Face Med. 2014;10:1.

Andreasen GF, Amborn RM. Aligning, leveling, and
torque control-a pilot study. Angle Orthod. 1989;59:
51-60.



