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The aim of this study was to investigate upper respiratory airway dimensions in non-extraction
and extraction subjects treated with minimum or maximum anchorage. Lateral cephalograms of 39 Class
I subjects were divided into three groups (each containing 11 females and 2 males) according to treatment
procedure: group 1, 13 patients treated with extraction of four premolars and minimum anchorage; group
2, 13 cases treated non-extraction with air-rotor stripping (ARS); and group 3, 13 bimaxillary protrusion
subjects treated with extraction of four premolars and maximum anchorage. The mean ages of the
patients were 18.1 ± 3.7, 17.8 ± 2.4, and 15.5 ± 0.88 years, respectively. Tongue, soft palate, hyoid position,
and upper airway measurements were made on pre- and post-treatment lateral cephalograms and the
differences between the mean measurements were tested using Wilcoxon signed-ranks test.
Superior and middle airway space increased significantly (P < 0.05) in group 1. In group 2, none of the
parameters showed a significant change, while in group 3, middle and inferior airway space decreased
(P < 0.01). The findings show that extraction treatment using maximum anchorage has a reducing effect
on the middle and inferior airway dimensions.
SUMMARY

Introduction
The role of uvulo-glossopharyngeal dimensions on the size
and structure of the upper airway is well documented (Lyberg
et al., 1989; Bacon et al., 1990). One aspect of the mechanism
of breathing, nasal obstruction, predisposes a child to chronic
mouth breathing. The resultant dentofacial deformity has
been described by Ricketts (1968) as ‘respiratory obstruction
syndrome’. Another view is that orthodontic treatment can
cause differences in the size of the oral cavity, influence the
size and function of the nasopharyngeal airway, and affect
breathing (Kikuchi, 2005).
Changes in nasopharyngeal structures, which comprise
hyoid bone position and the surrounding musculature and
tongue and soft palate posture, tend to be related to changes
in dentofacial structures (Fromm and Lundberg, 1970; Ozbek
et al., 1998; Battagel et al., 1999; Abu Allhaija and Al-Khateeb,
2005; Marşan et al., 2008, 2009).
Tongue pressure is considered to be particularly
important in the diagnosis of malocclusion and the
prognosis of orthodontic treatment. Changes in the size of
the oral cavity due to different treatment protocols may
affect tongue position and pharyngeal airway dimensions.
Through multiple muscular and connective tissue attachments,
the tongue is attached to the hyoid bone and posterior
movement of the tongue results in a narrowing of the airway
(Marşan et al., 2009).

Changes in the size of nasopharyngeal airway
dimensions have been reported following rapid maxillary
expansion (Tecco et al., 2007; Kilic and Oktay, 2008;
Oliveira De Felippe et al., 2008), the use of headgear
(Pirilä-Parkkinen et al., 1999; Hiyama et al., 2001),
functional appliances (Ozbek et al., 1998), protraction
facemask therapy (Sayinsu et al., 2006; Kilinc et al.,
2008; Oktay and Ulukaya, 2008), and orthognathic surgery
(Chemello et al., 1994; Enacar et al., 1994; Turnbull and
Battagel, 2000; Guven and Saracoglu, 2005). However, the
effects of non-extraction and premolar extraction therapy
using different anchorage principles on the upper
respiratory airway dimensions have not been previously
evaluated.
A number of factors, such as dental arch width, crowding,
growth direction, facial profile, and the patient’s age, should
be considered when treating with extractions or nonextraction especially in borderline patients. The term
‘borderline’ was used first by Carey (1951) when referring
to patients with moderate crowding and good facial balance
and for whom it was uncertain as to whether extractions
should be performed. Borderline patients can be treated
with expansion, stripping, or extraction with minimum
anchorage principles, whereas bimaxillary protrusion
subjects require extraction especially in borderline patients
treatment with maximum anchorage for correction of the
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Materials and methods
Lateral cephalograms of 39 Class I subjects treated at the
Department of Orthodontics, Faculty of Dentistry, Hacettepe
University, Ankara, Turkey, were divided into three groups
according to the treatment procedure; group 1, 13 borderline
cases treated with the extraction of four premolars with
minimum anchorage; group 2, 13 borderline cases treated
without extraction by means of the air-rotor stripping (ARS)
technique; and group 3, 13 bimaxillary protrusion cases
treated with the extraction of four premolars with maximum
anchorage. All three groups comprised 11 females and 2
males. The mean age of the subjects was 18.1 ± 3.7, 17.8 ±
2.4, and 15.5 ± 0.9 years in groups 1, 2, and 3, respectively.
Treatment of the all three groups was performed with 0.018 ×
0.025 inch slot fixed preadjusted edgewise appliances. The
mean treatment times were 24.8 ± 6.9, 17 ± 4.6, and 27.5 ±
7.7 months in groups 1, 2, and 3, respectively.
The subjects in groups 1 and 2 were skeletal Class I with a
mesofacial growth pattern. They had been classified as
borderline with moderate maxillary and mandibular dental
crowding and an orthognathic profile as evaluated by
experienced orthodontists using intra- and extraoral photographs
and cephalometric and model analyses and were randomly
divided into groups (groups 1 and 2) in the order of their referral
to the orthodontic clinic (Germec and Taner, 2008).
The mean pre-treatment maxillary and mandibular
crowding in group 1 was 5.7 ± 1.5 and 5.9 ± 1.4 mm,
respectively. The premolars were extracted and
orthodontic treatment started with segmental canine
distalization. After elimination of crowding, the remaining
extraction spaces were closed with increased anterior
labial crown torqued archwires. Minimum anchorage
principles were used by further ligating all anterior teeth.

The mean maxillary and mandibular molar mesialization
was approximately 3 mm. Average upper and lower
incisor retraction was 1.6 ± 2.4 and 1.9 ± 1.9 mm relative
to the pyterigoid vertical plane (PTV; Germec and Taner,
2008).
In group 2, the mean pre-treatment maxillary and
mandibular crowding was 5.0 ± 1.3 and 5.9 ± 1.3 mm,
respectively. Bite-wing radiographs were taken before ARS
and the enamel thickness of the teeth was evaluated. The
ARS technique was used on both posterior and anterior
teeth with a specially designed ARS bur kit (Raintree Essix,
Metairie, Louisiana, USA). A segmental approach was
preferred to avoid excess protrusion of the incisors. This
procedure has been explained in detail (Germec and Taner,
2008). As most crowding was resolved with ARS, the
position of the maxillary incisors was maintained, whereas
a slight mandibular proclination was observed (1.4 ± 1.2
mm). Mesial movement of the maxillary and mandibular
teeth was approximately 0.7 mm post-treatment (Germec
and Taner, 2008).
Group 3 included subjects with bimaxillary protrusion
and average maxillary and mandibular crowding of 4.6 ±
3.0 and 4.3 ± 2.4 mm, respectively. Four premolars were
extracted and maximum anchorage principles were used.
All patients were treated with 0.018 × 0.025 inch slot fixed
preadjusted edgewise appliances using transpalatal arches
combined with a Nance appliance and headgear was added
when necessary. The average maxillary and mandibular
incisor retraction were 12.4 ± 3.5 and 9.6 ± 2.9 mm,
respectively, relative to the PTV plane.
To analyse the effects of extraction and non-extraction
treatment on upper airway dimensions, pre- and post-treatment
lateral cephalograms were evaluated. The cephalograms were
taken with the teeth in occlusion and the subjects standing
upright in the natural head position (mirror position; Solow
and Tallgren, 1971). The cephalometric landmarks and lines
used to assess the changes in dentoskeletal structures, tongue,
soft palate, hyoid position, and upper airway dimensions
are shown in Table 1 and Figure 1. All measurements were
carried out by the same author (SA).
Statistical analysis
All statistical analyses were performed with the Statistical
Package for the Social Sciences (Windows 98, version 10.0;
SPSS Inc., Chicago, Illinois, USA). For each variable, the
arithmetic mean and standard deviation were calculated.
Wilcoxon signed-ranks test was used to evaluate treatment
changes within each group. Statistical significance was set
at P < 0.05.
To evaluate the error in cephalometric tracing, all
radiographs were retraced and re-evaluated by the same
author after a 1 week interval. Random error was calculated
with Dahlberg’s (1940) formula. The method error was
between 0.8 and 1.5 mm, the lowest value was for superior
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convex profile. These various treatment approaches may
have different effects on the upper airway dimensions.
In a case report (Kikuchi, 2005), two sisters with a Class II
malocclusion with bimaxillary dentoalveolar protrusion
treated by different treatment modalities were presented. The
elder sister, 12 years 11 months of age, was treated by
extraction therapy, while the younger sister, aged 11 years 9
months, was treated non-extraction using the Herbst appliance.
Superimposition of the initial cephalograms of the sisters
revealed that their dentofacial features were almost the same
at the beginning of treatment. After orthodontic therapy, the
lower pharynx of the elder sister was reduced by 4 mm and
that of the younger sister was increased by 3 mm. The author
stated that orthodontic treatment influenced the size of airway.
To determine the most suitable treatment plan for patients,
information should be available on the effects, benefits, and
disadvantages of therapy. The purpose of this study was to
assess changes in uvulo-glossopharyngeal dimensions in
non-extraction and extraction subjects treated with
minimum or maximum anchorage.
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Table 1 Cephalometric landmarks and lines used to evaluate
changes in hyoid and tongue position, uvulo-glossopharyngeal
dimensions, and skeletal and dental differences.
Definition

S
N

Centre of the sella turcica of the sphenoid bone
Most anterior point of the frontonasal suture in the
midsagittal plane
Most superior point of the external auditory meatus
Lowest point in the inferior margin of the orbita
Most posterior point in the concavity between anterior
nasal spine and the dental alveolus
Most posterior point on the concavity along the
anterior surface of the symphysis
The most convex point along the inferior border of the
ramus
The most inferior point of the symphysis
The most posterior point of symphysis
The most superior and anterior points on the body of
the hyoid bone
Tongue tip
Base of epiglottis
Tip of soft palate
Antero-inferior limit of the third cervical vertebra
Tip of the anterior nasal spine
Tip of the posterior nasal spine
Maxillary plane, a line joining PNS and ANS
Mandibular plane, a line joining menton and gonion
(Go)
A line joining Go and point B
Axial inclination of the maxillary incisor
Axial inclination of the mandibular incisor
Horizontal plane running through porion and orbitale

Po
Or
Point A
Point B
Go
M
Rgn
H
TT
V
U
C3
ANS
PNS
MxPl
MnPl
Go–B line
U1
L1
Frankfort
horizontal plane

posterior airway space (SPAS) and the highest for soft
palate length.
Results
Changes in hyoid, tongue position, soft palate, nasopharyngeal
airway dimensions, and dentofacial measurements in group 1
are shown in Table 2. The mean SPAS (1.7 ± 2.4 mm, P <
0.05) and middle airway space (MAS; 1.0 ± 2.2 mm, P <
0.05) increased significantly following orthodontic treatment.
No significant change was found in any other parameter. The
mean U1–SN and IMPA decreased significantly after
treatment (−5.3 ± 5.9 and −6.3 ± 3.8 degrees; P < 0.05 and
P < 0.01).
Table 3 shows the changes in nasopharyngeal airway,
soft tissue, and dentoskeletal measurements in group 2.
No statistically significant changes in nasopharyngeal
dimensions or dentoskeletal measurements were found
after treatment.
The changes in group 3 are shown in Table 4. The subjects
in this group were skeletal Class I with a dolichocephalic
facial type and bimaxillary dentoalveolar protrusion. After
treatment, the mean MAS and inferior airway space (IAS)
decreased (−2.1 ± 1.5 and −3.8 ± 3.3 mm, respectively, P <
0.01), while soft palate length significantly increased (1.3 ±

Figure 1 Lateral cephalometric landmarks, lines, and measurements. 1
Rgn–H, the distance between Rgn and H; 2 H–MnPl, the perpendicular
distance from H to the MnPl; 3 C3H, distance between the hyoid bone and
C3; 4 TGL, tongue length (V–TT); 5 TGH, tongue height (maximum height
of the tongue along a perpendicular line of V–TT line to tongue dorsum); 6
PNS–U, soft palate length, the distance between PNS and U; 7 MPT, soft
palate thickness (maximum thickness of the soft palate measured on a line
perpendicular to PNS–U line); 8 Soft palate angle, the angle between soft
palate length (PNS–U) and MxPl; 9 SPAS, superior posterior airway space
(width of the airway behind the soft palate along a parallel line to the Go–B
line); 10 MAS, middle airway space (width of the airway along a parallel
line to the Go–B line through U); 11 IAS, inferior airway space (width of the
airway space along the Go–B line); 12 SNA, angle formed by SN and NA;
13 SNB, angle formed by SN and NB; 14 ANB, angle formed by NA and
NB; 15 FMA, angle formed by Frankfort horizontal plane and MnPl; 16
U1–SN, angle formed by the axial inclination of the maxillary incisor and
SN; 17 IMPA, angle formed by the axial inclination of the mandibular
incisor and MnPl.

2.2 mm, P < 0.01). For dentoskeletal measurements, the
average decreases in U1–SN and IMPA were −14.1 ± 3.9
and −11.9 ± 3.9 degrees (P < 0.01), respectively.
Discussion
The effects of extraction treatment with minimum
anchorage, non-extraction treatment by means of ARS, and
extraction treatment with maximum anchorage on the
nasopharyngeal airway dimensions were evaluated in this
study. The effect of growth may play a role when evaluating
dimensions of the pharyngeal airway. The nasopharyngeal
airway dimensions continue to grow rapidly until 13 years
of age (Handelman and Osborne, 1976; Linder-Aronson
and Leighton, 1983). The sagittal depth of the nasopharynx
is narrowest at 5 years of age due to increased thickness of
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Table 2 Changes [mean and standard deviation (SD)] in hyoid
and tongue position, uvulo-glossopharyngeal dimensions, and
skeletal and dental differences after extraction treatment with
minimum anchorage (n = 13).
Pre-treatment Post-treatment Difference P
(mean ± SD) (mean ± SD) (post−pre;
mean ± SD)

41.3 ± 4.4
14.3 ± 6.9
35.8 ± 6.1

1.2 ± 3.6
0.9 ± 2.3
0.7 ± 2.6

0.323
0.178
0.347

79.3 ± 5.7
32.5 ± 3.7

0.2 ± 4.6 0.919
−4.3 ± 13.9 0.265

32.7 ± 5.1
8.0 ± 1.0
126.3 ± 11.4

0.3 ± 3.0 0.720
0.1 ± 1.2 0.713
0.5 ± 14.0 0.694

14.2 ± 3.0
10.0 ± 2.2
9.3 ± 2.6

1.7 ± 2.4
1.0 ± 2.2
−0.7 ± 1.9

0.031*
0.048*
0.190

79.5 ± 2.9
76.9 ± 2.5
2.6 ± 1.3
24.3 ± 4.1
98.8 ± 5.7
88.7 ± 6.3

0.0 ± 1.5
−0.3 ± 1.1
0.3 ± 1.3
−0.2 ± 0.8
−5.3 ± 5.9
−6.3 ± 3.8

0.821
0.490
0.762
0.186
0.013*
0.002**

Pre-treatment Post-treatment Difference
P
(mean ± SD) (mean ± SD) (post−pre;
mean ± SD)
Hyoid position
Rgn–H (mm)
40.7 ± 4.2
H–MnPl (mm)
14.2 ± 6.5
C3H (mm)
35.7 ± 4.2
Tongue position
TGL (mm)
80.0 ± 7.2
TGH (mm)
32.2 ± 2.9
Soft palate dimensions
PNS–U (mm)
33.5 ± 3.9
MPT (mm)
7.9 ± 1.1
Soft palate
127.4 ± 12.0
angle (°)
Upper airway dimensions
SPAS (mm)
14.6 ± 2.9
MAS (mm)
10.5 ± 3.3
IAS (mm)
10.9 ± 2.6
Skeletal and dental
SNA
78.4 ± 3.3
SNB
76.2 ± 2.7
ANB
2.2 ± 1.3
FMA
25.9 ± 4.3
U1-SN
103.3 ± 6.5
IMPA
92.9 ± 5.5

41.2 ± 4.0
13.8 ± 6.7
36.1 ± 5.3

0.5 ± 3.5
−0.4 ± 2.3
0.4 ± 1.9

0.608
0.538
0.318

82.4 ± 5.2
32.7 ± 3.9

2.4 ± 4.2
0.5 ± 3.6

0.070
0.502

33.9 ± 2.8
7.8 ± 0.9
124.5 ± 13.4

−0.4 ± 2.9
−0.1 ± 1.0
−3 ± 8.9

0.559
0.792
0.399

14.5 ± 3.6
10.9 ± 3.1
11.7 ± 3.4

−0.2 ± 1.8
0.5 ± 2.5
0.8 ± 2.5

0.723
0.719
0.497

78.5 ± 3.1
76.3 ± 2.6
2.2 ± 1.3
25.7 ± 5.0
101.7 ± 5.6
94.7 ± 4.5

0.1 ± 0.5
0.1 ± 0.6
0.0 ± 0.5
−0.2 ± 2.1
−1.6 ± 3.7
1.8 ± 3.0

0.453
0.426
1.000
0.656
0.227
0.059

*P < 0.05, **P < 0.01.

the adenoid tissues and then at 11 years of age, the adenoid
tissues again increase (Linder-Aronson and Leighton, 1983;
Preston et al., 2004). There is a distinct difference in growth
of the nasopharynx between males and females. Growth
velocity decreases considerably earlier in females (12 years)
compared with males (14 years; Preston et al., 2004).
However, those studies evaluated only the dimensions of
the nasopharynx. An investigation on growth of the pharynx
showed that antero-posterior dimensions are established
earlier in infancy (King, 1952).
In the present study, oropharyngeal airway dimensions
were evaluated and skeletally mature patients were included
in groups 1 and 2 according to hand–wrist radiographic
evaluation. The subjects were mostly females in all the
groups (11 females and 2 males). The ages of the male
patients were 20 and 21 years in group 1, 15.9 and 17.2
years in group 2, and 15.3 and 16.5 years in group 3. In
group 3, the patients were younger than the other two
groups and treatment time was longer; however, the sagittal
depth of the pharynx decreased post-treatment, instead of
the expected enlargement due to growth. This result together
with the literature findings indicates that growth may have
little if any effect on the sagittal depth of the pharyngeal
airway.

The size of the nasopharyngeal airway on lateral
cephalograms can be measured as the depth and height in
the sagittal plane. Thus, there is an inherent limitation of the
study as nasopharyngeal airway is a three-dimensional
structure and can only be evaluated two dimensionally on
lateral cephalometric films. However, a high correlation
between posterior airway size on cephalometric radiographs
and pharyngeal volume measured on computerized
tomographic scans has been reported (Riley and Powell,
1990). Moreover, Miles et al. (1995) reported a high
reliability of cephalometric landmarks and measurements.
Different orthodontic treatment modalities can change
the airway dimensions. Forward movement of the jaws and
the dentition may augment these dimensions. The size of the
airway increases after orthodontic treatment with rapid
palatal expansion (Tecco et al., 2007; Kilic and Oktay,
2008; Oliveira De Felippe et al., 2008), protraction face
mask therapy (Sayinsu et al., 2006; Kilic and Oktay, 2008;
Oktay and Ulukaya, 2008), functional appliances (Ozbek
et al., 1998), and mandibular advancement surgery (Doff
et al., 2009) and decreases after mandibular setback surgery
(Eggensperger et al., 2005; Kawakami et al., 2005; Chen
et al., 2007) and cervical headgear therapy (PiriläParkkinen et al., 1999; Hiyama et al., 2001).
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Hyoid position
Rgn–H (mm)
40.2 ± 4.9
H–MnPl (mm)
13.4 ± 5.8
C3H (mm)
35.1 ± 5.9
Tongue position
TGL (mm)
79.1 ± 5.1
TGH (mm)
36.9 ± 14.6
Soft palate dimensions
PNS–U (mm)
32.4 ± 4.7
MPT (mm)
8.1 ± 1.3
Soft palate
125.9 ± 12.5
angle (°)
Upper airway dimensions
SPAS (mm)
12.5 ± 3.6
MAS (mm)
9.0 ± 2.7
IAS (mm)
10.1 ± 3.4
Skeletal and dental
SNA
79.5 ± 3.6
SNB
77.2 ± 2.2
ANB
2.4 ± 1.8
FMA
24.5 ± 3.9
U1–SN
104.1 ± 2.8
IMPA
94.9 ± 6.9

Table 3 Changes [mean and standard deviation (SD)] in hyoid
and tongue position, uvulo-glossopharyngeal dimensions, and
skeletal and dental differences after non-extraction treatment with
air-rotor stripping (n = 13).
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Table 4 Changes [mean and standard deviation (SD)] in hyoid
and tongue position, uvulo-glossopharyngeal dimensions, and
skeletal and dental differences after extraction treatment with
maximum anchorage (n = 13).
Pre-treatment Post-treatment Difference P
(mean ± SD) (mean ± SD)
(post−pre;
mean ± SD)

37.9 ± 3.9
14.8 ± 3.6
37.4 ± 3.4

1.9 ± 4.1 0.130
−0.4 ± 2.8 0.407
1.2 ± 2.5 0.070

81.4 ± 4.4
32.3 ± 4.5

−0.8 ± 5.8 0.752
−2.5 ± 12.1 0.369

36.5 ± 3.0
7.8 ± 1.4
135.4 ± 8.4

1.7 ± 1.9 0.017*
−0.4 ± 1.1 0.248
2.2 ± 4.4 0.131

11.5 ± 3.3
7.6 ± 2.3
9.07 ± 1.6

−1.3 ± 1.9 0.062
−2.1 ± 1.5 0.002**
−3.8 ± 3.3 0.002**

79.0 ± 2.4
76.1 ± 2.2
2.9 ± 0.9
31.7 ± 4.3
93.8 ± 4.9
89.7 ± 3.9

0.1 ± 1.6
0.5 ± 1.3
−0.3 ± 0.9
0.6 ± 2.6
−14.1 ± 3.9
−11.9 ± 3.9

0.722
0.221
0.234
0.280
0.001**
0.001**

*P < 0.05, **P < 0.01.

In the present study, the subjects in groups 1 and 2 had
similar dentofacial characteristics and were diagnosed as
borderline and thus could be treated either extraction or
non-extraction. The patients in group 1 were treated with
minimum anchorage so mesial molar movement was
obtained after resolution of anterior crowding. The mean
SPAS and MAS dimensions increased approximately 1.5
mm in this group after treatment. A possible explanation for
this might be an increase in posterior tongue space after
mesial molar movement. The average mesial molar
movement was 3 mm in this group. This increase may also
be due to continuing pharyngeal growth.
In group 2, ARS was used to resolve crowding in
borderline cases and clinically insignificant mesial molar
movement (approximately 0.7 mm) with slight proclination
of the lower incisors was observed during treatment. Posttreatment, no significant change in nasopharyngeal soft
tissue and airway dimensions was found in this group.
In group 3, the upper and lower incisors were retracted.
At the same time, the mean MAS and IAS decreased
significantly during treatment by approximately 3 mm.
This amount of decrease cannot be explained by growth
changes and might be due to narrowing of the tongue
space after significant incisor retraction. Soft palate
lengthening after treatment might also have contributed to

Conclusions
1. Superior and middle airway size increased in subjects
treated with extraction and minimum anchorage.
2. In patients treated non-extraction by ARS, no significant
change was observed in airway dimensions.
3. Middle and inferior airway size narrowed in subjects
treated with extraction and maximum anchorage.
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