
Neumol Cir Torax. 2022; 81 (1): 19-25 www.revistanct.org.mx

Correspondence:
Humberto Alejandro Monreal-Romero, MD
Universidad Autónoma de Chihuahua. Chihuahua, Mexico.
E-mail: hmonreal@uach.mx

Received: VII-01-2021; accepted: III-24-2022.

How to cite: Sáenz-Guerrero G, Pacheco-Santiesteban R, Soto-Ramos M, 
Monreal-Romero HA, Martínez-Mata G. Relationship between maxillary 
disjunction and level of asthma control in school-aged patients. Neumol Cir 
Torax. 2022; 81 (1): 19-25.

Relationship between maxillary disjunction and 
level of asthma control in school-aged patients

Relación entre disyunción maxilar y nivel de control 
del asma en pacientes de edad escolar

Gilberto Sáenz-Guerrero,* Rosaura Pacheco-Santiesteban,* Mario Soto-Ramos,‡ 
Humberto Alejandro Monreal-Romero,* Guillermo Martínez-Mata*

*Universidad Autónoma de Chihuahua. Chihuahua, Mexico.
‡Hospital Infantil de Especialidades de Chihuahua, Hospital Ángeles Chihuahua. Mexico.

@https://dx.doi.org/00000000000 @Neumol Cir Torax. 2022; 81 (1): 00-25

Neumología y Cirugía de Tórax

NCT
Vol. 81 - No. 1 / January-March 2022

Original

INTRODUCTION

In order to understand the close relationship between 
respiratory function and the development of the 
stomatognathic apparatus, we must remember that the 
function is closely related to growth and development, in 
such a way that through nasal breathing multiple nerve 
endings are stimulated that generate diverse responses such 
as the amplitude of thoracic movement, three-dimensional 
development of the nostrils, ventilation and the size of 

RESUMEN. Introducción: Las alteraciones dentofaciales en la edad 
pediátrica se encuentran asociadas de manera importante a trastornos 
respiratorios, principalmente al asma y la rinitis alérgica, y aunque no 
está claramente establecido el mecanismo por el cual impactan dichas 
patologías del desarrollo craneofacial, se sugiere que la obstrucción de 
la vía aérea superior dificulta la respiración nasal obligando al paciente 
a compensar dicha obstrucción por medio de una respiración bucal, 
siendo esta última el origen de la maloclusión. Objetivo: El presente 
estudio tuvo como objetivo determinar si el tratamiento de la maloclusión, 
específicamente la corrección de la compresión transversal del maxilar 
superior, influye positivamente en el control del asma evaluado por 
la prueba clínica de control del asma (Asthma Control Test), así como 
por espirometría (FEV1, FEV1/FVC) en pruebas basales y respuesta a 
broncodilatador, además del tratamiento farmacológico. Material y 
métodos: El estudio se llevó a cabo en un grupo de 15 pacientes entre los 
siete y 12 años de edad con diagnóstico de asma y rinitis alérgica, los cuales 
se encontraban bajo tratamiento médico farmacológico por un tiempo 
mínimo de seis meses. Resultados: Se observó una correlación significativa 
entre la disyunción maxilar y el control clínico del asma y la rinitis alérgica, 
mejorando de manera importante la función pulmonar a partir del tercer 
mes del tratamiento de ortopedia dentomaxilar. Conclusión: El uso de 
disyuntores maxilares representa una alternativa para un adecuado manejo 
de desórdenes respiratorios, manipulando las condiciones en los procesos 
de generación haciendo el sistema propuesto más eficiente.
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ABSTRACT. Introduction: Dentofacial disorders in children are 
associated significantly to respiratory disorders, particularly asthma and 
allergic rhinitis, and although not pinpointed the mechanism by which 
impact these pathologies craniofacial development, it is suggested that 
obstruction upper airway difficult nasal breathing forcing the patient 
to compensate such obstruction by mouth breathing, this condition 
being the origin of malocclusion. Objetive: The present study was 
conducted to determine whether treatment of malocclusion, specifically 
the correction of transverse compression maxillary positively influences 
asthma control assessed by clinical evidence of asthma control (Asthma 
Control Test) and as spirometry (FEV1, FEV1/FVC) at baseline and 
response tests bronchodilator addition of drug treatment. Material and 
methods: The study just took a group of 15 patients between seven and 
12 years of age diagnosed with asthma and allergic rhinitis which were 
under pharmacological medical treatment for a minimum of six months. 
Results: Among the main results it was observed that there is a significant 
correlation between the maxillary disjunction and clinical asthma control 
and lung function in children with asthma and allergic rhinitis, mainly 
from the third month of orthopedic treatment. Conclusion: The use 
of maxillary circuit breakers, represents an alternative for an adequate 
management of respiratory disorders manipulating the conditions in 
the generation processes making the proposed system more efficient.

Keywords: Asthma, rhinitis, maxillary disjunction.
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the maxillary sinuses, but which also induce the growth 
and remodeling of the adjacent orofacial structures, as 
well as the transverse development of the maxilla and 
the direction of facial growth.1 Some researchers claim 
that nasal obstruction is associated with chronic mouth 
breathing, constituting the main etiological factor of 
anomalous craniofacial development, manifesting clinically 
as vertical facial growth or long face syndrome with 
subsequent dentomaxillary deformities.2 Among the main 
stomatological manifestations, deep and narrow palates 
characterized by inverted V-shaped arches and an increase 
in palatal depth are reported, with a consequent maxillary 
protrusion, developing in most cases a class II subdivision 2 
malocclusion, also known as distal dysgnathia, associated 
with mandibular retrusion.3,4 In addition, mechanical 
obstructions of congenital origin have been found, such 
as choanal atresia, alterations in Waldeyer’s ring and other 
endonasal obstructions, as well as physiological alterations 
of the airways, which if not resolved in time may cause 
dentocraniofacial deformities.4 The prevalence of asthmatic 
problems has been increasing during the last years, rising 
from 3.2 to 25%, being considered the most frequent 
chronic respiratory disease.5 In Mexico, asthma affects 
from 5 to 8% of the population, with variations among 
the different regions of the country.6 The prevalence of 
asthmatic problems has been on the rise in recent years, 
increasing from 3.2 to 25%, being considered the most 
frequent chronic respiratory disease.5 In Mexico, asthma 
affects 5 to 8% of the population, with variations among 
the different regions of the country.6 Thus, the states of 
Colima, Tabasco, Chihuahua, Yucatán and Mexico City 
are those with the highest incidence figures of bronchial 
asthma.7,8 Multiple epidemiological, pathophysiological 
and therapeutic studies have demonstrated the association 
between allergic rhinitis and asthma; 90% of patients 
diagnosed with asthma have allergic rhinitis,9 making 
it the most frequent chronic disease10 and the most 
common childhood allergic disease.11 It is clinically 
defined as a symptomatic disorder of the nose induced 
by immunoglobulin E (IgE)-mediated inflammation of 
the membranes lining the nose following exposure to 
an allergen.10 Asthma and allergic rhinitis are chronic 
respiratory diseases that obstruct the upper airways,12 
inducing an alternative mode of breathing and contributing 
to breathing through the mouth,7-9 resulting in orofacial 
developmental disorders, with dental malocclusion being 
the most frequent manifestation and of greatest interest 
to the pediatric stomatologist.13 The development of the 
craniofacial mass and specifically the components of the 
stomatognathic apparatus may be altered in the presence 
of a nasorespiratory obstruction, since if nasal breathing 
is compromised, it is compensated by oral breathing,14 
which causes an imbalance between the lips, buccinator 

muscles and tongue, exerting an abnormal force on the 
vestibular and lingual faces of the teeth, resulting in dental 
malpositions, mainly in the transversal direction.15

However, the severity of asthma can change over time 
and depends not only on the severity of the underlying 
disease but also on its response to treatment.16 Asthma and 
allergic rhinitis have been defined as chronic inflammatory 
airway diseases, which are closely related, especially in 
childhood, and are manifested by both upper and lower 
airway obstruction, emphasizing that for good asthma 
control it is important to adequately control allergic rhinitis, 
as lack of control of the latter leads to a suboptimal level of 
asthma control.17 In the most recent revision of the global 
initiative for the treatment of asthma GINA 2021, it is 
established that asthma should be evaluated periodically to 
verify the level of control of the disease and it is classified 
as: completely controlled, partially controlled or not 
controlled at all, as well as to perform pulmonary function 
measurements by means of spirometry or flowmetry, which 
allows determining the risk of possible later complications. 
Likewise, in cases where good control is not achieved, it is 
recommended to investigate adherence to treatment and 
the correct technique for the use of inhaled medications, as 
well as adverse environmental factors, comorbidities such 
as allergic rhinitis, rhinosinusitis, obesity, among others.

The objective of this research work was to establish 
how pediatric patients with a diagnosis of asthma and 
with strict pharmacological control of asthma, who present 
long face syndrome due to being chronic mouth breathers, 
can improve their pulmonary function by receiving a 
dentofacial orthopedic treatment, specifically, rapid 
maxillary expansion.

MATERIAL AND METHODS

The sample consisted of 15 patients who attended the 
Pediatric Pneumology Service of the Hospital Infantil de 
Especialidades del Estado de Chihuahua, aged between 
7 and 12 years, all of whom had a baseline diagnosis of 
asthma and allergic rhinitis. These patients were under 
strict pharmacological control; However, when they 
were checked by the pediatric stomatologist, long face 
syndrome and maxillary compression in a transversal sense 
were observed, which we consider to be a factor that can 
interfere in the maximum results that can be obtained 
with the pharmacological medical treatment, for which 
reason, with previous authorization of the parents, each 
one of them was given a stomatological file that included 
diagnostic aids such as panoramic X-rays and study models, 
as part of the treatment and follow-up by the Pneumology 
Service, the patients were evaluated on four occasions, 
with a time interval of 30 days between one evaluation and 
another. The first intervention consisted in the evaluation 
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of asthma control by the treating pulmonologist, applying 
the Asthma Control Test (ACT), with the presence of the 
pediatric stomatologist to determine if despite being well 
controlled the patient presented long face syndrome and 
transverse compression of the maxilla.

The following protocol was followed during the four 
visits: first the ACT test was performed, then spirometry 
was performed with an EasyOne® ultrasonic spirometer to 
determine the values of forced vital capacity (FVC), forced 
expiratory volume in the first second (FEV1), as well as the 
FEV1/FVC ratio, and finally a bronchodilator was applied, 
and after 20 minutes the spirometry was repeated in a 
comparative manner.

•	 Pharmacological treatment. All patients who participated 
in the study were under the following pharmacological 
scheme for asthma: an inhaled steroid was used in 
combination with a long-acting β2 agonist (salmeterol/
fluticasone) in metered-dose aerosol, at a low dose of 
fluticasone, that is, a bottle containing a concentration 
of 25/50 μg, to receive in total 100/200, the total 
dose being 50/100 μg every 12 hours of salmeterol/
fluticasone. As for the treatment of allergic rhinitis, 
this consisted of the application of a nasal spray of 
mometasone fuorate 0.05%, with 50 μg per dose every 
24 hours in both nostrils.

•	 Dentomaxillary orthopedic treatment. The orthopedic 
treatment consisted of placing an 11 mm Hyrax® 
type fixed palatal disjunctor, adjusting universal steel 
Dentaurum® orthodontic bands in upper first permanent 
molars and impressions were taken with Kromopan® 
alginate, impressions were taken with Kromopan® 
alginate, which were cut in high resistance stone plaster 
type III Magnum®, thus obtaining a working model, on 

which the fast maxillary disjunction appliance was made, 
to finally be cemented in the patient’s oral cavity with 
a reinforced glass ionomer AquaCem®. The amount of 
activation was indicated to each patient according to the 
degree of maxillary compression estimated by means 
of the space analysis proposed by Pont, which consists 
of estimating the arch perimeter necessary for dental 
eruption based on the mesiodistal width of the upper 
permanent incisors and upper permanent lateral incisors 
(Figure 1). Once the expansion was completed, the 
appliance was left for three months without activation, 
acting as a retainer, thus allowing the ossification of the 
palatal suture at the site of disjunction, reducing the 
possibility of recurrences. Once the ossification of this 
area was corroborated by taking an occlusal radiograph, 
the appliance was removed. The data obtained were 
analyzed using SPSS version 2021 statistical software. 
The present work was carried out in accordance with 
the codes of ethics of the world medical association for 
experiments, including human experiments.

RESULTS

ACT test. Of the patients who attended the pulmonology 
office of the Hospital Infantil de Especialidades de 
Chihuahua, 15 participated in this research protocol, 
who were under strict pharmacological control, with a 
minimum treatment time of six months, such treatment 
was focused on the control of asthma and allergic rhinitis, 
the sample consisted of 10 male patients and five female 
patients, between the age ranges of seven to 12 years, 
with a mean of 8.46 and a SD of 1.50 years. The age 
at which patients were diagnosed as asthmatic ranged 
from five to 96 months, with a mean age at diagnosis of 

Figure 1: 

A) A Hyrax® type rapid maxillary 
expansion screw is shown. B) It can 
be seen how the transverse width 
of the maxilla is calculated with the 
intention of obtaining the dentomaxillary 
discrepancy.
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39.53 months (3.2 years) and a SD of 24.60 months (2.05 
years). All patients underwent a space analysis, obtaining 
the degree of transverse maxillary compression, where a 
mean compression in the anterior segment of 4.6 mm was 
observed, and in the posterior segment of 5.2 mm, with 
a SD of 1.5 and 2.4 mm, respectively. It is important to 
mention that when there is a transverse compression of 
the maxilla, the palate becomes deeper at the expense of 
the floor of the nostrils. An anterior maxillary compression 
standard deviation of 1.5 mm and a posterior maxillary 
compression standard deviation of 2.4 mm was obtained.

Based on the results obtained in the ACT test, it was 
observed that all the patients in the sample had good or 
acceptable control of their clinical condition, since their 
score was equal to or greater than 20 points as an effect 
of the continuous pharmacological treatment they had at 
least six months before entering the study. However, the 
patients clinically manifested adenoid facies and long face 
syndrome, a sign that the patient is a mouth breather, 
which almost always causes maxillary compression, a 
manifestation corroborated by the pediatric stomatologist 

at the first visit, as previously mentioned. Spirometry 
studies were also performed in all visits to each of the 
cases as part of the objective evaluation of asthma control 
by measuring pulmonary function according to age, weight 
and height and thus FEV1 and its predicted percentage, FVC 
and its predicted percentage and the FEV1/FVC ratio were 
obtained. It should be noted that spirometry provides an 
objective measurement to determine airway obstruction in 
patients with asthma and to measure the level of severity of 
airway obstruction. The FEV1/FVC ratio allows determining 
the presence of airway obstruction, since normally this 
index should be greater than 0.8. When it is less than 0.8, 
an obstructive pattern is defined in the spirometry and to 
classify the degree of obstruction the FEV1 result is used 
compared to its predicted value, leaving this classification 
of obstruction as described in Table 1.

The FEV1 values obtained were equal to or greater than 
85% of the predicted value from the first visit or visit zero 
(Table 2), indicating good asthma control due to strict 
adherence to pharmacological treatment; however, it 
can be observed that at visit three there was a significant 
increase in the same reaching values of 89.6% of the 
predicted FEV1, here the variable included was the rapid 
decompression of the maxilla in a transverse direction. 
This allows us to suggest that such decompression favors 
pulmonary function. The above data were verified with 
a Pearson correlation where we found that the highest 
correlation was between the percentage predicted at 
visit two and visit three. There is a statistically significant 
increase from visit one, increasing and lasting the effect 
until visit three (Table 3).

As part of the protocol, spirometry with application of a 
bronchodilator was performed 20 minutes after the baseline 

Table 1: Classification of the degree of 
obstruction obtained by spirometry.

FEV1 % of predicted value Obstruction

70-80 Mild

60-69 Moderate

50-59 Moderately severe

35-49 Severe

< 35 Very severe

Table 2: Predicted percentage values for baseline spirometry at each visit for all patients.

FEV1 % predicted Media ± standard deviation Minimum Maximum

Visit 0 86.108 ± 15.92256 63.79 110.89

Visit 1 85.97467 ± 14.07274 62.76 110.89

Visit 2 85.85067 ± 17.9075 51.44 111.83

Visit 3 89.608 ± 14.53569 65.33 113.10

Table 3: Correlation between variables with post BD FEV1 and baseline FEV1 values (Pearson correlation).

FEV1 %PRED/0 %PRED/1 %PRED/2 %PRED/3

%PRED/0 1.0000

%PRED/1 0.6983 1.0000

%PRED/2 0.7791 0.9096 1.0000

%PRED/3 0.7096 0.8445 0.9163 1.0000
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spirometry, for comparative purposes, by obtaining the 
average percentage change using the following formula:

(FEV1 post BD - FEV1 baseline)

Baseline FEV1 = % change

When the percentage change is greater than 12% there 
is a significant change and thus the volume measured in 
milliliters was using the following formula: FEV1 post BD - 
FEV1 basal, when it is more than 150 mL (200 mL), we have 
a significant change.

The mean percentage change was less than 12%, 
which indicates that there is no significant change after 
the application of the bronchodilator, which means that 

most patients were well controlled pharmacologically, 
although between visits zero and one some cases showed 
an increase of more than 12%, which indicates that despite 
the pharmacological treatment at the time of maxillary 
expansion, an additional improvement in pulmonary 
function was obtained, as shown in cases 6 and 14 of Table 4.

A Pearson correlation was made between the percentages 
of change and maxillary compression and the following was 
found: there is a statistically significant and positive correlation 
between anterior and posterior compression (0.77), which 
means that as the anterior maxillary compression increases, 
so does the posterior maxillary compression. The percentage 
of change between visit zero and visit one is also positive (as 
the percentage of change between visit zero increases in this 
sample so does that of visit one (0.70), that is, as maxillary 
expansion increases the percentage of change, this effect 
was also observed in visit two (0.59) although to a lesser 
degree and visit three (0.67) (Table 5).

Due to the great demographic variability in the country 
on the prevalence of asthma and rhinitis in children 
and adolescents, the results shown in this research are 
conclusive to represent a statistical behavior with positive 
bias, since it is more common to find values above the value 
of zero and not below zero, which would show the total 
absence of such clinical manifestations.

DISCUSSION

In the present study, the ratio of asthmatic patients 
corresponds to a ratio of 2:1 with respect to gender, that 
is, it is more frequent in the male gender in pediatric age. 
Most orthopedic treatments in asthmatic patients are aimed 
at increasing nasal airflow by disjunction of the maxilla, 
decreasing airflow resistance from 45 to 53%.17 When the 
mid-palatal suture is expanded, nasal airflow capacity is 
increased when measured at maximal effort.18 Other authors 
have evaluated the changes in nasal airflow after rapid 
maxillary expansion, with a significant increase in airflow 
through the nasal passage.19 It is important to mention that 

Table 4: Average percent change per patient post BD.

Patient Visit 1 Visit 2 Visit 3 Visit 4

1 5.83 1.77 1.76 3.42

2 0.79 1.43 6.95 1.43

3 0.47 7.92 11.48 4.43

4 2.76 8.19 1.78 0.56

5 6.17 4.50 2.48 6.43

6 8.13 11.85 2.96 19.85

7 11.66 11.40 4.54 5.09

8 5.9 7.93 8.71 7.93

9 1.27 1.29 2.56 1.94

10 4.25 8.69 4.66 6.21

11 3.91 3.16 1.25 5.30

12 3.75 17.70 4.70 8.69

13 3.31 2.44 3.33 2.44

14 26.05 21.81 15.05 13.97

15 3.40 0.33 5.26 2.30

Table 5: Pearson’s correlation between percent change and maxillary compression post BD.

Compression % of change

Anterior Posterior Visita 0 Visita 1 Visita 2 Visita 3

Compression Anterior 1.000

Posterior 0.7788 1.000

% of change Visit 0 -0.0996 -0.2330 1.000

Visit 1 0.2792 0.1928 0.7029 1.00

Visit 2 -0.1160 -0.2868 0.5308 0.5327 1.000

Visit 3 0.2049 -0.1017 0.5915 0.6795 0.2897 1.000
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none of the studies found in the literature review performed 
a measurement like this, being that spirometry is a useful, 
reliable and accessible tool in tertiary hospitals such as 
the Hospital Infantil de Especialidades de Chihuahua. 
It is worth mentioning that the maximum improvement 
in pulmonary function measured by spirometry was 
observed three months after maxillary expansion, which 
had not been previously reported by other authors. In 
this study it is observed that the implementation of the 
maxillary expansion treatment significantly improved the 
level of clinical control of asthma as measured by the ACT 
questionnaire. To show the involvement of the disjunctor 
during expansion, we propose the following mechanism: 
due to the fact that disjuncture allows bone separation 
and this in turn exerts a tension on the palatal suture, a 
stimulation of osteoblastic activity is generated for bone 
formation function through the generation of mechanical 
stress between the sections of the maxillary bone with the 
consequent production of mediators such as prostaglandins, 
nitric oxide and growth factors that are able to overcome 
the resorption process.

CONCLUSIONS

It is essential to perform a multidimensional evaluation 
of the patient’s asthma control, since the ACT test alone 
should not be considered reliable because it is a subjective 
test, since it depends on the patient’s responses; however, 
when correlated with pulmonary function it acquires a 
greater value, since it is expected to have a normal ACT 
test with a good pulmonary function, the latter measured 
with baseline spirometry. Now, in this study, maxillary 
expansion was added as a therapeutic strategy with the 
intention of improving nasal breathing, annulling mouth 
breathing, so that once the expansion was performed, 
it could be observed that there was no longer a positive 
bronchodilator response, which was observed at visit zero, 
suggesting that prior to the expansion the patient could still 
improve his lung function, which at visits two and three 
approached optimal values.

According to the results obtained, maxillary expansion 
had a negative correlation with FEV1, that is, the greater 
the maxillary compression, the lower the FEV1 value. These 
data are important because they show that patients with 
greater upper airway obstruction have decreased lung 
function, as measured by spirometry.

REFERENCES

 1. 	 Taboada-Aranza O, Torres-Zurita A, Cazares-Martinez CE, Orozco-
Cuanalo L. Prevalence of malocclusions and speech disorders in a 
preschool populartion in eastern Mexico City. Bol Med Hosp Infant 
Mex. 2011;68(6):425-430. Available in: www.scielo.org.mx/scielo.
php?script=sci_abstract&pid=S1665

 2. 	 Lina-Moreno M, Sara-Howe C, Colleen-Kummet, Kaci-Vela C, 
Deborah-Dawson V, Thomas-Southard E. Phenotypic diversity in 
white adults with moderate to severe class II malocclusion. AJO-DO. 
2014;145(3):305-316. doi: 10.1016/j.ajodo.2013.11.013.

 3. 	 Morales-Ugalde F. Classification of malocclusion in the anteroposterior 
vertical and traverse planes. Rev ADM. 2007;13(3):97-109. Available 
in: www.medigraphic.com/adm

 4. 	 Parra-Iraola S, Zambrano-Mendoza AG. Mouth deforming habits 
present in preschoolers and school children: systematic review. 
Int J Odontostomat. 2018;12(2):188-193. Available in: http://dx.doi.
org/10.4067/S0718-381X2018000200188

 5. 	 Natera-Marcote A, Gasca-Vargas V, Rodriguez-Yañez E, Casasa-
Araujo R. Treatment of deep bite-clinical case. Rev Lat Ort. 2006;2:1-
10. Available in: https://www.ortodoncia.ws/publicaciones/2005/
art-16

 6. 	 Gisenia-Iniquilla A, Tania-Padilla C, Sonia-Macedo C, Nedy-Hilari 
O. Relationship of dental maloclusion with body position and plant 
footprint in a group of aymaras teenagers. Rev investig Altoandin. 
2017;19(3):255-264. Available in: http://dx.doi.org/10.18271/
ria.2017.290

 7. 	 Dahan Ch, Boul-Serhal DDS, Englebert LSD. Cephalometric changes 
in class II, division 1 cases after orthopedic treatment with the 
bioactivator. AJO-DO. 1989;95(2):127-137. Available in: https://doi.
org/10.1016/0889-5406(89)90391-0

 8. 	 Giuseppe-Perinetti, Luca-Contardo, Silvestrini-Biavati A, Perdoni L, 
Attilio C. Dental malocclusion and body posture in young subjects: 
a multiple regression study clinics. Clinics. 2010;65(7):689-695. doi: 
10.1590/S1807-59322010000700007.

 9. 	 Lucía-Bernal V, Harold M, Herrera-Yudi C, Montoya C. Characteristics 
dento skeletic with relation to corporal posture in class II malocclusion 
craniocervical posture in children with class I, II and III skeletal 
relationships. Pesq Bras Odontoped Clin Integr. 2017;17:1-12. 
doi:10.4034/PBOCI.2017.171.07.

10. 	 Michelotti A, Buonocore G, Manzo P, Pellegrino G, Farella M. Dental 
occlusion and posture: an overview. Prog orthod. 2011;12(1):53-58. 
Available in: https://doi.org/10.1016/j.pio.2010.09.010

11. 	 Lippold C, Danesh G, Schilgen M, Drerup B, Hackenberg L. 
Relationship between thoracic, lordotic, and pelvic inclination and 
craniofacial morphology in adults. Angle Orthod. 2006;76(5):779-785. 
doi: 10.1043/0003-3219(2006)076[0779:RBTLAP]2.0.CO;2.

12. 	 Valentino B, Melito F. Functional relationship between the muscles of 
mastication and the muscles of the leg: an electromyographic study. 
Surg Radiol Anat. 1991;13:33-37. doi: 10.1007/BF01623138.

13. 	 Attilio-Michelle D, Filippi-Maria R, Femminella B, Festa F, Tecco S. 
The influence of an experimentally-induced malocclusion on vertebral 
alignment in rats: a controlled pilot study. Cranio. 2005;23(2):119-129. 
doi: 10.1179/crn.2005.017.

14. 	 Huggare J. Postural disorders and dentofacial morphology. Acta 
Odontol Scand. 1998;56(6):383-386. doi: 10.1080/0001635
98428374.

15. 	 Festa F, Tecco S, Dolci M, Ciufolo F, Di-Meo S, Filippi-Maria R. Relationship 
between cervical lordosis and facial morphology in caucasian women 
with a skeletal class II malocclusion: a cross-sectional study. Cranio. 
2003;21(2):121-129. doi: 10.1080/08869634.2003.11746240.

16. 	 Marchena-Rodriguez A, Moreno-Morales N, Ramirez-Parga E, 
Labajo-Manzanarez M, Luque-Suarez A, Guijon-Nogueron G. 
Relationship between foot posture and dental malocclusions in 
children aged 6 to 9 years: a cross-sectional study. Medicine. 
2018;97(19):1-9. doi: 10.1097/md.0000000000010701.



Neumol Cir Torax. 2022; 81 (1): 19-25

Sáenz-Guerrero G et al. Relationship between maxillary disjunction and asthma 25

17. 	 Soto-Ramos M, Gochicoa-Rangel L, Hinojos-Gallardo L, 
Hernández-Saldaña R, Baquera-Ar teaga M. Evaluac ión 
multidimensional del control en el paciente con asma. Aplicaciones 
clínicas en la toma de decisiones para el tratamiento. Neumol Cir 
Torax. 2013;72(1):52-61. Available in: https://www.medigraphic.
com/cgi-bin/new/resumen.cgi?

18. 	 Fusun Y, Faruk A. Evaluating mandibular cortical index quantitatively. 
Eur J Dent. 2008;2(4):283-290. doi:10.1055/s-0039-1697393.

19. 	 Sonnesen L, Kjaer I. Anomalies of the cervical vertebrae in patients 
with skeletal class II malocclusion and horizontal maxillary overjet. 
AJO-DO. 2008;133(2):15-20. doi: 10.1016/j.ajodo.2007.07.018.

Conflict of interests: The authors declare that they have no conflict of 
interests.


