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Original Article

Assessment of airway dimensions in
skeletal Class I malocclusion patients
with various vertical facial patterns:
A cephalometric study in a sample of
the Saudi population

Ahmed Ali Alfawzan

Abstract:

OBJECTIVE: To compare airway widths among skeletal Class | malocclusion patients with different
vertical facial patterns.

MATERIAL AND METHODS: A total of 103 lateral cephalograms of skeletal Class | patients (mean
age of 20 + 2.3 years) with no history of orthodontic treatment, trauma, facial syndromes, or
nasopharyngeal dysfunction were included. Based on the Frankfort-mandibular plane angle
measurements, the sample was divided into three groups: low-angle, high-angle, and normal-angle
groups. Upper and lower pharyngeal airway widths were measured as described by McNamara. The
analysis of variance test was performed to compare the means of groups. Pairwise comparisons
were performed using Tukey’s post-hoc test. Differences were considered statistically significant
at P <0.05.

RESULTS: ANOVA showed a significant mean difference between the groups for both the upper
and lower airway widths with P values of 0.011 and 0.003, respectively. Tukey Pairwise comparisons
showed the upper airway width to be significantly narrower in the high-angle group compared to
the normal-angle (P=0.021) and low-angle groups (P=0.013). Furthermore, the lower airway width
in the high angle group was significantly narrower than the normal angle (P=0.020) and low-angle
groups (P=0.017). There were no statistically significant differences between normal and low angle
groups.

CONCLUSIONS: The upper and lower pharyngeal widths in the Class | high-angle group were
significantly narrower than those in the normal-angle and low-angle groups.
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Introduction functions and craniofacial growth; some

of these studies revealed a positive

he airway system plays an important
role in craniofacial growth and the
development of a respiratory function.!
Many studies have been conducted to assess
the relationship between respiratory
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correlation between the airway system and
the craniofacial morphology, while others
did not reveal any relationship.**! Adenoid
hypertrophy, tonsillar hypertrophy, and
allergic rhinitis can cause mouth breathing,
snoring, or sleep apnea.™

Anatomically, the respiratory tract is
separated into the upper part, comprising

How to cite this article: Alfawzan AA. Assessment
of airway dimensions in skeletal Class | malocclusion
patients with various vertical facial patterns:
A cephalometric study in a sample of the Saudi
population. J Orthodont Sci 2020;9:12.

© 2020 Journal of Orthodontic Science | Published by Wolters Kluwer - Medknow



Alfawzan: Airway dimensions with various vertical facial patterns

the mouth, nose, pharynx, and larynx, and the
lower respiratory tract, comprising trachea, bronchi,
bronchioles, alveolar duct, and alveoli.5”!

The pharynx is an irregular fibromuscular tube
lined by the mucous membrane. Its average length
is approximately 12-14 c¢m, and it is divided into
three sections: the nasopharynx, oropharynx, and
laryngopharynx.P! Its oral part is located behind the
opening of the oral cavity, while its laryngeal part is
located behind the inlet of the larynx."! Its dimensions
are affected by the relative growth, soft tissue capsule,
position, and morphology of the mandible."*!

McNamara™ proposed an airway analysis to evaluate
the widths of the upper and lower pharyngeal airways.
A deviation from the normal dimension was considered
to be a sign of airway impairment.

Various angular and linear measurements have been
used to assess the skeletal vertical facial patterns.
Tweed!" used the angle formed by the intersection of
the Frankfort horizontal plane and the mandibular plane
to assess the mandibular plane inclination. The Y-axis is
used to assess the growth pattern in Down’s analysis.[’]
The sella-nasion to mandibular plane angle (SN-MP) is
used in the Steiner analysis™ for the evaluation of the
mandibular plane inclination. Linear measurements,
such as the Jarabak ratio and facial height ratio, were
also used to assess the facial vertical growth of the
individual."”!

The present study was designed to assess the pharyngeal
airway dimensions among Class I subjects with different
vertical facial patterns.

Subjects and Methods

The sample comprised lateral cephalograms of 103
untreated patients (45 women and 58 men; mean age of
20 + 2.3 years) that were obtained from the Department
of Orthodontics, Eastern Riyadh Specialist Dental Center,
Riyadh, Kingdom of Saudi Arabia. The study was
approved by the Dental Ethics Committee of College
of Dentistry in Ar Rass, Qassim University, Ar Rass,
Saudi Arabia (Code # DRC/003FA /19, Date of approval:
22-10-2019).

Inclusion criteria were as follows: lateral cephalometric
radiograph with an acceptable diagnostic contrast,
mature patients with a skeletal Class I relationship based
on the ANB value (2° + 2°), with no history of previous
orthodontic treatment, trauma, facial syndromes,
or pathological or developmental nasopharyngeal
dysfunction.
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To evaluate measurement errors, 20 cephalometric
radiographs were randomly selected and traced for
angular and linear variables. The same observer repeated
the tracing after 10 days; no significant differences were
found using the concordance correlation coefficient test.
Cephalometric radiographs were traced using the Quick
Ceph Studio program. Measurements used for this study
were the anteroposterior positions of the maxilla (SNA)
and mandible (SNB), basal arch relation (ANB), Frankfort
mandibular plane angle (FMA), and upper and lower
airway widths [Figure 1]. The upper (nasopharynx) and
lower (oropharynx) pharyngeal airway widths were
measured as described by McNamara.""! The upper
pharyngeal airway (UPA) width was measured as the
shortest distance between the posterior outline of the
soft palate to the posterior pharyngeal wall. The lower
pharyngeal airway (LPA) width was measured from the
point of intersection of the posterior border of the tongue
and inferior border of the mandible to the nearest point
on the posterior pharyngeal wall. Regarding the vertical
facial patterns, based on the Frankfort mandibular
plane angle, the sample was divided into low-angle,
normal-angle, and high-angle groups, using Tweed’s
standard range of FMA (22°-28°).'2l FMA between 22°
and 28° was considered to be a normal angle. FMA
above 28° was considered to be a high angle, while
FMA below 22° was considered to be a low angle.
The means, standard deviations, and minimum and
maximum values were calculated. Before making any
group comparisons, consistency with the assumptions
of normality and homogeneity of variances with the
Shapiro-Wilk and Levene’s test were assessed. The
analysis of variance (ANOVA) test was performed to
compare the means of groups, and the significance of the
mean difference between the groups was calculated with
Tukey’s post-hoc test. Analyses were performed using
SPSS, version 22.0 (IBM SPSS Statistics for Windows,
version 22.0; IBM Corp., Armonk, NY, USA). Differences
were considered statistically significant at P <0.05.

Figure 1: Reference points and lines used for this study
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Results

The study sample consisted of 103 skeletal Class I
patients (ANB: 1.3° +0.9°). According to the vertical facial
pattern, the normal, low, and high angles were seen in
37 (Mean age: 18.7 + 2.1 years, Mean FMA: 25° + 2.4°),
30 (Mean age: 18.9 + 3.4 years, Mean FMA: 18° + 1.6°),
and 36 (Mean age: 19.9 + 1.8, Mean FMA: 35° + 1.9°)
patients, respectively.

Table 1 shows the mean and standard deviation of the
upper and lower airway measurements for different
vertical facial pattern groups. The mean upper airway
width was the highest for the low-angle group and
the lowest for the high-angle group. According to
ANOVA results, statistically significant differences
were found in the upper airway width among the three
groups (P < 0.05).

When comparing the mean upper airway widths of
subjects with a high angle to subjects with a normal or
low angle, the Tukey test revealed that the mean upper
airway width was significantly lower in the high-angle
group than in the normal-angle or low-angle group
(P < 0.05). The mean upper airway width did not differ
significantly between the normal-angle and low-angle
groups (P > 0.05; Table 2). The upper pharyngeal airway
dimension decreased as the vertical facial pattern
increased.

Statistically significant differences were found in the
lower airway width among the three groups (P < 0.05;
Table 1). The Tukey test showed that the mean lower
airway width was significantly lower in the high-angle
group than in the normal-angle or low-angle group
(P<0.05). The mean lower airway width did not differ
significantly between the normal-angle and low-angle
groups (P > 0.05; Table 3).

Discussion

Orthodontists and sleep medicine specialists are
concerned regarding the relation between craniofacial
morphology and airway dimensions. There is no
final agreement on the effect of respiratory function
abnormalities on craniofacial growth. Bresolin et al.'é]
stated that mouth breathing is a predisposing factor for
long face syndrome. In contrast, Emslie et al.'"”! excluded
the relationship between mouth breathing and long face
syndrome.

In the present study, cephalometric radiographs were
used to measure airway dimensions. In their 2011
study, Parkkinen et al."¥ supported the reliability of the
lateral cephalometric radiography technique to measure
nasopharyngeal and retropharyngeal dimensions.
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Table 1: Comparison of airway dimensions among
the three groups

Airway Normal Low High P
angle angle angle
group group group
Upper airway width (mm) 12.3+2.4 12.6+3.7 10.1x2.6 0.011
Lower airway width (mm)  11.3+3.2 11.9+1.4 8.7+2.7 0.003

Table 2: Comparison of upper airway dimensions
among subjects with various vertical facial patterns

Vertical Facial pattern P

High angle vs. Low angle 0.013
High angle vs. Normal angle 0.021
Normal angle vs. Low angle 0.232

Table 3: Comparison of lower airway dimensions in
subjects with various vertical facial patterns

Vertical Facial pattern P

High angle vs. Low angle 0.017
High angle vs. Normal angle 0.020
Normal angle vs. Low angle 0.421

The current study revealed that the mean horizontal
upper airway dimensions were the highest
in the low-angle group (12.6 + 3.7 mm), followed by
the normal-angle group (12.3 + 2.4 mm) and then
the high-angle group (10.1 + 2.6). These findings are
similar to those of Ucar et al.”» who found that the upper
posterior airway space was the highest in the low-angle
group (12.9 + 3.2 mm) followed by the normal-angle
group (12.2 + 2.8 mm) and then the high-angle group
(10.8 = 3.2 mm).

Similarly, the mean lower airway width was the highest
in the low-angle group (11.9 + 1.4 mm), followed by
the normal-angle group (11.3 + 3.2 mm) and then the
high-angle group (8.7 + 2.7 mm), contrary to Ucar et al.’s!
findings of the least lower posterior airway space in the
normal-angle group (9.9 + 2.7 mm) and the highest lower
posterior airway space in the low-angle group (10.4 + 3.2
mm) followed by the high-angle group (10.8 + 3.1 mm).

The examination of upper airway dimensions in subjects
with different vertical facial patterns showed that
subjects with a high angle had a statistically significant
narrow upper airway width compared to subjects with a
low or normal angle (P = 0.013, P = 0.021, respectively).
However, no statistically significant difference was
found in the upper airway width between the low and
normal angle groups (P = 0.232).

A significant difference was found between the lower
airway widths in the high-angle and low-angle groups
and high-angle and normal-angle groups (P = 0.017,
P = 0.020, respectively). However, no statistically
significant difference was found in the upper airway
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width between the low-angle and normal-angle
groups (P = 0.421). According to the results by Freitas
et al ™'with alarger vertical pattern, increased narrowing
of the upper airway is expected. Ucar et al.”) reported
statistically significant variations between the low-angle
and normal-angle facial patterns for the nasopharyngeal
airway space but no significant differences in the
oropharyngeal airway widths contradictory to the
present study.

Besides, Ceylan and Oktay™ reported than an increase
in the ANB angle decreases the oropharyngeal space. In
a study involving Class Il malocclusion patients, Batool
et al.” found that those with vertical growth patterns
have remarkably narrower upper and lower pharyngeal
airways than those with horizontal growth patterns. In
the present study, only skeletal Class I individuals were
included. In agreement with our study, Akcam et al.’s*!l
study showed that subjects with posterior mandibular
rotation had a narrower upper airway dimension.
Joseph et al.B! found that the hyperdivergent group
had a narrower anteroposterior pharyngeal dimension
compared to the normodivergent control group. Memon
et al. showed that Class I and Class II malocclusion
subjects with a hyperdivergent facial pattern had a
statistically significant narrow upper pharyngeal airway
width compared to those with a normodivergent or
hypodivergent facial pattern.

Deficient anteroposterior development of the
craniomaxillary complex in hyperdivergent patients
could be linked to the decrease in the superior part
of the upper airway dimensions.” Downward and
backward rotations of the mandible might be related to
the narrowing of the pharyngeal airway.

Therefore, the decreased pharyngeal airway in
hyperdivergent subjects cannot be attributed only to the
larger adenoids or presence of soft tissues in the posterior
nasopharyngeal region but may also be the consequence
of other factors that are not fully understood.*!

A narrow pharyngeal airway space increases the
susceptibility for mouth breathing and obstructive sleep
apnea.”” The orthodontist should be aware of the effect
of airway deficiency, which might be a predisposing
factor for craniofacial defects and its effect on orthodontic
treatment stability.

Conclusions

The following conclusions can be drawn from this study:

* The upper and lower airway widths are seen to
be narrower in subjects with Class I high-angle
patients than those in the normal-angle and low-angle
patients
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e Similar studies are recommended to assess the
volumetric capacity of the airway.

Acknowledgments

The author would like to thank Dr. Moataz Alruwaithi,
consultant of orthodontics and maxillofacial orthopedics,
Eastern Riyadh Specialist Dental Center, Riyadh, Saudi
Arabia for all of his support in collecting the data of this
study, careful, constructive and insightful comments
concerning this work.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Lopatiené K, Dabkuté A, Juskeviciaté V. Vertical and sagittal
morphology of the facial skeleton and the pharyngeal airway.
Stomatologija 2016;18:21-5.

2. Batool I, Shaheed M, Rizvi SA, Abbas A. Comparison of upper
and lower pharyngeal airway space in class Il high and low angle
cases. Pak Oral Dent ] 2010;30:81-4.

3.  Joseph AA, Elbaum ], Cisneros GJ, Eisig SB. A cephalometric
comparative study of the soft tissue airway dimensions in persons
with hyperdivergent and normodivergent facial patterns. ] Oral
Maxillofac Surg 1998;56:135-9.

4. Lampasso JD, Lampasso JG. Allergy, nasal obstruction, and
occlusion. Semin Orthod 2004;10:39-44.

5. Patwa A, Shah A. Anatomy and physiology of respiratory system
relevant to anaesthesia. Indian ] Anaesth 2015;59:533-41.

6. Ciprandi G, Caimmi D, Miraglia del Giudice M, La Rosa M,
Salpietro C, Marseglia GL. Recent developments in united airways
disease. Allergy Asthma Immunol Res 2012;4:171-7.

7. Masoud Al, Jackson GW, Carley DW. Sleep and airway
assessment: A review for dentists. Cranio 2017;35:206-22.

8.  Sakamoto Y. Gross anatomical observations of attachments of the
middle pharyngeal constrictor. Clin Anat 2014;27:603-9.

9. Ucar FI, Uysal T. Orofacial airway dimensions in subjects with
Class I malocclusion and different growth patterns. Angle Orthod
2011;81:460-8.

10. Brasil DM, Kurita LM, Groppo FC, Haiter-Neto F. Relationship of
craniofacial morphology in 3-dimensional analysis of the pharynx.
Am ] Orthod Dentofacial Orthop 2016;149:683-91.

11. McNamara, JA. A method of cephalometric evaluation. Am |
Orthod 1984;86:449-69.

12. Tweed CH. The Frankfort-mandibular plane angle in orthodontic
diagnosis, classification, treatment planning, and prognosis. Am
J Orthod Oral Surg 1946;32:175-230.

13. Downs WB. Variations in facial relationships, their significance
in analysis and treatment planning. Am J Orthod 1948;34:812-23.

14. Steiner CC. Cephalometrics for you and me. Am ] Orthod
1953;39:729-55.

15. Horn AJ. Facial height index. Am ] Orthod Dentofacial Orthop
1992;102:180-6.

16. Bresolin D, Shapiro PA, Shapiro GG, Chapko MK, Dassel S.
Mouth breathing in allergic children: Its relationship to dentofacial
development. Am J Orthod 1983;83:334-40.

17.  Emslie RD, Massler M, Zwemer JD. Mouth breathing: I. Etiology
and effects (A review). ] Am Dent Assoc 1952;44:506-21.

18. Pirila-Parkkinen K, Lopponen H, Nieminen P, Tolonen U,

17



19.

20.

21.

18

Alfawzan: Airway dimensions with various vertical facial patterns

Paakko E, Pirttiniemi P. Validity of upper airway assessment in
children: A clinical, cephalometric, and MRI study. Angle Orthod
2011;81:433-9.

De Freitas MR, Alcazar NM, Janson G, de Freitas KM,
Henriques JF. Upper and lower pharyngeal airways in subjects
with class I and class II malocclusions and different growth
patterns. Am J Orthod Dentofacial Orthop 2006;130:742-5.
Ceylan I, Oktay H. A study of the pharyngeal size in
different skeletal patterns. Am ] Orthod Dentofacial
Orthop 1995;108:69-75.

Akcam MO, Toygar TU, Wada T. Longitudinal investigation
of soft palate and nasopharyngeal airway relations in different

22.

23.

24.

rotation types. Angle Orthod 2002;72:521-6.

Memon S, Fida M, Shaikh A. Comparison of different craniofacial
patterns with pharyngeal widths. ] Coll Physicians Surg Pak
2012;22:302-6.

Zhong Z, Tang Z, Gao X, Zeng XL. A comparison study of
upper airway among different skeletal craniofacial patterns in
nonsnoring Chinese children. Angle Orthod 2010;80:267-74.
Ansar ], Singh RK, Bhattacharya P, Agarwal DK, Verma SK,
Maheshwari S. Cephalometric evaluation of the airway
dimensions in subjects with different growth patterns. ] Orthod
Res 2015;3:108-2.

Journal of Orthodontic Science | 2020



