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Effects of extraction versus non-extraction treatment on

oropharyngeal airway volume

Manish Valiathana; Hakan Elb; Mark G. Hansc; Martin J. Palomod

ABSTRACT
Objective: To compare the effects of extraction vs nonextraction orthodontic treatments on
oropharyngeal airway volume.
Materials and Methods: An existing patient database was screened for pretreatment (T0) and
posttreatment (T1) cone beam computed tomography (CBCT) scans and complete medical
histories. Twenty patients treated with removal of four premolars (ExtG) and 20 controls (NExtG),
were matched for age, gender, ethnicity, height, weight, body mass index, and oropharyngeal (OP)
volumes, among other variables. Constructed lateral cephalograms (three skeletal and four dental
variables) and OP volumes were measured at T0 and T1 using Dolphin Imaging 11.0. Independent
sample t-tests were used to compare the groups at T0 and the outcome variables at T1. Paired
sample t-tests were used to compare the mean changes from T0 to T1. Statistical significance was
set at P # .05.
Results: Changes from T0 to T1 were found to be significant in both groups for CoA, CoGn, U1-
FH, and IMPA. In the ExtG alone, U1-Na Perp and L1-Na Perp were also significantly different from
T0 to T1. Despite the observed differences, no significant differences were found at the end of
treatment between the mean OP volumes for either group (12,675.6 6 4483.6 for ExtG; 12,002.7
6 2857.0 for NExtG, P . .05). Similarly, the mean changes in OP volume (1082.6 mm3 and
1701.1 mm3 for ExtG and NExtG, respectively) and increase in mean minimal constricted axial
areas (17.4 mm2 and 1.9 mm2 for ExtG and NExtG, respectively, P . .05) from T0 to T1 were not
significant for the two groups.
Conclusion: Extraction of four premolars with retraction of incisors does not affect OP airway
volume. (Angle Orthod. 2010;80:1068–1074.)
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INTRODUCTION

Traditional radiographic cephalometrics, magnetic
resonance imaging (MRI), and computed tomography

(CT) are widely used static imaging modalities for the
assessment of airway anatomy and volume.1 The
ability to perform precise measurements of various
cross-sectional areas, three-dimensional (3D) recon-
structions, and volumetric measurements of the upper
airway are some of the advantages of CT technology
when compared with cephalometric techniques. Fol-
lowing the introduction of cone beam CT (CBCT), the
main disadvantages of conventional CT devices, such
as high radiation dose and longer exposure times,
were eliminated.2,3 Although MRIs operate without the
need for ionizing radiation, an MRI requires signifi-
cantly longer operating time that results in decreased
airway image quality due to motion artifacts.4 In other
words, CBCTs have led to a better understanding of
upper airway anatomy and physiology.5

The upper airway has always been an area of
interest because the oropharyngeal and nasopharyn-
geal structures play important roles in the growth and
development of the craniofacial and orodental com-
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plex.6–8 Various DICOM (digital imaging and communi-
cations in medicine) viewer programs have enabled
researchers to focus on the airway, specifically, airway
volume. A variety of studies that evaluate the airway
volume in symptomatic and nonsymptomatic patients
have been published.9–14 Most of these studies focused
on the possible associations between airway and
skeletal structures, soft tissues, and musculature.
However, the effects of orthodontic treatment, specifi-
cally the effects of four premolar extractions vs
nonextraction treatment approaches on airway volume,
have never been discussed in the literature. It is well
documented that differences exist in the two treatment
approaches when it comes to changes in the soft tissue
profile, incisor angulations, vertical facial height, and
mandibular plane angle, among other differences.15–19 It
would be worthwhile therefore, to investigate the effects
of extraction vs nonextraction care because an alter-
ation of the incisor and soft tissue position could
potentially affect tongue position and affect the upper
airway volume, especially the oropharyngeal airway.

The aim of this retrospective, analytical study was to
evaluate and compare the effects of extraction and
nonextraction treatment modalities on the oropharyn-
geal airway volume. Specifically, the hypothesis tested
was that the extraction of four premolars for orthodon-
tic purposes would not affect the oropharyngeal airway
volume compared to a matched, nonextraction group.
Additionally, we attempted to determine if the location
of minimal constricted axial area (minAx), relative to
the occlusal plane, was affected at the end of
treatment in both groups.

MATERIALS AND METHODS

The experimental protocol used in this study was
approved by the institutional review board of an
established university located in midwestern United
States. All participants were obtained from the existing
patient database of the Department of Orthodontics
and were treated in the same facility using the Ortho II
ViewPoint software (Ortho II Computers Systems,
Ames, Iowa). All patients had pretreatment (T0) and
posttreatment (T1) CBCT images and complete
medical records were inspected for all patients. The
age of patients used in this study ranged from
12.1 years to 15.5 years for boys and 11.3 years to
15.6 years for girls. The mean ages for ExtG were 13.8
6 1.3 years for boys and 13.5 6 1.6 years for girls.
The mean ages for NExtG were 13.8 6 1.2 years for
boys and 13.5 6 1.6 years for girls. Patients with
medical histories of craniofacial deformities, pharyn-
geal pathology and/or nasal obstruction, snoring,
obstructive sleep apnea, adenoidectomy, and tonsil-
lectomy were excluded.

All of the CBCT images were acquired using a Hitachi
CB MercuRay Scanner (Hitachi Medical Systems
America Inc, Twinsburg, Ohio) and were taken as part
of the routine initial diagnostic records for orthodontic
patients. All images were taken at 2Ma, 120kV, and a
12-inch field of view (F mode) setting. Each patient’s
image data consisted of 512 slices, with a slice
thickness of 0.377 mm, a resolution of 1024 3 1024
pixels, and 12 bits per pixel (4096 gray scale). The
images were taken in natural head posture and in
maximum intercuspation. Additionally, any CBCT scans
in which the airway was not clear, not fully contained in
the volume, or contained artifacts, were excluded.

From the selected records, 20 white patients treated
with the removal of four premolars (ExtG; 10 female,
10 male), and 20 controls (NExtG), matched for age,
gender, height, weight, body mass index (BMI), and
skeletal features, were identified. The groups were
matched one to one, and t-tests were performed at T0
to ensure the groups were not statistically different for
the variables tested. All 40 participants had a Class I
malocclusion, were treated with fixed edgewise appli-
ances, and had good occlusion at the end of treatment.

The lateral cephalograms of the patients were
obtained from the 3D CBCT data using the InVivo-
Dental 4.0 software (Anatomage Inc, San Jose, Calif)
and digitized using the Dolphin Imaging 11.0 software
(Dolphin Imaging & Management Solutions, Chats-
worth, Calif) for T0 and T1 time intervals. Cephalo-
metric measurements consisted of three skeletal and
four dental measurements and were completed by one
experienced operator (Figure 1). All of the cephalo-
metric data obtained from lateral cephalograms were
organized using Microsoft Excel (Microsoft Corp,
Redmond, Wash).

Volumetric measurements were performed sepa-
rately for T0 and T1 time intervals using the 3D airway
module of Dolphin Imaging 11.0 program following the
recommendations of the manufacturer. The limits of
the oropharyngeal (OP) volume were defined on the
midsagittal slice, anteriorly by the incisive canal and
the midline of the upper incisors.20 The superior border
of the OP volume was defined by the palatal plane
(ANS-PNS) line extending to the posterior wall of the
pharynx, and the inferior border was defined by the line
passing from the most inferoanterior point on the body
of the third cervical vertebra and the base of the
epiglottis (Figure 2). In addition to volumetric mea-
surements, the surface area of the most constricted
area between the previously mentioned limits was
recorded in relation to the occlusal plane as above the
occlusal plane (AOP), below the occlusal plane (BOP),
or on the occlusal plane (OccP). The volumes and
area data were also imported into Excel for compar-
isons.
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Thirty randomly selected records were reevaluated
after a week of preliminary data collection to estimate
operator reliability. Intraclass correlation coefficients
were calculated to estimate reliability for the volumetric
measurements. The error for linear and angular
measurements of cephalometric analysis was mea-
sured using the Dahlberg formula (

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
d2=2n

p
).21 To

validate the consistency of both groups at T0 in terms
of age, height, weight, and BMI and to compare the
outcome variables at the T1 time interval, independent
sample t-tests were used. Paired sample t-tests were
used to compare the mean changes from T0 to T1.
Similarly, the mean difference in airway variables
between T0 and T1 time intervals were compared for

Figure 1. Cephalometric measurements. (1) FMA angle. (2) CoA (midface length). (3) CoGn (effective mandibular length). (4) U1-FH (upper

incisor inclination). (5) IMPA (lower incisor inclination). (6) U1-Na Perp (upper incisor tip to a line drawn perpendicular to Frankfort horizontal from

nasion). (7) L1-Na Perp (lower incisor tip to a line drawn perpendicular to Frankfort horizontal from nasion).

Figure 2. Two-dimensional (a) and three-dimensional (b) representations of superior and inferior borders of the OP airway. pp indicates line

passing from ANS and PNS points extending to the posterior wall of the pharynx; minAx, minimal constricted axial area; 3cv, line passing from

the most inferoanterior point on the body of the third cervical vertebra and the base of the epiglottis; OccP, occlusal plane.
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both groups. For all statistical analyses, SPSS
Statistics 17.0 (SPSS Inc, Chicago, Ill) was used,
and the statistical significance was set at # .05.

RESULTS

The differences in demographic and airway vari-
ables between the ExtG and NExtG at T0 are provided
in Table 1. No statistical differences were noted at T0
when the two groups were compared (age, height,
weight, and BMI). Although the mean OP volume
(11,593.0 6 4513.0 mm3) and minAx (137.1 6 59.2) of
ExtG at T0 were slightly larger than the nonextraction
group (10,301.5 6 3060.8 and 122.4 6 52.9,
respectively), there was no statistically significant
difference.

Differences in skeletal, dental, and airway variables
at T0 and T1 among ExtG and NExtG are presented in
Table 2. There was a significant increase in midface
length and effective mandibular length for both groups.
For the ExtG, U1-FH, and IMPA angles decreased
significantly, whereas a significant increase was
observed for the respective angles for the nonextrac-
tion group. The position of the upper and lower incisors
for ExtG relative to Na-Perp decreased significantly.
Although there was an increase in upper and lower
incisor positions with respect to Na-Perp, the differ-
ence was not significant. The mean increases in OP
volume, and the increases in mean minAx, were not
statistically significant in either group.

Table 3 shows differences in skeletal, dental, and
airway variables between the ExtG and NExtG at T1.
The treatment time for the extraction group was
significantly longer than the time for the nonextraction
group. The lower incisors were significantly more
labially inclined at the end of treatment for the
nonextraction group when compared with the extrac-
tion group. No statistically significant changes were
observed for OP volume and minAx between the
groups at the end of treatment.

Mean differences for OP airway volume and minAx
between T0 and T1 time intervals are given in Table 4.
No statistically significant differences were observed
for the mean differences between T0 and T1 for the
two groups.

Table 1. Differences in Demographic and Airway Variables

Between the Extraction and Nonextraction Groups at T0a

T0

Extraction

(n 5 20)

Mean 6 SD

Nonextraction

(n 5 20)

Mean 6 SD P

Age, y 13.6 6 0.6 13.7 6 1.4 .98

Height, cm 161.0 6 8.2 157.9 6 8.1 .24

Weight, kg 52.3 6 7.9 51.6 6 6.9 .77

Body mass index,

kg/m2 20.1 6 1.4 20.6 6 1.4 .23

OP volume, mm3 11,593.0 6 4513.0 10,301.5 6 3060.8 .30

minAx, mm2 137.1 6 59.2 122.4 6 52.9 .41

a OP indicates oropharyngeal; minAx, minimal constricted axial

area.

Table 2. Differences in Skeletal, Dental, and Airway Variables at T0 and T1 Between the Extraction and Nonextraction Groupsa

Extraction (n 5 20) Nonextraction (n 5 20)

Mean 6 SD P Mean 6 SD P

FMA, degree T0 24.8 6 3.3

.061

26.2 6 3.6

.190T1 26.7 6 3.4 26.5 6 4.2

CoA, mm T0 78.7 6 5.1

.000***

78.3 6 4.2

.000***T1 80.8 6 5.8 81.5 6 4.00

CoGn, mm T0 110.6 6 5.8

.000***

107.8 6 5.4

.000***T1 114.6 6 5.8 113.3 6 4.5

U1-FH, degree T0 117.7 6 7.6

.000***

112.9 6 8.3

.034*T1 111.5 6 7.4 115.9 6 7.2

IMPA, degree T0 92.9 6 5.8

.000***

89.6 6 4.4

.001**T1 88.7 6 6.3 94.4 6 5.1

U1-Na Perp, mm T0 8.7 6 4.0

.000***

6.5 6 5.1

.379T1 5.6 6 4.5 7.0 6 4.1

L1-Na Perp, mm T0 5.2 6 4.0

.001**

4.1 6 4.7

.066T1 3.0 6 4.2 5.1 6 4.0

OP volume, mm3 T0 11,593.0 6 4513.0

.068

10,301.5 6 3060.8

.052T1 12,675.6 6 4483.6 12,002.7 6 2857.0

minAx, mm2 T0 137.1 6 59.2

.211

122.4 6 52.9

.877T1 154.4 6 78.8 124.3 6 40.4

* P , .05; ** P , .01; *** P , .001.
a FMA indicates mandibular plane angle; CoA, midface length; CoGn, effective mandibular length; U1-FH, upper incisor inclination; IMPA,

lower incisor inclination; U1-Na Perp, upper incisor proclination; L1-Na Perp, lower incisor proclination; OP, oropharyngeal; minAx, minimal

constricted axial area.
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The location of the minAx at T0 for ExtG was AOP
for 4 patients, BOP for 12 patients and at the OccP for
4 patients. In the ExtG, the minAx moved downwards
for 2 patients, moved upwards for 6 patients, and
stayed at the same level for 12 patients (Figure 3). The
location of minAx at T0 for NExtG was AOP for 1
patient, BOP for 17 patients, and at the OccP for 2
patients. In the NExtG, the minAx moved downwards
for 3 patients, moved upwards for 2 patients, and
stayed at the same level for 15 patients (Figure 4).

DISCUSSION

The effects of extraction and nonextraction treat-
ment modalities over the dentofacial complex have
been researched intensively throughout the orthodon-
tic literature. To the best of the authors’ knowledge, the
current study is the first study evaluating the effects of
extraction and nonextraction treatments on OP airway
volume.

In the current study, the images were acquired with
the patient in an upright position (which is typical for
most of the CBCT machines). It has been documented
that the upper airway size and shape are prone to
change depending upon the body position.22,23 While
some may argue that this introduces a systematic
error, studies have documented that images recorded
in the upright position are adequate to evaluate the
airway.24 Additionally, all images were taken under the
same conditions and positions. Besides, this was not
an obstructive sleep apnea study, but rather a study
designed to evaluate the OP volumes for normal
breathing adolescent patients.

A change in dimensions is expected in the pharyn-
geal soft tissue between the ages of 12 and 15 years.25

There was an increase in OP volume for both groups,
but this increase was not significant. This observed
difference when compared with 2D linear measure-
ment studies is likely the result of our outcomes being
recorded as volumes. However, a high variability for
OP airway volume was observed for the evaluated
patients in both groups, which was in concordance with
the findings of Peters-Schuster et al.26 It should be
noted that airway size and shape is extremely variable
depending on the head posture and the breathing
stage,23,27 and there are no norms or studies at this
point to compare with our results.

In general, four premolar extraction treatments do
not cause significant bony changes. In our sample
there was a slight increase in mandibular plane angle
for both of the groups (P 5 .061). Midface length (CoA)
(P , .001) and effective mandibular length (CoGn) (P
, .001) increased significantly, which was expected as
a result of normal growth.28 The statistically nonsignif-
icant increases in the OP airway volume also likely
occurred as a result of normal growth process. There
is a positive correlation between the OP airway and the
length and position of the mandible.29,30 Therefore, to
be more specific, most of the changes that occurred in
the OP volume may be attributed to mandibular
growth.

On the other hand, dental outcomes exhibited
statistically significant differences for most of the
measured variables between the groups. The only
nonsignificant change was the position of the upper
and lower incisors relative to the Na-Perp plane for the
NExtG. All of the dental changes were in line with
expectations in each of the groups. However, our
hypothesis that a change in incisor angulation and
position for patients who underwent extractions for
orthodontic purposes would not cause a significant
difference in the OP airway volume (secondary to a
reduced size oral cavity and a change in tongue
position) was not rejected. This could be the result of a
type II error (false-negative caused by lack of
sensitivity) and could be addressed, in part, by further
increasing the sample size in future studies. The OP

Table 3. Differences in Skeletal, Dental, and Airway Variables

Between the Extraction and Nonextraction Groups at T1a

T1

Extraction

(n 5 20)

Mean 6 SD

Nonextraction

(n 5 20)

Mean 6 SD P

Treatment time, mo 30.9 6 3.9 25.4 6 4.4 .011*

Age, mo 194.6 6 17.3 191.5 6 17.15 .573

FMA, degree 26.7 6 3.4 26.5 6 4.2 .899

CoA, mm 80.8 6 5.8 81.5 6 4.0 .660

CoGn, mm 114.6 6 5.8 113.3 6 4.5 .459

U1-FH, degree 111.5 6 7.4 115.9 6 7.2 .067

IMPA, degree 88.7 6 6.3 94.4 6 5.1 .003**

U1-Na Perp, mm 5.6 6 4.5 7.0 6 4.1 .307

L1-Na Perp, mm 3.0 6 4.2 5.1 6 4.0 .119

OP volume, mm3 12,675.6 6 4483.6 12,002.7 6 2857.0 .575

minAx, mm2 154.4 6 78.8 124.3 6 40.4 .136

* P , .05; ** P , .01.
a FMA indicates mandibular plane angle; CoA, midface length;

CoGn, effective mandibular length; U1-FH, upper incisor inclination;

IMPA, lower incisor inclination; U1-Na Perp, upper incisor proclina-

tion; L1-Na Perp, lower incisor proclination; OP, oropharyngeal;

minAx, minimal constricted axial area.

Table 4. Mean Differences for OP Airway Volume and Minimal

Constricted Axial Area Between T0 and T1 Time Intervalsa

Extraction (n 5 20)

Mean 6 SD

Nonextraction (n 5 20)

Mean 6 SD P

OP volume,

mm3 1082.6 6 2504.3 1701.1 6 3677.7 .54

minAx, mm2 17.4 6 60.1 1.9 6 54.7 .40

a OP indicates oropharyngeal; minAx, minimal constricted axial

area.
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airway volumes of the NExtG displayed a slightly
bigger but nonsignificant increase (P 5 .052). In fact,
the mean difference in OP airway volume between the
two groups was only 700 mm.3 It is interesting to note
that the average volume of a standard-sized sugar
cube is 5000 mm.3 In other words, the mean volume
difference between the groups at T1 was approxi-
mately one seventh of the volume of a standard sugar
cube. It is noteworthy that the total size of the mean
OP airway volume was less than the volume of three
sugar cubes.

One of the most common measurements used to
evaluate the static morphology of the upper airway is
to determine the area and location of a minimally
constricted axial slice.12,31–33 The size and shape of this
area are prone to change with positional changes of
the mandible, tongue, or soft palate.34 The magnitude
of these positional changes that are created with
intraoral appliances cannot be compared to those
obtained with extraction or nonextraction treatments.
However, it was interesting to observe that the location
of minAx was more prone to change for the ExtG. For

both groups, there was an increase in minAx between
T0 and T1. We speculate this increase occurred as a
result of growth.

A major strength of our study is the groups were
matched for age, gender, body mass index, height,
weight, OP volume, and minimally constricted axial
areas at T0. However, further investigations in this
emerging area would be required to validate the
observations and trends noted in this study.

CONCLUSION

N No statistically significant OP airway volume chang-
es were found between cases treated with the
extraction of four premolars and nonextraction
groups, despite expected changes in incisor angula-
tions and position.
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Figure 3. Location of the minimal constricted axial area for the extraction group at T0 and T1 time intervals.

Figure 4. Location of the minimal constricted axial area for the nonextraction group at T0 and T1 time intervals.
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