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Changes of pharyngeal airway size and hyoid bone position following

orthodontic treatment of Class I bimaxillary protrusion

Qingzhu Wanga; Peizeng Jiab; Nina K. Andersonc; Lin Wangd; Jiuxiang Line

ABSTRACT
Objectives: To test the hypothesis that the sagittal position of the anterior teeth has no effect on
pharyngeal airway dimension or hyoid bone position and to investigate the influence of orthodontic
retraction of the anterior teeth on each section of pharynx and hyoid position.
Materials and Methods: Forty-four Class I bimaxillary protrusion adults, treated with preadjusted
appliances and maximum anchorage after extraction of four premolars, were divided into two
groups according to their vertical craniofacial skeletal patterns. Pretreatment and posttreatment
variables were compared using paired t-test, and the relationship between pharyngeal airway size
and dentofacial variables was analyzed using Pearson correlation coefficient. The changes of
pharyngeal airway size and hyoid position after treatment were compared between two groups
using independent t-test.
Results: Upon retraction of the incisors, the upper and lower lips were retracted by 2.60 mm and
3.87 mm, respectively. The tip of upper incisor was retracted by 6.84 mm and lower incisor
retracted by 4.95 mm. There was significant decrease in SPP-SPPW, U-MPW, TB-TPPW, V-LPW,
VAL, C3H, and SH (P , .05). No statistically significant different changes were observed in the
dentofacial structures, pharyngeal airway, and hyoid position between the two groups after the
treatment. There was a significant correlation between the retraction distance of lower incisor and
the airway behind the soft palate, uvula, and tongue.
Conclusions: The pharyngeal airway size became narrower after the treatment. Extraction of four
premolars with retraction of incisors did affect velopharyngeal, glossopharyngeal, hypopharyngeal,
and hyoid position in bimaxillary protrusive adult patients. (Angle Orthod. 2012;82:115–121.)
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INTRODUCTION

Bimaxillary protrusion is a condition characterized by
protrusive and proclined upper and lower incisors and
a disharmonious profile. Cephalometric analysis gen-
erally shows an increased UL-E line, LL-E line, U1/FH,
and L1/MP value.1

The negative perception of protruding lips and
protrusive dentitions often leads such patients to seek
orthodontic care to decrease protrusion and improve
profile. For this objective, four premolars are often
extracted to create room for retraction of anterior teeth,2

which changes not only tooth position but also hard and
soft tissue components.3 Previous studies have shown
a possible relationship between pharyngeal airway and
skeletal structures, soft tissues, and musculature. For
example, tongue position changed in the oral environ-
ment after mandibular setback surgery.4 Nasopharyn-
geal airway was increased with maxillary protraction in
skeletal Class III children.5 Changes in the size of
nasopharyngeal airway dimension have been reported
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following rapid maxillary expansion.6 In addition, con-
troversial findings on the relationship between vertical
craniofacial pattern and pharyngeal airway were also
demonstrated.7,8

However, the effects of orthodontic treatment,
specifically the effects of anterior tooth retraction on
pharyngeal airway after extraction of four premolars in
the bimaxillary protrusive patients, have seldom been
discussed. A recent study indicated that orthodontic
treatment with extraction of four premolars did not
influence oropharyngeal airway volume in adoles-
cents.9 The authors attributed the negative finding
mainly to the pharynx growth. However, specific
changes of the pharyngeal airway and hyoid bone
position were not investigated. Another study by
Germec-Cakan et al.10 reported a decrease of airway
space behind the tip of soft palate and tongue in 13
subjects with extraction orthodontic treatment. Other
sections of the pharynx, such as nasopharynx,
hypopharynx, and airway length were not evaluated.
It is well documented that significant dentofacial
changes exist after such orthodontic treatment, includ-
ing soft profile and incisor angulation. An alteration of
incisors and soft tissue position could potentially affect
tongue position and pharyngeal airway.9 Given the fact
that the research is now increasingly defined by an
evidence-based approach, it is worthwhile to investi-
gate the influence of extraction orthodontic treatment
on the pharyngeal airway.

The aim of this retrospective study was to investi-
gate the influence of maximal retraction of anterior
teeth on each section of pharyngeal airway dimension
and hyoid position after extraction of four premolars in
adults with bimaxillary protrusion. The differences in
pharyngeal airway between various vertical craniofa-
cial skeletal groups were also evaluated.

MATERIALS AND METHODS

Eighty-two patients who were clinically diagnosed
with bimaxillary protrusion were chosen from the files
of patients previously treated at the Department of
Orthodontics, Peking University School and Hospital of
Stomatology. From this patient sample, 44 patients (36
female and 8 male) who met the following selection
criteria were included in this study:

N Minimum age 16 years;
N Skeletal Class I, Class I first molar, canine, and

premolar relationship;
N Well aligned arches with no or minimal crowding;
N Increased UL-E line, LL-E line, U1/SN, and L1/MP

value greater than two standard deviation above the
mean;

N Orthodontic treatment consisting of extraction of four
first premolars;

N Maximum anchorage and maximal retraction of
anterior teeth;

N No obvious hyperplasia of tonsils or adenoids on
cephalograms;

N Pre and post radiographs with good hard and soft
tissue outlines and teeth in full occlusion, lips resting
in natural position.

The mean preoperative age was 21.19 years with an
overall range of 16–34 years. Informed consent forms
were signed by each patient or their parents. The study
proceeded with the approval of both the Institutional
Review Board and the participants. No subjects had a
history of previous orthodontic/orthopedic treatment
or any cleft lip/palate. The patients and their parents
were questioned about the medical history to exclude
any patients with chronic mouth breathing, permanent
snoring and tonsillectomy, or adenoidectomy.

All patients were treated with 0.022 3 0.028 inch
preadjusted appliances after extraction of four first
premolars. Anchorage was reinforced with maximum
anchorage mechanics using headgears or mini-implants,
depending upon the patients’ compliance. All pretreat-
ment and posttreatment cephalograms were taken from
the same machine by the same operator and the linear
magnification of the machine was 11%. The subjects
were divided into two groups according to the FH/MP
angle before treatment:

Group 1: Nonhyperdivergent, ie, FH/MP angle
smaller than 30.5u (16 subjects)
Group 2: Hyperdivergent, ie, FH/MP angle larger
than 30.5u (28 subjects)

The pharynx consists of four different sections,
nasopharynx, velopharynx, glossopharynx, and hypo-
pharynx, each of which has it own components and
surrounding structures. These four sections and hyoid
position were evaluated, respectively. Correspondingly,
11 variables were selected, each with a specific clinical
implication and answering a slightly different clinical
question. The cephalometric landmarks and analyses
(Table 1, Figures 1 and 2) were based on the methods
described previously by Lowe et al.,11 Liu et al.,12 and
Zhong et al.13 Two serial cephalograms from each
subject were traced by the same investigator.

Evaluation of Error at Measuring and Calculation

To assess measurement error, the records of 44
subjects were reevaluated 8 weeks later. The mean
differences were less than 1.0 mm and 1.0u, respec-
tively. The standard error of a single measurement
was calculated for each variable. The systematic error
was determined using paired t-tests,14 and no statis-
tically significant difference was found. Pearson
correlation coefficients were calculated to evaluate
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the reliability of observations and showed a statistically
significant range of 0.94 to 0.99.

Statistical Analysis

All statistical analyses were performed with software
package SPSS (for Windows 7, version 16.0, SPSS,
Chicago, Ill). Data were expressed as the mean and
standard deviation (SD). Shapiro-Wilk test was applied
to preoperative and postoperative measurements and
showed a normally distributed population. Therefore,
pretreatment vs posttreatment values were analyzed
with paired t-test. The changes of pharyngeal airway
and hyoid position after treatment were compared

between two groups using independent t-test. Simple
linear correlation analysis was performed to determine
whether there was an association between the
changes of pharyngeal airway measurements and
those of dentofacial structures.

RESULTS

Demographic data showed no significant difference
between the male and female groups (Table 2). The
body mass index (BMI) was within normal limits (18.5
to 23.9 kg/m2).15

Upon retraction of the incisors (Table 3), the upper
and lower lips were retracted by 2.60 mm (P , .0001)

Table 1. Cephalometric Landmarks and Measurements

Variable Definition

Landmarks

Hor Most inferior point of spheno-occipital synchondrosis

R Point of intersection of line from Hor to PNS and posterior pharyngeal wall

Ba Lowermost point on anterior margin of foramen magnum

Ad1 Point of intersection of posterior pharyngeal wall and line Ptm-Ba

SPPW Point of intersection of line from soft palate center perpendicular to posterior pharyngeal wall

SPP Point of intersection of line from soft palate center perpendicular to posterior pharyngeal wall and

posterior margin of soft palate

U The tip of the uvula

MPW Foot point of perpendicular line from point U to posterior pharyngeal wall

TPPW Point of intersection of posterior pharyngeal wall and extension of line B-Go

TB Point of intersection of base of the tongue and extension of line B-Go

V The most posteroinferior point on the base of the tongue

LPW Foot point of perpendicular line from point V to posterior pharyngeal wall

E Base of epiglottis

C3 The most anteroinferior point of the third vertebra

H The most superior and anterior point of hyoid bone

RGN The most protrusive point of retrognathion

H1 Foot point of perpendicular line from RGN to C3

Upper airway, mm

PNS-R Distance between PNS and R

PNS-Ad1 Distance between PNS and Ad1

SPP-SPPW Distance between SPP and SPPW

U-MPW Distance between U and MPW

TB-TPPW Distance between TB and TPPW

V-LPW Distance between V and LPW

VAL Vertical airway length, distance between PNS and V

Hyoid position

HRGN, mm Distance between H and RGN

HH1, mm Distance between H and H1

C3H, mm Distance between C3 and H

SH, mm Distance between S and H

Dentofacial measurements

ANB, degrees Angle between point A and B at nasion

FH/MP, degrees Angle between the mandibular plane and the FH plane

U1/FH, degrees Angle between the FH plane and long axis of upper incisors

L1/MP, degrees Angle between the mandibular plane and long axis of lower incisors

UL-E line, mm Horizontal distance from the most protrusive point of upper lip to E line

LL-E line, mm Horizontal distance from the most protrusive point of lower lip to E line

U1FHp, mm Horizontal distance from the tip of the upper incisor crown to constructed FH plane vertical

L1FHp, mm Horizontal distance from the tip of the lower incisor crown to constructed FH plane vertical

U6FHp, mm Horizontal distance from the distal point of the upper first molar crown to constructed FH plane vertical

L6FHp, mm Horizontal distance from the distal point of the lower first molar crown to constructed FH plane vertical
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and by 3.87 mm (P , .0001), respectively. The mean
decrease was 14.53u (P , .001) in the U1/FH angle
and 5.88u (P , .001) in the L1/MP angle. The tip of the
upper incisor was retracted by 6.84 mm (P , .001) and
the tip of lower incisor was retracted by 4.95 mm (P ,

.001). However, the ANB angle and the mandibular

plane angle (FH/MP) did not show any significant
changes (P . .05).

Table 4 shows the changes of pharyngeal airway
and the hyoid bone position after the treatment. The
results displayed a significant decrease in SPP-SPPW
(P , .05), U-MPW (P , .01), TB-TPPW (P , .001),
V-LPW (P , .01), VAL (P , .05), C3H (P , .05), and
SH (P , .05), whereas changes in PNS-R, PNS-Ad1,
HRGN, and HH1 showed no significant differences
(P . .05). Velopharynx, glossopharynx, and hypo-
pharynx were significantly reduced after treatment with
the hyoid bone tending to move in a posterior and
inferior direction.

No statistically significant differences were observed
in the retraction distance of the upper and lower lips
and the tip of upper and lower incisor, ANB angle, FH/
MP angle, pharyngeal airway, and the hyoid bone
position between the hyperdivergent and nonhyperdi-
vergent groups after the treatment as shown in
Table 5. There was a significant correlation present
between the retraction of the lower incisor and the
airway behind the soft palate (SPP-SPPW), uvula (U-
MPW), and the tongue (TB-TPPW) (Table 6).

DISCUSSION

In the present study, the dimension of the velophar-
ynx, glossopharynx, and hypopharynx were decreased
after maximal retraction of anterior teeth with extrac-
tion of four premolars in bimaxillary protrusive patients,
similar to the findings by Germec-Cakan et al.10 Both
studies confirmed that maximal traction of the anterior
teeth did influence pharyngeal airway dimension in
adults. In addition, we also found a backward and
downward movement of the hyoid bone.

However, our results differed from the result of a
recent study by Valiathan et al.,9 who demonstrated
oropharyngeal volumes did not show significant
change after orthodontic treatment with extraction of
four premolars in adolescents. The authors attributed
this negative finding to mandibular growth and the high
variability of oropharyngeal volume. Valiathan et al.9

did not specify the anchorage system used and tooth

Figure 1. The cephalometric landmarks and analyses of

pharyngeal airway.

Figure 2. The cephalometric landmarks and analyses of

dentofacial complex.

Table 2. Data Between Male and Female Groups

Variable

Male (n 5 8),

Mean 6 SD

Female

(n 5 36),

Mean 6 SD P

Age, y 21.78 6 4.81 21.06 6 5.02 .084

Body mass index,

kg/m2 21.87 6 2.25 20.93 6 1.52 .067

Upper incisor

retraction,

gU1FHp, mm 6.15 6 2.76 6.44 6 2.15 .102

ANB, degrees 3.48 6 1.32 3.51 6 1.70 .113

* P , .05; ** P , .01.
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movement, while in our study, mini-implants or
headgears were applied to ensure the maximal
retraction of anterior teeth, which may partially explain
the different results.

For the present study, although the mean reduction
of pharyngeal airway size was around 15%, a
significantly decreased reduction was found in a typical
case of a 23-year-old man on velopharynx, glosso-
pharynx, and hypopharynx. The size of SPP-SPPW
was reduced by 9.2%, U-MPW by 10.1%, TB-TPPW
by 33.3%, and V-LPW by 21.7% (Figure 3). Since all
44 patients were over 16 years of age, there is no
growth potential in this population. In addition, all
subjects suffered from bimaxillary protrusive maloc-
clusion and the strategy of maximum anchorage was
maintained, which inevitably improved the homogene-
ity of subjects. Dental outcomes exhibited statistically
significant changes for anterior teeth after orthodontic
treatment but extraction of four premolars did not
cause significant bony changes. In conclusion, there is
a relationship between the position of anterior teeth
and the pharyngeal airway in adults.

Since patients with bimaxillary protrusion generally
have perfectly good occlusion, orthodontic treatment is
often solely sought to correct the protrusive profile and

improve the facial esthetics. The clinical relevance of
this study was that the clinicians must put the incisors
in the most esthetic position to meet these patient
demands. In this study, the tips of the incisors were
measured, and the relationship between the changes
of teeth and upper airway size was investigated. It is
known that the arch width (intercanine distance and
intermolar distance) does not change much after
orthodontic treatment with extraction. The most
change occurred in the sagittal plane of space, ie,
arch length. Retraction of incisors contributes most to
the decrease in arch length and change in the anterior
boundary of the oral cavity.

Our study indicated that the pharyngeal airway size
was decreased after retraction. Specifically, the naso-
pharynx did not change much. However, the velophar-
ynx and glossopharynx were located between the soft
palate, tongue, and bony cervical vertebrae. Any factors
that can influence the posture and position of tongue
and soft palate may displace them backward and
encroach upon these two sections. Moreover, the
significant correlation between retraction of lower
incisors and the changes of the velopharynx and
glossopharynx suggested the more the incisors were
retracted, the more the pharyngeal airway was reduced.

Table 3. Changes in Dentofacial Parameters Preoperatively and Postoperatively (n 5 44)

Variable Pre (Mean 6 SD) Post (Mean 6 SD) Pre-Post (g) (Mean 6 SD) P

ANB, degrees 3.50 6 1.64 3.93 6 1.86 2.43 6 .65 .091

FH/MP, degrees 33.79 6 6.48 34.14 6 6.93 2.34 6 1.54 .150

U1/FH, degrees 120.40 6 5.24 105.86 6 8.37 14.53 6 8.09 .000**

L1/MP, degrees 97.79 6 6.11 91.92 6 5.99 5.88 6 5.72 .000**

UL-E line, mm 2.43 6 1.93 2.17 6 1.72 2.60 6 .97 .000**

LL-E line, mm 5.77 6 2.46 1.89 6 1.99 3.87 6 1.29 .000**

U1FHp, mm 72.46 6 6.39 65.62 6 6.07 6.84 6 3.02 .000**

L1FHp, mm 67.85 6 6.01 62.89 6 5.70 4.95 6 2.55 .000**

U6FHp, mm 30.13 6 3.94 31.85 6 3.81 21.71 6 1.86 .000**

L6FHp, mm 32.19 6 4.25 32.19 6 4.25 21.42 6 1.82 .000**

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

Table 4. Changes in Nasopharynx, Velopharynx, Glossopharynx, Hypopharynx, and Hyoid Bone Position (n 5 44)

Variable Pre (Mean 6 SD) Post (Mean 6 SD) Pre-Post (g) (Mean 6 SD) P

Upper airway, mm

PNS-R 20.26 6 2.88 20.57 6 2.38 2.31 6 2.05 .323

PNS-Ad1 23.87 6 3.50 23.78 6 3.32 .09 6 2.11 .778

SPP-SPPW 13.76 6 2.85 13.19 6 3.22 .56 6 1.48 .015*

U-MPW 10.79 6 2.56 9.93 6 3.11 .85 6 1.77 .003**

TB-TPPW 11.89 6 2.73 10.25 6 3.07 1.63 6 1.80 .000**

V-LPW 16.18 6 3.37 14.64 6 3.88 1.54 6 2.90 .001**

VAL 58.52 6 6.65 59.52 6 7.30 21.00 6 3.03 .035*

Hyoid bone position, mm

HRGN 34.29 6 5.10 34.69 6 4.85 2.41 6 2.96 .365

C3H 32.23 6 2.41 31.35 6 2.81 .88 6 2.32 .016*

HH1 3.18 6 4.60 3.67 6 5.57 2.49 6 3.06 .292

SH 98.69 6 8.37 99.93 6 8.93 21.24 6 3.42 .021*

* P , .05; ** P , .01.
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Therefore, it is safe to speculate that the retraction of
anterior teeth decreases the arch length, causing dorsal
movement of the anterior boundary of oral cavity. The
soft palate and tongue muscle may exert a further
influence on the velopharynx, glossopharynx, and
hypopharynx behind them in an adaptation to this
change.16 Thus, the respiratory form and size of the
pharyngeal airway should be taken into consideration,
especially when extraction of four premolars and
maximal retraction of anterior teeth are planned.

Our findings confirmed that the horizontal spaces
around the tongue were decreased with the downward
movement of the hyoid bone caused by the retraction
of incisors. The hyoid position depends on the relative
balance of muscle attachment from the base of the
cranium bilaterally and the region of the mandibular
symphysis.17 The inferior movement of the hyoid bone
seen in the present study is consistent with the findings
of other studies, showing that this movement is an
adaptation preventing an encroachment of the tongue
into the pharyngeal airway.18

It has been found there is a positive correlation
between the pharyngeal airway and the length and

position of the mandible.19 Previous studies have also
explored the relationship between pharyngeal airway
dimension and mandibular plane angle. Ucara and
Uysalb7 identified significant differences in orofacial
airway dimensions of Class I subjects with different
growth patterns, while Grauer et al.8 did not find the
relationship between pharyngeal volume and facial
morphology. In order to control this potential con-
founding factor, we divided the subjects into two
groups according to vertical skeletal pattern. The
present study showed no statistically significant
differences in the changes of pharyngeal airway and
the hyoid position between the two groups. The vertical
craniofacial skeletal pattern may not be a contributory
factor in the pharyngeal airway narrowing. Pharyngeal
airway narrowing occurred in both of the two groups.

Nevertheless, it is unclear whether the decrease of
pharyngeal airway and displacement of the tongue
after more than 2 years of orthodontic treatment are a
long-term stable adaptation or some radical changes
as those after orthognathic surgical setback of the
mandible in Class III malocclusion, in which decreased
pharynx shows a trend to its original dimension. That is
the limitation of the current pilot study, in which long-
term changes are not determined. In addition, two-
dimensional imaging was used to evaluate three-
dimensional pharyngeal structure. However, there is
a high correlation between lateral radiographs and
three-dimensional magnetic resonance imaging scans
when assessing the pharyngeal airway.20 Moreover,
Miles et al.21 reported a high reliability of cephalometric
landmarks and measurements. Thus, cephalograms
are still widely used to evaluate the pharyngeal
airway.5,7,13 Further studies may be aimed at long-term
effects of orthodontic treatment on pharyngeal airway
with three-dimensional imaging.

CONCLUSIONS

N Following retraction of incisors, the velopharyngeal,
glossopharyngeal, and hypopharyngeal airway be-
came narrower.

N The changes of the pharyngeal airway size were no
different between the hyperdivergent and nonhyper-
divergent groups.

N The hyoid bone tends to move in a posterior and
inferior direction.

Table 5. Comparison of Changes in Nasopharynx, Velopharynx,

Oropharynx, Hypopharynx, and Hyoid Bone Position Between

Two Groups

Variable

Group 1 (n 5 16),

Mean 6 SD

Group 2

(n 5 28),

Mean 6 SD P

gUL-E line, mm 2.65 6 1.01 2.50 6 .92 .640

gLL-E line, mm 4.09 6 1.39 3.46 6 .99 .115

Upper airway, mm

gPNS-R 2.56 6 1.77 .14 6 2.46 .272

gPNS-Ad1 2.10 6 2.15 .14 6 2.05 .435

gSPP-

SPPW

.45 6 1.51 .76 6 1.45 .503

gU-MPW 1.08 6 2.04 .44 6 1.07 .250

gTB-

TPPW

1.56 61.87 1.77 6 1.71 .712

gV-LPW 1.51 6 2.97 1.60 6 2.85 .918

gVAL 21.30 6 2.62 2.46 6 3.68 .378

Hyoid bone position, mm

gHRGN 2.53 6 2.88 2.19 6 3.18 .719

gC3H .98 6 1.92 .70 6 2.94 .713

gHH1 21.03 6 2.96 .45 6 3.10 .124

gSH 21.65 6 3.49 2.53 6 3.30 .302

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

Table 6. Linear Correlation Analysis Between the Changes of Upper Airway and Those of Dentofacial Parameters (n 5 44)

Variable

SPP-SPPW U-MPW TB-TPPW V-LPW VAL

r P r P r P r P r P

gFH/MP 2.176 .253 2.060 .697 2.337 .058 2.211 .169 2.026 .865

gL1FHp .478 .001** .307 .043* .379 .038* .038 .806 .036 .814

* P , .05; ** P , .01.
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N A significant relationship has been demonstrated
between the reduction of the velopharynx, glosso-
pharynx, and the retraction distance of lower incisors
in this study.
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Figure 3. The pretreatment and posttreatment cephalograms of a

typical case (left, pre; right, post).
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