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patients with mild OSAS, continuous positive airway pressure 
(CPAP) compliance is poo r.8,9 Mandibular reposition device 
(MRD) application is a highly effective therapy in mild and 
moderate OSAS or in CPAP failure, but health insurance re-
imbursement in most countries is still a problem; also 25% of 
the patients have a contraindication for MRD therapy because 
of dental and periodontal abnormalities.10 Due to diffi culties 

Study Objective: Positional therapy (PT) is an effective 
therapy in positional obstructive sleep apnea syndrome 
(POSAS) when used, but the compliance of PT is low. The 
objective of this study was to investigate whether a new kind 
of PT is effective and can improve compliance.
Methods: 29 patients were treated with the sleep position 
trainer (SPT), 26 patients with the tennis ball technique 
(TBT). At baseline and 1 month polysomnography, Epworth 
Sleepiness Scale (ESS) and the Quebec Sleep Questionnaire 
(QSQ) were taken. Daily compliance was objectively 
measured in both groups.
Results: Both therapies prevent supine sleep position to a 
median of 0% (min-max: SPT 0.0% to 67%, TBT 0.0% to 38.9%), 
resulting in a treatment success (AHI < 5) in 68.0% of the SPT 
and 42.9% of the TBT patients. The ESS at baseline was < 10 
in both groups. Sleep quality parameters, such as wake after 
sleep onset (WASO; p = 0.001) and awakenings (p = 0.006), 

improved more in the SPT group. Total QSQ scores (0.4 ± 0.2, 
p = 0.03), the QSQ domains nocturnal symptoms (0.7 ± 0.2, 
p = 0.01), and social interactions (0.8 ± 0.3, p = 0.02) changed 
in favor of the SPT group. Effective compliance (≥ 4 h/night 
+ ≥ 5 days/week) was 75.9% for the SPT and 42.3% for the 
TBT users (p = 0.01).
Conclusion: In mild POSAS with normal EES the new SPT 
device and the standard TBT are equally effective in reducing 
respiratory indices. However, compared to the TBT, sleep 
quality, quality of life, and compliance improved signifi cantly 
more in the SPT group.
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Obstructive sleep apnea syndrome (OSAS) is a common 
disorder affecting at least 2% to 4% of the middle-aged 

population.1 It is characterized by recurrent episodes of com-
plete or partial obstruction in the upper airway during sleep 
with consequences such as daytime somnolence, increased 
cardiovascular mortality, and traffi c accidents. 2–4 As measured 
by polysomnography (PSG), the severity of OSAS is expressed 
by the apnea-hypopnea index (AHI); AHI of 5–15/h indicates 
mild OSAS, 15–30/h is moderate, and an AHI ≥ 30 is severe. A 
supine sleeping position can infl uence OSAS severity and can 
be the only precipitating factor for OSAS. This so-called po-
sitional dependent OSAS (POSAS) is defi ned as a two-fold in-
crease in AHI in supine compared to non-supine position and 
mostly with an AHI < 5 in non-supine position .5–7 Using this 
defi nition, Mador et al. observed that POSAS is very common 
in patients with OSAS and inversely related to the severity of 
OSAS: 49.5% in mild OSAS, 19.4% in moderate OSAS, and 
6.5 % in severe OSAS.6 In all patients, but especially in pa-
tients with mild OSAS, conservative measures such as weight 
reduction, alcohol and smoking abstinence, and optimization 
of nasal patency can diminish OSAS but seldom cure it. In 
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Standard positional therapy, 
with the tennis ball technique, in patients with positional obstructive 
sleep apnea prevents supine position and is an effective therapy (as 
long as it is used) but the compliance is low. New small easy to wear, 
in supine position vibrating devices, can perhaps be as effective and 
improve compliance; our study is the fi rst randomized controlled trial 
comparing such a new device with standard therapy.
Study Impact: The main results of this study are twofold: both thera-
pies are highly and equally effective in patients with mild positional 
obstructive sleep apnea who still use their therapy at one month, but a 
substantially better, objectively measured compliance, was observed 
in favor of the sleep position trainer. Long-term compliance studies 
are now needed.

SCIENTIFIC INVESTIGATIONS
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in treating mild OSAS and the frequent presence of POSAS in 
these patients, treatment of POSAS is gaining new interest.11 
Positional therapy (PT) can be defined as preventing patients 
from sleeping in the supine sleeping position. Until recently 
positional therapy consisted of the so-called tennis ball tech-
nique (TBT). It consists of a bulky mass (tennis ball, bulge of 
hard foam, or inflated airbags) attached between the shoulder 
blades to prevent the patient from adopting a supine position 
during sleep.5,12–16 In mild POSAS patients, the normalization 
of the AHI with TBT is equivalent to CPAP during the over-
night observation.5 Unfortunately, reported compliance with 
the TBT in the long term (≥ 6 months) is poor, varying from 
6% to 29%, mainly due to discomfort and no improvement in 
sleep quality or daytime alertness.13,16,17 Therefore, there is a 
need for an effective positional therapy with better compli-
ance. Recently, a new generation of PTs has been introduced: 
small, mainly indirect working devices, which give off a 
vibrating stimulus when sensing supine position. As the de-
vices are more comfortable, it is predicted that compliance 
will be better.18–20 A recent study with the new sleep position 
trainer device (SPT) but without a control group showed in-
deed promising results.18 So the objectives of this randomized 
controlled study were to assess the efficacy and objectively 
measured daily compliance in patients with mild to moderate 
POSAS treated with the SPT or the TBT.

METHODS

Patients
Patients were eligible for this study if referred to the sleep 

medicine department in a large teaching hospital, based in 
the Netherlands because of suspected OSAS between January 
and August 2011. A thorough sleep history was taken, physi-
cal examination performed, and patients were screened with 
a portable home sleep-monitoring unit (PM). Patients were 
diagnosed with OSAS If they met the following criteria as de-
fined by the American Academy of Sleep Medicine (AASM): 
complaints of excessive daytime sleepiness (naps during 
day/evening) or ≥ 2 of the following that were not better ex-
plained by other factors: choking or gasping during sleep, 
recurrent awakenings from sleep, refreshing sleep, daytime 
fatigue, and/or impaired concentration, in combination with 
an AHI ≥ 5.21 POSAS was defined as ≥ 2-fold AHI supine 
versus AHI non-supine, AHI < 10 in non-supine position, and 
sleeping in supine position between 10% and 90% of time. 
Patients in this study had to fulfill the POSAS and OSAS cri-
teria twice (during screening and at baseline PSG). The maxi-
mum AHI was restricted to 30. Exclusion criteria were as 
follows: central sleep apnea syndrome, nasal obstruction or 
major facial or pharyngeal anatomic abnormalities likely to 
require surgery, night or rotating shift work, severe chronic 
heart failure, known history of a known cause of daytime 
sleepiness and severe sleep disruption (e.g. insomnia, peri-
odic limb movement disorder, narcolepsy), seizure disorder, 
mental retardation, psychiatric disease, memory disorders. 
Consecutive POSAS patients with an AHI 5–30 received spo-
ken and written study information and were invited for study 
participation by telephone call after at least one week.

Study Design
This was a prospective randomized study with 2 parallel 

groups of patients with POSAS, but otherwise non-selected 
successive patients. One group of patients received the SPT, 
the other the TBT. Randomized allocation of treatment took 
place after baseline PSG. The investigators seeing the patients 
and the patients themselves could not be blinded; however, ran-
domization, PSG assessment, and data analyses were blinded. 
The study was approved by the Medical Ethical Committee of 
Medisch Spectrum Twente hospital (Enschede, Netherlands), 
Trial number: NL34934.044.10.

Patients participating in the study underwent a PSG and ques-
tionnaires at baseline and at the end of the study after 1 month 
(with PT). To objectively measure daily compliance in both study 
arms a SPT device in a non-vibrating but sensing mode was also 
built in the TBT equipment (see Appendix). The SPT acceler-
ometer and thermometer data give absolute information whether 
and how long the therapy is used.18 Patients were instructed after 
randomization how to use their allocated PT modality and told 
to use the PT as soon and often as possible. Information that 
compliance was measured was not provided to the patients. Pa-
tients were seen at the outpatient clinic 2 weeks after starting 
therapy to check for problems and replace the batteries if needed.

Positional Treatment
The SPT (NightBalance, Delft, Netherlands) is a small light-

weight device, placed in a pocket of a neoprene strap, attached 
around the patient’s chest.18 In this SPT a thermometer, ac-
celerometer, microcomputer, battery and vibrating equipment 
and USB-connection are built-in. Data storage for ≥ 90 days is 
possible. After a sleep-in period of 30 minutes, when a patient 
remains in a supine position, a vibration will occur in a pro-
gressive manner from day 3 on. The idea is to gradually train 
patients in avoiding supine sleep position. During our study 
in 2011, we used the first generation SPT. The commercially 
online available Rematee band was used as control therapy. 
This is a TBT, the classical form of PT, whereby 3 inflated 
airbags are positioned on the back with an elastic band around 
the chest preventing directly supine position (see Appendix).

Measurements

Sleep Studies
At baseline and after one month a PSG was performed at 

home with the following in-hospital sensor placements: an 
electroencephalogram with F4-M1, C4-M1 derivations, nasal 
airflow (cannula), thoracic and abdominal respiratory move-
ments with inductive plethysmography, chin EMG, vertical 
and horizontal eye movements, heart rate, and oximetry on 
the index finger. Sensor choice, settings, and scoring were per-
formed according to the AASM 2007 rules.22 The alternative 
hypopnea 2007 definition (≥ 50% nasal flow amplitude drop 
with ≥ 3% O2 desaturation or arousal) was applied.22 Snoring 
was derived from the nasal flow sensor and expressed in the 
number of snores per total sleep time (TST) hour (snore in-
dex), periods of > 5 repetitive snores in TST (periodic snor-
ing), and percentage of all snores occurring in supine position 
(snoring supine position percentage). Scoring was done by one 
technologist unaware of the type of PT the patient had worn. 
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The morning after baseline home PSG, using a preliminary au-
tomatic PSG report, the data were checked for data loss and to 
recheck the OSAS and POSAS inclusion criteria. Home PSG 
was performed with the Alice PDx (Philips-Respironics) and 
analyzed with BrainRT (OSG, Rumst, Belgium) software.

Questionnaires and Scales
The Epworth Sleepiness Scale (ESS) is an 8-point self-com-

pleted questionnaire assessment of the tendency to fall asleep 
during 8 various daytimes situations, with a score of 0 to 3 
for each question.23 The Quebec Sleep Questionnaire (QSQ) is 
a validated OSAS-specifi c quality of life (QoL) questionnaire; 
32 items are divided over 5 domains: sleepiness, diurnal symp-
toms, nocturnal symptoms, emotions and social interactions; 
each item is scored on a 7-point scale. The minimal clinical 
important difference (MCID) perceived by the patient before 
and during (CPAP) treatment is earlier described.24 A higher 
score means improvement. The QSQ was translated into Dutch 
by a forward- and back-translation process. Visual analogue 
scales ([VAS], range −50 to +50) were used to address change 
in snoring intensity, partner-perceived breathing stops, nightly 
restlessness and movements, alertness and tiredness during 
daytime, and for perceived treatment effectiveness (last VAS 
with range 0–100). Preference of therapy had to be fi lled in to 
answer the question whether or not they would want to con-
tinue the therapy after the trial period. The ESS and QSQ were 
done twice; the VAS scores and the preference question only 
had to be fi lled in at the end of the study.

Compliance
All objectively measured daily compliance data were mea-

sured with the SPT device used in the SPT group but also in the 
TBT group (see study design) and expressed as: hours use per 
night, percentage of used days, everyday use, effective compli-
ance, and adjusted compliance. Every day use was defi ned as 
use of PT for more than zero hours per day. Effective compli-
ance was defi ned as > 4 h/day and > 5 of 7 days of the week use 
of PT.25 Two home PSGs, one without (baseline) and one with 
used PT (at end study) allowed us to calculate the individual 
TST. Adjusted compliance (%) was consequently calculated as 
(median) therapy use in hours per night use divided by the in-
dividual TST.26 In all except the adjusted compliance, dropouts 
were included in the analysis.

Treatment Effectiveness
Treatment effectiveness is presented in several ways: as 

treatment response defi ned as AHI reduction ≥ 50%, treatment 
success defi ned as AHI < 5, supine position reduction, and as 
supine-AHI reduction. Therapeutic effi cacy can be defi ned 
as percentage improvement of the AHI between baseline and 
therapy.26 Mean disease alleviation (MDA) is than given by the 
product of therapeutic effi cacy and adjusted compliance and 
expressed as percentage.26 This new measure makes different 
therapies in OSAS each with its own difference in compliance 
and effectiveness more comparable.27

Statistics
Sample size calculation: positional therapy using the SPT 

was seen as equivalent to the TBT if the 95% confi dence 

interval of the difference in percentage of total supine time 
was within ± 5%. With an assumed reduction to 12%, standard 
deviation of 6%, α of 0.025, and power of 80%, we needed to 
include 22 patients within each group. Due to the high prob-
ability of skewed data that necessitates nonparametric testing, 
we aimed at 30 patients per group. Baseline characteristics 
are displayed as mean with standard deviation or median with 
range for continuous variables or as number with percentage 
for categorical variables. Differences between SPT and TBT 
in continuous variables were tested with a T-test or Mann-
Whitney U test depending on the distribution. Differences in 
categorical variables were tested with χ2 or Fisher exact tests 
as appropriate. Statistical analysis was performed using SPSS 
(version 15: SPSS Inc.; Chicago).

RESULTS

Patients and Baseline Data
Seventy-seven POSAS patients gave informed consent 

(Figure 1). Eight patients were directly excluded due to the 
study inclusion and exclusion criteria. Twenty-one patients de-
clined participation in the study because as holiday plans, fi nd-
ing 2 extra PSGs too cumbersome, therapy preference, or no 
reason at all. Eighteen patients did not meet the POSAS criteria 
again with repeat baseline PSG, and 4 patients did not show up 
at the baseline PSG appointment. Of those 18 patients one pa-
tient, one day after randomization, when the preliminary PSG 
data were re-analyzed had to be excluded due to not meeting 
the POSAS AHI inclusion criteria at baseline; the patient was 
not started with his PT (TBT). With permission of the METC 
this patient was excluded. Hence, 55 patients were randomized. 
Twenty-six patients were assigned to using the TBT, and 29 
patients to using the SPT. Due to 5 and 2 dropouts (see compli-
ance and dropouts), 21 and 27 patients in, respectively, the TBT 
and SPT groups did have a PSG after one month of therapy. 

106 patients with POSAS

8 excluded by inclusion
or exclusion criteria

77 informed consent 

18 not meeting POSAS criteria 
at baseline PSG

4 did not show up 
at baseline PSG 

21 not interested in study

55 randomized

29 SPT26 TBT 

5 dropouts 2 dropouts 

21 TBT + PSG 27 SPT + PSG 

Figure 1—Flow chart of inclusion, exclusion and 
randomization of patients.

POSAS, positional obstructive sleep apnea syndrome; PSG, 
polysomnography; TBT, tennis ball technique; SPT, sleep position trainer.
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Comparing baseline data between the 2 groups, 3 parameters 
where significantly different: sleep efficiency (p = 0.047), num-
ber of awakenings (p = 0.03), and a lower score for the QSQ-
domain social interactions (p = 0.04). So the SPT group started 
with a lower sleep quality and a bit lower QoL.

Respiratory Data and Treatment Results
All patients used their therapies during the final home PSG 

night. Both therapies were equally effective in reducing su-
pine position in TST, supine AHI, and snoring in supine posi-
tion to a median of zero (Table 1); these 3 parameters when 
compared to baseline, showed a highly significant improve-
ment without significant difference between the TBT and 
SPT groups (Table 1). A reflection of this is the 100% median 

supine position and supine AHI reduction (Table 2). A median 
of zero means that at least half the patients had at least a zero 
value, as illustrated in the AHI-supine during PT (Figure 2). 
Median AHI was significantly (both p = 0.02) reduced to 5.8 
(0.2–23.1) and 3.9 (0.4–30.8), for, respectively, the TBT and 
SPT groups, without significant difference between the TBT 
and SPT groups (Table 1). The values for the snore index and 
periodic snoring indicated persistent snoring in the non-supine 
positions during therapy. Treatment response (AHI < 50%) 
was not different between the 2 groups. Treatment success, de-
fined as AHI < 5, for the TBT and SPT was, respectively, 43% 
(9/21) and 68% (17/25); this numeric difference between TBT 
and SPT treatment response was, however, not statistically dif-
ferent (Table 2).

Table 1—Characteristics, questionnaires, and polysomnography at baseline and 1 month.
TBT Baseline TBT 1-Month SPT Baseline SPT 1-Month

Number 26 21 29 27 a

Male (%) 84.6 85.7 79.3 77.8
Age (years) 50.7 ± 12.2 50.1 ± 2.4 50.1 ± 10.6 50.4 ± 10.7
BMI (kg/m2) 26.8 ± 3.0 27.1 ± 2.9 27.6 ± 4.5 27.3 ± 4.4
Epworth Sleepiness Scale score 7.3 ± 4.2 7.8 ± 4.3 6.4 ± 3.4 6.0 ± 3.6
QSQ total score 4.7 ± 1.2 4.8 ± 1.3 * 4.7 ± 1.1 5.4 ± 1.2 **
QSQ daytime sleepiness 4.9 ± 1.6 5.7 (2.2–6.9) * 5.1 ± 1.4 5.6 ± 1.5 *
QSQ diurnal symptoms 3.8 ± 1.7 4.2 (1.2–6.5) * 4.0 ± 1.6 4.9 ± 1.5 **
QSQ nocturnal symptoms 4.7 ± 1.1 4.8 ± 1.3 4.8 ± 1.0 5.5 ± 1.1 **
QSQ emotions 5.6 ± 1.2 5.5 ± 1.3 5.3 ± 1.5 5.7 ± 1.5 *
QSQ social interactions 5.8 ± 1.3 5.7 ± 1.0 4.9 ± 1.7 ¶ 5.6 ± 1.1 *
Total sleep time (min) 366 ± 66 351 ± 55 367 ± 57 369 ± 57
Sleep latency NREM stage 1 (min) 7.9 (0.8–97.4) 9.9 (1.3–29.8) 11.4 (0.0–91.5) 14.2 (1.2–150.5)
WASO (min) 39.3 (21.0–98.5) 64.8 ± 36.5 * 50.0 (15.5–173) 47.8 ± 30.1
NREM stage 1 (% sleep period time) 2.1 (0.3–31.6) 3.3 (0.5–13.0) 4.7 (0.0–22.6) 3.8 (0.6–20.8)
NREM stage 2 (% sleep period time) 46.4 ± 10.9 41.7 (32.0–55.2) 42.9 ± 11.9 43.8 (32.8–59.3)
Sleep quality (%) b 42.0 ± 11.0 43.7 ± 9.1 43.0 ± 9.7 44.5 ± 9.1
Sleep efficiency (%) 87.6 (58.0–93.7) 81.3 ± 8.7 83.5 (63.7–92.2) ¶ 82.8 ± 9.8 
Awakenings (n) 15.0 (4.0–8.0) 18.0 ± 9.2 19.0 (4.0–50.0) ¶ 13.8 ± 4.3 *
Arousal index 12.5 ± 6.2 9.6 (0.5–19.9) 10.8 ± 5.8 8.1 ± (3.8–33.3)
Awakening + Arousal Index 15.3 ± 6.6 13.2 (2.8–24.4) 14.0 ± 5.9 10.5 (5.6–37.5)
AHI 13.1 ± 9.1 5.8 (0.2–23.1) * 11.4 ± 4.9 3.9 (0.4–30.8) *
AHI supine 37.3 ± 24.0 0.0 (0.0–116) ** 30.7 ± 15.3 0.0 (0.0–64.2) **
AHI non supine 3.3 (0.0–13.7) 5.0 (0.2–14.2) 3.9 (0.5–13.0) 3.6 (0.4–30.8)
RDI c 13.3 ± 9.1 6.0 (0.2–14.2) ** 11.9 ± 4.6 3.9 (0.4–30.8) **
ODI (3%) 10.9 ± 7.7 5.4 (0.4–15.1) ** 9.9 ± 5.0 4.4 (0.5–33.8) *
TST with SpO2 < 90% (%) 3.5 (0.0–157.5) 0.2 (0.0–309.5) 4.5 (0.0–208.9) 1.7 (0.0–306.1)
Supine position (%) 31.1 (10.7–73.7) 0.0 (0.0–38.9) *** 27.9 (10.3–77.6) 0.0 (0.0–67.6) ***
Snore index d 375 (23.3–997) 316 (2.0–1275) 722 (28.6–1162) 764 (1–1322)
Periodic snoring e 36.6 (1.0–86.7) 26.7 (0.0–94.5) 67.3 (1.3–96.3) 64.3 (0.0–99.0)
Snoring supine position (%) f 41.0 (6.0–98.0) 0.0 (0.0–51.0) *** 26.5 (1.0–89.0) 0.0 (0.0–61.0) ***

Data expressed as mean ± standard deviation or median (min–max). ¶ Difference at baseline TBT vs SPT p < 0.05. § Difference at 1-month TBT vs SPT, 
p < 0.05 (none). * Difference baseline vs therapy for TBT or SPT p < 0.05. ** Difference baseline vs therapy for TBT or SPT p < 0.01. *** Difference baseline 
vs therapy for TBT or SPT p < 0.001. a Respiratory data at 1-month are from 25 patients instead of 27 due to data loss (nasal flow and SpO2). b NREM stage 3 
+ REM / sleep period time, expressed as percentage. c AHI + RERAs. d Number of all snores per total sleep time/hour. e All periodic (> 5 repetitive snores) 
snoring episodes per total sleep time/hour. f Percentage of all snores occurring in supine position. TBT, tennis ball technique; SPT, sleep position trainer; 
BMI, body mass index; QSQ, Quebec Sleep Questionnaire; WASO, wake after sleep onset; REM, rapid eye movement sleep; n, number; AHI, apnea-
hypopnea index; RDI, respiratory disturbance index; ODI, oxygen desaturation index; TST, total sleep time; SpO2, peripheral capillary oxygen saturation; 
NREM, non rapid eye movement sleep; RERA, respiratory-effort related arousal.
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Sleep Quality and Treatment Results
No differences between the TBT and SPT were noted in 

sleep parameters after one-month of therapy. However a ten-
dency for less disturbed sleep was noted in the SPT treatment 
arm (Table 1). Compared to baseline awakenings decreased 

−6.1 ± 8.2 (p < 0.001) only in the SPT group. WASO increased 
23.0 ± 32.5 (p = 0.04) minutes in the TBT group and decreased 
13.3 ± 39.0 (p = 0.09) minutes in the SPT group (p  < 0.001) 
during therapy, indicating improved sleep quality in the SPT 
patients (Table 3).

Questionnaires, VAS, and Therapy Preference
After one month, no statistical differences in ESS, VAS, and 

in the 5 domains or total QSQ score were found between the 2 
groups (Table 1). Compared to baseline, significant improve-
ments were noted in all 5 QSQ-domains and total QSQ score 
in the SPT and in the domains daytime sleepiness, diurnal 
symptoms, and total QSQ score for the TBT group (Table 4). 
Comparing change from baseline in the TBT and SPT group a 
significantly higher improvement in QSQ total score (p = 0.03), 
domain nocturnal symptoms (p = 0.01), and the domain so-
cial interactions (p = 0.02) for the SPT patients was observed 
(Table 4). However the changes did not reach the “minimal 
clinically important difference” (MCID) as defined for CPAP 
therapy.24 All VAS scores improved, but without significant 
difference between the therapy groups. The question “Do you 
like to continue your therapy” was answered positive respec-
tively in 10/21 (47.6 %) and 17/26 (65.4%) of the patients in the 
TBT and SPT group (Table 4). Patients using the SPT preferred 
their therapy more than patients using the TBT (p = 0.002).

Compliance and Dropouts
Effective compliance defined in line with the CPAP compli-

ance definition (≥ 4 h/day + ≥ 5 days/week) was significant 
(p = 0.01) different between the 2 groups: 42.3% (11/26) for the 

Table 2—Respiratory data: comparing baseline to treatment.

Tennis Ball Technique Sleep Position Trainer
TBT vs SPT

p value
Number 21 25 21 vs 25
Treatment response (AHI < 50%) 13/21 (50.0) 16/25 (55.2) 0.701
Treatment success (AHI < 5) 9/21 (42.9) 17/25 (68.0) 0.087
Supine position reduction (%) 100 (64.4–100) *** 100 (97.2–100) *** 0.197
Supine-AHI reduction (%) 100 (48.2–100) ** 100 (100–100) ** 0.261

Data expressed in number (%) or median percentage (interquartile range). ** p < 0.01. *** p < 0.001. TBT, tennis ball technique; SPT, sleep position trainer; 
AHI, apnea-hypopnea index.

Figure 2—AHI supine.

AHI supine at baseline (white boxes) and at 1-month with TBT or SPT 
(shaded boxes). Medians at 1-month are zero: for the TBT the median 
is at the bottom of the interquartile range box (25%–75%); the SPT 
interquartile range box (25%–75%) and median are identical. AHI, 
apnea-hypopnea index; TBT, tennis ball technique; SPT, sleep position 
trainer.

Table 3—Sleep data, comparing baseline to treatment.

Tennis Ball Technique Sleep Position Trainer
TBT vs SPT

p value
Number 21 27 21 vs 27
Total sleep time (min) −19.9 ± 86.7 2.4 ± 58.7 0.294
Sleep efficiency (%) a −3.5 ± 10.2 0.4 ± 9.1 0.172
Sleep quality (%) b 2.4 ± 11.1 2.1 ± 10.1 0.934
WASO (min) 23.0 ± 32.5 * −13.3 ± 39.0 0.001 **
Awakenings 1.2 ± 9.5 −6.1 ± 8.2 ** 0.006 **
Awakening + Arousal index −2.7 ± 7.8 −1.9 ± 9.6 0.760

Data expressed as mean ± standard deviation. * p < 0.05. ** p < 0.01. a Total sleep time / time in bed. b NREM stage 3 + REM / sleep period time, expressed 
as percentage. TBT, tennis ball technique; SPT, sleep position trainer; WASO, wake after sleep onset; NREM, non rapid eye movement sleep; REM, rapid 
eye movemen sleep.
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TBT and 75.9% (22/29) for the SPT group of patients (Table 5). 
Highly significant different in favor of the SPT was every day 
and the percentage of days usage (both p = 0.005). The median 

hours use per night and the number of dropouts were statisti-
cally not different between the 2 therapy groups. The intention 
to treat analysis included dropouts in all compliance data. Five 
dropouts in TBT and 2 in SPT were noted (p = 0.24). Rea-
sons for dropouts were shoulder/back pain (TBT), inability to 
turn on the back and (TBT/SPT) or vibrating noise (SPT). We 
measured daily compliance for both treatment arms. A nega-
tive trend for the compliance (≥ 4 h/night) is observed during 
one-month of use (Figure 3). At day 1, neither group started 
at 100% compliance for several reasons: not all patients started 
right away with their therapy, and therapy use ≥ 4 h is required.

Mean Disease Alleviation
TBT and SPT reduce the AHI (therapeutic efficacy), respec-

tively, with 61.8% and 68.7%, with an adjusted compliance of 
78.7% and 102.7% (p = 0.041). A mean disease alleviation of 
48.6% and 70.5% for, respectively, TBT and SPT was observed 
(p = 0.005; Table 6). Due to calculation of the average TST 
(baseline PSG + 1-month PSG expressed as mean), adjusted 
compliance can be higher than 100%.

Position Device Data
The reduction in supine sleep position starts on the first day 

with the TBT (direct prevention of supine position) and for the 

Figure 3—Position device: compliance (≥ 4 h/night).

 SPT, sleep position trainer; TBT, tennis ball technique.

Table 4—Questionnaires and visual analogue scales, comparing baseline to treatment.

Tennis Ball Technique Sleep Position Trainer
TBT vs SPT 

p value
QSQ total score 0.3 ± 0.6 * 0.7 ± 0.6 ** 0.033 *
QSQ daytime sleepiness 0.4 ± 0.7 * 0.5 ± 1.0 * 0.773
QSQ diurnal symptoms 0.5 ± 1.0 * 1.0 ± 1.1 ** 0.068
QSQ nocturnal symptoms 0.1 ± 0.9 0.8 ± 0.8 ** 0.009 ** 
QSQ emotions 0.2 ± 0.6 0.4 ± 1.0 * 0.374
QSQ social interactions 0.0 ± 1.1 0.8 ± 1.2 * 0.022 *
Epworth Sleepiness Scale score −0.0 ± 1.6 −0.6 ± 2.5 0.393
VAS snoring a 16.3 ± 18.1 20.5 ± 22.4 0.491
VAS breathing stops a 16.5 ± 17.7 15.9 ± 19.7 0.927
VAS nightly restlessness a  5.1 ± 20.8 12.3 ± 22.3 0.273
VAS alertness a  8.6 ± 24.1 12.1 ± 21.1 0.599
VAS tiredness a  9.0 ± 25.1 10.3 ± 21.0 0.847
VAS feeling pos.effect therapy b  55.2 ± 22.2 74.6 ± 19.0 0.002 **
Like to continue therapy? c  47.6 65.4 0.221

Data expressed as mean ± standard deviation or percentage. * p < 0.05. ** p < 0.01. a Range −50 to +50. b Range 0–100. c Question with answer Y/N as 
percentage (χ2 test). TBT, tennis ball technique; SPT, sleep position trainer; QSQ, Quebec Sleep Questionnaire; VAS, visual analogue scales.

Table 5—Compliance.
Tennis Ball Technique Sleep Position Trainer p value

Number 26 29
Hours used per night 4.5 (1.1–7.0) 6.5 (5.5–7.2) 0.078
Percentage of days used a 77.2 (21.2–96.6) 100 (79.6–100) 0.005 ** 
Every day use b 4/26 (15.4) 15/29 (51.7) 0.005 **
Effective compliance (%) c 11/26 (42.3) 22/29 (75.9) 0.011 * 

Data derived from daily measurements and expressed as median (interquartile range) or number (%). Dropouts included in all calculations. * p < 0.05. ** 

p < 0.01. a Percentage of days use of TBT/SPT (> 0 h). b Every day use of TBT/SPT (> 0 h). c Use TBT or SPT ≥ 4 h/night + ≥ 5 days/week. TBT, tennis ball 
technique; SPT, sleep position trainer.
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SPT from day 3 (first 2 days only sensing). This resulted in 
supine sleep time position drop from 25% to < 5% from day 5 
on for the SPT and between 4% and 10% for the TBT during 
the entire month (Figure 4). The time in bed for those who 
used the device was identical: 6.58 and 6.56 h, respectively, for 
TBT and SPT. Only in the SPT group the vibration episodes 
and reactions (turning to a non-supine position) of the patients 
where available (Figure 5). The vibration episodes (mean of 
5.3) in this first generation SPT were not always followed by a 
turning reaction (mean 3.6).

DISCUSSION

The present study demonstrates more than 30% effective 
compliance difference between the two study arms, in favor 
of the SPT group. Both therapies equally minimize supine 
sleep position, supine-AHI, and supine snoring, and reduce 
AHI to almost normal (AHI < 5) values when PT is used. The 
SPT was used every day in 51.7% of the patients, whereas 
the TBT was used every day in 15.4% of the patients. The 
observed high effective compliance of 75.9% after a month 
of SPT use in mild (symptomatic, but mean ESS < 10) OSAS 
patients where therapy adherence due to mild disease sever-
ity is known to be poor is striking. Patient dropouts (2 SPT; 5 

TBT) due to discomfort of PT in both therapies were included 
in this analysis, so the compliance in users is higher. Compli-
ance did decline with time, but the gap (Figure 3) between 
both therapies was wider at the end of the study, suggesting a 
progressive difference in compliance between both therapies. 
One can postulate that a cumbersome therapy as the TBT or 
a vibrating device as the SPT could influence sleep quality. 
All sleep treatment results pointed to a small improvement in 
sleep quality in the SPT group and a minor decrease in the 
TBT group, with significant differences in treatment effect 
between the two groups in favor of the SPT group for WASO 
and awakenings.

The QSQ showed significant but modest treatment effects, 
and the changes did not reach the values for the MCID as de-
scribed in the original article of the QSQ.24 This questionnaire 
was developed in OSAS patients with an AHI of 29 and ESS 
of 14 with response measurement with and without CPAP.24 It 
can be argued that the MCID described is too restrictive for 
therapy evaluation in mild OSAS.

Comparing treatment effects after one month of therapy 
showed significant differences in favor of the SPT for QSQ to-
tal score and two QSQ domains. The VAS for “Feeling positive 
effect of PT therapy” was also in favor of the SPT. As expected 
during therapy, we observed almost no snoring in supine posi-
tion. Compared to baseline, overall snoring (snore index and 
periodic snoring) still remained high, due to persistent snor-
ing in non-supine position. Snoring in non-supine position is 

Figure 4—Position device: supine position.

 SPT, sleep position trainer; TBT, tennis ball technique.

Figure 5—Position device: vibration activity and reactions.

 SPT, sleep position trainer.

Table 6—Mean disease alleviation.
Tennis Ball Technique Sleep Position Trainer p value

Number 21 25
Therapeutic efficacy (%) a 61.8 (4.6–72.4) 68.7 (19.7–78.8) 0.349 
Adjusted compliance TST (%) b 78.7 (12.7–105.9) 102.7 (84.6–114.7) 0.041 *
Mean disease alleviation TST (%) c 48.6 (7.9–65.4) 70.5 (58.1–78.8) 0.005 **

Data expressed as median (interquartile range). * p < 0.05. ** p < 0.01. a Baseline minus endpoint apnea-hypopnea index expressed as percentage of 
baseline. b Hours/day use as percentage of polysomnography derived TST. c Product of adjusted compliance and therapeutic efficacy divided by 100. TST, 
total sleep time.
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probably less loud than snoring in supine position; however, 
we did not measure decibels.

To really compare different OSAS therapies, MDA can be 
used. MDA is a proposed new treatment measure; it is the prod-
uct of the therapeutic efficacy (ability of a treatment to reduce 
the AHI) and the adjusted compliance (objectively measured 
compliance over a certain period with individual TST taken 
into account).26 For MRD and CPAP, MDA of 50% has been 
published.26–28 We found a high MDA of 70.5% for the SPT 
and a significantly lower MDA of 48.6% for the TBT. The high 
MDA of the SPT is the result of a good therapeutic efficacy and 
very high-adjusted compliance. The reported lower MDA for 
CPAP is a reflection of lower adjusted compliance.26–28 Look-
ing at the daily SPT performance in the SPT group, we noted 
that supine position was effectively prevented; remarkably, not 
all vibration episodes were followed by a movement to a non-
supine position. The manufacturer of the SPT commented that 
after 30 seconds, the vibration was programmed to stop, and 
that this has been adapted in newer SPT generations.

Limitations of our study are as follows. Firstly, at baseline, 
three parameters where significantly worse in the SPT group: 
QSQ-domain social interactions sleep efficiency and number of 
awakenings (Table 1). So the SPT group started with less QoL 
for one of the five QSQ domains and less sleep quality in two 
of the twelve sleep parameters. These baseline differences be-
tween the two groups might have occurred by chance. Secondly, 
as expected, both therapies were effective in preventing supine 
position and therefore POSAS as long as the PT was used—as 
was the case during PSG at one month. However, between base-
line and one month, the large compliance difference between 
therapies did not translate into a statistical difference in ESS. 
One explanation is that our groups were too small to find a sta-
tistical difference. Another explanation is perhaps the fact that 
we had a very mild POSAS group with daily complaints but 
normal ESS at inclusion; room for improvement is then limited. 
Still, 75.9% of the SPT group used their therapy more than 4 
hours/day and at least 5 days a week during one month; and 
sleep quality, QSQ, and AHI were also significantly improved. 
Thirdly the MDA we found is very high; this figure can decline 
when longer-term compliance results with the SPT are evalu-
ated. One study evaluating the effect of SPT has recently been 
published; in 36 POSAS patients, the median AHI decreased 
from 16.4 to 5.2.18 These patients were sleepier than in our study 
with an ESS of 11. A significant decrease in ESS and Functional 
Outcome of Sleep Questionnaire and a high compliance (with-
out dropouts) at one month of 92.7% were observed. Finally, the 
economic aspects of these two therapies were not studied.

In mild OSAS patients the prevalence of POSAS is ap-
proximately 50%, suggesting that there is a huge potential for 
PT.11,29 There is not much doubt anymore that PT can be an 
effective therapy.5,11,29 New positional devices seem to be ca-
pable of improving short-time compliance as has been shown 
in other studies and in our randomized study.18–20 The main 
issue is whether the reported poor long-term compliance of the 
older TBT can be indeed improved with the new PTs using 
these small ergonomic vibrating devices.13,16,17 Thus, long-term 
compliance studies are now really needed.

In conclusion, in mild positional depended OSAS the 
new SPT device and the standard TBT are equally effective. 

Compared to standard PT with the TBT, compliance, mean 
disease alleviation, sleep quality, and quality of life are signifi-
cantly improved with the SPT.
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APPENDIX

Figure S1—Equipment used in study.

left: Rematee® (tennis ball technique) with extra pocket for sleep 
position trainer (in non-vibrating mode) to measure daily compliance.  
middle: 0–10 cm scale. right: normal sleep position trainer. 

Figure S2—Example of equipment position.

An example of a person with the two studied forms of position therapy 
in place. The tennis ball technique (Rematee®, with 3 airbags on the 
subject’s back), and sleep position trainer (secured with strap and pocket 
on the front of the subject) are shown. 


