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ABSTRACT
Objectives: The aim of this CBCT study was to evaluate the postoperative volume changes of the 

rhinosinusal airway space, maxillary sinuses and nasal fossa, that occur after Le Fort I osteotomy, using 
individual segmentation of 3D virtual models.

Material and methods: A number of 16 patients (with Class II and Class III malocclusions) who underwent 
a CBCT examination for orthognathic surgery at six month-interval between preoperative and postoperative 
evaluations were included. Patients with thickening of the sinus mucosa, craniofacial syndromes, maxillofacial 
trauma, rhinoplasty or other maxillofacial pathological conditions were excluded from the study. Individual 
segmentation of airway volumes was performed by the ITK-SNAP 2.0 software. Paired student t-test was used 
for the statistical examination of volume changes and Pearson’s test for the assessment of intra-rate correlation.

Outcomes: A statistically significant decrease in the rhinosinusal volume in Class II (9.36±3.43 cm3) and 
Class III malocclusions (3.65±2.96 cm3) was found after Le Fort I osteotomy. A decrease in volume was also 
found for maxillary sinuses (5.63±1.52 cm3 for Class II and 6.72±4.5 cm3 for Class III malocclusion). Nasal 
fossa decreased in volume (3.79±3.8 cm3) in Class II malocclusion patients and increased (3.07±2.39 cm3) in 
Class III malocclusion patients. The Pearson correlation revealed a high intra-rate agreement of measurements.

Conclusion: Le Fort I osteotomy modifies the postoperative volume of rhinosinusal aerial spaces and 
individual segmentation on CBCT images is a useful tool to analyze the changes.
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OBJECTIVES

Le Fort I osteotomy is the most common-
ly used surgical procedure for maxillary 
bone reposition in Class II and Class III 
malocclusion, providing a correction of 
the jaw relationship in all three spatial 

directions (1). Le Fort 1 osteotomy with maxillary 
advancement is used to correct Class III maloc-
clusion, often in conjunction with palatal expan-
sion (2, 3). In Class II malocclusion patients, it is 
used in conjunction with maxillary setback and 
mandibular advancement in order to achieve a 
stable and aesthetical appearance (1). Bimaxil-
lary surgery improves the patient’s profile and 
masticatory function (3, 4).

Controversial results regarding the volumetric 
changes of the upper airways after orthognathic 
surgery have been reported in the literature. Se-
veral studies demonstrated a postoperative nar-
rowing of the pharyngeal space volume in Class III 
malocclusion correction (4). The volume of para-
nasal sinuses was shown to be decreased after Le 
Fort I osteotomy and maxillary setback surgical 
treatment for Class II malocclusion (5). On the 
other hand, an increase in the upper airway vo-
lume was demonstrated after maxillary advance-
ment and mandibular setback in Class III 
patients (6, 7). 

There are two possible causes for these vari-
able results: the utilization of different acquisition 
methods and the use of different analysis methods 
for measurements of the airway volume. 

One explanation could be the current use of 
low radiation do se CBCT examination for the 
preoperative planning and postoperative follow 
up in craniofacial anomalies (8-10). A higher 
benefit in terms of the accuracy and reproducibi-
lity of volume measurements of the maxillary si-
nuses was demonstrated for 3D imaging (11, 12), 
as opposed to abandoned cephalometric radio-
graphs that superpose the cranial anatomical 
structures (13). Other paraclinical investigations 
used in addition to imaging for the evaluation of 
the upper airways volume could be plethysmo-
graphy, acoustic rhinometry and anterior rhino-
manometry (14). On a plethysmography study, an 
increased resistance of upper airway airflow was 
found after bimaxillary orthognathic surgery; this 
increase in airflow resistance is due to a narrowing 
of upper aerial spaces and it can be associated 
with a higher risk of snoring and sleep apnea 

(15-17). On the other hand, rhinomanometric 
measurements showed a significant improvement 
of the total rhinosinusal airflow after orthognathic 
surgery (16). 

The other explanation for the variability of the 
postoperative volumetric results of the upper air-
ways measurements is the use of different seg-
mentation methods on CBCT images in the litera-
ture. The segmentation of the total pharyngeal 
airway volume revealed a decrease in volume af-
ter bimaxillary surgery for Class III malocclusion 
treatment (18), while other studies, in which the 
individual segmentation of the pharyngeal airway 
volume was considered separately, showed an in-
crease of the nasopharynx volume and a decrease 
in the laryngopharynx volume following ortho-
gnathic surgery (16).

However, a standardized protocol for the vo-
lumetric segmentation on CBCT images was not 
defined yet. The present study aims to evaluate 
the individual postoperative volumetric changes 
of the maxillary sinuses and nasal fossa following 
bimaxillary orthognathic surgery in Class II and 
Class III malocclusion by using individual segmen-
tation methods of maxillary sinuses on CBCT ima-
ges. q

MATERIAL AND METHODS

Patients and examinations

Class II and Class III malocclusion patients 
who underwent bimaxillary orthognathic 

surgery in the Department of Maxillofacial Sur-
gery, University of Medicine and Pharmacy 
Cluj-Napoca, between 2012-2017, have been 
selected for the present study. All included pa-
tients were examined on a CBCT machine 
(NewTom 3G, QR, Italy) at one week preopera-
tively and at six months postoperatively, with the 
following scanning protocol: 120 kV, 3-8 mAs 
and 0.33 mm voxel size. 

The CBCT images were retrospectively ana-
lyzed in order to evaluate the volumetric changes 
induced by surgery of the total rhinosinusal airway 
space, nasal fossa and maxillary sinuses. Only pa-
tients with normal, non-visible maxillary sinus mu-
cosa on the CBCT examination before and after 
orthognathic surgery were included in the present 
study. 

Patients with craniofacial syndromes, maxillo-
facial trauma, rhinoplasty or other maxillofacial 
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pathological conditions were excluded from the 
present study.

Volumetric measurements

The CBCT images were analyzed on a computer 
station by using the ITK-SNAP 2.0 segmentation 
software (Researchers at University of Pennsylva-
nia and UNC, USA) (1, 20).

The preoperative and postoperative volumes 
of the rhinosinusal airway space were measured 
on CBCT images. The rhinosinusal space volume 
was defined by the most extreme points of the 
maxillary bone on axial and coronal images, as 
shown in Figures 1 and 2.

The threshold used for the segmentation of the 
rhinosinusal space volume was set between -1024 
and - 100 Hounsfield Units (HU) (Figure 3). The 
air outside the region of interest (ROI) was 
cropped out slice by slice, and the remnant vo-
lume was then automatically calculated (Figure 4).

The same bone landmarks were considered 
for the individual segmentation of the maxillary 
sinuses as for the rhinosinusal volume, except for 
the medial borders of the maxillary sinuses, which 

were defined by a vertical plane passing through 
the most medial point of the sinus on coronal 
view. Sinuses were considered as a common vo-
lume without any difference between the left and 
right sinuses (Figure 5).

The nasal fossa volume was calculated by sub-
tracting the maxillary sinus volume from the total 
rhinosinusal volume (Figure 6).

The CBCT volumetric measurements repro-
ducibility was evaluated by repeating the mea-
surements within two weeks interval by the same 
examiner.

Statistical examination

Statistical analysis was performed with MedCalc 
15.6. Numerical data related to the calculated 
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FIGURE 1. Square-shaped region of interest (ROI) 
on an axial slice. Anterior, posterior and lateral walls 
of the maxillary sinus used to define ROI

FIGURE 2. Square-shaped region of interest (ROI) 
on a coronal slice. Superior, inferior and lateral walls 
of the maxillary sinus used to define ROI

FIGURE 3. ROI for measurement is selected and 
threshold is applied

FIGURE 4. Three-dimensional image of the total 
rhinosinusal airway volume
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volumes on preoperative and postoperative CBCT 
images were compared using paired student t-test 
separately, for Class II and Class III malocclusion 

patients. Pearson’s test was used to assess the in-
tra-rate correlation.

Patients’ informed consent was not required 
for this retrospective imaging study because all ra-
diological exposures were part of the diagnosis 
and treatment routine and DICOM images were 
automatically anonymized before being uploaded 
on the workstation for volumetric segmenta-
tion. q

OUTCOMES

A number of 16 patients (seven with Class II 
and nine with Class III malocclusion) who 

underwent Le Fort I osteotomy were included in 
the study. The patients’ age range was between 
18 and 42 years (mean 27±SD 5 years).

The volumetric differences between preopera-
tive and postoperative airway volumes for Class II 
and Class III malocclusions are presented in 
Tables 1 and 2. Patients with Class II malocclusion 
had a significant decrease in the postoperative 
volume of the total rhinosinusal airway by 
18.74±7.47% compared to the preoperative vo-
lume and also a decrease in the maxillary sinuses 
volume by 16.95%±4.57%. The volumetric dif-
ferences between postoperative and preoperative 
measurements ranged between 8.45–15.01 cm3 
for the total rhinosinusal airway and between 
3.7–7.94 cm3 for the measured maxillary sinuses. 
Class III malocclusion patients have also showed a 
decrease in postoperative volumes, with diffe-
rences ranging between 0.5 cm3 and 8.3 cm3 for 
the total rhinosinusal space (6.43 %±5.24%) and 
from 1.9 cm3 to 17 cm3 for the measured maxil-
lary sinuses (16.72 %±11.20%).

The postoperative volume of the nasal fossa 
decreased in Class II malocclusion patients 
(3.79±3.8 cm3, representing 22.42%±23.17%) 
and increased in Class III malocclusion patients 
(3.07±2.53 cm3, representing 18.56%±14.44%).

FIGURE 5. Three-dimensional image of 
maxillary sinus volume

FIGURE 6. Three-dimensional image of 
nasal fossa volume subtracting from the total 
rhinosinusal airway volume

TABLE 1. Results of volume measurements for Class II malocclusion patients

*Volume differences represent the differences between preoperative and postoperative volumes
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The Pearson intra-class correlation coefficient 
was 0.98 for preoperative volume measurements 
and 0.99 for postoperative volume measure-
ments. q

DISCUSSION

Our results demonstrated the importance of 
the segmentation method used for airway 

volumetric measurements. Various methods for 
upper aerial space segmentation have been de-
scribed until now. Panou et al. achieved the 
maxillary sinuses volume by manually cutting out 
the nasal fossa volume from a total nasal 
fossa and maxillary sinuses volume (21). The 
methods used for sinus segmentation on lateral 
cephalometric images superimposed the left and 
right sinuses as a total maxillary sinus volume, 
and 2D radiological examinations did not pro-
vide accurate measurements of the sinusal 
cavities (21-23). 

In our study, different results occurred from 
the CBCT segmentation of the total volume of 
rhinosinusal airway space compared to the indi-
vidual segmentation of the maxillary sinuses and 
nasal fossa volumes.  

The total rhinosinusal airway segmentation 
method on CBCT images revealed a decrease in 
postoperative airway volumes in all patients who 
were included in the present study.

The maxillary sinus volumes decreased 
postoperatively in all patients, similar results being 
reported by other studies on Class II and Class III 
malocclusion patients treated by orthognathic sur-
gery and Le Fort I osteotomy. According to Panou 
et al (21), the volume of maxillary sinuses de-
creased by only 3.44±3.31cm3 for Class III mal-
occlusion, while we found a decrease by 
6.92±4.5 cm3. 

The individual segmentation of the nasal fossa 
on CBCT images showed a decreased postopera-

tive volume in Class II patients subjected to Le 
Fort I and setback orthognathic surgery and an in-
creased volume in Class III patients after Le Fort I 
with advancement surgery. These results suggest 
that postoperative volumetric changes of the nasal 
fossa are more sensitive to sagital movements of 
the maxilla and that they are independent from 
the volume of the maxillary sinuses. 

To the best of our knowledge, none of the air-
way volume segmentation protocols has previ-
ously performed an individual segmentation of 
the total rhinosinusal airway volume according to 
the specific bone landmarks of the maxillary si-
nuses. In the present study, segmentation of the 
maxillary sinuses was done manually, first on the 
right sinus and then on the left sinus, according to 
the specific bone landmarks of the soft tissue–air 
interface by using a guided 3D active contour seg-
mentation (24). The nasal fossa volume was ob-
tained by subtracting the volume of the maxillary 
sinuses from that of the total rhinosinusal airway 
space. 

Our results demonstrated that the individual 
segmentation of airway structures offered a more 
relevant understanding of changes in the volumes 
of maxillary sinuses and nasal fossa after orthogna-
thic surgery involving Le Fort I osteotomy.

  Volumetric changes of the upper airways 
also depend on the time-point for the follow-up 
radiological examination. An evaluation at one 
year to three years postoperatively highlighted the 
importance of the time-point for the outcome sta-
bility in analyzing volumes (25, 26). In the present 
study, the postoperative volumetric changes were 
evaluated after an interval of six months. The high 
intra-class coefficient of our measurements 
showed that this evaluation protocol could be 
used on early analyzing of the orthognathic sur-
gery long time stability.

CBCT and IndIvIdual SegmenTaTIon of upper aIrway ChangeS afTer orThognaThIC Surgery

TABLE 2. Results of volume measurements for Class III malocclusion patients

*Volume differences represent the difference between preoperative and postoperative volumes
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Compared to CT examination, CBCT imaging 
of the upper airway volume offers the advantages 
of a reduced radiation dose, fast acquirement of 
data and accuracy of 3D structures, at present 
being widely considered the gold standard 
examination of the orthognathic surgical 
outcomes (12, 27). 

Additional methods for the volumetric mea-
surements of the upper aerial space volume such 
as plethysmography, acoustic rhinometry or ante-
rior rhinomanometry could be useful to analyze 
functional changes of the upper airways volume 
induced by orthognathic surgery (15, 28). These 
evaluations offer information about narrowing of 
the upper airways after bimaxillary surgery ex-
pressed by several parameters such as increasing 
upper airway resistance and deterioration of 
breathing parameters (15, 16, 23, 29, 30). More-
over, Galbaiti et al. proved that volumetric mea-
surements of the nasal cavities obtained with 
functional evaluations were well correlated with 
the volumes measured on CBCT images (28). 

Sleep related breathing disorders are associa-
ted with airways narrowing induced by the new 

jaws relationship occurring after orthognathic sur-
gery (31-34). This possible effect of orthognathic 
surgery on the upper airways should be taken into 
consideration for the treatment plan (16). The 
present study proved that individual segmenta-
tion on CBCT images could offer the necessary 
support for a correct evaluation of the upper air-
way volume and prevent the negative effect of 
surgery on the respiratory function. q

CONCLUSION

In conclusion, orthognathic surgery using Le Fort I 
osteotomy induced significant volume changes 

of the upper airways, comprising the rhinosinusal, 
maxillary sinuses and nasal fossa airways. The low 
dose CBCT examination and additional individual 
segmentation of the volume proved to be precise 
analysis tools for the volume of the upper aerial 
spaces. q
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CBCT and IndIvIdual SegmenTaTIon of upper aIrway ChangeS afTer orThognaThIC Surgery

1. Buchanan PE, Scolozzi P. Distraction 
osteogenesis in the management of 
severe maxillary hypoplasia in cleft lip 
and palate patients.  
J Craniofac Surg 2008;5:1199-1214.

2.	 Proffit	WR,	Turvey	TA,	Phillips	C.	
Orthognathic surgery: a hierarchy  
of stability.  
Int J Adult Orthodon Orthognath Surg 
1996;3:191-204.

3.	 Kitahara	T,	Hoshino	Y,	Maruyama	K,	 
et	al.	Changes in the pharyngeal air- way 
space and hyoid bone position after 
mandibular setback surgery for skeletal 
lass III jaw deformity in Japanese women. 
Am J Orthod Dentofacial Orthop 
2010;138:708.

4.	 Eggensperger	N,	SmolkaW,	Iizuka	T. 
Long term changes of hyoid bone 
position and pharyngeal airway size 
following mandibular setback by sagittal 
split ramus osteotomy.  
J Craniomaxillofac Surg 2005;2:111-117.

5.	 Prado	FB,	Rossi	AC,	Freire	AR,	et	al. 
Pharyngeal airway space and frontal and 
sphenoid sinus changes after 

maxillomandibular advancement  
with counterclockwise rotation for  
Class II anterior open bite  
malocclusions.  
Dentomaxillofac Radiol 2012;2:103-109. 
doi:10.1259/dmfr/22419253.

6.	 Marşan	G,	Vasfi	Kuvat	S,	Oztaş	E,	et	al.	
Oropharyngeal airway changes following 
bimaxillary surgery in class III female 
adults. J Craniomaxillofac Surg  
2009;37:69-73.

7.	 Mattos	CT,	Vilani	GNL,	SantAnna	EF,	 
et	al. Effects of orthognathic surgery on 
oropharyngeal airway: a meta-analysis. 
Int J Oral Maxillfac Surg  
2011;40:1347-1356.

8.	 Kim	GW.	Reproducibility of asymmetry 
measurements of mandible in  
three-dimensional CT imaging 
[dissertation]. Gwangju,  
South Korea: Chonnam  
National University;2004.

9.	 Gaia	BF,	Pinheiro	LR,	Umetsubo	OS, 
et	al.	Validity of three-dimensional 
computed tomography measurements  
for Le Fort I osteotomy.  

Int J Oral Maxillofac Surg 2014;2:197-203.
10.	 Ji-Won	Lee,	Ki-Ho	Park,	 

Seong-Hun	Kim,	et	al. Correlation 
between skeletal changes by maxillary 
protraction and upper airway 
dimensions.  
The Angle Orthodontist 2011;3:426-432.

11. Corega	C,	Avram	A,	Nocini	PF,	 
Bertossi	D. Cone-beam volumetric 
imaging in craniofacial medicine. 
In: CT Scanning – Techniques and 
Applications, Sept. 2011. pp. 89-104.

12. Hou	M,	Zhang	LC,	Zhang	XZ,	et	al. 
Application of the cone beam  
computed tomography (CBCT) in  
Le Fort I osteotomy.  
Zhonghua Zheng Xing Wai KeZaZhi 
2011;4:246-249.

13. Burkhard	JP,	Dietrich	AD,	Jacobsen	C,	
et	al. Cephalometric and three-
dimensional assessment of the 
posteriorairway space and imaging 
software reliability analysis before and 
after orthognathic surgery.  
Journal of Cranio-Maxillo-Facial Surgery 
2014;7:1428-1436.

References



219Maedica   A Journal of Clinical Medicine, Volume 14, No. 3, 2019

CBCT and IndIvIdual SegmenTaTIon of upper aIrway ChangeS afTer orThognaThIC Surgery

14. Lye	KW. Effect of orthognathic surgery 
on the posterior airway space (PAS).  
Ann Acad Med Singapore  
2008;37:677-682.

15. Rezaeetalaba	F,	Kazemianb	M,	Vaezic	T,	
Shabanb	B.	Use of body 
plethysmography to measure effect of 
bimaxillary orthognathic surgery on  
airway resistance and lung volumes. 
British Journal of Oral and Maxillofacial 
Surgery 2015;10:988-990.  
Doi: http://dx.doi.org/10.1016/j.
bjoms.2015.08.258.

16.	 Pourdanesh	F,	Sharifi	R,	Mohebbi	A,	
Jamilian	A. Effects of maxillary 
advancement and impaction on  
nasal airway function.  
Int J Oral Maxillofac Surg  
2012;11:1350-1352.

17.	 Wang	ZY,	Wang	PH,	Fang	B,	 
Zhang	YX. Nasal airway changes  
after maxillary advancement  
following Le Fort I osteotomy.  
Zhonghua Zheng Xing Wai KeZaZhi 
2012;5:334-336.

18.	 Jakobsone	G,	et	al.	Two- and  
three-dimensional evaluation of the 
upper airway after bimaxillary correction 
of Class III malocclusion.  
Oral Surg Oral Med Oral Pathol  
Oral Radiol Endod 2010;110:234-242.

19.	 Park	SB,	Kim	YI,	Son	WS,	et	al. 
Cone-beam computed tomography 
evaluation of short- and long-term 
airway change and stability after 
orthognathic surgery in patients with 
Class III skeletal deformities: bimaxillary 
surgery and mandibular setback surgery. 
Int J Oral Maxillofac Surg 2012;41:87-93.

20.	 Nada	RM,	van	Loon	V,	Schols	J,	et	al. 
Volumetric changes of the nose and nasal 
airway 2 years after tooth-borne and 
bone-borne surgically assisted rapid 
maxillary expansion.  
Eur J Oral Sci 2013;121:450-456.  

Doi: 10.1111/eos.12068.
21.	 Eleni	P,	Melih	M,	Mustafa	A,	et	al.	

Dimensional changes of maxillary 
sinuses and pharyngeal airway in  
Class III patients undergoing 
bimaxillaryorthognathic surgery.  
Angle Orthod 2013;5:824-831.

22.	 Halawa	AE.	Radiologic Evaluation of the 
Maxillary Sinus Size Before and After  
Le Fort I Impaction Surgery 
[doctoratethesis]. Marmara University, 
Istanbul, Turkey, 2005.

23.	 He	J,	Wang	Y,	Hu	H,	et	al. Impact on the 
upper airway space of different types of 
orthognathic surgery for the correction of 
skeletal class III malocclusion: A 
systematic review and meta-analysis, 
International Journal of Surgery  
2017;38:31-40. doi:10.1016/ 
j.ijsu.2016.12.033

24.	 Yushkevich	Pa,	Piven	J,	Hazlett	Hc,	et	al.	
User-guided 3D active contour 
segmentation of anatomical  
structures: significantly improved 
efficiency and reliability.  
Neuro Image 2006;31:1116-1128.

25.	 Park	S-B,	Kim	Y-I,	Son	W-S,	et	al. 
Cone-beam computed tomography 
evaluation of short- and long-term 
airway change and stability after 
orthognathic surgery in patients with 
Class III skeletal deformities: bimaxillary 
surgery and mandibular setback surgery. 
International Journal of Oral and 
Maxillofacial Surgery 2012;41:87-93.

26.	 Alvaro	A,	et	al. Long-Term Skeletal 
Stability after Maxillary Advancement 
with Distraction Osteogenesis Using a 
Rigid External Distraction Device in  
Cleft Maxillary Deformities Figueroa. 
Plastic and Reconstructive Surgery 
2004;6:1382-1392.

27.	 Vos	W,	Casselman	J,	Swennen	GR.	
Cone-beam computerized tomography 
(CBCT) imaging of the oral and 

maxillofacial region: a systematic  
review of the literature.  
Int J Oral Maxillofac Surg 2009;38:609-625.

28.	 Galbiati	G,	Maspero	C,	Giannini	L,	 
et	al. Orthodontic-surgical treatment  
and respiratory function: 
rhinomanometric assessment.  
Minerva Stomatol 2017;3:91-97.  
doi: 10.23736/S0026-4970.17.04045-6.

29.	 Ghoreishian	M,	Gheisari	R.  
The Effect of Maxillary Multidirectional 
Movement on Nasal Respiration.  
Int J Oral Maxillofac Surg  
2009;67:2283-2286.

30.	 Jakobsone	G,	Stenvik	K,	 
Espeland	L. The effect of maxillary 
advancement and impaction on the 
upper airway after bimaxillary surgery to 
correct Class III malocclusion.  
Int J Oral Maxillofac Surg  
2011;139:369-376.

31.	 Martin,	et	al. Nasal airway changes  
after Le Fort I—impaction and 
advancement: anatomical and  
functional findings.  
International Journal of Oral and 
Maxillofacial Surgery 2001;2:123-129.

32.	 Guenthner	TA,	et	al. The effect of  
Le Fort I maxillary impaction on nasal 
airway resistance.  
American Journal of Orthodontics 
1984;4:308-315.

33.	 Hasebe	D,	Kobayashi	T,	Hasegawa	M,	 
et	al. Changes in oropharyngeal  
airway and respiratory function  
during sleep after orthognathic  
surgery in patients with mandibular 
prognathism.  
International Journal of Oral and 
Maxillofacial Surgery 2011;6:584-592.

34.	 Foltán	R,	et	al. The influence of 
orthognathic surgery on  
ventilation during sleep.  
International Journal of Oral and 
Maxillofacial Surgery 2011;2:146-149.


