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Abstract
Purpose The aim of the present study was to assess the efficacy of a sleep position trainer (SPT) in patients with an established
diagnosis of positional obstructive sleep apnea and to evaluate the adherence after 1-year follow-up.
Methods Polysomnography (PSG) was performed at baseline and after 1 year of SPT use. Patients received questionnaires to
assess treatment satisfaction and subjective adherence. Data on objective adherence and number of vibrations initiated by the SPT
were collected from the SPT device.
Results Nine out of 58 patients stopped using the SPT during the first year of treatment (16%). Thirty-four middle-aged and
overweight patients underwent a PSG after 1 year of SPT use (male/female ratio, 28/6; overall apnea/hypopnea index (AHI), 16/
h). A significant reduction in overall AHI to 6/h was observed using treatment (p < 0.001). Themedian percentage of supine sleep
decreased significantly to 1% with SPT (p < 0.001). The mean objective SPT use in 28 patients was 7.3 ± 0.9 h/night and 69 ±
26% of the nights. Furthermore, 75% of the patients reported a better sleep quality since the start of SPT treatment.
Conclusions Long-term treatment with the SPTwas found to be effective in reducing overall AHI. Time spent sleeping in supine
position was reduced to almost zero in the continuing users. Patient satisfaction was high when using the SPT.

Keywords Long-term therapy .Obstructive sleep apnea (OSA) . Supine dependent . Sleep position trainer .Non-invasive therapy

Introduction

Sleep-disordered breathing (SDB) has a high prevalence
among middle-aged adults, estimated to reach 24% in men
and 9% in women [1]. Within the pathophysiological spec-
trum of SDB, snoring and obstructive sleep apnea (OSA) are
the most common and are associated with age and gender [2].
OSA is characterized by recurrent episodes of partial
(hypopneas) or complete (apneas) collapse of the upper air-
way during sleep, finally resulting in cessation of the oronasal
airflow, with associated hypoxemia and hypercapnia [3].
Consequences of undiagnosed or untreated OSA include car-
diovascular and cerebrovascular morbidity, diminished quali-
ty of life, and an increased risk of motor vehicle accidents [4].
This, in turn, leads tomajor socio-economic consequences [5].

Diagnosis and severity of the disorder are based on the
number of apneas and hypopneas per hour of sleep, which is
defined as the apnea/hypopnea index (AHI). An AHI between
5 and 15 events/h is considered mild OSA, an AHI between
15 and 30 events/h as moderate OSA, and an AHI above 30
events/h as severe OSA [6].
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Continuous positive airway pressure (CPAP) is the gold
standard therapy for moderate to severe OSA [7, 8] and is an
effective treatment improving sleep quality and reducing the
cardiovascular and cognitive morbidity [9]. However, despite
the high therapeutic efficacy, overall adherence and compli-
ance to CPAP is not optimal due to patient acceptance and
tolerance issues [10, 11]. Therefore, there is growing interest
in non-CPAP alternatives as a treatment option for patients
diagnosed with OSA [10, 12].

Positional OSA (POSA) is a subgroup of OSA that is char-
acterized by the occurrence of more breathing events when
sleeping in supine position when compared to non-supine po-
sitions. The prevalence of POSA depends on the definition
used [13–19] and is influenced by the severity of the disease,
with a higher prevalence of POSA in patients with milder
forms of OSA [15]. In addition, POSA occurs more often in
younger and less obese subjects [17, 18]. One of the treatment
modalities for POSA is positional therapy (PT), which has the
aim to avoid sleep in the supine position, being the worst
sleeping position for POSA patients. Its use is simple and
available since a long time, ranging from the Btennis ball
method^ to positional auditory alarms, vibrational alarms, po-
sitional pillows, vests, or simple verbal instructions. PT has
been proven effective in reducing the time spent in the supine
position during sleep as well as in reducing the AHI [16,
20–25]. However, the long-term adherence and acceptance
of positional training techniques such as the tennis ball meth-
od is low because a bulky object strapped to the back is un-
comfortable and disturbs the sleep pattern [21, 26]. In a recent
meta-analysis of Ravesloot et al., 154 patients using the inno-
vative neck-worn and chest-worn vibrational alarms were in-
cluded, showing a mean decrease in AHI of 11.3 events/h and
a mean decrease supine position of 33.6% [27]. These inno-
vative neck-worn and chest-worn vibrational alarms are in
general better accepted by the patients in the short-term [16,
23–25], suggesting that the vibrational alarms would be an
effective treatment in POSA patients. However, only little
information on the long-term use of these devices is available
in literature.

The aim of the present study was to assess the long-term
clinical efficacy of a sleep position trainer (SPT) and its ad-
herence in a routine clinical setting, both objectively and sub-
jectively 1 year after starting SPT treatment.

Material and methods

Study design

At the Antwerp University Hospital, a clinical pathway and
accompanying registry is set up to evaluate the effect of SPT
in the individual patient prior to prescription of the therapy
and to assess the long-term follow-up of this therapy in routine

clinical practice. In patients starting SPT therapy, long-term
follow-up of the patients and the therapy is performed using a
yearly recall schedule.

We performed a trial period with the SPT before inclusion
in the study, to select those patients who would benefit the
most from this therapy, as described by our study group in
2018 [28]. After this trial period, patients could decide wheth-
er or not to continue treatment with the SPT.

From July 2015 to October 2017, patients who purchased
the SPT were contacted for a follow-up visit after 1 year.
Patients underwent a full attended type 1 polysomnography
(PSG) in the hospital and were asked to complete a number of
questionnaires to assess sleepiness (the Epworth sleepiness
scale, ESS), snoring (visual analogue scale for snoring,
VAS), satisfaction on sleep quality, user-friendliness and er-
gonomic aspects of the SPT, and subjective adherence to the
SPT therapy. Data on the objective use of the SPT and on the
number of vibrations given by the SPT was read out directly
from the SPT device.

Study subjects

Patients diagnosed with POSA that started SPT therapy in
routine clinical practice were included in a registry.

POSAwas defined as having an overall AHI ≥ 5/h, a supine
AHI at least twice as high as the non-supineAHI, and 10–90%
of the total sleep time (TST) spent in the supine position [28].

Sleep position trainer

The SPT is a small, lightweight (72 × 35 × 10 mm, 25 g),
chest-worn device, placed at the sternum (NightBalance™,
Delft, The Netherlands) (Fig. 1). It monitors body position
and provides a vibration stimulus when in supine position
for more than 10 s. The SPT allows for body position changes
during sleep, without any movement restrictions. In order to
stop the vibrations, the patient has to shift to a non-supine
position. If the patient is not changing position, the frequency

Fig. 1 The sleep position trainer used in this study

Sleep Breath (2019) 23:1141–11491142



of the vibration stimulus will change and its amplitude and
duration increase gradually until the patient effectively
switches to a non-supine position. Objective information on
adherence and vibrational feedback was obtained from the
data stored in the SPT.

Polysomnography

Diagnostic assessment and follow-up of patients was per-
formed by a type 1 PSG. Sleep stages, airflow and respiratory
effort, snoring, leg movement, electrocardiography, oxygen
saturation, and body position were measured during this over-
night stay in the hospital. Sleep stages were determined by the
use of electroencephalography, electromyography, and right
and left electrooculography. Nasal airflow was evaluated by
the use of an external thermistor and nasal pressure cannula.
Respiratory effort was measured by respiratory inductance
plethysmography. Oxygen saturation was measured with
pulse oximetry using a finger probe. Snoring events were
recorded. Qualitative snoring signals were obtained from a
microphone. Body position was monitored with a piezo-
electrical sensor in order to distinguish between upright, su-
pine, prone, left, and right sleeping posture.

Finally, all sleep stages were scored manually according to
the guidelines of the Belgian National Social Security System
(RIZIV/INAMI) being a combination of the AASM 1999 and
2007 scoring rules [6, 29]. A total cessation of airflow > 10s
was defined as an apnea, while a hypopnea was defined as a
decrease in airflow ≥ 30% from baseline associated with an
oxygen desaturation ≥ 3% and/or an arousal. The mean am-
plitude of stable breathing in the 2 min preceding onset of an
event in individuals with a stable breathing pattern during
sleep or the mean amplitude of the three largest breaths in
the 2 preceding minutes when breathing pattern was unstable
were defined as baseline.

Questionnaires

During their out-patient visit, the patients received a set of
questionnaires to collect information on treatment satisfaction
and long-term use. They were provided with a self-developed
questionnaire including 16 questions about snoring, sleep
quality, use of the SPT device, and adherence (appendix in
the ESM). Furthermore, patients were asked to complete the
ESS and VAS for snoring.

Definitions

Therapeutic efficacy is defined as a reduction in overall
AHI. Responders were defined as patients with a reduction
in AHI ≥ 50% when using the SPT as compared to base-
line, and non-responders as patients with a reduction in
AHI < 50% from baseline. Treatment success was achieved

when an AHI below 5 events/h of sleep was achieved with
the SPT therapy.

Statistical analysis

Data were analyzed using SPSS (version 24, Statistical
Package for Social Sciences Inc., IBM, Chicago, Illinois,
USA). Descriptive statistics for patients’ characteristics were
presented as means ± standard deviation (SD). The
Kolmogorov-Smirnov test was performed to assess the nor-
mality of data distribution.

Data were expressed as median values or their lower and
upper quartiles (Q1, Q3) when not normally distributed and
analyzed by an independent samples Mann-Whitney U test.
Categorical variables were tested using Pearson’s chi-square
test, and the nonparametric Wilcoxon-signed rank test was
used to test changes in parameters before and after treatment,
to compare subjective and objective adherence and to com-
pare the results of PSG and SPT in terms of percentage of
reduction in supine sleep. A p value < 0.05 was considered a
statistically significant result.

Results

Polysomnographic data

The patient flow is presented in Fig. 2. A total of 58 patients
who purchased the SPT after the 1 month trial period [28]
were contacted for a follow-up PSG 1 year after the start of
SPT therapy.

Forty-nine patients out of 58 were still using the SPT after
1 year leading to a continuation rate of 84.5%. Nine patients
(15.5%) stopped using the SPT. One out of these 9 indicated
he learned to avoid the supine position during sleep, 1 patient
claims the effect disappeared on the long-term, another patient
had an accident making non-supine sleep painful, 1 patient
became asymptomatic and did not want treatment anymore,
and 5 patients did prefer other treatment on the long-term.

Fifteen patients were still using the SPT but were not inter-
ested in a follow-up PSG (25.9%). The efficacy in these pa-
tients could not be evaluated objectively; however, they men-
tioned to be satisfied with SPT treatment. As a result, a total of
34 patients out of 58 (58.6%) underwent a full PSG after 1 year
of treatment (Table 1). The parameters of this study population
at baseline and after 1 year of SPT therapy are presented in
Table 1.

After 1 year, the overall AHI, the percentage of supine
position and the supine AHI decreased significantly with
SPT treatment (p < 0.001) (Fig. 3) as well as the oxygen
desaturation index (ODI) (p = 0.002) and the minimum oxy-
gen saturation (SpO2) (p = 0.047).
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Based on the therapeutic efficacy calculations, 18 re-
sponders and 16 non-responders were noted. In the responder
group, a significant reduction in AHI, AHI supine, percentage
of supine sleep (p < 0.001), ODI (p = 0.011), and a statistically
significant increase in minimum SpO2 was seen (p = 0.003).
In the non-responders, the supine position as well as the AHI
in supine position were significantly reduced with SPT com-
pared to baseline (p = 0.004 and p = 0.049). However, the AHI
in the non-supine position increased significantly (p = 0.005),
explaining the small increase in the overall AHI in the non-
responder group from 15.4 (8.8; 20.7) events/h to 17.0 (9.2;
19.5) events/h. At baseline, a significant difference in the per-
centage of supine position was found (p = 0.006) for both
groups: the responder group showed a median of 57% supine
position, while the non-responder group showed a median of
27% supine position. No differences were seen in age (p =
0.231), gender (p = 0.100), ESS (p = 0.752), VAS (p = 0.505),
overall AHI (p = 0.064), supine AHI (p = 0.851), ODI (p =
0.468), mean oxygen saturation (p = 0.956), and minimum
oxygen saturation (p = 0.341) between responders and non-
responders.

Questionnaires

Completed questionnaires were obtained from 32 patients
showing a sleep quality mean score of 7.1 ± 1.7 on a scale of
10. In 24 patients (75.0%), subjective sleep quality improved
since the start of the treatment with SPT.

A mean score of 6.6 ± 2.0 on 10 was reached on the com-
fort of sleeping with the SPT. The subjective depth of sleep
increased from 4.9 ± 1.7 to 7.1 ± 1.7 on a scale of 10.

In 21 patients (65.6%), daytime sleepiness was considered
satisfactory with SPT-treatment. However, only 17 patients
(53.1%) reported being satisfied regarding snoring.

Twenty-five patients (78.1%) reported to wake up occa-
sionally as a result of the vibrations sent out by the SPT, also
disturbing the bed partner of 7 (21.9%) patients. Twelve of the
patients (37.5%) woke up by the sound produced during the
vibrations as well as the bed partner of 9 patients (28.1%).

The patients reported an average SPT use during 5.8 ± 1.8
nights per week (82.9%) for 6.7 ± 1.6 h per night. Subjective
total sleep time was 7.2 ± 0.9 h per night.

SPT data

Data read out from the SPT could be collected from 28 pa-
tients during an out-patient visit. Mean percentage of days the
SPTwas usedwas 68.6 ± 25.6%with a mean SPTuse of 7.3 ±
0.9 h per night. The percentage of supine sleep decreased
statistically significantly from 28.3 ± 18.2% during the first
week of SPT use to 13.1 ± 17.9% during the last week of
follow-up (p < 0.001), which is a reduction of 60.9 ± 31.4%.
Differences in SPT use during the first week compared to the
last week of use are presented in Table 2. No statistically
significant differences were found in the number of vibrations
generated, the response to the vibrations, nor in the response
rate (Fig. 4).

Full data set

In 18 patients out of 34 patients, a complete dataset with
both subjective and objective data (for PSG as well as SPT
read out) could be obtained, see Table 3. A significant
reduction in overall AHI (p = 0.004), AHI supine (p =
0.006), percentage of time spent supine (p < 0.001), and
ODI (p = 0.008) was found.

A subjective overestimation in the number of nights the
device was used could be noted, with a subjective average

Fig. 2 Patient flow of this study.
A total of 58 patients were
contacted for a follow-up after
1 year of SPT use. The study
consisted of a full PSG (n = 34),
questionnaires (n = 32), and data
read out of the SPT device (n =
28). A complete data set was
collected in 18 patients. PSG
polysomnography, SPT sleep
position trainer
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of 80.2% of the nights used, compared to an objective average
adherence of 60.2% (p = 0.001).

Finally, the comparison of the reduction in supine sleep
based on PSG and SPT showed a mean reduction in supine
sleep of 65.6 ± 30.2% for the SPT data and 90.8 ± 17.3% for
the PSG data (p = 0.001).

Discussion

In the present study, we found that the SPT significantly re-
duced the AHI, ODI, and percentage of supine position and
increased significantly the minimal SpO2 after 1 year of SPT
therapy in a routine clinical practice setting in patients with
POSA. These results are in agreement with those reported
earlier in the studies of van Maanen et al. [25] and de Ruiter
et al. [30]. In addition, a significant reduction in supine AHI
was reported in our study, which can be explained by a de-
crease in the time spent in supine position to zero in the ma-
jority of the patients. As a result of the absence of supine
position in most patients, the AHI in the supine position de-
creased to zero as well in these patients.

In the total group of 34 patients, 18 were classified as re-
sponders. At baseline, the responders slept significantly more
in supine position compared to the non-responders. This
means that, in our study, patients who are more likely to sleep
in supine will benefit more from positional therapy. The

present findings, however, showed a significant increase after
1 year in the AHI in the non-supine position in the non-
responder group. This finding emphasizes the importance of
follow-up on the long-term, which of course holds true for any
chronic treatment for OSA.

Subjectively, the majority of the patients (75.0%) stated
that their sleep quality improved, despite the fact that 78.1%
reported waking up occasionally as a result of the vibrations.
In addition, 65.6% of the patients described satisfaction in
terms of a reduced daytime sleepiness, which may correspond
to subjectively improved sleep quality. Finally, only 53.1% of
the patients were satisfied in terms of snoring.

There was no difference in the number of vibrations that
were generated during the first week of SPT use when
compared to the last week of follow-up, neither in the re-
sponse to the vibrations or response rate. This indicates
that the patients do not condition to avoid the supine posi-
tion after 1 year of SPT use, supporting the necessity of
ongoing use of the SPT device. Our study does not support
the concept that patients learn to avoid sleeping supine
after using an SPT for a while.

Based on objective measurements, the patients used the
SPT for 68.6% of the nights for 7.3 h/night after 1 year.
Subjectively, the reported adherence was 83.0%, for 6.7 h/
night. So there is a significant overestimation of the subjective
adherence. This is also known in CPAP therapy, where over-
estimation is up to 1 h per night [11]. A comparable

Fig. 3 Median a AHI and b time spent in supine position at baseline and with SPT treatment. AHI apnea/hypopnea index, SPT sleep position trainer

Table 2 Data collected from the
sleep position trainer First week (diagnosis) Last week p value

Percentage of supine sleep 28.3 ± 18.2 13.1 ± 17.9 < 0.001

Number of turning to supine 13.4 ± 5.7 13.2 ± 6.2 0.111

Number of vibrations 27.3 ± 23.2 25.8 ± 27.5 0.122

Number of responses to vibrations 5.1 ± 3.5 5.3 ± 4.7 0.146

Response rate 27.4 ± 18.3 37.2 ± 33.4 0.337

Mean data over the nights the device was used
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phenomenon was reported by Dieltjens et al. comparing self-
reported and objective adherence in oral appliance therapy

with a mean subjective overestimation of 30 min [31]. Such
findings emphasize the necessity of the objective assessment

Fig. 4 Data collected from SPT during first and last week of use for a reduction in percentage of supine sleep, b number of vibrations generated, c
responses to the vibrations, and d response percentage. SPT sleep position trainer

Table 3 Anthropometric and
polysomnographic parameters at
baseline and with SPT in patients
with a complete data set (n = 18)

Characteristic Baseline With SPT p value

Male/female, number

Age, years 54.78 ± 7.58

BMI, kg/m2 28.0 (26.3; 29.2) 27.9 (26.1; 28.7) 0.585

AHI, events/h 14.1 (11.9; 23.8) 9.8 (3.1; 12.6) 0.004*

AHI supine, events/h 42.7 (24.5; 54.1) 0.0 (0; 5.7) 0.006*

AHI non-supine, events/h 5.3 (2.3; 8.2) 7.3 (2.6; 11.9) 0.085

Time spent in supine position, % TST 36.8 (18.1; 56.0) 0 (0; 40.85) < 0.001*

ODI, events/h 5.00 (2.5; 10.5) 2.4 (0.7; 4.3) 0.008*

Mean SpO2, % 94.7 (94.1; 95.5) 95.1 (94.7; 95.6) 0.154

Minimum SpO2, % 85.0 (79.0; 88.0) 89.5 (84.0; 91.0) 0.205

Results in mean ± standard deviation, median (quartile 1; quartile 3)

SPT sleep position trainer, BMI body mass index, AHI apnea/hypopnea index, TST total sleep time, ODI oxygen
desaturation index, SpO2 oxygen saturation

*statistically significant

N = 18
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of adherence of device therapies when the effectiveness of
different treatment modalities is compared.

A significant difference in the reduction of the percentage
of supine sleep time was found between PSG and SPT. The
SPT measured the percentage of supine sleep during the first
and last week of SPT use at home, whereas the results with
PSG are based on attended sleep studies during a single night
in a hospital setting. This approach does not take into account
the night-to-night variability, nor the difference in supine sleep
time at home versus a hospital setting. Moreover, the reported
percentage supine with SPT during the first includes the build-
up phase of the SPT (from night 3 on). This could mean that
the percentage of supine sleep could already be reduced dur-
ing this first week of use, maybe also explaining the smaller
reduction in percentage supine based on SPT data.

The main limitation of the study is that only patients inter-
ested in a follow-up PSG or out-patient visit were included,
resulting in a rather small study population. In addition, a
complete data set of only 18 patients could be collected.
This requires some caution in the interpretation of the results.
Further research in a larger study population is required to
confirm the present results.

Conclusions

The findings of the present study confirm that the SPT can be
used in a routine clinical practice setting for the treatment of
POSA inwell-selected OSA patients, which were mainly mid-
dle-aged, slightly overweight with moderate OSA. In this sub-
group of OSA patients, the long-term use of an SPT reduced
the percentage of supine sleep and overall AHI. An adherence
rate of 69% at 1 year was reached in the group of continuing
users (85%). Chronic use of the SPT device is favored if
habituation to the vibrations is absent. However, habituation
was only seen in the minority of the patients.
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