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Pharyngeal airway changes

The evaluation of the anteroposterior diameter, as obtained 
from MPR image data, demonstrated that MPS and EPS had 
significantly decreased between T0 and T1 (i.e., after surgery) 
[Table  2]. On the other hand, decreases in SPPS and MA 
did not reach statistical significance until T2. No significant 

changes in PPS or IPS were observed at either of the assessed 
time points [Table 2].

When comparing the widths of the six analyzed pharyngeal sites 
across the assessment time points, the only significant change 
was observed with EPS which decreased from T0 to T1. This 
difference was no longer statistically significant by T2 [Table 2]. 

Figure 6: The region of interest for calculating the airway volume. Abbreviations: ROI: Region of interest, WL/WW, windowlevel/window 
width.

Figure 7: An example of a three-dimensional image of the upper airway, oropharynx, and hypopharynx.
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With regards to the pharyngeal axial cross-sectional area, all 
sites, except PPS, exhibited a significant decrease from T0 to T1.

The ratio of aTCA to total TCA was significantly lower at 
both T1 and T2, compared to T0. In contrast, the ratio of 
pTCA to total TCA was significantly higher at both T1 and 
T2, compared to T0 [Table 3].

In the volumetric analysis, significant decreases were observed in 
both the oro-hypopharyngeal and oropharyngeal region volumes 

between T0 and T1, whereas their volumes at T2 were nearly the 
same as at T1 [Table  2]. The hypopharyngeal region volumes 
were not significantly different across the assessed time points.

Sleep monitoring

[Table 4] presents the evaluation of the sleep-breathing data 
obtained with the portable sleep monitor. Mean RDI, AI, 
HI, ODI, and lowest SpO2 were in the normal range for all 

Table 3: Measurements obtained from assessing the ratio of the tongue area.

T0 T1 T2 P (T0–T1) P (T1–T2) P (T0–T2)

aTCA/TCA (%) 79.0±9.9 73.7±9.3 74.3±8.0 * NS *
pTCA/TCA (%) 21.0±9.9 26.3±0.9.3 25.7±8.0 * NS *
aTCA/TCA: Anterior tongue cross-sectional area/tongue cross-sectional area, pTCA/TCA: Posterior tongue cross-sectional area/tongue cross-sectional 
area. Mean±SD, ANOVA test, NS: Not significant, *P<0.05.

Table 1: Summary of the skeletal and dental relationship of the subjects.

T0 T1 T2 P (T0–T1) P (T1–T2) P (T0–T2)

SNA (°) 81.2±3.6 81.3±3.5 81.2±3.4 NS NS NS
SNB (°) 83.4±4.3 80.0±4.3 80.1±4.2 ** NS **
ANB (°) –2.3±2.5 1.3±2.4 1.1±2.3 ** NS **
overjet (mm) –5.1±2.5 2.5±1.3 2.8±2.4 ** NS **
overbite (mm) 0.9±1.3 1.7±1.1 1.8±0.9 NS NS NS
Mean±SD, ANOVA test, NS: Not significant, **P<0.01. SNA: Angle measurement from sella, to nasion, to point A, SNB: Angle measurement from sella, to 
nasion, to point B, ANB: Angle measurement from point A, to nasion, to point B.

Table 2: Comparison of the anteroposterior diameters, the width, the cross-sectional area and volume of the six sites among T0 to T2.

Measurements T0 T1 T2 P (T0–T1) P (T1–T2) P (T0–T2)

Anteroposterior diameter (cm) PPS 1.6±0.3 1.6±0.3 1.4±0.6 NS NS NS
SPPS 1.1±0.4 1.57±0.4 0.8±0.4 NS NS *
MPS 1.4±0.4 1.6±0.3 1.1±0.4 * NS NS
IPS 1.4±0.3 1.6±0.3 1.2±0.4 NS NS NS
EPS 1.5±0.2 1.6±0.3 1.4±0.4 * NS NS
MA 1.1±0.5 1.6±0.4 0.8±0.4 * NS NS

Width (cm) PPS 2.1±0.5 1.9±0.4 1.8±0.7 NS NS NS
SPPS 2.4±0.6 2.2±0.5 1.9±0.8 NS NS NS
MPS 2.5±0.7 2.1±0.5 1.9±0.7 NS NS NS
IPS 3.0±0.5 2.7±0.4 2.7±0.5 NS NS NS
EPS 3.1±0.3 2.7±0.5 2.9±0.5 * NS NS
MA 2.1±0.7 2.0±0.6 1.9±0.9 NS NS NS

Cross-sectional area (cm2 ) PPS 3.3±1.3 3.0±0.9 3.1±1.7 NS NS NS
SPPS 2.1±1.2 1.7±1.1 1.4±0.9 * NS NS
MPS 2.3±1.2 1.8±1.0 1.6±0.8 * NS NS
IPS 2.9±1.0 2.1±0.8 2.1±0.9 * NS NS
EPS 2.8±0.9 2.1±0.7 2.4±0.7 * NS NS
MA 1.6±1.0 1.1±0.8 1.0±0.7 * NS NS

Oro-hypopharyngeal airway (cm3) 17.4±6.9 13.5±5.3 14.2±6.2 * NS NS
Oropharyngeal airway (cm3) 10.1±4.6 7.8±4.0 7.3±4.3 * NS NS
Hypopharyngeal airway (cm3) 7.3±2.7 5.7±1.6 6.9±4.7 NS NS NS
Mean±SD, ANOVA test, NS: Not significant, *P<0.05. PPS: Palatal pharyngeal space, SPPS: Superior posterior pharyngeal space, MPS: Middle pharyngeal 
space, IPS: Inferior pharyngeal space, EPS: Epiglottis laryngeal space, MA: Minimum area.
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patients and did not change significantly after mandibular 
setback surgery.

DISCUSSION

This prospective clinical study used MPR images obtained 
by MSCT with patients in the supine position, to assess the 
morphological changes of the pharyngeal airway following 
mandibular set-back surgery for correcting excessive mandibular 
prognathism. It also determined the influence of these changes 
on the development of SBD. In this study, the pharyngeal airway 
size reduction immediately after mandibular setback surgery did 
not recover significantly during the follow-up period. In addition, 
mandibular setback was not associated with the development of 
SBD during the 1-year follow-up period.

Many studies have evaluated the changes that occur in 
the upper airway after orthognathic surgery using lateral 
cephalometric radiographical analysis mainly because of its 
low exposure dose, simplicity, and low cost.[4-6,9-12] However, 
two-dimensional (2D) measurements have limitations, 
including difficulties with the differentiation of anatomical 
structures, as well as the inability to make volumetric 
determinations. Conversely, CBCT has significant advantages 
over conventional radiography. 3D records provide a 
considerable advantage of allowing viewing of objects at 
their actual (100%) size, without concerns about distortion, 
magnification, or superimposed anatomical objects, which 
are typical drawbacks of 2D film images.[22] CBCT allows 
not only linear measurements but also the measurement of 
the cross-sectional area of the airway, including the airway, 
tongue, and soft palate, in three planes of space.[7,15,16] Besides 
this, analysis of 3D models reconstructed from CBCT images 
allows for a more precise evaluation of the post-operative 
changes in the pharyngeal airway space.[23] However, most 
previous CBCT studies have evaluated airway caliber with 
the subjects in the upright position.[7,15-20] Yet, Martin et al.[24] 
have reported that body positions affect upper airway size. 
Patients with OSAS exhibited smaller decreases in the upper 
airway cross-sectional area when their body position changed 
from the upright to the supine position. The upper airway 
and surrounding soft-tissue structures may be influenced 

by gravitational forces in the supine position during sleep; 
therefore, it is of significant importance that MSCT data 
of patients who have undergone mandibular setback are 
obtained with the patients in the supine position.

In the present study, MPR images showed a significantly 
decreased anteroposterior diameter of the airway due to the 
significant decrease in MPS, EPS, and MA when comparing pre-
operative with 1-week post-operative values (T0–T1). For most 
of the assessed airway size parameters in the cross-sectional area, 
significant decreases were observed, except for PPS, at T1. In the 
volumetric analysis, the total airway size and oropharyngeal 
region presented a significant decrease at T1. This is thought 
to explain why posterior movement of the mandible decreased 
the intraoral volume and significantly increased the posterior 
tongue area; with dorsiflexion, the tongue lifted upwards, and 
most sites below PPS mainly narrowed.

The previous studies on mandibular setback surgery and 
airway changes in skeletal Class III patients have yielded 
similar results to our study. In CBCT evaluation studies, 
Canellas et al.[15] demonstrated a reduction in the pharyngeal 
airway and a decrease in MA in patients who underwent 
mandibular setback surgery. In contrast, two previous 
cephalometric studies[11,12] demonstrated that the pharyngeal 
airway morphology that had changed after mandibular 
setback surgery can gradually relapse and adapt in the long-
term, although a full recovery was not achieved within 
1 year. Jeon et al.[12] reported that the pharyngeal airway 
recovered shortly after surgical setback repositioning of 
the mandible and continued to adapt, achieving 80–90% of 
baseline measurements by 12 months after surgery. We did 
not find significant recovery of the pharyngeal airway after 
1 year (T2), although some patients showed an increased 
upper airway size between T1 and T2. Therefore, the 
hypothesis about changes in pharyngeal airway morphology 
was rejected.

It might be speculated that this study compared the data 
of about 1-week pre- and post-surgery, and at that time, 
swelling of soft tissues occurred due to the invasiveness 
of the procedure, and stenosis of the pharyngeal airway 
was likely to occur. In other words, the increase in 
airway size may partly be explained by disappearance 
of the effect of inflammation on airway size by T2. 
Therefore, we performed a continuous assessment in this 
prospective study. During the 1-year follow-up period, no 
measurements of the airway size showed any significant 
increase between T1 and T2, and few variables, such as 
SPPS and MA in the anteroposterior diameter, showed a 
significant decrease from T1 to T2.

Although there are not many reports of clinical respiratory 
disturbance caused by a decrease in airway size, Riley 
et  al.[25] reported that, in two cases of patients with 
mandibular prognathism who underwent mandibular 

Table 4: Evaluation of the portable sleep monitor data.

T0 T2 P

RDI 3.3±2.1 3.5±0.9 NS
AI 1.4±1.5 1.1±0.4 NS
HI 2.0±2.0 2.4±0.8 NS
ODI 4.3±2.5 5.3±1.6 NS
Lowest SpO2 (%) 89.2±4.1 85.7±3.9 NS
Mean±SD, Paired t-test, NS: Not significant, *P<0.05. RDI: Respiratory 
disturbance index, AI: Apnea index, HI: Hypopnea index, ODI: Oxygen 
desaturation index, Lowest SpO2: Lowest arterial oxygen saturation.
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retrusion surgery, OSAS might have developed due to 
the airway size decrease. However, in the present study, 
no significant increases were observed in SBD parameter 
values after 1-year of follow-up. These results were similar 
to those of other studies. Wenzel et al.[3] reported that a 
decrease in pharyngeal airway size after mandibular setback 
surgery did not necessarily increase respiratory resistance. 
Canellas et al.[18] concluded that reduction in pharyngeal 
airway space was not accompanied by signs or symptoms 
of OSAS after orthognathic surgery in skeletal Class III 
patients. In the present study, patients also showed no SBD 
symptoms, despite a narrowing of the pharyngeal airway. 
This may be because patients with mandibular prognathism 
essentially have a wide pharyngeal airway. Samman et 
al.[26] and Hochban et al.[27] reported that, since skeletal 
Class III dysplasia patients have a wider upper airway than 
the normal population, the decrease caused by surgery 
would still place them in the normal range. Therefore, the 
occurrence of SBD after corrective surgery for skeletal Class 
III dysplasia patients may be rare. In addition, in our study, 
the mean mandibular setback was 7.6 mm (range 4.3–10.3 
mm). Tselnik and Pogrel[5] showed a strong correlation 
between the amount of mandibular setback and the decrease 
in the pharyngeal airway space. The average mandibular 
setback in their study was 9.7 mm. Therefore, patients with 
potential OSAS symptoms and undergo a large mandibular 
setback may be prone to developing SBD in the future.

This study had some limitations, including its small sample 
size and the fact that the patients were awake during the 
MSCT examination. Techniques for obtaining MSCT 
data during sleep could provide additional information 
about the morphological changes in pharyngeal airway 
volume. However, such techniques are limited to research 
conditions and might be impractical in a large group of 
patients. To understand the pathogenesis of SBD and 
the clinical influence of mandibular setback surgery on 
airway pharyngeal morphology more in depth, further 
investigations that focus on 3D airway configuration analysis 
at various sites that are affected by mandibular setback 
surgery are required, with a larger number of patients, and 
careful long-term monitoring.

CONCLUSION

In this study, the pharyngeal space in patients in the 
supine position was significantly decreased immediately 
after mandibular setback surgery. No evidence was found 
for significant recovery during the follow-up period. 
Furthermore, mandibular setback surgery was not associated 
with the development of SBD during the 1-year follow-up 
period. Further longer-term studies with careful monitoring 
of changes in pharyngeal airway size after mandibular 
setback surgery should be performed to verify these findings.

Statement of clinical relevance

Reduction in pharyngeal airway size immediately 
after mandibular setback surgery, based on MSCT in 
supine patients, did not recover significantly by 1-year 
postoperatively, and was not associated with the development 
of sleep breathing disorder during this follow-up period. 
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