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Three-dimensional alterations in pharyngeal airway and maxillary sinus

volumes in Class III maxillary deficiency subjects undergoing orthopedic

facemask treatment

Paschalis Pamporakisa; Şirin Nevzatoğlub; Nazan Küçükkeleşc

ABSTRACT
Objective: To assess short-term alterations in the volume of pharyngeal airway space and
maxillary sinuses associated with rapid maxillary expansion (RME) and facemask (FM) use in
growing Class III maxillary-deficient patients.
Materials and Methods: Twenty-two patients (14 girls, eight boys) treated with the RME/FM and
having pretreatment and posttreatment cone beam–computed tomographic scans were identified
from the archives of the Marmara University, Department of Orthodontics. According to the
protraction force that was used, they were divided into two groups: a group with 400 g protraction
force (12 subjects) and a group with 800 g protraction force (10 subjects). Mean age for the study
group was 10 years. All patients were diagnosed with normal/low vertical growth pattern, maxillary
deficiency, and normal mandible. No control group was available for this study. For each patient, a
hyrax expansion screw with acrylic cap splint was constructed and RME was performed for
10 days. On the seventh day, protraction with a FM started.
Results: The results showed a statistically significant increase in the volume of maxillary sinuses
after treatment, which was related to the growth. On the other hand, the increase in the volume of
pharyngeal airway was not statistically significant.
Conclusions: RME/FM treatment did not affect at all the volume of maxillary sinuses and actually
inhibited the normal expected increase of the volume of the pharynx when compared with a control
group comprising normal individuals. (Angle Orthod. 2014;84:701–707.)

KEY WORDS: 3D; Pharyngeal airway space; Maxillary sinuses; Facemask; Rapid palatal
expansion

INTRODUCTION

Numerous studies demonstrate that rapid maxillary
expansion/facemask (RME/FM) use in growing pa-
tients causes remarkable dental, skeletal, and soft
tissue changes.1 As a result of these changes in hard
and soft tissues, it has been suggested that RME/FM
treatment in growing Class III patients may alter the
volume of the pharyngeal airway (PA) and maxillary

sinuses. The effect of maxillary protraction associated
with the use of RME/FM on the dimensions of human
PA is a very controversial issue. Few studies have
been published, and all of them are based on two-
dimensional (2D) evaluations of pharyngeal airway
space by the use of conventional cephalograms. The
purpose of this study was to evaluate the PA and
maxillary sinus volume changes in Class III growing
patients undergoing RME/FM treatment using cone
beam–computed tomography (CBCT) and to contrib-
ute to the literature on an issue that has not been
evaluated before in three dimensions (3D).

MATERIALS AND METHODS

The records of 22 patients (eight males and 14
females) treated with RME/FM and with pretreatment
and posttreatment CBCTs were selected from the
archive of Marmara University, Department of Ortho-
dontics, İstanbul, Turkey. The mean ages of the male
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and female patients were 10.3 and 9.9 years, respec-
tively. Mean age for the study group was 10 years. The
skeletal maturation age was assessed using the
vertebral maturation method.2 All of the patients were
in the active growth period. The study was approved
by the ethical committee of the Medical Faculty of
Marmara University (İstanbul, Turkey).

Inclusion criteria were as follows: patients with Class
III skeletal relationship due to maxillary retrognathism;
age between 8 and 11 years; no previous orthodontic/
orthopedic treatment; no systemic diseases, craniofa-
cial anomalies, or temporomandibular joint disorders;
no tonsillectomy/adenoidectomy; and no carious,
gingival/periodontal lesions.

The patients were divided in two groups according to
the amount of protraction force applied. In the first

group of five males and seven females approximately
400 g of elastic force was applied for each side. In the
second group of three males and seven females
approximately 800 g of elastic force was used for each
side.

The expansion device used was an acrylic cap splint
Hyrax (GH Wire Company, Hanover, Germany). The
expansion screw was activated twice a day for a period
of 10 days. Patients were treated with maxillary
protraction for an average period of 10 months.
Maxillary protraction was performed using a FM on
the seventh day of RME. The FM treatment was
terminated and the Hyrax appliance was removed
when an overjet of 5 mm and full Class II molar and
canine relationship were achieved. All patients re-
ceived a Class III bionator for retention. Upon

Figure 1. Boarders of measured PA.

Figure 2. 3D reconstruction of PA.
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completion of the desired permanent dentition, fixed
orthodontic appliances were bonded.

CBCTs were taken at two periods. The pretreatment
CBCT was taken 1 week before the bonding of the Hyrax
appliance (T0), and the posttreatment scans were
obtained 1 week after the removal of the Hyrax appliance
(T1). CBCT (3M, St Paul, Minn) scans were made at
20 kV and 1–4 mA using the following protocol: 21.1-cm
field of view, 0.0936 Voxel size, 58 microsieverts of
maximum radiation, and 40-second maximum and 7.8-
second minimum scanning times. All of the scans were
acquired with the patient sitting upright with the Frankfort
horizontal plane parallel to the floor, in centric occlusion.
The patient’s head position was adjusted with the help of
two laser beams, one parallel to the floor, coinciding with

the Frankfort horizontal plane, and one vertical beam
passing through the patient’s facial midline. The patients
were asked not to swallow or move their heads or
tongues during exposure.

The data obtained from the images were transferred
to a computer, where volumetric changes of the PA
and maxillary sinuses and several skeletal changes
were measured using MIMICS 14.0 software launched
by Materialise (Materialise Europe, World Headquar-
ters, Leuven, Belgium). All measurements were done
by the same operator. In order to determine the
method error, 10 randomly selected CBCTs were
retraced on the same computer by the same operator.
Before landmark identification, the 3D volumetric
images were oriented with the MIMICS 14.0 program.

Figure 3. Identification of PNS point in axial, coronal, and sagittal views.

Figure 4. Isolation of right maxillary sinus.
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The midsagittal plane was adjusted on the skeletal
midline, and the axial plane was adjusted to show the
Frankfort horizontal plane. From each CBCT a 2D
cephalogram was extracted. On those cephalograms
SN-CVT angle (CVT: the line connecting the most
posterosuperior point on the odontoid process of the
axis with the most posteroinferior point on the body of
the fourth cervical vertebra) was measured, and no
statistically significant change was found.

The PA volume was calculated according to the
following borders. The anterior border was defined by
a vertical plane passing through PNS. The superior
border was a parallel line to the Frankfort horizontal
plane passing 10 mm superior to the PNS. The
posterior border was the posterior pharyngeal wall.
The inferior border was a horizontal plane (parallel to
Frankfort horizontal) passing from the most anterior
and inferior point of the third vertebra (Figures 1 and
2). The 3D image of the PA was divided into upper and
lower parts by a plane drawn from PNS to the most
anterior and inferior point of the first vertebrae. All
landmarks were identified in the axial, coronal, and
sagittal views (Figure 3). When polyps were observed
during assessment of the volume of maxillary sinuses
volume, these polyps were included in the mask of the
isolated sinuses since they were occupying space that
should be normally occupied by air (Figure 4).

For the assessment of before and after treatment
skeletal changes, 3D images were superimposed on
the cranial base. Then, on the pretreatment 3D
image, two planes were created: a sagittal plane
(RP1) and a coronal plane (RP2). RP1 was created
by the identification of the two Porion points and
right Orbitale point, and RP2 was created vertical to
RP1 passing from right and left Porion points. Then
ANS, PNS, and A and B points were identified on
both 3D models’, coronal, axial and sagittal slices.
Vertical distances of ANS and PNS points from RP1
and of A and B points from RP2 were calculated
automatically by the program. Classical cephalo-
metric images were extracted from CBCTs, and
measurements of GoMe-SN, PP-SN, and OP-SN
angles were performed.

Statistical Analysis

The SPSS for Windows 15.0 program was used for
statistical assessment. Conformity of the parameters
to the normal distribution was assessed by the
Kolmogorov-Smirnov test. The Kruskal-Wallis test
was used for intergroup comparisons of parameters
without normal distribution, and the Mann-Whitney U-
test was used for the determination of the group causing
the difference. A Student’s t-test was used for the
intergroup comparisons of parameters with normal
distribution, and the Mann-Whitney U-test was used
for the intergroup comparisons of parameters without
normal distribution. The paired-samples t-test was used
for the in-group comparisons of parameters with normal
distribution. Spearman’s rho correlation analysis was
used for investigation of relationships between param-
eters not showing conformity to the normal distribution.
Significance was evaluated at a level of P , .05.

RESULTS

Our results demonstrated a high level of agreement
between the duplicate measurements conducted by
the same examiner. The interclass correlation coeffi-
cient of all the measurements showed a high rate of
consonance (Tables 1 and 2).

The results indicate that there is a significant
increase, by a mean of 1064.22 mm3, in the right sinus
volume and a significant increase, by a mean of
720.37 mm3, in the left sinus volume. Total maxillary
sinus volume was also significantly increased. There
was no significant difference in the amount of increase
of sinus volume between the two force groups (Table 3).

There was an insignificant increase (by 397.95 mm3)
of the volume of upper airway, an insignificant increase
of 19.15 mm3 of the volume of lower airway, and an
insignificant increase of 407.63 mm3 of total PA volume
(Table 3).

There was a significant anterior movement of A point
by a mean of 2.29 mm, a posterior movement of B point
by a mean of 0.57 mm, and a downward movement of
PNS point by a mean of 1.5 mm. GoMe-SN angle

Table 2. Evaluation of the Reliability of the Method

Before Treatment

(Measurements) I.C.a

95% Interval

L.B.b U.B.c

Right maxillary sinus 0.999 0.997 1.000

Left maxillary sinus 1.000 0.999 1.000

Total maxillary sinus 0.946 0.798 0.986

Upper pharyngeal airway 0.998 0.992 0.999

Lower pharyngeal airway 0.991 0.964 0.998

Total pharyngeal airway 0.999 0.995 1.000

a Interclass correlation.
b Lower band.
c Upper band.

Table 1. Evaluation of the Reliability of the Method

Ten Randomly

Selected CBCTs

before Treatmenta

Mean Value of

Original

Measurements, mm3

Mean Value of

Second (Control)

Measurements, mm3

Right maxillary sinus 9314.7830 9300.3970

Left maxillary sinus 9453.5810 9422.1310

Total maxillary sinus 18,184.1860 17,985.0790

Upper pharyngeal airway 3626.1840 3642.0480

Lower pharyngeal airway 6024.7720 5968.3450

Total pharyngeal airway 8899.9060 8903.6650

a CBCT indicates cone beam–computed tomography.
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statistically increased by a mean of 1.41u, and PP-SN
decreased by a mean of 2.76u (Table 4).

DISCUSSION

At present, the US Nuclear Regulatory Commission
(USNRC) has limited the radiation exposure of the
public to 1 mSv (1000 mSv) per year. With our CBCT
the maximum radiation per scan was 0.058 mSv
(58 mSv). The CBCTs were taken from each patient
twice in a period of 10 months, which results in
0.112 mSv of radiation, representing 11% of the allowed
dosage per year, well below the USNRC safety limit
(USNRC Biological Effects of Radiation 2004). Howev-
er, it is clear that no amount of radiation can be regarded
as a ‘‘safe,’’ and it is the practitioner’s ethical obligation
to limit unnecessary radiation exposure.

Our results showed an insignificant increase
(407.63 mm3) in the volume of upper and lower airway.
For ethical reasons there was no control group of
Class III samples available in this study. However, the
3D growth studies of Schendel and Jacobson3 and Li
et al.4 provided detailed data concerning the normal
growth of PA between the ages of 8 and 12. According
to Schendel and Jacobson,3 the normal expected
growth of PA in a period of 10 months in growing
patients between 10 and 13 years of age is 897.2 mm3,
while according to Li et al.4 the expected increase in
the volume of the PA due to growth procedures
between the ages of 7.5 and 11 years of age is

974.704 mm3. However, the soft palate, which is
attached to the maxilla, can be affected by positional
changes in the maxilla and its physical contact with the
tongue.5 While providing a strong indication that the
amount of increase in the airway volume that we have
found is less than the amount of expected growth,
these studies have a significant limitation. They all
were made on normal growing individuals, and it is
much more likely that the group being treated had
already experienced deficient maxillary growth,6,7

which would be expected to have an impact of lesser
airway development (compared to what one would
expect to see in untreated normal growing controls).

The only studies available in the literature examining
the effect of RME/FM or FM treatment alone on the PA
volume are done by evaluation of 2D cephalograms. Lee
et al.,5 Sayınsu et al.,8 and Kaygısız et al.9 demonstrated
improvement in the nasopharyngeal airway dimensions
with maxillary protraction in skeletal Class III children.
Oktay and Ulukaya10 observed significant increases in
the width of the PA. These authors assumed that there
were no increases in PA volume due to the growth, and
they did not use a control group. The studies that did
include a control group demonstrated that RME/FM
treatment improved naso- and oropharyngeal airway
dimensions in the short term.11–13 Mucedero et al.12

concluded that the favorable skeletal maxillary and
mandibular changes produced by FM with or without
RME were not associated with significant changes in the
sagittal oropharyngeal and nasopharyngeal airway di-
mensions. The interesting finding of Mucedero et al.12

was the relatively high standard deviations of their
cephalometric findings. More specifically, in one-third of
their cases, the result of the FM treatment was actually a
decrease in the volume of PA. Baccetti et al.13 found no
significant changes for the oro- and nasopharyngeal
sagittal airway dimensions induced by FM/Bite Block
therapy when compared with untreated Class III subjects.

In our research extended correlation statistics were
performed to examine the relationship between the
changes of the airway volumes/skeletal points and
different parameters, such as age, gender, daily FM
use, and duration of treatment (Table 5). The most
important correlation was a significant positive corre-

Table 3. Evaluation of the Results of the Treatment on Air Volumes of Pharyngeal Airway and Maxillary Sinuses

Pretreatment (n 5 22) Posttreatment (n 5 22)

Pm 6 SD m 6 SD

Right maxillary sinus volume 8645.43 6 1894.39 9709.65 6 2138.96 **

Left maxillary sinus volume 9320.19 6 1585.99 10,040.56 6 1744.14 **

Total maxillary sinus volume 17,965.62 6 3067.45 19,750.21 6 3544.96 **

Total pharyngeal airway volume 9087.13 6 1973.85 9494.76 6 2415.75 ns

Upper pharyngeal airway volume 3280.86 6 1142.65 3678.21 6 1240.57 ns

Lower pharyngeal airway volume 5773.53 6 1681.39 5792.68 6 1975.87 ns

** P , .01; paired-samples t-test.

Table 4. Evaluation of the Results of the Treatment on

Skeletal Structures

Pretreatment Posttreatment

Pm 6 SD m 6 SD

GoMe-SN 36.83 6 2.22 38.24 6 2.95 **

PP-SN 12.31 6 5.30 9.95 6 3.56 *

OP-SN 25.13 6 2.17 24.89 6 1.94 ns

RP1-ANS 19.15 6 2.10 19.39 6 2.26 ns

RP1-PNS 18.44 6 2.68 19.94 6 2.78 **

RP2-A 80.61 6 3.81 82.90 6 3.81 **

RP2-B 80.63 6 4.75 80.06 6 4.73 *

** P , .01; paired-samples t-test.

* P , .05.
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lation between PP-SN angle and total and lower PA
volume. That means that a decrease in the PP-SN
angle is followed by a decrease in the lower airway and
total PA volume. This weak correlation may support
our hypothesis that the PNS’s drop causes spontane-
ous drop of soft palate and, as a result, constriction of
the volume of lower airway.

We also found a significant increase in the volume of
maxillary sinus as a result of RME/FM treatment of a
mean of 8932.295 mm3 (Table 3). As a result of the
absence of a control group, we used the data provided
by 3D growth studies of Barqhouth et al.14 and Park et
al.15 These 3D studies provided detailed data concern-
ing the normal growth of maxillary sinuses between the
ages of 8 and 12 years. According to the results of
Barqhouth et al.,14 the maxillary sinus volume increased
by a mean of 4000 mm3, which means 1000 mm3 for
1 year or 833 mm3 for a period of 10 months, while
according to Park et al.,15 between the ages of 8 and
12 years there was a mean increase of 949.3 mm3 for
the same time period. Despite the fact that these studies
have certain limitations compared to our study, such as
the patient criteria selection (our study includes only
Class III maxillary-deficient low to normal angle
patients), ethnicity of patients (Park et al.15 had Asian
ancestry patients), and different 3D measurement
technology (Barqhouth used magnetic resonance im-
aging and not CBCTs), they provide an indication that
the increase in the volume of the maxillary sinuses of
our patients occurred because of growth procedures
and not because of RME/FM treatment. Again, for safer
results a special control group of Class III maxillary-
deficient patients is required.

There is no available literature examining the effect of
RME/FM treatment on the volume of maxillary sinuses.
Nevertheless, there are three available 3D studies that
examine the effects of RME with Hyrax appliances on
maxillary sinuses. Garrett et al.16 found that RME
produces a statistically significant decrease in maxillary
sinus width without using a control group, but they did not
measure actual volume. Smith et al.17 agreed with our
results and found no statistically significant change in the
sinus volumes as a result of RME. They did not take the
growth factor into consideration. Motro18 concluded that
there was a significant increase in the total sinus volume
after RME treatment. As a control group, he used the
growth study of Barqhouth et al.14 In Motro’s18 study, the
mean age and the standard deviation were much higher
than in this study, which may justify his results, since in
nongrowing patients we cannot expect much increase in
the volume of maxillary sinuses due to growth.

Limitations of this study were the small sample size
and the absence of a control group. In order to
accommodate for the absence of a control group we
used detailed data of available 3D growth studies of
normal growing samples. When the amount of radiation
in a CBCT scan is reduced enough to allow us to use it
on an everyday basis, a formation of an adequate Class
III control group will help us reach safer results.

CONCLUSIONS

N As a result of RME/FM treatment, there was a
significant increase in the maxillary sinus volume,
while the increases in the volumes of upper and
lower PA were insignificant.

Table 5. Correlation of Pharyngeal Airway Changes with Skeletal Changes in Two Different Age Groups

Age, y Differences

TPAV UPAV LPAV

r P r P r P

,10 GoMe-SN 0.328 .354 0.103 .776 0.000 1.000

PP-SN 20.115 .751 0.236 .511 20.806 .005**

OP-SN 20.243 .498 20.535 .111 0.158 .663

RP1-ANS 0.297 .405 0.164 .651 0.285 .425

RP1-PNS 0.091 .803 0.006 .987 0.358 .310

RP2-A 0.758 .011* 0.455 .187 0.212 .556

RP2-B 20.394 .260 20.067 .855 20.418 .229

RP2 A-B 0.309 .385 0.370 .293 20.127 .726

$10 GoMe-SN 0.239 .455 0.393 .206 20.018 .957

PP-SN 20.615 .033* 0.322 .308 20.636 .026*

OP-SN 20.203 .527 20.462 .131 20.070 .829

RP1-ANS 20.070 .829 20.336 .286 0.196 .542

RP1-PNS 0.189 .557 20.049 .880 0.224 .484

RP2-A 0.014 .966 20.133 .681 0.049 .880

RP2-B 20.091 .779 0.245 .443 20.273 .391

RP2 A-B 20.105 .746 0.189 .557 20.329 .297

* P , .05; ** P , .01; Spearman’s rho test.

TPAV: Total pharyngeal airway volume.

UPAV: Upper pharyngeal airway volume.

LPAV: Lower pharyngeal airway volume.
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N RME/FM treatment did not affect at all the volume of
maxillary sinuses and actually decreased the normal
expected increase of the volume of PA when
compared with the results associated with control
groups consisting of normal individuals.
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