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Streszczenie
Drogi oddechowe są obszarem anatomicznym, na który 
mogą wpływać zabiegi z zakresu chirurgii ortognatycznej. 
Dokładne prognozowanie zmian w drogach oddechowych 
przed operacją ortognatyczną jest ważne w odniesieniu do 
planowania leczenia chirurgicznego. Cel. Celem niniejszego 
badania była ocena wiarygodności dwuwymiarowej metody 

Abstract
The pharyngeal airway is an anatomical region that can be 
affected by orthognathic surgery. Accurate prediction of 
pharyngeal airway changes before orthognathic surgery is 
important for surgical treatment planning. Aim. The aim of 
this study was to evaluate the reliability of two dimensional 
pharyngeal airway prediction method on orthognathic 
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prognozowania wymiarów dróg oddechowych u pacjentów 
po operacjach ortognatycznych z różnymi wzorcami kost-
nymi. Materiał i metody. Badaniem objęto 25 pacjentów 
po operacjach ortognatycznych (18 osób z klasą szkieletową 
III i 7 osób z klasą szkieletową II). Prognozowanie wymia-
rów dróg oddechowych wykonano, stosując oprogramo-
wanie Dolphin Imaging (w wersji 11.0), a następnie wyniki 
porównano z cefalogramami bocznymi wykonanymi co naj-
mniej 6 miesięcy po operacji ortognatycznej. Do prognozo-
wania wymiarów dróg oddechowych gardła zastosowano 
analizę FAB (ang. face, airway, bite – twarz, drogi oddechowe, 
zgryz) Arnetta/Gunsona. Ocenę między grupami przepro-
wadzono, stosując test t dla par, a do oceny między grupami 
użyto niezależnego testu t. Wyniki. W grupie klasy II dla 
długości podniebienia miękkiego (Spl), wymiarów dróg od-
dechowych jamy ustnej i gardła (Opa) oraz nosogardzieli 
(Npa) uzyskano prognozowane wartości podobne do wyni-
ków cefalometrii pooperacyjnej (P>0,05), aczkolwiek stwier-
dzono istotne różnice w odniesieniu do wymiarów dróg 
oddechowych gardła dolnego (Hpa) i gardła głębokiego 
(Dpa) (P<0,05). W grupie klasy III dla regionów Npa, Opa 
i Hpa wartości prognozowane różniły się w sposób staty-
stycznie istotny od wyników rzeczywistych (P<0,05). Wnio-
sek. Stwierdzono, że prognozowane wartości wymiarów 
dróg oddechowych gardła dokonane na podstawie analizy 
FAB w oprogramowaniu 2D Dolphin Imaging są bardziej 
zgodne z wynikami pooperacyjnymi u pacjentów z klasą 
szkieletową II po operacjach ortognatycznych w porówna-
niu z pacjentami z klasą szkieletową III po operacjach orto-
gnatycznych. W procesie planowania operacji 
ortognatycznych należy uwzględnić wzorzec kostny pacjenta 
oraz zmiany w drogach oddechowych. (Demirsoy KK, Coban 
G, Kurt G. Wiarygodność dwuwymiarowej metody pro-
gnozowania wymiarów dróg oddechowych u pacjentów 
po operacjach ortognatycznych. Forum Ortod 2021; 17 
(4): 263-8).
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surgery patients have different skeletal patterns. material 
and methods. The study included 25 orthognathic surgery 
patients (18 skeletal Class III and seven skeletal Class II). 
Airway predictions were made with Dolphin Imaging soft-
ware (Version 11.0) and compared with lateral cephalo-
grams taken at least six months after orthognathic surgery. 
Arnett/Gunson FAB (face, airway, bite) analysis was used 
for pharyngeal airway prediction. Intra-group evaluation 
was made with Paired-t test, and independent-t test was 
used for inter-group evaluation. Results. In Class II group 
Soft palate length (Spl), Oropharyngeal airway (Opa) and 
Nasopharyngeal airway (Npa) measurements were pre-
dicted similar with postoperative cephalometric results 
(P>0.05), although significant differences were found in 
Hypopharyngeal airway (Hpa) and Deeppharyngeal airway 
(Dpa) (P<0.05). In Class III group Npa, Opa and Hpa regions 
were predicted statistically different from the actual re-
sults (P<0.05). Conclusion. The pharyngeal airway space 
prediction made by FAB analysis of the 2D Dolphin Imag-
ing software was found to be more consistent with the 
postoperative results in skeletal Class II orthognathic sur-
gery patients compared to skeletal Class III orthognathic 
surgery patients. In orthognathic surgery planning, the 
skeletal pattern of the patients and airway changes should 
be considered. (Demirsoy KK, Coban G, Kurt G. Reliabil-
ity of two dimensional airway prediction method for 
orthognathic surgery patients. Orthod Forum 2021; 17 
(4): 263-8).
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introduction 
Orthognathic surgical procedures inevitably affect soft tis-
sues and anatomical spaces by changing skeletal tissues po-
sition. The most affected areas are the oropharyngeal region, 
which contains many vital functions such as breathing and 
swallowing (1). The pharyngeal region has a complex struc-
ture. The pharyngeal region has a complex structure. It 
mainly consists of tongue, soft palate, hyoid bone, epiglottis 
and a group of muscles. After surgical procedures, the 

morphology of these structures is affected, which causes 
changes in respiratory efficiency (2, 3).

After osteotomies performed during orthognathic sur-
gery, there may be a reflexive change in the pharyngeal mus-
cular mechanism and supra and infra-hyoid muscles, and 
therefore adaptive changes in soft and hard tissues (3, 4). 

Soft-hard tissue and airway changes are important con-
siderations for an ideal planning in orthognathic surgery 
patients (5). Preoperative prediction methods that predict 
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soft tissue and airway changes similar to the final results 
are preferred by both orthodontists and surgeons. While 
patients are mostly interested in soft tissue changes, changes 
in important vital functions such as pharyngeal airway space 
(PAS) are critical issues that physicians should pay atten-
tion due to PAS dimensions affect the patient's quality of 
life (6). Today, many 2D and 3D prediction methods are 
used for soft-hard tissue and airway prediction. While 2D 
and 3D methods can be used in post-surgical soft tissue and 
airway predictions, 2D cephalometric films are part of 
common diagnosis and treatment planning equipment that 
used by orthodontists and surgeons in terms of both radia-
tion dose and accessibility (7). Dolphin Imaging (Dolphin 
Imaging & Management Solutions®, Chatsworth, CA, ABD) 
(DI), is one of the frequently used software types that offers 
2D and 3D soft-hard tissue and airway prediction options 
(6-9). This software uses a landmark-based transformation 
algorithm validated using lateral cephalograms and 2D pho-
tographs (6). While previous studies in the literature re-
ported that this software is confident in PAS measurements 
and offers few errors, it is suggested that more studies are 
needed to prove the accuracy and reproducibility of airway 
prediction methods in general (6, 9, 10). Therefore, the aim 
of this study was to evaluate the reliability of PAS predic-
tion made by Arnett/Gunson FAB (face, airway, bite) analy-
sis in 2D DI software compared with postoperative PAS in 
skeletal class II and class III orthognathic surgery patients.

material and methods   
This retrospective study reviewed data from 25 patients (7 
skeletal Class II patients and 18 skeletal Class III patients) 
who had undergone mandibular advancement surgery for 
Class II patients and, maxillary advancement plus mandib-
ular setback surgery for Class III patients. All patients met 
following criteria;
a. No history of facial trauma and congenital anomaly,
b. 'CVMI (cervical vertebrae maturation indicators) 6' 

completion stage for cervical spine maturation as-
sessment,

c. No previous history of orthodontic treatment or orthog-
nathic surgery,

d. Class II patients must be treated with mandibular ad-
vancement surgery by bilateral sagittal split osteotomy 
(BSSO), and Class III patients must be treated with Le 
Fort 1 maxillary advancement surgery (no maxillary 
down-fracture or impaction osteotomies) and mandib-
ular setback surgery with BSSO, without any additional 
surgical procedures (e.g., genioplasty, malar augmenta-
tion, rhinoplasty), 

e. All cephalograms must be taken by one operator at the 
same machine, taken just before the surgery and at least 
six months after orthognathic surgery in the Natural 
Head Position (NHP).

f. No change in upper incisor positions just before and 
after surgery. The patients consisted of people who 
treated at the Department of Orthodontics and Oral and 
Maxillofacial Surgery at XXX University Faculty of Den-
tistry. First group included 7 skeletal Class II patients 
(4 women and 3 men; ANB angle greater than 4˚; mean 
age: 25.4±6.80) and second group included 18 skeletal 
Class III patients (10 women and 8 men, ANB angle less 
than 0˚; mean age: 25.1±7.40). 

The same orthodontic treatment protocol was utilized in 
all cases included for this study, and orthognathic surgery 
was achieved for all individuals by the same surgery team. 
The post-surgical orthodontic treatment was continued on 
average four weeks after the surgery. The lateral cephalo-
grams were taken at two time periods. T0; immediate pre-
operative (2-4 days before surgery for surgical planning) 
and T1; post-treatment period (after orthodontic debond-
ing process, at least six months after the orthognathic sur-
gery; 10.5±3.77 months on average). Cephalograms were 
analyzed in the Dolphin Imaging (Version 11.0) computer 
program. PAS prediction was made by Arnett/Gunson FAB 
analysis of preoperative cephalometric films and these values 
were compared with postoperative PAS measurements. PAS 
prediction analyses and postoperative cephalometric anal-
yses were done by the same orthodontist.

The PAS was evaluated with measuring pharyngeal 
width at different levels using Arnett/Gunson FAB anal-
ysis (11, 12) and measurements used for this study are 
shown in Figure. The measurements were;
1. Soft palate length (Spl): was evaluated with the distance 

between the posterior nasal spine (PNS) and the tip of 
the soft palate.

2. Nasopharyngeal airway (Npa): The width (mm) of the 
Npa was determined by drawing a line perpendicular 
to the TVL (true vertical line) passed through the point 
A, and then the distance between the landmarks of the 
same line with the posterior and the anterior walls of 
the pharynx was measured. 

3. Oropharyngeal airway (Opa): The width of the Opa (mm) 
was measured by a line perpendicular to the TVL that 
passed through the tip of the upper central incisor (U1T). 

4. Hypopharyngeal airway (Hpa): The width (mm) of the 
Hpa was determined at B point level, and the distance 
between the landmarks that were put on the front and 
the back walls of the airway was measured. 

5. Deeppharyngeal airway (Dpa): The width (mm) of the 
Dpa was measured at the landmark Pog level with sim-
ilar way. 

To determine method error, half of all material (on 25 of 
a total of 50 radiographs taken at periods T0 and T1) was 
evaluated again three weeks after the completion of all mea-
surements by the same orthodontist. Correlation coefficients 
“rs” were calculated by comparing the first and second mea-
surements. ICC determined in all measurements and it was 
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found the range between 0.845-0.967. Paired t-test was used 
for statistical evaluations within groups, and independent 
t-test was used for statistical evaluations between groups 
and P<0.05 significance level was adopted.  

results  
This study sample consisted of 25 patients and two groups 
(Class II: 7 patients, Class III: 18 patients). The reliability of 
2D Dolphin Imaging (Version 11.0) Arnett/Gunson FAB 
(face, airway, bite) analysis’ airway predictions on skeletal 
Class II and Class III orthognathic surgery patients was eval-
uated. Intra-group evaluation results of PSA measurements 
for Class II and Class III cases are given in Table 1, and in-
tergroup evaluation results are given in Table 2. 

In the intragroup evaluation, there was no statistically 
significant difference between the predictive and final values 
of the soft palate length (Spl), nasopharyngeal airway width 
(Npa) and oropharyngeal airway width (Opa) variables in 
the Class II group (P>0.05), while hypopharyngeal (Hpa) 
and deeppharyngeal (Dpa) airway widths were significantly 
different (P<0.05). In the Class III group, while the predic-
tion of Spl and Dpa variables was consistent with the final 
values, a statistically significant difference was found be-
tween the prediction and final values for the Npa, Opa and 
Hpa variables (P<0.05). A statistically significant difference 
was found between the predictive and final values of the 
Npa, Hpa and Dpa variables in the evaluation between the 
groups (P<0.05).

discussion  
The aim of this study is to assess 2D airway prediction 
method’s reliability of PAS prediction in skeletal class II 
and class III orthognathic surgery patients. The pharyn-
geal region is a complex structure and the pharynx has 
many vital functions such as breathing, speaking and swal-
lowing. Studies show that various therapeutic applications 
such as orthopedic treatment and orthognathic surgery 
cause changes in the pharynx diameter, upper airway size 
and volume (13-15).

In this study, PAS prediction was made on 2D lateral 
cephalograms. Lateral cephalography, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI) are used 
to view the PAS (15, 16). Morphologically correct imaging 
of airway volumes and dimensions is important, especially 
in individuals with obstructive sleep apnea (OSA). Although 
studies in the literature report that CT and MRI images are 
more effective than two-dimensional images in airway eval-
uation (5), conventional lateral cephalograms are the easi-
est to interpret, the most cost-effective, relatively low 
radiation dose compared to CBCTs, and the most accessible 
method (17). Therefore, lateral cephalography remains the 
radiographic standard for airway assessment (15, 18). 

In this study Hpa and Dpa airway widths were predicted 
significantly different from actual results in Class II orthog-
nathic surgery patients and also a statistically significant 
difference was found between the prediction and final values 
for the Npa, Opa and Hpa variables in Class III orthognathic 
surgery patients. While Hpa width was the area predicted 
incorrectly in both groups, Spl was the only measurement 
accurately predicted in both groups. It has been reported 
that maxillary advancement affects the soft palate muscles 
(15). Previous studies have consistently reported that people 
with OSA tend to be obese and have an excessively increased 
soft palate length, a very large tongue, micrognathia, and 
marked narrowing of the upper airway (16, 19). For this 
reason, it is important to accurately predict the Spl in the 
evaluation of the PAS. It has been stated that in orthogna-
thic surgical procedures with mandibular setback, there is 
backward movement in the soft tissues in the oral region 
(uvula, tongue, epiglottis and soft palate), and this may result 
in a significant narrowing of the PAS especially in the Hpa 
(20). It has also been reported that this narrowing is ob-
served in lateral cephalograms so it is important to accu-
rately predict the Hpa in the evaluation of the PAS in Class 
III orhognathic surgery patients. In this study erroneous 

Table 1. Intra-group evaluation results of PAS measu-
rements for Class II and Class III treatment groups

Treatment 
Groups

PAS Measurements t df P

class II

Spl_Pr  & Spl_Act 0.846 7 0.430
Npa_Pr & Npa_Act -1.135 7 0.300
Opa_Pr & Opa_Act 0.582 7 0.582
Hpa_Pr & Hpa_Act 6.362 7 0.001
Dpa_Pr & Dpa_Act 2.637 7 0.039

class III

Spl_Pr & Spl_Act -0.886 18 0.388
Npa_Pr & Npa_Act 3.724 18 0.002
Opa_Pr & Opa_Act 4.226 18 0.001
Hpa_Pr & Hpa_Act -3.825 18 0.001
Dpa_Pr & Dpa_Act -1.512 18 0.149

Pr: Predicted results, Act: Actual results.

Table 2. Intergroup evaluation results of PAS measu-
rements for Class II and Class III treatment groups

PAS Measurements t df P

Spl 1.313 25 0.202
Npa -2.953 25 0.007
Opa -1.601 25 0.123
Hpa 6.054 25 0.000
Dpa 2.735 25 0.012
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predictions were made in also different PAS regions in Class 
II and Class III groups. The reason for this may be related 
to the difference in the movement directions in the maxilla 
and mandible during the surgical procedures. 

In orthognathic surgery patients, prediction procedures 
can be performed for soft, hard tissues or airway. The com-
patibility of the prediction methods with the actual results 
is important in many respects such as the success of the 
treatment, the correct information of the patients, the trans-
fer of the patient to the surgical environment with the most 
ideal amount of skeletal movement, and the positive effect 
on vital functions in the postoperative period. For this pur-
pose, the ideal prediction method has been investigated in 
many studies (6, 7, 9, 18, 21, 22). The maxillofacial area is 
a kinetic region that contains many anatomical structures 
such as muscles, ligaments, and TMJ. Since these anatomi-
cal structures can show individual and racial differences, 
each prediction method should be made in line with certain 
algorithms, but taking into account individual differences. 
3D predictions have many advantages over 2D predictions, 
especially in patients with asymmetry. Airway, soft or hard 
tissues are three-dimensional structures and predictions 
made in two planes may not always reflect the exact results. 
On the other hand, 2D programs have advantages due to 
reasons such as cost, accessibility, no tomography need, 
predictions can be performed with conventional cephalo-
grams that contain much lower dose radiation than tomog-
raphy. In this study, Dolphin Imaging was preferred as the 
2D prediction method. There are some reasons why we 

prefer this method, which is widely used by orthodontists 
and maxillofacial surgeons, these are; it can predict changes 
in the sagittal and vertical planes, the procedure time is 
short, different types of surgery can be selected in different 
malocclusions, and it gives the feature of choosing the result 
based on some morphological criteria (6, 23). The error rate 
of this software, which was preferred in similar studies in 
which PAS measurements were made, was found to be higher 
in our study (6, 10, 24). 

There are some limitations of our study. First is the small 
number of samples, especially in the class II treatment group. 
It is thought that more precise data can be obtained with 
study groups with a large number of cases and also divided 
according to the amount of maxillomandibular movement, 
gender and surgery types. Although lateral cephalograms 
were taken at least 6 months after surgery to minimize the 
effect of edema on soft tissues and PAS in the postoperative 
period, they were taken at different times in each patient. 
Since studies evaluating the stability of the airway show 
that PAS values can change in the short and long term (25), 
conducting studies with cephalograms taken from each pa-
tient at the same time periods in both the short and long 
term will reduce the risk of bias of the study.

conclusions  
1. The pharyngeal airway space prediction made by FAB 

analysis of the 2D Dolphin Imaging software was found 
to be more consistent with the postoperative results in 
skeletal Class II orthognathic surgery patients compared 
to skeletal Class III orthognathic surgery patients.

2. In Class II group Soft palate length, Oropharyngeal airway 
and Nasopharyngeal airway measurements were pre-
dicted correctly, although Hypopharyngeal airway and 
Deeppharyngeal airway measurements were statisti-
cally different from the actual results.

3. In Class III group while Soft palate length and Deeppha-
ryngeal airway measurements predicted similar with 
the actual results, statistically significant differences 
were calculated between predicted and final values of 
Nasopharyngeal airway, Oropharyngeal airway and Hy-
popharyngeal airway measurements.

Figure 1. PAS measurements used in this study. 1: Soft 
palate length (Spl), 2: Nasopharyngeal airway (Npa); 
3: Oropharyngeal airway (Opa), 4: Hypopharyngeal 
airway (Hpa), 5: Deeppharyngeal airway (Dpa).
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