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ABSTRACT
This study aimed to provide an overview of the diagnostic methods and treatments for snoring and obstructive sleep apnea syn-
drome. The average incidence of snoring is 40% among men and 20% among women aged 30–60 years. The average incidence 
of obstructive sleep apnea syndrome is 4% among men and 2% among women. These data are close to the incidence of diabe-
tes and are twice as high as that of severe bronchial asthma. Currently, approximately 1 billion people have obstructive sleep 
apnea syndrome. The average incidence rates of snoring and obstructive sleep apnea among children are 27% and 1.2%–5.7%, 
respectively, with peak incidence recorded at the age of 2–8 years because of the hypertrophy of the tonsils and adenoids. 
In this study, modern diagnostic methods and treatments for snoring and obstructive sleep apnea syndrome are considered. 
A complex approach to patient treatment justified.
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Обзор современных методов диагностики и лечения 
храпа и синдрома обструктивного апноэ сна
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АННОТАЦИЯ
Представлен обзор методов диагностики и лечения храпа, в том числе осложненного синдромом обструктивного ап-
ноэ сна. В среднем распространенность храпа отмечается у 40 % мужчин и 20 % женщин в возрасте от 30 до 60 лет, 
у 4 % мужчин и 2 % женщин — синдром обструктивного апноэ сна. Данные по распространенности синдрома об-
структивного апноэ сна близки к распространенности сахарного диабета и в 2 раза превышают частоту встречаемости 
тяжелой бронхиальной астмы. По последним данным, на сегодняшний день не менее 1 млрд человек во всем мире 
страдают синдромом обструктивного апноэ сна. Распространенность храпа отмечается у 27 % детей, синдрома об-
структивного апноэ сна — у 1,2–5,7 %, пик распространенности — 2–8 лет, что связано в основном с гипертрофией 
миндалин и аденоидами. Рассмотрены существующие на сегодняшний день методы диагностики и лечения храпа 
и синдрома обструктивного апноэ сна и обоснован комплексный подход к ведению пациентов, страдающих этим за-
болеванием.

Ключевые слова: храп; апноэ; полисомнография; индивидуальные каппы.
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BACKGROUND
Snoring is an acoustic phenomenon caused by the 

vibration of laryngeal and pharyngeal soft tissues dur-
ing inhalation, with incomplete obstruction of the up-
per airways [3]. Snoring was once considered a sign of 
good health; however, it causes sleep disturbance and 
decreases work capacity. Recently, snoring has been rec-
ognized as a disease (ICD 10 code R06.5). It can some-
times reach a volume of 112 dB, which is comparable to 
a powerful siren. Although snoring does not have seri-
ous consequences, it is often associated with obstruc-
tive sleep apnea syndrome (OSAS; ICD 10 code G47.3). 
The causes of OSAS include excessive body weight, pa-
thology of ENT organs, and dentomaxillofacial anoma-
lies, primarily mandibular retrognathia [4, 5]. OSAS, 
a sleep-breathing disorder, is characterized by the ces-
sation of lung ventilation for >10 s. In severe cases, this 
period can last 2–3 min. Prolonged apnea leads to hy-
poxia and hypercapnia, resulting in metabolic acidosis 
and worse symptoms. Upon reaching a certain threshold 
of these changes, an individual undergoes awakening 
or transitions to the superficial stage of sleep. At this 
stage, the tone of the muscles in the pharynx and mouth 
increases, leading to the restoration of airway patency. 
This is often accompanied by a series of deep breaths, 
typically accompanied by loud snoring. As the blood 
gas parameters normalize, a deeper phase of sleep 
begins [6].

In patients with OSAS, blood pressure increases 
significantly during an apnea episode, which can cause 
serious complications. Patients with OSAS may experi-
ence cardiovascular and pulmonary disorders because 
during apnea, bradycardia occurs, which is then replaced 
by tachycardia upon normal ventilation restoration [7]. 
Apnea episodes can reach 10–15 per hour and affect up 
to 60% of the night’s sleep time. In addition, some cases 
have asystole periods lasting 8–12 s and severe tachyar-
rhythmias. These heart rhythm disturbances can lead to 
sudden death during sleep. To evaluate the association of 
OSAS with the risk of sudden death in sleep, research-
ers at the University of Pennsylvania conducted a sys-
tematic review of 22 studies involving 42,000 patients 
worldwide [8]. The meta-analysis revealed that patients 
with OSAS have a twofold higher risk of sudden death 
compared with those without OSAS. OSAS also increases 
the risk of death from cardiovascular disease by twofold. 
Furthermore, episodes of asphyxia and frequent night-
time activations can lead to secondary pathophysiologi-
cal disorders, including neuropsychiatric and behavioral 

changes, decreased memory and intelligence, personality 
changes, and daytime sleepiness that persists through-
out the day regardless of activity [9, 10]. OSAS can lead 
to a decrease in performance and threatens life. For 
instance, a study demonstrated that drivers with OSAS 
are involved in accidents 2–3 times more frequently 
[9, 10].

Diagnostic methods for snoring and OSAS
Polysomnography is the only reliable method for di-

agnosing snoring and OSAS. It can be performed in a hos-
pital or at home for 8 h. During sleep, 18–24 sensors are 
attached to the body to record physiological parameters 
such as body position, respiratory and cardiac param-
eters, eye and limb movements, chin muscle tone, brain 
activity, chest and abdominal wall excursions, satura-
tion, oronasal airflow, and snoring [11]. Polysomnogra-
phy enables a dependable evaluation of the disease form 
and severity and associated sleep disorders, including 
bruxism [12, 13]. According to the classification of the 
American Academy of Medicine [14], four types of poly-
somnography are available. Type 1 is the most reliable, 
is performed in a hospital, and requires medical person-
nel. Types 2–4 do not require an inpatient stay, and the 
study is recorded on the polysomnograph memory card. 
Computerized pulse oximetry and respiratory and car-
diorespiratory monitoring may be performed to deter-
mine the need for polysomnography. Pulse oximetry is a 
screening diagnostic method used to determine the blood 
oxygenation level. It can establish moderate and severe 
degrees of OSAS because cyclic drops in oxygen levels 
occur in these cases [15]. Respiratory and cardiorespi-
ratory monitoring is more accurate and, in most cases, 
allows for the diagnosis of snoring and OSAS. However, 
they are limited to recording oxygenation, respiratory, 
and cardiac activity parameters.

CONSERVATIVE TREATMENT
Both surgical and conservative methods are used to 

treat snoring and OSAS. Conservative treatments include 
position therapy and the use of standard or customized 
mouthguards during sleep and electronic devices.

Position therapy methods are based on the idea 
that breathing disorders worsen when lying on one’s 
back, as the soft palate, uvula, and root of the tongue 
move backward. Elevating the head can prevent these 
movements; thus, tilting the patient’s bed and us-
ing orthopedic contoured pillows are recommended to 
maintain an optimal head position and reduce snoring. 
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Fig. 1. Individual rigid mouth guard with neuromuscular and mandibular position regulation
Рис. 1. Индивидуальная жесткая лабильная каппа с нейромышечной регуляцией и регуляцией положения нижней челюсти

In cases of position-dependent snoring, a recommend-
ed solution is to sew a pocket between the shoulder 
blades of the nightgown and place a tennis ball or min-
iature bells inside. This will prevent the patients from 
sleeping on the back and help them adopt a different 
sleeping position. However, this method can induce 
insomnia.

The use of intraoral mouthguards during sleep is con-
sidered the most effective treatment for patients with 
mandibular retrognathia-associated snoring [16, 17]. 
Mouthguards come in standard silicone, which fix the 
mandible in a given position, or thermolabile, which reg-
ulate the mandible’s position. To use the thermolabile 
mouthguard, it is placed in hot water for a few minutes 
after fitting and then inserted into the mouth. A disad-
vantage of the latter approach is the subjective nature of 
determining the correct position of the mandible, which 
can negatively affect the treatment outcome or even lead 
to the development of temporomandibular joint (TMJ) 
dysfunction. Individual nonlabial mouthguards with a 
fixed mandibular position are also introduced, which al-
low for the reliable determination of the correct position 
of the mandible but do not permit the patient to make 
mandibular movements, including yawning or sneezing. 
S.P. Rubnikovich, Doctor of Medical Sciences, Professor, 
and Rector of the Belarusian State Medical University, 
suggested the most accurate and comfortable mouth-
guard. Sergey Petrovich proposed an original design for 
an individual rigid labial mouthguard with regulated neu-
romuscular and mandibular positions. The patient’s upper 

and lower teeth are scanned to create the appliance. 
The mouthguard’s contact points with the teeth are evalu-
ated after computer modeling in the articulator. The posi-
tion of the mandibular head in the TMJ is assessed based 
on computer tomography results. Electromyography is 
used to consider the tone of the masticatory muscles. 
When designing the appliance, the position of the man-
dible is determined to ensure maximum airway patency. 
The airway volume can be adjusted by >2.5 times if ne-
cessary. The mouthguards are modeled and printed on 
a 3D printer and then fitted. The design of the appliance 
includes an adjustable screw to allow for mandibular 
movements (Fig. 1).

Electronic devices are available for treating snoring. 
These devices detect snoring and send electrical signals 
through conductive electrodes to the surface of the pa-
tient’s skin for 5 s. This causes the sleeping person to 
change sleeping positions and change from the deep to 
superficial sleep phase while increasing the tone of the 
laryngeal and pharyngeal muscles.

Extraoral devices are available to treat snoring, such 
as stickers on the wings of the nose or special clips that 
facilitate nasal breathing, and bandages on the chin that 
limit lower jaw movements. However, their effectiveness 
is not always guaranteed.

Constant positive airway pressure (CPAP) devices are 
commonly used to treat patients with moderate to severe 
OSAS [18, 19]. The technique involves slightly inflating the 
airways during sleep, which prevents pharyngeal soft tis-
sues from collapsing and eliminates the main mechanism 
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of snoring. Different types of CPAP devices are available, 
including automatic and nonautomatic CPAP, as well as 
two-level bipositive airway pressure (BiPAP). Nonau-
tomatic CPAP delivers air at a fixed pressure, whereas 
automatic CPAP allows for pressure adjustment within 
a predetermined range and can detect apnea episodes, 
increasing airway pressure accordingly. BiPAP allows for 
separate pressure adjustment during inhalation and ex-
halation; thus, it is suitable for patients with respiratory 
insufficiency.

To prevent OSAS, recommendations include losing 
weight, quitting smoking, and limiting intake of alcohol 
and sleeping medications. Strengthening the palatal, na-
sopharyngeal, and laryngeal tissues can be achieved by 
playing the Australian didgeridoo. The following exercises 
are prescribed for snoring:

 • Moving the jaw back and forth and preventing 
forward movements by pressing on the chin with 
the palm or fist. Thirty repetitions are recom-
mended.

 • Clamping a wooden stick in the teeth and holding 
it for 3–4 min.

 • “Moving” the root of the tongue back toward the 
throat. The mouth should be closed, and breathing 
should be done through the nose. Thirty repetitions 
are recommended.

 • Making 10 circular movements of the lower 
jaw, first clockwise and then counterclockwise. 
The mouth should be ajar.

 • Pressing the tongue on the upper palate for 1 min 
with force. Three attempts with 30-s intervals are 
recommended.

 • Pronouncing aloud 20–25 times vowel sounds “I” 
and “u,” with a strong tension of the neck muscles.

SURGICAL TREATMENT
If conservative therapy is ineffective or snoring must 

be treated, surgery may be prescribed. Indications for 
surgical treatment include uncomplicated snoring, ab-
sence of significant obesity, elongated and hypotonic 
palatine uvula, moderately redundant soft palate, normal 
pharyngeal structure type, and absence of other signifi-
cant causes of upper airway obstruction such as nasal 
obstruction, tonsil hypertrophy, obesity, or retrognathia 
of the mandible [20]. The following procedures are the 
most common:

Uvulopalatoplasty corrects the soft palate, palatine 
palate, and uvula. The surgeon makes incisions to form 
a framework that compacts the tissues and increases the 
airway’s lumen.

Uvulopalatopharyngoplasty, also known as staphylo-
plasty, involves the removal of an enlarged palatine uvula 
and palatine cords.

Injection plasty, also known as snoreplasty, involves 
injecting a hardening agent into the area beneath the 
uvula. This reduces the tissue volume and tightens the 
soft palate, which can help alleviate snoring.

Laser ablation reduces the size of the palate and 
uvula, thereby minimizing unwanted vibration.

The Pillar procedure involves the insertion of micro-
scopic implants made of complex polyester into the soft 
palate that provides structural support and strengthens 
the soft palate.

CONCLUSIONS
Effective management of snoring and OSAS requires 

a comprehensive approach and accurate diagnosis. 
The treatment strategy chosen depends on the combina-
tion of factors that contribute to this pathology and its 
severity. To confirm the diagnosis, patients suspected 
of having OSAS require cardiorespiratory monitoring or 
polysomnographic examination. In most cases, a team of 
specialists from various fields is necessary.
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