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growth in the first three years of life, followed by a slower 
growth rate and involution after puberty [1, 4–6].

Numerous studies have explored the relationship 
between naso respiratory function, craniofacial mor-
phology, and the etiology of apnea and malocclusion in 
children. Respiratory pathology in the upper airway, 
combined with oral breathing, can contribute to specific 
malocclusions and facial morphologies. Adenoid pathol-
ogy influences the development of oral breathing in 
individuals with certain facial characteristics and maloc-
clusions [5–8].

Airway obstruction affects craniofacial development, 
although the extent of these changes varies among indi-
viduals and does not determine specific dentofacial 
alterations. Chronic oral breathing plays a significant role 
in craniofacial structure development, resulting in mal-
occlusions and cranial abnormalities such as increased 

Introduction
Pediatric obstructive sleep apnea is characterized by 
respiratory rhythm disorders during sleep. It is primar-
ily caused by upper airway resistance or obstruction, 
leading to inadequate ventilation and pulmonary oxy-
genation, resulting in poor sleep quality [1–4]. In chil-
dren, the primary cause of respiratory problems is often 
the obstruction of the upper airway by lymphatic tissue 
(adenoid-tonsillar hypertrophy), which undergoes rapid 
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Abstract
The objective of this study was to evaluate volumetric changes in the upper airway using Cone Beam Computed 
Tomography (CBCT) in orthodontic patients with maxillary transversal hypoplasia undergoing maxillary disjunction. 
The influence of factors such as sex, age, and growth pattern on airway volumetric changes was also assessed. 
The sample consisted of 50 growing patients from the dental clinic of Cardenal Herrera CEU University of Valencia. 
Airway volume was measured in mm3 before treatment (T0) and after palatal disjunction (T1). The final sample 
included 37 subjects in the treatment group and 13 in the control group. The volume gained exclusively from the 
disjunction treatment was determined to differentiate it from natural growth. The control group showed a mean 
volume increase from 10,911.3 ± 1,249.6 mm3 to 13,168.9 ± 1,789.7 mm3, representing a mean increase of 2,257.6 
mm3 or + 20.9%. The treatment group exhibited an increase from 14,126.3 ± 4,399.8 mm3 at T0 to 18,064.1 ± 4,565.9 
mm3 at T1, corresponding to a gain of 3,937.8 mm3 or + 31.8%. Significant differences in airway volume were 
observed after palatal disjunction compared to the control group. The expansion of the maxilla led to a significant 
increase in airway volume in the treated patients, estimated at 5,183 mm3 (+ 41.5%).
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facial height, maxillary atresia, maxillary underdevel-
opment, or posterior crossbite, particularly deficient 
transverse development of the maxilla. Early orthodon-
tic intervention is crucial for addressing these common 
occlusal abnormalities [4, 7].

Rapid maxillary expansion (RME) is a commonly used 
orthodontic technique for correcting transverse deficien-
cies of the maxilla resulting from underdevelopment 
during the patient’s growth period. As the hard palate is 
closely associated with the nasal cavity, maxillary expan-
sion also leads to an expansion of the nasal upper airway 
[6, 9]. RME widens the palate, flattens the palatal arch 
with inferior displacement of the maxilla, and influences 
mandibular alignment [9]. Furthermore, RME has been 
found to have a positive impact on respiratory func-
tion and can contribute to the reduction of respiratory 
diseases. By widening the nasal airway and reducing air 
resistance, RME helps restore natural physiological func-
tion and improve overall respiratory health [6, 10–14].

This statement is supported by the observation that 
the maxillary bones comprise approximately 50% of the 
structures within the nasal cavity and the upper airway, 
while the nasal cavity alone contributes to half of the 
overall resistance in the upper airway [11, 15].

Cone Beam Computed Tomography (CBCT) currently 
stands as the most commonly employed technology for 
acquiring digital data regarding the specific anatomy of 
the nose and pharynx in dentistry [15, 16]. The utiliza-
tion of software for three-dimensional reconstruction 
and image manipulation across three spatial planes has 
facilitated research focusing on the volume and morphol-
ogy of the upper airway in relation to its growth. Con-
sequently, investigations into the dentoskeletal effects 
of rapid maxillary expansion have been extensively con-
ducted, utilizing various techniques ranging from manual 
cast measurement to lateral skull radiographs [16, 17]. 
The integration of CBCT into studies has significantly 
enhanced the ability to obtain comprehensive informa-
tion about the airway and nasal anatomy. As a result, 
there is an increasing interest in conducting these tests, 
owing to the expanding importance of sleep medicine 
and its association with rapid maxillary expansion [16, 
17].

Based on this, the objective of the research is to assess 
the short-term volumetric changes that occur following 
rapid maxillary expansion treatment in growing patients.

Materials and methods
The study was conducted in accordance with the Dec-
laration of Helsinki and approved by Universidad CEU 
Cardenal Herrera Ethics Committee (protocol code 
CEI18/185 approved on 20 December 2018). Informed 
consent was obtained from all subjects and their parents/
legal guardian involved in the study.

Study design
After obtaining approval from the board at the Cardenal 
Herrera CEU University of Valencia (CEI18/185), a retro-
spective case-control study was conducted. Consecutive 
cases that met the inclusion criteria were selected, and 
their diagnoses were aided by CBCT imaging. The study 
included growing patients diagnosed with maxillary 
hypoplasia who underwent airway volume assessment 
using CBCT and were treated with a Hyrax maxillary 
expander. Patients with congenital malformations, those 
undergoing surgical disjunction treatment, and those 
treated with a disjunction protocol and facemask or func-
tional appliances were excluded.

All patient records meeting the inclusion criteria and 
who visited the dental clinic at the Cardenal Herrera 
CEU University of Valencia for an orthodontic study 
were analyzed. Based on CBCT assessment using a math-
ematical method, it was determined that these patients 
had a diagnosis of skeletal compression of the maxilla 
[18]. The sample underwent treatment with rapid maxil-
lary expansion using a tooth-supported device. A second 
CBCT was performed within 24 months after the device 
was blocked to evaluate changes.

The final sample consisted of 50 patients, and their air-
way volumes were measured in mm3 at two time points: 
before treatment (T0) and after palatal disjunction and 
retention (T1). Out of the total sample, 37 patients were 
in the treatment group, and 13 were in the control group. 
Among the total sample, 24 patients were male, and 26 
were female. Within the treatment group, 19 were male 
and 18 were female, while in the control group, 5 were 
male and 8 were female.

CBCT scans were performed with the patient seated 
and their head in the natural head position. Patients 
were instructed to occlude their teeth in maximum inter-
cuspation, relax their tongues, and breathe calmly. The 
effective absorption dose was 57 microsieverts, and the 
scanning time was 36 s. This corresponds to a radiation 
dose of 6 microsieverts, which is comparable to a periapi-
cal series of all teeth and can range from 33 to 84 micro-
sieverts depending on speed, technique, and kilovoltage.

The sample was divided into three chronological age 
groups: under 10 years, between 10 and 13 years, and 
over 13 years (Table 1).

After acquiring the CBCT T0 scans, the DICOM (Digi-
tal Imaging and Communications in Medicine) data was 
imported into the Dolphin Imaging® software for further 
analysis. Using the software, a 3D reconstruction of the 
airways was generated (Fig. 1). Subsequently, the volume 
of the airways was calculated using the software’s mea-
surement tools.

In terms of data management, the orientation of the 
skull was adjusted to be parallel to the Frankfort plane, 
following the method described by Guijarro-Martínez in 
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2013 [17, 19]. To establish the reference planes, specific 
landmarks were used.

The midsagittal plane was determined by fixing it 
through the center of the anterior nasal spine. The axial 
plane was constructed by passing through both infra-
orbital points. For the right sagittal reference, the axial 
plane was positioned through the porion and the right 
infraorbital point. The left sagittal reference was not used 
to prevent orientation issues caused by the asymmetry of 
the points.

Regarding the transverse orientation, the median sag-
ittal plane was created by connecting the cresta galli 
(located at the top of the nasal cavity) and the basion 
point (a landmark on the anterior cranial base). This 

allowed for consistent and standardized orientation of 
the skull for further analysis and measurements.

After orienting the skull, the volume of the upper air-
way was assessed by identifying and marking the ana-
tomical boundaries of the three regions: nasopharynx, 
oropharynx, and hypopharynx. These boundaries were 
defined within the software program.

By establishing the anatomical limits of the pharynx in 
the software, the volume of the upper airway was auto-
matically calculated and expressed in mm3 (cubic milli-
meters) [17]. This measurement allowed for quantitative 
assessment of the changes in airway volume before and 
after the rapid maxillary expansion treatment.

Table 1 Sample groups attending the chronological age
GROUP

TOTAL CONTROL TREATMENT

N % N % N %

TOTAL 50 110% 13 100% 37 100%

< 10 years old 20 40.0% 5 38.5% 15 40.5%

10–13 years old 19 38.0% 4 30.8% 15 40.5%

> 13 years old 11 22.0% 4 30.8% 7 18.9%

Fig. 1 Reproduction of the airway using the Dolphin software
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Statistical analysis
The statistical analysis of the data involved both descrip-
tive statistics and comparisons of the absolute values 
of airway volumes between the two groups, taking into 
account profile factors such as sex, age, and facial pattern.

To assess the normality of airway measurements at 
T0 and T1 within the groups, the Shapiro-Wilk test was 
used, and it yielded a confirmatory result (p < 0.05). This 
indicates that a parametric approach can be used to 
address the research objectives.

The multivariate analysis involved fitting a General 
Linear Model of Repeated Measures for the response 
variable “Airway Volume.“ This model included a within-
subjects factor (time: T0, T1) and a between-subjects fac-
tor (group: test/control). Bonferroni multiple comparison 
tests were conducted to evaluate differences between 
groups at each time point and between time points 
within each group.

Furthermore, a multiple linear regression model 
was estimated to explain the final volume at T1 for the 
control group. The model included baseline volume, 
follow-up time, sex, age, and facial pattern as predic-
tor variables. The paired t-test was used to compare the 
means of the final volume with the volume predicted by 
the regression equation in the treated group. The non-
parametric Mann-Whitney and Kruskal-Wallis tests were 
used to assess whether any additional gain in volume due 
to treatment was homogeneous across sex, age group, or 
facial pattern.

A significance level of 5% (α = 0.05) was used in all 
analyses. The achieved power for testing within-subject 
effects in the ANOVA model was 0.98, and for between-
subject effects, it was 0.80. This indicates a high power 
to detect statistically significant differences if the pattern 
of change in airway volumes between the two groups is 
clearly different.

Overall, the statistical analysis employed various tests 
and models to comprehensively evaluate the differences 
and patterns of change in airway volumes between the 
test and control groups, considering various factors such 
as time, group, and individual characteristics.

Method error
To assess the reliability and reproducibility of the mea-
surement technique, the method error was calculated by 
comparing the intra-examiner measurement differences 
between the first and second measurements. The reli-
ability was quantified using the CCI (Concordance Cor-
relation Coefficient), which provides an indication of the 
reproducibility of the measurements.

In Table 2, the CCI values obtained were high, exceed-
ing 0.90. This indicates a high level of concordance and 
reproducibility of the measurement technique. The high 
CCI values confirm that the main investigator, who per-
formed the measurements, had consistent and reliable 
results, with minimal measurement error.

Based on these findings, it can be concluded that the 
measurement technique used in the study demonstrated 
a high level of reproducibility, suggesting that the mea-
surements were reliable and consistent throughout the 
study.

Difference of intra-examiner measurements (1st-2nd)
The mean ± standard deviation, Dahlberg’s D, coefficient 
of variation (%), and intraclass correlation coefficient 
were calculated. The Dahlberg error ranges from approx-
imately 330 to 560 mm3 for the three parameters.

In terms relative to the magnitude of the measured val-
ues, the coefficient of variation is good for volumes (2.6% 
and 3.2%), but debatable for the difference in volumes 
(14.6%). It should be noted that the difference in volumes 
accumulates measurement errors from T0 and T1, lead-
ing to an increased coefficient of variation.

The intraclass correlation coefficient (ICC) was also 
calculated as an indicator of reproducibility. The obtained 
values were quite high (> 0.90), confirming strong agree-
ment and high reproducibility of the measurement 
method.

Results
Regarding the results of the descriptive variables, it can 
be stated that there are no significant differences in terms 
of the starting age (p = 0.958) or final age (p = 0.581). 
However, there is a tendency (p = 0.087) towards a longer 
treatment duration in the control group (Fig. 2).

The normality of airway measurements at T0 and T1 
in the groups was assessed using the Shapiro-Wilk test, 
which yielded a confirmatory result (p < 0.05). This con-
firms that a numerical approach can be used to address 
the research objectives.

The groups were found to be homogeneous in terms 
of sex, age at onset, and facial pattern, as indicated in 
the initial part of the results section. Additionally, the 
elapsed time between the first and second measurements 
(follow-up time) in both groups was studied, revealing a 
slight difference that approached statistical significance 

Table 2 The intra-observer reproducibility of the measurement 
method was assessed, and the basic statistics for the differences 
between the measurements at T0 and T1, as well as those related 
to the method error, are presented below

Media SD D CV (%) CCI
Volume T0 28,2 477,8 332,6 2,64 0,99

Volume T1 236,0 713,4 523,0 3,19 0,98

Difference 
T1-T0

207,8 782,1 562,9 14,6 0,94
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(p = 0.087, t-test). This suggests that the controls had a 
longer follow-up period. This could potentially impact 
the overestimation of volume values in T1 due to the lon-
ger growth time.

Table 3 provides a description of the evolution of 
airway volume in absolute and relative terms. In the 
control group, the average volume increased from 

10,911.3 ± 1,249.6 mm3 at T0 to 13,168.9 ± 1,789.7 mm3 
at T1, indicating an average increase of 2,257.6 mm3 or 
+ 20.9%. In the treated group, the volume increased from 
14,126.3 ± 4,399.8 mm3 at T0 to 18,064.1 ± 4,565.9 mm3 
at T1, reflecting an average increase of 3,937.8 mm3 or 
+ 31.8%.

In the control group, the average volume increased 
from 10,911.3 ± 1,249.6 mm3 to 13,168.9 ± 1,789.7 mm3, 
representing an average increase of 2,257.6 mm3 or 
+ 20.9%. On the other hand, in the treated subjects, the 
volume increased from 14,126.3 ± 4,399.8 mm3 at T0 to 
18,064.1 ± 4,565.9 mm3 at T1. The average increase was 
estimated at 3,937.8 mm3, equivalent to + 31.8%. These 
findings suggest that the volume increase is primarily 
attributable to the therapeutic factor.

The significance level used in the analyses was 5% 
(α = 0.05). For the described ANOVA model, with a sig-
nificance level of 5% and considering an effect size of 
f = 0.35 (medium-large) to be detected, the achieved 
power is 0.98 for within-subject effects and 0.80 for 
between-subject effects, as shown in Table 4.

The results provide confirmation that the progression 
of the airway in the two study groups exhibits a signifi-
cant difference (p = 0.036), as depicted in Fig. 3.

Furthermore, the observed “time” effect (p < 0.001) 
indicates that there are overall changes in the airway over 
time, without distinguishing between the treated and 
untreated subjects. The interaction effect reinforces that 
these changes are not identical in both groups.

In summary, the findings confirm that there is a dis-
tinct and significant divergence in the evolution of the 
airway between the two study groups (p = 0.036). Addi-
tionally, the “time” effect (p < 0.001) reveals global altera-
tions in the airway over time, while the interaction effect 
underscores the differential nature of these changes in 
the treated and untreated subjects.

The Bonferroni tests provide compelling evidence of 
temporal changes in both the control group (p = 0.001) 
and the treated group (p < 0.001). These tests also reveal 
that there were already differences in the airway volume 
between the control and treated groups at T0 (p = 0.013), 
which were further emphasized at T1 (p < 0.001). In con-
clusion, while the control group experienced a significant 
increase in airway volume, the treated group exhibited a 
significantly more pronounced advancement.

Table 3 Differences between volume airway in T0 versus T1
GROUP
TOTAL CONTROL TREATMENT

VOLUME T0
N 50 13 37

Median 13290,4 10911,3 14126,3

Typical deviation 4078,5 1249,6 4399,8

Minimum 7667,0 9107,8 7667,0

Maximum 24713,8 13192,5 24713,8

Median 12333,6 10765,1 13637,9

VOLUME T1
N 50 13 37

Median 16791,3 13168,9 18064,1

Typical deviation 4561,3 1789,7 4565,9

Minimum 10504,0 10862,9 10504,0

Maximum 26691,0 17945,9 2691,0

Median 15858,4 12989,8 18735,7

DIFFERENCE VOLUME AIRWAY
N 50 13 37

Median 3501,0 2257,6 3937,8

Typical deviation 2503,8 1216,9 2699,1

Minimum 592,0 852,7 592,0

Maximum 10194,0 4753,4 10194,0

Median 2404,0 1905,7 3334,0

Table 4 Changes in volume of the pathway according to Group: 
F test of the general linear model ANOVA

p-value
Time < 0,001***

Group 0,002**

Time x Group 0,036*
*p < 0,05; **p < 0,01; ***p < 0,001

Fig. 2 The box in the figure represents the middle 50% of the cases, with 
the median indicated by a horizontal line dividing it. The upper and lower 
boundaries of the box represent the 1st and 3rd quartiles, which encom-
pass 25% and 75% of the sample, respectively. The “whiskers” extend to val-
ues within an acceptable range, while any data points outside this range 
are considered outliers (represented by circles) or extremes (represented 
by asterisks)
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The sex of the patient did not have any noteworthy 
impact on the result since there were no significant dif-
ferences in airway volume between men and women 
(p = 0.992).

The age of the patients did not show a direct correla-
tion with the final effect. Although there were no differ-
ences in terms of the age of onset (p = 0.958) or final age 
(p = 0.581), there was a tendency towards a longer dura-
tion of time in the control group (p = 0.087). The treat-
ment effect (greater volume gain compared to controls) 
was independent of the age range at which the subjects 
began treatment (p = 0.757).

No discernible effects were attributed to the individ-
ual’s facial profile. The greatest gain in airway volume 
among treated patients was not dependent on facial pat-
tern (p = 0.427). Additionally, the facial pattern was not 
associated with larger or smaller volumes of the studied 
structure (p = 0.871).

It is noteworthy that the control patients were mea-
sured with an average time lapse of 1.93 ± 1.02 years, 
while those who underwent treatment had a time lapse 
of 1.38 ± 0.64 years. This suggests that the “growth effect” 
may have been more evident in the control group.

To determine the gain in airway volume specifically 
attributed to treatment rather than growth, a regression 
model was developed. This model allowed for quantify-
ing the pure effect of treatment on airway volume. The 

model explained the T1 volume of the airway in the con-
trol group based on T0 volume, age at T0 onset, follow-
up time, sex, and facial pattern. By predicting the T1 
volume in the treated group using this model, we could 
assess the volume change solely due to growth. The com-
parison between the actually measured T1 volume and 
the growth-predicted volume would determine if there 
are significant differences, indicating a treatment effect.

The regression model revealed that only the volume 
at T0 was a significant factor in explaining the final vol-
ume (p = 0.015). The predicted T1 volume for the treated 
group was calculated using the aforementioned regres-
sion model. The results are presented in Table 5.

As shown in Table 4, the treated patients had an aver-
age volume of 18,064 mm3 at T1, whereas based on their 
growth, sex, age, and pattern, they would have been 
expected to have a volume of 16,711 mm3. This indicates 
that out of the total volume gain of 3,938 mm3, approxi-
mately 2,585 mm3 can be attributed to natural growth 
factors. The remaining 1,353 mm3 represents the effec-
tive gain in volume specifically due to the treatment.

Discussion
The study sample in this research comprises 50 patients, 
which is larger compared to other recent studies in the lit-
erature, such as those conducted by Alberto Capridoglio 
in 2014 [20] and Namiko Izuka in 2015 [21]. Specifically, 

Fig. 3 This figure demonstrates that changes in airway volume occur naturally over time, without any specific treatment or intervention
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our study includes a treatment group consisting of 37 
patients, which contributes to the overall sample size. 
One unique aspect of our study is the inclusion of a con-
trol group, which consists of 13 patients who did not 
undergo maxillary disjunction treatment for various rea-
sons. This control group provided us with valuable mea-
surements of natural airway development in the absence 
of treatment, allowing us to determine the specific vol-
ume gain attributed solely to the disjunction treatment, 
which amounted to an average volume increase of 1,353 
mm3. Rapid maxillary expansion is a conventional ortho-
pedic treatment commonly performed in orthodontics to 
address maxillary constriction. It has been investigated as 
a treatment for sleep disorders, and previous studies have 
reported an increase in maxillary width and a reduction 
in nasal resistance and apnea-hypopnea index (AHI) in 
patients with sleep apnea [9, 11].

In contrast to other published studies, our study exclu-
sively included cases of tooth-supported expanders, 
which contributed to greater homogeneity within the 
sample. This focused selection allowed us to investigate 
the specific effects of tooth-supported expanders on air-
way expansion.

For example, Kabalan conducted a study in 2015 com-
paring the differences in airway expansion between 
bone-supported and tooth-supported expanders, and the 

findings revealed no significant differences between the 
two types [15]. Similarly, Baratieri’s study in 2014 exclu-
sively utilized Haas expanders [6], while Zhao’s study 
focused exclusively on Hyrax expanders [22]. These stud-
ies explored the effects of specific types of expanders on 
airway expansion, whereas our study focused solely on 
tooth-supported expanders to ensure consistency and 
provide a clearer understanding of their impact.

As mentioned in the results section of this study, both 
the treatment group and the control group experienced 
an increase in airway volume. However, the treatment 
group exhibited a significantly greater increase compared 
to the control group, with a difference of 32% between 
the measurements taken at T0 and T1. These findings 
align with previous studies that have also reported statis-
tically significant differences in the increases of upper air-
way volume [1, 6, 15]. The systematic review concluded 
that there is only a moderate level of evidence support-
ing the stability of changes induced by rapid maxillary 
expansion in growing children for a duration of at least 
11 months [6]. This suggests that the observed changes in 
airway volume resulting from the treatment are likely to 
be maintained over a considerable period of time.

Several studies have reported significant changes in air-
way volume following maxillary skeletal expansion, lead-
ing to improved nasal breathing for a minimum duration 
of 11 months, during which the changes remained stable 
[23, 24]. The increase in air volume achieved through 
maxillary expansion surpassed the baseline measure-
ments observed in the control group. This improvement 
in airway volume is attributed to the correction of naso-
pharyngeal obstruction resulting from maxillary disjunc-
tion treatment [15, 23].

However, it is important to note that the literature con-
tains studies where an increase in nasal cavity volume was 
observed without a directly proportional improvement in 
respiratory function [25, 26]. While an increase in airway 
volume may suggest a potential benefit for breathing, the 
relationship between nasal cavity volume and respiratory 
function is complex and multifactorial. Other factors, 
such as nasal resistance and airflow dynamics, can influ-
ence the overall improvement in respiratory function. 
Therefore, the impact of changes in nasal cavity volume 
on actual respiratory outcomes may vary and should be 
considered in conjunction with additional factors.

In line with the studies mentioned earlier, our study 
also demonstrated an improvement in airway volume 
in both the control and treatment groups. However, in 
the treatment group, we further analyzed the increase 
in airway volume to differentiate between the portion 
attributed to natural growth and the portion directly 
associated with the treatment. This differentiation was 
accomplished by employing a regression model to esti-
mate the treatment’s specific impact on airway volume.

Table 5 Changes in volume of the pathway according to the 
prediction of airway volume that treated patients would have at 
T0

GROUP
TOTAL CONTROL TREATMENT

VOLUME T0
N 50 13 37

Median 13290,4 10911,3 14126,3

Typical deviation 4078,5 1249,6 4399,8

Minimum 7667,0 9107,8 7667,0

Maximum 24713,8 13192,5 24713,8

Median 12333,6 10765,1 13637,9

VOLUME T1
N 50 13 37

Median 16791,3 13168,9 18064,1

Typical deviation 4561,3 1789,7 4565,9

Minimum 10504,0 10862,9 10504,0

Maximum 26691,0 17945,9 2691,0

Median 15858,4 12989,8 18735,7

VOLUME T1PREDICTED
N 37 0 37

Median 16710,7 - 16710,7

Typical deviation 5302,9 - 5302,9

Minimum 8251,1 - 8251,1

Maximum 29840,3 - 29840,3

Median 15141,6 - 15141,6
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Unlike the studies mentioned earlier, our study pro-
vides a correct estimation of the increase in airway vol-
ume. The unique aspect of our study is the comparison 
between the treatment group and the control group, 
allowing us to determine the specific impact of the treat-
ment. The observed increase in airway volume was 32% 
greater than what would have been achieved through 
natural baseline growth alone. Furthermore, our study 
implemented a specific protocol for conducting CBCT 
scans, ensuring that patients were positioned in a natural 
head posture for accurate measurements. This approach 
minimizes the potential influence of tongue position on 
airway volume, as noted by Chang [12].

Fastuca et al. (2015) conducted a cohort study focused 
on skeletal expansion of the maxilla and its effects on the 
upper airway volume and sleep-related parameters. They 
conducted CBCT scans and polysomnography at the 
beginning and end of the treatment, which involved the 
removal of the expansion appliance after 12 months. The 
study demonstrated a significant increase in upper airway 
volume, along with improvements in oxygen saturation 
by 5.3% and a reduction in the apnea-hypopnea index by 
4.2 fewer events. These findings provide strong support 
for the effectiveness of maxillary expansion treatment in 
improving airway function and sleep-related outcomes 
[1].

Conclusions
Based on the findings of the study, it can be concluded 
that palatal disjunction leads to a significant increase in 
airway volume compared to the control group. The con-
trol group showed a mean increase in volume due to 
growth from 10,911.3 ± 1,249.6 mm3 to 13,168.9 ± 1,789.7 
mm3, which corresponds to a mean increase of 2,257.6 
mm3 or + 20.9%. In contrast, the treated group expe-
rienced a greater increase in volume, going from 
14,126.3 ± 4,399.8 mm3 in T0 to 18,064.1 ± 4,565.9 mm3 
in T1. The estimated average increase in volume was 
3,937.8 mm3, equivalent to + 31.8%. This indicates that 
the treated subjects achieved a higher volume of 18,064 
mm3 in T1, compared to the expected volume of 16,711 
mm3 based on their growth, sex, age, and pattern. While 
these results demonstrate structural changes and an evi-
dent increase in airway volume, further investigation is 
needed to determine the impact of this increase on the 
actual respiratory capacity and improvement in breathing 
for the patients.

In summary, the study did not find any significant dif-
ferences between the treatment and control groups based 
on factors such as sex, age, facial profile, or pattern. This 
suggests that the effect of the treatment is not influenced 
by these variables, and the observed increase in airway 
volume is independent of the age range at which the sub-
jects began the treatment.
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