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Maxillary dentoalveolar assessment following retraction
of maxillary incisors: a preliminary study

Tiago Maia Fernandes Oliveiral, Ligia Vieira Claudino?, Claudia Trindade Mattos?®, Eduardo Franzotti Sant’/Anna*

DOIL: http://dx.doi.org/10.1590/2177-6709.21.5.082-089.0ar

Objective: The aim of this preliminary study was to assess changes in tooth length and alveolar thickness following retraction of maxillary
incisors. Methods: A total of 11 patients presenting severe maxillary dentoalveolar protrusion revealed by initial (T,) cone-beam computed to-
mography (CBCT), and whose treatment plan included extraction of maxillary first premolars and retraction of maxillary incisors, were selected
and submitted to CBCT examination one month after the end of incisors retraction (T ). The premaxilla was assessed through seven axial slices
by means of Dolphin Imaging™ software. In each of these slices, five measurements of the distance from the buccal cortical bone to the palatal
cortical bone were performed. Tooth length of maxillary incisors (n = 44) was also measured in sagittal slices. Measurements were repeated after a
two-week interval, and intraclass correlation coefficient (ICC) was used to test examiner calibration. Wilcoxon test was used to detect differences
in measurements performed at the two time intervals. Results: The ICC was satistactory for tooth length (0.890) and for premaxilla alveolar
thickness measurements (0.980). Analysis of data showed no statistically significant differences (p > 0.05) in tooth length or alveolar thickness be-
tween the two-time intervals assessed. Conclusion: The force used in retraction of maxillary incisors in this research did not promote significant
changes in tooth length of maxillary incisors or in premaxilla alveolar thickness.

Keywords: Alveolar bone loss. Root resorption. Tooth movement. Cone-beam computed tomography.

Objetivo: o objetivo deste estudo preliminar foi avaliar as alteracdes no comprimento dentirio e na espessura alveolar durante a retra-
¢ao dos incisivos superiores. Métodos: um total de 11 pacientes apresentando protrusio dentoalveolar severa, de acordo com a tomografia
computadorizada de feixe conico (TCFC) inicial (T)), e que continham no seu plano de tratamento extragio dos pré-molares superiores
e retracio dos incisivos superiores, foram selecionados e submetidos a exames de TCFC um més apds o término da retragio dos incisivos
(T,). Com o auxilio do software Dolphin Imaging®, a prémaxila foi dividida em sete cortes axiais. Em cada corte axial, foram realizadas cinco
medig¢oes da distancia da cortical vestibular a lingual. O comprimento dos incisivos superiores (n=44) foi medido no corte sagital. As medi-
¢des foram refeitas apds o intervalo de duas semanas e o coeficiente de correlagio intraclasse (ICC) foi utilizado para avaliar a calibragio do
examinador. Utilizou-se o teste de Wilcoxon para detectar diferencas nas medicdes realizadas nos dois intervalos de tempo. Resultados: o
ICC mostrou-se satisfatorio tanto para o comprimento dentario (0,890) quanto para a espessura alveolar da pré-maxila (0,980). Nio foram
observadas diferencas estatisticas significativas para comprimento dentdrio e para as espessuras alveolares (p < 0,05) nos periodos avaliados.
Conclusdes: as forgas atuantes na retragio dos incisivos, nessa pesquisa, nao provocaram alteragdes significativas no comprimento dentdrio
dos incisivos superiores, nem mudangas na espessura alveolar da pré-maxila.

Palavras-chave: Perda dssea alveolar. Reabsor¢io radicular. Movimento dentirio. Tomografia computadorizada de feixe conico.
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INTRODUCTION

The current objectives of orthodontic treatment are
based, among other factors, in the quest for adequate oc-
clusion and esthetics associated with long-term mainte-
nance of results.! In specific cases, extensive movement
of incisors is necessary to accomplish these goals.

In this context, several factors of mechanical and
biological nature must be considered. From a biological
point of view, topography of the alveolar bone, presence
of dehiscence or fenestration, root length, tooth posi-
tion, soft tissues condition and other aspects should be
observed to avoid undesirable damage caused by moving
teeth beyond the anatomic boundaries.?

An example of an undesirable effect of extensive re-
traction of maxillary incisors is the increase in thickness
of the buccal cortical bone, which may result from lack
of balance between bone resorption and neoformation,
and depends on the amplitude, direction and quantity
of movement, as well as on changes in tooth tipping.’

Cephalometric radiograph is a resource widely
used by orthodontists as an auxiliary tool in orth-
odontic diagnosis and treatment plan. However, it
presents as its main limitations a considerable amount
of distortion, superimposition of structures, and dif-
ficulty identifying changes in the midface.* Never-
theless, due to the limitations described, studies con-
sidering the tridimensional aspect of the dentoalvolar
structure are necessary.

With the advent of cone-beam computed tomogra-
phy (CBCT), achieving images of craniofacial structures
with good accuracy has become possible. These images
are used as an aid in treatment plan of patients in need of
complex orthodontic treatment, as they allow assessment
of tridimensional morphological changes resulting from
treatment and/or growth.” Additionally, they allow dis-
tinction and measurement of tooth root proximity with
cortical bone and follow-up of root resorption.®

Previous studies have validated CBCT for quantita-
tive analysis of important aspects related to the dentoal-
veolar complex, showing high accuracy and precision of
measurements.”® This accuracy is associated with image
clearness and resolution.” Spatial resolution obtained
by CBCT depends, among other factors, on voxel di-
mension, which represents the smallest image unit. The
lower the dimension of the voxel, the greater the reso-
lution of the image and the greater the radiation dose,

which 1s a disadvantage.'!!
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Therefore, the objective of this study was to assess
potential changes in dentoalveolar structures, following
retraction of maxillary incisors, in patient submitted to
first premolars extraction through CBCT.

MATERIAL AND METHODS

This prospective research was approved by the Ethics
Committee of Universidade Federal do Rio de Janei-
ro (UFR]J) Institute of Studies in Collective Health.
All subjects included in the study read and signed an
informed consent form.

Sample size calculation was performed based on the
maximum standard deviation set in a previous study,'?
considering a test power of 0.80 and a = 0.05. Calcu-
lation showed that ten patients would be necessary to
detect a difference of 2.5 mm of incisors root resorption.
The formula used was described by Pandis."

A total of 11 patients subjected to treatment with
Edgewise standard fixed appliances in the graduate orth-
odontic clinics of Universidade Federal do Rio de Janeiro
(UFR]), School of Dentistry, were selected and includ-
ed in this research. Eight patients presented with Class
I malocclusion and three presented Class II, Division 1
malocclusion. Six patients were women and five were
men, with patients’ age ranging from 18 to 26 years old.
Patients were selected after having their clinical records
examined and cephalometric data obtained from initial
CBCT examination. Inclusion criteria were: 1-NA dis-
tance higher than 4 mm; 1-NA angle higher than 22°; in-
terincisal angle lower than 130°; clinical evidence of den-
toalveolar protrusion in the maxilla; maxillary crowding;
no history of trauma and incisors root resorption before
treatment; treatment plan including extraction of maxil-
lary first premolars and complete retraction of maxillary
canines and incisors to correct protrusion and inclina-
tion. Exclusion criteria were: diseases, pathologies or
drug treatment that could affect bone metabolism.

CBCT is an examination requested as part of the
initial records for orthodontic diagnosis and treatment
plan in the graduate orthodontic clinics of Universidade
Federal do Rio de Janeiro (UFR]), School of Dentistry.
Therefore, patients selected to take part in the research
already presented clinical records and initial CBCT
examination (T)).

Patients were submitted to the same orthodontic treat-
ment protocol: from the setup of standard Edgewise met-
al brackets to the complete retraction of maxillary incisors
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which was carried out by means of extraction of maxil-
lary first premolars, alignment and leveling phase, as well
as retraction of canines with elastomeric chain. The arch-
wire used for incisors retraction was a 0.019 x 0.025-in-
stainless steel wire with omega loops distal to the brackets
of first molars, and 6-mm long teardrop loops distal to
lateral incisors. Activation of incisors retraction archwire
was performed after each 21-day interval with stainless
steel ligature tie-back on the omega loops to promote a
0.5 to 1-mm opening of the loops, generating a force of
150 gf per side. Tipping and extrusion of maxillary inci-
sors during retraction were controlled by incorporating
active torque on incisors (gable effect). Anchorage was
controlled by a transpalatal arch and/or extraoral traction
when maximum anchorage was required. The mean re-
traction time was six months. The amount of retraction
was similar for all patients, once the orthodontic mechan-
ics used was standardized. One month after the end of
complete retraction of maxillary incisors, an additional
CBCT (T,) was requested.

Tomographic examination was performed by means
of 1-CAT scan (Imaging Sciences International, Hat-
field, Pennsylvania, USA) set at 120 kVp, 5mAs,
13x17 ¢cm FOV, 0.4 mm voxel, and scanning time of
20 seconds. Data obtained were recorded in DICOM
(Digital Imaging and Communication in Medicine &
Management Solutions) format and assessed by means
of Dolphin Imaging™ software version 11.5 (Dolphin
Imaging, Chatsworth, California, USA).

Maxillary dentoalveolar assessment following retraction of maxillary incisors: a preliminary study

Volumetric reconstruction was obtained for each
tomographic scan with standardized head position."
Additionally, head orientation was more specifically
confirmed and adjusted through marking anatomical
landmarks in multiplanar images and measuring specific
distances and angles. This procedure allowed reproduc-
ibility of measurements in the two time intervals for each
patient. For that purpose, in the midsagittal slice, the
anterior nasal spine (ANS) and the posterior nasal spine
(PNS) were marked, and the palatal plane rotated, if
necessary, until it was parallel to the axial plane. The ax-
1al slice correspondent to the palatal plane was located
and the 1mage rotated, if necessary, until the line uniting
ANS and PNS was parallel to the sagittal plane (Fig 1).
In the sagittal slice where ANS and PNS were visible, the
distance from the basion to the palatal plane extending
posteriorly was measured (Fig 2). This distance should
be the same in the two CBCT scans obtained from the
same patient (T, and T,). In the coronal slice where the
PNS was visible, two reference points were determined
in the internal face of the mandibular right and left ra-
mus in the same axial plane of PNS. A new reference
point was marked 5 mm below the PNS parallel to the
sagittal plane. The angle between these three points had
to be the same in the two CBCT scans obtained from
the same patient (T, and T,) (Fig 3).

Assessment of alveolar structures was performed in
seven axial slices parallel to the palatal plane. In the initial
CBCT, in the sagittal slice that passes through the middle

Figure 1 - A) Sagittal slice showing ANS and PNS (green points) coinciding with the axial plane (blue line). B) Axial slice showing ANS and PNS (green points)
coinciding with the sagittal plane (red line).
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Figure 2 - Distance from basion to the palatal plane (blue line) extended pos- Figure 3 - Angle between two points determined in the internal face of the
teriorly. mandibular right and left ramus with the third point 5 mm below the PNS
parallel to the sagittal plane (red line).
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Figure 4 - Distance from the cementoenamel junction (CEJ) to the palatal Figure 5 - Measures of bone thickness in five distinct regions used in the

plane. axial slices: the first one in the midsagittal plane (ML-midline), and the other
ones 5 and 10 mm apart from ML to the right (RM and RD) and to the left
(LM and LD).

of the crown of the maxillary right central incisor, the dis-  in five distinct regions: the first one in the midsagittal

tance from the cementoenamel junction (CEJ) to the pala-  plane (ML), and the others 5 and 10 mm apart from ML

tal plane was measured (Fig 4). The first axial slice selected ~ to the right (RM and RD) and to the left (LM and LD)
was 2 mm above the CEJ and the six subsequent sliceswere ~ (Fig 5). A total of 35 measurements of alveolar thickness
above the first one, 2 mm apart from each other. The dis-  were computed for each CBCT.

tance measured in the initial CBCT was reproduced in the For tooth length assessment (n = 44), the sagittal slice
post-retraction CBCT of the same patient with its startin ~ selected was the one passing through the long axis of the
the palatal plane and its end near or on the CEJ (depending  incisor to be measured. In the sagittal slice, the image was

on the vertical movement of the tooth during retraction).  rotated until a plane parallel to the coronal plane passed
The first axial slice was selected 2 mm above this point, so  through the root apex and the most buccal point in the in-
that the same alveolar structures could be compared. cisal border. An axial slice passing through the cervical por-

In the axial slices, thickness of the alveolar processbe-  tion of the root was selected (Fig 6A). In the axial slice, the

tween the buccal and palatal cortical bone was measured  image was rotated until the sagittal plane passed through the
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Figure 6 - A) Sagittal slice. Coronal plane passing through the long axis of the incisor to be measured (green line), axial plane (blue line) passing through the cervi-
cal portion of the root; B) Axial slice. Sagittal plane (red line) passing through the middle of the root canal in the buccolingual direction; C) Sagittal slice. Distance

between the root apex and the incisal border

middle of the root canal in buccolingual direction (Fig 6B).
In the correspondent sagittal slice, the distance between the
root apex and the incisal border was measured (Fig 6C).

Statistical analysis

Intraclass correlation coefficient (ICC) tests were
performed to assess examiner calibration.

Shapiro-Wilk test was performed to check for nor-
mality of data. Since the hypothesis of normality was
rejected, a nonparametric Wilcoxon test was used to
compare pre- and postretraction measurements. A level
of significance of 0.05 was adopted.

RESULTS

The inicial mean of 1-NA distance, 1-NA an-
gle and interincisal angle were 9.2 mm, 31.5° and
104.6°, respectively.

Table 1 - Descriptive analysis of tooth length (mm) and p-value of Wilcoxon test.

ICC was 0.899 for tooth length and 0.980 for al-
veolar thickness measurements, thus confirming ex-
aminer calibration.

Table 1 presents the descriptive statistics for tooth
length measurement of the four maxillary incisors.
The length of incisors tended to present a very small de-
crease, but differences were not statistically significant.

Table 2 presents the descriptive statistics for alveolar
thickness measurements. Some small degree of varia-
tion could be observed, and alveolar thickness either
increased or decreased. However, differences were not
statistically significant.

DISCUSSION

Our results show a mean decrease of less than 1 mm in
tooth length of the four maxillary incisors. These chang-
es were not statistically significant. These findings differ

Mean (SD)

T, 23.06 (2.37)
Right lateral incisor

T, 22.22 (2.21)

T, 25.01 (2.04)
Right central incisor

T, 24.21(2.33)

T 25.04 (1.95)
Left central incisor

T, 24.24 (2.28)

T, 22.98 (2.06)
Left lateral incisor

T 22.09 (2.45)

™)

Minimum Maximum

19.64 25.83

0.310
19.08 25.04
2211 2743

0.220
2146 27.06
22.68 2765

0.370
21.34 2758
19.09 2547

0.250
18.03 24.86
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Table 2 - Descriptive analysis of alveolar bone thickness of the maxilla (mm) and p-value of Wilcoxon test.

Axial slice

Measurement

T,

1

TZ

article

RD
RM
ML
LM
LD
RD
RM
ML
LM
LD
RD
RM
ML
LM
LD
RD
RM
ML
LM
LD
RD
RM
ML
LM
LD
RD
RM
ML
LM
LD
RD
RM
ML
LM
LD

Mean (SD)
943 (1.74)
9.54 (2.24)
7.56 (1.56)
9.32 (2.24)
9.50 (1.86)
1043 (2.22)
10.07 (2.23)
773 (1.67)
10.03 (2.60)
10.17 (2.04)
10.23 (2.49)
10.17 (2.71)
8.66 (3.04)
10.64 (3.15)
10.15 (2.21)
10.01 (3.46)
1049 (3.13)
9.19 (3.23)
10.78 (3.43)
9.93(2.57)
9.87 (4.30)
10.37 (4.01)
11.18 (4.05)
10.70 (4.05)
9.91(3.19)
11.26 (6.35)
11.15 (5.30)
12.42 (4.89)
11.62 (5.38)
11.36 (5.70)
12.81 (8.34)
12.99 (8.53)
16.72 (9.52)
13.50 (9.20)
1147 (4.11)

Mean (SD)

8.32 (2.35)
8.64 (2.37)
778 (2.74)

8.52 (2.11)

8.38 (2.49)
944 (2.89)
9.30 (2.84)
8.22 (2.97)

9.22 (2.96)
9.56 (2.22)
10.17 (3.35)
10.17 (3.03)
899 (3.33)
10.01 (3.21)
10.16 (2.48)
9.95 (3.95)
10.67 (3.78)
941 (3.74)

10.55 (3.59)
9.95 (2.60)
10.34 (4.95)
10.76 (4.44)
1140 (4.46)
11.08 (4.16)
10.33 (3.60)
11.30 (6.48)
11.71 (6.26)
12.88 (5.80)
12.01 (5.86)
1144 (5.46)
12.23 (3.96)
11.80 (3.87)
15.39 (6.84)
12.39 (4.58)
12.19 (4.03)

0.061
0.122
0.895
0.224
0.341
0.178
0411
0.921
0.158
0.308
0.818
0.973
0.767
0469
0.921
0.869
0.792
0.869
0.973
0.973
0.973
0.869
0.921
0.767
0.973
0.973
0.818
0.921
0.818
0.921
0490
0.718
0.718
0.718
0.669

Measures of alveolar thickness between as vestibular and lingual corticals: ML = measure at median sagittal plane; RM and RD = measures at 5 and 10mm,
respectively, to the right side; LM and LD= measures at 5 and 10mm, respectively, to the left side.
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from other results reported in the literature by authors
who studied root resorption associated with orthodontic
treatment and reported greater mean root resorption.'*!
However, patients in our study were assessed immediate-
ly after the end of incisor retraction and not after the end
of orthodontic treatment, which may have contributed to
the results observed. Root resorption during orthodon-
tic treatment may be associated with factors such as indi-
vidual predisposition, magnitude and direction of tooth
movement, root anatomy and shape, need for premolar
extraction, presence of root resorption previous to treat-

ment, and treatment time.'>'%

One of the advantages of CBCT in Orthodon-
tics is to assess and measure buccal and lingual bones
surrounding the teeth with lower radiation dose than
CT scans, considering that these structures could not
be assessed by conventional radiograph due to imaging
overlap and gingival covering.'

In CBCT examination used in Orthodontics, great-
er FOVs are generally used, which makes it impossible
to work with voxels smaller than 0.3 mm due to great-
er radiation doses.!” In this research, greater voxel size
was used to minimize radiation dose and follow the
ALARA principle (As Low As Reasonably Achiev-
able). Some studies show that smaller voxels may lead
to better accuracy in measurements;”'" however, there
are authors who confirm the efficacy of using CBCT
scans to measure small or delicate bone thickness and
bone or periodontal defects with 0.38 to 0.4 mm
of voxel size.**"*" In our study, 0.4-mm-voxel im-
ages were used. One of the difficulties in measuring
bone structures with CBCT scans is image clearness.
According to Molen et al," the thinner the bone plate
1s, the less distinct the image is, which decreases preci-
sion of linear measurements. This limitation may be
due to the partial volume averaging property, which
happens when the limit between two tissues of dif-
ferent density lies in a voxel. Density in this specific
voxel will correspond to the mean between the den-
sities of the two structures. When the sum of many
measures may be affected by this property, this may
produce significant differences from the actual mea-
sures.”? Another phenomenon known to cause altera-
tion in measures is the limitation of contrast resolu-
tion described by Ballrick et al.* This limitation is
due to the incapacity of distinguishing two objects of
similar density when they are too close. The authors

concluded that a minimum distance of 0.86 mm was
necessary to assure clear distinction between two metal
plates of the same density. All patients included in this
research had metal brackets bonded to teeth and evalu-
ation was not hindered by any imaging artifacts.

In this research, assessment of alveolar changes in
the maxilla was performed through linear measure-
ments between buccal and palatal cortical bones.
These measures are independent and are considered
long enough not to be influenced by variation in the
partial volume averaging. Additionally, voxel size
was the same for all tomographic exams used in this
study. That means that if there has been a tendency
towards overestimating measures, this has happened to
all measures, so that the difterences between pre- and
postretraction values would have been the same and
the results would not have been altered. The limitation
of contrast resolution would probably have introduced
some bias, if bone thickness had been measured from
the buccal and palatal surfaces of incisors roots in their
cervical third, due to the smaller quantity of alveolar
bone in that region.

A few studies in the literature present changes in
alveolar bone thickness following incisors retraction,
using computed tomography. As our objective was to
assess changes in alveolar bone thickness from buccal
to palatal cortical bone, this distance was measured
in a standardized and reproducible manner. We did
not measure the distances from the tooth root to the
buccal cortical bone and from the tooth root to the
palatal cortical bone as other authors did,*** since this
measure reflects mainly the displacement of the tooth
root through the alveolar bone and not specifically
changes in bone thickness of the region of interest.
Our study presented small non-significant differences
in alveolar bone thickness, which either decreased
or increased. The greatest difference was 1.33 mm.
These results may indicate that no undesirable thick-
ening occurred in the cortical bone, which could
hinder esthetic results achieved as a result of treat-
ment. The findings by Sarikaya et al* are not compa-
rable to ours, as their measurements were different,
but they report bone loss after retraction, especially
in the palatal alveolar bone. Yodthong, Charoem-
ratrote and Leethanakul® assert that changes in alveo-
lar bone thickness during orthodontic treatment with
retraction of maxillary incisors may be related to the
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amount of tooth movement, changes in tooth tipping

and further intrusion of incisors.

However, when incisors are retracted, the risk of al-

veolar bone loss should be considered, and therapeutic

limitations of orthodontic tooth movement should be

greatly emphasized.’ In our study, changes in alveolar

thickness measurements were not statistically signifi-

cant, and these results may be related to controlled force

as well as to the mechanics used.

This 15 a preliminary study of which findings should

be considered with caution. Statistical differences between

REFERENCES

10.

11

12.

Proffit WR. Ortodontia Contemporanea. 42 ed. Rio de Janeiro: Elsevier; 2007.
Sarikaya S, Haydar B, Ciger S, Ariyirek M. Changes in alveolar bone thickness
due to retraction of anterior teeth. Am J Orthod Dentofacial Orthop. 2002
July;122(1):15-26.

Yodthong N, Charoemratrote C, Leethanakul C. Factors related to alveolar bone
thickness during upper incisor retraction. Angle Orthod. 2013 May;83(3):394-401.
Cattaneo PM, Bloch CB, Calmar D, Hjortshej M, Melsen B. Comparison between
conventional and cone-beam computed tomography-generated cephalograms.
Am J Orthod Dentofacial Orthop. 2008 Dec;134(6):798-802.

White SC, Pae EK. Patient image selection criteria for Cone-Beam Computed
Tomography Imaging. Semin Orthod. 2009;15(1):19-28

Leung CC, Palomo L, Griffith R, Hans MG. Accuracy and reliability of cone-beam
computed tomography for measuring alveolar bone height and detecting bony
dehiscences and fenestrations. Am J Orthod Dentofacial Orthop. 2010 Apr;
137(4 Suppl):S109-19.

Timock AM, Cook V, McDonald T, Leo MC, Crowe J, Benninger BL, et al.
Accuracy and reliability of buccal bone height and thickness measurements from
cone-beam computed tomography imaging. Am J Orthod Dentofacial Orthop
2011 Nov;140(5):734-44.

Patcas R, Muller L, Ullrich O, Peltomaki T. Accuracy of cone-beam computed
tomography at different resolutions assessed on the bony covering of

the mandibular anterior teeth. Am J Orthod Dentofacial Orthop. 2012
Jan;141(1):41-50.

Sun Z, Smith T, Kortam S, Kim DG, Tee BC, Fields H. Effect of bone thickness on
alveolar bone-height measurements from cone-beam computed tomography
images. Am J Orthod Dentofacial Orthop. 2011 Feb;139(2):e117-27.

Molen AD. Considerations in the use of cone-beam computed tomography for
buccal bone measurements. Am J Orthod Dentofacial Orthop. 2010 Apr;

137(4 Suppl):S130-5.

Wood R, Sun Z, Chaudhry J, Tee BC, Kim DG, Leblebicioglu B, England G, et al.
Factors affecting the accuracy of buccal alveolar bone height measurements
from cone-beam computed tomography images. Am J Orthod Dentofacial
Orthop. 2013 Mar;143(3):353-63.

Ahn HW, Moon SC, Baek SH. Morphometric evaluation of changes in the
alveolar bone and roots of the maxillary anterior teeth before and after en masse
retraction using cone-beam computed tomography. Angle Orthod.

2013 Mar;83(2):212-21.

dentoalveolar structures before and after retraction of maxillary
incisors could have been observed if sample size was greater.
The need for additional studies, especially RCTs assessing den-
toalveolar changes associated with orthodontic treatment with
CBCT scans using reduced voxels and limited FOV, is evident.

CONCLUSION

Based on the results from this preliminary study, we
conclude that there were no significant changes in tooth
length of the four maxillary incisors and in alveolar bone
thickness after retraction of maxillary anterior teeth.

13, Pandis N. Sample calculations for comparison of 2 means. Am J Orthod
Dentofacial Orthop. 2012 Apr;141(4):519-21.

14.  Cevidanes L, Oliveira AE, Motta A, Phillips C, Burke B, Tyndall D. Head
orientation in CBCT-generated cephalograms. Angle Orthod. 2009
Sept;79(5):971-7.

15, Liou EJ, Chang PM. Apical root resorption in orthodontic patients with
en-masse maxillary anterior retraction and intrusion with miniscrews. Am J
Orthod Dentofacial Orthop. 2010 Feb;137(2):207-12.

16. Margues LS, Ramos-Jorge ML, Rey AC, Armond MC, Ruellas AC. Severe
root resorption in orthodontic patients treated with the edgewise method:
prevalence and predictive factors. Am J Orthod Dentofacial Orthop. 2010
Mar;137(3):384-8.

17.  Motokawa M, Sasamoto T, Kaku M, Kawata T, Matsuda Y, Terao A, Tanne K,
et al. Association between root resorption incident to orthodontic treatment
and treatment factors. Eur J Orthod. 2012 Jun;34(3):350-6.

18. Garib DG, Calil LR, Leal CR, Janson G. Is there a consensus for CBCT use in
Orthodontics? Dental Press J Orthod. 2014 Sept-Oct;19(5):136-49.

19. Brooks SL. CBCT Dosimetry: orthodontic considerations. Semin Orthod.
2009;15(1):14-8.

20. Misch KA, Yi ES, Sarment DP. Accuracy of cone beam computed
tomography for periodontal defect measurements. J Periodontol. 2006
July;77(7):1261-6.

21. Menezes CC, Janson G, Massaro CS, Cambiaghi L, Garib DG. Reproducibility
of bone plate thickness measurements with Cone-Beam Computed
Tomography using different image acquisition protocols. Dental Press J
Orthod. 2010;15(5):143-9.

22. Baumgaertel S, Palomo JM, Palomo L, Hans MG. Reliability and accuracy
of cone-beam computed tomography dental measurements. Am J Orthod
Dentofacial Orthop. 2009 July;136(1):19-25; discussion 25-8.

23. Ballrick JW, Palomo JM, Ruch E, Amberman BD, Hans MG. Image
distortion and spatial resolution of a commercially available cone-beam
computed tomography machine. Am J Orthod Dentofacial Orthop. 2008
Oct;134(4):573-82.

24.  Nayak Krishna US, Shetty A, Girija MP, Nayak R. Changes in alveolar bone
thickness due to retraction of anterior teeth during orthodontic treatment:
a cephalometric and computed tomography comparative study. Indian J
Dent Res. 2013 Nov-Dec;24(6):736-41.

Dental Press J Orthod. 2016 Sept-Oct;21(5):82-9



