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Evaluation of the effect of rapid maxillary 
expansion on the respiratory pattern using 
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The aim of the present investigation is to evalute the effect of rapid maxillary expan-
sion (RME) on the respiratory pattern. A clinical case is presented to describe how 
patients with atresic maxilla and respiratory problems can benefit from rapid maxillary 
expansion. The article highlights that the health professional, mainly the Orthodontist 
and the Otorhinolaryngologist, may use complementary exams to diagnose a mouth 
breather patient.

Abstract

Keywords: Active anterior rhinomanometry. Rapid maxillary expansion. Total nasal resistance. 
 Respiratory pattern. Mouth breather. Upper airway.

 * MSc in Orthodontics, Department of Orthodontics and Pediatric Dentistry, School of Dentistry,  University of São Paulo (FOUSP) and PhD in Orthodontics, 
Department of Pediatric Dentistry ,School of Dentistry, São Paulo State University (UNESP - Araraquara).

 ** Assistant Professor, Department of Pediatric Dentistry, School of Dentistry, São Paulo State University (UNESP - Araraquara).
 *** Adjunct Professor, Department of Pediatric Dentistry, School of Dentistry, São Paulo State University (UNESP - Araraquara).
 **** Adjunct Professor, Department of Otolaryngology and Human Communication Disorders, Federal University of São Paulo (UNIFESP).

introduction
Nasal breathing is the only physiologically 

normal breathing pattern seen in humans. When 
for some reason, the individual has any difficul-
ties of breathing through the nose, it comple-
ments or replaces the nasal breathing by mouth 
breathing.15

The diagnostic methods to determine the 
breathing pattern of an individual are contro-
versial. However, the effects of nasal respiratory 
obstruction are not fully understood in the de-
velopment of malocclusion and facial growth. 

Although much has been researched about the 
relationship between respiration and craniofa-
cial growth, many questions still remain unan-
swered, because of numerous variables includ-
ing genetic predisposition and environmental 
influences, as each individual has its own way to 
adapt for the resulting impact of the alteration 
of normal breathing pattern.11,20,27

The importance of studying the nasal breath-
ing and its alterations is fundamental to the or-
thodontist, because the nasal breathing disor-
ders may impact negatively on the development 
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of occlusion19,20 and on facial growth.11,25

For over a century, some researchers were in-
terested in evaluating the effect of rapid maxil-
lary expansion (RME) on nasal morphology and 
function. This procedure, introduced by Angell1 
changes the shape of the jaw, opening the palatal 
suture and other facial sutures. Numerous stud-
ies have shown that the outcome of this proce-
dure causes changes in the transverse dimension 
of the maxilla and nasal cavity, providing an im-
provement in breathing.2,3,8,9

There are reports of scientific studies that the 
breathing pattern of an individual with reduced 
naso-respiratory function may be improved by 
rapid maxillary expansion, since the increase in 
nasal cross-sectional area leads to a decrease in 
nasal resistance increasing the airflow.3,4,10,12,14 
However, it is necessary to maintain a minimum 
level of nasal resistance in order to provide respi-
ratory gas exchange occurring in the pulmonary 
alveoli.29

Subtelny26 associated oral breathing to unfa-
vorable dentofacial development, and reported 
that, for normal breathing to exist the proper use 
of the nasal cavity and nasopharyngeal space was 
necessary. And that an abnormal increase of the 
structures within these anatomic areas, such as 
hypertrophy of the turbinates and / or hypertro-
phy of the adenoid tissue, could cause a blockage 
of air passage through the upper airway. Thus, 
if the obstruction was of sufficient size to pre-
vent nasal breathing, the result could be a way of 
adapting to mouth breathing.

The reduction of naso-respiratory function 
may be caused by several etiologic factors, which 
may be located in the bucopharynx, nasal cavity 
or nasopharynx.15,16,21,23 However, the most com-
monly nasal obstructions encountered, that can 
cause an increase in nasal resistance are: pharyn-
geal tonsil hypertrophy, hypertrophy of palatine 
tonsils, hypertrophy of the turbinates, nasal sep-
tum deviation and allergic rhinitis.5,15,16,31

For Watson Jr. et al,31 most patients with re-

spiratory nasal resistance above 4.5 cmH2O/L/
sec. are mouth breathers, although for Vig et al,27 
nasal respiratory resistance of 4.5 cmH2O/L/
sec., is a critical value to distinguish the nasal 
from the oral breathers. McCaffrey and Kern18 
report that the symptom of nasal obstruction 
occurs when the value of total nasal resistance 
is greater than 3 cmH2O/L/sec. Warren et al30 
described that when the total nasal resistance is 
high, around 4.5 cmH2O/L/sec, the vast majority 
of individuals are regarded as mouth breathers. 
The values obtained through the active posterior 
rhinomanometry and nasal breathing in patients 
with nasal obstruction are different—on average 
1.86 cm H2O/l/sec. and 3.05 cmH2O/L/sec., re-
spectively.13

Another method used to quantify the respi-
ratory pattern is by measuring the nasal cross-
sectional area. However the limit of change of 
oral to nasal breathing is very close,28 about 0.40 
to 0.45 cm2. About 97% of individuals with 
nasal cross-sectional area smaller than 0.4 cm2 
have some kind of mouth breathing,28 or a na-
sal cross-sectional area equal to or less than 0.4 
cm2 gives a nasal respiratory resistance from 0.5 
to 4.7 cmH2O/L/sec.14 Thus, the extremely high 
breathing resistance requires the individual to 
open his mouth about 0.4 to 0.6 cm2 to reduce 
it and achieve normal values compatible with 
breathing, from 1.9 to 2.2 cmH2O/L/sec.30

Recently, with technological advances and 
the increasing interest of orthodontists and oto-
laryngologists for this topic, new techniques try 
to quantify and evaluate more objectively the 
effect of rapid maxillary expansion on the re-
spiratory pattern.22,24 To MacCaffrey and Kern;18 
Kern;17 Clement,6 one of the more common and 
physiologic diagnostic methods used to study re-
sistance and conductance of the nasal airway is 
the active anterior rhinomanometry, which was 
standardized in 1968 by Cottle,7 and consists of 
an aerodynamic test in which the pressure and 
nasal flow are quantified.
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Therefore, the purpose of this article was 
to evaluate whether there was a change in the 
patient’s breathing pattern which showed trans-
verse deficiency of  the upper arch and had indi-
cation for rapid maxillary expansion. 

rAPid MAXiLLArY EXPAnSion APPLiAncE
The device used for rapid maxillary expansion 

was a tooth-mucosa supported appliance, called 
modified Haas8 appliance. The device was made 
of acrylic resin with an expansion screw of 11 mm 
placed on the center of the device. Orthodontic 
bands were used on the first premolars and first 
permanent molars, which were soldered onto a 
length of stainless steel wire of 1.2 mm that ex-
tended from the cervical portion of the lingual 
surface of the first molar to the lateral incisor.

installation and activation of the rapid 
maxillary expansion device

A caucasian, male patient, aged 11 years and 
6 months, sought the orthodontic clinic with the 
desire of improving his smile and teeth position. 
During clinical examination, it was found that 
the patient presented an Angle Class II, division 
1, malocclusion, bilateral posterior crossbite in 
the region of the first pre-molars, atretic pre-
maxillary, mild anterior upper and lower crowd-
ing with lack of space for the upper left canine 
and lower first premolars. In this first appoint-
ment, the patient reported that he was a mouth 
breather, thus, the same was referred to the oto-
laryngologist.

In the first phase of treatment a rapid max-
illary expansion modified Haas appliance was 
planned. On the day of appliance installation 
all the recommendations were explained to the 
parents, regarding oral hygiene and the device’s 
mode of activation. However, the activation only 
started the next day.

Concerning oral hygiene, it was explained to 
the patient that always after meals he should 
perform his dental hygiene, brushing his teeth 

and the appliance. He was advised to use a 20 
ml plastic syringe with water, to perform the 
removal of food remnants that remained be-
tween the palate and the appliance. In relation 
to the activation of the appliance, the patient´s 
guardian was called, and requested to sit be-
side the patient so all necessary guidelines were 
passed, and also to observe how to activate the 
expander. First, it was explained that whenever 
he was performing the procedure, the activation 
key should be tied with dental floss, around one 
of the fingers of the person who would be per-
forming the activation. This procedure is neces-
sary in order to prevent accidental swallowing 
of the key. The parent was oriented that, for 
the activation of the device, the screw should 
be turned with the key from front to back, two 
quarters backwards in the morning and two 
quarters backwards in the evening, summing a 
full turn of the screw per day. After the initial 
explanation, we performed the activation of the 
screw, and then immediately asked his father to 
perform the same procedure in order to observe 
that he would have no doubts in carrying out 
the activation at home. After elucidation of all 
doubts, the patient was dismissed.

Consultations were scheduled every three 
days for periodic control of expansion and to 
observe whether activation was being conducted 
properly.

ActiVE AntErior rHinoMAnoMEtrY
type of device and calibration

The appliance used for the patient’s active 
anterior rhinomanometry was a rhinomanom-
eter RM 302 Berger, composed of two channels, 
allowing simultaneous assessment of flow and 
pressure in each nasal cavity during breathing. 
This equipment has two transducers, two graph-
ic recorders, a flow meter (pneumotachograph), 
a pressure gauge and two olives. The flow olive 
had an outlet diameter of 7 mm, while the pres-
sure olive had an outlet diameter of 5 mm. The 
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FIGURE 1 - Extraoral photographs: A) profile view, B) front view, C) opening of diastema between upper central incisors.

FIGURE 2 - Intraoral photographs: A) right lateral view, B) front view, C) left lateral view.

FIGURE 4 - Intraoral photographs: A) front view, with opening of diastema between upper central incisors, B) upper occlusal view, with modified HAAS 
palatal expander in position and C) upper occlusal view, after opening of the midpalatal suture.

FIGURE 3 - Intraoral photographs: A) upper occlusal view, B) lower occlusal view.
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recordings were made with writing needles on 
common graph paper at a speed of 10 mm/sec.

Device calibration had the following stan-
dardization: the flow meter was calibrated so 
that each 5 mm of deviation from baseline on 
the paper matched the flow of 10 liters/minute, 
while the pressure gauge was calibrated so that 
each 5 mm of deviation on the tracing was equiv-
alent to 20 mm H2O.

Before conducting the patient examination 
the rhinomanometer was taken to a specialized 
company (Eletromedicina Berger Indústria e Co-
mércio™, Brazil), for review and calibration.

Examination
Before the examination, the patient was 

asked if he had a cold, otherwise the examina-
tion was not performed and another date would 
be scheduled.

The procedure was fully explained to the pa-
tient, who was instructed to sit comfortably on 
a chair, breathing quietly through the nose and 
keeping his mouth closed. The examination was 
performed at room temperature and after the 
patient had rested for 30 minutes.6

Initially, the exam was conducted under nor-
mal conditions, without the use of topical vaso-
constrictor. It always started by the right nasal 
cavity. The olive that was connected to the pneu-
motachograph was placed in the right nostril and 
the olive connected to the pressure gauge was 
placed in the left nostril. Thus the flow (V) and 

pressure (P) were obtained from the right nostril 
and then reversing the positions of the olives, the 
left nasal cavity was evaluated.

The olive connected to the flow meter as well 
as that connected to the pressure gauge were fit-
ted perfectly to the nostrils, in order not to cause 
deformation of the lobe and nasal air escape. 
With this purpose, the examination was always 
performed by the examiner, who held the olives 
into the desired positions, during acquisition.

At the beginning, three respiratory cycles 
were recorded for the patient to become familiar 
with the exam and breathe normally, then ten re-
spiratory cycles were done for each nasal cavity.

Later 3 drops of a topical vasoconstrictor 
solution (oxymetazoline hydrochloride 0,05%) 
were applied in each nostril of the patient, and 
after 15 minutes, the test was repeated as de-
scribed above.

Thus the values of flows and pressures in each 
nasal cavity were obtained and recorded. From 
this data, we calculated the unilateral nasal re-
sistance and total nasal resistance of the patient

cALcuLAtion oF uniLAtErAL And totAL 
nASAL rESiStAncE
calculation of unilateral nasal resistance

To calculate the unilateral nasal resistance, 
the sensitivity of rhinomanometer RM - 302 was 
the following:
 » Pressure: each 5 mm variation of the baseline 
corresponded to 20 mm of water (mm/H2O)
 » Flow: each 5 mm variation of the baseline was 
equal to 10 liters per minute (l/min.)

To obtain the actual values of pressure and 
flow from the tracings every millimeter of the 
tracing was multiplied by the following factors:
 » Pressure tracing, every millimeter was multi-

plied by 4
1 mm x 4 = 4 mm H2O

 » Flow tracing: every millimeter was multi-
plied by 2

1 mm x 2 = 2 mm H2O
FIGURE 5 - Device used to perform the active anterior rhinomanometry 
exam. Rhinomanometer RM - 302 from Berger™.
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FIGURE 6 - Performing the active anterior rhinomanometry exam: A) Obtaining the right nasal pres-
sure, B) Obtaining the left nasal pressure, C) Obtaining the right nasal flow, D) Obtaining the left 
nasal flow, E) Simultaneous obtainment of pressure and right nasal flow and f) Simultaneous obtain-
ment of pressure and left nasal flow.

FIGURE 7 - Rhinomanometric trace showing expiratory and inspiratory 
curves.

The formula used to calculate the unilateral 
nasal resistance was as follows:6,18

R = ∆P

 V
In this manner the left and right nasal resis-

tance were calculated without vasoconstrictor, 
and after with vasoconstrictor.

For Cottle,7 a tracing pattern characterized 
by regular rhythm, amplitude and frequency ob-
served in normal subjects without complaints of 
nasal obstruction, the flow:pressure ratio (V/P) 
would be 20/20 or 24/18.

Active Anterior Rhinamometry
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FIGURE 8 - Rhinomanometric examination trace before the rapid maxillary expansion (RME): A) Right nasal cavity and B) Left nasal cavity.

FIGURE 9 - Rhinomanometric examination trace after the rapid maxillary expansion (RME): A) Right nasal cavity and B) Left nasal cavity.

Thus, as our study was not concerned with 
the nasal conductance (V/P), but with the nasal 
resistance (P/V), the pressure: flow ratio would 
be 20/20 or 18/24. Therefore, normal individuals 
without complaints of nasal obstruction would 
have a unilateral nasal resistance ranging from 
0.75 to 1.00 mm/H2O/l/min.

calculation of total nasal resistance
To calculate the total nasal resistance, the fol-

lowing formula was used:
TNR = RNR x LNR

  RNR + LNR
By this formula, the grid is equal to the right na-

sal resistance (RNR) multiplied by the left nasal re-
sistance (LNR) and divided by the sum of them.17,18

Thus, the total nasal resistance with and without 
vasoconstrictor was calculated.

Therefore, normal individuals without com-
plaints of nasal obstruction would have a total 
nasal resistance ranging from 0.37 to 0.50 mm/
H2O/l/min.

FinAL coMMEntS
After (RME), a decrease in pressure (P) was 

observed in the right nasal cavity (RN), while 
the flow (F) remained constant. In the left nasal 
cavity (LN) a decrease in pressure (P) and an in-
crease in the flow (F) were observed.

After the RME was completed the patient 
showed a reduction in nasal resistance, an 
event previously reported in studies in the lit-
erature.10,22,24,27,33 However, we must be aware 
that despite the benefit of the decrease in nasal 
resistance and thereby increase nasal patency 
of this orthopedic procedure, it should not be 
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