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Correlation between skeletal changes by maxillary protraction and upper

airway dimensions

Ji-Won Leea; Ki-Ho Parkb; Seong-Hun Kimc; Young-Guk Parkd; Su-Jung Kime

ABSTRACT
Objective: To describe the correlation between the skeletal changes induced by maxillary
protraction treatment and the sagittal airway dimension associated with tongue, soft palate, and
hyoid bone position in skeletal Class III children.
Materials and Methods: Twenty Class III patients (5 boys, 15 girls; mean age, 9.4 6 1.8 years)
treated with a maxillary protraction appliance were included in this study. Pretreatment and
posttreatment cephalometric radiographs were analyzed; linear and angular measurements were
performed by an expert orthodontist. The correlation between treatment changes in craniofacial
morphology and those in upper airway, tongue, soft palate, and hyoid position was evaluated by
Pearson’s correlation analysis.
Results: A significant increase in maxillary forward displacement, inhibition of mandibular forward
growth, and clockwise rotation of the mandible were observed. Simultaneously, nasopharyngeal
airway measurements PNS-ad1 and PNS-ad2 significantly increased by 1.4 mm and 1.9 mm,
respectively. A correlation analysis revealed that maxillary protraction had a positive relationship
with PNS-ad1 and PNS-ad2.
Conclusions: The nasopharyngeal airway dimensions can be improved in the short term with
maxillary protraction in skeletal Class III children. (Angle Orthod. 2011;81:426–432.)
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INTRODUCTION

Skeletal Class III malocclusion is associated with
maxillary undergrowth, mandibular overgrowth, or the
combination of both conditions. A maxillary protraction
appliance (MPA) has been used for the treatment of
Class III malocclusion of growing patients accompany-
ing maxillary undergrowth.1,2 It was reported that the
main effects of the treatment with an MPA include

enhanced forward displacement of the maxilla, clock-
wise rotation of the mandible, counterclockwise rotation
of the palatal plane, and labioversion of maxillary
incisors.3–7 Despite several studies performed on skel-
etal and dental changes via the MPA, there have been
few studies conducted on the correlation of the skeletal
change with structures in the airway space via the MPA.

Airway space is divided into a nasopharynx,
oropharynx, and hypopharynx and consists of hard
tissues—such as maxilla, mandible, palatine bone,
vomer, and cervical spine—and muscles of the tongue
and soft palate, oral cavity, nasal cavity, and oral and
retropharyngeal mucosa. The upper airway is closely
related to the hyoid bone, as the hyoid bone is
attached to the suprahyoid and infrahyoid muscles.
The posture and position of the tongue are mainly
regulated by the neuromusclature. As the genioglos-
sus muscle is regulated by mechanoreceptors in the
temporomandibular joint and contracts whenever the
glossopharyngeal and nasopharyngeal nerves are
stimulated, this muscle is associated with airway
control. The soft palate, which is attached to the
maxilla, can be affected by positional changes in the
maxilla and the tongue due to its physical contact with
the tongue.
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It was reported that the skeletal change in skeletal
Class III children via an orthopedic appliance changes
the airway width.8–13 Kilinç et al.10 and Oktay and
Ulukaya11 reported the significant change in the
oropharynx and the nasopharynx after treatment with
a maxillary protraction appliance. On the other hand,
Sayinsu et al.9 and Kaygisiz et al.12 observed the
significant change only in the nasopharynx. Hiyama et
al.8 and Mucedero et al.13 reported no significant
correlation of the skeletal change with change in the
airway width.

The purpose of this study was to investigate the
effects of the skeletal change by treatment with a
maxillary protraction appliance on the airway width,
tongue position, and soft palate, as well as their
correlation. The research protocol was reviewed and
approved by the institutional review board of the Kyung
Hee University Medical Center (IRB No. KHD IRB
2009-14).

MATERIALS AND METHODS

The sample consisted of 20 patients (5 boys and 15
girls) who were treated in the Department of Orthodon-
tics, Kyung Hee University Dental Hospital. The sample
was collected based on the following inclusion criteria:
anterior crossbite with a Class III molar relationship,
accompanying maxillary skeletal retrusion, and no
congenital anomalies or mandibular deviation. Of these
patients, people who had been successfully treated
using a maxillary protraction appliance (Delaire-
type face mask) were chosen as subjects.

The lateral cephalometric radiograph was assessed
on each patient at the first encounter (T1) and at the
treatment completion of the first stage (T2). The mean
age of the subjects at T1 was 9.4 6 1.8 years, and the
mean period of the treatment was 8.3 6 3.8 months.

Lateral cephalometric radiographs were taken in the
natural head position with CX-90SP (Asahi Roentgen,

Figure 1. Cephalometric measurements. (A) Hyoid. (1) HRGN, (2) MPH, (3) H-C3, (4) H-C3Me. (B) Tongue. (1) TGL, (2) TGH, (3) Td-PP, (4) TT-

PMV. (C) Soft Palate. (1) SPL, (2) SPT, (3) SPA, (4) P-PMV, (5) P-FH. (D) Airway. (1) SPAS, (2) MAS, (3) IAS, (4) VAL, (5) PNS-ad1, (6) PNS-

ad2, (7) OAW.
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Kyoto, Japan) at 80 kVp, 20 mA, with occlusal position
as after a usual swallow. A single orthodontist traced
the lateral cephalometric radiograph using a pen
(thickness 0.5 mm) on a 0.003-inch acetate film.
Facial and airway measurements were also taken.
Measurement points, lines, and items on the lateral
cephalometric radiograph used in this study are
presented in Figure 1 and Table 1.

Statistical Analysis

To estimate the reliability of a single measurer,
measurement was repeatedly performed at 3-week
intervals. A paired t-test with a significance level of
#.01 was conducted on two measurements to check
for any significant differences in the measured items
as recorded in two different measurements. After no
significant difference was confirmed, the mean values
of the two measurements were adopted for statistical
analyses.

All statistical analyses were performed using SPSS
version 12.0 for Windows (SPSS Inc, Chicago, Ill). The
result of the Shapiro-Wilk test confirmed that the
variables followed normal distribution (P . .05). The
pretreatment and posttreatment changes by maxillary
protraction appliance were analyzed by paired t-test.
To investigate the correlation between the skeletal
changes and upper airway alterations, Pearson’s
correlation analysis was used. The level of significance
was established as P , .05.

RESULTS

The mean and standard deviation at the first
encounter (T1), at treatment completion (T2), and of
the difference between them (T2–T1) were statistically
analyzed using paired t-test, and the results are
presented in Table 2 and Figure 2. As a result of the
skeletal change by treatment with a maxillary protrac-
tion appliance, SNA increased by 2.20u 6 1.32u, ANB
increased by 3.63u 6 1.84u, and FMA increased by
1.48u 6 1.85u, but SNB decreased by 1.43u 6 1.46u,
which resulted in forward displacement on the maxilla
and clockwise rotation of the mandible (P , .05).
There was no observed change in the vertical or
horizontal location of the hyoid bone. There was a
significant increase in the measured length (TGL, SPL,
TT-PMV, P-PMV, P-FH) in both the tongue and the
soft palate. As for airway space measurements, PNS-
ad1 increased by 1.40 6 2.28 mm and PNS-ad2
increased by 1.90 6 2.64 mm, which were statistically
significant (P , .05). SPAS, VAL, and OAW increased,
and MAS and IAS decreased, but the changes were
not statistically significant.

Presented in Table 3 are the results of the correla-
tion analysis of the skeletal change with changes in the
hyoid bone, the tongue, the soft palate, and the airway.
The change in MPH showed a negative correlation
with the change in LFH (r 5 2.551) and LFH/TFH (r 5

2.511). The change in SPL showed a negative
correlation with the change in SNB (r 5 2.614) and

Figure 2. Airway widths before and after maxillary protraction treatment.
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PFH/AFH (r 5 2.510) and a positive correlation with
the change in FMA (r 5 .499). The change in VAL (r 5

.468), PNS-ad1 (r 5 .529), and PNS-ad2 (r 5 .483),
respectively, showed a positive correlation with the
change in MxUL (P , .05).

DISCUSSION

Orthodontic treatments, such as growth modification
using a rapid palatal expander or an orthopedic
appliance and orthognathic surgery, cause not only
teeth movement but also a change in the skeletal
dimension, leading to size and positional changes in
the adjacent soft tissue. This study confirmed the
effects of the skeletal change by the treatment with an
MPA on the size changes in the airway, tongue, and
soft palate.

The MPA affects both the maxilla and the mandible.
Force anteroinferiorly exerted on the maxillary occlusal

plane enhances the forward growth of maxilla and
simultaneously causes the forward movement of the
maxillary dentition and anterosuperior rotation of the
palatal plane. Moreover, force posteriorly exerted on
the mandible causes clockwise rotation of the mandi-
ble.3–7 In this study, the anteroposterior skeletal
change caused by the MPA increased SNA and MxUL,
enhancing the forward growth of the maxilla. In the
mandible, SNB decreased but MnUL increased,
showing the clockwise rotation of the mandible rather
than the suppression of its growth. The vertical skeletal
change increased FMA and decreased PFH/AFH,
resulting in facial height increase by the clockwise
rotation of mandible. The skeletal change shown in this
study was consistent with the result of previous studies
on the MPA.3–7

The changes in airway space components by the
MPA were analyzed through measurements of the
hyoid bone, soft palate, tongue, and airway. There was

Table 1. Variables Used in Cephalometric Analysis

Variable Definition

Head posture SN-CVT (u) Head posture (angle between SN and CVT)

Anteroposterior relationship SNA (u) The angle between the anterior cranial base (SN) and NA line

SNB (u) The angle between the anterior cranial base (SN) and NB line

ANB (u) The angle between the NA line and NB line

MxUL (mm) Maxillary unit length (distance between condylion and subspinale)

MdUL (mm) Mandibular unit length (distance between condylion and gnathion)

Ba-PNS (mm) Distance between Ba and PNS

PMV-PNS (mm) Distance along perpendicular from PNS to PMV

Vertical relationship FMA (u) The angle between FH plane and mandibular plane

PFH (mm) Posterior facial height (distance between S and Go)

LFH (mm) Lower facial height (distance between ANS and Gn)

TFH (mm) Total facial height (distance between Na and Gn)

Hyoid MPH (mm) Distance along perpendicular from H to mandibular plane

HRGN (mm) Distance between H and RGN

C3H (mm) Distance between C3 and H

H-C3Me (mm) Distance along perpendicular from H to C3–Me line

Tongue TGL (mm) Tongue length (distance between Eb and TT)

TGH (mm) Tongue height (maximum height of line perpendicular to Eb-TT line at tongue

dorsum)

Td-PP (mm) Distance along perpendicular from Td to palatal plane

TT-PMV (mm) Distance along perpendicular from TT to PMV line

Soft palate SPL (mm) Soft palate length (distance between PNS and P)

SPT (mm) Soft palate thickness (maximum thickness of soft palate measured on line

perpendicular to PNS-P)

SPA (u) Soft palate angle (angle between P-PNS and palatal plane)

P-PMV (mm) Distance along perpendicular from P to PMV line

P-FH (mm) Distance along perpendicular from P to FH plane

Nasopharynx PNS-ad1 (mm) The distance from PNS to the pharyngeal wall along the line from Basion to

PNS

PNS-ad2 (mm) The distance from PNS to the adenoid tissue along the line from PNS to the

midpoint of the line intersecting Ba to Sella turcica

Oropharynx SPAS (mm) Superior posterior airway space (width of airway behind soft palate along line

parallel to Go-B plane)

MAS (mm) Middle airway space (width of airway along line parallel to Go-B line through P)

IAS (mm) Inferior airway space (width of airway along Go-B line)

OAW (mm) The distance between the points where the functional occlusal plane intersects

the anterior and posterior pharyngeal walls

VAL (mm) Vertical airway length (distance between PNS and Eb)
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no anteroposterior or vertical positional change ob-
served in the hyoid bone. There was an increased
length without thickness change observed in both the
tongue and the soft palate. Hiyama et al.8 reported that
the tongue is positioned more anteriorly due to the
increased space in the oral cavity caused by the
forward growth of maxilla. They reported that the
positional change in the tongue causes forward

positioning of the soft palate, leading to increased
upper airway width.14

This study of the measurements for airway space
after the treatment with the maxillary protraction
appliance showed PNS-ad1 (1.40 6 2.28 mm) and
PNS-ad2 (1.90 6 3.64 mm) positioned relatively
superiorly. This result is consistent with the result of
studies by Sayinsu et al.9 and Kaygisiz et al.,12 which

Table 2. Comparisons of the T1 to T2 Changes (Paired t-Test)

Variable

T1 T2 Difference (T2–T1)

PMean SD Mean SD Mean SD

Skeletal

Head posture SN-CVT, u 104.48 6.84 105.21 7.14 0.73 1.13

Anteroposterior rela-

tionship

SNA, u 77.75 2.49 79.95 2.84 2.20 1.32 ***

SNB, u 79.70 2.34 78.28 2.23 21.43 1.46 ***

ANB, u 21.95 1.47 1.68 2.34 3.63 1.84 ***

MxUL, mm 81.20 4.15 84.15 4.46 2.95 1.76 ***

MdUL, mm 108.20 6.94 110.75 7.69 2.55 2.14 ***

Ba-PNS, mm 43.10 4.51 44.25 4.38 1.15 1.04 ***

PMV-PNS, mm 2.35 1.53 3.25 1.68 0.90 0.79 ***

Vertical relationship FMA, u 27.30 5.07 28.78 4.69 1.48 1.85 **

PFH, mm 70.90 5.18 72.55 5.48 1.65 1.53 ***

LFH, mm 63.00 4.77 65.83 4.65 2.83 1.93 ***

TFH, mm 112.90 7.22 117.10 7.53 4.20 2.35 ***

PFH/AFH, % 0.63 0.04 0.62 0.04 20.01 0.02 *

LFH/TFH, % 0.56 0.02 0.56 0.02 0.00 0.01

Hyoid MPH, mm 3.28 3.85 4.50 3.47 1.23 2.77

HRGN, mm 35.15 3.59 34.00 5.40 21.15 3.83

C3H, mm 33.55 2.80 34.35 2.78 0.80 1.79

H-C3Me, mm 2.40 3.84 2.05 3.27 20.35 2.43

Tongue TGL, mm 63.70 5.24 66.65 5.39 2.95 5.80 *

TGH, mm 29.60 4.56 31.30 4.44 1.70 3.74

Td-PP, mm 7.05 3.93 7.25 3.71 0.20 3.82

TT-PMV, mm 42.80 3.98 45.30 4.17 2.50 2.63 ***

Soft palate SPL, mm 27.65 4.08 30.55 4.32 2.90 3.65 **

SPT, mm 8.70 1.17 9.15 1.31 0.45 1.23

SPA, u 132.80 4.43 134.80 5.64 2.00 4.42

P-PMV, mm 16.45 2.63 18.05 2.86 1.60 1.82 **

P-FH, mm 43.45 4.52 47.15 5.53 3.70 3.33 ***

Nasopharynx PNS-ad1, mm 14.20 3.61 15.60 3.41 1.40 2.28 *

PNS-ad2, mm 19.60 3.12 21.50 3.05 1.90 2.64 *

Oropharynx SPAS, mm 11.98 2.34 12.20 3.37 0.23 2.41

MAS, mm 10.83 2.41 10.38 2.65 20.45 1.90

IAS, mm 13.30 3.28 12.25 2.51 21.05 2.89

OAW, mm 10.65 2.06 10.95 2.78 0.30 2.25

VAL, mm 51.80 7.57 53.10 6.28 1.30 3.28

* P , .05; ** P , .01; *** P , .001.

Table 3. Results of the Correlation Analysis Between the Craniofacial and Soft Tissue Variables

Hyoid Soft Palate
Airway

MPH SPL VAL PNS-ad1 PNS-ad2

Anteroposterior

relationship

SNB 0.236 20.614** 20.181 20.191 20.147

MxUL 20.116 0.244 0.468* 0.529* 0.483*

Vertical relationship FMA 20.361 0.499* 20.003 0.328 0.419

LFH 20.551* 0.442 0.059 0.394 0.402

PFH/AFH 0.381 20.510* 20.254 20.328 20.371

LFH/TFH 20.511* 0.287 0.026 0.552* 0.390

* P , .05; ** P , .01.
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showed an increase in nasopharyngeal space rather
than that of oropharyngeal space. Ceylan and Oktay15

reported that airway space size was affected by the
change in the ANB angle. They also reported that
oropharyngeal space decreased with the increase in
the ANB angle. Akcam et al.16 reported that airway
space decreased in patients with the clockwise rotation
of the mandible. Kilinç et al.10 reported an increase in
both nasopharyngeal and oropharyngeal space in the
study using a maxillary protraction appliance, men-
tioning that the reason was the relatively small
reduction of SNB angle and mandible rotation. In this
study, the clockwise rotation of the mandible and
increased ANB were the relative results of the forward
growth of maxilla and did not cause the reduction of
either oropharyngeal or hypopharyngeal space.

Changes in PNS-ad1 (r 5 .529) and PNS-ad2 (r 5

.483), respectively, showed a positive correlation with
change in MxUL, indicating that maxillary growth by
MPA caused increased nasopharyngeal space. In
addition, in a rhinomanometric study, Ghoreishian
and Gheisari17 reported that forward displacement on
the maxilla via a maxilla surgery (Le Fort I) reduced
intranasal resistance and improved the respiratory
function by increasing air flow. In consideration of
these facts, it is likely that maxillary protraction
treatment in growing patients accompanying maxillary
undergrowth improves their respiratory function by
increasing upper airway space.

In a study on soft tissue growth in the oropharyngeal
space, Taylor et al.18 reported that measurements in
the soft tissue positioned at the posterior pharyngeal
wall showed a big change in 6- to 9-year-old and 12- to
15-year-old subjects but showed less growth in 9- to
12-year-old subjects. In a study by Kilinç et al.,10

change in the upper airway space in the control group
consisting of 17 nontreated Class III patients was trivial
in during the follow-up of 9.8 months. In this study, the
change in pharyngeal growth could be negligible
because the mean age of subjects was 9.4 years
and the mean treatment period was 8.3 months. Thus,
a control group was not used.

Changes in pretreatment and posttreatment were
measured using lateral cephalometric radiographs.
Measurements in airway space, tongue, and hyoid
bone using lateral cephalometric radiographs were
known to have a correlation with those using CT19 and
were reproducible at the natural head position.20 In
addition, measurements in airway space were known
to vary depending on the head positon.21 Therefore,
the lateral cephalometric radiograph should be taken
at the natural head position to ensure the exact
evaluation of airway space components when using
lateral cephalometric radiographs. SN-CVT was used
to determine changes in the head position prior to

treatment (T1) and after treatment (T2), showing no
significant difference between T1 and T2. There was,
however, limited evaluation of three-dimensional
space as the lateral cephalometric radiograph is two-
dimensional, whereas airway space is three-dimen-
sional. In studies on upper airway space using the
recently introduced cone-beam computed tomography
(CBCT),22,23 space area, anteroposterior width, hori-
zontal width, and upper airway volume can be
measured. Therefore, it is likely that CBCT will be
useful for the assessment of the effect on the airway of
the treatment with a maxillary protraction appliance.

CONCLUSION

N It is likely that forward movement of the maxilla
through maxillary protraction treatment in Class III
malocclusion in growing patients with maxillary
undergrowth improves respiratory function by in-
creasing upper airway space.
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