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Pharyngeal airway space, hyoid bone position, and head posture after

bimaxillary orthognathic surgery in Class III patients

Long-term evaluation

Ruchengiz Efendiyevaa; Halise Aydemirb; Hakan Karasuc; Ufuk Toygar-Memikoğlud

ABSTRACT
Objective: (1) To determine the effect of bimaxillary orthognathic surgery on pharyngeal airway,
hyoid bone, and craniocervical posture in Class III bimaxillary surgery patients. (2) To evaluate
short-term and long-term results. (3) To compare short- and long-term values.
Materials and Methods: Twenty-six Class III adult patients treated with bimaxillary surgery were
included in the study. Cephalometric records were taken before treatment (T1), before surgery
(T2), and 5 months (T3), 1.4 years (T4), 3 years (T5), and 5 years (T6) postsurgery.
Results: No significant differences were identified in craniocervical angulation between time
intervals. There was a significant superior movement of hyoid bone at postsurgery (T3; P , .05);
however, adaptation occurred to the normal position in the long term. A nonsignificant decrease
occurred at the oropharyngeal middle pharyngeal distance parameter; however, this was
compensated with a significant increase between T5 and T6 (P , .001). A significant decrease
was observed in the hypopharyngeal Go-P parameter between T3 and T1 (P , .01), but it
recovered with a nonsignificant increase in the long term. A significant increase in nasopharyngeal
area was observed between T3 and T1 (P , .05). The hypopharyngeal area significantly increased
between T5 and T6, and PNS-R significantly increased between T3 and T1 (P , .05).
Conclusion: The pharyngeal areas adversely affected after surgery recover at long-term follow-
up; thus, adaptation occurs after bimaxillary surgery. (Angle Orthod. 2014;84:773–781.)
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INTRODUCTION

Combined orthodontic and orthognathic surgical
treatment has become a common treatment modality
for the correction of facial deformities. An important
aspect of orthognathic surgery is the effect of skeletal
movements and changes in the position of hyoid bone,

tongue, soft palate, and posture (thus, pharyngeal
airway).

The pharyngeal upper airway has attracted much
attention because snoring and sleep apnea are known
to be closely associated with its volume. Many authors
have reported a decrease in airway dimensions after
Class III orthognathic surgery1–11 and, accordingly,
extension of the head posture.5,12–14 In some studies,
posterior and inferior movement of the hyoid bone was
detected after surgery in the short term2,6,15,16,17;
however, this movement returned to its original
position in the long term.2,4,5,11,17–19

Some studies have shown that with time, physiologic
adaptation of the soft tissues occur and the airway is
restored to its original position.7,10,11 However, Eggen-
sperger et al.15 reported that the pharyngeal airway
narrowed immediately after surgery in patients with
mandibular set back, and it did so consistently during
the 12-year follow-up period.

In bimaxillary surgery patients, the decrease in the
pharyngeal airway is found to be significant and
milder when compared with mandibular set-back
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surgeries.8,9,20 The long-term effects of bimaxillary
operations on the pharyngeal airway have been
evaluated in a few studies.7,21,22 However, those
studies differ in materials and methodologies and
thus can be interpreted differently. The aim of our
study was to assess the pharyngeal airway, hyoid
bone, and cervical posture in the short and long term
after bimaxillary surgery in Class III patients by
comparing the hard tissue changes and results
between time periods.

MATERIALS AND METHODS

The subjects of this study were selected among the
patients treated at the University of Ankara, Faculty of
Dentistry, Department of Orthodontics and Maxillofa-
cial Surgery, between 1998 and 2011. The material
consisted of lateral cephalometric films of Class III
orthognathic surgery patients. Inclusion criteria were
nonsyndromic adult patients older than 17 years with
skeletal Class III (ANB less than 24u) and dental Class
III deformity, surgical treatment consisting of bimax-
illary surgery without mandible border recontouring,
and lateral cephalograms of good quality. Exclusion
criteria included previous orthognathic surgery, genio-
plasty, obstructive sleep apnea, cleft, and craniofacial
anomalies. Institutional Ethical Board approval was
obtained to conduct this study and patient consent
from each patient were received.

The material consisted of 26 adult patients (between
17 and 29 years). All of the patients were treated
orthodontically and surgically with the same doctor and
treatment protocol. The mean year of patients accord-
ing to gender at pretreatment evaluation is shown in
Table 1. Bilateral sagittal split ramus osteotomy with
semi-rigid fixation and Le Fort I osteotomy with rigid
fixation were used for the mandible and maxilla. In the
Le Fort I surgical technique, the maxilla was positioned
upward when needed.

The lateral cephalometric films taken at different
treatment and retention phases were used for the
study. The patients existing presurgery but with
missing pretreatment films or patients existing pre-
treatment but with missing presurgery cephalometric
films were also included in the study. The number of
lateral cephalometric films used at different time
periods are as follows:

N T1: pretreatment radiograph (n 5 24)

N T2: presurgery radiograph (n 5 25)

N T3: postsurgery radiograph (n 5 11)

N T4: posttreatment radiograph (at the end of the fixed
treatment; n 5 26)

N T5: first retention radiograph (n 5 24)

N T6: second retention radiograph (n 5 9)

The time intervals between treatment and retention
periods are shown in Table 2.

Cephalometric Analysis

The lateral cephalometric radiographs were taken by
the same operator on the same machine under
standardized conditions in the natural head position with
the mandible in centric relation; patients were informed
not to swallow during radiography. Lateral cephalograms
were traced and cephalometric reference points were
determined by using acetate paper. Seven degrees to
the sella nasion plane through the sella point was taken
as the horizontal reference plane, and perpendicular to
the horizontal reference plane through the S point was
taken as the vertical reference plane (Figure 1). These
reference planes were used as the guides in measuring
the projected distances of the reference landmarks
(Figure 1). Ten skeletal and dental (Figure 1), seven
craniocervical and hyoidal (Figure 2), seven pharyngeal
linear (Figure 3), and three pharyngeal area (Figure 4)
measurements were used in the study. Linear and
angular measurements were done with the help of
PorDios (Purpose on Request Digitizer Input Out-put
System, trademark of the Institute of Orthodontic
Computer Science, Aarhus, Denmark) cephalometric
analysis program. Area measurements of the pharyngeal
airway were done with a digital planimeter (Ushikata X-
Plan380Dııı/460Dııı, Tokyo, Japan; Figure 5a,b). The
pharyngeal airway measurements were chosen similar
to the investigations done previously.9,23,24

Statistical Analysis

The mean values and standard error of the means at
each time interval were calculated. To determine the

Table 1. Mean Year and Number of Subjects at Pretreatment

Evaluation

Number Mean 6 SEM

Women 16 21.4 6 3.61

Men 10 23.12 6 3.32

X indicates mean value; Sx, standard error of the mean.

Table 2. Time Intervals Between the Cephalometric Films Taken at

Different Treatment and Retention Periodsa

Treatment and

Retention Period

Mean Time Interval, Months,

Mean 6 SEM

T2–T1 14.15 6 13.4

T3–T1 22.1 6 11.48

T3–T2 4.68 6 4.52

T4–T3 11.71 6 14.48

T5–T4 21.89 6 17.2

T6–T5 22.78 6 18.79

a T1 indicates pretreatment; T2, presurgery; T3, postsurgery; T4,

posttreatment; T5, first retention; T6, second retention.
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differences between the periods T2–T1, T3–T1, T3–T2,
T4–T3, T5–T4, and T6–T5, a paired t-test was used.

Error Study

All digitizing points and measurements were repeat-
ed on 35 randomly selected radiographs. Measure-
ments were compared, and correlation coefficients (r 2)
were obtained. Cephalometric landmarks of the
radiographs were digitized twice, area measurements
were repeated three times by the same investigator,
and the average values of three measurements were
calculated to eliminate errors in measurements.

RESULTS

The reliability of the method was high, with the
correlation coefficients ranging between .9910 and

.9963. The mean values and standard error of the
means of the variables at each time interval are
presented in Table 3. The mean amount of maxillary
advancement was 4.38 and mandibular set back was
3.97 mm. In Table 4, the statistical means of the
differences and the standard error of the means of the
parameters between time intervals are presented. No
significant differences were identified in craniocervical
angulation between time intervals. There was no
significant relapse in skeletal parameters. Overjet
significantly reduced between T5 and T4 time intervals
(P , .01). There was a significant superior movement
of hyoid bone at postsurgery (T3; P , .05); however,
adaptation occurred to normal position in the long
term. A significant increase was detected in the middle
pharyngeal distance (MPS) parameter between the first
and second retention radiographs (T5–T6; P , .001).

Figure 1. Skeletal measurements. (1) SNA. (2) SNB. (3) ANB. (4) GoGnSN. (5) A-VR. (6) A-HR. (7) B-VR. (8) B-HR. Dental measurements.

(9) Overjet. (10) Overbite.
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A significant decrease was observed in Go-P between
T3 and T1 (P , .01), and a significant increase in
nasopharyngeal area was observed between T3 and
T1 (P , .05). The hypopharyngeal area significantly
increased between T5 and T6, and PNS-R significantly
increased between T3 and T1 (P , .05).

DISCUSSION

Lateral cephalograms and computed tomography
(CT) have been used to assess the pharyngeal airway
space in patients after orthognathic surgery.13,19 Ac-
cording to Riley et al.,25 the pharyngeal airway space
measured by cephalograms was highly correlated with
measurements using a three-dimensional CT scan with
considerably high accuracy in predictability.

A total of 26 subjects were used in the study. The
missing pretreatment radiographs of the patients were
compensated with presurgery radiographs, or vice

versa. Also, some second retention radiographs were
missing postsurgery, and those missing radiographs
were considered in the statistical comparison. There-
fore, the comparisons differ in terms of number of
subjects between time intervals. Gender difference
was not considered in our subjects. In the studies of
Değerliyurt et al.26 and Kim et al.,27 no difference was
observed between genders.

We used several retention records to make a more
detailed evaluation of postsurgery outcome of the
airway, hyoideal, and cervical posture parameters. Our
postsurgery records were taken 5 months (short term),
1.4 years (T4), 3.2 years (T5), and 5.1 years (T6) after
surgery. These retention records are the longest in the
literature for pharyngeal airway evaluation in bimax-
illary surgery patients. The mean amount of maxillary
advancement was 4.38 with no impaction, and
mandibular set back was 3.97 mm. No significant

Figure 2. Craniocervical and hyoidal measurements. (1) SN.OPT. (2) SN.CVT. (3) OPT.HR. (4) CVT.HR. (5) OPT.CVT. (6) Hi-VR. (7) Hi-HR.
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relapse was detected in skeletal variables between
postsurgery treatment and retention records.

The increase of the nasopharyngeal dimension is in
agreement with other studies.9,20,28,29 When the maxilla
and mandible are protruded, widening occurs in the
velopharyngeal airway with the elevation of the tissues
attached to the maxilla, mandible, and hyoid bone.30

Nasopharynx area and PNS-R increase was signifi-
cant at the short-term follow-up (T3–T1) and this
increase is maintained although a slight decrease was
observed at nasopharyngeal area T4–T3 stage.
According to the CT study by Park et al.,22 a
nonsignificant increase at the 5-month period and a
nonsignificant decrease to presurgery values at 1.4 years
postsurgery was observed in the nasopharynx. Greco et
al.28 found a long-term increase in nasopharyngeal level
after isolated maxillary advancement surgery, and

similarly, Aydemir et al.9 and Jacobsone et al.21 found a
significant increase in nasopharyngeal level in bimaxillary
surgery patients after 1 year and 3 years postsurgery,
respectively.

Bimaxillary operations reduce the negative effect of
mandibular set back on the oropharynx with the
advancement of the maxilla.7,8 No significant change
was observed in oropharyngeal area in our study,
which is in agreement with other studies.8,9 According
to Park et al.,22 a significant decrease occurs at the
oropharyngeal area and does not recover after
surgery. This result can be due to the greater amount
of set back in that study, as there is a correlation
between the jaw movements and a change in airway
measurements.31

According to Becker et al.,31 the nasopharynx, upper
oropharynx, and middle oropharynx increase whereas

Figure 3. Pharyngeal linear measurements. (1) PNS-R: on the line passing from PNS and R. (2) PPS: palatal pharyngeal distance: on the line

passing from PNS, parallel to FHP. (3) SPSS, superior posterior pharyngeal distance: on the line passing from the midpoint of the soft palate,

parallel to FHP. (4) MPS, middle pharyngeal distance: on the line passing from P, parallel to FHP. (5) Go-P, gonial pharyngeal distance: on the

line passing from Go, parallel to FHP. (6) IPS, inferior pharyngeal distance: on the line passing from cv2a, parallel to FHP. (7) EPS, epiglottic

pharyngeal distance: on the line passing from E, parallel to FHP.
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the lower oropharynx decreases after bimaxillary
surgery. Similarly, in our study, palatal pharyngeal
distance and superior posterior pharyngeal distance
tended to increase while MPS tended to decrease
postsurgery. A significant increase between 3 and
5 years (P , .001) was observed at the MPS level;
thus, we can evaluate this as an adaptation that
occurred at the lower oropharynx.

In a CT study by Park et al.,22 a nonsignificant
decrease was observed in the hypopharynx at the
short follow-up period but recovered in the long term.

We also did not find any significant change in the
hypopharynx area, which is also in accordance with
other studies.8,9 However, a significant increase
occurred at 3 to 5 years of follow-up; thus, the total
airway increased significantly in 3–5 years of follow-up
(P , .01). In our study, from the period T5 to T6, a
significant increase was observed in the oropharyn-
geal MPS parameter, hypopharyngeal parameter, and
total area parameter, although there was no skeletal
relapse in parameters at that period.

In our study, hyoid bone moved superior after
5 months postsurgery but returned to its original
position in the long term. This is in accordance with
the study by Marşan et al.32 According to our results,
the pharyngeal airway continues to adapt to the new
skeletal and soft tissue environment until the 5-year
follow-up. Especially from 3 to 5 years postsurgery, a
significant increase occurred in the hypopharynx,
MPS, and total pharyngeal area. Bimaxillary surgery
did not have an adverse effect on pharyngeal airway
and, on the contrary, tends to enlarge the pharyngeal
airway at long-term follow-up.

After surgery, with the help of the biomechanical
positional change at the supra and infra hyoid muscles,
reflexive adaptation at the pharyngeal area occurs.
Occlusion and neuromuscular factors play an impor-
tant role in the stomathognathic system’s balance and
adaptation. There is a limitation in our study with
regard to the number of records at the time points.
Thus, further investigation with larger databases is
needed for long-term pharyngeal evaluation after
orthognathic surgery.

CONCLUSIONS

N Stabile widening occurs at the nasopharyngeal area
after bimaxillary surgical operations.

N The areas affected adversely after surgery recover at
long-term follow-up.

N The hyoid bone moves superior in the short term but
comes to the original position at the long term.

N No significant change occurs in craniocervical posture.

Figure 4. Pharyngeal area measurements. (1) Nasopharynx. (2)

Oropharynx. (3) Hypopharynx.

Figure 5. (a) Digital planimeter. (b) Measurement of the areas using a digital planimeter.
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A-VER, mm 0.27 6 1.54 4.38 6 2.79*** 4.34 6 2.52*** 0.77 6 1.87 0.02 6 1.52 20.09 6 1.12

A-HOR, mm 0.28 6 1.87 20.65 6 4.23 20.82 6 3.38 0.91 6 1.97 0.32 6 1.89 20.12 6 0.88

SNB, u 20.43 6 1.59 22.07 6 3.40 21.40 6 2.64 20.09 6 1.27 20.19 6 1.24 20.28 6 0.91

B-VER, mm 20.51 6 2.89 23.97 6 6.06*** 22.74 6 5.28*** 0.05 6 2.58 20.09 6 2.29 20.45 6 1.53

B-HOR, mm 20.44 6 3.01 24.64 6 4.79** 24.09 6 4.21** 20.19 6 1.22 0.50 6 1.88 0.51 6 1.55

ANB, u 0.31 6 0.88 6.07 6 2.79*** 5.46 6 2.26*** 0.55 6 2.18 20.09 6 0.59 0.13 6 0.36

GoGn/SN, u 0.60 6 2.01 0.05 6 9.59 23.29 6 3.49* 20.47 6 2.55 20.21 6 2.15 20.40 6 1.46

Overjet, mm 22.09 6 2.61*** 7.77 6 3.89*** 9.56 6 3.67*** 0.69 6 3.33 20.52 6 0.71** 20.13 6 0.73

Overbite, mm 0.84 6 1.92* 3.65 6 4.04* 3.05 6 3.62* 1.01 6 1.80 20.26 6 0.88 20.11 6 0.74

Craniocervical and hyoideal

NSL.OPT, u 21.53 6 4.80 23.72 6 5.44 21.43 6 5.00 0.66 6 4.13 20.75 6 5.20 1.67 6 6.56

NSL.CVT, u 21.40 6 4.36 22.74 6 6.19 21.75 6 5.07 1.44 6 3.43 20.83 6 4.87 1.63 6 6.03

OPT.HOR, u 21.53 6 4.80 23.72 6 5.44 21.43 6 5.00 0.66 6 4.13 20.75 6 5.20 1.67 6 6.56

CVT.HOR, u 21.40 6 4.36 22.74 6 6.19 21.75 6 5.07 1.44 6 3.43 20.83 6 4.87 1.63 6 6.03

OPT.CVT, u 0.13 6 1.75 0.98 6 2.38 20.33 6 0.73 0.79 6 1.54 20.08 6 1.48 20.04 6 1.37

Hi-HOR, mm 0.23 6 3.65 22.77 6 2.81* 22.42 6 4.03 0.65 6 2.08 0.71 6 2.57 0.87 6 3.06

Hi-VER, mm 0.74 6 4.04 1.02 6 7.47 1.02 6 5.56 21.13 6 3.06 0.39 6 4.40 22.11 6 4.23

Pharyngeal

Nasopharyngeal linear

PNS-R, mm 0.60 6 1.47 1.00 6 1.12* 0.28 6 1.62 0.15 6 1.80 0.90 6 2.15 20.89 6 2.86

Oropharyngeal linear

PPS, mm 20.46 6 1.47 1.83 6 3.07 1.28 6 5.03 20.40 6 4.89 20.30 6 1.85 1.06 6 2.89

SPSS, mm 20.22 6 1.98 0.89 6 2.74 1.67 6 2.66 20.90 6 2.04 20.17 6 2.35 1.28 6 1.89

MPS, mm 20.41 6 2.62 20.78 6 2.60 0.39 6 3.27 0.60 6 1.91 0.11 6 2.68 1.22 6 1.06***

Hypopharyngeal Linear

Go-P, mm 21.39 6 3.37 25.17 6 3.55** 22.61 6 4.05 1.25 6 2.67 0.39 6 3.94 0.28 6 2.15

IPS, mm 20.57 6 2.36 20.89 6 1.82 0.11 6 2.86 0.35 6 2.38 1.02 6 3.38 1.22 6 1.68

EPS, mm 20.41 6 2.62 20.61 6 2.01 0.83 6 3.21 0.70 6 2.88 0.46 6 2.79 1.44 6 2.88

Area

Nasopharynx, mm2 13.70 6 44.79 30.62 6 35.22* 17.68 6 41.53 28.58 6 41.19 2.53 6 34.93 11.12 6 49.42

Oropharynx, mm2 223.31 6 75.30 24.20 6 67.51 74.60 6 79.76 237.98 6 72.26 1.59 6 56.02 39.41 6 57.19

Hypopharynx, mm2 9.20 6 81.94 20.16 6 63.80 1.28 6 125.51 2.25 6 50.70 3.43 6 65.37 48.95 6 44.54*

Total area, mm2 20.42 6 112.79 26.23 6 111.98 93.56 6 172.90 244.31 6 83.31 7.56 6 101.33 99.49 6 70.23**

a T1 indicates pretreatment; T2, presurgery; T3, postsurgery; T4, posttreatment; T5, first retention; T6, second retention.

* P , .05; ** P , .01; *** P , .001.
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