Is there a correlation between airways
dimensions and transversal dental distances in
children with different growth patterns?

ABSTRACT |

Aims: The aim of this study was to evaluate the correlation between airway dimension sizes, transversal
dental distances, and craniofacial growth pattern.

Study design: Retrospective observational study

Place and Duration of Study: Sample: Department of Restorative Dentistry, Division of Orthodontics,
School of Dentistry, between March 2018 and December 2023.

Methodology: A sample of 271 children aged between 7 and 10 years was evaluated. Airways and facial
angles were measured to determine the pattern of facial growth. Maxillary transverse dimensions were
assessed using plaster study models. Two groups were delimited with 30 individuals each according to
the most extreme facial measurements: patients with horizontal and vertical growth tendency. The
correlations between nasopharynx and oropharynx size with maxillary intercanine and intermolar
distances in different craniofacial growth patterns were evaluated.

Results: Vertical group presented significantly smaller dimensions of the nasopharynx and maxillary
intercanine distance. Oropharynx dimension and intermolar distance are similar for both vertical and
horizontal patterns. There was no significant correlation between nasopharynx and oropharynx size and
maxillary intercanine and intermolar distances.

Conclusion: Patients with a vertical growth pattern have smaller nasopharyngeal dimensions and greater
anterior maxillary atresia than patients with a horizontal growth pattern. Oropharyngeal dimensions and
maxillary intermolar distance are similar in different growth patterns.
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1. INTRODUCTION

Facial growth theories, such as Moss's Functional Matrix theory [1], place correct nasal breathing as a promoter of
adequate growth and development of the craniofacial complex, interacting with other functions, such as chewing and
swallowing. Furthermore, the relationship between nasal breathing and the development of palatal width and maxillary
sinus size has significant clinical implications. Proper nasal breathing exerts a positive influence on palatal expansion and
maxillary sinus growth, both of which are essential for the harmonious development of the craniofacial complex. For this
reason, the development of chronic mouth breathing, caused or not by airway obstruction, may represent an etiological
factor for the occurrence of morphological changes, negatively influencing the development of the craniofacial complex
and dentoalveolar structures [2].

Studies point to an increased prevalence of Class Il skeletal malocclusions, posterior crossbite and anterior open bite in
mouth breathing children [3]. Such facial development problems occur due to backward and downward rotation of the
mandible, with a consequent increase in the maxillary-mandibular plane angle and narrowing of both maxillary and
mandibular arches at the level of the canines and first molars [4,5]. Mandibular retrusion has been related to a more
retruded position of the hyoid bone, which in turn alters the morphology of the airways. Some skeletal characteristics such



as maxillary and mandibular retrusion and vertical maxillary excess in hyperdivergent individuals lead to an
anteroposterior narrowing of the airways [6].

In addition to the anteroposterior and vertical disorders, the maxillary transversal contraction, known as maxillary atresia,
are directly related to a breathing pattern. Ravelo et al. (2020) [7] compared the three-dimensional measurements of pre-
and post-rapid maxillary expansion (RME) patients and noted an increase in nasopharyngeal dimensions. Recent study
[8] have demonstrated that the dimensions of the pharyngeal morphology may vary according to craniofacial growth and
therapies with functional appliances. Hence, previous studies [9,10] have shown that performing RME in cases of
maxillary atresia can favorably alter the breathing pattern by expanding the dimensions of the nasal cavity.

Therefore, the purpose of this study was to investigate the correlation between the dimensions of the naso- and
oropharyngeal airways in the anteroposterior and transverse directions, analyzing the maxillary intercanine and intermolar
distances in children with short and long faces. The null hypothesis was tested that there is no difference in the
dimensions of the airways (oropharynx and nasopharynx) in the anteroposterior and transverse directions, with no
correlation in individuals with extreme vertical and horizontal growth patterns.

2. MATERIAL AND METHODS

The retrospective convenience sample was obtained from the files of the Department of Orthodontics, Faculty of
Dentistry, XXXXXXXXXXX (XXXX) and consisted of 271 lateral cephalometric radiographs and plaster models at
treatment onset of children aged 7 to 10 years. This study was approved by the Research Ethics Committee (CAAE:
12729519.6.0000.5149). The selection criteria were initial lateral cephalometric radiographs and dental study models of
children between 7 and 10 years of age, complete eruption of all maxillary incisors and first molars, dental study models in
good condition, without tooth fractures; and, absence of dental anomalies.

Lateral cephalometric radiographs were used to measure both the craniofacial growth pattern and the dimensions of the
airways. The Radiocef Studio program (Radio Memory, Belo Horizonte, Brazil) was used for cephalometric tracings to
measure the airways and angles to assess the children's facial types.

A sample calculation was performed for an alpha significance level of 5% and a beta of 20%, to reach a test power of 80%
and detect a minimum difference of 1.30 mm and standard deviation of 1.71 mm in the oropharynx variable [11], thus
verifying the need for 28 individuals per group. This way, from this initial sample, patients were divided into 2 groups of 30
patients according to facial growth pattern. Group 1, consisting 14 males and 16 females, with a vertical growth pattern,
aged between 7.52 and 9.6 years. Group 2, consisting 18 males and 12 females, with a horizontal growth pattern, aged
between 7.64 and 9.7 years.

The methodology used to classify individuals as those with a tendency to vertical or horizontal growth was in accordance
with that used by Neves et al. (2005) [12], adding the measure of the Ricketts Facial Axis Angle. The sample of these
groups were formed from the individuals with the most extreme measures of the entire sample. For this, the 271
individuals were listed in ascending order of the measurements obtained from FMA, SN-GoGn and NS-Gn, and the sum
of the first 30 patients in this list were separated into the Horizontal group, with smaller facial angles. The last 30 patients
who had the sum of the larger Facial Angles measurements, were assigned to the Vertical group. For the BaN-PtGn
Angle (Ricketts Facial Axis) the principle was the same, but in this case the listing was organized in descending order,
since this magnitude is inversely proportional to the others used to determine the pattern of facial growth (Figure - 1A).
Pharyngeal measurements were performed by measuring the linear distance, in millimeters, between the marked points,
as shown in Figure — 1B, where the measurement of the nasopharynx was performed by establishing a point on the upper
portion of the dorsum of the soft palate where it was as close as possible to the posterior wall of the nasopharynx (Nfp),
and the second point was marked at the shortest distance from the first (Nfa). The oropharynx was measured by
establishing a point at the intersection between the dorsum of the tongue and the external cortical bone of the mandible
(Bfa) and a second point at the shortest distance from the first, also at the intersection between the external cortical bone
of the mandible and the oropharynx (Bfp), as recommended by McNamara Jr. (1984) [13].



Figure 1: Anatomic tracement with cephalometric measurements [A. FMA: angle from Frankfurt horizontal plane
and mandibular plane (blue); GoMe: NS-Gn (Y growth axis): angle from SN e SGn lines (yellow); SN-GoGn:
angle from SN line and mandibular plane GoGn (pink); BaN-PtGn (Ricketts Facial Axis): angle from BaN line and
PtGn facial axis (red). B. In red, measurement of the nasopharynx upper portion of the dorsum of the soft palate
the posterior wall of the nasopharynx (Nfp), and the second point was marked at the shortest distance from the
first (Nfa). In blue, measurement of the oropharynx at the intersection between the dorsum of the tongue and the
external cortical bone of the mandible (Bfa) and a second point at the shortest distance from the first, also at the
intersection between the external cortical bone of the mandible and the oropharynx (Bfp).]

Dental study models were used to measure the intercanine and intermolar distances of the maxillary arch. For this, they
were positioned on a flat surface and the central fossa of the maxillary first permanent molars were used as a reference,
for the calculation of the intermolar distance, and the cusp tips of the canines for the intercanine distance. Measurements
were performed by a calibrated examiner (N.D.L.), who used a digital caliper with a precision of 0.01lmm (Mtx, Shanghai,
China).

2.1 Method error

Fifty-five pairs of dental study models and 55 randomly selected radiographs were remeasured by the same examiner
(N.D.L.). The casual error was determined using the Dahlberg’s formula, (S2=% d?/2n), and the systematic error with
dependent t tests, at P < 0.05.

2.2 Statistical analysis

The Shapiro-Wilk normality test was performed to verify the normality of the data in the cephalometric variables. The
independent t test was used to verify the compatibility of the groups in relation to the initial ages. The chi-square test was
also used to verify gender distribution between the vertical and horizontal groups.

In the sample with normal distribution, Pearson's correlation test was used to assess the existence of a correlation
between the intercanine and intermolar distances, the size of the upper and lower airways, and the cephalometric
variables related to the patient's growth pattern. When there was no normal distribution, the existence of correlation
between the variables was assessed using the Spearman correlation test.

For the comparison between the vertical and horizontal groups in the variables related to the growth pattern, intercanine
and intermolar distances and size of the upper and lower airways, the independent t test was used when the data
distribution was normal. In cases where there was no normal distribution, the intergroup comparison was performed using
the non-parametric Mann-Whitney test.

All tests were performed with the BioStat program (BioStat 5.3, Gent, Belgium), adopting a significance level of 5%.

3. RESULTS

Random errors ranged from 0.50 (Nasopharynx) to 1.26 (FMA) and none of the variables showed significant systematic
error.



In assessing the normality of the data using the Shapiro-Wilk test, it was found that the nasopharynx, oropharynx, FMA
and Facial Axis variables did not present normal distribution in the horizontal group. The vertical and horizontal groups
were compatible in terms of mean initial age and gender distribution (Table 1).

Table 1 — Baseline characteristics.

Variables Vertical group Horizontal group
Mean/Median  SD/ IR* Mean/Median SD/ IR” p
Age* 8,56 1,04 8,67 1,03 0,7094
NSGn* 73,70 2,36 62,17 2,46 0,0000
SN-GoGn* 43,67 2,06 26,63 2,68 0,0000
FMA** 35,00 4.87 20,00 5.73 0,0000
Facial axis** 83,00 3.11 96,00 2.76 0,0000
Man Woman p
Vertical*** 14 16
Horizontal*** 18 12 F°

= SD, standard deviation; IR, Interquartile range; * Independent t-test; ** Mann-Whitney test; ***Chi-square test

The vertical group presented a significantly smaller size of the nasopharynx and intercanine distance compared to the
horizontal group (Table 2).

Table 2 — Comparison of distances (in mm) between vertical and horizontal groups.
Variables Vertical group n=30 Horizontal group n=30 p
Mean/Median SD/IR* Mean/Median  SD/ IR*

Intercanine

distance* 31,80 2,89 33,80 258  0,0064
Intermolar

distance* 45,20 2,76 46,23 329  0,1924
Nasopharynx** 5,00 4.15 7,00 3.61 0,0436
Oropharynx** 10,50 5.35 10,00 5.76 0,4119

= SD, standard deviation; IR, Interquartile range; *Independent t test; *Mann-Whitney test

The results of the correlation tests between the assessed variables showed a significant positive correlation between:
upper intercanine and upper intermolar distances; oro and nasopharyngeal sizes; and facial axis angle and upper
intercanine distance, and nasopharyngeal and oropharyngeal sizes. Furthermore, a significant negative correlation was
found between: the NS-Gn angle and the upper intercanine and intermolar distance; the SN-GoGn angle and the upper
intercanine distance; and, the FMA angle and the upper intercanine distance (Table 3).

Table 3 — Results of the correlation test among cephalometrics, dental and airways variables.

Intercanine  Intermolar Nasopharynx  Oropharynx NS-Gn SN-GoGn FMA Facial
distance distance Axis

Intercanine X r=0,62* r=0,07* r=0,01* r=-0,23 r=-0,20 r=-0,15 r=0,24*
distance p= 0,000 p=0,243 p=0,824 p=0,0002 p=0,0009 p=0,0142  p=0,000
Intermolar X r=0,39* r=-0,00* r=-0,12* r=-0,11* r=-0,01* r=0,08*
distance p= 0,530 p=0,947 p=0,047 p=0,070 p=0,812 p=0,200
Nasopharynx X r=0,18* r=-0,11* r=-0,09* r=-0,06* r=0,21*
p=0,004 p=0,063 p=0,122 p=0,299 p=0,001
Oropharynx X r=-0,06* r=0,06* r=0,00* r=0,13*
p=0,355 p=0,298 p=0,998 p=0,028

* Spearman test correlation
4. DISCUSSION

The use of teleradiographs to assess the airways has been used quite frequently and in a recent study [14] it was found
that although tomography showed greater variability in the results of acquired airway sizes, teleradiographs showed a
moderately high correlation with CT scans between areas and volumes of the airways. Therefore, it is considered possible
that the research conducted utilizing cephalometric radiographic images is capable of identify a pattern in the behavior of
the studied structures, since this type of study has been carried out by other authors [15,16]. Cephalometric variables



were selected due to their convenient and routinely use by orthodontists to classify facial growth pattern, as previous [12].
The findings of the present study showed smaller nasopharyngeal and intercanine distances of the Vertical group
(hyperdivergent) compared to horizontal group (hypodivergent). Thus, the null hypothesis was rejected.

The upper nasopharyngeal distance was previously related to increase with age [17]. In our study children with similar
age, close to eight and a half years, were included to mitigate the age effect. The result of smaller nasopharyngeal width
in hyperdivergent individuals agrees with previous studies [11,18]. Despite an adenoid hypertrophy may possible cause
narrower nasopharyngeal widths, the presence of hypertrophic adenoids enlargement seems to be more pronounced in
the hyperdivergent face after eight years of age [19]. Hence, upper nasopharyngeal distance in children is more
representative of the bony nasopharynx than the soft tissue changes within it [20]. Thus, measurement of upper
nasopharynx has limited effects of adenoids that could mislead the correlation of bone growth pattern. Besides, Joseph et
al. (1998) [21] suggested that the difference is due to a relative bimaxillary retrusion presented by the hyperdivergent
group. This is in accordance to the results of Facial Axis found that expresses the ratio of facial height to facial depth. The
Vertical group had lower values of this angle indicating an anteroposterior retrusion compared to Horizontal group.

Contrary to the results of upper nasopharynx dimension, the lower oropharynx widths were similar between the groups
with vertical and horizontal growth pattern. This observation suggests a limited association between the lower airways and
the facial type observed in our study, which is consistent with previous studies findings [6,22]. However, a different
outcome was found by Singh Tarkar et al. (2016) [23], who noted wider dimensions of the lower airways in patients with a
horizontal growth pattern. These patients also had the hyoid bone positioned further away from the mandible compared to
the vertical group. One possible explanation for this finding is the anterior position of the hyoid bone, which is also
observed in hyperdivergent individuals and contributes to an increase in oropharyngeal width [24]. Furthermore, since our
study included extreme cases hyper- and hypodivergent children, who are more likely to exhibit mouth breathing [20,25], it
was expected that the upper nasopharynx dimensions would decrease [11]. Nonetheless, the impact on the lower
oropharynx dimensions in these cases was not significant, as they receive a compensatory amount of air through the oral
airways.

A positive correlation was observed between oro- and nasopharynx. This observation suggests that the narrowing of the
airway could occur uniformly, affecting both the upper and lower regions. Nevertheless, the correlation coefficient was
found to be very low, indicating the possibility of other factors at play. One such explanation is the prevalence of
individuals with hypertrophy of the tonsils, which would lead to limited narrowing of the oropharynx. Another possibility is
the presence of hypertrophy of the adenoids, which would cause narrowing solely in the Nasopharynx, as previously
mentioned [23], with similar results.

In the Vertical growth group, the intercanine distance decreased by 2mm. According to Mani et al. (2015) [26], the vertical
facial growth pattern in children influences the transversal morphology of anterior upper arch, resulting in a triangular
geometry. In this regard, triangular palates in upper arches has been considered with more several atresia compared to
strict uniform palates [27]. This finding is in line with the negative correlation between the intercanine distance and all
measurements related to facial growth pattern. Therefore, the more vertical the patient, the smaller the intercanine
distance, indicating a higher likelihood of atresia in the anterior portion of the palate. Consequently, children with a vertical
growth pattern may be indicative of a palate that tends towards a triangular shape.

The intermolar distance was similar between both groups. Besides, a positive correlation between intercanine and
intermolar distances had the highest correlation coefficient found by this study (0,62). This data suggests that when there
is a maxillary atresia in the region of upper canines, an atresia within the posterior region may occur due to a smaller
intermolar distance. For the intermolar distance, there was a significant correlation only for one of the four magnitudes
studied to characterize the facial growth pattern, and even so a very low correlation, which would not allow us to state that
a child with a vertical growth pattern presents a strong tendency to an atretic palate in the posterior region, corroborating
with previous findings [28]. As hyperdivergent children have a greater tendency to be mouth breathers [20,25], this could
be an etiological factor for maxillary atresia, since mouth breathers have downward and backward posture of the tongue
[29] and greater pressure on the external facial muscles [30].

To the best of our knowledge, this is the first study that correlates airway anteroposterior distances to maxillary
transversal widths in children. In this study, there was no significant correlation between the transversal dimensions of the
maxilla and airway widths. A recent study in adolescents [31] found a positive and sex-dependent low correlation between
maxillary length and upper nasopharyngeal airway dimension. This contradictory result may have occurred due to
analysis made in children with maxillary transversal expansion still on development and less time period in contact to
facial muscles. The two-dimensional analysis used to measure the airways anteroposterior distance may be limited, and
possibly would not be able to detect lateral narrowing of the airspace even if it were present. Thus, as the results of the
present study did not show a correlation between intercanine and intermolar distances and the dimensions of the airways,



they suggest that the dimensions of the airways correlate only with the facial growth pattern. Future studies investigating
the relationship between sexual dimorphism and changes during maxillary expansion interventions should be explored to
gain further insights between sagittal and transverse growth patterns and airway dimensions.

5. CONCLUSION

In this study, we found a tendency for the nasopharynx and intercanine distance to have a smaller dimension in
individuals with vertical growth compared to those with horizontal growth. There was a very low correlation between the
dimensions of the nasopharynx and oropharynx between individuals, which suggests that the nasopharynx presents
greater alterations when compared with the type of facial growth pattern in children. The facial axis was the only growth
pattern variable that correlated with the size of the nasopharynx and oropharynx. Furthermore, there was a negative
correlation between the intercanine distance and the facial growth pattern and between the intermolar distance and the
variable of facial growth pattern NS-Gn.

ETHICAL APPROVAL

This study was conducted in accordance with all the provisions of the local human subjects oversight committee
guidelines and policies of: XXXXXXXXXXXXXXXXXXXXXXXXX. This study protocol was reviewed and approved by
[committee name and affiliation], approval number [12729519.6.0000.5149].

All authors hereby declare that all experiments have been examined and approved by the appropriate ethics committee
and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models (ChatGPT, COPILOT, etc.)
and text-to-image generators have been used during the writing or editing of this manuscript.

REFERENCES

1. Moss ML, Salentijn L. (1969). The primary role of functional matrices in facial growth. American Journal of
Orthodontics, 55(6):566-577. doi: 10.1016/0002-9416(69)90034-7.

2. Macari AT, Ghafari JG. (2023). Secondary analysis of airway obstruction in children with adenoid hypertrophy:
association with jaw size and position. Seminars in Orthodontics, 29(3):264-270. doi: 10.1053/j.s0d0.2023.04.001.

3. Souki BQ, Pimenta GB, Souki MQ, Franco LP, Becker HM, Pinto JA. (2009). Prevalence of malocclusion among mouth
breathing children: Do expectations meet reality? International Journal of Pediatric Otorhinolaryngology. 73(5):767-773.
doi: 10.1016/j.ijporl.2009.02.006.

4. Basheer B, Hegde KS, Bhat SS, Umar D, Baroudi K. (2014). Influence of mouth breathing on the dentofacial growth of
children: a cephalometric study. Journal of International Oral Health, 6(6):50-5.

5. Harari D, Redlich M, Miri S, Hamud T, Gross M. (2010). The effect of mouth breathing versus nasal breathing on
dentofacial and craniofacial development in orthodontic patients. The Laryngoscope, 120(10):2089-2093. doi:
10.1002/lary.20991.

6. Memon S, Fida M, Shaikh A. (2012). Comparison of different craniofacial patterns with pharyngeal widths. Journal of
the College of Physicians and Surgeons Pakistan, 22(5):302-6.



7. Ravelo V, Olate G, Daza MP, Brito L, Garay I, Olate S. (2020). 3-D Airway analysis related to facial morphology.
International Journal of Morphology, 38(2):423-426. doi: 10.4067/S0717-95022020000200423.

8. Rizk S, Kulbersh VP, Al-Qawasmi R. (2016). Changes in the oropharyngeal airway of Class |l patients treated with the
mandibular anterior repositioning appliance. Angle Orthodontist, 86(6):955-961. doi: 10.2319/042915-295.1.

9. Doruk C, Sokiicu O, Bicakgci A, Yilmaz U, Tas F. (2007). Comparison of nasal volume changes during rapid maxillary
expansion using acoustic rhinometry and computed tomography. European Journal of Orthodontics, 29(5):251-5. doi:
10.1093/ejo/cjl069.

10. De Felippe O, Silveira A, Viana G, Kusnoto B, Smith B, Evans C. (2008). Relationship between rapid maxillary
expansion and nasal cavity size and airway resistance: short- and long-term effects. American Journal of Orthodontics
and Dentofacial Orthopedics, 134: 370-382. doi: 10.1016/j.ajod0.2006.10.034.

11. Freitas MR, Alcazar N, Janson G, Freitas K, Henriques J. (2006). Upper and lower pharyngeal airways in subjects
with Class | and Class Il malocclusions and different growth patterns. American Journal of Orthodontics and Dentofacial
Orthopedics, 130(6):742-5. 10.1016/j.ajodo.2005.01.033.

12. Neves LS, Pinzan A, Janson G, Canuto CE, Freitas MR, Cancado RH. (2005). Comparative study of the maturation of
permanent teeth in subjects with vertical and horizontal growth patterns. American Journal of Orthodontics and
Dentofacial Orthopedics, 128:619-23. doi: 10.1016/j.ajodo.2004.05.026.

13. McNamara Jr JA. (1984). A method of cephalometric evaluation. American Journal of Orthodontics, 86(6):449-69. doi:
10.1016/s0002-9416(84)90352-x.

14. Aboudara C, Nielsen I, Huang J, Maki K, Miller A, Hatcher D. (2009). Comparison of airway space with conventional
lateral headfilms and 3-dimensional reconstruction from cone-beam computed tomography. American Journal of
Orthodontics and Dentofacial Orthopedics, 135(4):268-479. doi: 10.1016/j.ajodo.2007.04.043.

15. Armalaite J, Lopatiene K. (2016). Lateral teleradiography of the head as a diagnostic tool used to predict obstructive
sleep apnea. Dentomaxillofacial Radiololgy, 45(1): 20150085. doi: 10.1259/dmfr.20150085.

16. Zicari AM, Duse M, Occasi F, Luzzi V, Ortolani E, Bardanzellu F, et al. (2014). Cephalometric pattern and nasal
patency in children with primary snoring: the evidence of a direct correlation. PLoS One, 9(10):e111675. doi:
10.1371/journal.pone.0111675.

17. Vilella BS, Vilella OV, Koch HA. (2006). Growth of the nasopharynx and adenoidal development in Brazilian subjects.
Brazilian Oral Research, 20:70-5. doi: 10.1590/s1806-83242006000100013.

18. Flores-Blancas AP, Carruitero MJ, Flores-Mir C. (2017). Comparison of airway dimensions in skeletal Class |
malocclusion subjects with different vertical facial patterns. Dental Press Journal of Orthodontics, 22(6):35-42. doi:
10.1590/2177-6709.22.6.035-042.0ar.

19. Park JE, Gray S, Bennani H, Antoun JS, Farella M. (2016). Morphometric growth changes of the nasopharyngeal
space in subjects with different vertical craniofacial features. American Journal of Orthodontics and Dentofacial
Orthopedics, 150:451-8. doi: 10.1016/j.ajod0.2016.02.021.

20. Peltomaki T. The effect of mode of breathing on craniofacial growth — revisited. (2007). European Journal of
Orthodontics, 29:426-9. doi: 10.1093/ejo/cjm055.

21. Joseph A, Elbaum J, Cisneros G, Eisig SB. (1998). A cephalometric comparative study of the soft tissue airway
dimensions in persons with hyperdivergent and normodivergent facial pattern. Journal of Oral Maxillofacial Surgery,
56:135-139. doi: 10.1016/s0278-2391(98)90850-3.

22. Ucar Fl, Uysal T. (2011). Orofacial airway dimensions in subjects with class | malocclusion and different growth
patterns. Angle Orthodontist, 81:460-8. doi: 10.2319/091910-545.1.



23. Singh Tarkar J, Parashar S, Gupta G, Bhardwaj P, Maurya R, Singh A, et al. (2016). An evaluation of upper and lower
pharyngeal airway width, tongue posture and hyoid bone position in subjects with different growth patterns. Journal of
Clinical Diagnostic Research, 10(1):ZC79-83. doi: 10.7860/JCDR/2016/16746.7158.

24. Jena AK, Duggal R. (2011). Hyoid bone position in subjects with different vertical jaw dysplasias. Angle Orthodontist,
81(1):81-85. doi: 10.2319/092208-491.1.

25. Souki BQ, Lopes P, Pereira T, Franco LP, Becker HM, Oliveira D. (2012) Mouth breathing children and cephalometric
pattern: does the stage of dental development matter? International Journal of Pediatric Otorhinolaryngology, 76:837-41.
doi: 10.1016/j.ijporl.2012.02.054.

26. Mani P, Muthukumar K, Krishnan P, Kumar K. (2015). Upper and lower pharyngeal airway space in West-Tamil Nadu
population. Journal of Pharmaceutical Bioallied Science, 7(Suppl 2):S539-S542. doi: 10.4103/0975-7406.163532.

27. Beluzzo R, Faltin Jr K, Lascala C, Vianna L. (2012). Maxillary constriction: Are there differences between anterior and
posterior regions? Dental Press Journal of Orthodontics, 17(4):25.e1-6. doi: 10.1590/S2176-94512012000400009.

28. Pedreira MG, Almeida MH, Ferrer KJ, Almeida RC. (2010). Evaluation of maxillary atresia associated with facial type.
Dental Press Journal of Orthodontics, 15(3):71-77. doi: 10.1590/S2176-94512010000300009.

29. Abu Allhaija ES, Al-Khateeb SN. (2005). Uvulo-Glosso-Pharyngeal dimensions in different antero-posterior skeletal
patterns. Angle Orthodontist, 75:1012—-18. doi: 10.1043/0003-3219(2005)75[1012:UDIDAS]2.0.CO;2.

30. Luo, J., Liu, T., Wang, Y., & Li, X. (2024). The association between dental and dentoalveolar arch forms of children
with normal occlusion and malocclusion: a cross-sectional study. BMC Oral Health, 24(1):731. doi: 10.1186/s12903-024-
04515-z.

31. de Oliveira |, Pinheiro R, Freitas B, Reher P, Rodrigues V. (2023). Relationship between craniofacial and dental arch
morphology with pharyngeal airway space in adolescents. Journal of Orofacial Orthopedics, 84(Suppl 2):93-103. doi:
10.1007/s00056-022-00403-9.



