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During wakefulness, apneic events, even in patients with severe obstructive sleep apnea (OSA), rarely occur regardless of the presence 
or absence of such episodes while asleep, because the augmented activity of the genioglossus muscle acts to patent the upper airway by 
maintaining the tongue in position.  Hence, it is reasonable to hypothesize that OSA could be alleviated if the awake tongue position is 
maintained despite a sleep-related reduction in genioglossus muscle activity.  The median (interquartile range) respiratory event index 
was significantly reduced with continuous tongue suction (23 [16-27] to 8 [7-14] events/h, P = 0.043) in 5 patients who successfully 
completed the protocol.  Because this approach does not require either positive airway pressure or mandibular advancement, it makes it 
possible to completely avoid the adverse effects associated with the use of nasal continuous positive airway pressure and/or mandibular 
advancement devices in patients for whom nasal continuous positive airway pressure and mandibular advancement devices are 
contraindicated. 
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INTRODUCTION 

 

During wakefulness, apneic events, even in patients 

with severe obstructive sleep apnea (OSA), hardly occur 

regardless of the presence or absence of such episodes 

while asleep, because the augmented activity of the 

genioglossus muscle helps maintain a patent upper airway 

by keeping the tongue in the awake position.1  Hence, OSA 

could be alleviated if the awake tongue position is 

maintained despite the sleep-related reduction in 

genioglossus muscle activity, which represents a different 

approach to the treatment of OSA than the use of nasal 

continuous positive airway pressure (nCPAP) or 

mandibular advancement devices.2  Exploratory results are 

discussed to support the hypothesis that the concept of 

maintaining the awake tongue position by continuous 

tongue suction per se may be applicable as a potential 

treatment for OSA.  Part of the current study has been 

reported previously in a case report.2 

 

 

REPORT OF CASE 
 

In all of the eligible patients with OSA in this study, 

treatment with mandibular advancement devices was 

contraindicated because of dental and/or 

temporomandibular joint problems.  This group included 

patients in whom nCPAP and tongue-stabilizing devices 

were unsuccessful.3  These patients were consecutively 

contacted and invited to participate in the current study 

between March 2010 and June 2012.  A total of seven 

patients agreed to participate and provided their written 

informed consent after the aims, detailed methods, 

benefits, and potential risks were fully explained by the 

principal investigator (ST).  “Potential risks of the tongue 

position controller (TPC) included soreness and/or 

discomfort on the tongue surface, excessive saliva, 

discomfort of the lower teeth and gums, noise from the 

pressure controller, and discomfort of the lips”.2  The 

protocol of this study was approved by the Ethics 

Committee of the Institute of Neuropsychiatry, Tokyo 

(approval no. 43) and was conducted in accordance with 

the amended Declaration of Helsinki. 

The details of a tongue position controller that entails 

a tongue positioner, a suction tube, and a pressure 

controller for continuous tongue suction, have been 

described previously2,4 (Figure 1). “The custom-made 

tongue positioner (Figure 1, C through F) is fabricated on 

plaster dental casts of the mandibular dental arch.  It is 

made of polyolefin and is designed to encircle 

approximately one-half to two-thirds of the tongue surface 

by a dome-type capsule and a lower dental splint.  The 

capsule and the part of the lower splint that directly touches 

the tongue form two layers.  The outer layer of the capsule 

smoothly extends from the lingual surface of the lower 

splint.  The inner layer, with small holes (2 to 3 mm in 

diameter), directly touches the tongue surface (Figure 1, E).  

The border of the inner and outer layers is firmly closed 
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with polyolefin.  Thus, the two layers form a closed space 

2 mm thick.  Negative pressure is applied from a pressure 

generator (0 to -4 cm H2O, Seastar Corporation Inc. Ltd., 

Tokyo, Japan) via a catheter made of polyethylene 

(diameter 3 mm, Seastar Corporation Inc. Ltd., Tokyo, 

Japan) that is connected to a hole (diameter 3 to 5 mm) 

located at the ventral part of the outer layer of the capsule.  

Accordingly, when negative pressure is applied from the 

pressure generator, the air in the closed space is sucked 

through the small holes in the inner layer of the capsule, 

which creates suction over the surface of the tongue.  This 

design for a tongue positioner has the advantage of 

minimizing pain and/or discomfort on the tongue surface 

because suction is applied through the small holes that are 

located throughout the inner layer of the capsule, rather 

than directly through the hole that is connected to the tip of 

the catheter.  The pressure generator sucks the air with a 

manually adjusted flow rate of 100 to 3,000 mL/min.  The 

lateral pressure in the catheter is measured with a custom-

made manometer and is expressed as cm H2O”.2 

 

Figure 1. A, Patient with a tongue position controller in 
place.  B, The device allows jaw opening.  C through F, 
Various views of the tongue position controller. C, 
Anterior. D, Lateral. E, Posterior. F, Posterior oblique. 

 

 
 

A six-channel portable monitor (PMP-300E, Pacific 

Medico Co., Ltd., Japan) was used to manually assess the 

baseline respiratory event index (REI) according to 

American Academy of Sleep Medicine standards (version 

2.1) by a registered polysomnographic technologist 

(YT).5,6  “Initially, each patient was instructed to use the 

tongue position controller with a negative pressure of -4 cm 

H2O.  When patients complained of dry mouth and mild 

soreness of the tongue the morning after the first night, the 

negative pressure load was slightly reduced (by 

approximately -0.5 to -1 cm H2O) the next night.  This 

process was repeated during a 1-month acclimatization 

period until the maximum comfortable limit of negative 

pressure was achieved, at which patients thought that the 

tongue position was properly maintained without any 

discomfort.  It was considered that the negative pressure 

was sufficiently titrated when a cessation of snoring/apnea 

was reported by a bed partner and/or subjective daytime 

sleepiness was resolved”.2  A follow-up home monitoring 

test was performed after the subject was acclimated to the 

tongue position controller to determine REI with 

continuous tongue suction.  All statistical analyses were 

performed in a blind manner with respect to the subject’s 

background information.  Data were presented as median 

values (interquartile range) and analyzed on both an 

intention-to-treat basis and a per-protocol basis.7  

Wilcoxon signed rank tests were used to compare the 

differences between the baseline and follow-up values.  A 

value of P<0.05 was considered to indicate statistical 

significance. 

During the trial, one of the seven patients (YS) 

dropped out of the study because of tongue discomfort.  

None of the remaining six patients reported problems with 

swallowing during sleep, significant discomfort or pain of 

the tongue, teeth, gums or temporomandibular joint.  Dry 

mouth (n=2), noise due to the accumulation of saliva in the 

suction tube (n=1), difficult adjustment of suction pressure 

(n=3), difficult device maintenance (n=2), and disturbed 

lateral sleep position due to a suction tube (n=3) were 

reported.  One subject (HM) reported that the TPC fell off 

during the follow-up home monitoring test.  Consequently, 

six of the original seven patients completed both the 

baseline and follow-up evaluations, and five of the seven 

subjects successfully completed the protocol. 

Figure 2 shows an example montage of the home 

monitoring test and Table 1 as well as Figure 3 shows the 

effects of continuous tongue suction on REI.  In 6 patients, 

excluding the patient who withdrew, the REI was changed 

from 20 (12-26) to 11 (7-15) events/h (P=0.173).  The REI 

was significantly reduced with continuous tongue suction 

(23 [16-27] to 8 [7-14] events/h, P=0.043) in 5 patients 

when we further excluded the patient (HM) whose TPC fell 

off during the study. 

 

DISCUSSION 
 

The maintenance of tongue position by continuous 

tongue suction improved REI in patients with OSA.  

Because this approach does not require either positive 

airway pressure or mandibular/tongue advancement, it 

makes it possible to completely avoid the adverse effects  
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Figure 2. An example montage of home monitoring at baseline (left) and under continuous tongue suction 
as a follow-up (right). 

 

 
 

The lowest percutaneous oxygen desaturation (bottom) increased from 64% to 87% (patient 1, KM, 71-
year-old man with obstructive sleep apnea with compromised dentitions who could not tolerate either nasal 
continuous positive airway pressure or a tongue-stabilizing device).  Note that this favorable change is likely 
independent of body position. 

 

 
Figure 3. Respiratory event index (REI) and nadir SpO2 at 
baseline and with tongue position controller in place.  There 
was no significant change in body mass index during the 
study.  Note that the device of patient 5 fell off during the 
test night. 

 
 

 

associated with the use of nCPAP and/or oral appliances 

and can be used in patients in whom nCPAP and 

mandibular/tongue advancement devices are 

contraindicated.  “For example, because the mandible was 

not advanced at all because the tongue positioner of the 

tongue position controller was merely applied to the lower 

dentition, temporomandibular joint side effects and 

proclination as well as retroclination of incisors could be 

avoided.2  It could be stated that the idea of the TPC being 

similar to that of a tongue-retaining device is that it directly 

approaches to the tongue.  However, the tongue retaining 

device does not entail methods when the suction pressure 

is incomplete.  The TPC can overcome such deficits of the 

tongue-retaining device because the TPC incorporates a 

closed-loop system where the tongue is held by active and 

continuous suction.  Furthermore, the discomfort often 

caused by tongue protrusion with the tongue-retaining 

device can be reduced with the TPC because the TPC 

maintains the normal tongue position (i.e., no tongue 

protrusion), which could lead to better adherence”.2 

Conversely, the fact that two patients did not 

satisfactorily tolerate the TPC implies that the device needs 

to be modified, although we speculate that the dropouts in  
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Table 1. Effects of continuous tongue suction on respiratory event index. 

                   

Initials Patient No. Sex Age BMI REI (events/h) Nadir SpO2 (%) 

     Baseline TPC Baseline TPC 

KM 1 M 71 25 23 16 64 87 

JT 2 F 54 19 27 4 87 80 

NM 3 M 66 26 36 14 47 67 

KN 4 M 27 26 16 8 70 87 

HM 5 M 39 20 11 26 82 83 

SA 6 F 65 22 9 7 86 90 

N=6 60 (43-66) 24 (20-26) 20 (12-26) 11 (7-15) 76 (66-85) 85 (84-90) 

N=5 (5 excluded) 65 (54-66) 25 (22-26) 23 (16-27) 8 (7-14)a 70 (64-86) 87 (80-87) 

 
BMI, body mass index; REI, respiratory event index; SpO2, percutaneous oxygen saturation; TPC, tongue 
position controller. 
 

a  P<0.05 versus baseline.  Data are presented as median values (interquartile range) and analyzed on 
both an intention-to-treat basis (N=6) and a per protocol basis (N=5). 

 

 

this study does not necessarily undermine the concept of 

maintaining the awake tongue position.  Rather, whether 

continuous tongue suction is feasible for OSA treatment or 

whether the current study is an example of a type I error 

should be evaluated in future trials after renovation and/or 

upgrade of the device. 
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