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S

leep is an essential physiological condition for vital bodily
functioning. The two distinct
types of sleep are non-rapid eye
movement (NREM), which accounts
for about two-thirds of sleep time
over the course of the night, and
rapid eye movement (REM), which
makes up the remaining one-third.
The stages of sleep occur in four to
six cycles per night, with an average
of 70-120 minutes per cycle.1-3

Snoring is a low-frequency, predominantly
inspiratory noise caused by soft-tissue vibration in
the pharynx during breathing.4 The prevalence
ranges from 5% to 50% of the general population,
increasing with age.2,5 Snoring may be a sign of
other more serious respiratory sleep disorders, including apnea,6 and is the most common symptom
of obstructive sleep apnea (OSA) syndrome, being
present in nearly all cases.
OSA is characterized by recurring upper airway obstruction lasting about 10 seconds and occurring at least five to 10 times per hour of sleep.7-9
The American Academy of Sleep Medicine
(AASM) classifies apneas as central, obstructive,
or mixed. Risk factors include obesity, alcohol consumption, smoking, maxillofacial anomalies, en-
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larged tonsils, macroglossia, and sedative use.10,11
Nighttime OSA symptoms are resuscitative
snoring, frequent awakening, pauses in breathing,
suffocation, nocturia, excessive sweating, nightmares, insomnia, heartburn, regurgitation, and
gagging. Daytime symptoms include excessive
sleepiness, fatigue, non-restorative sleep, morning
headaches, mood changes, difficulty in concentration, memory changes, and low libido.2,8,12,13
The physiopathology of OSA is related to
airway obstruction, generally between the soft palate and epiglottis, and is also a function of negative
diaphragmatic pressure.14 Assessment of genioglossus muscle activity at the onset of sleep shows
that patients with OSA experience a far greater
decline in activity, which may be associated with
significantly reduced electromyographic activity
and represent a loss of neuromuscular compensation during sleep. Even in non-symptomatic individuals, the geniohyoid muscle plays an important
role in terms of upper airway strength and modulation of airway permeability.15
To evaluate for predisposition to OSA, an
orthodontist should consider the patient’s Friedman classification, modified Mallampati score,
Angle classification, oral cavity anatomy, questionnaire responses, and cephalometric analysis.12,16-18
In addition, an accurate diagnosis and assessment
of severity will require a polysomnography test to
measure the frequency of reduced airflow and
number of obstructive events per hour of sleep.2,18
The AASM classifies OSA using the apneahypopnea index (AHI): the mild form involves five
to 15 apneas or hypopneas per hour of sleep; moderate, 15-30; and severe, more than 30.19
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Interdisciplinary treatment of OSA can incorporate intraoral devices, continuous positive airway
pressure (CPAP), behavioral measures, or orthognathic surgery. The goals are to eliminate the
obstruction of respiratory events and restore normal sleep patterns and arterial oxygenation, with
the fewest possible risks and adverse side effects.12

Intraoral Appliances
Intraoral devices are indicated for treatment
of patients with primary snoring and mild or moderate apnea and for some with more severe sleep
disturbances who are intolerant of CPAP or refuse
orthognathic surgery.13 Contraindications include
severe TMD, active periodontal disease, predominantly central sleep apnea, extensive use of prostheses, lack of motivation, and a tendency to nausea
or vomiting.9,12,20
The theoretical basis of these appliances is
that gravity causes all tissue—including the tongue
and jaw—to fall posteriorly when the patient lies
in a supine position. Several intraoral devices work
by opening the upper airway during sleep, often
by repositioning the tongue, soft palate, or other
anatomical parts that may be causing the obstruction.21 Repositioning and stabilizing the jaw and
hyoid bone more anteriorly help avoid soft-tissue
collapse during sleep. The concomitant increase
in genioglossus muscle activity also inhibits relaxation of the tongue muscles.22
Mandibular advancement devices are designed to push the jaw forward and thus increase
upper airway volume during sleep. Since this
mechanism can also lead to patient discom-
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fort,2,20,23-25 the objective is to achieve maximum
results with minimum advancement.26 Mandibular
advancers are widely used in OSA treatment, but
few studies have been conducted to determine
whether they may induce changes in occlusion,
neuromuscular balance, or facial patterns, particularly when used for long periods.3
This article introduces the Tongue Rehabilitator,* an appliance designed for orthodontic patients with snoring habits, sleep apnea, or open
bites caused by lingual interposition. Unlike conventional devices that move the jaw forward, the
Tongue Rehabilitator’s mechanism of action is
based on raising the tongue and directing it to a
physiological position, thereby strengthening it
enough to enable a full lip seal (first valve).
Tongue-to-palate contact (second valve) promotes
opening of the oropharynx in a latero-lateral direction, and the tongue base then activates the third
valve by initiating contact with the soft palate.
The device is made from .032" or .036" stainless steel wire, folded in the shape of a heart and
attached to an acrylic palatal plate (Fig. 1). It is
placed sublingually to activate the genioglossus
muscle and act as an orthosis during speech or
swallowing, thus stimulating the intrinsic and extrinsic tongue muscles as well as the adjacent mucosa and glands. The Tongue Rehabilitator changes the muscle tone of the tongue, placing it in a
more anterior and physiological position for its
natural functions of swallowing and speaking
while allowing normal arch growth (Fig. 2). In the
patient shown here, with the appliance in place, the
*Nilton Coelho, DDS, National Institute of Industrial Property
Patent PI1102400-3 A2; niltonrosacoelhorc@gmail.com.
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Fig. 1 Tongue Rehabilitator* fabricated from .032" stainless steel wire.

a

b
Fig. 2 38-year-old female patient without (A) and with (B) Tongue Rehabilitator in position.

*Nilton Coelho, DDS, National Institute of Industrial Property Patent PI1102400-3 A2; niltonrosacoelhorc@gmail.com.

402

JCO/july 2020

FEITOZA, COELHO, COSTA, PONTE, AZEVEDO

TABLE 1
CEPHALOMETRIC MEASUREMENT COMPARISON
Without Tongue
Rehabilitator

With Tongue
Rehabilitator

LAFH

76mm

74mm

Upper pharyngeal space*

21mm

21mm

Medial posterior-palatal space**

12mm

10mm

PNS-P

30mm

28mm

Medial pharyngeal space***

11mm

13mm

8mm

11mm

Tongue line length

68mm

68mm

Tongue height

16mm

23mm

Hyoid height

19mm

13mm

Posterior airway space

*Upper posterior pharyngeal wall to uppermost point on outline of soft palate posterior wall.
**Point halfway up posterior palatal wall to projection of point on posterior pharyngeal wall.
***Upper posterior pharyngeal wall to medial anterior pharyngeal wall.

tongue was 7mm higher, the hyoid was 6mm lower, and the soft palate (PNS-P) was 2mm shorter
(Table 1). Projecting the tongue forward and upward promotes lip seal during swallowing, which
helps open the posterior airway and reduce snoring
to foster restorative sleep.

Case Report
A 49-year-old male sought treatment to improve tooth positioning for subsequent prosthetic
rehabilitation (Fig. 3). He complained of snoring
problems and stoppages of breathing during sleep.
Clinical examination indicated a dolichocephalic
pattern with adequate lip seal and a skeletal Class
III malocclusion due to maxillary retrusion. The
patient had a Class III subdivision left canine relationship (Table 2), a distally rotated upper right
first premolar, and a missing upper right second
premolar, upper left first molar, lower left first premolar and first molar, and lower right first molar.
**Trademark of 3M, Monrovia, CA; www.3M.com.
***Morelli, Sorocaba, Brazil; www.morelli.com.br.
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The tongue volume was Class III, according to
both the modified Mallampati and Friedman indices (Fig. 4).
The patient was also being treated by an otorhinolaryngologist, who requested a polysomno
graphy test (Table 3). This confirmed the diagnosis
of severe OSA, recording a total of 287 respiratory events (0 central, 198 obstructive, and 89 mixed),
for an AHI of 36 events per hour. The baseline O2
saturation was 97% and the average saturation was
94%, ranging from 78% to 99% over about eight
hours of sleep.
After being presented with several options,
the patient agreed to orthodontic treatment that
would involve improving the occlusion and redistributing the edentulous spaces for subsequent rehabilitation with implants and prostheses. Because
he had a large tongue volume and no significant
skeletal factors contributing to the upper airway
obstruction, we decided to utilize the Tongue Rehabilitator along with fixed orthodontic appliances.
Stainless steel MBT**-prescription brackets*** were bonded in both arches. The initial
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Fig. 3 49-year-old male patient with skeletal Class III malocclusion and history of snoring and breathing cessation during sleep.

archwires were .014" nickel titanium, progressing
to .016" nickel titanium and .018" stainless steel.
After 12 months of treatment, the alignment had
improved enough to start treatment with the
Tongue Rehabilitator.
Rectangular .019" × .025" stainless steel archwires were inserted to improve the occlusion over
the next 12 months. During this stage, implants
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were placed in the edentulous sites of the lower left
first premolar and first molar (Fig. 5). Another six
months later, after installation of the prosthetic
crowns, the fixed appliances were removed.
A lingual 3-3 retainer was bonded in the lower arch, and a Hawley-type retainer was delivered
for the upper arch. At bedtime, the Tongue Rehabilitator could be inserted into the telescopic tube
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TABLE 2
CEPHALOMETRIC ANALYSIS
Pretreatment

Post-Treatment

CoA

100mm

100mm

CoGn

132mm

132mm

LAFH

78mm

78mm

SNA

82°

82°

SNB

80°

80°

1-NA

22°

22°

1-NA

4mm

1-NB

25°

1-NB

4mm
25°

4mm

4mm

27mm

29mm

7mm

7mm

PNS-P

47mm

48mm

Medial pharyngeal space***

13mm

16mm

Posterior airway space

15mm

15mm

Tongue line length

71mm

72mm

Tongue height

18mm

22mm

Upper pharyngeal space*
Medial posterior-palatal space**

*Upper posterior pharyngeal wall to uppermost point on outline of soft palate posterior wall.
**Point halfway up posterior palatal wall to projection of point on posterior pharyngeal wall.
***Upper posterior pharyngeal wall to medial anterior pharyngeal wall.

Fig. 4 Friedman (A) and modified
Mallampati (B) scores indicate Class
III tongue volume.

a
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TABLE 3
POLYSOMNOGRAPHY RESULTS*
Pretreatment
Apnea-hypopnea index

36.0 (severe)

After One Year**

After Two Years***

15.1 (moderate)

9.5 (mild)

Respiratory events

287

106

71

Average O2 saturation

94%

94%

94%

Minimum O2 saturation

78%

86%

87%

*Seven to eight hours of sleep.
**Patient wearing Tongue Rehabilitator.
***Patient not wearing Tongue Rehabilitator.

Fig. 5 After 20 months of treatment, including eight months with Tongue
Rehabilitator.

of the retainer’s acrylic palatal plate. This approach
fit well with the patient’s routine, since he worked
with the public and his speech was affected when
he was wearing the device.
Total orthodontic treatment time was 30
months (Fig. 6). At the three-month follow-up visit, we made slight adjustments to the retainer and
Tongue Rehabilitator. The patient reported that his
sleep quality had improved and he was waking up
more refreshed, and that his wife also slept more
comfortably.
To evaluate the efficiency of the Tongue Rehabilitator after one year of use, another polysomnography test was performed with the device in
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place (Table 3). The data confirmed a 58% reduction in AHI to 15.1 per hour of sleep, involving 106
respiratory events (0 central, 106 obstructive, and
0 mixed) over seven hours. The average O2 saturation was 94%, varying from 86% to 98%.
After two years of using the Tongue Rehabilitator at night, the patient underwent a third
polysomnography test without the device, resulting
in an AHI of 9.5 per hour over eight hours of sleep.
He experienced 71 respiratory events (0 central, 71
obstructive, and 0 mixed) and an average O2 saturation of 94%, ranging from 87% to 98%. The patient stopped wearing the Tongue Rehabilitator at
this point.
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Fig. 6 Patient after 30 months of treatment.
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Discussion
Treatment modalities for OSA aim to raise
the pressure of the pharynx above obstructive pressure, reduce obstruction, or increase upper airway
muscle activity and widen the pharyngeal airway,
thereby allowing adequate ventilation during
sleep.2,20,23,24
Behavioral management is indicated for patients with mild apnea.7,12,27 In cases of moderate
or severe apnea, the American Sleep Disorders
Association and others consider CPAP treatment
to be the gold standard.1,26 Orthognathic surgery
can also reduce AHI values to normal levels.2,28
Intraoral devices are generally recommended
for patients with primary snoring and mild or moderate apnea, but they are also an option for severely apneic patients who refuse surgery or will not
use CPAP therapy because of intolerance, refusal,
or contraindications.7,8,10,13,20 Comparisons of various intraoral appliances have found that the mandibular advancement devices can cause effects
such as mandibular protrusion, maxillary retrusion, and TMD, resulting in considerable patient
discomfort.9,12,23
In contrast, the Tongue Rehabilitator was designed to protrude the tongue and stimulate neural
receptors, thus sealing the valves during swallowing and opening the posterior airway. The tongue
is a strong muscular organ responsible for a significant portion of pharyngeal obstruction during
sleep. When it is placed in an anterior position, the
genioglossus muscle stimulates the suprahyoid
muscles, which in turn move the hyoid bone forward, opening the hypopharynx even more.11,15
This device may be contraindicated in patients prone to retching. On the other hand, it can
be used in patients with TMD because the contraction of lateral pterygoid muscles causes the jaw
to follow the protrusive movement of the tongue,
thus moving the articular disk into a more anteriorized position and widening the space of the
mandibular fossa.
The Tongue Rehabilitator can be adapted to
a number of different orthodontic appliances, as
seen here. In our patient, it not only opened the
airway, but served as a primary tongue educator.
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After two years of use, the patient’s AHI was reduced from severe (36) to mild (9.5). This device
can also be used with expansion plates to treat
open bites in the mixed dentition.
Dentistry plays an important role in interdisciplinary treatment of OSA; in particular,
orthodontists should be closely involved in identifying OSA and treating it with intraoral devices.
Although the Tongue Rehabilitator has shown
promising results in our practice, further studies
are needed to provide additional scientific evidence of the functionality of this new device, especially compared with mandibular advancement
appliances, in the treatment of snoring and sleep
apnea.21,22
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