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Study Objectives: In approximately 56% to 75% of patients with obstructive sleep apnea (OSA), the frequency and duration of apneas are influenced by 
body position. This is referred to as position-dependent OSA or POSA. Patients with POSA can be treated with a small device attached to either the neck or 
chest. These devices—a new generation of devices for positional therapy (PT)—provide a subtle vibrating stimulus that prevents patients adopting the supine 
position. The objectives of this study were to determine whether PT is effective in improving sleep study variables and sleepiness, and to assess compliance.
Methods: A systematic review and meta-analysis.
Results: Three prospective cohort studies and four randomized controlled trials were included in this review. Combined data for studies reporting on the 
effect of PT show that there was a mean difference of 11.3 events/h (54% reduction) in apnea-hypopnea index and 33.6% (84% reduction) in percentage total 
sleeping time in the supine position. The standardized mean difference for both parameters demonstrated a large magnitude of effect (> 0.8 in both cases).
Conclusions: There is strong evidence that the new generation of devices for PT are effective in reducing the apnea-hypopnea index during short-term 
follow-up. These devices are simple-to-use for patients and clinicians and are reversible. Under study conditions with short-term follow-up, compliance is 
high; however, long-term compliance cannot be assessed because of lack of reliable data. Additional long-term, high-quality studies are needed to confirm 
the role of PT as a single or as a combination treatment modality for OSA patients and to assess long-term compliance.
Keywords: compliance, meta-analysis, obstructive sleep apnea, positional, positional therapy, systematic review
Citation: Ravesloot MJ, White D, Heinzer R, Oksenberg A, Pépin JL. Efficacy of the new generation of devices for positional therapy for patients with 
positional obstructive sleep apnea: a systematic review of the literature and meta-analysis. J Clin Sleep Med. 2017;13(6):813–824.

INTRODUCTION

In approximately 56% to 75% of patients with obstructive 
sleep apnea (OSA), the frequency and duration of apneas are 
influenced by body position.1–5 Various definitions of position-
dependent obstructive sleep apnea (POSA) have been applied 
in literature, but the most common classification system and 
definition marks a distinction between two groups of patients: 
positional patients (PP)6 and nonpositional patients (NPP).3,4,7 
In PP, desaturations, cyclic variations in heart rate, loud snor-
ing, and apneas and hypopneas appear almost exclusively in 
the supine position.8 Cartwright first described the arbitrary 
cutoff point of a difference of 50% or more in apnea index be-
tween supine and nonsupine positions.3

In the medical literature many have applied modified ver-
sions of Cartwright’s criteria. In 1998, Marklund et al. defined 
supine-dependent sleep apnea as a supine apnea-hypopnea 
index (AHI) ≥ 10 events/h, together with a lateral AHI < 10 
event/h.7 In studies by Permut et al. and Mador et al., POSA 
was defined as AHI < 5 events/h while in the nonsupine po-
sition as well as decreased AHI in the nonsupine positions 
compared to the supine position.9,10 In the study by Bignold 
et al., when patients met the following criteria, they were 
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deemed position-dependent: overall AHI ≥ 15 events/h, supine 
AHI ≥ twice the nonsupine AHI, ≥ 20 minutes of sleep in su-
pine and nonsupine postures, and nonsupine AHI < 15.11 The 
Amsterdam Positional OSA Criteria (APOC) aim to accurately 
identify candidates who will benefit from a clinically signifi-
cant improvement in OSA with positional therapy (PT). The 
APOC focused on the percentage of total sleep time (TST) in 
both the worst sleeping position (WSP) and best sleeping posi-
tion and the AHI in best sleeping position.12

The prevalence of POSA is thought to be higher in Asian 
populations.13,14 Most but not all PP still snore when sleeping 
in the lateral posture, but their sleep is interrupted with only a 
few apneas or hypopneas or not at all, and they consequently 
achieve a better sleep quality.15 By avoiding the supine posi-
tion, their sleep is no longer fragmented. PP who have under-
gone treatment enjoy a more restful sleep and are more alert 
during daytime hours.16

The prevalence of POSA decreases as the severity of sleep 
apnea increases. The majority of PP (70% to 80%) have mild 
or moderate OSA.2,4,5,10 In Asian patients with mild OSA, up to 
87% can be classified as PP.13 Those in the PP group compared 
to those in the NPP group have a lower body mass index (BMI) 
and are younger.2,4,5,17 One study found that of the patients on 
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the waiting list for surgical weight loss, only 34% could be 
classified as PP.18 Those in the NPP group can become posi-
tional after weight loss, and the opposite is also true.18,19

Studies using a variety of diagnostic modalities in awake pa-
tients have suggested that PP compared to NPP have a more 
backward positioning of the lower jaw, lower facial height, lon-
ger posterior airway space (PAS) measurements, and a smaller 
volume of lateral pharyngeal wall tissue, resulting in a greater 
lateral diameter and elliptoid shape of the upper airway.20–24 
Also, PP tend to have a smaller neck circumference.10 The cur-
rent hypothesis is that even though the anterior-posterior diam-
eter in both PP and NPP is reduced as a result of the effect of 
gravity in the supine position, because of the greater lateral di-
ameter in PP, there is sufficient preservation of airway space and 
avoidance of complete upper airway collapse.14 Furthermore, it 
has been suggested that a decrease in functional residual lung 
capacity when moving from lateral to supine position may be 
an important triggering factor in the occurrence of OSA in PP.25

PT is aimed at preventing patients from sleeping in the 
WSP.2 In most cases, sleeping supine is the WSP for breathing 

function. Various techniques have been described, but the ma-
jority of studies on PT use the so-called tennis ball technique 
(TBT): a bulky mass strapped to the patient’s back.1 Even 
though TBT is simple and cheap, as well as effective in reduc-
ing the AHI, results are unsatisfactory. It appears that discom-
fort is the main responsible factor for poor compliance and the 
subsequent disappointing long-term results.1 Compliance rates 
reported in the literature range from 40% to 70% in the short 
term to only 10% in the long term.1,16,26,27

Recent developments have seen the introduction of a new 
generation of devices for PT, a small device attached to ei-
ther the neck or chest, that prevents the patient from adopting 
the supine position through a subtle vibrating stimulus.1,11,28,29 
Encouraging data have been published suggesting that this 
simple therapy has good compliance and successfully pre-
vents PP from adopting the supine position without nega-
tively influencing sleep efficiency. Of additional value, the 
new generation of devices for PT, unlike TBT, provide ob-
jective compliance data. This is not only valuable for re-
search purposes but also from a patient perspective. It has 

Figure 1—Results of literature search.

PRISMA 2009 flow-diagram. PRISMA = preferred reporting items for systematic reviews and meta-analyses, TBT = tennis ball technique.
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been suggested that new devices for PT show promise as a 
stand-alone treatment or as an additional measure to increase 
the success rate of other established treatment methods,35 but 
where is the evidence?

Objectives
The objectives of this study were to determine whether the new 
generation of devices for PT are effective in reducing the AHI 
by preventing PP from adopting the supine position in compar-
ison to inactive PT (meaning a device is fastened to the patient, 
but it is not switched on so there is no vibrating feedback when 
the patient adopts the supine position) and to assess compli-
ance with PT. A secondary objective was to evaluate whether 
the new devices for PT are able to improve the following met-
rics: arousal index, sleep efficiency, Epworth Sleepiness Scale 
(ESS) score, and awakenings.

METHODS

Search
A search strategy was used with a combination of Medical 
Subject Headings (MeSH) and keywords (Appendix 1) in 
the MEDLINE and EMBASE databases. The reference lists 
of both review articles and primary studies were checked for 
additional references. Two investigators independently as-
sessed the titles and abstracts. The number of records identi-
fied, included, and excluded were recorded in a PRISMA flow 
diagram.31 To identify ongoing studies and to check for un-
published completed studies, the ClinicalTrials.gov database 
was searched.

Inclusion and Exclusion Criteria
Studies evaluating the effect of a device either strapped to the 
neck or chest providing vibrotactile feedback if the supine po-
sition is adopted were included. Only studies analyzing adults 
with POSA diagnosed by polysomnography (PSG) or polygra-
phy (PG) were included.

Study Outcomes
The primary outcome measures of this review were AHI 
and compliance. Secondary outcome measures included per-
centage supine sleep time, arousal index, awakenings, and 
sleep efficiency.

Risk of Bias in Individual Studies
Risk of bias in individual studies was evaluated using the 
Cochrane Collaboration “Risk of bias” tool in the RevMan 
5.3 software (Review Manager [RevMan] software, The 
Cochrane Collaboration, Copenhagen).

Statistical Analysis: Meta-Analysis
The mean AHI and percentage TST in the supine position were 
collected at baseline and with active treatment. These data were 
pooled from each study as to describe the effect of PT. Authors 
of the trials were contacted to attain mean and standard devia-
tion data if not reported in the published article. The data were 
pooled using the inverse variance method for fixed-effects meta-
analysis and rendered a mean difference (MD) and its associated 
95% confidence interval. The magnitude of the effect was inter-
preted through the value of the standardized mean difference 
(SMD), defined as: small = 0.2, medium = 0.5 and large = 0.8.32

Interstudy heterogeneity was assessed using the χ2 and I2 
tests and evaluated according to the guidelines of the Cochrane 
Handbook for Systematic Reviews of Interventions.33 P < .1 and 
I2 > 50% were considered indicative of statistical heterogeneity, 
in which case the random-effects model was adopted. Statisti-
cal analyses were performed using RevMan 5.3 software.

Funnel plot graphical expressions were chosen to search 
and identify for bias. Visual inspection of the funnel plots was 
performed.

RESULTS

The results of the search strategy are depicted in Figure 1. 
The search was completed on October 13, 2015. Seven studies 

Table 1—Summary of included randomized controlled trial studies.

Author Year Design Intervention
Location 
of Device Control

Sample 
Size

Loss to 
Follow-Up BMI, kg/m2 Age, y Male %

Mean Baseline 
AHI

Questionn
aires and 
Scales

Follow-
Up

Bignold11 2011 Randomized 
crossover 
trial

Position 
monitoring 
and supine 
alarm device

Chest Inactive 
treatment

16 1 28.8 ± 2.5 58.2 ± 13.9 86.7 24.1 ± 10.5 Snoring 
scale score 
questionn
aire

3 wk

van 
Maanen28

2012 Randomized 
controlled 
single-blind, 
crossover 
trial

Neck-worn 
vibrating 
apparatus

Neck Inactive 
treatment

30 0 27.7 48.0 ± 9.5 60.0 27.7 ± 3.6 – –

Dieltjens30 2015 Randomized 
controlled 
trial

SPT Chest MAD; 
SPT + MAD

20 0 26.4 ± 3.0 52.5 ± 10.5 57.9 20.9 (17.0; 34.0)* – –

Eijsvogel6 2015 Randomized 
trial

SPT Chest TBT 55 I:	 2
C:	5

I:	 27.6 ± 4.5
C:	26.8 ± 3.0

I:	 50.1 ± 10.6
C:	50.7 ± 12.2

I:	 79.3
C:	84.6

I:	 11.4 ± 4.9
C:	13.1 ± 9.1

ESS, QSQ 4 wk

* = median (quartile 1; quartile 3). AHI = apnea-hypopnea index, BMI = body mass index, C = control, ESS = Epworth Sleepiness Scale, I = intervention, 
MAD = mandibular advancement device, QSQ = Quebec Sleep Questionnaire, SPT = sleep position trainer, TBT = tennis ball technique.
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met the inclusion criteria for this review; three prospective 
cohort studies and four randomized controlled trials (RCT). 
A summary of the included studies can be found in Table 1 
and Table 2. Table 3 and Table 4 show an overview of the 
objective outcome measures reported in the manuscripts. Five 
studies evaluated the efficacy of a chest-worn device, and two 
studies evaluated the efficacy of a neck-worn device.

The chest-worn devices studied were both small, lightweight, 
battery-powered devices (see Figure 2 and Figure 3). The “po-
sition monitoring and supine alarm device” and sleep position 

trainer (SPT) weigh 50 g and 25 g, respectively, and have the 
following dimensions: 80 × 40 × 20 mm and 72 × 35 × 10 mm, 
respectively. Both devices are fastened to the chest with a strap, 
so that the device is located on the sternum. The SPT is placed 
in a pocket of the strap and closed with a Velcro tab. Both 
devices provide a vibrating stimulus if the supine position is 
identified, this is measured using internal position-sensitive tilt 
switches11 or a three-dimensional digital accelerometer.6,30,34,35 
The device described by Bignold et al.11 gives off a vibration if 
the supine position is detected for 5 s consecutively. The SPT 

Table 2—Summary of included single-group cohort studies.

Author Year Design Intervention
Location of 
Device n BMI, kg/m2 Age, y Male % Mean Baseline AHI

Questionnaires and 
Scales Follow-Up

van Maanen34 2013 Prospective 
cohort

SPT Chest 36 27 ± 3.7 48 ± 11.0 87.1 16.4 (6.6–29.9)* ESS, FOSQ 4 wk

van Maanen35 2014 Prospective 
cohort

SPT Chest 145 27 [4.0] # 53 [14.3] # 47.0 11.5 [9.0] # ESS, FOSQ, PSQI 6 mo

Levendowski29 2014 Prospective 
cohort

Neck position 
therapy device

Neck 30 28 ± 3.4 51 ± 9 73.0 24.7 ± 14.7 ESS, FOSQ, POMS, 
PHQ-9, ISI, GAD-7

4 wk

* = median (range). # = median [difference between the 25th and 75th percentile]. AHI = apnea-hypopnea index, BMI = body mass index, ESS = Epworth 
Sleepiness Scale, FOSQ = Functional Outcomes of Sleep Questionnaire, GAD-7 = Generalized Disorder Questionnaire, ISI = Insomnia Severity Index, 
PHQ-9 = Profile Health Questionnaire, POMS = Profile of Mood States, PSQI = Pittsburgh Sleep Quality Index, SPT = sleep position trainer.

Table 3—Overview of the results of the included randomized controlled trial studies.
Bignold11 van Maanen28 Dieltjens30 Eijsvogel6

Intervention
Active PT

Control
Inactive PT

Intervention
Active PT

Control
Inactive PT

Intervention
Active PT

Control
SPT + MAD

Intervention
Active PT

Control
TBT

Baseline AHI (events/h) 24.1 ± 10.5 24.1 ± 10.5 27.7 ± 2.4 27.7 ± 2.4 20.9 [17.0; 34.0] # 20.9 [17.0; 34.0] # 11.4 ± 4.9 13.1 ± 9.1
AHI with treatment (events/h) 13.7 ± 1.1 25.0 ± 1.7 12.8 ± 2.2 23.5 ± 2.6 12.8 [3.9; 17.9] # 5.5 [3.4; 7.2] # 3.9 (0.4–30.8)* 5.8 (0.2–23.1)*
TST supine position baseline (%) 36.4 ± 20.6 36.4 ± 20.6 40 ± 3.5 40 ± 3.5 31.9 [15.4; 52.4] # 31.9 [15.4; 52.4] # 27.9 (10.3–77.6)* 31.1 (10.7–73.7)*
TST supine position with treatment (%) 0.4 ± 0.3 19.3 ± 4.3 19 ± 4.1 4.0 ± 4.5 0.0 [0.0; 1.1] # 0.0 [0.0; 1.0] # 0.0 (0.0–67.6)* 0.0 (0.0–38.9)*
Baseline AHI in supine position (events/h) 51.3 ± 23.3 51.3 ± 23.3 59.7 ± 3.6 59.7 ± 3.6 39.1 [26.4; 58.2] # 39.1 [26.4; 58.2] # 30.7 ± 15.3 37.3 ± 24.0
AHI in supine position with treatment (events/h) – – 12.5 ± 3.1 45.0 ± 4.8 0.0 [0.0; 11.5] # 0.0 (0.0; 22.7] # 0.0 (0.0–64.2)* 0.0 (0.0–116)*
Baseline AHI in nonsupine position (events/h) 9.7 ± 3.9 9.7 ± 3.9 6.7 ± 1.2 6.7 ± 1.2 11.1 [6.3; 26.1] # 11.1 [6.3; 26.1] # 3.9 (0.5–13.0)* 3.3 (0.0–13.7)*
AHI in non-supine position with treatment (events/h) – – 11.2 ± 2.2 13.4 ± 2.7 12.8 [3.8; 17.2] # 4.8 [2.0; 6.0] # 3.6 (0.4–30.9)* 5.0 (0.3–14.2)*
Baseline sleep efficiency (%) 81.4 ± 9.2 81.4 ± 9.2 91.9 ± 1.4 91.9 ± 1.4 85.1 [79.4; 87.2] # 85.1 [79.4; 87.2] # 83.5 (63.0–92.2)* 87.6 (58.0–93.7)*
Sleep efficiency with treatment (%) – – 88.3 ± 1.8 89.9 ± 1.6 84.6 [80.6; 87.9] # 84.2 [79.0; 89.7] # 82.8 ± 9.8 81.3 ± 8.7
Baseline arousal index 17.3 ± 6.9 17.3 ± 6.9 9.0 ± 1.1 9.0 ± 1.1 10.1 [6.6; 15.0] # 10.1 [6.6; 15.0] # 10.8 ± 5.8 12.5 ± 6.2
Arousal index with treatment – – 6.8 ± 0.7 9.9 ± 1.0 19.5 [11.2; 24.3] # 11.7 [6.7; 13.6] # 8.1 (3.8–33.3)* 9.6 (0.5–19.9)*
Baseline ODI – – 11.5 ± 1.7 11.5 ± 1.7 7.7 [6.6; 16.5] # 7.7 [6.6; 16.5] # 9.9 ± 5.0 10.9 ± 7.7
ODI with treatment 3.4 ± 0.2 5.5 ± 0.3 4.6 ± 1.1 9.7 ± 1.8 2.6 [1.0; 4.6] # 18.8 [1.0; 3.0] # 4.4 (0.5–33.8)* 5.4 (0.4–15.1)*

* = median (range). # = median [quartile 1; quartile 3]. AHI = apnea-hypopnea index, BMI = body mass index, ODI = oxygen desaturation index, PT = positional 
therapy, RCT = randomized controlled trial, SPT = sleep position trainer, TBT = tennis ball technique, TST = total sleep time.

Table 4—Overview of the results of the included single-group cohort studies.

Author

Mean AHI (events/h)
Mean TST in Supine 

Position (%)
AHI in Supine Position 

(events/h)
AHI in Nonsupine 

Position (events/h) Sleep Efficiency (%) ESS Score FOSQ Score
Without 

PT With PT Without PT With PT
Without 

PT With PT
Without 

PT With PT Without PT With PT
Without 

PT
With 
PT

Without 
PT

With 
PT

van 
Maanen34

16.4 
(6.6–29.9)*

5.2  
(0.5–46.5)*

49.9  
(20.4–77.3)*

0.0  
(0.0–48.7)*

35.7 
(9.3–81.0)*

0.0  
(0.0–100.7)*

3.2  
(0.0–16.2)*

4.3  
(0.1–48.0)*

89.1  
(61.1–99.7)*

89.4  
(58.0–98.6)*

11  
(2–20)*

9  
(0–19)*

86.0  
± 22.1

93.8  
± 21.7

van 
Maanen35

11.5  
[9.0] # – 35.0  

[29.0] # – 28.2  
[25.6] # – – – – – 11  

[8] #
8  

[6] #
8  

[30] #
103  

[30] #
Leven​
dowski29

24.7  
± 14.7

7.5  
± 7.7

46.4  
± 12.7

2.2  
± 6.1

44.9  
± 25.5

4.5  
± 12.7

8.1  
± 7.9

7.1  
± 7.8

80.9  
± 11.9

85.1  
± 7.6

11.3  
± 4.6

9.5  
± 4.6 

93.8  
± 17.4

98.2  
± 16.5

* = median (range). # = median [difference between the 25th and 75th percentile]. AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale, 
FOSQ = Functional Outcomes of Sleep Questionnaire, PT = positional therapy, TST = total sleep time.
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starts the stimulus if the supine position is detected and no turn-
ing movement is subsequently detected. The stimulus increases 
gradually until a nonsupine position is detected. If no reaction is 
monitored, the vibrations are paused and reinitiated after 2 min-
utes. Both devices have the capacity to store and register data, 
such as sleeping posture, that can be uploaded through custom 
software via a USB connection and personal computer.6,11,30,34,35

Concerning the neck-worn devices, the device (see Figure 4) 
described by van Maanen et al.28 consisted of a small vibrating 
apparatus (30 × 30 × 10 mm, powered by three small batteries). 
The position sensor provides a vibrating stimulus with a delay 
of 10 seconds after the supine position is detected, causing the 
device to vibrate with gradual incremental strength until a dif-
ferent sleeping position is detected, in which case the vibra-
tions ceased immediately. The small device was worn secured 
to the skin of the neck with hypoallergenic adhesive tape and 
connected to the polysomnography system.28

The neck-worn device as described by Levendowski et al.29 
is a small, battery-powered device, weighing 44 g (55 × 38 × 16 
mm) affixed to the back of the neck with an adjustable nonlatex 
silicone rubber strap secured by a magnetic clasp (see Figure 5). 
Using a three-dimensional digital accelerometer to detect sleep-
ing position, a vibrating stimulus is provided by two 1G haptic 
motors if the supine position is adopted. Positional feedback is 
modulated by setting the number of motors to be excited (one or 
both) and varying the duration of the motor(s) excitation. Feed-
back is initiated at a very low frequency/duration, and gradu-
ally increased until the user is no longer in the supine position. 
At any given intensity level, the feedback is repeated six times 
with an interfeedback interval of 2 seconds. This device is also 
capable of storing data on supine sleeping time, frequency and 
duration of feedback, snoring, and sleep/wake.29

Randomized Controlled Trials
A summary of the included RCT and their results can be found 
in Table 1 and Table 3, respectively.

Two articles report randomized crossover trials compar-
ing active versus inactive PT. Bignold et al.11 evaluated the 

Figure 2—Position monitoring and supine alarm device.

Reprinted from Journal of Clinical Sleep Medicine, Vol 7(4), Bignold 
JJ et al. Accurate position monitoring and improved supine-dependent 
obstructive sleep apnea with a new position recording and supine 
avoidance device, pages 376-383, Copyright 2011, with permission of 
the American Academy of Sleep Medicine.11

Figure 3—Sleep position trainer.

Copyright 2017, reprinted with permission of NightBalance B.V.

Figure 4—Neck-worn positional therapy device.

The middle part (ring structure) of the apparatus shown consists of a 
small vibrating motor (such as the one used in cell phones) and a position 
sensor. Three small round batteries (two positioned on the left, one on 
the right) are connected via the white cables. The braided black cables 
connect the device to the polysomnograph system. Reprinted from 
Journal of Sleep Research, Vol 21(3), van Maanen JP et al. Evaluation 
of a new simple treatment for positional sleep apnoea patients, pages 
322-329, Copyright 2012, with permission of John Wiley & Sons, Inc.28
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efficacy of a chest-worn device (see Figure 2) in 15 patients 
fulfilling the following criteria: overall AHI ≥ 15 events/h, 
supine AHI twice or greater than nonsupine AHI, ≥ 20 min 
of sleep in supine and nonsupine positions, and a nonsupine 
AHI < 20 events/h. Subjects were assigned to receive the ac-
tive PT or inactive PT in a random order for a week followed 
by a 1-week washout period before commencing the alterna-
tive treatment. The device consists of a position monitoring 
and supine alarm device fastened to the chest. The mean base-
line AHI (24.1 events/h) was reduced approximately 45% with 
active treatment.11

van Maanen et al.28 performed a study evaluating the effi-
cacy of a neck-worn device (see Figure 4), including 30 PP ac-
cording to Cartwright’s criteria.3 Randomly in one of the two 
test recordings the device was active, in the other it was inac-
tive. Patients were blinded to the chosen activity state of the 
device. In the treatment group, there was a statistically signifi-
cant mean decrease in AHI from 27.7 events/h to 12.8 events/h 
(54%) and in 23% there was an overall AHI < 5 events/h. The 
device did not have a significant effect on sleep efficiency.28

Eijsvogel et al.6 observed, without taking compliance into 
consideration, that SPT (see Figure 3) and TBT were equally 
effective in reducing respiratory indices in 55 patients in an 
RCT. Both therapies reduced time spent in the supine sleep po-
sition to a median of 0%. An AHI < 5 events/h was achieved in 
43% and 68% of the patients treated with TBT and SPT, respec-
tively (P = .087). Compliance, defined as ≥ 4 h/night and ≥ 5 
nights/wk, was 75.9% for the SPT and 42.3% for TBT users 
(P = .01). There were more dropouts in the TBT group (5 ver-
sus 2). Reasons for dropout were shoulder/back pain, inability 

to adopt a supine position, or vibrating noise. A mean disease 
alleviation of 48.6% and 70.5% for TBT and SPT, respectively, 
was observed (P = .005). Objective sleep quality parameters 
and awakenings had greater improvement in the SPT group, as 
well as the Quebec Sleep Questionnaire (QSQ) scores.6

Dieltjens et al.30 evaluated the additional effect of SPT in 
patients with residual POSA during mandibular advancement 
(MAD) therapy in an RCT performed in 20 patients. One arm 
received SPT alone prior to SPT with MAD, while the sec-
ond group received SPT with MAD, followed by SPT alone. 
The SPT reduced the time spent in supine sleeping position 
compared to baseline and MAD therapy. Both MAD and 
SPT were individually effective in reducing the overall AHI 
significantly when compared to baseline from a median 20.9 
events/h at baseline to 11.0 events/h (47%) and 12.8 events/h 
(39%) with MAD or SPT respectively. When treated with a 
combination of SPT with MAD, the AHI was further reduced 
to 5.5 events/h (76%). This was statistically significantly lower 
when compared with baseline, MAD alone, and SPT alone. It 
was concluded that the combination of SPT and MAD leads to 
a higher therapeutic efficacy in patients with residual POSA 
during MAD therapy in comparison with either therapy 
alone.30

Risk of Bias
A summary of the risk of bias can be found in Figure 6. All 
of the studies were randomized, but the method used to gener-
ate the allocation sequence was not described, nor the method 
used to conceal the allocation sequence. In two studies it 
was unrealistic to blind patients to their allocated treatment 

Figure 6—Risk of bias summary for the included studies.

Green circle with plus sign = low risk of bias, yellow circle with question 
mark = unclear risk of bias, red circle with minus sign = high risk of bias.

Figure 5—Neck position training device.

Reprinted from Journal of Clinical Sleep Medicine, Vol 10(8), Levendowski 
DJ et al. Assessment of a neck-based treatment and monitoring device 
for positional obstructive sleep apnea, pages 863-871, Copyright 2014, 
with permission of the American Academy of Sleep Medicine.29

A

B
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modality; SPT versus SPT and MAD and SPT versus TBT.6,30 
Bignold et al. indicate that it was difficult to blind patients to 
active versus inactive treatment allocation.11 In all studies the 
individuals assigned to score the polysomnographic details 
were blinded for the treatment assignment. Loss to follow-up 
and reasons for dropout were described. An intention-to-treat 
analysis was performed in four studies6,11,28,29; one was a per 
protocol analysis35 and in the remaining two no specifics were 
mentioned.30,34 In one of these two there was no loss to follow-
up,30 and in the other five patients withdrew.34

Single-Group Cohort Studies
A summary of the included single-group studies and the results 
can be found in Table 2 and Table 4, respectively. In studies by 
van Maanen et al.34 and Levendowski et al.29 patients were in-
structed to wear either a chest-worn or neck-worn device for 30 
days, respectively (see Figure 3 and Figure 5). In both studies 
upon completion, patients were requested to complete a variety 
of questionnaires including the ESS and underwent a follow-up 
PSG with active treatment.

van Maanen et al.34 included 36 PP according to Cartwright’s 
criteria.3 The AHI decreased from a median 16.4 events/h to 
5.2 events/h (68.3%) (P < .001).

Thirty patients with an AHI ≥ 5 events/h, an overall 
AHI ≥ 1.5 times the nonsupine AHI, and ESS ≥ 5 were in-
cluded by Levendowski et al. The AHI decreased from a mean 
24.7 events/h to 7.5 events/h (69.6%) (P < .001). Objective com-
pliance data showed that the median 1-month compliance rate 
was 96% (71% to 100%), defined as the number of nights the 
device was worn 4 hours or longer divided by the days during 
the intention-to-treat period.29

van Maanen et al. evaluated the long term-effectiveness 
of and compliance with SPT. One hundred forty-five patients 
were included with mild to moderate OSA. Patients received 
a battery of questionnaires at baseline and after 1, 3, and 6 
months. There was a significant decrease in ESS, increase 
in Functional Outcomes of Sleep Questionnaire (FOSQ) and 
decrease in Pittsburgh Sleep Quality Index (PSQI) compared 
with baseline. In addition, patients were asked to register their 
SPT in the online database in order to retrieve the percentage 
supine sleep time and objective compliance data. The median 
percentage of supine sleep time decreased significantly from 
21% to 2%, 2% and 3%, after 1, 3, and 6 months respectively. 

After 6 mo, on average, the patients not lost to follow-up (n = 53 
of 145), used their SPT 6.7 h/night and were 100% compliant 
(> 4 h/night, 7 nights/wk).34

Ongoing Studies
Three ongoing studies (as of October 13, 2015) were found on 
ClinicalTrials.gov. One study hopes to evaluate the effective-
ness of PT in comparison with no treatment in an RCT, focus-
ing on both subjective and objective parameters.36 A second 
study intends to compare PT with MAD therapy in patients 
with POSA in an RCT.37 A third proposes to judge the cost-ef-
fectiveness of SPT by comparing SPT with continuous positive 
airway pressure (CPAP), MAD, and the combination of MAD 
and SPT in patients with moderate POSA.38

Meta-Analysis
Apnea-hypopnea index with and without PT
Data addressing the comparison of AHI with and without PT 
were available from six studies. Pooling of the results demon-
strated that the AHI was significantly reduced when PT was 
applied in comparison to baseline from a mean 21.8 ± 7.2 to 
9.9 ± 10.6 (53.6%). Random-effects analysis demonstrated 
an AHI MD of −11.33 events/h (95% CI −15.37, −7.29), Z-
value = 5.50 (P < .00001), see Figure 7. The AHI SMD was 
−1.94 (95% CI −2.90, −0.97) (large effect).

Percentage total sleep time in supine position with and 
without PT
Data addressing the comparison of % TST in supine position 
with and without PT were available from six studies. Pooling 
of the results showed that the % TST in the supine position 
was significantly reduced when PT was applied in comparison 
with baseline from a mean 40.1% ± 17.2 to 6.5% ± 10.8 (83.8% 
reduction). Random-effects meta-analysis demonstrated a MD 
of −33.59, 95% CI −44.14, −23.05, Z-value = 6.24, P < .00001; 
Figure 8). The SMD was −3.02 (−4.09, −1.94) (large effect).

Sensitivity analysis
Visual inspection of the funnel plot including all six studies 
showed no obvious asymmetry, nevertheless there were two 
outliers, most likely due to the small number, small study 
population, and methodological diversity (such as different 

Figure 7—Forest plot comparing mean apnea-hypopnea index with and without treatment.

Mean, SD, mean difference, and 95% CI values presented as events/h. AHI = apnea-hypopnea index, CI = confidence interval, PT = positional therapy, 
SD = standard deviation.
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inclusion criteria for example) of the studies. There was a nor-
mal distribution of the six effects.

On visual inspection of the funnel plot including the four 
studies evaluating trunk-worn devices, there was no asym-
metry nor outliers, but the distribution of the effects was non-
normal. A funnel plot of the effects of the non-RCT studies, 
showed no asymmetry, but there were two outliers and a non-
normal distribution of the effects.

Subgroup analysis was not feasible due to the small number 
of studies evaluating neck-worn devices.

DISCUSSION

All studies published on the new generation of devices for PT 
have shown that PT is efficacious in reducing the AHI in pa-
tients with OSA. It is a simple, well-tolerated (at least in the 
short term), and reversible treatment. In PP, it must be empha-
sized that severity of disease is directly related to the sleeping 
time spent or not spent in the supine position. Therefore, the ef-
fectiveness of PT is dependent on the residual % TST in supine 
position, the AHI in nonsupine position, and compliance with 
therapy. We found that the mean % TST in supine position was 
reduced by 83.8% and that the mean % TST in supine position 
with PT was 6.5%. The mean AHI was reduced to a mean AHI 
of 9.9 events/h, a 53.6% reduction. Comparing these results 
with other treatment modalities for OSA (CPAP, surgery, etc.) 
is difficult. PP are generally younger and have a lower BMI, 
hindering such comparisons. Previous studies comparing the 
efficacy of TBT, or modifications of it, with the new genera-
tion of devices for PT indicate similar results.1,9,16,39–46 However, 
under study conditions with short-term follow-up, compliance 
is higher with the newer generation PT devices. Therefore, 
greater therapeutic effectiveness seems likely.

When interpreting results of treatment approaches, it is of 
importance to bear in mind that the effectiveness of conserva-
tive treatment reducing respiratory indices depends both on its 
effect on airway obstruction and compliance.47–51 In the case of 
PT these are residual % TST in supine position, AHI in non-
supine position, and compliance.

The importance of compliance is illustrated in the study by 
Eijsvogel et al.6 Although therapeutic efficacy was compara-
ble between PT and TBT, compliance with PT was superior. 
Taking compliance into account, a mean disease alleviation of 

48.6% and 70.5% was achieved for TBT and the new genera-
tion PT respectively.6

Both CPAP and—to a lesser extent—MAD therapy are ham-
pered by compliance issues. With the advent of objective moni-
toring, in two prospective small-scale studies, a median use of 
MAD therapy for 6.4 h/night was reported after 3 months and a 
mean use of 6.1 h/night after 1 year.52,53 Approximately 29% to 
83% of patients using CPAP are noncompliant.54 Eight percent 
to 15% of patients refuse CPAP treatment after a single night’s 
use and 20% to 40% will discontinue CPAP after 3 months.55

Under study conditions, short-term (1 month) follow-up 
median compliance of new-generation PT devices is high, 
varying from 76% to 96%, when compliance is defined as 4 
h/night, 7 nights/wk.6,29,34 van Maanen et al. also reported on 
long-term follow-up. Unfortunately these results are hampered 
by a 50% loss to follow-up, making interpretation of results 
difficult35 (see Table 5). Average new-generation PT device use 
per night was 6.8 h/night over a 3-week period and a median of 
6.5 h/night and 5.5 h/night over a 1-month and 6-month period, 
respectively. A median 92.7% to 96% of patients were compli-
ant over a 1-month period, with compliance defined as ≥ 4 h/
night, 7 nights/wk. Lack of reliable data on long-term com-
pliance has serious implications when applying PT in clinical 
practice and needs specific attention in future research.

Two types of new-generation PT devices were analyzed in 
the various articles, either neck-worn or chest-worn. It would 
be interesting to perform a subanalysis comparing the efficacy 
(reduction in AHI) of neck-worn versus chest-worn devices 
and their effect on sleep quality and comfort. One could hy-
pothesize that a chest-worn device may be more comfortable 
than a neck-worn device, but might be more likely to shift 
during sleep.

One study demonstrated the importance of head position, 
separate from trunk position, as an important parameter to 
measure in PP.56 The authors conclude that in one-fourth of all 
patients with OSA, the head position is an important factor, in 
addition to the position of the trunk. In these patients, the AHI 
calculated while the head is in a supine position is higher than 
the AHI determined over the time when the trunk is in the su-
pine position. Furthermore, 6.5% of patients were not position-
dependent based on the position sensor on the trunk and were 
classified as only head-supine–dependent. This finding may 
have consequences for the methods used for future diagnosis 
and treatment of OSA.

Figure 8—Forest plot comparing percentage of total sleep time in the supine position with and without treatment.

CI = confidence interval, PT = positional therapy, SD = standard deviation, TST = total sleep time.



821 Journal of Clinical Sleep Medicine, Vol. 13, No. 6, 2017

MJ Ravesloot, D White, R Heinzer, et al. Meta-Analysis: Efficacy of PT for POSA

In the past, Cartwright showed that the “combined effect 
of PT and a tongue retaining device was better than one of 
the treatment modalities alone.” 57 The role of combination 
therapy is again advocated by Dieltjens et al.30 This is particu-
larly interesting when one considers that the majority of PP 
experience mild or moderate OSA and that patients with mild 
or moderate OSA can be suitable candidates for MAD ther-
apy. The prevalence of residual POSA in patients under MAD 
therapy is 33.9%58 according to Cartwright’s criteria.3 Further 
studies are needed to evaluate long-term benefit and compli-
ance of combined therapy.

Limitations of the Study
The quality of the included studies was high, concerning risk 
of bias. Unfortunately in the majority of studies it was not 
feasible to blind the patients to their allocated treatment mo-
dality. We estimate that this will not negatively influence poly-
somnographic data because of its objective nature, but risk of 
bias concerning subjective data such as the ESS is present in 
some studies.

Pooling of results was only feasible for PT itself, because 
of substantial clinical diversity between studies, particularly 
with respect to the control intervention type. Comparison 
across studies was complicated by the application of dif-
ferent definitions of POSA and different inclusion criteria. 
Hours of use of PT were not readily available for all studies; 
therefore, we were unable to keep compliance into consider-
ation. In three studies median summary data were reported, 
due to non-normal distribution of the data. By using the 
mean for pooling of results, we may be underestimating the 
effect.

Clinical Implications of New Devices for PT
Suitable candidates for PT are those who will benefit from a 
clinically significant improvement of their OSA with PT, bear-
ing in mind that patients could benefit from a combination of 
therapies.59

Description of patients who will or will not benefit from this 
mode of therapy have been explored.60 In one paper three cat-
egories were defined12:

1.	 A PP has a nonsupine AHI < 5 events/h. By avoiding 
the supine position, the patient can be cured.

2.	 An NPP will not benefit from PT because his or her 
breathing abnormalities during sleep are not influenced 
by sleeping position.

3.	 A multifactorial patient can benefit from PT, but not 
be cured. The multifactorial patient’s OSA severity is 
influenced in part by sleep position.
a.	 Patients with a nonsupine AHI in a lower OSA 

severity category than the overall AHI. If treated with 
PT, the patient can theoretically decrease in overall 
AHI and OSA severity category. As a consequence 
patients can undergo less aggressive primary 
treatment (less invasive surgery, for example).

b.	 In patients who do not tolerate CPAP or oral 
appliances, PT can be considered salvage therapy. For 
example, as the AHI decreases, so does the CPAP 
pressure needed, potentially improving adherence.

Recommendations for Future Perspectives
Current data available are promising, but more research is 
needed.61 Although we are stating the obvious, there is a demand 
for high-quality evidence from more and larger RCTs evaluat-
ing the efficacy and cost-effectiveness of new-generation PT 
devices. There should be a focus on the effect of PT on quality-
of-sleep metrics, such as sleep fragmentation, sleep continuity, 
and sleep stage changes. Also needed are long-term follow-up 
studies, assessing compliance and the effect of PT on daytime 
sleepiness, other daytime symptoms, health-related quality of 
life, and cardiovascular, metabolic and cognitive parameters. 
Furthermore, it is essential to evaluate PT failures and the pos-
sibility of adaptation to the vibratory stimuli with long-term use.

Evaluating the efficacy of PT is hindered by the fact that 
there are no universally used POSA criteria. Use of a universal 

Table 5—Compliance data for new-generation positional therapy devices.
Author Year Design Intervention Location of Device Compliance Comments Follow-Up
Bignold11 2011 Randomized 

crossover trial
Position monitoring and 
supine alarm device

Chest Total use during 3 wk: 85% ± 6.0 of all 
nights. Average use per night 6.8 ± 0.6 h

1 patient withdrew on first treatment 
night

3 wk

van Maanen33 2013 Single-group cohort SPT Chest Median compliance rate 92.7% (62% to 
100%) 4 h/night, 7 nights/wk

5 patients withdrew, 3 patients due to 
lack of motivation and 2 patients due to 
back and shoulder complaints

4 wk

van Maanen34 2014 Single-group cohort SPT Chest Median compliance rate 64.4% 4 h/night, 
7 nights/wk. Median SPT use was 5.5 h 
on average per night for all nights

Important limitation loss to follow up. 
Of the 145 patients included in the 
study, only 106 registered online and 
53 patients uploaded their SPT data 
for the full study period and filled in 
the questionnaires at two or more time 
points.

6 mo

Levendowski29 2014 Prospective cohort Neck position therapy 
device

Neck Median compliance rate 96% (71% to 
100%) 4 h/night, 7 nights/wk

No loss to follow-up. Symptoms 
reported: minor back, shoulder, or neck 
discomfort in the morning.

4 wk

Eijsvogel6 2015 Randomized trial SPT Chest Median compliance rate 75.9% 4 h/night, 
5 nights/wk. Median SPT use was 6 h on 
average per night for all nights

2 dropouts, reasons for dropout were 
inability to turn on back or vibrating noise

4 wk

SPT = sleep position trainer.
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classification can facilitate collection of data across multiple 
centers and comparison of results across studies. The most 
common classification and definition used to date is Cart-
wright’s classification.3 Various classifications, especially 
modified versions of Cartwright’s criteria, have been applied 
in the literature, aiming to improve clinical relevance.7,9–12

The potential extensive application of PT also needs to be 
explored. Other populations that may benefit from PT are 
pregnant woman with POSA,62 patients with positional central 
sleep apnea,63 and position-dependent habitual snorers.64

Some hypothesize that by using new-generation PT, patients 
are trained to avoid the supine sleep position, resulting in self-
avoidance of the supine position during sleep. Research on this 
topic is needed.65

Studies have shown that the WSP is the supine position in 
nearly three-fourths of patients.2 Research is needed to better 
understand patients with an alternate WSP. New-generation PT 
devices have the potential to also treat these patients.

Although there are some interesting data on the anatomi-
cal basis for the phenotype distinction between patients with 
positional and nonpositional OSA, more research on this topic 
is required.20

Various predictors of POSA have become apparent: age, 
AHI, BMI and ethnicity, for example. A few studies have 
explored associations between craniofacial characteristics 
and POSA. Studies in larger populations and different ethnic 
groups are needed. This is not only important to better under-
stand the pathophysiology of POSA but also to identify pheno-
types associated with the development and severity of POSA.

CONCLUSIONS

All studies published on new-generation PT devices have 
shown that PT is effective in reducing the AHI during short-
term follow-up. Furthermore, they are simple-to-use for both 
patients and clinicians, and they are reversible. Under study 
conditions with short-term follow-up, compliance is high; how-
ever, long-term compliance cannot be assessed because of lack 
of reliable data. PT has potential as a treatment modality for 
patients with OSA, in particular those with mild or moderate 
OSA. Additional high-quality, long-term studies are needed to 
confirm the promising role of PT.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
APOC, Amsterdam Positional OSA Classification
BMI, body mass index
CI, confidence interval
CPAP, continuous positive airway pressure
ESS, Epworth Sleepiness Scale
FOSQ, Functional Outcomes of Sleep Questionnaire
GAD-7, Generalized Disorder Questionnaire
ISI, Insomnia Severity Index
MAD, mandibular advancement device
MeSH, medical subject heading

NPP, patient with non-positional OSA
OSA, obstructive sleep apnea
PAS, posterior airway space
PHQ-9, Profile Health Questionnaire
POMS, Profile of Mood States
POSA, position-dependent obstructive sleep apnea
PP, patient with POSA
PSG, polysomnography
PSQI, Pittsburgh Sleep Quality Index
PT, positional therapy
QSQ, Quebec Sleep Questionnaire
RCT, randomized controlled trial
RoB, risk of bias
SD, standard deviation
SPT, sleep position trainer
TBT, tennis ball technique
WSP, worst sleeping position
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APPENDI X

Appendix 1: Search Syntax
(“Sleep Apnea, Obstructive”[Mesh] OR OSAS[ti/ab] OR OSAHS[ti/ab] OR OSA[ti/ab] 
OR POSA[ti/ab] OR (sleep[ti/ab] AND (apnea[ti/ab] OR apneas[ti/ab] OR apnei*[ti/ab] 
OR apneu*[TI/AB] OR apnoea[ti/ab] OR apnoeas[ti/ab]))) AND ((position[ti/ab] OR 
positional[ti/ab] OR posture[ti/ab] OR supine[ti/ab])) AND (PT[ti/ab] OR therapy[ti/ab] 
OR device[ti/ab] OR trainer[ti/ab] OR treatment[ti/ab]))


