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Assessment of respiratory muscle strength and airflow before and after

microimplant-assisted rapid palatal expansion

Camilla Juliana Stortoa; Aguinaldo Silva Garcezb; Hideo Suzukic; Karla Garcez Cusmanichd;
Islam Elkenawye; Won Moonf; Selly Sayuri Suzukig

ABSTRACT
Objectives: To assess alterations in respiratory muscle strength and inspiratory and expiratory
peak flow, as well as skeletal and dental changes in patients diagnosed with transverse maxillary
deficiency before and after microimplant-assisted rapid maxillary expansion (MARPE).
Materials and Methods: Twenty patients (13 female and 7 male) were assessed by respiratory tests
in three different periods: T0 initial, T1 immediately after expansion, and T2 after 5 months. Tests
included: maximum inspiratory pressure (MIP) and maximum expiratory pressure (MEP), oral
expiratory peak flow, and inspiratory nasal flow. Cone-beam computed tomography measurements
were performed in the maxillary arch, nasal cavity, and airway before and immediately after expansion.
Results: There was a significant increase in MIP between T0 and T2 and MEP between T0 and T1
(P,.05). Oral and nasal peak flow increased immediately after and 5 months later, especially in
patients with initial signs of airway obstruction (P,.05). In addition, after expansion there was a
significant enlargement of the nasal cavity, alveolar bone, and interdental widths at the premolar
and molar region. Molars tipped buccally (P,.05) but no difference was found in premolar
inclination. MARPE increased airway volume significantly.
Conclusions: Skeletal changes promoted by MARPE directly affected airway volume, resulting in
a significant improvement in muscle strength and nasal and oral peak flow. (Angle Orthod.
0000;00:000–000.)
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INTRODUCTION

Transverse maxillary deficiency is characterized by
lateral growth failure resulting in a narrow maxilla,
narrow palatal vault and, often, posterior crossbite.1

Patients with maxillary constriction tend to have airway
problems. Mouth breathing can also cause muscle
imbalance, postural axis alteration, disorganization of
muscle groups, inhibition of nasal afferent nerves,
decreased pulmonary compliance, and restricted chest
expansion as well as alveolar ventilation.2

Once the nasal airway is obstructed, reducing
airflow, the patient starts breathing through the mouth,
causing air to arrive faster to the lungs. With less effort
to breathe, the entire ventilatory mechanism is com-
promised, with reduced diaphragm action and less
strength of the respiratory muscles.3,4

The most common methods used for nasal flow
studies are rhinomanometry, acoustic rhinomanome-
try, and nasal inspiratory peak flow (NIPF). All of them
offer accurate results to measure airflow throughout the
nasal cavity. The NIPF is used to detect clinical
changes caused by respiratory problems. It is a low-
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cost, and portable device, with good reproducibility,

and is not dependent upon computer systems or
expertise to be operate it.5,6

Maximum inspiratory pressure and maximum expira-
tory pressure (MIP and MEP) are used to assess

respiratory muscle strength, indicating the strength of the
inspiratory and expiratory muscle groups. MIP reflects

the strength of the diaphragm and other inspiratory

muscles whereas MEP measures intercostal and
abdominal muscle strength.7–9

Rapid palatal expansion is the treatment choice to
correct maxillary transverse skeletal deficiency and is

recommended in growing patients. Due to higher

interdigitation of the midpalatal suture found in adult
patients, surgically-assisted rapid palatal expansion

(SARPE) is indicated.10 Recently, micro-implant assist-
ed rapid palatal expansion (MARPE), using a bone-

borne expander in mature patients, has been found to

provide skeletal expansion, reducing adverse dental
effects and, thus protecting the periodontium. MARPE

may represent an alternative to SARPE, which is often

refused by patients.11–13 Although there are studies
evaluating MARPE effects on airway using cone-beam

computed tomography (CBCT) measurements,14–16

only a few studies correlated MARPE with airflow.
The aim of this study was to evaluate respiratory

muscle strength as well as inspiratory nasal and

expiratory oral peak flows before and after MARPE.

MATERIALS AND METHODS

The sample of this study consisted of 20 patients,

with a mean age of 17.1 years (13 female and 7 male)
with the following inclusion criteria: patients with

maxillary transverse deficiency, permanent dentition,

CS6 skeletal maturation stage,17 and mouth breathers.
The exclusion criteria were: failure to split midpalatal

suture, systemic diseases, craniofacial anomalies,

obesity, and patients with cold or flu symptoms.

The study was conducted in the Department of
Postgraduate Orthodontics and was approved by the

Research Ethics Committee (No. 1.745.233) at São

Leopoldo Mandic Institute and Research Center
(Campinas, SP/Brazil).

MARPE appliances (Figure 1A–C) used in this study
consisted of orthodontic bands on the upper first

molars, the expander, and four mini-implants 1.8

diameter 3 11 mm length (Peclab, Belo Horizonte,
Brazil) and Maxillary Skeletal Expander (Biomaterials

Korea, Seoul, South Korea).12,18 Maxillary expansion
was initiated immediately after placement. Activation

was performed twice a day, one turn in the morning

(0.25 mm) and one turn at night (0.25 mm), until the
necessary expansion was achieved.19

Respiratory tests were performed at three time-

points: before expansion (T0), immediately after

expansion (T1), and after 5 months when MARPE

was removed (T2). All tests were done three times at

each time point, and the highest value was record-

ed.9,20

To measure respiratory muscle strength, an ana-

logue manometer (Instrumentation Industries, Bethel

Park, PA, USA) with a numerical scale of 0 to 120

cmH2O was used, and muscle strength was evaluated

by 2 measurements: MIP and MEP. Normative values

were calculated using an equation considering age and

gender for the Brazilian population.9 The collected data

were then compared to predicted values and converted

into a percentage21 (Figure 2A).

An ASSESS expiratory peak flow meter device

(Respironics HealthScan, Cedar Grove, NJ, USA) with

a numerical range of 60–900 l/min was used to measure

maximum airflow achieved during a forceful expiratory

maneuver starting with the lungs fully inflated (Figure

2B). All data were compared to a reference table and

chart considering age, height, and gender for a healthy

Brazilian population.20,22 After converting data to per-

centage based on the predicted value as recommended

in the guidelines published by the National Institutes of

Health,23 subjects were divided into two groups accord-

ing to the peak flow results: values above 100%,

meaning patients with no signs of lower airway

obstruction, and below 100%, suggesting some degree

of airway obstruction. To evaluate nasal inspiratory peak

flow, a measuring device of nasal inspiratory flow

(InCheck Nasal; Clement Clarke, Harlow, UK) with a

numerical range of 30–370l/min24 was used to quantify

Figure 1. Micro-implant rapid palatal expansion (Peclab, Belo

Horizonte, Brazil) (A) Initial. (B) Beginning of activation. (C) After

expansion.

Figure 2. (A) Analog manometer. (B) Expiratory peak flow meter. (C)

Nasal inspiratory peak flow meter.
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maximum inspiratory flow (Figure 2C). Raw data were
compared before and after expansion.

During oral and nasal exams, patients remained
seated in a 908 upright position at room temperature.
They were instructed regarding the use of the nasal
clip and position of the mouthpiece to obtain the best
seal for the expiratory and inspiratory tests.9,20 Before
starting the nasal exam, the patient was instructed to
clear the airway by blowing their nose. The device was
placed horizontally so that the mask could be fitted and
adapted around the nose and sealed lips with the
correct pressure to avoid air leaks.24

CBCT acquisition was performed using the I-CAT
Scanner machine (Imaging Sciences International,
Hatfield, PA) before (T0) and immediately after (T1)
expansion, using the following parameters: 16 cm
diameter 3 13 cm height volume size; 0.25 mm voxel
resolution; 36mAs and 120kVp exposure conditions.
Images were generated in digital imaging and com-
munications in medicine format. Visualization and

measurements were performed using OnDemand3D
software (Cybermed, Seoul, South Korea). To stan-
dardize software measurements (Figure 3), images
were previously aligned using the following reference
lines: in the coronal view, N-ANS point (Nasion-
Anterior Nasal Spine) and for the sagittal and axial
views, ANS-PNS (Anterior Nasal Spine-Posterior
Nasal Spine).16

Linear and angular measurements were performed
in a coronal view at the furcations of the first premolar
and first molar before and after expansion. They are
described in Table 1.14,25,26 Airway volume was mea-
sured using the three-dimensional module to create a
threshold of -4000 to -600 Hounsfield units (HU)
representing air. The nasopharynx was sculpted and
cut based on the C3 plane as the inferior border and
the Choanae plane as the superior border (Figure 4).

For the statistical analysis, data normality was
determined using the Shapiro-Wilk test. To statistically
evaluate MEP, MIP, inspiratory, and oral expiratory

Figure 3. OnDemand3D software images in the first molar region.

Table 1. Definition of Landmarks and Reference Planes Used to Assess Changes in CBCT Images Before and After Expansion

Term Definition

Nasal cavity width (linear distance) Distance between the most lateral point of each side of the nasal cavity

Midpalatal suture opening (linear distance) Distance between the two halves of the ANS and PNS after split

Alveolar bone width (linear distance) From the lowest point of the alveolar bone crest to the opposite side

Interdental distance (linear distance) Distance between the middle fossa of right and left upper first premolars and molars

Tooth inclination (degrees) Long axis of the first premolar and molar to the palatal base of the maxilla

ANS indicates anterior nasal spine; PNS, posterior nasal spine.
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nasal Peak flow, one-way analysis of variance test

followed by the Tukey test were used. To compare

CBCT data before and after expansion, Student’s t-test

was performed using GraphPad Prism 8 software

(GraphPad Software, San Diego, CA) using a signif-

icance level of P less than .05. Pearson correlation

analysis was performed to verify correlations between

variables.

RESULTS

Respiratory muscle strength was assessed by MIP

and MEP mean values. MIP showed a slight but not

significant increase after expansion. A significant

increase was found between T0 and T2 (P , .05),

showing an improvement of 20% after 5 months of

expansion (Figure 5A). MEP showed a significant

increase of 10% between before (T0) and immediately

after expansion (T1) but no change was observed after

5 months (Figure 5B).

A significant increase of 30.45% was observed in

nasal inspiratory peak flow between T0 and T1 (P ,

.05), as well as a significant increase between T0 and

T2 of 30.28% (P , .05) (Figure 6).

Oral expiratory peak flow results were divided

between patients presenting with values greater than

100% (no lower airway obstruction) and lower values

Figure 4. Limits to the airway volume measurement.

Figure 5. Mean values and standard deviation over time for (A) Maximum inspiratory pressure; (B) Maximum expiratory pressure (*P , .05).

Figure 6. Mean values and standard deviation over time for nasal

peak flow (*P , .05).

Angle Orthodontist, Vol 00, No 00, 0000

4 STORTO, GARCEZ, SUZUKI, CUSMANICH, ELKENAWY, MOON, SUZUKI



than 100% (sign of airway constriction20,22). A signifi-

cant increase was found between T0 and T1 (25%)

and T0–T2 (40%) in patients who presented initially low

airflow values (P , .05). Patients with a satisfactory

initial oral expiratory flow also showed a significant

increase between T0 and T2 (20%) (Figure 7).

Regarding CBCT measurements, most linear and

angular measurements showed significant increases

from before to after expansion except for premolar

inclination (P ¼ .173) (Table 2). Total nasopharynx

volume showed a significant increase from 16,058

(62171.98) to 21,835.55 (61937.64) mm3 (P , .05)

(Figure 8 and 9).

Pearson correlation and linear regression analyses
of delta values (post-pre expansion) showed a strong
positive correlation between airway volume and nasal
(r2¼ 0.9804; P , .01) oral peak flow (r2¼ 0.9364; P ,

.01) and MIP (r2¼ 0.9482; P , .01), which meant that
an increase in the airway volume had a positive effect
in airflow and muscular strength during maximum
inspiratory pressure. There was no correlation between
the airway volume and MEP (r2 ¼ 0.0016; P . .05).

DISCUSSION

The CBCT results of this study regarding the
suture’s split (premolar and molar areas) were similar
to those obtained by Christie et al.27 using the Haas

Figure 7. Representative mean values and standard deviation for (A) Patients with initial low oral expiratory peak flow; (B) Patients with initial

good oral expiratory peak flow (*P , .05).

Table 2. Means and Standard Deviation for CBCT Measurements

Between T0 and T1 (*P , .05).

Region T0 T1 4T1–T0 P Value

Nasal cavity width (mm)

18 PM 24.70 (2.15) 28.17 (2.80) 3.47 .001*

18 M 26.22 (2.64) 28.4 (2.59) 2.2 .003*

Midpalatal suture opening (mm)

18 PM 0 (0) 4.7 (1.49) 4.7 ,.001*

18 M 0 (0) 4 (1.17) 4 ,.001*

Interdental distance (mm)

18 PM 36.48 (3.3) 42.38 (3.82) 3.59 ,.001*

18 M 47.33 (3.45) 52.67 (3.50) 5.34 ,.001*

Tooth inclination (degrees)

18 PM 98.66 (6.00) 100.49 (7.43) 1.83 .173

18 M 98.23 (6.29) 101.85 (5.61) 3.61 .011*

Alveolar bone width (mm)

18 PM 46.38 (2.99) 49.97 (2.5) 3.59 ,.001*

18 M 57.67 (2.29) 61.55 (2.84) 3.88 ,.001*

CBCT indicates cone-beam computed tomography.

Figure 8. Mean values and standard deviation over time for airway

volume (*P , .05).
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appliance in growing patients (mean age: 10.3 years
old) and Cantarella et al.16 using maxillary skeletal
expansion (MSE) in older patients with a mean age of
17.2 years old. Nasal cavity width showed a greater
increase in the current study compared with another
with a different MARPE design14 and Haas appliance.27

A recent study showed a 3.94 mm increase of the
nasal cavity width using the MSE appliance compared
with 1.95 mm for the Hyrax appliance.28 Alveolar bone
width increased significantly compared to the results of
another study using a different bone-borne rapid
palatal expander in patients with a mean age of 18.1
years.29 No difference was found in premolar inclina-
tion. Although there was significant molar inclination
observed in the current study, it was less than that
found by Park et al.14 using a different design of mini-
screw assisted expander. The current results were
more similar to the results found by Yilmaz et al.30

Airway volume increased significantly in the current
study after expansion (26%). The increase was greater
than found by conventional rapid maxillary expansion
in younger patients,31 surgically assisted rapid palatal
expansion in adult patients,32 and the change of
nasopharynx volume found by Kim et al.33 using a
different design for MARPE.

Peak flow methods are important to measure oral
and nasal obstruction.34 Nasal inspiratory peak flow
increased immediately after expansion and this result
was maintained after 5 months. This finding was in
agreement with Zambon et al. who found that patients
undergoing a SARPE procedure showed respiratory
improvement documented as an increase in nasal
respiratory flow.35 More recently, Bazargani et al.,
comparing two types of expanders (tooth-borne and
tooth-bone-borne) for RPE, found that tooth-bone-
borne appliances using two miniscrews induced
significantly higher nasal airway flow in young patients

aged between 8 and 13 years old.36 The current results
showed a significant increase in more mature patients
after less invasive expansion, using a MARPE appli-
ance.

Oral peak expiratory flow is one technique to assess
lung function.37 The results of this study showed that
expiratory peak flow increased significantly after
expansion in patients with initial values lower than
100%, indicating that enlargement of the nasal cavity
may facilitate airflow. It may be hypothesized that, by
increasing nasal airway with MARPE, patients may
tend to breathe more through their nose and, therefore,
probably alter tongue posture and muscular dynamics,
indirectly increasing the nasopharyngeal airway. In
consequence, the overall airflow and respiratory
function is improved. Also, enhancing respiratory
muscle strength may have led to an increase in oral
expiratory peak flow.

Okuro et al.,38 assessing the strength developed by
respiratory muscles, showed lower values of MEP and
MIP in the mouth-breathing group of individuals,
compared with nasal breathers. The authors observed
that mouth breathing included altered respiratory
mechanics since an anterior head position may affect
the contraction of diaphragmatic and abdominal
muscles. Additionally, mouth breathing requires less
muscle effort and, along with inhibition of afferent nasal
nerves, results in poorer use of respiratory muscles
and progressive muscle weakening.39 It is natural to
expect improvement in respiratory tests after MARPE,
since a larger dimension of the airway would improve
nasal airflow, leading to better ventilatory muscle
function.

This study showed that MARPE not only affects
naso-maxillary bone structures but also has a direct
effect on airway flow and muscle strength, conse-
quently improving respiratory function. However, fur-
ther studies are needed to demonstrate how MARPE
treatment may influence respiratory functions in a
larger number of patients and on long-term evaluation.

CONCLUSIONS

� Skeletal results promoted by micro-implant assisted
rapid maxillary expansion (MARPE) therapy resulted
in an enlargement of airway volume and a significant
positive impact on respiratory functions evaluated by
airflow and muscle strength.
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