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Abstract Background: The aim of this work is to evaluate changes following rapid maxillary

expansion (RME) on breathing function in two groups of patients: mouth breathers and nasal

breathers.

Materials and methods: Twenty-five oral breather patients (12 male, 13 female, mean age

15.2 ± 1.3), and 25 nasal breather patients (14 male, 11 female, mean age 15.3 ± 1.6) were treated

with RME. Breathing function was evaluated by computerized spirometry. Forced vital capacity

(FVC), forced expiratory volume in the first second (FEV1), Tiffenau index (FEV1/ FVC ratio,

IT%), forced expiratory flow at 25–75% of vital capacity (FEF 25–75%), and Tidal volume

(TV) were assessed. Breathing function analysis was performed before RME and 6 and 12 months

after RME during follow-up appointments. The Shapiro–Wilk test was used to assess whether data

were normally distributed. As data were not normally distributed, Mann–Whitney U and Friedman

tests were used to perform comparisons between treatment groups and within group comparisons,

respectively.

Results: Oral breathers and nasal breathers showed statistically significant differences in FVC,

FEF 25–75%, and TV at T0. They did not present any statistically significant difference in

FEV1 and IT% at the same time point.
taly.
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Statistically significant differences were noticed for all indices in the oral breather group after

maxillary expansion, while the nasal breather group showed statistically significant differences only

in FCV, FEF 25–75%, and TV after treatment.

There were no statistically significant differences in all indices 12 months after maxillary expan-

sion between the oral breather and nasal breather groups.

Conclusions: RME appeared to improve breathing function in both groups. Forced vital capac-

ity (FVC), forced expiratory flow at 25–75% of vital capacity (FEF 25–75), and Tidal volume (TV)

reached similar values in both groups after treatment with RME.

� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Connections between breathing function and orthodontic
treatment have been studied, using different methods, through-

out time. Oral breathing during growth has been connected to
maxillary hypoplasia. This habit can lead to severe malocclu-
sion and aesthetic issues, greater upper airway resistances,

and alteration of tongue posture (Aloufi et al., 2012;
Lucchese et al., 2011; Lucchese et al., 2012; McNamara
et al., 2015; Vale et al., 2017; Maspero et al., 2019; Manuelli
2012; Maspero et al., 2012).

Breathing disorders are both a cause and an effect of hyper-
tonic tonsils, nasal septum deviation, sinonasal polyposis, and
chronic rhinitis (Farronato et al., 2012). These conditions

require interdisciplinary treatment, in which pediatricians, oto-
laryngologists, speech therapists, and orthodontists are
involved. Among several possible orthodontic treatments, the

one that has shown greater impact on breathing function is
rapid maxillary expansion (RME).

RME is the treatment of choice in the case of maxillary

hypoplasia. Epidemiological studies have reported that
between 8% and 20% of children suffer from this condition
(Thilander et al., 1984). Rapid palatal expanders exert heavy
forces that separate the mid-palatal suture, thus orthopedically

enlarging maxilla with slight movements of anchorage teeth
(Haas, 1961; Isaacson and Ingram, 1964; Haas, 1970; Wertz,
1970). At the same time, these forces also have an impact on

other maxillofacial sutures, such as fronto-maxillary, zygo-
maticomaxillary, zygomaticotemporal, and pterygopalatine
sutures (Starnbach et al., 1966).

RME is, particularly recommended in patients with
obstructive pathologies of the upper airway tract, sleep disor-
ders, and conductive hearing loss (Farronato et al., 2012;

Eichenberger and Baumgartner, 2014; Fagundes et al., 2017).
The effects of RME over nasal cavities, paranasal sinuses,

and the upper respiratory tract have been investigated using
bidimensional imaging (e.g., posteroanterior and lateral

cephalograms) and functional tests (e.g., rhinomanometry,
polysomnography, and so on) (Maspero et al., 2020).
Recently, the development of three-dimensional software to

thoroughly analyze cone beam-computed tomography (CBCT)
scans have allowed the measurement of changes in respiratory
volumes (Farronato et al., 2019; Lanteri et al., 2020; Maspero

et al., 2019, 2020; Abate et al., 2020; Maspero, Farronato
et al., 2020). Other possible exams that have been used to eval-
uate airway changes after RME are polysomnography (PSG)
(Caprioglio et al., 2014) and magnetic resonance imaging

(MRI) (Maspero et al., 2019).
A rhinomanometric exam assesses nasal resistances to air-
flow and is the most-used test for proximal airway evaluation
(Berretin-Felix et al., 2006; Baratieri et al., 2011). These diag-

nostic procedures show a significant decrease in nasal airway
resistance, with consequent improvement in nasal breathing,
after RME procedures (Compadretti et al., 2006; Enoki
et al., 2006; Farronato et al., 2009; Maspero et al., 2009;

Monini et al., 2009; Maspero et al., 2020).
However, to our knowledge, no study has been published

on the influence of RME on respiratory function, taking into

account the lower airways. Pulmonary functional tests such
as spirometry have been proved to be reliable tools in the eval-
uation of pathological respiratory conditions. These tests are

aimed at assessing lower airway patency and functionality.
In this study, spirometry is used to assess whether RME

could produce any change in commonly evaluated spirometric
indices in two groups of young adults presenting transverse

maxillary hypoplasia and either a nasal or oral breathing
pattern.

2. Materials and methods

A retrospective case–control study was conducted on patients
treated between 2014 and 2018 who underwent RME treat-

ment and spirometry tests. The study was approved in the
research project of year 2018O.U. N. 420/425 of Fondazione
IRCCS Cà Granda Ospedale Maggiore Policlinico, Milano.

2.1. Types of participant and eligibility criteria

Records of 50 Caucasian patients with maxillary transverse

hypoplasia were selected from the archives of the Orthodontics
department of Fondazione IRCCS Cà Granda Ospedale Mag-
giore Policlinico, Milano (Italy). Informed consent for the use
of their children’s records for research purposes was given by

the parents of all patients.
Patients were divided into two groups: group I was com-

posed of 25 patients (12 male and 13 female; mean age 15.2

± 1.3 years old) with moderate to severe maxillary hypoplasia
and mouth breathing disorder; group II was composed of 25
patients matched for age and sex (11 male and 14 female, mean

age 14.9 ± 1.7 years old) with moderate to severe maxillary
hypoplasia and a correct nasal breathing pattern. No patient
suffered from any other chronic disease.

Spirometric evaluations (SpiroPro; SensorMedics, Viasys
Healthcare, Inc., Yorba Linda, CA) were performed in the
Pediatric department of the Policlinico Hospital of Milan.
Measurements were taken with the patient both standing and

http://creativecommons.org/licenses/by-nc-nd/4.0/
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laying down supine, in accordance with the American Thoracic
Society guidelines (American Thoracic Society. Standardiza-
tion of spirometry, 1994).

Patients performed maximal inspiration, then forced con-
tinuous expiration into the machine until residual volume
was reached and then maximal inspiration again. The instru-

ment automatically computes, given the patient’s age, sex,
height, and weight (in kilograms), the predicted normal values
for breathing function using regression equations.

Tight-fitting clothing were loosened and patients were
instructed to keep a normal and relaxed occlusion.

The following parameters were evaluated:

– Forced vital capacity (FVC), which is the maximum volume
of air—expressed in milliliters (cm3)—that can be exhaled
when blowing out as fast as possible;

– Forced expiratory volume in the first second (FEV1) is the
amount of air—expressed in liters (L)—exhaled in the first
second of a forced expiration after maximal inhalation;

– Tiffenau index (FEV1/ FVC ratio, IT%), which underlines
the possible presence of obstructions (if the index decreases)
or restrictions (if the index increases);

– Forced expiratory flow at 25–75% of vital capacity (FEF
25–75); and

– Tidal volume (TV), which is the amount of air—in liters—
during quiet breathing (either inspiration or expiration).

For FVC and FEV1, the patients were asked to perform
forced inspiration, as much as possible, and then to blow out

as fast and as long as possible.

2.2. Rapid maxillary expansion

The two groups examined were treated with rapid palatal
expansion using a Hyrax appliance (Fig. 1). The RME was
bonded on the first permanent upper molars with glass-

ionomer cement (Multi-Cure Glass Ionomer Cement; Unitek,
Monrovia, CA, USA). The protocol for activation of the
transversal screw consisted of four activations at the dental
chair (1.0 mm of expansion). The parents of patients were

instructed to perform two turns of the screw (0.5 mm) every
day for the first week. Patients were visited each seven days,
until desired expansion was achieved, setting the number of

turns they would do each week. The expansion phase lasted
Fig. 1 Rapid palatal expander anchored to the permanent teeth.
between 10 and 16 days in all patients, in concordance with
data from the literature (De Rossi, De Rossi et al., 2009,
Maspero et al., 2009). Then, the screw was blocked with a

light-cure composite resin (Premise Flowable; Kerr Corpora-
tion, Orange, CA, USA). The appliance was kept in situ for
6 months for retention.

Spirometry tests were performed for all patients before
treatment and after treatment, during follow-up appointments
6 and 12 months after maxillary expansion, in order to evalu-

ate changes and their stability in breathing function over time.

2.3. Statistical analysis

The statistical analysis was performed using the SPSS � 17.00
software package for Windows (IBM Corporation, Sommers,
NY).

The Shapiro–Wilk test was used to assess whether the data

were normally distributed. As the data distribution appeared
to be non-normal, non-parametric tests were used. Descriptive
statistics are reported as mean and standard deviation.

Comparison between groups at the beginning (T0) and the
end of the treatment (T2) was calculated using the Mann–
Whitney U test. The Friedman test was used to verify the effect

of treatment within groups and the post-hoc Wilcoxon signed-
rank test with Bonferroni’s correction was used. P value < 0.05
was considered as statistically significant.
3. Results

3.1. Within-group comparisons: Oral breathers

Within-group comparison showed a significant improvement
for FVC, FEV1, IT%, FEF 25–75%, and TV after treatment

in oral breathers (Table 2).
The post-hoc Wilcoxon signed-rank test found the follow-

ing results, comparing the evaluations performed at different

follow-up appointments: FCV showed a statistically significant
increase during the periods T0–T1 and T0–T2. No statistically
significant increase from 6 to 12 months was found (Table 2).

A statistically significant difference was found for FEV1

after treatment with RME, between T1–T2 and T0–T2. No
statistically significant difference was found between T0–T1
(Table 2).

The post-hoc test showed a statistically significant increase
of the Tiffenau index (IT%) between T1–T2 and T0–T2. Tiff-
enau index (IT%) did not show any statistically significant dif-

ference between T0–T1.
FEF 25–75% showed a statistically significant increase dur-

ing the periods T0–T1 and T0–T2.
No statistically significant difference was noticed in FEF

25–75% between T1–T2 (Table 2).
TV increased in a statistically significant way after maxil-

lary expansion during the periods T0–T1 and T0–T2. From

6 to 12 months, no statistically significant difference in TV
was found.
3.2. Within-group comparisons: Nasal breathers

Statistically significant differences for CVF, FEF 25–75%, and
TV were found in the nasal breather group, while IT% and



Table 1 Spirometric indexes with descriptive statistics and comparison with Mann – Whitney U test between oral breathers (OB

group) and nasal breathers (NB group) at T0. Values are expressed as Mean and Standard deviation (S.D.)

Oral breathers group T0 Nasal breathers group T0

Indicies Mean S.D. Mean S.D. p value

FVC 4.25 0.52 4.60 0.63 <0.05*

FEV1 3.33 0.68 3.63 0.63 NS

IT%(FEV1/CVF) 78.44 6.18 78.95 6.17 NS

FEF 25–75% 95.15 6.06 98.95 6.04 <0.05*

TV 502.54 59.90 538.96 60.61 <0.05*

Abbreviations: FVC = Forced vital capacity; FEV1 = forced expiratory volume in the first second; IT% = Tiffenau index; FEF 25–

75 = forced expiratory flow at 25–75% of vital capacity; TV = Tidal volume.

P value < 0.05 *.

Not significant = NS.

Table 2 Descriptive statistics and statistical comparison of spirometric indexes of the Oral breathers group at T0, T1 and T2. Values

are expressed as Mean and Standard deviation (S.D.).

Oral breathers group

Indicies T0 before treatment T1 after 6 months T2 after 12 months Friedman Test T0 vs T1 T1 vs T2 T0 vs T2

Mean S.D. Mean S.D. Mean S.D. p value p value p value p value

FVC 4.25 0.52 4.65 0.81 4.67 0.82 <0.001* <0.001* NS <0.001*

FEV1 3.57 0.68 3.66 0.74 3.72 0.71 <0.001* NS <0.001* <0.001*

IT%(FEV1/CVF) 78.44 6.18 78.76 6.78 79.71 6.88 <0.001* NS <0.001* <0.001*

FEF 25–75% 95.15 6.06 100.25 8.34 102.03 8.13 <0.001* <0.001* NS <0.001*

TV 502.54 59.90 568.33 61.76 587.50 67.52 0.002* 0.012* NS 0.008*

Abbreviations: FVC = Forced vital capacity; FEV1 = forced expiratory volume in the first second; IT% = Tiffenau index; FEF 25–

75 = forced expiratory flow at 25–75% of vital capacity; TV = Tidal volume.

P value < 0.05*.

Not significant = NS.
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FEV1 showed no statistically significant difference after RME
(Table 3).

The post-hoc Wilcoxon signed-rank test found the follow-
ing results, comparing spirometry indices over time: FCV
showed a statistically significant increase during the periods

T0–T1 and T0–T2. No statistically significant difference from
6 to 12 months was noticed in FCV (Table 3).
Table 3 Descriptive statistics and statistical comparison of spiromet

are expressed as Mean and Standard deviation (S.D.).

Nasal breathers group

Indicies T0 before treatment T1 after 6 months T2 af

Mean S.D. Mean S.D. Mean

FVC 4.60 0.79 4.71 0.77 4.68

FEV1 3.63 0.63 3.68 0.67 3.74

IT% (FEV1/CVF) 78.95 6.17 77.83 4.23 79.79

FEF 25–75% 98.95 6.04 102.33 8.54 103.8

TV 538.96 60.61 579.34 67.65 584.3

Abbreviations: FVC = Forced vital capacity; FEV1 = forced expirat

75 = forced expiratory flow at 25–75% of vital capacity; TV = Tidal vo

P value < 0.05 *.

Not significant = NS.
FEF 25–75% showed a statistically significant increase. The
post-hoc test showed a significant increase during the periods

T0–T1 and T0–T2 (Table 3).
A statistically significant difference was highlighted after

maxillary expansion during the periods T0–T1 and T0–T2

for TV measurements. From 6 to 12 months, no statistically
significant difference was noticed in TV (Table 3).
ric indexes of the Nasal breathers group at T0, T1 and T2. Values

ter 12 months Friedman Test T0 vs T1 T1 vs T2 T0 vs T2

S.D. p value p value p value p value

0.79 <0.05 <0.001* NS <0.05*

0.59 NS / / /

3.97 NS / / /

7 7.44 <0.001 <0.001* NS <0.05*

5 57.04 0.002 0.012* NS 0.008*

ory volume in the first second; IT% = Tiffenau index; FEF 25–

lume.
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3.3. Between-groups comparison: T0 and T2

FVC, FEF 25–75%, and TV showed statistically significant
differences at time T0 between the oral breather and nasal
breather groups (Table 1), while FEV1 and IT% did not show

any statistically significant differences between the two groups
at T0.

All spirometric indices did not show any statistically signif-
icant difference 12 months after maxillary expansion between

the oral breather and nasal breather groups (Table 4).
4. Discussion

Correlations between the skeletal effects of RME and respira-
tory function have been extensively studied in the literature.

Several studies have reported the positive effects of RME

on the airflow and proximal airway resistances in subjects with
maxillary hypoplasia (Berretin-Felix et al., 2006; Farronato
et al., 2008; Smith et al., 2012; Chang et al., 2013; Maspero

et al., 2014; Pereira-Filho et al., 2014; Maspero, Abate et al
2020; Fama et al., 2020). Haas, in 1961, observed considerable
changes in the nasal-maxillary complex after RME (Haas,

1961). Catar Wertz (1968) suggested that nasal stenosis located
in the anterior–inferior portion of nasal chambers would
improve after maxillary suture opening (Wertz, 1968). In
2014, Hakan et al., also confirmed that RME led to a signifi-

cant increase in nasal passage airway volume (El and
Palomo, 2014). Many studies have demonstrated that patients
with maxillary constriction tend to have a higher nasal airway

resistance (Farronato et al., 2011; Maspero et al., 2015). RME,
by separating the external walls of nasal cavities, causes lower-
ing of the palatal vault and straightening of the nasal septum,

consequently inducing an increase in nasal volume and nasal
airflow in breathing and decreasing nasal resistances
(Farronato et al., 2012; Lo Giudice et al., 2017). How these
events influence breathing, however, have still not yet been

investigated.
All parameters of breathing function (FVC, FEV1, FEF

25–75%) showed a statistically significant improvement after

treatment in both studied groups. Increases in FEV1 and IT
% were statistically significant only in the oral breather group
(Table 2).

FVC value is usually reduced in restrictive disorders
(Venkateshiah et al., 2008) and may be reduced due to severe
airflow obstruction and air trapping (El-Helaly et al., 2012;
Table 4 Spirometric indexes with descriptive statistics and compari

and Nasal breathers (NB group) at T2. Values are expressed as Mea

Oral breathers group T2

Indicies Mean S.D.

FVC 4.67 0.82

FEV1 3.72 0.71

IT% (FEV1/CVF) 78.44 6.18

FEF 25–75% 102.03 8.13

TV 587.50 67.52

Abbreviations: FVC = Forced vital capacity; FEV1 = forced expirat

75 = forced expiratory flow at 25–75% of vital capacity; TV = Tidal v

P value < 0.05 *.

Not significant = NS.
Y Baena et al., 2013; Lucchese et al., 2011). FVC showed, as
expected, a significant difference between the two groups
before RME (Miller et al., 2005; Pellegrino et al., 2005). After

treatment with RME, both groups showed a statistically signif-
icant increase in all variables, due to less airflow obstruction,
while FVC showed no statistical difference between groups

(Tables 2 and 3).
FEV1 in oral breathers is affected by mechanical obstruc-

tion of the upper and lower airways. FEV1 is the most widely

used functional index in asthma follow-up, in order to assess
the impact of increased respiratory resistances on breathing
function (Moeller et al., 2015; Gallucci et al., 2019). Children
with asthma and FEV1 < 60% have a double risk of asthma

exacerbations in the following year, compared to those with
FEV1 > 80%. Even though both groups analyzed started with
FEV1 values of about 80% with no significant difference,

FEV1 showed a statistically significant increase in the group
of oral respiratory patients only. This result could be explained
by considering that palatal expansion led to a greater benefit in

the oral breather group, by decreasing the peripheral resis-
tances that had previously increased due to upper airways
being reduced in size. This condition was not present in the

nasal breather control group. Nevertheless, no statistically sig-
nificant difference in T2 was reported between the two groups.

Normal values of the Tiffenau index (IT%) are approxi-
mately 75%, depending on age, sex, height, and ethnicity.

In obstructive pulmonary pathologies, FEV1 is reduced due
to the obstruction of the air coming out of the lungs; for this
reason, IT% is also reduced. In the samples analyzed in the

present study, IT% started with normal values in both groups.
IT% and FEV1 had a statistically significant improvement
only in the oral breather group. The reason for this can be

traced back to the previously explanation for the FEV1 index.
According to most guidelines, FEF is recommended for

subjects with severe asthma or with poor perception of airflow

limitation. FEF 25–75% values are significantly correlated
with nasal obstruction or nasal symptoms alone (Bateman
et al., 2008; Traini et al., 2011). Both FEV1 and FEF 25–
75% are usually reduced in children with moderate to severe

persistent allergic rhinitis. FEF measurement can be used to
document the variability of bronchial obstruction in asthma
and is useful in evaluating the progression of asthma (Reddel

et al., 2005; Scichilone et al., 2013). FEF 25–75% values
improved statistically in the two groups after treatment, reveal-
ing that the maximal expiratory flow peak increased. No statis-

tically meaningful difference was noted at T2 between the two
son with Mann-Whitney test between Oral breathers (OB group)

n and Standard deviation (S.D.)

Nasal breathers group T2

Mean S.D. p value

4.68 0.79 NS

3.74 0.59 NS

79.79 3.97 NS

103.87 7.44 NS

584.35 57.04 NS

ory volume in the first second; IT% = Tiffenau index; FEF 25–

olume.
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groups, indicating that the group of oral breathers reached
normal values, as shown in Table 4.

In this study, follow-up controls of the mouth and nasal

breather sample treated with RME confirmed its tendency to
increase tidal respiratory volume (TV) by improving the
amount of air volume inhaled or exhaled during quiet breath-

ing. At time T2, the two groups did not show any significant
differences. Therefore, the correction of transverse maxillary
hypoplasia by palatal expansion could have beneficial

organismic repercussions on respiratory muscles, as well. By
considering the improvement of all of the parameters consid-
ered in this study, it is possible to conclude that rapid maxil-
lary expansion improved the expiratory capacity significantly

in both groups.
Oral breathers benefited from the expansion in a more sig-

nificant way than nasal breathers. Indeed, IT% and FEV1

showed a statistically significant increase only in this group.
The comparison between the two groups did not show signif-
icant differences at T2 for all spirometric indices.
5. Conclusions

Treatment with rapid palatal expansion had beneficial effects

in both nasal and oral breathers. Meaningful statistical differ-
ences were not found after 12 months of treatment between
groups. FEV1 and IT%, among the spirometric indices,

showed a significant improvement only in oral breathers. This
was probably due to a starting condition with increased
peripheral resistances in oral breathers. RME treatment led
to a decrease in peripheral resistance with beneficial effects

on lung ventilation and the respiratory act, in general. Forced
vital capacity (FVC), forced expiratory flow at 25–75% of vital
capacity (FEF 25–75), and Tidal volume (TV) reached values

similar to those of nasal breathers after treatment with RME.
The present study should be considered a pilot study for the

spirometric evaluation of the effects of RME in oral breathers.

For this reason, further studies using a larger sample size are
required.
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