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Effect of large incisor retraction on upper airway morphology in adult

bimaxillary protrusion patients

Three-dimensional multislice computed tomography registration evaluation

Yu Chena; Liu Hongb; Chun-ling Wangc; Shi-jie Zhangd; Cong Caoa; Fulan Weie; Tao Lvf;
Fan Zhange; Dong-xu Liug

ABSTRACT
Objective: To evaluate, using multislice computed tomography (MSCT), the morphologic changes
in the upper airway after large incisor retraction in adult bimaxillary protrusion patients.
Materials and Methods: Thirty adult patients with bimaxillary protrusion had four first premolars
extracted, and then miniscrews were placed to provide anchorage. A CT scan was performed
before incisor retraction and again posttreatment. Three-dimensional (3D) reconstruction of the
pre- (T1) and post- (T2) CT data was used to assess for morphological changes of the upper
airway. A paired t-test was used to compare changes from T1 to T2. The relationship among the
three variables (upper incisor retraction amount, upper airway size, and hyoid position) was
analyzed by Pearson correlation coefficient.
Results: The amounts of upper incisor retraction at the incisal edge and apex were 7.64 6 1.68 mm
and 3.91 6 2.10 mm, respectively. The hyoid was retracted 2.96 6 0.54 mm and 9.87 6 2.92 mm,
respectively, in the horizontal and vertical directions. No significant difference was observed in the
mean cross-sectional area of the nasopharynx (P . .05) between T1 and T2, while significant
differences between T1 and T2 were found in the mean cross-sectional areas of the palatopharynx,
glossopharynx, and hypopharynx (P , .05); these mean cross-sectional areas were decreased by
21.02% 6 7.89%, 25.18% 6 13.51%, and 38.19% 6 5.51%, respectively. The largest change in the
cross-sectional area is always noted in the hypopharynx. There was a significant correlation among
the retraction distance of the upper incisor at its edge, the retraction distance of the hyoid in the
horizontal direction, and the decrease of the hypopharynx.
Conclusion: Large incisor retraction leads to narrowing of the upper airway in adult bimaxillary
protrusion patients. (Angle Orthod. 2012;82:964–970.)

KEY WORDS: Upper airway morphology; Large incisor retraction; Bimaxillary protrusion; Multislice
computed tomography (MSCT); 3D registration

INTRODUCTION

The goal of orthodontic treatment is not only the
coordination and stability of dentofacial structure and
facial appearance but also the normal functioning of
the stomatognathic system and airway. Bimaxillary

protrusion is a common disease in China and is
commonly characterized by protrusive and prominent
upper and lower incisors and an increased procum-
bency of the lips.1–4 Typical orthodontic treatment
includes extraction of the bimaxillary premolars and
anterior tooth retraction, with maximum anchorage
achieved through the placement of miniscrews, which
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enable the practitioners to achieve maximum anterior
tooth retraction without undesirable movements of the
posterior teeth. Despite the fact that the relationship
between maximum anchorage and tooth displacement
is well recognized,5,6 retrospective upper airway
analysis after retraction of the large incisors remains
to be established. The upper airway plays an important
role in respiration, swallowing, and pronunciation.
Therefore, detailed assessment of the upper airway
is still an important foundation of routine orthodontic
diagnosis and planning.7,8

Many studies8–10 have demonstrated that the size
of the tongue, soft palate and parapharyngeal fat
pads, and the position of the lateral pharyngeal walls
and mandible and maxillary are all important deter-
minants of upper airway morphology. Previous
studies have reported a significant decrease in the
size of the upper airway after mandibular setback
surgery11,12; this decrease is caused by the perma-
nent posterior and inferior movement of the tongue
after mandibular setback surgery.13 These studies
have largely examined changes in the upper airway in
two dimensions, but two-dimensional assessment of
the upper airway morphology is not sufficient to
measure the changes in three-dimensional (3D)
airway structure. However, there have been no
reports related to the upper airway morphologic 3D
changes involving large incisor retraction with max-
imum anchorage in adult patients. For this reason, 3D
evaluation is necessary, which could provide chang-
es in the upper airway.

Although cone beam computed tomography allows
for accurate assessment of the entire volume of the
upper airway, it cannot quantify the upper airway
changes caused by the pre- and posttreatment 3D
registration as a result of the lack of stable references
with a 3D craniofacial model.14 Multislice computed
tomography (MSCT) registration might be an accept-
able imaging technique supplying quantitative assess-
ment of the upper airway changes in clinics,15,16 and this
method might permit an accurate topographical calcu-
lation of the upper airway displacements with subvoxel

accuracy after identification of the cranial base struc-
tures.17,18 In addition, compared with magnetic reso-
nance imaging, MSCT can offer an alternative to reduce
the time required to reduce the breathing effects on
airway volume. Therefore, this retrospective, analytical
study was designed to evaluate the upper airway
morphology changes occurring after large incisor
retraction in patients with adult bimaxillary malocclusion
by retrospective 3D registration.

MATERIALS AND METHODS

Subjects

This research was accepted by the Research Ethic
Committee of Shandong University Dental School.
Thirty bimaxillary dentoalveolar protrusion patients
were randomly selected. All patients provided in-
formed consent and were notified of potential risks,
including the damage potentially associated with CT
radiation and miniscrew methodologies. They were
treated using oriental preadjusted appliance KO-
SAKA slot brackets (OPA-K, Tomy; Fukushima-ken,
Japan), and miniscrews were placed as an anchor
for the integral retraction and intrusion of the
maxillary teeth. A force of 150 g per side of elastic
chains was applied from the miniscrew to the upper
crimpable hook to retract and intrude the upper
anterior tooth (Figure 1). The patients were seen at
1-month intervals over a period of 12 6 3 months to
retract the upper and lower anterior teeth.

CT Data Acquisition

The skull CT scans were performed before incisor
retraction (T1) and posttreatment (T2) with natural
head posture and maximum intercuspation during the
patients’ awake periods at the end of eupnoea,
respectively, which was done in the same way using
16-row helical CT (Light Speed Plus, General Electric,
Fairfield, Conn), and the patients were asked to
maintain the resting position of the tongue tip, which
was in contact with the anterior part of the hard palate
without touching the anterior teeth.

Figure 1. Miniscrews were placed in the interradicular locations between the first molar and second premolar and were attached at gingival-level

height: pretreatment (A) and posttreatment (B).
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The CT scans were performed perpendicular to the
long axis of the lower central incisors on each slice.
The lateral scanogram of the head position set the
gantry angle. Scans were made from the level at the
nasion to a level at the C3 point (slice thickness:
0.625 mm; reconstruction interval: 0.3 mm; scan time:
1.0 seconds, 120 kV, 250 MA). The CT data were
saved in the DICOM (Digital Imaging and Communi-
cations in Medicine) format.

3D Virtual Model Reconstruction

All 3D models were constructed from CT images
with a voxel dimension of 0.35 3 0.625 3 0.625 mm.
The bone, tooth, and upper airway morphology
structure were separated, respectively, by the
threshold based on Hounsfield Units (HU) in Mate-
rialism’s Interactive Medical Image Control System
(MIMICS, version 10.01; Leuven, Belgium). The
separated and independent masks were created for
each part, which allowed the next generation of
individual geometrical files and 3D models. All 3D
masks were exported as stereolithography (STL).

To build 3D models of the upper airway before and
after incisor retraction, T1 and T2 CT data were
loaded into MIMICS software. Once segmented, the
upper airway was refined to obtain the true shape by
eliminating projections that did not belong to the
airway, and four landmarks were marked in the
midsagittal plane (posterior nasal spine, the end of
the uvula, the top of the epiglottis, and the C3 point).
Following the landmarks, the corresponding cross-
sectional slice can be found, which divided the total
upper airway into four regions: the nasopharynx,

palatopharynx, glossopharynx, and hypopharynx. All
of the regions were also reconstructed (Figures 2
and 3).

Registration of Pre- and Posttreatment Models

In MIMICS, STL was moved to a certain location by
point registration, which was accomplished by laying
the zygomatic arch landmarks on the pre- and
posttreatment STLs and 3D models (Figure 4A,B).14,15

The software calculated the transformation matrix to fit
best between the start-end points on STL and then
applied it on the selected one. After point registration,
STL registration was performed to place STL on the
CT mask in order to improve the accuracy. In order to
ensure the precision, corresponding landmarks were
identified repeatedly (minimal point distance filter was
0.10 mm, which was satisfied, as in Figure 4D,E). All
of the registrations were done three times over the
course of 2 weeks, and the best registration was
chosen for the measurements.

3D Measurement

In this study, the nasopharynx was defined as the
region between the roof of the upper airway and the
hard palate; the palatopharynx lay between the hard
palate and the end of the uvula; the glossopharynx was
from the end of the uvula to the top of the epiglottis;
and the hypopharynx was between the top of the
epiglottis and the base of the epiglottis (the level of
C3). After registration, the cross-sectional area of each
region from nasopharynx to hypopharynx was mea-
sured using the MIMICS. The displacement of the
upper incisor and hyoid were also calculated in the 3D
model. The landmarks identified on each 3D model
were incisor crown edge (ICE), incisor root apex (IRA;

Figure 2. CT scan in sagittal plane after point registration and STL

registration; the pharynx was subdivided into four parts by three

planes perpendicular to the sagittal plane.

Figure 3. The 3D model of four parts of the pharynx, hyoid, and

cervical vertebra after point registration and STL registration and the

distance between T1 and T2 models were measured.
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Figure 5), the most anterior and inferior point on the
hyoid (H point), the most anterior and superior point on
the greater born of the hyoid on both sides (GH point;
Figure 3), and the cross-sectional areas (CSA) of the
pharynx on each CT sagittal slice (Figure 6). The
preceding variables measured on each 3D model are
shown in Table 1. Every subject was measured three
times by the same investigator, and then the mea-
surements were averaged.

Statistical Analysis

All statistical analyses were performed using the SAS
software package (version 9.13, SAS Institute, Cary,
NC). For each variable measured on the 3D models, the
mean and the standard deviation (SD) were calculated.
Differences in the cross-sectional area of the upper
airway between T1 and T2 were assessed using paired
t-tests, and then the relationships between the three

variables (upper incisor retraction amount, the distance
change of hyoid retraction in the horizontal direction and
vertical direction [X–Hm, Y–Hm; this value is the mean
of H and both sides of GH], and the change in the
pharyngeal cross-sectional area) were assessed using
the Pearson correlation coefficient. The error of the
method, based on double measurements at a 2-month
interval, was calculated for 30 randomly selected
patients for 3D linear measurements (as described by
Houston19) and was calculated as follows: s 5 !S (d )2/2n
(where d indicates deviations between the two mea-
surements and n indicates number of paired objects).
The error was 0.26 mm (SD of d is 0.14 mm) for 3D
linear measurement and was 0.13 mm2 (SD of d is
0.07 mm2) for measurement of the upper airway cross-
sectional area. The statistical difference was not
significant between the two measurements by paired t-
test at the significance level of a 5 .05.

Figure 5. Changes in the teeth between the T1 and T2 models

were measured.

Figure 6. Changes in the cross-sectional areas of the pharynx

between T1 and T2 models were measured.

Figure 4. The effect of point registration (A, B) and STL registration (C, D, E). The teeth and maxilla were registered with the surface points that

did not change after orthodontic treatment: (A) the most protruding points on the inferior margin of the zygomatic arch; (B) registration of pre- and

posttreatment models; (C) the pre- and posttreatment models of the teeth were matched to each other after the registration of maxillary; (D) STL

registration with cranial base; and (E) STL model occlusal view.
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RESULTS

Using the paired t-test, we tested whether there was a
significant difference in the size of the nasopharynx,
palatopharynx, glossopharynx, and hypopharynx be-
tween pre- and posttreatment. By setting the signifi-
cance level at a 5 .05 and determining the value of
t0.05(n 2 1) 5 t0.05(29) 5 1.699 based on the t-
distribution with n 2 1 degrees of freedom, there was
a significant difference if ti . t0.05(29), i 5 0, 1, 2, 3,
where ti is the sample value of the t-test statistic based
on 30 sample values at the nasopharynx, palatopharynx,
glossopharynx, and hypopharynx. Otherwise, there was
no significant difference. We computed t3 . t2 . t1 .

t0.05(29) . t0; namely, we concluded that there was no
significant difference in nasopharynx between pre- and
posttreatment, and the cross-sectional area decreased
significantly in the palatopharynx, glossopharynx, and
hypopharynx. In addition, the mean cross-sectional
areas of these three parts of the upper airway were
decreased by 21.02% 6 7.89% (mean 6 SD), 25.18%
6 13.51%, and 38.19% 6 5.51%, respectively. In
addition, the change in the hypopharynx was greatest.

The amounts of upper incisor retraction at the edge
and apex were 7.64 6 1.68 mm (mean 6 SD) and 3.91

6 2.10 mm, respectively, and with the retraction of the
incisors, the hyoid was retracted by 2.96 6 0.54 mm
and 9.87 6 2.92 mm in the horizontal and vertical
directions, respectively. A significant correlation was
observed in the mean amount of central incisor
retraction at the edge, the hyoid retraction amount in
the horizontal direction, and the change of cross-
sectional area in the hypopharynx (Tables 2 and 3).

DISCUSSION

Narrowing in one or more segments of the upper
airway may induce breathing problems. The upper
airway is an irregular lumen. As a result of individual
differences, the volume of the upper airway cannot
reflect the narrowest position of the airway. Thus, cross-
sectional area is a better indicator than volume with
which to evaluate change in the size of the upper
airway.19 The changes in the sizes of the palatopharynx,
glossopharynx, and hypopharynx between pre- and
posttreatment are shown in our study, and the greatest
change occurs in the hypopharynx, which is inconsis-
tent with the findings of other studies, showing that
extraction of four premolars with retraction of incisors
does not affect oropharynx (OP) airway volume.20 In
addition, some studies have described that the naso-
pharynx and hypopharynx were not easy to deform
because of supportive bone and cartilage, while the
antetheca of the palatopharynx and glossopharynx was
made up of the soft palate and tongue, which were
easily affected by the change in the surrounding tissue.
Retraction of large incisors with extraction and use of
miniscrews decreased the oral volume, which in turn
reduced the tongue’s space in terms of the sagittal
condition, and then the tongue retracted to press the
soft palate, and this movement resulted in an adaptation
leading to the diminution of the upper airway.21

Table 1. Measurement Parameters of Teeth, Hyoid and Cross-

sectional Areas of Pharynx Used

Measurement Variablesa Definition

ICE (T1–T2) Central incisor retraction amount at

edge in the horizontal direction

IRA (T1–T2) Central incisor retraction amount at root

in the horizontal direction

X–H (T1–T2) Hyoid retraction amount at the most

anterior and inferior point in the

horizontal direction

Y–H (T1–T2) Hyoid retraction amount at the most

anterior and inferior point in the

vertical direction

X–GH (T1–T2) Hyoid retraction amount at the most

anterior and superior point on the

greater born in the horizontal direc-

tion

Y–GH (T1–T2) Hyoid retraction amount at the most

anterior and superior point on the

greater born in the vertical direction

X–Hm (T1–T2) The mean of H and both sides of GH in

the horizontal direction

X–Hm (T1–T2) The mean of H and both sides of GH in

the vertical direction

CSA (T1–T2) Change of pharyngeal cross-sectional

areas on each CT sagittal slices

Y–GH (T1–T2) Hyoid retraction amount at the most

anterior and superior point on the

greater born in the vertical direction

a ICE indicates incisor crown edge; IRA, incisor root apex; H, the

most anterior and inferior point on the hyoid; GH, the most anterior

and superior point on the greater born of the hyoid on both sides;

CSA, cross-sectional areas; CT, computed tomography; T1, pre-

treatment; and T2, posttreatment.

Table 2. Pearson Correlation Coefficient Analysis Between the

Hyoid Retraction Amount and Some Parameters (n530)

Variablea ICE (T1–T2) IRA (T1–T2) CSA (T1–T2)

X–Hm (T1–T2) r .803 .614 .898

P .000 .000 .000

Y–Hm (T1–T2) r .173 .185 2.034

P .360 .328 .859

a ICE indicates incisor crown edge; IRA, incisor root apex; CSA,

cross-sectional areas; T1, pretreatment; and T2, posttreatment.

Table 3. Pearson Correlation Coefficient Analysis Between the

Changes of Hypopharynx and Some Parameters (n530)

Variablea

ICE

(T1–T2)

IRA

(T1–T2)

X–Hm

(T1–T2)

Y–Hm

(T1–T2)

CSA (T1–T2) r .817 .652 .898 2.034

P .000 .000 .000 .859

a ICE indicates incisor crown edge; IRA, incisor root apex; CSA,

cross-sectional areas; T1, pretreatment; and T2, posttreatment.
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However, using the Pearson correlation coefficient, a
significant correlation is observed among the amount of
central incisor retraction at the edge, the hyoid retraction
amount in the horizontal direction, and the change of the
cross-sectional area in the hypopharynx. Therefore, we
infer that the main reason for the narrowing of the
hypopharynx may be the retraction of the hyoid, which is
caused by the retraction of the central incisor. Previous
studies have shown a possible relationship between
hypopharynx and skeletal structures, soft tissues, and
musculature. For example, hyoid position changes after
mandibular setback surgery. Kawakami et al.13 con-
firmed that the vertical and horizontal spaces around the
tongue were maintained postoperatively with the back-
ward and downward movement of the hyoid, which
compensates for the reduction in oral volume caused by
the mandibular setback.22 Furthermore, some stud-
ies14,23,24 showed that the positional change in the hyoid
decreased the pharyngeal airway size. Thus, the hyoid
plays a vital role in the narrowing of the upper airway
caused by large incisor retraction. However, the long-
term stability of the hyoid and pharyngeal size are
unknown; further long-term research on the dynamic
analysis of airway resistance is needed.

CONCLUSION

N The mechanobiological response of the upper airway
should be taken into consideration during large
incisor retraction, as the pursuit of large incisor
retraction may lead to a narrowing of the upper
airway in bimaxillary protrusion adult patients.
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