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The effect of the prone sleeping position on obstructive sleep apnoea
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Abstract
Conclusions: Prone positioning reveals promising results in improving the apnoea-hypopnoea index (AHI) and oxygen
desaturation index (ODI) in patients with obstructive sleep apnoea (OSA). Objective: To evaluate the effect of the prone
position on OSA.Methods:Thirty-two patients with mild to severe OSA were included in the study. This was a two-night study
to evaluate the effect of the prone position on OSA; a first night in a normal bed with optional positioning and a second night on
a mattress and pillow facilitating prone positioning. Results: A total of 27 patients, 22 males and 5 females, with a mean age of
51 years, 15 patients with positional OSA (POSA) and 12 patients with non-POSA with a total median AHI of 23 (min 5, max
93) completed the study protocol. The median AHI decreased from 23 to 7 (p < 0.001) and the median ODI from 21 to
6 (p < 0.001). The median time spent in the supine position decreased from 142 to <1 min (p < 0.0001) and the median time in
the prone position increased from <1 to 330 min (p < 0.0001). In all, 17 of 27 patients (63%) were considered to be responders
to prone positioning, 12 of 15 (80%) with POSA and 5 of 12 (42%) with non-POSA. Five patients did not complete the study
protocol due to sleep time <4 h.

Keywords: Positional treatment, prone, lateral and supine sleep positions, non-invasive, conservative, non-surgical treatment,
mattress and pillow for prone positioning, polysomnographic sleep study, respiratory parameters

Introduction

Obstructive sleep apnoea (OSA) is characterized by
recurrent episodes of upper airway collapse, which
cause a reduction (hypopnoea) or cessation (apnoea)
of breathing despite respiratory effort during sleep [1].
Current guidelines in the management of OSA rec-
ommend continuous positive airway pressure (CPAP)
as the first-line treatment and mandibular advance-
ment devices (MADs) as an alternative treatment
[2,3]. Many of the patients who are prescribed

CPAP are non-adherent and use their CPAP for
less than 4 h per night [4,5].
The number and duration of respiratory distur-

bances in patients with OSA depend on body position
and sleep stage [6]. The lateral position is believed to
reduce the tendency for the tongue to fall backward,
making the collapse of the pharynx less likely, as
compared with the supine position. Cartwright sug-
gested a categorization of the patients suffering from
OSA into positional and non-positional [6]. The
patients with positional OSA (POSA) were recognized
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as having twice as many apnoeas in the supine position
compared with the lateral positions [6].
More than 50% of the patients with OSA have a

reduction of at least 50% in the apnoea-hypopnoea
index (AHI) when altering the sleep position from the
supine to the non-supine positions [7–9]. An addi-
tional 30% of the patients with OSA have a lesser
reduction in AHI from the supine position to other
positions [7,10]. This position dependency of OSA
has had limited clinical impact in the treatment of
patients [11]. The change in the severity of disease
due to the sleep position has been observed but the
studies have mainly been performed on the supine
and lateral positions [11].
With the exception of a few case reports regarding

the prone body position [12–14], there are no previ-
ous publications evaluating the effect of the prone
head and body position on the severity of disease in
adults with OSA. The aim of the present study was to
evaluate the effect of prone positioning on the respi-
ratory parameters in patients with OSA.

Material and methods

Participants

The patients included in the present study were
referred to the Department of Otorhinolaryngology,
Sahlgrenska University Hospital in Gothenburg, Swe-
den, from March 2010 to November 2011 due to
sleep-disordered breathing. We recruited 32 OSA
patients, regardless of position dependency, with
AHI ‡5 and excessive daytime sleepiness [15]. Exclu-
sion criteria were neurologic disease that might influ-
ence muscle tone, heart failure, uncontrolled high
blood pressure, body mass index (BMI) >40, age
<18 years, and pregnancy.
The study was approved by the Local Medical

Ethics Committee for Clinical Trials, 2011/131-11.
All patients gave written informed consent to partic-
ipate in the study.

Mattress and pillow for prone positioning

To make it possible to sleep in a prone position, a
mattress and a pillow for prone positioning (MPP)
were developed (Figure 1). A true prone position was
defined as the body and the head in the prone position
with the nose mostly perpendicular to the underlying
surface. The MPP consisted of a combination of
visco-elastic (memory) and normal foam.
A T-shaped pillow with a height of 12 cm and a

width of 40 cm would enable cheek and forehead
support with a relatively well-aerated space for breath-
ing, allowing for a prone head position. A body

mattress with a height of 12 cm, width of 90 cm
and length of 160 cm was provided to ensure a
comfortable and stable prone body position during
sleep. The mattress had excavations of the sides for
positioning of the arms and anatomical angles in the
shoulders and elbows. The support of the chin on the
mattress was optional (Figure 1). The MPP could be
placed on a normal bed and hence could be compat-
ible with an existing bed at the hospital.
The main purpose of the MPP was to provide a

comfortable sleep position that would make it possible
for the patient to lie with his/her body and head in the
prone position most of the night (Figure 2). After
lying on the MPP, the temperature-sensitive visco-
elastic material would transform the mattress into a
mould of the body shape, which would help to main-
tain the subject in the prone position. It would be
possible to also sleep in the lateral positions. However,
due to the particular design of the mattress providing
support for the chest and the hips and also the height
of the pillow adapted especially to prone and lateral
positioning, supine positioning would be difficult and/
or uncomfortable. An instruction video was provided
to ensure correct positioning on the MPP.

Sleep study

Polygraphy (PG) equipment (Embletta Gold, Flaga
Medical, Reykjavik, Iceland) was used. Data collected

Figure 1. The mattress and pillow for prone positioning (MPP) of
the body and the head with the nose mostly perpendicular to the
underlying bed.

Figure 2. Subject in a prone body and head position with the nose
mostly perpendicular to the underlying bed (left). Lateral sleep
position with comfortable placement of the shoulder and the arm
(right).
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included breathing efforts by chest and abdominal
movements, airflow and snoring by oro-nasal flow-
metry and thermistor, body position by a position
sensor which differentiated between upright, left side,
right side, prone and supine positions, and heart rate
and oxygen saturation by finger pulse oximeter. The
position of the body and the head was also monitored
by camera during the whole night.

Analysis and definitions

The sleep studies were analyzed and scored by an
independent technician blinded to the assignment of
the patients. Apnoeas and hypopnoeas were manually
scored according to the American Academy of Sleep
Medicine (AASM) 2007 [15]. An oxygen desatura-
tion event was detected when the oxygen saturation
fell ‡4% for ‡10 s. An apnoea was scored if the signal
amplitude of airflow dropped ‡90% for ‡10 s.
A hypopnoea was scored if the signal amplitude of
airflow dropped ‡30% for ‡10 s with a concomitant
oxygen desaturation event. The sleep time was esti-
mated from the patient’s sleep diary and trace pat-
terns. The total number of apnoeas and hypopnoeas
was divided by the estimated sleep time to give the
AHI. The oxygen desaturation index (ODI) was
calculated in the same manner based on the total
number of desaturations divided by the estimated
sleep time.
The respiratory parameters, sleep time and the time

slept in the supine, lateral and prone positions were
compared for each patient without and with the MPP.
As defined by Cartwright [6], subjects with a reduc-
tion of AHI ‡50% in the lateral positions compared
with the supine position during the first night were
considered to have POSA. According to the CPAP
definition of compliance [5], patients with a sleep time
<4 h with the MPP were considered non-compliant to
treatment. In line with Sher’s criteria for surgical
treatment success [16], responders were defined as
AHI <20 and ‡50% AHI reduction from baseline.

Statistical analysis

Statistical analysis was performed using Stata (version
13, StataCorp. 2013, College Station, TX, USA).
Quantitative data are reported as mean (min;max)
if normally distributed, and median (min;max) if
skewed. Comparison of data between the baseline
(without treatment) and with treatment was carried
out using the paired t test in the case of normally
distributed data and the Wilcoxon matched pairs
sign-rank test in the case of skewed data. All statistical
tests were two-tailed and conducted at 5% signifi-
cance level.

Results

Twenty-seven (84%) patients completed the study
protocol. Five patients (16%) did not complete the
study protocol; one patient withdrew, and one patient
had insufficient sleep time (<4 h) during the first night
and three patients during the second night. The
characteristics of the 27 participants are summarized
in Table I.

Respiratory events

The median AHI decreased from 23 to 7 (p < 0.001)
and the median ODI from 21 to 6 (p < 0.001)
(Figure 3). For the POSA patients, the median
AHI decreased from 20 to 5 (p < 0.001) and the
median ODI from 19 to 5 (p < 0.001). For the non-
POSA-patients, median AHI and ODI were reduced
from 45 to 22 and 22 to 11, respectively.
Seventeen of 27 patients (63%) were considered

responders [16] and reduced their baseline AHI
‡50% and achieved AHI <20 with MPP, of whom
16 patients achieved an AHI <10 and 10 patients an
AHI <5. In general POSA patients had greater effect
of the MPP, with a responder rate of 80%;

Table I. Characteristics of the 27 eligible subjects.

Characteristic Value

Age, mean (min; max) 51 (33;72)

Gender, male/female 22 M/5 F

BMI, mean (min;max) 28 (23;36)

AHI, mean (min;max) 31 (5;93)

POSA, n (%) 15 (56)

AHI, apnoea-hypopnoea index; BMI, body mass index; F, female;
M, male; POSA, positional obstructive sleep apnoea.
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Figure 3. Distribution of apnoea-hypopnoea index (AHI) and
oxygen desaturation index (ODI) during the first night without
treatment (blue) and the second night with the mattress and pillow
for prone positioning (MPP) (red).
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nevertheless, 5 of 12 non-POSA patients (42%) were
also responders (Figure 4).

Sleep position and AHI

The median estimated sleep time was 416 min during
the first night and 379 min (p = 0.1) during the second
night with treatment. The median time spent in the

supine position decreased from 142 to <1 min
(p < 0.0001) and the median time spent in the prone
position increased from <1 min to 330 min
(p < 0.0001) during the second night with the MPP
(Figure 5).
The overall time spent in the prone position during

the first night and supine position during the second
night were insufficient to draw any accurate conclu-
sions regarding AHI. Without MPP the median AHI
was 44 in the supine position and 18 in the lateral
positions (Figure 6). With MPP the median AHI was
16 in the lateral positions and 5 in the prone position.

Discussion

Our observations indicate reduced airway collapse
with improved AHI and ODI when sleeping in the
prone position as compared with both lateral and
supine positions. The median AHI for the whole
group decreased from 23 to 7 and the median ODI
from 21 to 6. This was achieved by reducing the
median supine time from 142 to <1 min and increas-
ing the median prone time from <1 to 330 min. No
disruption in sleep duration was observed as judged
by overall time.
Due to insufficient number of prototypes, no MPP

could be provided to allow the participants to get used
to the MPP or to evaluate the long-term compliance;
this will have to be done in a separate study. Never-
theless, even without previous adaptation, only 4 of
31 patients (13%) had <4 h of sleep time [5] with the
MPP.
Considering the improved gravitation vector from

the supine to the lateral positions [17,18], an addi-
tional effect would be expected whenmoving from the
lateral to the prone position. According to the
‘balance of forces’ model, gravitation, the Bernoulli
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Figure 4. Individual apnoea-hypopnoea index (AHI) during the
first night without and the second night with the mattress and pillow
for prone positioning (MPP) in patients with positional obstructive
sleep apnoea (POSA, dashed) and non-POSA patients (solid).
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Figure 5. Time (in minutes) spent in each position without and
with the mattress and pillow for prone positioning (MPP).
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Figure 6. Apnoea-hypopnoea index (AHI) in different positions
without and with the mattress and pillow for prone positioning
(MPP).
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equation and the Starling resistor model may explain
the physiological factors causing the collapse of the
airway lumen in patients with OSA [18]. According to
this explanation model almost all subjects with OSA
should respond positively to prone positioning. In the
present study all but one patient improved their
baseline AHI with MPP however 12 of 15 POSA
patients (80%) and 5 of 12 non-POSA patients
(42%) were responders [16].
The acknowledged night-to-night variability ofOSA

[8] and the established POSA definition applied in the
studymayhave influenced theobserved results to some
extent. The POSA definition has primarily been based
on observations of the respiratory events in the lateral
and supine positions and requires a reduction of AHI
‡50% in non-supine compared with the supine posi-
tion [6]. Another 30% of OSA patients have positional
influence on disease [7,10] but are not considered to
have POSA according to the definition. The definition
does not include an evaluation of the prone body
position nor the head position.
The occurrence of OSA does not depend solely on

the position of the body but also on the position of the
head [19]. The sleep study equipment used in the
present study provided position sensors for the obser-
vation of the position of the trunk and not the head.
Three POSA patients were non-responders to the
positional treatment even though the supine time
was efficiently reduced with an increase in the regis-
tered prone time. Subsequent study of the camera
recordings anecdotally revealed a predominantly
prone body but not a prone head position in these
patients.
The positive effect on the respiratory parameters

seemedmaximized when sleeping with the head in the
prone position. In the attached video-recording a
non-POSA patient achieves regular breathing with
the body and the head in the prone position. Seconds
later an accentuated apnoea-hypopnoea breathing
pattern emerges with desaturations due to alteration
of the position of the head to a lateral position with the
body remaining in the prone position.
Future studies should provide an individual MPP

to all participants to evaluate the long-term effect and
compliance of prone positioning. Monitoring of the
position of the head as an additional parameter in
PSG studies would provide valuable information in
diagnostics of OSA patients.

Conclusions

Prone positioning reveals promising results in
improving AHI and ODI in OSA patients. A signif-
icant improvement of the respiratory parameters is
achieved compared with both the lateral and supine

positions. Future studies are needed to assess the
efficiency and compliance of prone positioning in
patients with OSA.
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