
Original Article

Three-dimensional changes of the hyoid bone and airway volumes related to

its relationship with horizontal anatomic planes after bimaxillary surgery in

skeletal Class III patients

Min-Ah Kima; Bo-Ram Kima; Jin-Young Choib; Jong-Kuk Younb; Yoon-Ji R. Kimc; Yang-Ho Parkd

ABSTRACT
Objective: To evaluate longitudinal changes of the hyoid bone position and pharyngeal airway
space after bimaxillary surgery in mandibular prognathism patients.
Materials and Methods: Cone-beam computed tomography scans were taken for 25 mandibular
prognathism patients before surgery (T0), 2 months after surgery (T1), and 6 months after surgery
(T2). The positional displacement of the hyoid bone was assessed using the coordinates at T0, T1,
and T2. Additionally, the volume of each subject’s pharyngeal airway was measured.
Results: The mean amount of posterior maxilla impaction was 3.76 6 1.33 mm as the palatal
plane rotated 2.04u 6 2.28u in a clockwise direction as a result of bimaxillary surgery. The hyoid
bone moved backward (P , .05, P , .001) and downward (P . .05, P , .05) at 2 months and
6 months after surgery, while the total volume of the pharyngeal airway significantly decreased at
the same time points (P , .001, P , .001). There was significant relationship between the changes
of the hyoid bone position and airway volume at 2 months after surgery (P , .05). The change
of the palatal plane angle was positively correlated to the decrease in the total airway volume
(P , .001).
Conclusions: The null hypothesis was rejected. The hyoid bone moved inferoposteriorly, and the
pharyngeal airway volume decreased for up to 6 months after bimaxillary surgery. The decrease in
the pharyngeal airway volume was correlated to the changes in the palatal plane inclination and the
positional change of the hyoid bone. (Angle Orthod. 2013;83:623–629.)

KEY WORDS: Hyoid bone; Pharyngeal airway; Orthognathic surgery; Skeletal Class III
malocclusion; CBCT

INTRODUCTION

Treatment options for surgery in mandibular prog-
nathism patients include single jaw surgery involving
maxillary advancement or mandibular setback and

double jaw surgery, in which the maxillomandibular
complex undergoes rotational and horizontal changes.1,2

Currently, bimaxillary surgery has been preferred in
those who have severe skeletal discrepancy because
facial esthetic changes are often more favorable,
treatment outcome is stable, and the respiratory
anatomy is less affected in comparison with those
who have undergone isolated mandibular setback
surgery.3,4

The effect of bimaxillary surgery on respiratory
function and its relationship with posttreatment stability
have been controversial. The oropharyngeal complex
consists of the hyoid bone, its connecting muscles, and
the pharyngeal airway, and it undergoes significant
changes after orthognathic surgery because it is
anatomically and functionally associated with the jaws.
Pharyngeal airway volume has been reported5 to
decrease to a lesser amount following bimaxillary
surgery, compared to results in those who have
undergone mandibular setback surgery only. In addition,
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authors of previous studies1,6 reported that the antero-
posterior dimension of the upper pharyngeal airway
increases after bimaxillary surgery, which may have a
minimal effect on reduction of the pharyngeal airway
space.

The position of the hyoid bone is determined by
supra- and infra-hyoid muscles and ligaments,7 and the
hyoid bone does not articulate with any other bone.8 The
hyoid bone has been reported to move inferoposteriorly
after mandibular setback surgery, and this movement
may be caused by the surrounding muscles compen-
sating for the reduction in the oral volume and adapting
physiologically to the soft tissue changes after the
surgery.9,10 Several studies5,10–12 reported that mandib-
ular setback surgery reduces the volume of the
pharyngeal airway. However, as a result of physiologic
adaptations of the soft tissues, the oropharyngeal
complex reverts to its original condition during the
retention period, and skeletal relapse has been ob-
served.13,14 Therefore, conducting a positional assess-
ment of the hyoid bone and maintaining the pharyngeal
airway space are important for evaluating treatment
changes and for predicting postoperative stability.15

To evaluate the positional and morphologic changes
of the oropharyngeal complex following bimaxillary
surgery, past studies8,10,12,16 have used two-dimensional
(2D) imaging, in particular, lateral cephalographs.
Although lateral cephalographs are useful for analyzing
the airway measurements on the sagittal plane, they do
not reflect the three-dimensional (3D) airway struc-
ture.15 Moreover, these images can provide only a
limited assessment of hyoid bone position because of
the difference between left and right magnification.17

Cone-beam computed tomography (CBCT) offers a
more precise anatomical assessment through 3D
reconstructed models and multi-planar reformatted
views.5 Additionally, 3D volumetric images also provide
visualization of the internal structures by eliminating the
external structures,18 allowing for measurement of
airway volume.19 With CBCT, it is possible to evaluate
the changes in hyoid bone position by establishing the
reference coordinates precisely.20

The purpose of this study was to evaluate the
longitudinal changes in the hyoid bone position and the
pharyngeal airway space following bimaxillary surgery
in mandibular prognathism patients. Postsurgical
changes were measured and compared at 2 and
6 months after surgery, and the relationship between
changes of the hyoid bone and the pharyngeal airway
volume was evaluated. In addition, the relationship
among skeletal horizontal plane changes, airway
volume, and hyoid bone position was evaluated. The
null hypothesis was that the hyoid bone position and
the pharyngeal airway volume do not change at 2 and
6 months after surgery.

MATERIALS AND METHODS

Twenty-five consecutive mandibular prognathism
patients (14 men, 11 women; mean age, 30.04 6

13.08 years; range, 17.2–48.1 years) who had under-
gone orthognathic surgery at the Kangdong Sacred
Heart Hospital were included in this study. The ethics
review committee at Kangdong Sacred Heart Hospital
and the Hallym University Medical Center approved the
study protocol (IRB12-1-011), and all patients provided
informed consent. Diagnostic inclusion criteria were an
overjet of 0 mm or less, a unilateral or bilateral Angle
Class III molar relationship, and an ANB of 0u or less.
Patients who had craniofacial syndromes, such as cleft
lip and palate, and those with symptoms related to
pharyngeal pathology or with a history of an adenoidec-
tomy/tonsillectomy were excluded.

Surgical techniques were identical for all of the
patients. After the LeFort I osteotomy, the posterior
maxilla was impacted (mean, 3.76 6 1.33 mm) by
rotating it in a clockwise direction with a center of
rotation at either the anterior nasal spine (ANS) or
upper incisal tip, along with rigid fixation. The mean
amount of maxillary advancement was measured
based on the changes of ANS point in a 3D coordinate
system. The mandible was set back (mean, 8.25 6

2.12 mm) with a sagittal split osteotomy, and the
proximal segment was stabilized by semirigid fixation.
Nine of the patients had advancement genioplasty as
an adjunctive procedure. To discriminate the possible
effects of genioplasty, both the amount of setback and
the positional changes of menton were calculated.
Surgical wafers were placed for 3–4 weeks after
surgery, and interarch elastics were used to stabilize
the interarch relationship after removal of the surgical
wafers. Postoperative orthodontic treatment was pro-
vided to all patients to achieve functional occlusion.
After debonding, a circumferential retainer was placed
in the upper arch, and a fixed retainer was applied on
the lower arch for retention.

CBCT Image Acquisition

CBCT scans were acquired at an average of 2 weeks
(range, 0–3 weeks) before surgery (T0) and again
2 months (range, 2–4 months) and 6 months (range,
5–8 months) after surgery (T2). CBCT volume scans of
all subjects at Kangdong Sacred Heart Hospital were
obtained using the Master 3D dental-imaging system
(Vatech Inc, Seoul, South Korea), and the imaging
protocol used a 19 cm 3 20 cm in-field of view to
include the entire craniofacial anatomy. The axial slice
thickness was 0.3 mm, and the voxels were isotropic.
All patients were sitting upright with a natural head
position, and the jaws were at maximum intercuspa-
tion, with the lips and tongue in a resting position.21
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Hyoid Bone Position and Airway Parameters

The digital image files were exported using the
Digital Imaging and Communications in Medicine

(DICOM) format and imported into the InVivoDental
3D imaging software (Anatomage, San Jose, Calif).
Because the airway volume and hyoid bone position
are influenced by the head posture,9 angulation of the
Frankfort Horizontal (FH) plane in reference to the true
vertical line of all scans was recorded to see if there
were any significant changes in the head posture.22

Each 3D-rendered image was then reoriented using
the FH plane as its horizontal reference plane, which
was constructed from right and left poria that are
located in the most laterosuperior point of the external
auditory meatus and the right orbital, the most inferior
point of the lower margin of the bony orbit.

A 3D coordinate system was used to determine the
positional changes of the hyoid bone. The nasion was
set as the origin, and the coordinates of the most
anterosuperior point of the hyoid bone (Hb) were
identified in pre- and postoperative 3D models of the
patients (Figure 1). Volumetric analysis of the airway
was performed by isolating the upper pharyngeal airway
(Figure 2).5 Because the airway is a void space
surrounded by hard and soft tissues, an inversion of
the 3D-rendered image was taken to convert a negative
value to a positive value, and vice versa. A targeted
airway section was isolated by removing unnecessary
structures, such as the paranasal sinuses; subsequent-
ly, threshold values were set at a range of 21024 to
2300 Hounsfield units to eliminate imaging artifacts

Figure 1. Measurement of hyoid bone position. Nasion was set up as

a reference point. The coordinate of the most anterosuperior point of

the hyoid bone (Hb) was marked.

Figure 2. Volumetric measurements of pharyngeal airway space. (A) Reference planes: A, posterior nasal spine (PNS) plane (axial plane

passing through PNS); B, soft palate plane (axial plane passing through most inferior point of soft palate); and C, epiglottis plane (axial plane

passing through base of epiglottis on anterior pharyngeal wall). (B) ‘a’ indicates the naso-pharyngeal airway; ‘b’ indicates the oro-pharyngeal

airway; and; ‘c’ indicates the hypo-pharyngeal airway. The red arrows indicating the borders were planes through the PNS and the most inferior

point of the soft palate parallel to the Frankfort Horizontal plane.
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and to refine the selected airway region. Finally, the
volume of the designated airway was calculated in
cubic millimeters.

Skeletal Horizontal Planes

We measured horizontal plane angles on 2D cepha-
lometric images derived from the reoriented 3D images
using InVivoDental software.23 Palatal plane angle was
defined as the angle formed by the FH plane and the line
through ANS and posterior nasal spine (PNS). Occlusal
plane angle was formed by the FH plane and the line
through the midpoint of the maxillomandibular central
incisors and the intersection point of the first molars of
maxilla and mandible on the midsagittal plane. Finally,
the mandibular plane angle was defined as the angle by
the FH plane and the line through the menton and the
most inferoposterior point of the gonial angle.24

Statistical Analysis

SPSS 17.0 software for Windows (SPSS Inc,
Chicago, Ill) was used for all statistical analyses. To
evaluate the systemic error of the employed method,
10 CBCT scans were randomly selected and mea-
sured two times on each scan by the same investiga-
tor. A paired t-test was used. The random error for the
measurements was calculated with Dahlberg’s formula
(Standard error 5 gd 2/2n), where d is the difference
between the repeated measurements and n is the
number of double recordings.25

Descriptive statistics were calculated, including the
mean and standard deviations for each group. The
Wilcoxon signed-rank test was used to assess the
significant differences among the head positions at
every CBCT scan time point. Additionally, this test was
used to compare the preoperative changes with the 2-
and 6-month postoperative changes. The Spearman’s
correlation coefficient was determined to obtain the
correlation among the changes in horizontal plane
angles, the hyoid bone position, and the pharyngeal
airway volume. A P value of less than .05 was
considered significant for all of the analyses.

All of the measurements were free of any systemic
error. The random error varied from 1054.47 to
1418.88 mm3 for the volumetric measurements.

RESULTS

Sample Characteristics and Surgical Changes

The head postures of each patient at T0, T1, and T2
were not significantly different. As a result of surgery,
the posterior maxilla was impacted 3.76 6 1.33 mm as
the mean amount of advancement of ANS was 0.79 6

1.99 mm. The mean amount of mandibular setback
was 8.25 6 2.12 mm, while menton shifted 6.80 6

5.50 mm posteriorly. Other sample characteristics and
the mean amount of clockwise rotation of the
horizontal planes are shown in Table 1.

Positional Changes of the Hyoid Bone

At 2 months after surgery, the hyoid bone showed a
posterior displacement of 1.97 6 5.65 mm. However,
at 6 months after surgery, the hyoid bone moved more
posteriorly and was located 3.46 6 5.01 mm posterior
to the presurgical position. In addition, an inferior
movement of 1.34 6 3.48 mm was observed (Table 2).

Changes in Pharyngeal Airway Measurements

The total volume of the upper pharyngeal airway
significantly decreased from T0 to T1 and T2. Of the

Table 1. Sample Characteristics and Surgical Changesa

Demographics

Sample size, n 25

Age (mean 6 SD), y 23.72 6 4.27

Female gender, n 11

Cephalometric analyses (mean 6 SD) (n 5 25)

ANB, u 22.39 6 3.40

Wits appraisal, mm 211.85 6 6.37

Facial convexity, u 26.17 6 7.47

Palatal plane angle, u 2.74 6 2.57

Occlusal plane angle, u 10.60 6 4.51

Mandibular plane angle, u 29.68 6 6.93

FMA, u 31.99 6 13.74

Gonial angle, u 127.42 6 8.71

Lower facial height, u 51.98 6 4.90

A point to N perpendicular line, mm 22.38 6 4.22

Surgical changes

Posterior maxillary impaction (mean 6 SD), mm 3.76 6 1.33

Mean amount of anterior movements of ANS,

mm

0.73 6 1.99

Mean amount of setback (mean 6 SD), mm 8.25 6 2.12

Mean amount of posterior movements of

menton, mm 6.80 6 5.50

Clockwise rotation of palatal plane, u 2.04 6 2.28

Occlusal plane, u 2.98 6 1.94

Mandibular plane, u 0.79 6 2.81

a SD indicates standard deviation.

Table 2. Displacement of Hyoid Bone in X, Y, and Z Axes (mm)a

T1-T0 T2-T0

Average SD P Average SD P

X(Lt.(2)-Rt.(+)) 0.43 1.89 .50 0.00 1.78 .45

Z(Ant.(2)-Pos.(+)) 1.97 5.65 .03* 3.46 5.01 .00**

Y(Inf.(2)-Sup.(+)) 21.04 3.37 .25 21.34 3.48 .04*

a T0 indicates before surgery; T1, 2 months after surgery; T2,

6 months after surgery; and SD, standard deviation.

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

Lt, Left; Rt, Right; Ant, Anterior; Pos, Posterior; Inf, Inferior; Sup,

Superior.
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three subregions of the airway, the naso- and hypo-
pharyngeal airway volume decreased at 2 months and
6 months after surgery (P , .05), but the oro-pharyngeal
airway showed no significant changes in volume (P .

.05; Table 3).

The Relationship Among Skeletal Changes,
Airway, and Hyoid Bone Position

The Spearman’s correlation coefficient was per-
formed to discover any significant relationships among
horizontal plane changes, airway volumes, and hyoid
bone displacements (Table 4). The changes in the
palatal plane angle were positively correlated to those
in the pharyngeal airway volume at 6 months after
surgery (P , .001). The changes in pharyngeal airway
volume did not relate to those in the occlusal plane and
mandibular plane angles (P . .05).

Significant correlations between the hyoid position
and airway volume were observed only at 2 months
after surgery. The changes in the total pharyngeal
airway volume were positively correlated to the poste-
rior movement of the hyoid bone (P , .05), whereas
these changes were negatively correlated to the inferior
displacement (P , .05; Table 5) at 2 months after
surgery. In addition, the changes in the naso- and oro-
pharyngeal airway volume were related to the inferior
movement of the hyoid bone (P , .05; Table 5). The
changes in the hypo-pharyngeal airway volume did not

show any significant correlation with the inferoposterior
movements of the hyoid bone (P . .05; Table 5).

At 6 months after surgery, the changes in all
subregions of the pharyngeal airway volume as well
as those associated with total pharyngeal airway
volume had no correlation with inferoposterior dis-
placements of the hyoid bone (P . .05; Table 5).

DISCUSSION

The purpose of this study was to evaluate postop-
erative changes in the hyoid bone position and the
pharyngeal airway space following bimaxillary surgery.
The hyoid bone moved inferoposteriorly from 2 months
to 6 months after surgery (Table 2), and the pharyn-
geal airway volume generally decreased in the same
time periods (Table 3).

Because an individual’s natural head posture may
vary at different time points,26–28 which can affect the
accuracy of the analysis of airway and hyoid bone
position,5,22 head postures were measured at all time
points. We have confirmed that there were no significant
differences in head orientations between presurgery
values and values at 2 and 6 months after surgery.

As the hyoid bone moves backward and downward
after the mandibular setback, the changes in the
supra-hyoid and infra-hyoid muscle tension may be
related to the skeletal relapse.11,29 According to

Table 3. Changes in Airway Volume Before (T0) and 2 Months (T1) and 6 Months (T2) After Surgery (mm3)a

T1-T0 T2-T0

Average SD Rate, % P Average SD Rate, % P

Total volume 25027.8 5787.09 211.54 .00*** 26883.48 7158.77 215.80 .00***

Naso-pharygeal volume 21347.56 1318.64 214.66 .00*** 21048.96 1392.79 222.08 .00***

Oro-pharyngeal volume 2545.52 2610.76 23.97 .23 21114.04 2880.24 28.10 .05

Hypo-pharyngeal volume 23134.72 3535.21 215.96 .00*** 24720.48 4637.42 212.43 .00***

a Rate: a percentage of volume reduction. SD indicates standard deviation. *** P , .001.

Table 4. Correlation With Inferoposterior Changes of Hyoid Bone Position, Changes in Airway Volume, and Those of Palatal, Occlusal, and

Mandibular Plane Angle (n 5 25)a

Palatal Plane Angle Occlusal Plane Angle Mandibular Plane Angle

T1-T0 T2-T0 T1-T0 T2-T0 T1-T0 T2-T0

Changes of hyoid bone

Posteriorly 20.08 (0.40) 0.08 (0.40) 0.24 (0.20) 0.37 (0.09) 20.45 (0.05) 20.24 (0.20)

Inferiorly 20.21 (0.22) 20.34 (0.11) 20.35 (0.10) 0.14 (0.31) 20.16 (0.28) 20.24 (0.20)

Changes of pharyngeal airway

Total volume 0.42 (0.06) 0.68 (0.00***) 0.33 (0.11) 0.36 (0.10) 0.25 (0.47) 0.37 (0.09)

Naso-pharyngeal volume 20.60 (0.01*) 0.09 (0.38) 0.11 (0.34) 20.04 (0.44) 20.41 (0.27) 0.08 (0.39)

Oro-pharyngeal volume 0.52 (0.02*) 0.71 (0.00***) 0.29 (0.15) 0.30 (0.14) 0.18 (0.27) 0.43 (0.05)

Hypo-pharyngeal volume 0.48 (0.04*) 0.80 (0.00***) 0.06 (0.42) 0.16 (0.28) 0.30 (0.14) 0.45 (0.05)

a T0 indicates before surgery; T1, 2 months after surgery; and T2, 6 months after surgery. P values are presented in parentheses.

* P , .05; *** P , .001.
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Degerliyurt et al.,30 the position of the hyoid bone was
highly unstable for 1 year after surgery. Gu et al.9

reported that the hyoid bone tended to return to its
original position after mandibular setback surgery, and
this result is related to the relapse tendency of the
anteroposterior position of the mandible. However,
Eggensperger et al.11 observed progressive posterior
movements of the hyoid bone during 11 years of
postoperative follow-up. In our study, the hyoid bone
continuously moved inferoposteriorly until 6 months
after surgery (Table 2). We also found that both
posterior movement of menton and the amount of
mandibular setback were positively correlated to
posterior displacement of the hyoid bone. This
indicates that the position of hyoid bone after surgery
is affected by the amount of mandibular setback or the
amount of advancement with genioplasty.

The authors of previous reports5,30 concluded that
the postoperative pharyngeal airway space decreases
following mandibular setback surgery; however, the
reduction is more marked in those who undergo
mandibular setback surgery only. With regard to
changes in the three subregions of the airway, the
volume of the naso- and hypo-pharyngeal airway and
the total volume significantly decreased at 2 and
6 months after surgery. According to our data,
impaction of the posterior maxilla with a small amount
of maxillary advancement may be associated with a
decrease of naso-pharyngeal airway volume (Table 3).

The palatal plane angle, which is a lateral cephalo-
metric variable used to represent the maxillary
changes, has shown significant correlation with the
airway changes. Volumetric changes of the oro-
pharyngeal, hypo-pharyngeal, and total airway were
positively correlated to the palatal plane angle in the
present study (Table 4). This finding indicates that
the pharyngeal airway volume is greatly affected by the
rotational movement of the maxilla. In addition, we
have found a significant relationship between the
airway volume changes and the vertical movements
of the hyoid bone (Table 5). Our results indicate that a
more inferior displacement of the hyoid was associated
with less airway volume reduction, which may be

explained by the compensatory rearrangement of the
oro-pharyngeal complex.

Our null hypothesis—that the pharyngeal airway
volume and the hyoid bone position do not change
after bimaxillary surgery—was rejected.

CONCLUSIONS

N The hyoid bone moved backward and downward,
and the amount of displacement increased with time.

N The total pharyngeal airway space progressively
decreased for up to 6 months after surgery.

N The amount of the clockwise rotation of the palatal
plane was positively correlated to the decrease in
total airway volume.

N The amount of airway volume reduction was nega-
tively associated with the inferior movement of the
hyoid bone.
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