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Abstract: In the discipline of orthodontics, a person's face structure can be ascertained through
the specific characteristics and anatomical correlations of the palate depth, width, and airway
dimensions, which aid in the identification of malocclusions. A greater awareness of the relationship
between upper airway structure and sleep disordered breathing, as well as the relationship between
this condition and craniofacial morphology in general, has led to a gradual increase in interest in
upper and lower airway dimensions over the past few decades. The study comprised 30 participants,
with a mean age of 17.5 years. Skeletal classes I, 11, and 111 were assigned to the participants based
on their ANB (A point, nasion, B point) angle (N = 10). The study models were used to calculate
the palatal height, palatal breadth, and palatal height index using Korkhaus analysis. McNamara
Airway Analysis was used to measure the upper and lower pharyngeal airway dimensions based on
the lateral cephalogram. The ANOVA test was used to calculate the findings. For the palatal index
and airway dimensions, there was a statistically significant difference observed in all three groups
of malocclusions (class I, Il, and I1I). The subjects with skeletal class Il malocclusion showed the
highest mean palatal index values (P=0.03). For the upper airway, class | had the greatest mean
value (P=0.041), while class 11l had the highest mean value (P=0.026) for the lower airway. It was
concluded that subjects with the class Il skeletal pattern have a high palate and reduced upper and
lower airways when compared with class | and class 111 skeletal patterns, which showed larger upper
and lower airways, respectively.
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Introduction

In the discipline of orthodontics, a person's
face structure can be ascertained through
the specific characteristics and anatomical
correlations of the palate depth, width, and
airway dimensions, which aid in the identification
of malocclusions. Since sleep-disordered
breathing has been linked to upper airway shape
[1] and has been linked to general craniofacial
morphology, interest in upper and lower airway
dimensions has gradually grown over the past
few decades. The palate has been the subject of
numerous research, some of which traced the
palate's transverse, median, and sagittal shapes
at various developmental stages in dental casts
to look into changes in the palate's growth
[2]. Certain conditions, such as Treacher-
Collin syndrome, Apert's syndrome, Turner's
syndrome, etc., might have a high or narrow
palate [3]. The development of craniofacial form
and occlusal patterns depends on a number of
factors. The effects of upper airway obstruction
on dental development and craniofacial growth
require a thorough examination. Clinical trials
have linked mouth breathing to the development
of skeletal and dental abnormalities [4, 5]. In
orthodontics, changes to the upper airway must
always be evaluated clinically before starting
therapy, in addition to using cone beam computed
tomography (CBCT) or lateral cephalograms.
Since cephalometry converts three-dimensional
traits into two-dimensional ones, the information
it provides is scant.

However, because CBCT creates projections
on many planes and shows dimensional
structures in 3D, it offers a wealth of diagnostic
information that enables us to measure the
volume of different structures. Breathing
becomes even more difficult when there is
obstruction of the upper airways, which can
also result in malocclusion, jaw deformity,
and craniofacial abnormalities. Furthermore,
research has demonstrated that aberrant
craniofacial development can result in a lifetime
of health issues, including chronic mouth
breathing, sleep apnea, respiratory impairment,
airway obstruction, and sleep disorders [6]. In
the craniofacial hierarchy, the craniofacial form
and function may be ranked highest. Therefore,
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it is important to carefully regulate the shape and
function of the craniofacial region, especially in
the early phases of growth and development,
using orthodontic and orthopedic therapy. First
developed by Korkhaus [4], the palatal height
index is derived from the combination of palatal
width and palatal depth. The McNamara airway
analysis is used to determine the upper and lower
pharyngeal airway measures [7]. There appears
to be variation in the shape of palatal vaults in
each skeletal pattern, thus further research is
necessary to thoroughly investigate airway and
palatal morphology for improved treatment-
plan formulation. There is also a connection
between craniofacial development and airway
development.

Thus, in class I, IlI, and 1l skeletal
morphologies, our study's goal is to link palatal
index index with pharyngeal airway.

Materials and methods

The Department of Orthodontics and
Propaedeutics of Orthopaedic Dentistry at
Bogomolets National Medical Universityin Kyiv,
Ukraine, conducted the research of this study.
Thirty individuals were randomly chosen from
among the patients who came to the department
for orthodontic treatment in order to get lateral
cephalograms and dental plaster models. Using
the G*Power program 3.1.9.2 (Erdfelder, Faul,
& Buchner, Germany), the sample size was
determined. The ANB (A point, nasion, B point)
angle and wits appraisal were used to categorize
the participants into three groups, Class I, 11, and
I11, according to the type of sagittal relationship.
Patients with class | skeletal bases and ANB
values between 0° and 2° made up Group I.
Patients in Group Il included those with class
Il skeletal bases and ANB levels higher than 2°.
Finally, group Ill patients had class 11l skeletal
bases with ANB lesser than 0°. The individuals'
eyes were reflected in a mirror five feet in front
of them, and their teeth were in centric occlusion
with the Frankfort horizontal plane parallel to
the ground, as this was the normal head posture
used to acquire the lateral cephalograms. To
keep the head from spinning during exposure,
ear rods and nasal support were used to stabilize
the position. Using a 2H pencil, all cephalogram
tracings were completed by hand on clear acetate

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

166


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal

Ukrainian Scientific Medical Youth Journal

Issue 4 (158), 2025

Creative Commons «Attribution» 4.0

ISSN 2786-6661
eISSN 2786-667X

sheets. For each patient, the McNamara airway
analysis was used to record the upper and lower
airway dimensions [7].

From a point on the back of the soft palate
outline to the nearest point on the posterior
pharyngeal wall, the upper pharyngeal breadth
is measured. Because the region just next to the
posterior nasal aperture is crucial for assessing
upper respiratory patency, this measurement is
performed on the anterior half of the soft palate
outline. A two-dimensional depiction of a
three-dimensional structure is the nasopharynx
head film outline (Figure 1). The location on
the posterior pharyngeal wall closest to the
junction of the inferior border of the mandible
and the posterior border of the tongue is
where the lower pharyngeal width is measured
(Figure 1) [8].

Alginate impression material (Hydrogum 5,
Zhermack) was used to create the impressions
required to make the study models, which
are built of Type 3 Gypsum. Using a divider
and scale, each subject's palatal index was
independently determined on the study models
for the Korkhaus analysis. The width measured
the separation at the cervical line between the
maxillary first permanent molars. The height was
the shortest path between the plane defined by
the other reference points and the midline where
the hard and soft palates converge [4].

The palatal height Index was calculated using
the following formula (Figure 2): Palatal height
index = palatal height/palatal width x 100.

and lower airway (B) on a lateral cephalogram

Figure 2: Study model showing palatal height
and width

Statistical analysis:

IBM SPSS software for Windows, version 21
was used for data analysis. The palatal index,
lower airway, and upper airway differences
between the three classes were ascertained
using the ANOVA test. The standard deviation
and mean of the palatal index, upper airway,
and lower airway in classes I, Il, and Il were
calculated using descriptive statistics.

Results

Tables 1-3 display the descriptive data and
an ANOVA test comparison of the palatal index
with the upper and lower airways. The palatal
index mean and standard deviations for each
of the three classes are shown in Table 1, along
with the findings of the ANOVA test, which
indicates that there is a statistically significant
difference in the palatal index between the three
classes, with class Il having the highest mean
value (47.20). Table 2 indicates that class | had
the highest mean upper airway (11.90) out of the
three classes. The ANOVA test's p-value of 0.04
suggests that there is a statistically significant
difference between the three groups. According
to Table 3, class Il had the greatest mean lower
airway (12.90), and there was a statistically
significant difference in lower airway across the
three classes (p-value = 0.026).

Discussion

Environmental influences, eating habits, and
ethnicity have all been found to affect palate
dimensions. Each race or racial group has a
unique cranium and facial structure. Individuals
from other nations and cultures may also vary
from one another in terms of their characteristics
and facial features [8]. The palate morphology is
a crucial sign of the anatomical structure that can
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Table 1: The Anova-test for palatal index

Class N Mean Standard deviation F-value P-value
Class | 10 43.720 1.726
0.03*
Class Il 10 47.200 5.788
1.777
Class Il 10 43.040 6.065
Table 2: The Anova-test for upper airway
Class N Mean Standard deviation F-value P-value
Class | 10 11.90 3.315
0.041*
Class Il 10 11.80 2.486
0.174
Class Il 10 11.10 2.751
Table 3: The Anova-test for lower airway
Class N Mean Standard deviation F-value P-value
Class | 10 10.20 2.860
Class Il 10 10.00 2.789 2.562 0.026*
Class Il 10 12.90 3.843

alter the skeletal pattern because the craniofacial
complex also comprises the face [9]. For this
reason, knowledge of the morphometrics of the
hard palate is clearly useful in several dental
specialties, such as orthognathic surgery and
orthodontics [10,11]. Our study attempted to
correlate palatal depth with pharyngeal airway in
class I, 11, and Il malocclusions because airway
and craniofacial development are associated.
The ANOVA test was used in this investigation
to compute and compare the mean and standard
deviations of the palatal index for each of the
three classes. According to the results, there is a
statistically significant difference in the palatal
index across the three classes, with class II
having the highest mean value. This implies
that the palatal index was greater in individuals
with class Il malocclusion than in ordinary
participants. This may be due to the fact that
class 11 malocclusion has a broad range of arch-
form aberrations and a varied etiology, which
may include thumb sucking habits. High palatal
vaults are primarily caused by thumb sucking
[12]. Research by Linder A [13], Gwynne-

Evans [14], and Klein [15] revealed this. They
discovered that those who mouth breathe, had
adenoid hypertrophy, or habitually sucked their
thumbs had higher palatal heights. In those
cases, a class Il malocclusion was also evident.
According to our study, there was a statistically
significant difference between the three classes,
with the mean upper airway being the highest
in class | patients out of all three. According to
Balter's theory [16], class Il malocclusions are
caused by the tongue being positioned backward.
An blockage of the respiratory function in the
pharynx region causes incorrect deglutition
and mouth breathing. Thus, when compared
to other malocclusions, the mean value of the
class I malocclusion was larger. This was in line
with a research that Jain et al. [17] did. Similar
findings were found in another study by Flores-
Blancas et al. [18]: nasopharyngeal linear
anteroposterior widths are wider in brachyfacial
individuals with class | malocclusion than in
mesofacial and dolichofacial individuals. In
this study, class Il patients had the highest
mean lower airway, and there was a statistically
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significant difference in lower airway between
the three classes. This implies that compared
to skeletal class I and Il samples, all lower
pharyngeal airway features showed significantly
greater values in skeletal class 111 malocclusion
samples. This may indicate a forward tongue
position, which is linked to skeletal class Il
malocclusion. These discoveries corroborate the
findings of McNamara [7], who suggested that
an increase in the lower pharyngeal airway size
more than 15 mm indicates a forward-placed
tongue. This was as similar as a study done by
Jain et al. [18] who also found the same results.
These results indicate a close link between the
pharynx and dentofacial structures, and suggest
that the pharyngeal structures and dentofacial
pattern will interact. This stimulates interest
in orthodontics. Therefore, it is important
to recognize the clinical significance of the
pharyngeal airway, particularly in adolescents
whose maxillary and mandibular growth and
development are critical. This information
is also necessary for the diagnosis of the
developing class 111 malocclusion brought on by
the tongue's forward orientation. The tongue's
forward position may be caused by visceral
interferences, such as an enlarged tongue,
expanded lymphoid tissue, or respiratory
embarrassment. Another scenario is that small
upper and lower pharyngeal airways can aid in the
early detection of class Il malocclusion and the
more effective use of growth modification tools
to address the malocclusion. In order to detect
and prevent the emergence of malocclusion at
the proper time, a qualified physician may be
able to use this information to test patients for
probable respiratory disorders at an early stage
and to initiate suitable medication at the relevant
time [19]. Cephalometric films were found by
Malkoc et al. to be extremely dependable and
repeatable for pharyngeal airway dimension
estimation [20]. Since the study was carried
out on a general population, these conclusions
can be extended to different populations. Even
said, one potential drawback of the current study
could be its smaller sample size. In order to link
the pharyngeal airway with the palate depth in
all skeletal configurations with greater sample
sizes, more research is necessary.
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Conclusion

When comparing class Il malocclusion
participants to class | and class Ill subjects,
the palatal index of the latter group showed the
greatest mean value. Class I malocclusions had
the highest mean value for the upper airway when
compared to class Il and class 111 malocclusions.
Furthermore, class Il malocclusions had the
highest mean value for the lower airway when
compared to class I and class Il malocclusions.

Financing

The research received no external funding.

Conflict of interest

The authors declare no conflict of interest.

Consent of Publication

The author gives her
publication

Al Disclosure

The authors used ChatGPT (OpenAl, San
Francisco, CA, USA) for language editing of the
English text. The authors reviewed and verified
all Al-generated content to ensure accuracy and
integrity.

Ethical approval

"All human studies were approved by the
institutional ethics committee and conducted
in accordance with the Declaration of Helsinki
(2013).»

Protocol Ne 188. 28.10.2024

Author Contributions (CRediT taxonomy)

Conceptualization: Petr Flis (ORCID: 0000-
0001-7675-793X);

permission  for

Methodology: Petr Flis;
Data Collection: lvan Glushko (ORCID:
0009-0000-5716-9737), Petr Flis;

Formal Analysis / Statistical Analysis: Ivan
Glushko, Petr Flis;

Investigation: lvan Glushko;

Writing — Original Draft Preparation: lvan
Glushko;

Writing — Review & Editing: Petr Flis;

Critical Review: lvan Glushko, Petr Flis;

Visualization: Ivan Glushko;

Supervision: Petr Flis;

Project Administration: Petr Flis;

Final Approval of the Manuscript: Ivan
Glushko, Petr Flis.

Ukrainian scientific medical youth journal, 2025, Issue 4 (158)

http://mmj.nmuofficial.com

169


https://creativecommons.org/licenses/by/4.0/
https://portal.issn.org/resource/ISSN/2786-6661
https://portal.issn.org/resource/ISSN/2786-667X
https://mmj.nmuofficial.com/index.php/journal
https://orcid.org/0000-0001-7675-793X
https://orcid.org/0000-0001-7675-793X
https://orcid.org/0009-0000-5716-9737

Ukrainian Scientific Medical Youth Journal ISSN 2786-6661

Issue 4 (158), 2025 eISSN 2786-667X
Creative Commons «Attribution» 4.0

REFERENCES

1. Mislik B, Hanggi MP, Signorelli L, Peltomaki TA, Patcas R: Pharyngeal airway dimensions: a cephalometric,
growth-study-based analysis of physiological variations in children aged 6-17. Eur J Orthod. 2014, 36:331-9. 10.1093/
ejo/cjt068

2. Ciusa V, Dimaggio FR, Sforza C, Ferrario VF: Three-dimensional palatal development between 3 and 6 years.
Angle Orthod. 2007, 77:602-6. 10.2319/053106-221

3. Al-Quadaimi NH, Ali Fa, Made AA, Al-Sanabani FA: Palatal depth in normal occlusion class - | with dental
crowding for a group of Yemini school children. Austin Dent Sci. 2016, 1:1005.

4. Redman RS, Shapiro BL, Gorlin RJ: Measurement of normal and reportedly malformed palatal vaults. 1I. Normal
juvenile measurements. J Dent Res. 1966, 45:266-9. 10.1177/00220345660450020801

5. Whitaker RHR: The relationship of nasal obstruction to contracted arches and dental irregularities . Dent Rec.
1911, 3:425.

6. Hassanali J, Odhiambo JW: Analysis of dental casts of 6-8- and 12-year-old Kenyan children . Eur J Orthod. 2000,
22:135-42. 10.1093/ejo/22.2.135

7. McNamara JA: A method of cephalometric evaluation . Am J Orthod. 1984, 86:449-69.

8. Warren JJ, Bishara SE: Comparison of dental arch measurements in the primary dentition between contemporary
and historic samples. Am J Orthod Dentofacial Orthop. 2001, 119:211-5. 10.1067/mod.2001.112260

9. Bishara SE, Jakobsen JR, Treder J, Nowak A: Arch width changes from 6 weeks to 45 years of age . Am J Orthod
Dentofac Orthop. 1997, 111:401-9. 10.1016/S0889-5406(97)80022-4

10. Mahdi E: Assessment of facial and cranial development and comparison of anthropometric ratios . J Craniofac
Surg. 2012, 23:e75-83. 10.1097/SCS.0b013e3182468612

11. Sharaf R, Radwan E, Salem G, El-yazeed M: Dental arch form and arch dimensions among a group of Egyptian
children and adolescents. Bull Nation Res Cen. 2022, 46:10. 10.1186/s42269-022-00887-w

12. Kareem FA, Rauf AM, Rasheed TA, Hussain FA: Correlation of three dimensions of palate with maxillary arch
form and perimeter as predictive measures for orthodontic and orthognathic surgery. Children (Basel). 2021, 8:10.3390/
children8060514

13. Linder-Aronson S, Lindgren J: The skeletal and dental effects of rapid maxillary expansion . Br J Orthod. 1979,
6:25-9. 10.1179/bjo.6.1.25

14. Gwynne-Evans E: Discussion on the mouth-breather. Proc R Soc Med. 1958, 51:279-85.

15. Klein ET: The thumb-sucking habit: meaningful or empty?. Am J Orthod. 19711, 59:283-9. 10.1016/0002-
9416(71)90101-1

16. Antunes CF, Bigliazzi R, Bertoz FA, Ortolani CL, Franchi L, Jr KF: Morphometric analysis of treatment effects
of the Balters bionator in growing Class Il patients. The Angle. Orthodontist. 2013, 83:455-9. 10.2319/072512-605.1

17.Jain S, Raghav P, Misra V, Reddy CM, Singh S, Aggarwal S: Assessment of upper and lower pharyngeal airway
width in skeletal class I, 11 and 11l malocclusions. J Ind Orthod Soc. 2014, 48:446-53.

18. Flores-Blancas AP, Carruitero MJ, Flores-Mir C: Comparison of airway dimensions in skeletal class | malocclusion
subjects with different vertical facial patterns. Dental Press J Orthod. 2017, 22:35-42. 10.1590/2177-6709.22.6.035-042.0ar

19. Page DC, Mahony D: The airway, breathing, and orthodontics . J Compr Dentof Orthod. 2019, 1-2:44-50.

20. Malkoc S, Usumez S, Nur M, Donaghy CE: Reproducibility of airway dimensions and tongue and hyoid positions
on lateral cephalograms. Am J Orthod Dentofacial Orthop. 2005, 128:513-6. 10.1016/j.ajodo.2005.05.001

Ouinka kopeJsinii MisK IVIOTKOBUMM JUXAJIbHAMM HIJIAXAMU
Ta MiJIHEOIHHUM iHIEKCOM MPH Pi3HUX MOJEJISX POCTY CKeJIeTa

IBan Faymko?, Terpo @Jic?

! AcripanT Kadeapu OpTOIOHTII Ta MPOMEIEBTUKH OPTOIEIHIHOI cToMarosorii HamioHamsHOr o
MEIUYHOI0 YHIBEpCUTETY iMeH1 boromonbis.

2 JJokTOp MEIUYHHUX HaYK, Tpodecop Kadeapu OpTOAOHTIT Ta MPOTIEICBTUKH OPTONCIHYHOT
cromaroiorii HanioHaJbHOr0 METUYHOTO YHIBEpCUTETY iMeH1 boromomnbIis.
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Anomauia: B opmoooumii cmpykmypy 001uyus 1100UHU MOMHCHA USHAYUMU 3a CReYU@iuHUMU
XapaxmepucmuKamy ma aHamoMidHUMU KOPeaayiamu eIuOUHU, WUPUHU ma po3mipie nioneOinHs, wo
0onomazac y 8UsBleHHi anomaii npuxycy. binow enuboke yceioomnenus 36'a3Ky Midc CmpyKmypor
BEPXHIX OUXALHUX ULTIAXIE8 MA NOPYUEHHAMU OUXAHHSA NIO YAC CHY, A MAKONC 38 'SI3KY MIJC YUM CINAHOM
ma KpauiogayianbHowo mMopghonozielo 3a2aiom npuseeno 00 NOCMYNo8020 3POCMAHHA IHmepecy
00 DO3MIpPI8 8EPXHIX MA HUNCHIX OUXATbHUX WLIAXI8 NPOMALOM OCMAHHIX KIIbKOX Oecamunims.y
oocnidicenni gzsanu yyacmov 30 yuacnuxis, cepeodniil ik skux cmanosus 17,5 poxie. Yuacnuxam 6yau
npusnayeni ckenemi kiacu |, 1l ma Wl na ocnosi ixuvoco kyma ANB (mouka A, nazion, mouxa B) (N = 10).
Mooeni 0ocnidxcenHs BUKOPUCTNOBYBANUCS OJisL PO3PAXYHKY 8UCOMU NIOHEDIHHS, WUPUHU NIOHeOIHHSA
ma iHoeKcy aucomu nioHebinHa 3a donomozoro ananizy Koprxayca. /[ns 6umiprosanus posmipie 6epxHix
Ma HUNACHIX 2NIOMKOBUX OUXATLHUX WIAXIE HA OCHOGI 1amepabHOil yepanoecpamu eUKOPUCmos8y8ascs
ananiz ouxanvuux wasaxie Maxnamapu. /[ po3paxyHKy pe3yivmamieé UKOPUCMOBY8ABC Mecm
ANOVA. Il]o00 nionebinHo20 iHOeKCYy ma po3mipie OUXANIbHUX WIAXI8, CNOCMepPieanacs CMamucmudHoO
3Hauywa pisHuys y 6cix mpwvox epynax anomaniv npuxycy (knac |, W ma ). ¥V cy6'exmie 3i ckenemmnum
anomanicio |l knacy cnocmepicanucs naiieuwi cepeoni snavenns nionedinnoco indexcy (P=0,03). /s
8epxHix ouxanbHux uinsxie kiac | mas natibinoue cepeone snauenns (P=0,041), mooi sk knac lll mas
natisuuge cepeone snavenns (P=0,026) ons nuscnix ouxanonux wisixis. Byno 3po6ieno ucHO80K, o
cy6'exmu 31 ckenemuum munom Il knacy maromo ucoxe niOHeOIHHA Ma 3MEHUEHT BEPXHI MA HUICHI
OUxXanbHi wsIxXu nopieHaHo 3i ckenemuumu munamu kaacy | ma knacy W, axi noxasanu 6ineui éepxmi
Ma HUNACHI OUXANLHI WIAXU BIONOBIOHO.

Kuo4uoBi c;10Ba: opTOA0HTIS, A1arHO3, MATOJIOT 1Sl IPUKYCY, OPTOJOHTHYHI arapaTH, 3yOHa ayra.
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