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Introduction

Abstract

Aim: To examine the pharyngeal airway space (PAS) changes in patients
with skeletal Class Ill anomalies treated with two different bimaxillary
surgery (BMS) techniques.

Methodology: A total of 27 patients (15 females, 12 males) treated with
BMS were divided into two groups: Group 1 (n=16, mean age: 20.67+2.82
years) consisted of patients who underwent maxillary-mandibular
advancement (MMA), and Group 2 (n=11, mean age: 23.87+7.72 years)
consisted of patients who underwent maxillary advancement and
mandibular setback (MAMS). Cone-beam computed tomography (CBCT)
records were taken immediately before (T1) and at least 5 months after
(T2) BMS. To evaluate the postoperative PAS changes, the parameters of
total volume (TV), upper volume (UV), lower volume (LV), and minimal
axial area (Min-Ax) were evaluated using NemoCeph 10.4.2 software.
Results: In Group 1, postoperative increases in the TV, NV, OV, and Min-
Ax were determined as 4.5%, 6.6%, 3.07%, and 5.1%, respectively, but
these increases were not statistically significant (p > 0.05). In Group 2, the
following increases were determined: 10.4% in TV, 18.4% in NV, and 5.5%
in OV. A postoperative decrease of 6.2% was determined for Min-Ax. These
increases and decreases were not statistically significant (p > 0.05). There
was no statistically significant difference between groups 1 and 2 in any
pre- and postoperative parameters (p > 0.05).

Conclusion: Neither of the BMS techniques caused any significant change
in the PAS parameters.
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It is known that significant changes in the
surrounding soft and hard tissues due to OS also affect
the posterior pharyngeal airway space (PAS) (2). Some

Skeletal Class Ill anomalies may cause aesthetic
and functional problems in patients. These anomalies
may result from maxillary hypoplasia, mandibular
prognathism, or a combination of both. Regardless of
the cause, orthognathic surgery (0S) is the most
commonly used treatment alternative in severe
skeletal Class Il anomalies that cannot be treated with
camouflage therapy (1).

130

studies have reported that treating skeletal Class llI
anomalies with mandibular setback surgery (MSB)
causes significant reductions in pharyngeal airway
volume, which can cause respiratory problems such as
obstructive sleep apnea (0SA) (3, 4). Therefore,
bimaxillary surgeries (BMS), including Le Fort |
osteotomy and sagittal split ramus osteotomy, are
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performed to treat skeletal Class Ill anomalies caused
by both the maxilla and mandible (1).
Several studies have examined the effects of BMS

on PAS  using  two-dimensional cephalometric
radiographs  (5). However, examining three-
dimensional (3D) complex structures with two-

dimensional (2D) systems has limitations. These studies’
findings have limited to linear measurements of sagittal
or transverse aspects and cannot accurately represent
the morphology of the airway space or the
compromised areas leading to breathing disorders (6,
7). Conventional computed tomography (CT) systems
often overcome these limitations. However, these
systems are known to offer high radiation doses (8).
Therefore, cone-beam computed tomography (CBCT),
introduced in recent years, is a reliable and effective
technique to quantitatively assess the volume and
cross-sectional areas of the airway space and has the
ability to visualize anatomic structures. CBCT is a safe
system for PAS evaluation due to its advantages, such
as high-quality images and lower radiation doses (9).
Three-dimensional (3D) imaging technique and 3D
reconstructions along with special computer software
capable of rendering volumetric data and segmenting
different areas of the airway, helps clinicians and
researchers measure changes in the airway space that
occur in response to orthodontic and orthognathic
treatment and impact breathing quality (3, 10).
Studies have evaluated the 3D effects of BMS on
the PAS of skeletal Class Ill anomalies. Some of these

studies (11) have reported no significant differences in
PAS, while others have reported a significant increase
(3, 12) or decrease (13, 14).

Therefore, this study aims to evaluate PAS changes
in patients with skeletal Class Il anomalies treated
with two different BMS techniques using CBCT.

Materials and Methods

Ethical approval was obtained from the Local
Ethics Committee of Dicle University Faculty of
Dentistry (Approval no: 2019/9). The material of this
retrospective study consisted of adult patients with
skeletal Class Ill anomalies (ANB<0) that were treated
with BMS in the same center between 2010 and 2019.
Patients with OSA, congenital anomalies, cleft lips or
palates, or trauma histories were excluded from the
study. The 27 patients who met the study criteria were
divided into two groups according to the BMS type.
Group 1 (n=16, mean age: 20.67+2.82) consisted of
patients who underwent maxillary-mandibular
advancement (MMA), and Group 2 (n=11, mean age:
23.87+7.72) consisted of patients who underwent
maxillary advancement and mandibular setback
(MAMS). CBCT records were taken immediately before
(T1) and at least 5 months after (T2) the BMS. The
distribution of the age and gender of the patients in the
study is shown in Table 1.

Table 1. Mean age and gender of individuals included in the study

Group Gender n
F 8

1 (MMA)
M 8
F 7

2 (MAMS)
M 4

Mean Age P

21.03+2.66

20.67+2.82
20.31+3.10

0.139

24.76+9.70

23.87+7.72
22.30+2.23

*Note: MMA = maxillary-mandibular advancement; MAMS = maxillary advancement and mandibular setback.

CBCT images were obtained with an i-CAT device
(Imaging Sciences International, Hatfield, Pa). In the
routine imaging protocol, the patients were seated
upright on the CBCT device, their heads were brought
to their natural positions with the help of the mirror
directly opposite them, and their heads were fixed
using the tape attached to the device. The CBCT scan
was performed with the jaws in the centric
relationship. The patients’ lips were naturally rested
after the Frankfurt horizontal (FH) plane was
positioned parallel to the ground. CBCT images were
acquired by setting the device to 5.0 mA, 120 kv, 0.3
mm voxel thickness, 360° rotation, and 9.6 seconds
scan time.

In the current study, the region between the
borders in Figure 1 was defined as the total PAS volume
(TV): The anterior border was a vertical plane that
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passed through the posterior nasal spine. The posterior
border was defined as the posterior pharyngeal wall.
The upper border was defined as the roof of the
pharynx. A horizontal plane passing through the third
vertebra's most anterior and inferior point was defined
as the inferior border. After identifying the borders,
the PAS was cropped (Figure 2) and divided into two
parts by a parallel plane passing through the first
vertebra's most anterior and lowest part. The upper
part was defined as the nasopharyngeal volume (NV),
and the lower part was defined as the oropharyngeal
volume (OV). The narrowest cross-sectional area of the
PAS, defined as the minimal axial area (Min-Ax), was
also evaluated. Finally, these four parameters were
assessed using NemoCeph 10.4.2 software (Nemotec
Dental Systems, Madrid, Spain).
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Figure 1. Borders of the pharyngeal airway

B ea

Statistical analysis
The homogeneity of variance and the

compatibility of the continuous variables were
evaluated using Kolmogorov-Smirnov and Levene’s

Table 2. Mean amount of skeletal movement

tests, respectively. An independent samples t-test was
used to compare the differences between the means of
the independent variables, and a paired samples t-test
was used to compare the differences between the
means of the dependent variables. The descriptive
statistics and test analyses were performed using the
free software provided by The R Project for Statistical
Computing (R version 3.2.3, www.r-project.org.), and
the results were statistically significant at p < 0.05.

To assess the method error, measurements were
repeated 4 weeks after the first measurement by the
same researcher. The intraclass correlation coefficient
was used to evaluate the differences between
measurements.

Results

The demographic data of the individuals included
in the study are given in Table 1. There were no
statistically significant age differences between the
groups (p > 0.05). The mean interval between BMS and
T2 was 11.19+£2.81 months and 10.18+4.94 months for
Group 1 and Group 2, respectively. No significant
difference was found between the groups (p > 0.05).

The intraclass correlation coefficient showed good
reproducibility, with a minimum value of 0.952 for the
amount of skeletal movement and 0.998 for airway
measurements.

The amount of skeletal movement that occurred
in the groups after BMS is shown in Table 2. In Group 1,
the mean forward movement of the maxilla and
mandible relative to points a and b was 6.27+2.17 mm
and 2.50+2.54 mm, respectively. In Group 2, the mean
maxillary forward movement was 2.79+2.16 mm
relative to point a, and the mean mandibular setback
was 4.10+2.20 mm relative to point b.

Movement (mm) Group 1 Group 2
Maxillary advancement 6.27+2.17 2.79+2.16
Mandibular advancement 2.50+2.54
Mandibular setback 4.10+2.20
Maxillary impaction 1.24+1.76
Maxillary extrusion 0.79+1.39
Mandibular anterior rotation 2.20+3.22
Maxillary posterior rotation 0.46+3.00

The descriptive statistics, including the means and
standard deviation (SD) in Group 1’s T1 and T2 periods,
are given in Table 3. According to the results, the TV,
NV, OV, and Min-Ax parameters increased by an
average of 1,09+5,91 cm3, 0,67+2,54 cm?, 0,42+3,89
cm?, and 12,41+99,38 cm?, respectively; however,
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these increases were not statistically significant (p >
0.05). Compared to the T1 period, increases of
approximately 4.5%, 6.6%, 3.07%, and 5.1% occurred in
the TV, NV, OV, and Min-Ax parameters, respectively,
during the T2 period.
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The descriptive statistics, including the mean and
SD in Group 2’s T1 and T2 periods, are given in Table 4.
According to the results, the mean increases in the TV,
NV, and OV parameters were 2,15 +7,67 cm?, 1,65
+2,47 cm?, and 0,545,63 cm’, respectively, while the
mean decrease in the Min-Ax parameter was
12,43+94,94 cm2. The TV, NV, and OV values increased
by 10.4%, 18.4%, and 5.5%, respectively, while a

decrease of 6.2% occurred in the Min-Ax parameter;
however, these changes were not statistically
significant (p > 0.05).

The comparisons of the data obtained from both
groups in the T1 and T2 periods are shown in Tables 5
and 6, respectively. The results showed no significant
differences in any parameter between the groups in the
T1 and T2 periods (p > 0.05).

Table 3. Descriptive statistics and comparison of preoperative and postoperative airway volumes of Group 1

Parameters (cm3)

TV 16 23.78 9.69 24.87 8.85 1.09 5.91 0.47
NV 16 10.1 3.43 10.76 3.85 0.67 2.54 0.3
ov 16 13.68 6.73 14.11 5.52 0.42 3.89 0.67
Min-Ax (mm?2) 16 239.54 150.36 251.96 131.69 12,41 99.38 0.62

* Note: TV = Total volume; NV = Nasal volume; OV = Oropharyngeal volume; Min-Ax = Minimal axial area; TO = Before surgery; T1 = After

surgery; SD = Standard deviation.

Table 4. Descriptive statistics and comparison of preoperative and postoperative airway volumes of Group 2

Parameters (cm3)

T1 TO-T1

TV 11 20.61 4.07

NV 11 8.94 3

ov 11 11.67 2.92
Min-Ax (mm?2) 11 197.32 45.73

22.76 8.5 2.15 7.67 0.37
10.58 3.8 1.65 2.47 0.051
12.17 5.49 0.5 5.63 0.77
184.89 75.29 -12,43 94.94 0.67

* Note: TV = Total volume; NV = Nasal volume; OV = Oropharyngeal volume; Min-Ax = Minimal axial area; TO = Before surgery; T1 = After

surgery; SD = Standard deviation.

Table 5. Comparison of the preoperative airway parameters of Group 1 and Group 2

Parameters (cm3)

TV 23.78 9.69

NV 10.1 3.43

ov 13.68 6.73
Min-Ax (mm?2) 239.4 150.36

2.42 20.61 4.07 1.23 0.25
0.86 8.94 3 0.91 0.37
1.68 11.67 2.92 0.88 0.3
37.59 197.32 45.73 13.79 0.3

* Note: TV = Total volume; NV = Nasal volume; OV = Oropharyngeal volume; Min-Ax = Minimal axial area; SD = Standard deviation; SE =

Standard error.
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Table 6. Comparison of the postoperative airway parameters of Group 1 and Group 2

Group 1 Group 2

Parameters (cm3)

TV 24.87 8.85

NV 10.76 3.85

ov 14.11 5.52
Min-Ax (mm?2) 251.96 131.69

2.21 22.76 8.5 2.56 0.54
0.96 10.58 3.8 1.14 0.9
1.38 12.17 5.49 1.66 0.37
32.92 184.89 75.29 22.7 0.14

* Note: TV = Total volume; NV = Nasal volume; OV = Oropharyngeal volume; Min-Ax: Minimal axial area; SD = Standard deviation; SE =

Standard error.

Discussion

Significant changes that occur in skeletal
structures after BMS may affect the PAS. This study
aimed to evaluate PAS changes in skeletal Class llI
patients using CBCT following BMS.

Previous studies (2, 15, 16) evaluated the effects
of BMS on PAS between different postoperative
intervals, such as 3 months, 6 months, or 1 year, while
some of them (17) did not provide any information.
Postoperative edema occurring after BMS in the
pharyngeal structures may adversely affect the PAS,
and it was reported that the measurements obtained 5-
8 months after BMS might be more reliable (12).
Therefore, patients with T2 data collected at least 5
months after BMS were included in the present study.

Some studies (17, 18) evaluated only the TV, while
others (1, 2, 13, 19) divided the PAS into 2 or 3
segments. Moreover, different upper and lower borders
have been used in various studies. The important
parameters used in PAS evaluations are TV and Min-Ax.
(20) Thus, the Min-Ax, TV, OV, and NV parameters were
evaluated.

In most studies examining the effect of BMS on
PAS, the amount of skeletal movement was reported,
but in some, no information was given about the
amount of skeletal movement (1, 2, 13, 17). In Group
1, insignificant increases occurred in all PAS
parameters following different amounts of surgical
movement after MMA. Although there was some
decrease in the long term (16, 21), there were
significant increases in the airway after MMA, and these
increases were maintained in the long term (3, 12, 22-
26). It has also been reported that increases in PAS
following MMA lead to improved postoperative
polysomnography (PSG) recordings in OSA patients (27).
There is a consensus in the literature that MMA
positively affects PAS, similar to the present study.

Studies by Jakobsone et al. (11), Azevedo et al.
(17), Hatap et al. (13), de Souza Pinto et al. (28), and
Vaezi et al. (29) reported no significant differences in
the PAS parameters after MAMS, similar to the present
study. Panou et al.(1) reported no significant
difference between the UV and Min-Ax parameters in
patients treated by MAMS, while a significant reduction
was found in LV and TV in males. The lack of assessment
of the relationship between PAS and gender could be
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considered a weakness of the present study. Similarly,
some studies did not evaluate the effect of gender on
PAS following MAMS, but others have reported no
significant differences (12, 28, 30). Another study (12)
reported an average increase in the TV of 6% and a
decrease in Min-Ax of approximately 10% due to MAMS.
He et al. (31) reported no significant differences in the
NV and OV parameters, while significant decreases
were found in the TV and LV parameters following
MAMS. In the current study, a 10.4% increase in the TV
and a 6.2% decrease in the Min-Ax were found following
MAMS.

Studies have also reported a significant increase
(18, 25) or decrease (8, 14) in all PAS parameters after
MAMS. In Lee et al.’s (14) study, the amount of skeletal
movement was not stated, and a significant decrease
was reported in the TV and UV parameters following
MAMS. Kim et al. (8) reported a significant decrease in
the TV and Min-Ax parameters after MAMS (mean
maxillary advancement: 0.5 mm, mean MSB: 6 mm)
that did not change for up to 6 months postoperatively.
However, Kang et al. (2) reported that the OV and TV
parameters decreased significantly after MAMS but
returned to their original levels within 1 year. The
skeletal Class Ill anomalies were mainly treated by MSB
surgery rather than maxillary advancement in these
studies (2, 8). Although the opposite has been claimed,
(32) most of the studies reported that the treatment of
skeletal Class Ill anomalies with mainly MSB causes a
decrease in PAS (2, 13, 33). This narrowing may vary
from one individual to another depending on the
amount of MSB and the patient’s weight (34).
Therefore, limited amounts of MSB should be
performed in MAMS surgeries. However, due to the
limitations in the amount of jaw movement as well as
aesthetic and functional considerations, different
amounts of MSB are inevitable in BMS. Although
different amounts of MSB were performed on the
participants in Group 2 of this study, there were no
decreases in the TV, UV, and LV parameters. However,
a reduction in the Min-Ax parameter may lead to
negative results in the long term. One of the biggest
worries is the risk of patients developing OSA after BMS,
and an association between OSA and the Min-Ax
parameter has been reported in that the lower the Min-
Ax is, the greater the risk of OSA (27). However, there
is disagreement on whether the PAS changes that occur
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after BMS are maintained in the long term (2, 8, 16).
Differences in the methods, the amount of skeletal
movement, the patients’ weight, and observation
periods make it difficult to directly compare studies.
Even if compared, it is also difficult to determine
whether volumetric increases or decreases that occur
in the PAS will affect the patient's quality of life with
the use of CBCT (22). Kitagawara et al. (35) evaluated
the arterial oxygen saturation (SpO2) of patients and
reported that SpO: values, which decreased
immediately after the operations, returned to normal
levels 1 month after MSB surgery. Most patients may
adapt to the new situation; however, OSA might
develop as a result of large amount of MSB in obese
individuals. The lack of an assessment of the
relationship between body mass index (BMI) and
changes in PAS can be considered a weakness of the
present study. However, BMI information was not
available in the patients’ records.

There are limited studies (12, 25) comparing the
effect of MMA and MAMS on PAS. Bin et al. (25)
compared the effects of MAMS and MMA and reported
that both methods did not adversely affect the PAS,
similar to the present study. However, Brunetto et al.
(12) reported that the effects of MAMS on the Min-Ax
parameter are not predictable, while the change after
MMA can be estimated more reliably. In the present
study, the preoperative PAS parameters were slightly
larger in Group 2 than Group 1. Additionally, increases
in postoperative PAS parameters except the Min-Ax
were larger in Group 2 than in Group 1. In a recent long-
term study, Trevisiol et al. (21) demonstrated that the
increase in PAS after surgery is greater in patients with
a small airway. Therefore, preoperative airway records
may be useful for providing information about PAS
changes after BMS.

Skeletal changes resulting from BMS are associated
with varying degrees of increase or reduction in PAS,
whether statistically significant or not (1, 11-13). To
objectively examine the effect of these volumetric
changes on patients' quality of life, long-term studies
on patients with similar amounts of skeletal movement
using different methods such as the Apnea-Hypopnea
index, PSG and Epworth Sleepiness Scale are needed.

Conclusions

Based on the skeletal movement achieved in the
present study, no significant differences were found
between the PAS parameters of Groups 1 and 2.
However, considering the effect on the Min-Ax
parameter, the amount of mandibular setback
achieved with MAMS needs to be carefully evaluated.

Ethical Approval: Ethics committee approval was received for this
study from Scientific Research Ethics Committee of Dicle University
Faculty of Dentistry, in accordance with the World Medical
Association Declaration of Helsinki, with the approval number:
2019/9.

Peer-review: Externally peer-reviewed.

International Dental Research © 2022

Author Contributions: Conception - E.K.; Design - E.K., A.A,;
Supervision - E.K.; Materials - E.K.; Data Collection and/or Processing
- E.K., A.A.; Analysis and/or Interpretation - E.K.; Literature Review
- E.K., A.A.; Writer -E.K.; Critical Review - A.A

Conflict of Interest: No conflict of interest was declared by theauthors.

Financial Disclosure: This study was supported by the Scientific
Research Projects Coordinator (DUBAP) of Dicle University (Project
number: DIS.19.008).

References

1. Panou E, Motro M, Ates M, Acar A, Erverdi N. Dimensional
changes of maxillary sinuses and pharyngeal airway in Class
Ill patients undergoing bimaxillary orthognathic surgery.
Angle Orthod 2013;83(5):824-31. (Crossref)

2. Kang NE, Lee DH, In Seo J, Lee JK, Song S Il. Postoperative
changes in the pharyngeal airway space through computed
tomography evaluation after mandibular setback surgery in
skeletal class Il patients: 1-year follow-up. Maxillofac Plast
Reconstr Surg. 2021;43(1):1-9. (Crossref)

3. Parsi GK, Alsulaiman AA, Kotak B, Mehra P, Will LA, Motro
M. Volumetric changes of the upper airway following
maxillary and mandibular advancement using cone beam
computed tomography. Int J Oral Maxillofac Surg.
2019;48(2):203-10. (Crossref)

4. Kim JSJK, Kim JSJK, Hong SC, Cho JH. Pharyngeal airway
changes after sagittal split ramus osteotomy of the
mandible: A comparison between genders. J Oral
Maxillofac Surg 2010;68(8):1802-6. (Crossref)

5. Jakobsone G, Stenvik A, Espeland L. The effect of maxillary
advancement and impaction on the upper airway after
bimaxillary surgery to correct Class Ill malocclusion. Am J
Orthod Dentofac Orthop. 2011;139(4):e369-76. (Crossref)

6. Dias Da Silveira HL, Dias Silveira HE. Reproducibility of
cephalometric measurements made by three radiology
clinics. Angle Orthod. 2006;76(3):394-9.

7. Van der Cruyssen F, Vuylsteke P, Claerhout M, Vanden
Bulcke M, Timmermans L, Delsupehe K. The effect of
maxillary-mandibular advancement surgery on two-
dimensional cephalometric analysis, polysomnographic and
patient-reported outcomes in 32 patients with sleep
disordered breathing: A retrospective cohort study. Oral
Maxillofac Surg Cases 2019;5(3):100-12. (Crossref)

8. Kim HS, Kim GT, Kim S, Lee JW, Kim EC, Kwon YD. Three-
dimensional evaluation of the pharyngeal airway using
cone-beam computed tomography following bimaxillary
orthognathic surgery in skeletal class Ill patients. Clin Oral
Investig. 2016;20(5):915-22. (Crossref)

9. Aboudara C, Nielsen I, Huang JC, Maki K, Miller AJ, Hatcher
D. Comparison of airway space with conventional lateral
headfilms and 3-dimensional reconstruction from cone-
beam computed tomography. Am J Orthod Dentofac
Orthop. 2009;135(4):468-79. (Crossref)

10. Raffaini M, Pisani C.Clinical and cone-beam computed
tomography evaluation of the three-dimensional increase
in pharyngeal airway space following maxillo-mandibular
rotation-advancement for class Il-correction in patients
without sleep apnoea (0SA). J Craniomaxillofac
Surg, 2013;41:552-557. (Crossref)

11. Jakobsone G, Neimane L, Krumina G. Two- and three-
dimensional evaluation of the upper airway after
bimaxillary correction of Class Ill malocclusion. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2010;110(2):234-
42. (Crossref)

12. Brunetto DP, Velasco L, Koerich L, Araijo MTDS. Prediction
of 3-dimensional pharyngeal airway changes after

135


https://doi.org/10.2319/100212-777.1
https://doi.org/10.1186/s40902-021-00319-1
https://doi.org/10.1016/j.ijom.2018.08.004
https://doi.org/10.1016/j.joms.2009.11.010
https://doi.org/10.1016/j.ajodo.2010.07.022
https://doi.org/10.1016/j.omsc.2019.100112
https://doi.org/10.1007/s00784-015-1575-4
https://doi.org/10.1016/j.ajodo.2007.04.043
https://doi.org/10.1016/j.ajodo.2007.04.043
https://doi.org/10.1016/j.tripleo.2010.03.026

Does bimaxillary surgery affect the pharyngeal airway?

Kog & Akkurt

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

136

orthognathic surgery: A preliminary study. Am J Orthod
Dentofac Orthop. 2014;146(3):299-309. (Crossref)

Hatab NA, Konstantinovi¢ VS, Mudrak JKH. Pharyngeal
airway changes after mono- and bimaxillary surgery in
skeletal class Il patients: Cone-beam computed
tomography evaluation. J Cranio-Maxillofacial Surg.
2015;43(4):491-6. (Crossref)

Lee UL, Oh H, Min SK, Shin JH, Kang YS, Lee WW, et al. The
structural changes of upper airway and newly developed
sleep breathing disorders after surgical treatment in class
Il malocclusion  subjects. Med (United States).
2017;96(22):1-9. (Crossref)

Shin JH, Kim MA, Park IY, Park YH. A 2-year follow-up of
changes after bimaxillary surgery in patients with
mandibular prognathism: 3-dimensional analysis of
pharyngeal airway volume and hyoid bone position. J Oral
Maxillofac Surg. 2015;73(2):340.e1-340.€9. (Crossref)
AraGjo PM, Osterne RLV, de Souza Carvalho ACG, Azevedo
NO, Gondim RF, Gongalves Filho RT, et al. Pharyngeal
airway space changes after  maxillomandibular
advancement: a five-year retrospective study. Int J Oral
Maxillofac Surg. 2019;48(6):732-8. (Crossref)

Azevédo MS, Machado AW, da Silva Barbosa |, Esteves LS,
Rocha VAC, Bittencourt MAV. Evaluation of upper airways
after bimaxillary orthognathic surgery in patients with
skeletal class Il pattern using cone-beam computed
tomography. Dental Press J Orthod. 2016;21(1):34-41.
(Crossref)

Havron AG, Aronovich S, Shelgikar A V, Kim HL, Conley RS.
3D Airway changes using CBCT in patients following
mandibular setback surgery + maxillary advancement.
Orthod Craniofacial Res. 2019;22(51):30-5. (Crossref)
Tepecik T, Ertas U, Akgiin M. Effects of bimaxillary
orthognathic surgery on pharyngeal airway and respiratory
function at sleep in patients with class Il skeletal
relationship. J Cranio-Maxillofacial Surg. 2018;46(4):645-
53. (Crossref)

Alsufyani NA, Al-Saleh MAQ, Major PW. CBCT assessment of
upper airway changes and treatment outcomes of
obstructive sleep apnoea: A systematic review. Sleep
Breath. 2013;17(3):911-23. (Crossref)

Trevisiol L, Bersani M, Sanna G, Nocini R, D'Agostino A.
Posterior airways and orthognathic surgery: What really
matters for successful long-term results? Am J Orthod
Dentofac Orthop. 2022 May 1;161(5):e486-97. (Crossref)
Veys B, Pottel L, Mollemans W, Abeloos J, Swennen G, Neyt
N. Three-dimensional volumetric changes in the upper
airway after maxillomandibular advancement in
obstructive sleep apnoea patients and the impact on
quality of life. Int J Oral Maxillofac Surg. 2017;46(12):1525-
32. (Crossref)

Hernandez-Alfaro F, Guijarro-Martinez R, Mareque-Bueno
J. Effect of mono- and bimaxillary advancement on
pharyngeal airway volume: Cone-beam computed
tomography evaluation. J Oral Maxillofac Surg.
2011;69(11):e395-400. (Crossref)

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Fairburn S, Waite P, Vilos G, Harding S, Bernreuter W, Cure
J, et al. Three-dimensional changes in upper airways of
patients with obstructive sleep apnea following
maxillomandibular advancement. Oral Maxillofac Surg.
2007;65:6-12. (Crossref)

Bin LR, Filho LI, Yamashita AL, de Souza Pinto GN, Mendes
RA, Ramos AL, et al. How does bimaxillary orthognathic
surgery change dimensions of maxillary sinuses and
pharyngeal airway space? Angle Orthod. 2020;90(5):715-
22. (Crossref)

Christovam 10, Lisboa CO, Ferreira DMTP, Cury-Saramago
AA, Mattos CT. Upper airway dimensions in patients
undergoing orthognathic surgery: A systematic review and
meta-analysis. Int J Oral Maxillofac Surg. 2016;45(4):460-
71. (Crossref)

Schendel SA, Broujerdi JA, Jacobson RL. Three-dimensional
upper-airway changes with maxillomandibular
advancement for obstructive sleep apnea treatment. Am J
Orthod Dentofac Orthop. 2014;146(3):385-93. (Crossref)
Souza Pinto GN de, Iwaki Filho L, Previdelli IT dos S, Ramos
AL, Yamashita AL, Stabile GAV, et al. Three-dimensional
alterations in pharyngeal airspace, soft palate, and hyoid
bone of class Il and class Il patients submitted to
bimaxillary orthognathic surgery: A retrospective study. J
Cranio-Maxillofacial Surg. 2019;47(6):883-94. (Crossref)
Vaezi T, Zarch SHH, Eshghpour M, Kermani H. Two-
dimensional and volumetric airway changes after
bimaxillary surgery for class Ill malocclusion. J Korean
Assoc Oral Maxillofac Surg. 2017;43(2):88-93. (Crossref)
Degerliyurt K, Ueki K, Hashiba Y, Marukawa K, Simsek B,
Okabe K, et al. The effect of mandibular setback or two-
jaws surgery on pharyngeal airway among different
genders. Int J Oral Maxillofac Surg. 2009;38(6):647-52.
(Crossref)

He L, He S, Wu X, Huang Y. Three-Dimensional
Morphological Changes of the Upper Airway in Patients
With Skeletal Class Il Malocclusion After Orthognathic
Surgery. J Craniofac Surg. 2019;30(8):2451-5. (Crossref)
Chang MK, Sears C, Huang JC, Miller AJ, Kushner HW, Lee
JS. Correlation of Airway Volume With Orthognathic

Surgical Movement Using Cone-Beam Computed
Tomography. J Oral Maxillofac Surg. 2015;73(12):567-76.
(Crossref)

Irani SK, Oliver DR, Movahed R, Kim Y Il, Thiesen G, Kim
KB. Pharyngeal airway evaluation after isolated mandibular
setback surgery using cone-beam computed tomography.
Am J Orthod Dentofac Orthop. 2018;153(1):46-53.
(Crossref)

Uesugi T, Kobayashi T, Hasebe D, Tanaka R, lke M, Saito C.
Effects of orthognathic surgery on pharyngeal airway and
respiratory function during sleep in patients with
mandibular prognathism. Int J Oral Maxillofac Surg.
2014;43(9):1082-90. (Crossref)

Kitagawara K, Kobayashi T, Goto H, Yokobayashi T,
Kitamura N, Saito C. Effects of mandibular setback surgery
on oropharyngeal airway and arterial oxygen saturation. Int
J Oral Maxillofac Surg. 2008;37(4):328-33. (Crossref)

IDR — Volume 12, Number 3, 2022


https://doi.org/10.1016/j.ajodo.2014.05.024
https://doi.org/10.1016/j.jcms.2015.02.007
https://doi.org/10.1097/MD.0000000000006873
https://doi.org/10.1016/j.joms.2014.10.009
https://doi.org/10.1016/j.ijom.2019.01.003
https://doi.org/10.1590/2177-6709.21.1.034-041.oar
https://doi.org/10.1111/ocr.12291
https://doi.org/10.1016/j.jcms.2018.01.009
https://doi.org/10.1007/s11325-012-0799-7
https://doi.org/10.1016/j.ajodo.2021.11.013
https://doi.org/10.1016/j.ijom.2017.06.020
https://doi.org/10.1016/j.joms.2011.02.138
https://doi.org/10.1016/j.joms.2005.11.119
https://doi.org/10.2319/120919-782.1
https://doi.org/10.1016/j.ijom.2015.10.018
https://doi.org/10.1016/j.ajodo.2014.01.026
https://doi.org/10.1016/j.jcms.2019.03.015
https://doi.org/10.5125/jkaoms.2017.43.2.88
https://doi.org/10.1016/j.ijom.2009.01.010
https://doi.org/10.1097/SCS.0000000000005738
https://doi.org/10.1016/j.joms.2015.09.002
https://doi.org/10.1016/j.ajodo.2017.05.031
https://doi.org/10.1016/j.ijom.2014.06.010
https://doi.org/10.1016/j.ijom.2007.12.005

	Dr. Atılım AKKURT

