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SUMMARY
Introduction/Objective Upper air dimensions are associated with morphological facial features. The 
objective of study is to test the hypothesis that the sagittal size of the upper respiratory pathways in 
children aged 8–12 years with hyperdivergent class II/1 malocclusion is smaller compared to the general 
population of the same age. This may be associated with an increased risk of developing obstructive 
sleep apnea syndrome in these individuals later in life.
Methods Using profile teleradiograms of 31 children average age being 9.02 ± 1 years with hyperdiver-
gent class II/1 malocclusion, sagittal dimensions of the pharyngeal respiratory pathway at the levels of 
naso-, oro-, and hypopharynx were measured. These dimensions were compared with measurements 
from 35 children with an average age of 8.97 ± 0.6 years with other types of malocclusions.
Results Statistically significant smaller sagittal dimensions of the upper respiratory pathways were found 
in children with hyperdivergent class II/1 malocclusion compared to the general population of the same 
age at all three measured levels.
Conclusion The hypothesis was confirmed that in children with hyperdivergent class II/1 malocclusion, 
the dimensions of the pharyngeal respiratory pathways are significantly smaller compared to the general 
population of the same age. The width of the oropharynx contributes most to this difference, followed 
by the width of the nasopharynx, with the least contribution from the hypopharynx.
Keywords: upper airway size; pharynx; distal occlusion; malocclusion
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INTRODUCTION

The pharynx represents the intersection of the 
aerodigestive tracts. Diverse morphological 
types and their corresponding growth patterns 
can be identified within the pharynx, similar 
to the face. The posterior cranial base occu-
pies a diagonal position within the cranium 
and constitutes the posterior wall of the bony 
nasopharynx. Consequently, its growth will 
influence the pharynx’s horizontal and vertical 
dimensions [1]. Individuals with dolichocephalic 
growth patterns are commonly associated with 
an inclination to develop a more acute cranial 
base angle and posterior position of the tongue, 
thus reducing sagittal dimensions of the upper 
respiratory tracts [2, 3].

In nasal-breathing participants the sagittal 
breadth of the nasopharynx appears to be largely 
independent of anterior dentofacial dimensions 
[1]. Higher correlations found in mouth breath-
ers suggest that limited patency of the upper 
airways has physiological implications linked 
to changes in dentofacial morphology [4, 5].

Factors contributing to the narrowing of the 
upper airways are believed to be both reduced 
pharyngeal muscle tone and unfavorable ana-
tomical relations in the pharynx and surrounding 
structures, as airway constrictions [6]. 

El and Palomo’s [7] three-dimensional analy-
sis of pharyngeal airways finds a significantly 
narrower oropharyngeal airway in class II par-
ticipants compared to those in classes I and III. 
A more constricted nasopharyngeal passage 
is observed in class II participants relative to 
those in class I [7, 8]. All authors concur that 
pharyngeal dimensions are diminished in class 
II skeletal patterns, irrespective of the patient’s 
position during examination (upright or su-
pine) and regardless of the imaging technique 
employed [6, 9, 10]. 

In examination of the regions of the upper 
respiratory tract susceptible to collapse based on 
craniofacial morphology, Alhammadi et al. [11] 
build on established views that retrognathism, 
micrognathism, and elongated face, along with 
a shortened length and angle of the anterior 
cranial base, increased ANB angle, influence 
pharyngeal airway constrictions. Nevertheless, 
they contend that constriction sites depend on 
specific craniofacial morphology parameters or 
their combinations, and that multi-site collapses 
are not uncommon [11, 12].

In Caucasian individuals with narrowed up-
per respiratory tracts, a retrognathic face is 
observed. The maxilla and an underdeveloped 
mandible are retrusive, anterior facial height is 
increased, occlusal and mandibular plane angles 
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are augmented, upper and lower molars are hypererupted, 
incisors proclined, and incisal overbite reduced [13, 14]. 

Vučinić et al. [15], analyzing morphological features 
of the upper jaw in mouth-breathing children, identified 
peculiarities that also exist in individuals with manifesting 
obstructive sleep apnea syndrome (OSA), such as narrow 
maxilla, underdeveloped apical bases, and a reduced incli-
nation of the upper jaw plane to the anterior cranial base. 
OSA represents a broad spectrum of disorders primarily 
manifested by snoring, witnessed apnea, and daytime sleepi-
ness [16]. This underscores the need for early detection of 
factors that can contribute to morphofunctional narrowing 
of the airways to potentially influence them during growth 
[17]. Tangugsorn and colleagues recommend lateral cepha-
logram analysis in assessing areas of pharyngeal airway 
constriction [18].

This study aims to ascertain the dimensions of orofacial 
structures in the upper respiratory tract region during 
growth and development, and potential deviations which, in 
later life stages, could contribute to respiratory disturbances 
and OSA. Furthermore, it aims to assess opportunities for 
early intervention using functional orthodontics.

Research hypothesis: the upper respiratory tracts are 
significantly narrower in at least one sagittal dimension in 
children with hyperdivergent skeletal class II/1 compared 
to children with normative skeletal relationships or the 
remainder of the population.

METHODS

The study was conducted at the Department of Orthodontics, 
Clinic of Dentistry of Vojvodina, involving 66 children. They 
were divided into two primary groups based on facial mor-
phology. The research entailed examining and comparing 
the sagittal dimensions of the upper respiratory pathways in 
children with a distal position of the lower jaw and children 
without this malocclusion from the general population.

Selection of participants 

The subjects were children aged 8-12 years with a retrogna-
thic face of class II and protrusion and proclination of the 
upper incisors (class II/1). This was routinely determined 
for each patient through the analysis of lateral cephalometric 
radiographs as part of the diagnostic methods employed 
to determine the type and severity of stomatognathic de-
velopment disorders.

Only those participants whose parents gave informed 
consent were included in the study. Given that a narrow 
upper respiratory pathway is associated with an increased 
vertical dimension of the lower part of the face, an addi-
tional criterion for patient selection was vertical growth 
of orofacial structures (Björk polygon greater than 396° 
and Jaraback index less than 62%). From the patient da-
tabase of the Department of Orthodontics, 31 patients 
with characteristics corresponding to the research topic 
were identified, who were either undergoing or about to 
undergo treatment with functional devices.

The experimental group consisted of 16 girls (51.61%) 
and 15 boys (48.39%), with an average age of 9.02 ± 1 years 
(range 8–11.3 years).

The control group, consisted of 35 children with an 
average age similar to the experimental sample (8.97 ± 0.6 
years). They were randomly selected among patients of the 
Department of Orthodontics at the Clinic of Dentistry of 
Vojvodina to closely represent the cranio-facio-cervical 
morphological characteristics of the general population 
of the corresponding age and growth stage. 

Patients with facial morphology matching the experi-
mental group could not be part of the control group.

Exclusion criteria for both groups included reduced 
airway patency due to hypertrophic adenoid vegetation, 
cleft lip and palate, hypo- and hyperdontia, severe con-
genital syndromes like Pierre Robin, Crouzon, Apert, and 
Treacher Collins syndromes.

Methodology

The study utilized cephalometric radiographic examina-
tion of patient profile images, employing standard analyses 
developed for orthodontic diagnostics, supplemented by 
measurements of upper respiratory pathways.

Lateral cephalometric radiographs were taken at the 
Radiology Department of the Clinic of Dentistry of 
Vojvodina using the standard technique under uniform 
conditions on the Orthophos XG5 device (Sirona Dental 
GmbH, Wals bei Salzburg, Austria). Analyses of the ob-
tained cephalometric radiographs were performed us-
ing the OnyxCeph software (Image Instruments GmbH, 
Chemnitz, Germany). Data were entered into tables adapted 
to the research topic using MS Office Excel 2007 software 
(Microsoft Corporation, Redmond, WA, USA).

In addition to standard cephalometric parameters – 
angles of maxillary prognathism (SNA), mandibular prog-
nathism (SNB), and the angle of skeletal jaw relationship 
in the sagittal dimension (ANB) – the dimensions of the 
upper respiratory pathways were determined.

Sagittal diameter dimensions of the upper respiratory 
pathways were determined by measuring the following 
distances:

1. �Distance between the posterior nasal spine and the 
intersection point of the line from the posterior nasal 
spine to the basion with the posterior pharyngeal wall, 
representing the width of the nasopharynx.

2. �Distance between the uvula’s tip and the nearest point 
on the pharyngeal posterior wall, representing the 
width of the oropharynx.

3. �Distance between the vallecula and the nearest point 
on the pharyngeal posterior wall, representing the 
width of the hypopharynx (adopted from Tangugsorn 
et al. [17]) (Figure 1).

Reliability 

Duplicate measurements were undertaken for all variables. 
These measurements were taken two weeks apart by the 
same examiner on a random sample of 20 cephalograms. 

Upper airway dimensions
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Systematic errors between the two measurements were 
assessed using a paired t-test for p < 0.05. No significant 
differences were identified for any hard or soft tissue vari-
ables between the two datasets. The error variance was 
calculated according to Dahlberg’s formula.

Statistical methods 

This paper presents descriptive parameters: mean, standard 
deviation, minimum and maximum of all values, coefficient 
of variation, confidence interval, and the Kolmogorov–
Smirnov test value.

Multivariate procedures MANOVA and discriminant 
analysis were used. Univariate procedures applied included 
ANOVA and the t-test.

The application of procedures that provide a contribu-
tion measure gives a new dimension to this research. By 

calculating the discrimination coefficient, we can identify 
the features that determine the specificity of the subsamples 
and the features that need to be excluded from further pro-
cessing, i.e., a reduction of the observed space is performed. 
The representation of subsample homogeneity estimates, 
the distance between them, and cluster analysis aim to 
study the observed phenomenon thoroughly.

Data are presented in tabular form.
Research was approved by the Ethics Committee of the 

Dental Clinic of Vojvodina (01-107/8-2012).

RESULTS

Basic characteristics of the sample (experimental 
and control group) 

The experimental group included 31 participants [16 girls 
(51.61%) and 15 boys (48.39%)], with an average age of 
9.02 ± 1 years (range 8–11.3 years).

In the experimental group, no sex-based differences 
were observed in age (p = 0.1381), nor in the parameters 
used as inclusion criteria: Björk’s polygon (p = 0.1771), 
the lower face index (p = 0.3423), and the size of the ANB 
angle (p = 0.3790). Thus, participant data were processed 
regardless of the sex.

The control group consisted of 35 patients [21 girls (60%) 
and 14 boys (40%)], with an average age of 8.97 ± 0.6 years 
(range 8–9.9 years).

In the control group, no sex-based differences were 
observed in age (p = 0.2148) or in the parameters used 
as inclusion criteria: Björk’s polygon (p = 0.7408), the 
lower face index (p = 0.9132), and the size of the ANB 
angle (p = 0.9426). Thus, participant data were processed 
regardless of the sex.

Basic parameters of the upper respiratory pathway 
dimensions relative to the groups

Central and dispersion parameters for the dimensions of 
the upper airways of the experimental group of 31 partici-
pants and the control group of 35 participants are shown 
in Table 1 and Table 2, respectively.

Figure 1. Sagittal diameter dimensions of the upper respiratory path-
ways

Table 1. Central and dispersion parameters for the dimensions of the upper airways, the experimental group of 31 participants.

Airway segments Mean value Standard 
deviation Minimal value Maximal value Coefficient of 

variation Confidence interval p

Nasopharynx 16.26 3.72 6 23 22.9 14.89 17.62 0.998

Oropharynx 8.19 2.3 3 13 28.08 7.35 9.04 0.884

Hypopharynx 12.03 3.01 6 18 24.98 10.93 13.14 0.976

Table 2. Central and dispersion parameters for the dimensions of the upper airways, the control group of 35 participants

Airway segments Mean value Standard 
deviation Minimal value Maximal value Coefficient of 

variation Confidence interval p

Nasopharynx 19.27 4.18 8.0 29 21.7 17.83 20.71 0.996
Oropharynx 10.33 2.03 6.5 15 19.68 9.63 11.03 0.933
Hypopharynx 13.97 3.27 6.0 24 23.43 12.85 15.1 0.195

Ivić S. et al.
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Differences between the experimental and control 
groups concerning the dimensions of the upper 
respiratory pathways 

The test of the assertion if there is a significant difference 
between participant groups concerning the dimensions of 
the upper respiratory pathways was done. Group differences 
are shown in Table 3, whereas individual differences are 
shown in Table 4.

Table 3. Significance of differences between participant groups con-
cerning the dimensions of the upper airways (group differences)

Analysis n F p

MANOVA 3 9.085 0.000

Discriminative 3 9.085 0.000

F-value – the significance of the difference in variance between the means of 
two samples

Table 4. Significance of differences between groups concerning the 
dimensions of the upper airways (individual differences)

Airway segments F p Discriminant coefficient
Nasopharynx 9.453 0.003 0.176
Oropharynx 16.023 0.000 0.180
Hypopharynx 6.226 0.015 0.017

F-value – the significance of the difference in variance between the means of 
samples

The discrimination coefficient suggests that the most sig-
nificant contribution to discrimination between participant 
groups concerning the dimensions of the upper respiratory 
pathways is, namely, the difference in the following:

1. oropharynx width (0.180),
2. nasopharynx width (0.176), and
3. hypopharynx width (0.017).

Characteristics and homogeneity of participant 
groups concerning the dimensions of the upper 
respiratory pathways 

Based on previous considerations and sample analysis of 66 
participants, in accordance with the applied methodology, 
the next step in the research is determining the character-
istics and homogeneity of each participant group and the 
distance between them.

The fact that p = 0.000 of the discriminant analysis 
indicates there’s a clear boundary between participant 
groups, i.e., it’s possible to determine the characteristics 
of each group concerning the dimensions of the upper 
airways. Characteristics and homogeneity of participant 
groups concerning the dimensions of the upper airways are 
shown in Table 5, whereas distance (Mahalanobis) between 
participant groups concerning the dimensions of the upper 
respiratory pathways is shown in Table 6.

DISCUSSION

The average values of the sagittal diameter of the nasophar-
ynx in the experimental group (16.26 ± 3.72 mm) and the 
control group (19.27 ± 4.18 mm), as well as the oropharynx 

(8.19 ± 2.3 mm and 10.33 ± 2.03 mm, respectively) and 
hypopharynx (12.03 ± 3.01 mm and 13.97 ± 3.27 mm, 
respectively), were statistically compared.

The results of this study, based on the values of p = 0.000 
(MANOVA analysis) and p = 0.000 (discriminant analy-
sis), indicate a difference and a clearly defined boundary 
between the groups of participants.

The statistically determined p < 0.05 shows that there is 
a significant difference between the groups of participants 
in the width of the nasopharynx (0.003), the width of the 
oropharynx (0.000), and the width of the hypopharynx 
(0.015). This is consistent with previous studies by de 
Oliveira et al. [14] on a sample of adolescents, as well as 
Alhammadi et al. [11] on an adult sample.

Based on the previous results, it can be said that the 
pharyngeal airways are statistically significantly narrower 
at all three measured levels.

The values of the upper respiratory tract widths were 
statistically significantly different, and there is a clearly 
defined boundary between the experimental and control 
groups if the diameters of the upper respiratory pathways 
are viewed as a group of statistical features, i.e., collectively 
approaching the diameters of the nasopharynx, oropharynx, 
and hypopharynx.

The largest individual contribution to the difference 
was found at the level of the oropharynx, followed by the 
nasopharynx, and then the hypopharynx.

When viewed separately, the values of the widths of the 
nasopharynx, oropharynx, and hypopharynx also show 
a statistically significant difference and a clear boundary 
between the experimental and the control group. With 
the presence of a boundary, it is possible to determine the 
characteristics of each group concerning the dimensions 
of the upper respiratory pathways at the initial measure-
ment. The characteristic of each subsample group is most 
defined by the width of the oropharynx because its con-
tribution to the characteristics is 48.26%, followed by the 
width of the nasopharynx (47.18%), and the width of the 
hypopharynx (4.56%).

Based on the measured values and their statistical pro-
cessing, it can be said for the experimental group that the 

Table 5. Characteristics and homogeneity of groups concerning the 
dimensions of the upper airways

Characteristics Experimental (31) Control (35) Contribution (%)
Oropharynx smaller larger 48.257
Nasopharynx smaller larger 47.185
Hypopharynx smaller larger 4.558
SSHE 22/31 28/35
homogeneity (%) 70.97 80

SSHE – subsample homogeneity estimates (number of participants with 
group characteristics compared to total number of group participants)

Table 6. Distance (Mahalanobis) between the groups concerning the 
dimensions of the upper airways

Group Experimental Control
Experimental 0 1.31
Control 1.31 0

Upper airway dimensions
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dimensions of the upper respiratory pathways at all three 
levels are smaller, while for the control group they are 
larger at all three levels. The finding that the pharyngeal 
respiratory pathways in retrognathic participants of class 
II malocclusion are narrower compared to the respiratory 
pathways in the general population is consistent with previ-
ous research referenced in this paper.

Similar findings were also observed by El and Palomo 
[7] when measuring the volume of the upper respiratory 
pathways in skeletal classes I, II, and III. There was a sig-
nificant difference in the size of the respiratory pathways 
in class II, while in class III these differences were not 
statistically significant [7].

In contrast, Lowe et al. [13] did not find significant 
differences between people with obstructive sleep apnea, 
during sleep, concerning the malocclusion class.

Pirilä-Parkkinen et al. [19], in a sample of children with 
an average age of 7.3 ± 1.43 years, found that the greatest 
narrowness is at the level of the nasopharynx. It should be 
noted that Taylor et al. [20] found that at this age, there 
has not yet been an involution of adenoid tissue that can 
affect the apparent narrowing in that part.

For correct dimensions of the upper airways of children 
with yet uncompleted growth, there is scant data, further 
complicated by a large number of etiological factors that 
can contribute to the occurrence of the narrowing, as well 
as different places where the narrowing can occur. In their 
research on the connection between facial morphology 
growth and chronological age in preschool children with 
obstructive sleep apnea, Kawashima et al. [21] indicate 
that adenoid tissue begins to regress between the ages of 
eight and 10.

Oh et al. [22], in a sample of 60 healthy children, found 
that children with class II have a more posterior orientation 
and a smaller volume of pharyngeal airways than healthy 
children with malocclusions of classes I and III. The key 
factor in determining the shape of the pharyngeal respira-
tory pathway is its inclination and head position.

The homogeneity of the experimental group is 70.97%, 
and that of the control group is 80%.

The characteristics of the experimental group are held 
by 22 out of 31 participants, with a homogeneity of 70.97% 
(expressed), and the characteristics of the control group are 
present in 28 out of 35 participants, with a homogeneity 
of 80% (expressed).

In addition to the inclination and size of the pharynx, 
adjacent structures are related to the reduction of available 
space for the accommodation of soft tissue structures of 
the orofacial system, especially the tongue, due to the distal 
position of the mandible and preventing its action on the 
proper development of the jaws [14]. Vučinić et al. [15] 
found that narrowed pharyngeal dimensions are associ-
ated with the maxillary narrowness, underdevelopment 
of the apical bases, and a reduced basal inclination to the 
anterior cranial base.

By comparing the homogeneity of the experimental and 
control groups, it can be said that these dimensions in the 
general population are more homogeneous than in the 
population with hyperdivergent malocclusion class II/1. 

This again suggests the possibility that a combination of 
various morphofunctional craniofacial features affects the 
narrowness of the upper respiratory pathways at least at 
one level, which is consistent with literary findings, both in 
studies of the adult and child populations [4, 11, 19, 20, 21].

Another indicator of similarity or differences is ob-
tained by calculating the Mahalanobis distance between 
the groups of participants. Distances of different spaces 
can be compared. The distances from the table indicate 
that the distance between the groups of participants of the 
experimental group and the control group is greater, and 
the existing difference is expressed.

In this study, special attention is paid to the impact of 
inter-jaw relations in the sagittal and vertical dimension 
(posterior relationship of the lower jaw structures with 
hyperdivergence of the jaw bases) in children who have not 
finished growing and can still be therapeutically affected. 
This, in turn, affects the sagittal narrowness of the upper 
respiratory pathways. To even consider the connection of 
these phenomena, it is necessary to define a normal finding.

For skeletal inter-jaw relations, there is an accepted 
classification of anteroposterior positions (skeletal classes 
I, II, and III), which is determined by analyzing a standard 
cephalogram.

Skeletal class II is a disorder of craniofacial development 
that is treated in children. Correction of morphological 
abnormalities in children is corrected by properly direct-
ing growth, and normalizing the functions of the orofacial 
muscles, which is achieved by using functional orthodontic 
devices [23].

Good indicators of the position, both skeletal and soft tis-
sue cranio-cervico-facial structures, are the standard lateral 
cephalogram, which has been routinely used for many years 
in the diagnosis of dentofacial anomalies. Researchers like 
Johal et al. [24], Bitar et al. [25], who examined the reliability 
of this technique in examining the dimensions of the upper 
airways, agree that it is competitive as it reveals the most 
characteristics with the least costs, while Pirilä-Parkkinen 
et al. [26] believe that the precision of measurement with 
a cephalogram is highest in the region of the nasopharynx 
and retropalatinal area. However, cone beam computed 
tomography is being used in computing the functional 
space of the tongue and surrounding structures. Thus, Shi 
et al. [27] found that adults with different OSA types have 
similar anatomical balance and shape of their upper airway 
in the supine position. Slowik et al. [28] note that OSA has 
significant implications for cardiovascular health, mental 
illness, quality of life, and driving safety. 

Given the measured dimensions in the experimental 
group, both with collectively smaller mean sizes and with 
significantly smaller mean values for the nasopharynx, 
oropharynx, and hypopharynx, the hypothesis of this study 
has been confirmed.

In the adults with developed OSA syndrome, Degraeve 
et al. [29] found that mandibular advancement devices 
may be effective for OSA regardless of whether or not 
the obstruction site is in the velopharynx or oropharynx. 

This cross-sectional study is part of a larger longitu-
dinal study in which the effect of orthodontic treatment 

Ivić S. et al.
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of hyperdivergent malocclusion of skeletal class II on the 
dimensions of the upper respiratory pathways was observed.

CONCLUSION

The study showed that the experimental group’s upper 
airways were statistically significantly smaller mean values 
for the nasopharynx, oropharynx, and hypopharynx, thus 
confirming the hypothesis of this study.

The measured sagittal dimensions of the upper respira-
tory pathways in children with hyperdivergent malocclu-
sion class II/1 are significantly smaller than in the general 
population, at all three observed levels – at the level of the 
nasopharynx, the level of the oropharynx, and the level of 
the hypopharynx.

The findings indicate that the upper respiratory pathways 
in children with hyperdivergent class II/1 are narrower than 
in the rest of the population, with the greatest difference 
contributed by narrowness at the level of the oropharynx, 

less at the level of the nasopharynx, with the smallest 
contribution at the level of the hypopharynx.

The greater homogeneity of the general population by 
the value of the widths of the upper respiratory pathways 
compared to the experimental group indicates the existence 
of a wide range of possibilities for the adverse effects of 
morphofunctional disorders of the craniofacial system 
on the dimensions of the pharyngeal part of the airways.

ACKNOWLEDGMENT

This paper is a part of Stojan Ivić’s doctoral thesis and 
presents some of the results published in the thesis at the 
Faculty of Medicine, University of Novi Sad (Novi Sad, 
Serbia): Ivic S. Dimenzije gornjih respiratornih puteva kod 
malokluzije klase II/1 [dissertation]. Novi Sad (Serbia): 
University of Novi Sad, Novi Sad, Serbia; 2014.

Conflict of interest: None declared.

REFERENCES 

1.	 Habumugisha J, Mohamed AS, Cheng B, Liu L, Zou R, Wang F. 
Analysis of maxillary arch morphology and its relationship with 
upper airway in mouth breathing subjects with different sagittal 
growth patterns. J Stomatol Oral Maxillofac Surg. 2023;124(Suppl 
1):101386. [DOI: 10.1016/S0278-2391(17)30275-6] [PMID: 36646284]

2.	 Han AR, Kim J, Yang IH. Relationship between vertical components 
of maxillary molar and craniofacial frame in normal occlusion: 
cephalometric calibration on the vertical axis of coordinates. 
Korean J Orthod. 2021;51(1):15–22.  
[DOI: 10.4041/kjod.2021.51.1.15] [PMID: 33446617]

3.	 Artese F, Fernandes LQP, de Oliveira Caetano SR, Miguel JAM. Early 
treatment for anterior open bite: Choosing adequate treatment 
approaches. Semin Orthod. 2023;29(2):207–15.  
[DOI: 10.1053/j.sodo.2023.06.001]

4.	 Habumugisha J, Ma SY, Mohamed AS, Cheng B, Zhao MY, Bu WQ, 
et al. Three-dimensional evaluation of pharyngeal airway and 
maxillary arch in mouth and nasal breathing children with skeletal 
Class I and II. BMC Oral Health. 2022;22(1):320.  
[DOI: 10.1186/s12903-022-02355-3] [PMID: 35915494]

5.	 Thribhuvanan L, Saravanakumar MS. Influence of mode 
of breathing on pharyngeal airway space and dento facial 
parameters in children: a short clinical study. Bulletin of the 
National Research Centre. 2022;46(1):1–7.  
[DOI: 10.1186/s42269-022-00802-3]

6.	 Yu M, Ma Y, Han F, Gao X. Long-term efficacy of mandibular 
advancement devices in the treatment of adult obstructive 
sleep apnea: A systematic review and meta-analysis. PLoS One. 
2023;18(11):e0292832. [DOI: 10.1371/journal.pone.0292832] 
[PMID: 38015938]

7.	 El H, Palomo JM. Airway volume for different dentofacial skeletal 
patterns. Am J Orthod Dentofacial Orthop. 2011;139(6):e511–21. 
[DOI: 10.1016/j.ajodo.2011.02.015] [PMID: 21640863]

8.	 Ertugrul BY. Evaluation of effects of removable functional 
orthodontic apparatus on the upper airway size by cephalometric 
films. J Stomatol Oral Maxillofac Surg. 2022;123(4):e121–5.  
[DOI: 10.1016/j.jormas.2021.09.009] [PMID: 34563728] 

9.	 Maino G, Cremonini F, Pettinato G, Paoletto E, Lombardo L. 
Obstructive sleep apnoea syndrome and anatomical factors: 
possible correlations. Sleep Sci. 2022;15(4):429–35.  
[DOI: 10.5935/1984-0063.20220074] [PMID: 36419816]

10.	 Lukachan GA, Yadollahi A, Auckley D, Gavrilovic B, Matelski 
J, Chung F, et al. The impact of semi-upright position on severity 
of sleep disordered breathing in patients with obstructive sleep 
apnea: a two-arm, prospective, randomized controlled trial. BMC 
Anesthesiol. 2023;23(1):236. [DOI: 10.1186/s12871-023-02193-y] 
[PMID: 37443016] 

11.	 Alhammadi MS, Almashraqi AA, Halboub E, Almahdi S, Jali T, 
Atafi A, et al. Pharyngeal airway spaces in different skeletal 
malocclusions: a CBCT 3D assessment. Cranio. 2021;39(2):97–106. 
[DOI: 10.1080/08869634.2019.1583301] [PMID: 30821659] 

12.	 Randerath W, de Lange J, Hedner J, Ho JPTF, Marklund M, Schiza 
S, et al. Current and novel treatment options for obstructive 
sleep apnoea. ERJ Open Res. 2022;8(2):00126-2022. [DOI: 
10.1183/23120541.00126-2022] [PMID: 35769417]

13.	 Lowe AA, Ono T, Ferguson KA, Pae EK, Ryan CF, Fleetham JA. 
Cephalometric comparisons of craniofacial and upper airway 
structure by skeletal sybtype and gender in patients wih 
obstructive sleep apnea. Am J Orthod Dentofacial Orthop. 
1996;110(6):653–64. [DOI: 10.1016/s0889-5406(96)80043-6] 
[PMID: 8972813]

14.	 de Oliveira I, Pinheiro R, Freitas B, Reher P, Rodrigues V. 
Relationship between craniofacial and dental arch morphology 
with pharyngeal airway space in adolescents. J Orofac Orthop. 
2023;84(Suppl 2):93–103. [DOI: 10.1007/s00056-022-00403-9] 
[PMID: 35608631] 

15.	 Vučinić P, Vukić- Ćulafić B, Ivić S. Mogućnost ranog prepoznavanja 
faktora rizika za nastanak opstruktivnog prekida disanja u snu. Srp 
Arh Celok Lek. 2012;140(3–4):159–63.  
[DOI: 10.2298/SARH1204159V]

16.	 Karkinski D, Dokić D. Patients’ symptoms as a reason for consulting 
a doctor and obtaining a diagnosis of obstructive sleep apnea. 
Srp Arh Celok Lek. 2017;145(3–4):136–40. [DOI: 10.2298/
SARH160310033K]

17.	 Heit T, Tablizo BJ, Salud M, Mo F, Kang M, Tablizo MA, et al. 
Craniofacial Sleep Medicine: The Important Role of Dental 
Providers in Detecting and Treating Sleep Disordered Breathing in 
Children. Children. 2022;9(7):1057.  
[DOI: 10.3390/children9071057] [PMID: 35884041] 

18.	 Tangugsorn V, Skatvedt O, Krogstad O, Lyberg T. Obstructive sleep 
apnoea: a cephalometric study. Part II. Uvulo-glossopharyngeal 
morphology. Eur J Orthod. 1995;17(1):57–67.  
[DOI: 10.1093/ejo/17.1.57] [PMID: 7737346] 

19.	 Pirilä-Parkkinen K, Löppönen H, Nieminen P, Tolonen U, Pääkkö 
E, Pirttiniemi P. Validity of upper airway assessment in children 
A clinical, cephalometric, and MRI study. Angle Orthod. 
2011;8(3):433–6. [DOI: 10.2319/063010-362.1]  
[PMID: 21261486]

20.	 Taylor M, Hans MG, Strohl KP, Nelson S, Broadbent BH. Soft tissue 
growth of the oropharynx. Angle Orthod. 1996;66 (5):393–400. 
[DOI: 10.1043/0003-3219(1996)066<0393:STGOTO>2.3.CO;2] 
[PMID: 8893109]

Upper airway dimensions



  

350

Srp Arh Celok Lek. 2024 Jul-Aug;152(7-8):344-350

21.	 Kawashima S, Ueda K, Shinohara M, Mano M, Kanegae H, Namaki 
S. Relationship between growth of facial morphology and 
chronologic age in preschool children with obstructive sleep 
apnea. J Oral Biol Craniofac Res. 2012;1(2):20–4.  
[DOI: 10.1016/S2212-4268(12)60006-2] [PMID: 25756027]

22.	 Oh KM, Hong JS, Kim YJ, Cevidanes LSH, Park YH. Three-
dimensional analysis of pharyngeal airway form in children with 
anteroposterior facial patterns. Angle Orthod. 2011;81(6):1075–82. 
[DOI: 10.2319/010711-8.1] [PMID: 21524242] 

23.	 Fields HW, Proffit WR. Growth modification in Class II, Open bite, 
Deep Bite, and multidimensional problems. In: Proffit WR, Fields 
HW, et al. Contemporary Orthodontics. 5th edition. Philadelphia: 
Mosby; 2019. p. 478–523.

24.	 Johal A, Battagel J, Marshall C. The use of videofluoroscopy in the 
assessment of the pharyngeal airway in obstructive sleep apnoea. 
Eur J Orthod. 2011;33(2):212–9. [DOI: 10.1093/ejo/cjq058]  
[PMID: 21430015] 

25.	 Bitar MA, Macari AT, Ghafari JG. Correspondence between 
subjective and linear measurements of the palatal airway on 

lateral cephalometric radiographs. Arch Otolaryngol Head Neck 
Surg. 2010;136(1):43–7. [DOI: 10.1001/archoto.2009.198]  
[PMID: 20083777] 

26.	 Pirilä-Parkkinen K, Löppönen H, Nieminen P, Tolonen U, Pirttiniemi 
P. Cephalometric evaluation of children with nocturnal sleep-
disordered breathing. Eur J Orthod. 2010;32(6):662–71.  
[DOI: 10.1093/ejo/cjp162] [PMID: 20305055] 

27.	 Shi X, Sutherland K, Lobbezoo F, Berkhout E, de Lange J, Cistulli 
PA, et al. Upper airway morphology in adults with positional 
obstructive sleep apnea. Sleep Breath. 2024;28(1):193–201.  
[DOI: 10.1007/s11325-023-02879-0] [PMID: 37466758]

28.	 Slowik JM, Sankari A, Collen JF. Obstructive Sleep Apnea. 2024 
Mar 21. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2024 Jan–. [PMID: 29083619]

29.	 Degraeve M, Beij T, Lammens I, Vagenende T, De Meyer M, Aps 
J, et al. A systematic review on 4D images of the upper airway in 
patients with OSA. Sleep Breath. 2024;28(2):597–606.  
[DOI: 10.1007/s11325-023-02948-4] [PMID: 38127191] 

САЖЕТАК
Увод/Циљ Димензије фарингеалних дисајних путева се до-
воде у везу са морфологијом лица. Циљ рада је да испита 
хипотезу да је сагитална величина горњих дисајних путе-
ва код деце старости осам до 12 година са малоклузијом 
хипердивергентне класе II/1 мања у поређењу са општом 
популацијом истог узраста.
Методе На профилним телерадиограмима 31 детета ста-
рости 9,02 ± 1 година са хипердивергентном малоклузијом 
класе II/1 измерене су сагиталне димензије фарингеалног 
дисајног пута на нивоима назофаринкса, орофаринкса и 
хипофаринкса и упоређене са димензијама измереним код 
35 деце старости 8,97 ± 0,6 година са другим облицима ма-
локлузија. 

Резултати Пронађене су статистички значајно уже сагитал-
не димензије горњих дисајних путева код деце са малоклу-
зијом хипердивергентне класе II/1 у поређењу са општом 
популацијом истог узраста, на сва три мерена нивоа. 
Закључак Потврђена је хипотеза да су код деце са малоклу-
зијом хипердивергентне класе II/1 димензије фарингеалних 
дисајних путева значајно мање у поређењу са општом по-
пулацијом истог узраста. Највећи допринос разлици даје 
ширина орофаринкса, следи ширина назофаринкса, са нај-
мањим доприносом хипофаринкса.

Кључне речи: величина горњих дисајних путева; фаринкс; 
дистална оклузија; малоклузија
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