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Abstract—This study evaluates obstructive sleep apnea treatment
through a case study involving a 67-year-old male driver who had a
successful continuous positive airway pressure (CPAP) treatment at
home but experienced difficulties with traveling and dental care.
There are many cheap sleep apnea and snoring devices available, but
there is little professional advice on what kind of devices can help.
Professional drivers receive yearly specialized medical care followup.
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I. INTRODUCTION

LEEPING difficulties are increasing. Diagnosed
obstructive sleep apnea (OSA) is a growing public health
problem [1]. According to the American Academy of Sleep
Medicine (AASM), OSA affects over 28 million adults in the
US [2] and has been named as a cause of many motor vehicle
collisions [1], [3].
The Commission Directives 2014/85/EU and 2006/126/EC
of the European Parliament and of the Council give
requirements on driving licenses [4]-[6]. According to
2014/85/EU: “11.4. Driving licenses may be issued to
applicants or drivers with moderate or severe OSA syndrome
who show adequate control of their condition and compliance
with appropriate treatment and improvement of sleepiness, if
any, confirmed by authorized medical opinion” and “11.5.
Applicants or drivers with moderate or severe OSA syndrome
under treatment shall be subject to a periodic medical review,
at intervals not exceeding three years for drivers of group 1
and one year for drivers of group 2, with a view to establish
the level of compliance with the treatment, the need for
continuing the treatment and continued good vigilance.” [4]
The new directive has influenced the treatment of
professional drivers with OSA. Dwarakanath et al. [7] have
studied variability in clinicians’ opinions regarding fitness to
drive in patients with obstructive sleep apnea syndrome
(OSAS). They evaluated clinicians’ current practice for giving
advice to patients with OSAS. They determined that there was
a need for clearer guidance and to update the Driver and
Vehicle Licensing Agency guidelines.
CPAP is among the most popular home treatments for OSA
[8]. People are required to breathe air at positive pressure
through a mask each night (for at least 4 h) [8]. Different
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devices and accessories are available in the market, but they
still are viewed unfavorably. [8]-[10] Bitterman et al. [8]
reviewed available devices, identified problems and
requirements, and suggested design concepts that may
improve patient satisfaction, adherence, and quality of life.
Their results indicate obstacles in the image and appearance of
CPAP as a daily, life-time utility, in user capabilities, in
performance and adaptability to bedroom design [8].
One possibility is to use oral appliances for the treatment of
sleep disordered breathing [11], [12]. According to Ryan et al.
[11], such devices can treat simple snoring, mild OSA, and
moderate to severe OSA when CPAP therapy is intolerable
and upper airway surgery is not suggested [11], [13].
When a patient cannot use CPAP devices, electrical
stimulation of the upper airway dilator muscles is possible
[14]-[16]. For example, Woodson et al. [15] studied the longterm (36-month) clinical and polysomnographic outcomes in
an OSA cohort of 59 patients treated with cranial nerve upper
airway stimulation. The authors concluded that cranial nerve
stimulation for the treatment of moderate to severe OSA is a
successful and appropriate long-term treatment of CPAPintolerant individuals with moderate to severe sleep apnea
[15].
A Finnish working group published Current Care
Guidelines of Sleep Apnea (OSA in adults) in 2017 [17]. They
based the clinical severity of sleep apnea on daytime
drowsiness and sleep registration [17]-[19]:

Light OSA: Appears only when stationary, not necessarily
daily, and causes little harm to social and work life;
saturated oxygen (SaO2) average ≥ 90% and minimum ≥
85%; and apnea-hypopnea index (AHI) 5…15

Moderate OSA: Daily when activity is low and the
situation requires moderate concentration (e.g., driving a
car, attending a meeting, watching movies); SaO2 average
<90% and minimum ≥ 70%; and AHI 16…30

Severe OSA: For daily tasks that require activity or clear
concentration (e.g., driving a car, conversation, eating,
walking); causes significant harm to social life and work;
SaO2 average < 90% and minimum < 70%; and AHI > 30.
The aim of this article is to discuss the status of a moderate
AHI patient.
II. MEDICAL DEVICES
A. CPAP
CPAP is treated moderate to severe cases of OSA. CPAP
creates positive pressure in mouth and throat area, and then
helps breathing during sleep. It has a pump that gives positive
pressure through air tube to a nasal or face mask worn by the
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patient. Fig. 1 shows an example of patient using a CPAP
device.

Fig. 1 An example of patient with CPAP device

The CPAP system helps the airflow to lungs and prevents
breathing pauses. For some people, the nose mask is not good,
so the face mask is used. The face mask gives positive
pressure to the airways, but simultaneously it presses lower
jaw backwards, and then obstructs airway to the lungs.
B. Oral and Dental Appliances
Oral appliances can also work for people with sleep apnea
[20]. These devices are more comfortable than wearing a
mask, as they are portable and the subject can talk and drink
water while wearing them. An oral appliance fits like a
retainer. It works by keeping jaw and tongue in a forward
position so that they cannot block the airway even after the
airway muscles fully relax in deep sleep. Since people grind
and clench while sleeping in order to reopen a collapsed
airway, sleeping with an oral appliance can eliminate the need
to grind and eventually temporomandibular (TMD) symptoms.
A nightguard will protect the teeth from the forces of grinding
but can increase grinding by increasing the blockage in the
airway. An oral appliance treats the root cause—sleep apnea—
thereby eliminating the need to grind in the first place.
Orthodontic appliances bring the mandible and tongue
forward, keep the lower pharynx open and help breathing
during sleep. For example, tongue retaining devices (TRD)
and mandibular advancement appliances (MAA) are such
devices.
Oral appliances are used only during sleep; they reposition
the lower jaw, tongue, soft palate or uvula and maintain an
unobstructed airway. They protrude the mandible, keep the
tongue forward, and prevent upper airway collapse during
sleep. They significantly reduce breathing pauses. They
improve airflow for some patients with apnea. They reduce the
snoring, but the disadvantages of oral appliances are that the
reciprocal forces generated on the teeth and jaw by mandibular
advancement splints result in dry mouth, gum soreness,
salivation, tooth pain, headaches, and TMD problems [21].
For many people, dental devices are considered more
comfortable than CPAP masks. CPAP users can have dry,
itchy noses. Oral devices do not have these problems. There is
less equipment to become entangled in or knock off during
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sleep for patients who move a lot during sleep. There is
significantly less equipment involved and the device is,
therefore, is an easier system in traveling [22].
Dental appliances can help patients with mild sleep apnea
(not recommended for moderate to severe sleep apnea),
patients with primary snoring (in absence of sleep apnea),
patients who have tried and failed at CPAP therapy, and
patients who were unsuccessful with or refused surgeries, such
as tonsillectomy, adenoidectomy, craniofacial operations, or
tracheostomy. In combination with a CPAP device, these
devices can reduce a patient's AHI for more tolerable air
pressure settings.
Mouth devices can be bought custom-made or over the
counter. Whatever type is chosen, there is a need to see a
dentist to have it fitted. A mandibular advancement device
(MAD) looks like a mouth guard that athletes wear. It snaps
over the top and bottom teeth. This makes the lower jaw ease
forward, which keeps the tongue and soft palate stable so that
the airway stays open during sleep. Tongue-retaining devices
work like a splint that holds the tongue in place to keep the
airway open. Doctors do not prescribe it as often as the MAD.
It can be harder to get used to and is less comfortable.
C. Tennis Balls to the Back of the Pajamas
Most sleep problems emerge when sleeping on back. And
then the airway to the throat can be blocked. Sleeping on one’s
side may improve symptoms. To prevent rolling onto the back
during sleep, some doctors suggest patients to pin a tube sock
filled with a couple of tennis balls to the back of their pajamas.
D.Nerve Stimulation Devices
When the tongue and other tissue in the throat fall back and
block the airway, a small device called a hypoglossal nerve
stimulator can help [14]-[16].
E. New Possible Devices in the Future
Nukute [23] combines a tracheal sensor, an accelerometer, a
pulse oximeter, and a secured cloud-based application into a
novel method for screening and diagnosis of sleep apnea.
Nukute makes AHI measurement more comfortable,
accessible, and affordable. It can be used in clinics and home
settings. It measures air flow via a tracheal sensor and SPO2.
It can be used simultaneously with a CPAP mask; it has a
gravity meter that detects the sleeping position. A customized
AHI report can be downloaded after completing a test.
III. AN EXAMPLE OF PATIENT
A. Case —67-Year-Old Man
The patient had been diagnosed in 2010 with moderate
OSA. Total AHI was 18/h, sleeping on back AHI 59/h,
average SaO2 was 93%, and minimum SaO2 was 80%. The
patient weighed 93 kg. The treatment started by CPAP in 2011
and has been going well, since the patient has adapted to this
treatment. A specialized nurse has been conducting the annual
follow-up. The patient has a C-driving license, but he is not
driving professionally. Other illnesses are tablet-treated
diabetes II, hypercholesterolemia, hypertension, and idiopatic
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trombosytopenic purple (ITP).
The patient came from sleeping clinics of the university
hospital clinic for a doctor’s evaluation. The main reason for
the appointment was that the patient was using a bruxism rail
over his upper teeth, and the dentist had diagnosed also lower
teeth wear. The dentist had proposed a rail for the lower teeth
but not a sleep apnea dental appliance. The dentist was
wondering if the CPAP treatment was still possible after those
rails. Now the CPAP-treatment works well. The patient uses
CPAP system regularly and is satisfied with this treatment.
However, the CPAP device is difficult to use while traveling
and especially when there is no electricity; in such instances,

he uses no device at all.
At the moment, there are no alertness management
problems. There are never naps during driving. The patient
uses an automatic CPAP-device and a face mask. The status is
good: patient is alert and well-reacting. His health data are as
follows: height: 174 cm; weight: 94 kg; BMI: 31; ESS points:
2; GHQ-12 points: 2. CPAP-device information is as follows:
autoset CPAP-pressure limits 10-16 cmH20; EPR-level 2.95
percentile treatment pressure 13.9 cmH2O; and maximum
treatment pressure 15.1 cmH2O; remaining AHI: 1.8; median
usage hours 100 % per last month; and median usage: 6
h/night. Figs. 2-6 show the statistics.

Fig. 2 Summary statistics of the CPAP over 2018

Fig. 3 Summary of pressure over a month

Fig. 4 Summary of leak over a month

International Scholarly and Scientific Research & Innovation 13(10), 2019

432

scholar.waset.org/1999.9/10010810

Digital Open Science Index, Medical and Health Sciences Vol:13, No:10, 2019 waet.org/publication/10010810

Digital Open Science Index
International Journal of Medical, Health, Biomedical, Bioengineering and Pharmaceutical Engineering Vol:13 No: 10, 2019

Fig. 5 Summary of AHI & AI over a month

Fig. 6 Summary of usage over a month

IV. DISCUSSION
CPAP-treatment is working technically well, and respiration
blocks have not existed in the 2011-2019 treatment and
follow-up window. According to sleep clinics, no special
apnea rail is necessary, but on the other side, there are no
problems in combined simultaneous use. The patient was
guided to discuss options again with his dentist, as the
responsibility was transferred to the dentist. If the sleep apnea
rail is implemented and it helps in the wear of teeth and also
helps alleviate apnea, there might rise a need to refit the face
mask, might arise or at least refit the tightening belts, which a
specialized nurse at the sleep clinic can do.
In the future, if apnea rails are utilized and are sufficient
treatment alone, and if the patient wants to test the
effectiveness of the rails, a sleep clinic can measure this via
night polygraphics. For now, regular CPAP treatment and the
follow-up continue at the sleep clinic. Driving health
requirements have been fulfilled in terms of the driving
license.
Traveling difficulties were not considered at all. However,
professional drivers are on the road continuously; therefore,
this kind of examination does not help. Lighter systems should
be available for persons who travel more. Similarly, persons,
who are active hikers, cannot carry heavy CPAP systems with
them, resulting in a number of nights in which sleep is not
supported by CPAP devices. This way of treatment hinders
patients from their active life. There exist many potential
technical development possibilities in the treatment of OSA
[8].
V. CONCLUSION
There are many situations in which CPAP treatments are
difficult to employ, for example, in traveling. Sleep apnea can
be connected to bruxism, which is aided by face masks that
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press the lower jaw backwards. There are many possibilities
for better technical devices that could be developed in this
field.
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