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Abstract: Background: Orthognathic surgery is a surgical procedure that consists of osteotomies and maxillary 
movements aimed at facial harmony and occlusal repositioning. Methods: The present study aimed to perform 
a retrospective study using cone beam computed tomography (CBCT) to evaluate the air volume of the 
maxillary sinus and its attached structures, detection and diagnosis of anatomical defects, induced or not by 
maxillary advancement surgery - mandibular and/or maxillary impaction in two stages: preoperative (T0) and 
postoperative of at least 6 months (T1). Results: Of the 31 patients selected, it was found that the volume of the 
maxillary sinus had no statistically significant change, descriptively there were 6.45% for retention cyst and 
32.25% for mucosal thickening, reduction in 6 cases of septal deviation in T1 that were present in T0 in patients 
undergoing maxillary advancement and impaction. Furthermore, it was possible to observe a decrease in 
postoperative cases of obstructed ostium and an increase in cases of patent ostium. Conclusion: That 
orthognathic surgery for maxillary advancement and/or impaction does not pose a risk to the health of the 
maxillary sinuses during the period analyzed.  
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1. Introduction 

  Orthognathic surgery is a surgical procedure that consists of osteotomies and maxillary 
movements aimed at facial harmony and occlusal repositioning.[1,2,3] Among the techniques 
,available for the correction of dentoskeletal deformities, Le Fort I Osteotomy (LFO) is the ,most 
versatile for the three-dimensional repositioning of the maxilla, which, depending on the magnitude 
and direction of the proposed movements, can promote changes in the morphology of the maxillary 
sinus, septum, nasal cavity and attached structures of the osteomeatal complex, according to some 
authors. [4,5,6,7,8] Cone beam computed tomography (CBCT) has become an important tool for the 
study of the airways and nasal structures. After reformatting and exporting the raw CBCT data, using 
image processing software that allows the synthesis of several multiplanar images (axial, coronal and 
sagittal), it is possible to visualize the three-dimensional reconstruction of the mineralized tissues and 
air spaces of the maxillofacial region with minimal distortion. [9,10,11] 

   Planning software has allowed the adoption of virtual planning protocols in orthognathic 
surgery. Dolphin Imaging ® 11.9 software is one of the programs available on the market for surgical 
simulation, however, there are still few studies involving its accuracy. It is important that these 
planning software be tested on different anatomical structures to increase the studies available in the 
literature and provide the possibility of future comparisons with other software. This would increase 
the reliability of the programs by surgeons and even patients. [12,13,14,15] Changes in adjacent soft 
tissues due to the movement of bone structures in patients with dentoskeletal deformities undergoing 
orthognathic surgery have already been reported in the literature, promoting changes in the 
respiratory pattern. 16 However, the focus on the posterior upper airways and Obstructive Sleep 
Apnea Syndrome has reduced investigations in the maxillary sinuses, nasal fossa, ostium region and 
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nasal septum, where the risk of sinusitis is high due to the use of Le. Fort I osteotomy to perform 
mandibular movements and its intimate involvement with these regions.[ 17,18] Therefore, not only 
the surgical trauma of osteotomy in the maxillary sinuses in the postoperative period should be 
evaluated, but also the morphological changes prior or not to surgery, allowing a separation of 
existing problems from those with iatrogenic causes, in addition to observing whether there may be 
improvement in these problems. conditions for performing the surgical procedure.[2,19,20] 

   Therefore, the present research aimed to conduct a retrospective study using CBCT in virtual 
planning software to evaluate the air volume of the maxillary sinus, detect and diagnose anatomical 
defects and inserted structures that make up the osteomeatal complex, induced or not by 
maxillomandibular advancement surgery and/or maxillary impaction at two moments: preoperative 
(T0) and postoperative of at least 6 months (T1). 

2. Materials and Methods 

   The ethical aspects of this research were evaluated and approved by the Research Ethics 
Committee of the Faculty of Dentistry of Araçatuba,São Paulo, Brazil University State Paulista “Júlio 
de Mesquita Filho” - CAAE: 66183722.1.0000.5420, where the Free Informative Consent Form was 
presented to all patients as a protocol before orthognathic surgery. The methodological procedures 
involve a selection of Angle class ll and class lll patients, undergoing orthognathic surgery to 
evaluate, through CBCT, the changes involving the maxillary sinuses after maxillary advancement 
and/or impaction surgery. These were obtained through the database of a private clinic in Araçatuba-
SP, where patients underwent orthognathic jaw surgery and were operated by the same oral and 
maxillofacial surgeon. 

 The inclusion criteria for the study consisted of patients with CBCT up to 30 days before the 
surgical procedure, carried out in the same radiographic laboratory, with a minimum age of 18 years 
and no maximum age restriction and who underwent CT scans for the post-operative period. -
operation from 06 months to 01 year. Exclusion criteria included syndromic patients, smokers, who 
had presented any flu-like symptoms or allergic rhinitis fifteen days before the radiographic 
examination or who had undergone previous orthognathic surgery. 

   The images were obtained by the I-Cat Cone-beam® tomography machine (Imaging Science, 
Hatfield, PA, USA). The data from the computed tomography scans were converted into Digital 
Imaging and Communications in Medicine (DICOM) format, and were stored together with the 
patient's pre-operative documentation as well as their virtual planning, which, using software, were 
overlaid and virtual planning of the procedure was carried out. surgery. 

   All surgeries were performed by the same team and with the same surgical, medication and 
physiotherapeutic planning protocol, where the surgery consisted of a Le Fort l osteotomy in the 
maxilla and sagittal osteotomy of the mandibular ramus, being fixed with titanium plates and screws 
from the 1.5 system. mm and 2.0mm respectively. 

 Analyzes of images and clinical information were carried out by the same calibrated researcher, 
using an imaging program “Dolphin 3D” software, version Dolphin Imaging® 11.9 (Dolphin Imaging 
and Management Solutions, Patterson Technology, Chatsworth, CA, USA) for analysis. carrying out 
measurements on tomography scans. 

 Epidemiological factors such as age, gender, type of deformity were evaluated, in addition to 
the maxillary sinus and its attached structures such as ostium, deviated septum, influence of 
turbnectomy and/or septoplasty on the air volume of the maxillary sinus, presence of mucous 
thickening and presence of retention cysts. 

  The overlay was done using specific tools in the Dolphin Imaging® 11.9 software. using the 
static region of the anterior base of the skull as a fixed reference on the sphenoid bone (Figure 1), 
according to the protocol described by Haas et al., (2019). 
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Figure 1. - Standardization of the skull based on one of the external anatomical references in the 3D 
reconstruction, software Dolphin Imaging® 11.9 . Source: Author, 2024. 

Then, select the “Superimpose now” option, which automatically superimposes the two 
tomography scans in a more refined way.  Skull orientation - through the “Analysis/ Verify Results” 
function, use the “Export Orientation to 2nd Volume” tool so that T1 has the same spatial orientation 
and coordinates on the y (vertical), x ( transverse) and z (sagittal) than T0, saving them afterwards 
(Figure 2). 

 

Figure 2. - Spatial orientation and coordinates in the y (vertical), x (transverse) and z (sagittal) axes in 
3D reconstruction, software Dolphin Imaging® 11.9  .Source: Author, 2024. 

Using the “Sinus/Airway” tool in the Dolphing Imaging software, the first step was to segment 
the regions of interest (ROI) for the nasal cavity, nasopharynx and maxillary sinuses in sagittal, axial 
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and coronal views. Delimiting the described ROI, “Seed points” were added, filling the regions of 
interest, and using the “Updating Airway” command, the 3D volumetric model of the nasal cavity 
and separate nasopharynx were obtained. The comparative three-dimensional assessment of the 
volume (mm3) of T0 and T1 was quantified. The right and left maxillary sinuses were manually 
delimited taking into account the anatomical limits of their walls seen on CT scans in the coronal, 
sagittal and coronal sections, separately to obtain the average volumes (mm3) (Figure 3). 

 
Figure 3. Demonstration of the right and left maxillary sinuses manually delimited taking into 
account the anatomical limits of their walls seen on CT scans in the coronal, sagittal and coronal 
sections, separately to obtain the average volumes (mm3), software Dolphin Imaging® 11.9. Source: 
Author, 2024. 

The deviation of the nasal septum was analyzed using the coronal section of the tomographic 
examination. The angle of septal deviation (ADS) was measured using a line that connects the crista 
galli with the anterior nasal spine (vertical reference plane - y axis) and a second line that connects 
the crista galli to the most deviated point of the nasal septum. , after marking the reference points, 
the angular measurement tool of the Dolphin 3D software was used. For “S”-shaped septa, the largest 
angle was taken into consideration. There was also a final manual check to verify the adequate 
measurement of septal deviation (Figure 4). 31 
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Figure 4. Demonstration of septal deviation being analyzed based on its anatomical limits, software 
Dolphin Imaging® 11.9. Source: Author, 2024. 

The presence or absence of the maxillary ostium on the tomography was analyzed in the coronal, 
axial and sagittal sections (Figure 5). Proper function of the maxillary sinus depends on the patency 
of the maxillary ostium. When present, the patency of the maxillary ostium was assessed as 
obstructed or patent, based on the coronal section. 

 
Figure 5. Demonstration of checking the patency of the maxillary ostium.Source: Author, 2024. 

The software R (version 4.1.0, 2023), Microsoft Excel 365 (2023) and Jamovi (Version 2.3, 2022) 
were used. 

3. Results 

  During the period of acquisition of pre- and post-operative tomography scans, the research 
involved the involvement of 34 participants, however 2 were excluded due to flu episodes appearing 
in the medical record a week prior to the tomographic examination and 1 patient was removed 
because he had already undergone surgery. previous orthognathic. Thus, the final sample consisted 
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of 31 patients, with a prevalent age range of 21 to 31 years. In terms of gender, the division was 15 
women (48%) and 16 men (52%). Regarding the classification of dentoskeletal deformities, 17 patients 
(55%) were Class II and 14 (45%) were Class III. Regarding maxillary advancement, 17 patients (55%) 
had this maxillary advancement procedure alone and 14 patients (45%) had it associated with 
maxillary impaction. 

The morphological changes present in the pre- and post-operative periods were compared with 
sex, deformity classification and maxillary impaction, with a view to identifying any association as a 
risk factor or predisposition, with no statistical difference between the groups with class ll and class 
lll deformity.  And the presence of deviated septum was also not different between the groups with 
presence and absence of maxillary impaction. Descriptively, attention is drawn to the proportion of 
maxillary impaction between the class ll and lll groups with 32% and 13% (p=0.0092) respectively, a 
60% reduction in class lll when compared to class ll .This demonstrates that the maxillary 
advancement with impaction procedure was less used in class III patients. 

The volumes of the right and left maxillary sinuses pre- and post-operatively were compared, 
the mean (standard deviation) of the right maxillary sinuses pre- and post-operatively was 12.66 
(1.59) and 12.27 (1.69) respectively with medians of 12.74 and 12.36. When comparing the volumes of 
the left maxillary sinuses pre- and post-operatively, the mean (standard deviation) was 12.23 (2.03) 
and 12.43 (2.1), respectively, with medians of 12.64 and 12.41. There was no significant difference 
between the distribution of values on the right and left sides pre- and post-operatively . 

The presence of morphological changes at T0 and T1 was analyzed based on the presence or 
absence of retention cyst, mucosal thickening, deviated septum, turbonectomy and/or septoplasty 
performed or not. Regarding retention cyst and mucosal thickening, there was no presence pre-
surgery, and post-surgery the incidence was 2 cases (6.45%) for retention cyst and 10 cases (32.25%) 
for minimal mucosal thickening. mucosa. 

 For “deviated septum” and “turbnectomy and/or septoplasty” the Mc Nemar test was applied, 
where deviated septum in T0 was present in 19 cases (58.1%) and in T1 12 cases (38. 7%) maintained 
the septal deviation, with a reduction of six previously described cases, these differences in 
proportions were significant. For turbonectomy and/or septoplasty in T0 there was the presence of 2 
cases (6.4%), that is, who had already undergone this surgical procedure and in T1 the presence of 22 
cases (70.9%) submitted to this procedure for the first time, an 11-fold increase. A total of 9 patients 
did not undergo turbonectomy and/or septoplasty. These differences in proportions were significant. 

 The analysis of the maxillary ostium pre and post surgery for the categories absent, present, 
obstructed and present patent, using the Stuart-Maxwuell test. For obstruction of the right maxillary 
ostium at T0 there were 4 cases absent (12.9%), 5 present obstructed (16.1%), and 22 present patent 
(71.0%), at T1 there were 2 absent (6.45% ), 2 present obstructed (6.45%) and 27 present patent (87.1%). 
For left maxillary ostium obstruction at T0 there was 1 case absent (3.2%), 5 present obstructed 
(16.1%), and 25 present patent (80.7%), at T10 they were absent, 4 present obstructed (12, 9%) and 27 
present patent (87.1%). Descriptively, a decrease in cases of present obstruction and an increase in 
cases of present obstruction can be seen post-operatively, however, the differences between the 
proportions in the pre- and post-operative period for left and right maxillary ostium obstruction did 
not show significant differences. 

4. Discussion 

The maxillary sinus was first described by Leonardo Da Vinci in 148921. Later, in 1651, the 
English anatomist Nathaniel Highmore described the maxillary sinus as the largest and the first to 
be developed of the paranasal sinuses.[22,23]Currently, there is the presence of studies 
demonstrating the positive impact of orthognathic surgery on the upper airways, however, there is a 
lack of studies involving the maxillary sinus, which can be affected by Le Fort I osteotomy, since this 
is included in the osteotomy line. [2,3,19] The results obtained in the present study included a 
predominant age group of 21 to 31 years old with 48.4%, showing that the surgical procedure was 
carried out mainly in young patients and the prevalence of males (52%). Regarding the type of 
prevalent deformity, there were patients with Angle class II with no maxillary impaction. 
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 Some studies have demonstrated a reduction in the air volume of the maxillary sinus after 
orthognathic surgery, as mentioned by Nocini et al.[24] However, the present study did not 
demonstrate a significant statistical difference between the distribution of values on the right and left 
sides pre- and post-operatively. This fact can be justified due to the period of CBCT analyzed being 
at least 6 months post-operatively, since from this period onwards it is possible to consider that the 
mucosa of the maxillary sinuses has recovered from the surgical trauma. 

 The literature cites septal deviation as one of the main anatomical complications found in the 
postoperative period of maxillary surgery using OLFI with impaction, as well as occasional septal 
perforation and sinusitis, as demonstrated by Haarmann et al. [8,13,25]At T0 there was presence of 
19 cases (58.1%) and at T1 12 cases (38.7%) maintained septal deviation, with a reduction of six 
previously described cases. In the current analysis, with turbnectomy and/or septoplasty performed 
on 22 patients (70.9%) of the sample, it was possible to verify that more than 50% of patients 
underwent this plasty, which may justify the reduction in cases of septal deviation for better 
relocation of the turbinates. 

 Regarding retention cysts, there was an incidence of 2 cases (6.45%) post-surgery and 10 cases 
(32.25%) for minimal mucosal thickening. When comparing the measurement periods, it differs from 
some studies such as that by Valstar et al., which demonstrates worsening of clinical and tomographic 
characteristics obtained in the immediate postoperative period of patients undergoing Le Fort I type 
osteotomy.[26] Therefore, Such complications can be considered as a temporary situation since in the 
postoperative period of at least six months present in this study the situation changes to minimal 
incidence, highlighting another advantage of this surgical technique in the long term for the patients 
lives.[1] 

 The ostium (ostium) is an opening that drains the airways directly into the nasal cavity 
(sphenoidal ostium), or indirectly through more complex anatomical structures (frontal recess).[27] 

Thus, an obstruction of the ostium may be related to a reduction in ciliary activity, qualitatively 
compromising the maxillary sinus, as it leads to a reduction in the blood supply of the sinus mucosa, 
favoring maxillary sinusitis. This is related to edema of the mucous membrane that narrows at the 
ostium and impairs the transport capacity of the mucociliary system(89).[27,29,30] In the present 
study, a decrease in the postoperative period of cases of present obstructed ostium and an increase 
in cases of present patent ostium was noted. Therefore, orthognathic surgery when performed in 
conjunction with turbnectomy, which is a vertical plasty of the nasal turbinates, causes a release of 
septal compression and relocation of the turbinates, favoring the reduction of edema of the mucous 
membrane that pre-surgically pressed the region of nasal ostium. 

 Therefore, the present study includes as a positive and differential point a retrospective 
postoperative evaluation with a minimum of 6 months, in order to allow the recovery of the maxillary 
sinus, avoiding the effects resulting from the immediate postoperative period, such as edema. The 
sample selection included strict inclusion criteria, such as pre-operative tomographic scans from 15 
to 30 days, where patients did not show signs of flu based on the information contained in the medical 
records, increasing the accuracy of the study. 

 This is a homogeneous sample, especially in the choice of the type of surgery and the direction 
of skeletal movements, showing how maxillary advancement with or without impaction influences 
the patient's postoperative period. In addition, a prevalent feature of the patient's age and gender, as 
these factors can alter the volume of the maxillary sinus. Also, another variable analyzed was the 
skeletal class, where in both Angle classes taken into consideration in the study there was no 
statistical difference in the volumetric analysis of the maxillary sinuses. 

5. Conclusions 

This section is not mandatory but can be added to the manuscript if the discussion is unusually 
long or complex. 
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