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Study Objectives: Patients with obstructive sleep apnea syndrome (OSAS) using continuous positive airway pressure (CPAP) 
often report pressure-related discomfort. Both lower pressure and increased comfort may improve patients’ compliance with CPAP-
therapy, thereby improving therapeutic effectiveness. Combining CPAP with an oral appliance (hybrid therapy) could be an adequate 
alternative therapy.
Methods: Seven patients with moderate to severe OSAS who tolerated their CPAP despite high pressures (≥ 10 cm H2O) were 
fitted with hybrid therapy. The mandible was set at 70% of patient’s maximum protrusion, and CPAP pressure was set at 6 cm H2O. 
When OSAS complaints persisted, pressure was increased. After 3 months, a polysomnographic study was performed. At baseline 
(conventional CPAP) and after 3 months (hybrid therapy) patients filled in questionnaires assessing comfort, compliance, and 
satisfaction with treatment, excessive daytime sleepiness, and quality of life.
Results: Four of seven patients reported hybrid therapy to be more comfortable and effective and preferred it over conventional CPAP. 
There were no differences between baseline (conventional CPAP) and follow-up (hybrid therapy) scores in compliance, satisfaction, 
daytime sleepiness, and quality of life. Effectiveness of hybrid therapy was good as apnea-hypopnea index (AHI) significantly decreased 
from median AHI 64.6/h (interquartile range [IQR] 31.0–81.0) at diagnosis to median AHI 1.5/h (IQR 1.0–33.4) with hybrid therapy. 
There was no statistical difference in effectiveness between conventional CPAP and hybrid therapy (median AHI with conventional 
CPAP was 2.4/h [IQR 0.0–5.0]).
Conclusions: Although pressure could be lowered and hybrid therapy seems a comfortable alternative to conventional CPAP, there 
were no differences between both therapies regarding compliance, satisfaction, and both objective and experienced effectiveness. 
Combined therapy is feasible in OSAS and should now be investigated in a RCT including assessment of comfort and long-term 
compliance.
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INTRODUCTION

Treatment with continuous positive airway pressure (CPAP) 
prevents upper airway collapse by pneumatically “splinting” 
the upper airway during sleep1 and is the most frequently 
prescribed treatment for OSAS.2 In severe OSAS (apnea-
hypopnea index [AHI] > 30/h), it is the current standard of 
treatment and improves symptoms and quality of life as well as 
cardiovascular outcomes.2–4 Oral appliance therapy, however, 
has become an attractive alternative, especially in mild and 
moderate OSAS.5 Oral appliance therapy aims at relieving 
upper airway collapse during sleep by modifying the posi-
tion of the mandible, tongue, and pharyngeal structures. Side 
effects have been reported to be mild, improve with time, and 
are mostly reversible.6–9

Patients with moderate to severe OSAS using CPAP 
often report pressure-related discomfort or intolerance. 
Other frequently mentioned complaints with the device are 

claustrophobia, comfort problems due to the mask or straps 
on the head, leakage, and dry eyes and nose. Discomfort can 
ultimately result in reduced therapeutic compliance.

Optimal compliance is essential for a therapy such as CPAP 
to be successful and effective. It is important to search for alter-
native treatment options that are equally effective to CPAP in 
the treatment of moderate to severe OSAS. Combining CPAP 
with an oral appliance could be such an alternative therapy 
(hybrid therapy). By combining both therapies, CPAP pressure 
may be lowered substantially as an oral appliance increases 
upper airway patency. Second, the CPAP nose mask can be 
fixed onto the oral appliance, which could improve the comfort 
of the treatment (no headstrap required, no shifting of the 
hose/tube). Both lower pressure and increased comfort may 
improve patients’ compliance with therapy, thereby improving 
therapeutic effectiveness.

To date, only two case reports10,11 and one pilot study,12 
reporting on the simultaneous use of CPAP and oral 
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appliance therapy in OSAS, have been published. These 
studies included only patients intolerant to CPAP, and in 
two studies10,12 patients were ineffectively treated with an 
oral appliance. Furthermore, the studies provide insufficient 
information about comfort and compliance. In one other 
case report, the use of an oral appliance in combination with 
noninvasive ventilation in a patient with amyotrophic lateral 
sclerosis was described.13

The aim of this study was to evaluate whether hybrid therapy 
is an adequate alternative to conventional CPAP in moderate to 
severe OSAS. For this study, patients being effectively treated 
with conventional CPAP and who did tolerate their CPAP and 
were satisfied with it, despite relative high therapeutic pres-
sures (i.e., > 10 cm H2O) were selected. Primary outcomes 
were comfort and compliance with hybrid therapy. Secondary 
outcomes were effectiveness of hybrid therapy and the effect of 
this treatment on quality of life.

METHODS

Subjects
Patients were eligible for the study when they: (1) were diag-
nosed with moderate to severe OSAS (apnea-hypopnea index 
(AHI) ≥ 15/h) during overnight poly(somno)graphy, (2) used 
conventional CPAP with pressure ≥ 10 cm H2O and could 
tolerate this pressure, (3) were aged > 18 years.

Exclusion criteria were (1) previously treated with an 
oral appliance, (2) dental contra-indications for oral appli-
ance therapy (i.e., extensive periodontal disease or tooth 
decay, active temporomandibular joint disease [including 
severe bruxism], restrictions in mouth opening [< 25 mm] or 
advancement of the mandible [< 5 mm], partial or complete 
edentulism [< 8 teeth in upper or lower jaw]),5 (3) morpho-
logic abnormalities of the upper airway, (4) current untreated 
endocrine dysfunction, (5) reported or documented severe 

cardiac or pulmonary comorbidity, and (6) patients being 
treated for psychiatric disorders at the moment of inclusion 
for the study.

Patients were considered effectively treated with conven-
tional CPAP when AHI reduced to < 5/h or reduced ≥ 50% from 
the diagnostic value to an absolute value < 20/h5 (confirmed by 
poly(somno)graphic evaluation), or when subjective obstruc-
tive sleep apnea symptoms were absent and CPAP machine 
software readout showed sufficient suppression of AHI (there-
fore in the latter category of patients no poly(somno)graphic 
evaluation had been performed).

Study Design
This study is a longitudinal quantitative as well as a qualitative 
study without a control group. The oral appliance (Thornton 
Adjustable Positioner [TAP3, Airway Management Inc., Dallas, 
TX, USA]) was custom-made for each patient. The Thornton 
Adjustable Positioner is an oral appliance that consist of 2 sepa-
rate parts for both the maxilla and the mandible. The mandib-
ular protrusion can be adjusted with 0.2-mm increments with 
a propulsion screw, which was incorporated anteriorly in the 
oral appliance. The maximum range of mandibular protru-
sion was first determined with a George-Gauge (H-Orthodon-
tics, Michigan City, IN, USA). When initiating oral appliance 
therapy, the mandible was set at 70% of the patient’s maximum 
protrusion or at 60% when 70% was uncomfortable to the 
patient.

After adjusting the oral appliance, nose-probes from a 
CPAP interface were attached to the oral appliance by means 
of a connection-unit (Figure 1). No headstraps were used for 
hybrid therapy.

When starting with hybrid therapy CPAP pressure was set at 
6 cm H2O for all patients. After an adjustment period of about 
2–4 weeks, the degree of mandibular protrusion or CPAP pres-
sure was adjusted if necessary, based on patients’ reported 
symptoms, until the desired effectiveness had been reached 
or until the adjustments became uncomfortable to the patient. 
Whether the degree of mandibular protrusion or CPAP-pres-
sure had to be adjusted was decided in accordance with the 
patient. There was, however, not a strict adjustment protocol.

After 3 months of hybrid therapy, current CPAP pressure 
was assessed and effectiveness of the therapy was measured 
with home-based polysomnography. Furthermore, patients 
were asked about their treatment preference regarding comfort, 
efficacy, and satisfaction when comparing hybrid therapy with 
conventional CPAP therapy.

At baseline (conventional CPAP) and after 3 months (hybrid 
therapy) patients filled in questionnaires assessing comfort of, 
and compliance and satisfaction with their current treatment, 
excessive daytime sleepiness (Epworth Sleepiness Scale (ESS),14 
quality of life (Short-Form 36-item Health Survey (SF-36),15 
and Functional Outcomes of Sleep Questionnaire (FOSQ),16 
and anxiety and depressive feelings (Hospital Anxiety and 
Depression Scale (HADS).17

The study was approved by the local Ethical Committee 
(METc University Medical Center Groningen; METc2010/051). 
All patients gave written informed consent for using their data 
for this study and publication before inclusion.

Continuous positive airway pressure (CPAP) with nose-probe 
interface combined with a Thornton Adjustable Positioner 3.

Figure 1
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Measurements

Polysomnography
Polysomnographic overnight home-based evaluations (Vita-
port-4 PSG, Temec Instruments BV, Kerkrade, the Netherlands) 
were used to diagnose OSAS and to assess the effect of the hybrid 
therapy at follow-up. Sleep stages were measured with surface 
electroencephalography, left and right electrooculography, and 
submental electromyography. Oxygen saturation was recorded 
with pulse oximetry. Oronasal airflow was recorded with a pres-
sure cannula. Respiratory effort was monitored with thoracic 
and abdominal strain bands. Apnea was defined as a complete 
obstruction resulting in a cessation in airflow (i.e., reduction 
of airflow ≥ 90%) ≥ 10 seconds. Hypopnea was defined as a 
substantial (i.e., ≥ 30%) reduction in airflow ≥ 10 seconds when 
associated with oxygen desaturation (≥ 4%).18

Compliance, Satisfaction, and Preference
The number of nights per week and hours per night using 
therapy were assessed through a self-report questionnaire. 
Satisfaction with the current therapy was assessed with a 
visual analog scale of 0–100 mm without anchors. Patients 
were asked to draw a vertical line crossing the horizontal scale. 
After 3 months, patients were asked to indicate whether they 
preferred conventional CPAP or hybrid therapy based on satis-
faction with therapy, long-term use, comfort, and effectiveness, 
(i.e., the experience that the device is effective in reducing sleep 
apnea symptoms).

Comfort
Complaints with conventional CPAP (e.g., irritation of CPAP 
mask; leakage; dry eyes; claustrophobia), oral appliance (e.g., 
tooth or molar pain; painful jaws, joint, muscles), and the 
combination of both therapies (hybrid therapy) (e.g., hindered 
by therapy when falling asleep; awakened by poorly fitted or 
lose equipment) were assessed through a self-report ques-
tionnaire. Patients scored how frequently they experienced a 
specific complaint on a 4-point scale, ranging from never to 
often (0–3).

Data Analysis
Descriptive statistics are presented as means ± standard devia-
tions or medians and interquartile ranges (IQR) for continuous 

variables. Categorical variables are presented in terms of propor-
tions. Wilcoxon signed-rank tests were performed to assess 
the difference between measurements at baseline and after 3 
months. Data were analyzed with SPSS 20.0 statistical software. 
A value of p < 0.05 was considered statistically significant.

RESULTS

Seven patients (6 men) participated (mean ± SD age 54 ± 8.9 
years). Table 1 contains the demographic characteristics of the 
patients at baseline. Pressure could be lowered from 11.5 ± 1.3 
cm H2O with CPAP to 6.4 ± 0.5 cm H2O with hybrid therapy. 
Three patients had their pressure increased from 6 cm H2O to 
7 cm H2O during the follow-up period on hybrid therapy. In 4 
patients, the degree of mandibular protrusion was increased 
from 60% to 70% of the patient’s maximum protrusion (of 
whom 2 patients also had their pressure increased from 6 cm 
H2O to 7 cm H2O).

Five patients used hybrid therapy for the full 3 months, of 
whom one stopped after the study period. Two patients could 
not cope with the hybrid therapy and stopped before the 
3-month endpoint. Four patients preferred hybrid therapy 
on the long term over conventional CPAP and also reported 
hybrid therapy as more comfortable and effective, (i.e., the 
experience that the device is effective in reducing sleep apnea 
symptoms) than conventional CPAP. The reasons to stop 
were feelings of dyspnea and anxiety, and being very restless 
during sleep due to the therapy and having specific oral appli-
ance related complaints which were indicated as frequently 
occurring (tooth or molar pain, feeling that teeth are “out 
of place” in the morning, painful jaws, joints and chewing 
muscles). The patient who stopped after the study could 
not get used to hybrid therapy (claustrophobia), and hybrid 
therapy was not effective in this patient (AHI at follow-up of 
51.8/h, Figure 2).

There were no differences in compliance between conven-
tional CPAP (median 7.0 nights/week [IQR 6.0–7.0]); 6.5 h/
night [IQR 5.0–8.0]) and hybrid therapy (median 7.0 nights/
week [IQR 2.8–7.0]); 6.0 h/night [IQR 4.5–8.1]), both p = 1.0. 
Satisfaction rates on the visual analog scale did not differ 

Table 1—Demographic characteristics.

Age (years) 54.0 ± 8.9

Gender (male/female) 6/1

Body mass index (kg/m2) 37.4 ± 5.5

Neck circumference (cm) 48.1 ± 3.9

Score on Epworth sleepiness scale at 
diagnosis (0–24) 16.0 ± 4.2

Score on Epworth sleepiness scale under 
conventional CPAP (0–24)   9.0 ± 5.3

N = 7. Age and body mass index assessed at the moment of 
inclusion for the study. CPAP, continuous positive airway pressure.

Apnea-hypopnea index for each patient at diagnosis, with 
conventional continuous positive airway pressure (CPAP) and with 
hybrid therapy.

Figure 2
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between conventional CPAP (median 90.0 [IQR 60.0–90.0]) 
and hybrid therapy (median 92.5 [IQR 42.8–96.3]), p = 0.89. 
Nevertheless, when explicitly asked to make a choice between 
both treatment modalities, 4 of 7 patients reported to be more 
satisfied with hybrid therapy (Table 2).

AHI decreased significantly with hybrid therapy (median 
AHI 1.5/h [IQR 1.0–33.4]) compared to AHI at diagnosis 
(median AHI 64.6/h [IQR 31.0–81.0]), p < 0.05. There was no 
statistical difference in effectiveness between conventional 
CPAP and hybrid therapy (median AHI with conventional 
CPAP was 2.4/h [IQR 0.0–5.0]).

Scores on the Epworth sleepiness scale dropped from 
10.3 ± 4.4 (n = 6) at baseline with conventional CPAP to 9.2 ± 6.2 
with hybrid therapy (p = 0.68). Quality of life, measured with 
the FOSQ, increased from 15.9 ± 3.2 (n = 5) with conventional 
CPAP to 16.3 ± 3.6 with hybrid therapy (p = 0.79). The physical 
subscale of the SF-36 increased from 50.9 ± 8.7 (n = 5) with 
conventional CPAP to 51.4 ± 6.2 with hybrid therapy (p = 0.73) 
and the mental subscale of the SF-36 increased from 42.7 ± 17.2 
with conventional CPAP to 47.5 ± 16.3 with hybrid therapy 
(p = 0.41). Anxiety and depressive feelings, measured with the 
HADS, dropped from 12.4 ± 12.6 (n = 5) with conventional 
CPAP to 8.0 ± 9.0 with hybrid therapy (p = 0.16). All results 
were in the desired direction, but none of the differences were 
statistically significant.

Six patients filled in the self-report questionnaire on 
complaints both at baseline (conventional CPAP) and at 
follow-up (hybrid therapy). Figure 3 displays the percentages 
of reported complaints for both therapies per category (calcu-
lated as the actual number of reported side effects or complaints 
for that category divided by the maximum expected number of 
reported complaints, i.e., the situation when all patients would 
have scored the same category). Mean scores per (specific) 
complaint were calculated in order to compare complaints for 
conventional CPAP with hybrid therapy (Figure 4).

Patients had fewer CPAP complaints in combination with 
the oral appliance (hybrid therapy) than with conventional 

CPAP alone (Figure 3A). Specific oral appliance related 
complaints were reported as not frequently occurring 
(Figure 3B). Most complaints with conventional CPAP, such 
as stuffy nose, irritation of the mask, painful nose bridge, 
leakage, dry eyes, dry mucous membrane mouth and nose 
became less of a problem when using hybrid therapy, while 
the swallowing of air, and the presence of a headache 
appeared to increase slightly with hybrid therapy (Figure 4). 
When patients had to indicate the severity of their complaints 
on a scale of mild to severe, most complaints with conven-
tional CPAP were indicated as mild (once absent, 5 times 
mild, and once moderate). Complaints with hybrid therapy 
were also indicated as mild most of the times (once absent, 3 
times mild, once moderate, and once severe).

DISCUSSION

This study showed that CPAP – oral appliance hybrid therapy 
could be a comfortable and effective alternative to conven-
tional CPAP in many but not all patients with moderate to 
severe OSAS. Patients were equally compliant with hybrid 
therapy and conventional CPAP.

Pressure could be lowered from 11.5 ± 1.3 cm H2O with 
conventional CPAP to 6.4 ± 0.5 cm H2O with hybrid therapy. 
In addition complaints were less frequently mentioned with 
hybrid therapy when compared with conventional CPAP.

The case reports by Denbar10 and Upadhyay et al.11 and the 
pilot study by El-Solh et al.12 showed similar positive effects on 
therapeutic CPAP pressure and AHI reduction. Both studies, 
however, have some limitations. Patients in the study by El-Solh 
et al.12 used the combination therapy for only 3 days. Further-
more, the only patients selected were intolerant of CPAP and 
were ineffectively treated with an oral appliance. No overnight 
sleep study was performed at the end. The study of Denbar10 
describes the treatment of one patient over a time period of 4.5 
years, of which the last 1.5 years consisted of hybrid therapy. 
Both conventional CPAP and an oral appliance therapy were 

Table 2—Overview per patient.
Pressure (cm H2O) Compliance Satisfaction (0–10) Preference

Conventional 
CPAP

Hybrid 
Therapy

Conventional CPAP Hybrid Therapy Conventional 
CPAP

Hybrid 
Therapynights/w h/night nights/w h/night

1.† 12.0 – 7 8.0 – – 9.0 – Conventional 
CPAP

2.†† 11.0 6.0 7 6.5 7 5.0 9.0 9.5 Conventional 
CPAP

3. 14.0 7.0 2 3.0 3 3.0 6.0 5.7 Hybrid 
therapy

4. 11.0 7.0 6 5.0 7 6.0 9.0 9.1 Hybrid 
therapy

5. 12.0 6.0 7 5.5 7 6.0 6.9 9.4 Hybrid 
therapy

6. 10.5 7.0 7 8.0 7 8.0 10.0 10.0 Hybrid 
therapy

7.†,* 10.0 – 7 8.5 2 8.5 5.5 0.0 Conventional 
CPAP

†Patient 1 and 7 stopped during the study and before the 3 month follow-up. ††Patient 2 stopped after 3 months. *Patient 7 filled in a shortened 
questionnaire about EDS, satisfaction and comfort with hybrid therapy. CPAP, continuous positive airway pressure.
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unsuccessful for this specific patient. Upadhyay et al.11 describe 
the treatment of one patient, who was intolerant of CPAP and 
was declared unfit for uvulopalatopharyngoplasty. The study 
describes a treatment period of 90 days during which the 
patient lost 9 kilograms in weight, which could have amplified 
the positive study results.

It is plausible that ineffectively treated patients or patients who 
regard their current treatment as uncomfortable are more eager 
to start, and are more satisfied with a new therapeutic modality. 
In order to avoid this bias we selected patients who did tolerate 
their CPAP and were satisfied with it, despite relative high ther-
apeutic pressures (i.e., > 10 cm H2O). Including only patients 
who tolerate their CPAP therapy raises another possible bias, 
as those patients might tend to prefer the therapy they know. 
Our results show however that four patients preferred hybrid 
therapy over the long term over conventional CPAP.

Pressure could be lowered in all patients (mean 11.5 ± 1.3 
cm H2O with conventional CPAP to mean 6.4 ± 0.5 cm H2O 
with hybrid therapy). Pressure was not again titrated before the 
start of this study. It is therefore possible that the conventional 
CPAP was not at the minimum efficient pressure as the CPAP 
pressure was the pressure patients were on before the period 
with hybrid therapy started. The conventional CPAP pressure 
was, however, increased until OSAS complaints were no longer 
present and the sleep study, or CPAP machine software readout 
showed sufficient suppression of the AHI. A lower efficient 
pressure is therefore not very likely.

Complaints were indicated as not frequently occurring 
for conventional CPAP as well as for hybrid therapy. Patients 
reported less specific CPAP complaints with hybrid therapy 
than with conventional CPAP, suggesting higher comfort with 
the hybrid therapy.

Our theory that lower pressure and better comfort could 
result in a better therapeutic compliance was not confirmed 

by our data. Moreover, satisfaction scores on the visual analog 
scale were similar. However, when forced to make a choice 
for one of the two treatments, four of seven patients preferred 
hybrid therapy over conventional CPAP. They reported hybrid 
therapy as more comfortable and effective. These patients 
continued using the hybrid therapy after completion of the 
study. Unfortunately, due to the small sample size, no statis-
tics could be applied to assess whether complaints were signifi-
cantly less with hybrid therapy than with conventional CPAP.

Figure 3

(A) Complaints with conventional continuous positive airway pressure (CPAP) and hybrid therapy. (B) Complaints specifically related to oral 
appliance.

Complaint therapy: A = hindered by therapy when falling asleep; 
B = hindered by therapy during sleep; C = awakened by mall fitted 
or lose equipment. CPAP complaint: 1 = irritation of CPAP mask; 
2 = painful nose bridge; 3 = sound CPAP machine; 4 = leakage; 
5 = dry eyes; 6 = dry mucous membrane mouth, nose; 7 = stuffy 
nose; 8 = claustrophobia; 9 = nosebleed; 10 = swallowing of air; 
11 = headache.

Figure 4—Mean scores on complaints with 
conventional continuous positive airway pressure 
(CPAP) and hybrid therapy.
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In our study, one patient had his AHI worsened using hybrid 
therapy. A possible explanation for this could be that this patient 
had gained weight compared to the time when the OSAS was 
diagnosed and also when compared to baseline (137 kg with 
hybrid therapy compared to 123 kg with conventional CPAP).

There are some other limitations to consider for this study. 
Unfortunately, we did not have polysomnographic data for 
all patients while using conventional CPAP, making a good 
comparison on objective effectiveness between conventional 
CPAP and hybrid therapy difficult. Four patients had polysom-
nography performed with both treatment modalities; the other 
three patients reported no subjective obstructive sleep apnea 
symptoms, and CPAP machine software readout showed suffi-
cient suppression of AHI. Therefore, no follow-up poly(somno)
graphic evaluation was indicated at that moment.

During the study period the degree of mandibular protru-
sion or CPAP pressure was adjusted when necessary. There was, 
however, not a strict protocol regarding which one to perform 
first. To date, there are no data to substantiate which approach 
is best in titrating hybrid therapy. This should be a point of 
attention in future studies assessing hybrid therapy.

The results of our study should be interpreted with caution, 
as this study consists only of a small patient sample and because 
there was no control group. Furthermore, a follow-up of 3 
months may be too short to reveal effects on quality of life data.

CONCLUSIONS

In conclusion, although pressure could be lowered substan-
tially, this pilot study did not show large differences between 
conventional CPAP and hybrid therapy regarding compli-
ance, satisfaction, and both objective and experienced effec-
tiveness. There are, however, some differences in scores on 
CPAP complaints, which could explain why hybrid therapy is 
preferred by four of the seven patients. Therefore, CPAP – oral 
appliance hybrid therapy could be a comfortable and effec-
tive alternative to conventional CPAP when high pressure is 
needed or in case of high pressure intolerance. Larger, longer 
term, and preferably randomized studies are needed to answer 
the question whether hybrid therapy can result in lower pres-
sures leading to a more comfortable and effective treatment for 
patients with moderate to severe OSAS.

ABBREVIATIONS
AHI, apnea-hypopnea index
CPAP, continuous positive airway pressure
IQR, interquartile range
OSAS, obstructive sleep apnea syndrome
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