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Abstract
Purpose Positive airway pressure (PAP) is the standard and
most effective treatment for obstructive sleep apnea (OSA). It
provides a continuous stream of air under positive pressure
through the nose, mouth, or both, which prevents collapse of
the upper airway. This allows the patient to breathe freely
during sleep. The success of PAP therapy depends largely on
the selection of the proper interface (mask). The choice and
application of the interface in patients with OSA is a great
challenge that greatly affects the long-term compliance to
PAP therapy.
Methods This article discusses the different types of masks
that can be used in patients with OSA, including the differ-
ences between nasal, oro-nasal, and total face masks, breath-
ing during wakefulness and sleep, and the impact of interface
type on upper airway patency and mask fitting. We also dis-
cuss the steps to be considered in choosing the proper interface
and potential problems that may arise during long-term use.
Results and conclusion Current evidence suggests that the
nasal mask is better tolerated, requires lower pressure to elim-
inate obstructive respiratory events, and is associated with a
better sleep quality and better PAP therapy compliance.
Nevertheless, the best mask is the one that patient will wear.

Keywords CPAP . Sleep apnea . Oro-nasal mask . Nasal
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Introduction

Positive airway pressure (PAP) continues to be the most ef-
fective treatment for obstructive sleep apnea (OSA) [1].
Studies have shown that PAP can effectively reduce upper
airway obstruction leading to an improvement of daytime
sleepiness and sleep quality [2].Moreover, observational stud-
ies have shown a reduction in the risk of cardiovascular events
in patients with OSA treated with PAP compared to those who
are untreated [3]. However, despite the advancement in PAP
technology and the wide variety of mask choices in the mar-
ket, the success of PAP therapy depends on patients’ cooper-
ation and staff expertise. Lack of patient acceptance and inad-
equate adherence remain the major causes of treatment failure.
Nevertheless, patients’ acceptance of PAP therapy depends
largely on the selection of the proper interface.

Review method

The literature search began on the August 1, 2016 with key
word searches of Bsleep apnea,^ BCPAP,^ Bpositive airway
pressure,^ Binterface,^ Bmask,^ and Bnasal pillows^ using
PubMed, Google Scholar, and Medline. The reference lists
of identified articles were also searched for any additional
sources. Publications were then filtered based on whether or
not they reported original findings, provided background in-
formation, or contained relevant theoretical speculation of the
effect of different interfaces on the areas addressed in this
review. Most of the studies that investigated the interface used
in patients receiving PAP have small sample sizes.

* Ahmed S. BaHammam
ashammam2@gmail.com; ashammam@ksu.edu.sa

1 The University Sleep Disorders Center, Department of Medicine,
College of Medicine, King Saud University, Box 225503,
Riyadh 11324, Saudi Arabia

2 Strategic Technologies Program of the National Plan for Sciences and
Technology and Innovation in the Kingdom of Saudi Arabia,
Riyadh, Saudi Arabia

3 Philips, Respironics, Murrysville, PA, USA

Sleep Breath (2017) 21:569–575
DOI 10.1007/s11325-017-1490-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s11325-017-1490-9&domain=pdf


This article discusses the different types of masks that can
be used in patients with OSA, breathing during wakefulness
and sleep, and the impact of interface type on upper airway
patency and mask fitting. We also discuss the steps to be
considered in choosing the proper interface and potential
problems that may arise during long-term use.

Types of interfaces for PAP

The availability of several types of interface makes the
choice of the appropriate interface for patients with OSA
a great challenge. Choosing the right mask for patients
with OSA involves patient preference, and finding the
right size and fit of the mask. There are five available
types of masks that can be used to deliver PAP therapy
in a sleep laboratory setting:

1. Nasal masks. This type of mask covers the nose only
while resting on the upper lip, sides of the nose and on
the nasal bridge.

2. Oro-nasal (full-face) masks. This type of mask covers the
nose and mouth while resting on the chin, sides of the
nose and mouth, and on the nasal bridge.

3. Nasal pillows. This type of mask rests on the inside rim of
the nostrils. They are a good option for people who find
nasal or oro-nasal mask too intrusive and who have skin
breakdown on nasal bridge.

4. Oral masks. This type of mask fits in the mouth between
the teeth and lips. It also has a tongue guide to prevent
obstruction of the passage of air by the tongue. This type
is not common in practice. Major limitations of this type
of mask include upper airway dryness and rain-out asso-
ciated with heated humidification [4].

5. Total face masks. This type of mask covers the entire
face. It is a comfortable alternative for patients who
may not be able to obtain a good seal with other
masks such as nasal masks, nasal pillows, and full-
face masks, and is preferably indicated for those with
facial deformities and those suffering from skin break-
down around the facial area.

Masks are made of a variety of materials, but the common-
ly used material is silicone; some manufacturers produce gel
masks as well. The advantage of gel masks is that they adapt
to the contours of the face.

The main two modes of PAP therapy used in patients
with OSA are continuous positive airway pressure
(CPAP) and bi-level positive airway pressure (BPAP).
For all modes of PAP therapy, a good fit interface is
much needed, and this greatly contributes to the adher-
ence of patients to therapy.

Breathing during wakefulness and sleep

Human beings are obligate nose breathers during wakeful-
ness. During sleep, we also breathe mainly through the nose,
and nasal breathing is not affected by sleep stage or body
position in normal subjects [5]. In patients with OSA and
snoring, a multilevel anatomic obstruction is often present.
As the nose is the first anatomical boundary of the upper
airway, nasal obstruction may contribute to sleep disordered
breathing (SDB). A number of pathophysiological mecha-
nisms can potentially explain the role of nasal pathology in
SDB. These include the Starling resistor model, an unstable
oral airway, the nasal ventilatory reflex, and the role of nitric
oxide (NO) [6].

To understand the concept of treating OSA with nasal
CPAP, we need to understand the Starling resistor model.
The Starling resistor model consists of a tube passing through
a sealed box [7]. The tube consists of two rigid segments with
a collapsible segment interposed in between, within the box.
In humans, the rigid tube is represented by the nose and tra-
chea, and the collapsible segment is the muscular pharynx. As
long as pressure inside the pharynx (Pin) is greater than the
surrounding tissue pressure (Pout) (composed of pharyngeal
muscles and pharyngeal and submucosal fat, mucosal edema),
the pharynx will not collapse [8]. The pressure at which com-
plete collapse of the pharynx occurs is called pharyngeal crit-
ical closing pressure, at which Pin falls below Pout. The funda-
mental concept of treating OSAwith nasal CPAP is that nasal
CPAP increases the pressure inside the pharynx above the
pharyngeal critical closing pressure and thereby keeps the
pharynx open (Fig. 1).

However, the correlation between the degree of nasal ob-
struction and the severity of SDB is not linear [6]. The pres-
ence of nasal obstruction either due to anatomical factors,
inflammatory diseases, or nasal valve incompetence, may lead
to mouth breathing during daytime or mouth opening at night
due to increased nasal resistance [9]. Upper airway dynamics
differ whenwe breathe through the nose thanwhenwe breathe

Fig. 1 The Starling resistor model consists of a tube passing through a
sealed box. The tube consists of two rigid segments with a collapsible
segment interposed in between, within the box. In humans, the rigid tube
is represented by the nose and trachea and the collapsible segment is the
muscular pharynx. As long as pressure inside the pharynx (Pin) is greater
than the pressure outside when the surrounding tissue pressure (Pout), the
pharynx does not collapse
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through the mouth. Namely, upper airway resistance and pro-
pensity to develop OSA is higher when breathing through the
mouth compared to breathing through the nose [10].

Mouth opening is common in patients with OSA during
sleep, especially during NREM sleep, while the muscle atonia
accompanied by REM sleep decreases mouth opening [11].
Mouth opening leads to decreased distance between the hyoid
bone and mandible, which leads to shortening of genioglossus
muscle fibers and puts them on an unfavorable position on the
length-tension curve, which diminishes the upper airway di-
lator muscle tone [12]. This mouth opening in patients with
OSA at night should not be confused with daytime mouth
breathing due to nasal obstruction; these are distinct [13].
For instance, mouth opening at night may happen without
any nasal obstruction and in the absence of daytime mouth
breathing. During airway collapse, there is an increase in neg-
ative intrathoracic pressure, which pulls the jawbone down
due to thoracic traction. This is known as the tracheal tug,
which leads to mouth opening and an increased breathing
effort [14].

The mask of choice for patients with OSAwith nighttime
mouth opening is not necessarily the oro-nasal mask; rather,
nasal CPAPmay be optimal, as it has been shown to decrease
mouth opening episodes as well as the amplitude of mouth
opening movements in patients with OSA [15]. Similarly,
Ruhle et al. [16] demonstrated reduced mouth opening and
a decrease in the number of oral breaths with nasal CPAP.
Keeping this in mind will prevent over prescription of oro-
nasal masks in patients with OSA with nighttime mouth
opening; as there are differences in patient tolerance and
CPAP pressures needed between nasal masks and oro-nasal
masks.

Mask type and upper airway obstruction

As patients with OSA have an element of upper airway ob-
struction during sleep, it is important to discuss the effect of
different routes of interfaces on upper airway patency. Several
studies have assessed the impact of different interfaces on the
success of treatment in patients with OSA in this context. We
will now review studies that have assessed the effect of each
type of interface on upper airway dynamics.

Upper airway resistance and propensity to develop OSA is
higher when breathing occurs through the mouth as compared
to breathing through the nose. Mouth opening is associated
with a significant reduction in the retropalatal and retroglossal
cross-sectional areas in awake subjects, as well as a reduction
in the positive pharyngeal critical closing pressure during nat-
ural sleep [17].

While nasal CPAP enhances the Starling resistor model by
increasing the pressure inside the pharynx above the pharyn-
geal critical closing pressure and thereby keeping the pharynx

open, the oro-nasal mask violates the Starling resistor model
as pressure applied simultaneously through the mouth and
nose may lead to a collapse of the upper airway [18].
Figure 2 illustrates the effects of mask type on upper airway
collapse.

In one study, the upper airway was investigated in 18 pa-
tients with severe OSA and treated with nasal CPAP [19].
When the CPAP flow route was shifted from the nasal to the
oro-nasal or oral route, there was a significant and progressive
reduction in the distance between epiglottis and tongue base,
and the retroglossal area, respectively. This demonstrated that
patients showed upper airway obstruction during oro-nasal
CPAP, despite predominantly breathing through the nose pre-
ceding the obstructive event. The authors speculated that pos-
itive pressure applied through the mouth pushed the tongue
posteriorly, despite undetectable flow. Moreover, the authors
proposed that oro-nasal CPAP applies equal positive pressure
in both nasopharyngeal and oropharyngeal compartments,
which eliminates the pressure gradient, and hence allows
gravity to displace the soft palate and tongue backwards,
resulting in upper airway obstruction. Similar results have
been reported by Smith et al., who showed that oro-nasal
CPAP was unable to open the upper airway, even with a
CPAP pressure above the pharyngeal critical closing pressure
that was obtained when the nasal mask was applied [20].
Body position has also been shown to influence the effective-
ness of PAP therapy via oro-nasal masks. For example, the
interaction between the supine position and the oro-nasal in-
terface results in posterior tongue displacement and airway
obstruction [21].

Figure 3 shows two histograms of the same patient during
CPAP titration while on the nasal mask and the oro-nasal
mask. The pressure needed to eliminate obstructive

Fig. 2 This illustration demonstrates the relationship between the
Starling resistor concept and mask type. There are two rigid segments
(nose and trachea) with a collapsible segment interposed in between
(pharynx). Level I, the nose (upstream); level II, the pharynx (collapsible
segment); and level III, the trachea (downstream). a Upper airway ob-
struction during inhalation due to negative airway pressure. b The use of
PAP through a nasal mask enhances the Starling resistor model by in-
creasing the pressure inside the pharynx above the pharyngeal critical
closing pressure and thereby keeping the pharynx open. c The use of
PAP through an oro-nasal mask violates the Starling resistor model as
pressure applied simultaneously through the mouth and nose may lead to
displacement of the tongue and soft palate posteriorly and obstruction of
the upper airway
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respiratory events and desaturation was lower during nasal
mask use compared to oro-nasal mask use (9 cm H2O vs
13 cm H2O, respectively). Sleep efficiency, slow wave sleep,
and REM sleep were greater during nasal mask titration.

Nasal pillow masks versus nasal masks

Three studies in the literature have made a direct comparison
between nasal masks and nasal pillow masks. A six-week ran-
domized crossover study involving 39 patients with OSA con-
cluded that the nasal pillow mask is well tolerated and an effec-
tive way of delivering therapy in patients that require CPAP
≤14 cm H2O [22]. This study also reported that the use of nasal
pillow mask was associated with less adverse effects and better
perceived sleep quality in the first 3 weeks of CPAP treatment.
Another study found that nasal pillow masks are as effective as
nasal masks at CPAP pressure ≥12 cm H2O, and can be consid-
ered to treat patients with OSA that require high PAP [23]. The
authors also found no difference between the two masks in sub-
jective ratings of comfort, seal, red marks, and side effects such
as jetting and nose and mouth dryness. Finally, in a 4-week
randomized crossover study, 21 patients with OSA were
assigned to a nasal pillow mask and a standard nasal mask

[24]. The study showed that the Epworth Sleepiness Scale
(ESS) and quality of life improved equally with both interfaces;
however, nasal pillow masks exerted less pressure on the face of
most subjects, resulting in a greater perception of comfort.
Nevertheless, there was no clear preference of either interface
at the end of the study. The authors therefore concluded that
patients should be assessed individually for the use of nasal
pillow masks [24]. Side effects such as nasal dryness, nose-
bleeds, and headaches were more common with nasal pillow
use compared to nasal mask use [24].

Nasal masks versus oro-nasal masks

Studies comparing the nasal mask, oro-nasal mask, and nasal
pillow mask in patients with moderate and severe OSA have
shown that higher CPAP pressures were required by the oro-
nasal mask compared to the nasal mask. CPAP pressure was not
significantly different between nasal masks and nasal pillow
masks. Leaks were significantly higher with oro-nasal mask
compared to nasal pillows, but leaks were not significantly
different between oro-nasal and nasal mask [25]. A follow-up
study showed that changing from a nasal to an oro-nasal mask
without changing CPAP pressure settings resulted in a higher

Fig. 3 Two histograms of the same patient during CPAP titration while
on the nasal mask and oro-nasal mask. The pressure needed to eliminate
obstructive respiratory events and desaturation was lower with the nasal

mask compared to the oro-nasal mask (9 cm H2O vs 13 cm H2O, respec-
tively). Sleep efficiency, slow wave sleep, and REM sleep were greater
during nasal mask titration
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residual AHI [26]. Another study concurred with the above
findings, and showed that CPAP pressure is higher with the
oro-nasal mask compared to the nasal mask or nasal pillow
mask [27]. Moreover, the oro-nasal mask had a negative influ-
ence on the adherence to CPAP therapy [27], which confirmed
results of an earlier study that showed higher CPAP adherence
with the nasal mask compared to the oro-nasal mask [28].
Furthermore, normalized respiratory disturbance index, de-
creased arousal index, and increased slowwave and REM sleep
have been shown in patients with OSAwho switched from an
oro-nasal to a nasal mask [29]. One of the proposed reasons for
poor performance of the oro-nasal mask compared to the nasal
mask is the backward protrusion of the chin and tongue by the
oro-nasal mask [30]. The second reason for the poor perfor-
mance of the oro-nasal mask may be the simultaneous applica-
tion of pressure to the oropharynx and nasopharynx, whichmay
not generate a pressure gradient. Gravity may further displace
the tongue and soft palate backward causing upper airway

obstruction [19]. Together, these studies suggest that the nasal
mask should be the first choice, even if the patient experiences
nighttime mouth opening [29].

Oral masks versus nasal masks

A limited number of studies with small number of patients have
evaluated oral masks in patients with OSA. A study conducted
with 7 patients with OSA reported there to be a similar pressure
flow relationship between oral and nasal masks, meaning that
CPAP delivered through oral route can keep the upper airway
patent [31]. Another study reported there to be no differences in
CPAP pressure and subjective CPAP compliance between oral
masks and nasal or oro-nasal masks [4]. SimilarlyAnderson et al.
[32] and Khanna et al. [33] reported there to be no difference in
short-term compliance to CPAP treatment between oral and nasal
masks. However, oral mask users suffered more from dry mouth

Fig. 4 A proposed algorithm for
the choice of the interface during
PAP titration in patients with
obstructive sleep apnea
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and rain out [31]. Other common side effects of oral masks
include dental pain, orthodontic problems, nasal leaks, initial
hypersalivation, and Aerophagia [4, 31–33]. Although this pre-
liminary data suggest that oral masks are effective in treating
OSA, these masks are not commonly used in practice.

Chinstrap

Some patients complain of mouth leak while on nasal masks.
Chin strap has been used in such cases. A retrospective anal-
ysis of 124 patients showed that a chinstrap in combination
with nasal CPAP had a positive effect on leak and adherence
to CPAP therapy [34]. Another study that aimed to determine
whether a chinstrap is an effective alternative to CPAP in
patients with OSA revealed that a chinstrap alone is not effec-
tive [35]. Currently, no good data are available to support the
beneficial effects of chin strap on mouth leak and PAP toler-
ance. Nevertheless, chin strap may be tried in patients on nasal
masks who complain of mouth leak.

Type of mask and effect on adherence to PAP
therapy

A few studies have been conducted to assess the impact of the
type of mask used on adherence to PAP therapy in patients with
OSA. In a large-scale study of patients with OSA (n = 2311)
assessed the impact of mask type on CPAP adherence. A mul-
tivariate analysis revealed that non-adherence to CPAP therapy
was associated with the use of oro-nasal masks (OR = 2.0;
95%CI = 1.6; 2.5) [27]. Moreover, side effects such as ocular
irritation, mouth dryness, choking sensation, and psychological
inconvenience were more common with oro-nasal mask use
compared to nasal mask use. In a randomized trial that included
20 patients with OSA, CPAP adherence was greater with nasal
masks use than with oro-nasal masks, and the overall comfort
was better with nasal masks [28]. Another randomized cross-
over 4-week study compared nasal pillow masks with nasal
masks in 21 patients with OSA [24]. The authors found no
differences between nasal pillow masks and nasal masks with
regard to CPAP adherence. In a third randomized crossover
study with 39 patients with OSA, minutes of use per night did
not differ in nasal pillow mask users compared to nasal mask
users [22]. Combined, these studies seem to show that nasal
masks and nasal pillow masks are associated with a better ad-
herence to PAP therapy than oro-nasal masks.

Fitting the mask

In terms of mask fit, mask comfort, and mask satisfaction, pa-
tients generally prefer nasal masks to oro-nasal masks. Correct

mask fitting is essential for the success of PAP therapy.
Therefore, most masks come with a fitting gauge to assure the
choice of the correct size mask to improve acceptance and avoid
complications. If a significant leak is detected or the patient does
not tolerate the mask, the interface should be changed to avoid
PAP failure. However, when a different mask is used, trigger
sensitivity, pressurization level, and compatibility with the cir-
cuitry must be checked [36]. Once the patient is stable and
mouth leaks are not present, nasal masks can be tried, as these
are less claustrophobic and have a lower risk of skin problems.
Straps should not be over tightened as this can cause pressure
ulcers. In general, when the headgear is fixed, it should be pos-
sible to permit two fingers beneath it (the two-finger rule) [37].

A PAP trial can be helpful in determining which interface is
suitable and preferred by the patient who is about to undergo a
sleep study. In this procedure, patients are given an introduction
and education onwhat is PAP and how it works. Patients then try
several types of interface and choose the one that is most com-
fortable. The choice of interface is also influenced by the shape
of the patient’s face, mouth/nose breathing pattern, patient pref-
erence, and experience of the staff. This procedure helps to re-
duce anxiety of patients, which leads to a better acceptance dur-
ing PAP titration and hence a better long-term compliance with
PAP therapy. Figure 4 shows a proposed algorithm for the choice
of interface during PAP titration in patients with OSA.

Summary

The best mask is the one that patient will wear. It is important to
let the patient try different types of masks and to choose the most
comfortable, and avoid switching from one type of interface to
another as this may lead to variability in the effective pressure
needed to eliminate respiratory events. Aside from patient pref-
erence, current evidence suggests that the nasal mask is better
tolerated, requires lower pressure to eliminate obstructive respi-
ratory events, and is associated with a better sleep quality and
better PAP therapy compliance. Therefore, nasal masks or nasal
pillowmasks should be the first choice. Oro-nasal masksmay be
tried if the nasal mask is not tolerated, or mouth leak is persistent
evenwith the use of a chinstrap. If all have been tried and are still
ineffective, total face masks may be tried.
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