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Study Objectives: To assess the overall clinical effectiveness of a sleep position trainer (SPT) in patients with positional obstructive sleep apnea (POSA) 
and to evaluate how many patients were willing to continue treatment after a 1-month trial period.
Methods: Patients in whom POSA was diagnosed underwent a 1-month trial period with the SPT. Home sleep apnea tests were used to measure baseline 
data and data following the trial period with the SPT.
Results: The 79 patients who completed the study protocol were 81% male, had a mean age of 52 ± 12 years, and a median baseline respiratory event index 
(REI) of 11 (8, 16) events/h. A significant reduction in overall REI to 5 (3, 10) events/h was observed with the SPT as compared to baseline (P < .001). The 
median percentage of sleep time in the supine position decreased significantly from 27 (20, 48) to 7 (2, 20) with the SPT (P < .001). Adherence was found 
to be 95 ± 8%. Of the 44 patients who decided to continue treatment, 27 were categorized as responders (having a decrease in REI of at least 50%) and 17 
were non-responders. The most important reasons for not purchasing the SPT were poor objective results, intolerance to the vibrations, cost of the device, 
persistent daytime sleepiness, or patient preference for other treatment options.
Conclusions: Treatment with the SPT came with high adherence rates and was effective in reducing REI and supine sleep position. The trial period is in the 
patients’ best interest, as it may prevent those who will not benefit from positional training from purchasing an SPT.
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INTRODUCTION

Snoring and obstructive sleep apnea (OSA) have a high prev-
alence in the general population and are associated with age 
and sex.1 Peppard et al. estimated that 14% of men and 5% 
of women have an apnea-hypopnea index (AHI) ≥ 5 events/h 
with additional symptoms of daytime sleepiness.2 When OSA 
is left untreated, patients are at higher risk for cardiovascular 
diseases, stroke, motor vehicle accidents, and diminished qual-
ity of life, which makes adequate treatment of utmost impor-
tance.3,4 Long-term, multidisciplinary management is required 
consisting of medical, behavioral, and surgical options. Con-
tinuous positive airway pressure (CPAP) is the gold standard 
of treatment for moderate (15 ≤ AHI ≤ 30 events/h) and severe 
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(AHI > 30 events/h) OSA. Alternative treatment of OSA is de-
pendent on disease severity, upper airway anatomy, risk fac-
tors, and patient preference.5

Behavioral therapy includes weight loss, exercise, avoid-
ance of alcohol and sedatives before bedtime, and positional 
therapy. Positional therapy deters sleep in the supine position 
and is an effective treatment for patients with positional OSA 
(POSA).6 These patients have a higher AHI when sleeping in 
the supine position compared to nonsupine positions.5 The 
percentage of patients with OSA who also have POSA varies 
according to the definition that is used.7 The first, and still 
most frequently used, definition of POSA was introduced by 
Cartwright and states that patients with POSA have an AHI 
while sleeping in the supine position that is at least twice as 

BRIEF SUMMARY
Current Knowledge/Study Rationale: In more than 50% of patients with obstructive sleep apnea (OSA), it is possible that the disorder is position 
dependent, which is called positional OSA (POSA). Positional therapy is a noninvasive treatment option for POSA. In the past, treatment of POSA was 
hampered by a low adherence rate to devices aimed to reduce sleep time in the supine position.
Study Impact: In the current study, patients with POSA were given a 1-month trial period with a sleep position trainer (SPT). We found that treatment 
of POSA with the SPT was effective and that patients were highly adherent to this treatment. Furthermore, we stress the importance of the trial period 
so that patients who will not benefit from SPT treatment can avoid purchasing the device.
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high as their AHI in nonsupine positions.8 According to this 
definition, approximately 56% to 67% of the patient popula-
tion with OSA has POSA.7,9,10 In general, patients with POSA 
are younger, have a lower body mass index (BMI), and have 
less severe OSA.7,9,11,12

The so-called “tennis ball technique” (TBT), in which a 
tennis ball or other bulky objects are placed in the center of 
the back, is widely used to prevent sleep in the supine posi-
tion. This technique has shown a significant decrease of sleep 
time in the supine position and has led to a reduction in AHI.13 
Variations of this technique, such as special pillows, vests, po-
sitional alarms, and verbal instructions also have been tested 
with similar results as the TBT.6,14–19 However, overall long-
term adherence to such therapies is low, because the bulky 
object is uncomfortable for patients and results in disturbed 
sleep.6,18 A neck-worn device and a chest-worn device that ac-
tivate a vibration alarm to deter sleep in supine position have 
also been evaluated in an attempt to overcome the aforemen-
tioned adherence problems. These novel techniques showed 
promising results in reducing OSA severity and increasing 
short-term and long-term adherence.20–25 Furthermore, the 
use of the chest-worn sleep position trainer (SPT) was studied 
as part of combination therapy in patients who have residual 
POSA after treatment with oral appliances (OA) or after upper 
airway surgery.26,27 The authors of both studies concluded that 
additional positional training in a group of patients with re-
sidual POSA after standard treatment can increase the overall 
therapeutic effectiveness.

The aim of the current study was to evaluate the clinical ef-
fectiveness of the chest-worn SPT in routine clinical practice 
after a 1-month trial period and to investigate whether patients 
would decide to purchase the SPT after the trial period.

METHODS

Patients and Study Design
From March 2014 to August 2016, patients in whom POSA 
was diagnosed based on polysomnography (PSG), performed 
between June 2010 and June 2016, were invited to participate 
in a 1-month trial period with the SPT as part of a standard-
ized clinical pathway. This group of consecutive patients con-
sisted of patients consulting for an in-hospital visit at the ear, 
nose, and throat (ENT) department after a new diagnosis or 
after failure of previous treatment. PSG was scored according 
to the rules published in 1999 by the American Academy of 
Sleep Medicine28 and POSA was defined as having an overall 
AHI ≥ 5 events/h, a supine AHI at least twice as high as the 
nonsupine AHI, and 10% to 90% of the total sleep time (TST) 
spent in the supine position documented during full-night 
PSG. Patients were included if they were willing to participate 
and could understand and use a home sleep apnea test (HSAT) 
for registering the respiratory and positional events. The study 
protocol was approved by the institution’s ethical committee 
and informed consent was obtained in each patient.

The clinical pathway consisted of four study visits as shown 
in Figure 1, which started within 3 months after the in-hospi-
tal visit with the ENT specialist. On visit 1, patients received 
a HSAT (Medibyte, Braebon Medical Corporation, Kanata, 
Ontario, Canada) and a validated 2-night test at home was 
conducted to record baseline measurements including body 
position, oximetry, pulse rate, snoring volume, airflow, and 
respiratory effort.29 The results were analyzed and discussed 
with the patient during visit 2. If POSA could be confirmed, 
patients received an “SPT experience” for a trial period of 28 
days (NightBalance, Delft, The Netherlands), with a vibration 
activity that increases progressively during the first 10 nights. 
After approximately 3 weeks, the same 2-night HSAT was per-
formed with the SPT to evaluate its efficacy. On the fourth and 
last visit, results of the baseline HSAT were compared with the 
results of the HSAT with SPT, together with the readout data of 
the SPT and subjective improvement. Subjective improvement 
was asked during the outpatient visit and was reported in ques-
tionnaires filled out by the patient. Based on the overall results, 
patients were invited to purchase the SPT or not.

Home Sleep Apnea Tests
The validated HSAT device used in this study analyzed both 
respiration and body position at home.29 The two belts mea-
suring respiratory effort were attached around the chest and 
abdomen, with the device itself positioned at the sternum. To 
register the snoring sounds, a microphone was taped to the 
patient’s forehead. A nasal cannula pressure transducer and 
thermistor to measure airflow were placed under the nose. Fi-
nally, finger pulse oximetry sensor measured oxygen satura-
tion and heart rate. Data were read out using Pursuit software 
(version 8.0, Braebon Medical Corporation, Canada) allowing 
data analysis to be conducted. Respiratory events were scored 
following the criteria published by the American Academy of 
Sleep Medicine in 1999 and 2007.28–30 The respiratory event 
index (REI) was calculated during the HSAT and was used to 
judge the success of the treatment.

Figure 1—Timeline of the four study visits in the clinical 
pathway.

At visit 1, the patients received an HSAT to conduct a validated 2-night 
test at home to assess baseline measurements. At visit 2, the results 
were analyzed and discussed with the patients. If POSA was confirmed, 
the patients received an SPT for a trial period of 28 days. At visit 3, the 
patients received the same HSAT to perform a 2-night sleep test with 
the SPT, during the last week of the SPT-trial. At visit 4, the results 
were discussed and compared to the results of the baseline HSAT. 
HSAT = home sleep apnea test, POSA = positional obstructive sleep 
apnea, SPT = sleep position trainer.
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Sleep Position Trainer
The SPT is a chest-worn device, placed at the sternum. It is a 
small, lightweight device (72 × 35 × 10 mm, 25 g) that moni-
tors body position. When the supine position is detected, it vi-
brates so that the patient changes sleeping positions. It allows 
for body position changes during sleep without any movement 
restrictions. The frequency of the vibration stimulus is vari-
able and its amplitude and duration increase gradually until 
the patient shifts to a nonsupine position. The trial period with 
the SPT was divided into three phases: a baseline/diagnostic 
phase, a build-up phase, and a treatment phase. During the 2 
nights of the baseline phase, the SPT monitored and recorded 
the body position without generating vibrations. The next 
phase, the build-up phase, lasted 7 days: the SPT vibrated in an 
increasing number of episodes while in supine position. Dur-
ing the last phase, the treatment phase, which began at night 
10, the SPT vibrated every time the patient slept in supine po-
sition for more than 3 seconds to deter this position. When a 
nonsupine position was detected, the vibrations stopped.

Definitions
Therapeutic efficacy is defined as a reduction in either REI or 
supine position. Responders were defined as patients with a re-
duction in REI ≥ 50% compared to baseline, and non-respond-
ers were defined as patients with a reduction in REI < 50% 
from baseline. Treatment success was obtained when an REI 
below 5 events/h of sleep was achieved.

The percentage of SPT use in hours per night was divided by 
the TST derived from a routine PSG performed for diagnosis 
of POSA to calculate the adjusted adherence (mean SPT use 
per night / TST on baseline PSG). The TST was derived from 
PSG because the HSAT does not measure sleep. Objective 

information on adherence was obtained from the data stored 
by the SPT. Effective adherence was defined as the minimum 
use of the SPT for at least 4 h/night and 5 nights/wk.31 Finally, 
the mean disease alleviation (MDA), a measurement of thera-
peutic effectiveness, was calculated. The MDA is the product 
of therapeutic efficacy with the adjusted adherence divided by 
100 and expressed as a percentage.32

Statistical Analysis
Data were analyzed using SPSS version 23 (Statistical Pack-
age for Social Sciences Inc., Chicago, Illinois, United States). 
Data were expressed as median values or their lower and upper 
quartiles (quartile 1, quartile 3) when not normally distributed. 
When data were not normally distributed, an independent 
samples Mann-Whitney U test was performed. Categorical 
variables were tested using Pearson chi-square test, and the 
nonparametric Wilcoxon signed rank test was used to test 
changes in parameters before and after treatment. A value of 
P < .05 was considered a statistically significant result.

RESULTS

Patient Screening
A flowchart of the patient population is shown in Figure 2. A 
total of 200 patients in whom POSA was diagnosed on full-
night attended PSG were screened with the HSAT. Data de-
rived at time of PSG are as follows: mean age 50 ± 12 years, 
male/female 161/39, overall median AHI 8 (4, 13) events/h, 
and median body mass index (BMI) 26 (24, 29) kg/m2. In 
38 of the 200 patients, the diagnosis of POSA could not be 
confirmed based on the baseline HSAT measurements, and 

Figure 2—Flowchart of the patient population.

79 of the 200 included patients completed the study protocol. 45 patients were responders (reduction in REI ≥ 50%), whereas 34 patients did not meet the 
responder criteria. HSAT = home sleep apnea test, POSA = positional obstructive sleep apnea, REI = respiratory event index.
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these patients were therefore excluded. Furthermore, base-
line HSAT measurements failed in 7 patients, whereas in 
54 patients the diagnosis was positional snoring (REI < 5 
events/h). These patients were also excluded from participa-
tion in this study. POSA could be confirmed in 101 patients. 
Of those 101 patients, 22 patients did not complete the study 
(21.8%): the main reasons for which were patient intoler-
ance to the SPT vibrations or technical failures (eg, HSAT 
measurement failed).

Therapeutic Efficacy
Table 1 shows the parameters of the remaining 79 patients 
at baseline and after 1 month of SPT use. The overall REI, 
percentage of supine position and supine REI decreased sig-
nificantly with SPT treatment (P < .001). The therapeutic effi-
cacy was calculated for each patient, resulting in 45 responders 
and 34 non-responders (Table 2). In both responders and 

non-responders, a significant reduction in supine REI (P < .001 
in responders and P = .001 in non-responders) and percentage 
of supine position (P < .001 in both groups) was found while 
using the SPT. Furthermore, a significant reduction in overall 
REI was obtained in the responder group (P < .001). When the 
baseline characteristics of both groups were compared, a sig-
nificant difference in BMI (P = .028) and percentage of supine 
position at baseline was found (P = .005). The responder group 
showed a median BMI of 26 kg/m2 and a median of 31% supine 
position at baseline, while the non-responder group showed a 
median BMI of 28 kg/m2 and a median of 21% supine posi-
tion at baseline. Despite the difference in BMI between the re-
sponders and the non-responders, it should be noted that the 
BMI in both groups was rather low. No differences were seen 
in age, sex, overall REI, supine REI and oxygen saturation be-
tween responders and non-responders. These results are shown 
in Table 3.

Table 1—Respiratory parameters at baseline and after 1 month of SPT use in the overall group of 79 patients.
Characteristics Baseline With SPT P 

REI (events/h) 11.0 (3.1, 44.4) 5.2 (0.2, 23.9)  < .001*
Supine REI (events/h) 28.9 (6.2, 135.0) 6.9 (0.0, 73.5)  < .001*
% supine sleep 27.4 (8.2, 100) 6.7 (0.0, 54.6)  < .001*
Mean SpO2 (%) 94.2 (93.3, 95.4) 94.4 (93.1, 95.4) .801
Minimum SpO2 (%) 84.0 (78.5, 88.0) 84.0 (81.5, 89.0)  > .999

Data expressed as median (quartile 1, quartile 3). P values compare characteristics at baseline and with treatment. * = statistical significance defined as 
P < .05. REI = respiratory event index, SpO2 = oxygen saturation, SPT = sleep position trainer.

Table 2—Respiratory parameters at baseline and with SPT in the responder and the non-responder groups.

Characteristics
Responders (n = 45) Non-Responders (n = 34)

Baseline With SPT Baseline With SPT
Overall REI (events/h) 11.3 (8.1, 17.0) 3.4 (1.9, 5.0) 10.8 (8.0, 14.1) 9.4 (6.4, 14.3)
Supine REI (events/h) 28.9 (16.1, 39.1) 2.3 (0.0, 10.3) 27.6 (19.8, 44.0) 18.0 (6.1, 25.8)
% supine sleep 31.2 (22.8, 52.1) 5.5 (0.8, 17.3) 20.6 (15.5, 39.6) 8.3 (2.3, 21.0)
SpO2 (%) 94.6 (93.2, 95.5) 95.0 (93.0, 95.9) 94.1 (93.5, 94.9) 93.9 (93.1, 94.8)
Minimum SpO2 (%) 84.5 (79.0, 88.5) 85.0 (82.0, 89.0) 83.0 (77.0, 86.0) 82.8 (80.4, 86.0)

Data expressed as median (quartile 1, quartile 3). REI = respiratory event index, SpO2 = oxygen saturation, SPT = sleep position trainer.

Table 3—Comparison of baseline characteristics between responders and non-responders.
Characteristics at Baseline Responders (n = 45) Non-Responders (n = 34) P

Age (years) 51.2 ± 13.3 53.3 ± 10.9 .670
Sex (% male) 75.6 88.2 .246
BMI (kg/m2) 26.0 (24.6, 27.2) 27.7 (25.6, 29.6) .028*
REI (events/h) 11.3 (8.1, 17) 10.8 (8.0, 14.1) .645
Supine REI (events/h) 28.9 (16.1, 39.1) 27.6 (19.8, 44.0) .559
% supine sleep 31.2 (22.8, 52.1) 20.6 (15.5, 39.6) .005*
SpO2 (%) 94.6 (93.2, 95.5) 94.1 (93.5, 94.9) .351
Minimum SpO2 (%) 84.5 (79.0, 88.5) 83.0 (77.0, 86.0) .174
Epworth Sleepiness Scale score 8.0 (5.0, 10,0) 8.5 (6.0, 10,0) .830
Visual analogue scale for snoring score 6.0 (5.0, 8.0) 4.5 (2.0, 7.0) .534

Data expressed as mean ± standard deviation, median (quartile 1, quartile 3) or percentage. * = statistical significance defined as P < .05. BMI = body mass 
index, REI = respiratory event index, SpO2 = oxygen saturation, SPT = sleep position trainer.
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Adherence and MDA
Adherence data for the overall group, and in the responder and 
non-responder groups are shown in Table 4. Data on the SPT 
use of one patient could not be recovered due to technical prob-
lems. In another 11 patients, data on the percentage supine posi-
tion and total days used could be read out but TST or other data 
on SPT use was not available. The adjusted adherence could thus 
be calculated in 67 patients. The SPT use in hours per night and 
in percentage of days was not significantly different between the 
responder and the non-responder groups. Furthermore, 68 of 79 
patients (86%) used the SPT more than 80% of the nights.

No differences were found in the adjusted adherence be-
tween responders (96 ± 7%) and non-responders (94 ± 10%) 
(P = .312). In the overall group, an adjusted adherence of 
95 ± 8% was achieved.

In the responder group, there was a mean reduction in REI 
and in supine position of 71% and 74%, respectively. Together 
with an adjusted adherence of 96%, this resulted in a MDA 
of 68% for reduction in REI and of 72% for reduction in su-
pine position (Figure 3). In the non-responder group, a mean 
reduction in REI and in supine position of 21% and 58% was 
obtained respectively, which combined with an adjusted adher-
ence of 94%, resulted in a MDA of 18% for reduction in REI 
and a MDA of 57% for reduction in supine position.

Thirty-two of the 79 patients (41%) were both CPAP and 
oral appliance (OA) naïve, 23 patients (29%) had used CPAP 
but no OA in the past, 2 patients (3%) were OA intolerant, 9 
patients (11%) were CPAP and OA intolerant and the remain-
ing 13 patients (16%) were still using an OA and did use this 
OA in combination with SPT in this study. In the latter group, 
5 patients had a history of CPAP treatment (6%), meaning that 
almost half of the patients (39 out of 79, 49%) were intolerant 
of some form of OSA treatment. No differences in the percent-
age of days used or adjusted adherence for SPT use were found 
between the patients who had received other treatment in the 
past and the patients who were treatment naïve (P = .639 and 
P = .953, respectively).

Purchase
The cost of the studied SPT in Belgium is 399 EUR without 
any reimbursement via the national health system. This is one 
of the reasons why it is interesting to investigate whether pa-
tients are willing to purchase the SPT after a 1-month trial pe-
riod, based on the objective and subjective results.

A total of 44 patients purchased the SPT (56%): the other 
35 patients did (44%) not. A significant difference in baseline 

supine REI between these two groups was found (P = .036): the 
median supine REI of the patients who purchased the SPT was 
27 events/h, whereas the median supine REI of the other group 
was 35 events/h. No differences in age, sex, BMI, overall REI, 
percentage of supine position, oxygen saturation index, Ep-
worth Sleepiness Scale (ESS) score, or the visual analog scale 
for snoring could be found (Table 5). In the responder group, 
27 of 45 patients decided to continue treatment with the SPT 
(60%) and 18 patients decided to stop treatment after the trial 
period (40%). Finally, 17 patients (50%) in the non-responder 
group wanted to purchase the SPT. Even if the objective results 
did not improve enough to be classified as a responder, there 
was improvement in objective results and they did feel better 
with the use of the SPT. The main reasons for not purchasing 
the SPT are given in Table 6.

DISCUSSION

In our study, POSA was defined as having an AHI in supine 
position that is at least twice as high as the AHI in nonsupine 
positions. We also required that patients had spent 10% to 90% 
of measurable TST during PSG in the supine position and had 
an overall AHI ≥ 5 events/h. During drug-induced sedation 
endoscopy, it has been illustrated that moving the head from 
a supine to a lateral position leads to improvement in upper 
airway collapsibility in patients with POSA.33 This suggest that 
positional therapy could be a good treatment option for those 
with POSA.6 In fact, the efficacy of positional therapy has been 
studied in various clinical trials and was recently summarized 

Table 4—Adherence for the sleep position trainer during the 1-month trial in the overall group, the responders and the non-
responders.

 Overall Group (n = 78) Responders (n = 44) Non-Responders (n = 34) P 
Hours used per night 7.6 ± 1.2 7.7 ± 1.3 7.5 ± 1.2 .83
Percentage of days used 91.7 ± 10.9 90.2 ± 13.2 93.7 ± 6.4 .63
Adjusted adherence (%) 95.3 ± 8.2 96.3 ± 6.7 94.1 ± 9.6 .83
Effective adherence, n (%) 66/72 (92%) 35/41 (85%) 31/31 (100%) .12

Data expressed as mean ± standard deviation or n (%) as indicated. P values compare data between responders and non-responders.

Figure 3—Mean disease alleviation.

The mean disease alleviation was calculated by multiplying the adjusted 
adherence and the therapeutic efficacy, divided by 100, to measure 
reductions in supine position and REI in the responder group of 45 
patients. MDA = mean disease alleviation, REI = respiratory event index.
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by Ravesloot et al.34 In addition, Barnes et al.35 reviewed the 
positional modification techniques. In this study, the SPT was 
used in the routine clinical practice for the treatment of POSA, 
meaning that any patient in whom POSA was diagnosed was 
offered to try treatment with the SPT.

Our study demonstrated the effectiveness of the SPT therapy 
in routine clinical practice to deter sleep in the supine position 
and to reduce REI in well-selected patients with relatively mild 
OSA and relatively low BMI. The results indicate that the SPT 
used in this study significantly reduces overall REI, REI in the 
supine position, and percentage of time spent in the supine po-
sition when compared to baseline measurements. Fifty-seven 
percent of the patients were considered to be responders as de-
fined as a reduction in REI ≥ 50 % according to the literature.36 
A mean reduction in overall REI of 71% was shown in the re-
sponder group. Treatment success (REI < 5 events/h) was seen 
in 36 of the 45 responders (80%).

A device treatment for a chronic disease is only truly suc-
cessful when adherence is high. In the current study, patients 

used the SPT on average for 7 ± 1 h/night for 92 ± 11% of the 
study nights. The definition of adherence in this study was in 
line with that of CPAP adherence (≥ 4 h/night + ≥ 5 nights/
wk).31 An effective adherence of 94% was reached, which is 
high compared to other treatment options. For example, 29% 
to 83% of patients are not adherent to CPAP.37 In addition to 
the high effective adherence, an adjusted adherence of 95 ± 8% 
and 96 ± 7% was reached in the overall group and the re-
sponder group, respectively. No significant differences were 
found in adherence between responders and non-responders, 
and between patients who decided to continue treatment and 
patients who preferred not to continue. This can be explained 
by the fact that during this trial, the patient was not yet aware 
if the treatment would be successful. In other words, even if 
the therapy is not working well, the patient will continue to 
use it during the trial period and some of the non-responders 
would purchase the device because they are subjectively feel-
ing better. Therefore, follow-up and monitoring of the effect 
by a physician is of utmost importance. If the patient would 
purchase the device online without prescription of a physi-
cian, there would be no guidance and evaluation or guarantee 
that the treatment is effective. In the past, positional therapy 
had a poor adherence rate due to ineffectiveness, backaches, 
discomfort, and lack of improvement in sleep quality or day-
time alertness.6,18,38 The improvements obtained with the SPT 
that was used in this study may seem to have had a positive 
effect on adherence rates, which also was seen in the study 
of van Maanen et al.21 The improvement in adherence can be 
explained by the size and weight of the device compared to 
the TBT used in the past. In addition, the SPT’s buildup phase 
allows patients to get used to the vibrations, thereby gradu-
ally decreasing supine position. Although adherence was high, 
the number of responders was relatively low. Non-responders 
tended to be more obese and had more severe OSA in supine 
position. Excess weight is not only a risk factor for developing 
OSA but also compromises treatment success as demonstrated 
in other treatments such as OA and hypoglossal nerve stimula-
tion.39,40 In the current study, no differences in adherence were 

Table 5—Characteristics of patients who purchased the SPT compared with those of patients who did not buy the device.
Characteristics Purchase (n = 44) No Purchase (n = 35) P

Age (years) 51 (19, 70) 55 (29, 78) .47
Sex (% male) 79.5 82.9 .78
BMI (kg/m2) 26.5 (20.8, 32.4) 26.9 (19.4, 36.5) .40
Baseline REI (events/h) 10.7 (3.1, 33.6) 12.2 (5.8, 44.4) .11
Baseline supine REI (events/h) 26.6 (6.2, 56.0) 34.9 (9.6, 135.0) .04*
Baseline % supine sleep (% TST) 25.6 (8.8, 94.4) 28.4 (8.2, 100.0) .93
Baseline mean SpO2 (%) 94.2 (90.4, 97.7) 94.2 (91.3, 96.5) .85
Epworth Sleepiness Scale score 8 (0, 21) 8 (0, 19) .66
Visual analogue scale for snoring score 5 (0, 10) 6 (0, 10) .18
REI during SPT trial (events/h) 4.4 (0.2, 23.9) 6.3 (0.5, 20.4) .05
Supine REI during SPT trial (events/h) 5.7 (0.0, 73.5) 11.0 (0.0, 65.7) .23
% supine sleep during SPT trial 6.4 (0.0, 53.9) 9.2 (0.0, 54.6) .40
SpO2 during SPT trial (%) 94.3 (87.2, 97.4) 94.5 (87.6, 97.0) .92

Data expressed as mean ± standard deviation or number. * = statistical significance defined as P < .05.

Table 6—Reasons for not purchasing the SPT with their 
prevalence in the total group of patients who did not 
purchase the device (n = 35).

Main Reason
Objective results insufficient 6 (17.1)
Could not tolerate vibrations 5 (14.3)
No reason given 5 (14.3)
Too expensive 4 (11.4)
Preference for other treatment 3 (8.6)
Subjective: persistent daytime sleepiness, dissatisfied 3 (8.6)
Persistent snoring 2 (5.7)
Not convinced 2 (5.7)
Still considering purchase 2 (5.7)
Other reason 2 (5.7)
Partner did not tolerate SPT 1 (2.9)

Data expressed as n (%). SPT = sleep position trainer.
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found between patients who received CPAP and/or OA treat-
ment in the past and patients who did not show intolerance for 
other treatment options.

The MDA is a measure that takes both efficacy and adherence 
into account and therefore can be used to compare the outcome 
of different treatment options in terms of their overall clinical 
effectiveness. The MDA is calculated by multiplying the thera-
peutic efficacy by the adjusted adherence divided by 100. In 
the total group, an MDA of 46% and 63% was achieved for the 
reduction in REI and reduction in supine position, respectively. 
In the responder group, the MDA was much higher compared to 
the non-responder group: 68% versus 18% reduction in REI and 
72% versus 57% reduction in supine position. The difference in 
MDA can be explained by the higher therapeutic efficacy in the 
responder group (71% versus 21% reduction in REI and 74% 
versus 58% reduction in supine position) as the adjusted adher-
ence was similar in both groups (96% versus 94%). In the litera-
ture, a mean MDA of approximately 50% is published for CPAP 
and OA therapy.32,41 For CPAP in general, the adjusted adher-
ence is lower compared to the SPT or OA therapy. It has been 
suggested that the comparable MDA for CPAP and OA therapy 
may be explained by the greater efficacy of CPAP (in terms of 
a lower residual AHI) being offset by the inferior adherence of 
CPAP, possibly resulting in equal effectiveness.42,43

At the end of the trial period, 44 of the 79 patients (56%) 
purchased the SPT. The remaining 35 patients (44%) did not 
purchase the SPT, citing no objective benefit, intolerance to the 
vibrations, or the expense of the device as their main reasons. 
It is interesting that 17 patients who did not meet the criteria 
of being a responder did purchase the SPT. They were perhaps 
swayed by what objective improvement was seen in their re-
sults, or it could be that the patients’ subjective improvement 
was enough. Subjective improvement may be of great impor-
tance because when patients subjectively feel better with treat-
ment, they are then more likely to continue to use it.

The authors stress the importance of the SPT trial period 
to prevent patients who objectively and/or subjectively would 
not benefit from the therapy from purchasing the device. 
Furthermore, patients suffering from residual POSA under a 
given therapy can be good candidates for combination therapy. 
Dieltjens et al.26 studied the effect of the combination of OA 
therapy with SPT, whereas Benoist et al.27 investigated the ef-
fect of additional SPT therapy after upper airway surgery. Both 
studies showed promising results.

Some study limitations need to be addressed. First, a differ-
ence in baseline respiratory indices (AHI/REI), percentage of 
supine sleep, and respiratory indices while in the supine posi-
tion was noted between the baseline PSG in the hospital and 
the HSAT measurement at home, with the PSG values being 
higher. A first explanation for this is the fact that the HSAT 
used in this study does not measure sleep signals, which may 
have led to a systematic bias of underreporting. Adjusted ad-
herence was calculated as the use in hours per night as the per-
centage of TST derived from the PSG. During PSG, the TST 
is used to calculate AHI, which is not possible with the HSAT. 
When using an HSAT, the time in bed is used to calculate the 
REI so there is no correction for sleep onset latency or the 
time the patient is awake during the night. In addition, it is not 

possible to score an arousal during the HSAT, meaning that the 
definition of an arousal is only based on the limitation in flow 
and the percentage of desaturation. However, the HSAT was 
tested and found to be a valid method to measure respiration 
and accurately identify patients without OSA.29

Another explanation for the aforementioned differences in 
baseline measurements could be night-to-night variability.44 
This phenomenon can be explained by both the so-called “first-
night effect” and intrinsic variability.45,46 Intrinsic variability can 
be divided into variables such as behavioral factors, differences 
in body position, and sleep architecture between recordings. 
Therefore, an important factor that influences night-to-night 
variability is the time spent sleeping in the supine position. In 
our study this was higher on the PSG measurements compared 
to the HSAT measurements. A possible explanation is that pa-
tients slept more in the supine position during the PSG nights 
because the equipment forced them to do so.

Another potential limitation is that sleep position was mea-
sured by a position sensor placed on the trunk. Van Kesteren 
et al. showed that although measurement at the trunk is impor-
tant, measurement at the head is also valuable.47 Future studies 
might consider using sensors at both locations. Furthermore, 
this study showed that the subjective parameters play a crucial 
role in whether or not patients are willing to purchase the SPT. 
Five of the 35 patients (14%) who decided not to purchase the 
SPT reported persistent snoring or persistent daytime sleepi-
ness as the main reason for not buying the device. In future 
follow-up with all patients, these factors need more attention 
and will be considered.

A final limitation is that patients used the SPT for only 28 
days; therefore, no results on long-term effectiveness can be 
reported. This is important because although the SPT shows 
promising short-term results regarding adherence when com-
pared to the TBT, adherence problems with positional therapy 
usually occur after a longer period of use.6,18 Because long-term 
adherence needs to be achieved, further research is needed and 
currently is ongoing. In addition, Cartwright et al.48 suggested 
that patients might learn to avoid the supine position follow-
ing positional therapy. This could indicate that there would 
be no need to use the SPT every night. It is also possible that 
some patients only may need positional therapy periodically 
to reinforce training, whereas other patients may need SPT 
consistently to ensure sleep in nonsupine positions.48 A study 
by van Maanen et al. of patients with mild to moderate POSA 
(5 ≤ AHI < 15 events/h) showed promising results concerning 
the effectiveness of SPT over a period of 6 months, including 
improvement to sleep-related quality of life and diminished 
subjective daytime sleepiness.23 There were no subjective re-
sults collected after 1 month of SPT use in this study. Because 
the subjective experiences of the patients and their bed part-
ners are important factors to determine long-term adherence, 
these parameters will be collected during further follow-up.

CONCLUSIONS

It can be stated that after a 1-month trial period, the SPT is 
an effective treatment for 57% of well-selected patients with 
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POSA (45 of 79). We measured reduction in REI from 11 
events/h at baseline to 3 events/h with treatment in the re-
sponder group (decrease in REI of at least 50% compared to 
baseline). Responders also showed a reduction in supine posi-
tion from 31% to 6%. These results come with a high adher-
ence of 96%. At the end of the trial period, 44 patients (27 
responders and 17 non-responders) decided to purchase the 
SPT. However, only 60% of the patients who would potentially 
benefit from the treatment bought the device after finishing the 
trial period. The key reasons that responders and non-respond-
ers decided not to purchase the SPT were insufficient objective 
results, intolerance for the vibrations, the cost of the device, 
persistent daytime sleepiness, or the patient’s preference for 
another treatment.

In conclusion, the results of this prospective trial illustrate 
that SPT treatment can be a successful short-term treatment 
option for well-selected patients with mild POSA who are 
mildly overweight. The SPT treatment came with high adher-
ence rates and was effective in reducing REI and supine sleep 
position. In addition, a trial period with the SPT may prevent 
patients who do not benefit from positional training from pur-
chasing an SPT.

ABBRE VI ATIONS

AHI, apnea-hypopnea index
BMI, body mass index
CPAP, continuous positive airway pressure
ENT, ear, nose and throat
ESS, Epworth Sleepiness Scale
HSAT, home sleep apnea test
MDA, mean disease alleviation
OA, oral appliance
OSA, obstructive sleep apnea
POSA, positional obstructive sleep apnea
PSG, polysomnography
REI, respiratory event index
SPT, sleep position trainer
TBT, tennis ball technique
TST, total sleep time
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