Review Article

Obstructive Sleep Apnea Syndrome - A Scoping Review
Dr Asal Acharya,1 Dr Rabindra Man Shrestha,2 Dr Pratistha Thapa,3 Dr Diwash Adhikari4

1

Orthodontist, 2Professor, 4PG Resident,

Department of Orthodontics, Kantipur

Obstructive sleep apnea syndrome (OSAS) is possibly a life-threatening syndrome which
is characterized by episodes of complete or partial upper airway obstruction and frequent
decrease in blood oxygen saturation. Herein we present an article about the overview to
OSAS, which materialized after reviewing related articles available on internet. It discusses
general introduction, pathophysiology, risk factors, diagnosis, classification, management and
consequences relating to OSAS. As airway is an integral part of orthodontics, oral appliances for
management of OSAS are also discussed with one case presentation along with two designs of
mandibular advancement devices (MAD). Different studies about oral appliances used in the
management of OSAS along with their inference are presented in a tabulated form.
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INTRODUCTION

obstructive apnea, although there is persistent respiratory

How many a times have you heard your friend saying “You
do not let me sleep because of snoring, I shall not sleep
in the same room with you”, or your teacher tells you
“Did you have proper sleep last night? You look sleepy”
or you being nicknamed as sleepy-head in your group. You
definitely might have seen your father/uncle doze off while
watching TV or your friends having nap in the middle
of an interesting lecture. Or, in the worst case you must
have read the news headline reading as “reason behind the
accident is driver fell asleep while driving”. Well, if you ask
the reason for above mentioned cases, you will find the
same answer that they were not aware of it or they cannot
help the situation for feeling sleepy. The most likely reason
is a condition called Obstructive Sleep Apnea/Apnoea
Syndrome (OSAS).

Charles Dickens in 1837 and was clinically described by
Guilleminault, Tilkian and Dement in 1976.1 OSAS is a
clinical disorder with the presence of cessation of breathing
inspite of insipiratory effect during the sleep.2 There are
other sleep-related breathing disorders (SRBD) as well.
However, OSAS comprises majority of SRBDs3 which has
been discussed in this article.
be

even more pronounced. Combination of these two
conditions is termed as mixed sleep apnea.4
Clinical History and Examination
Clinician should obtain detailed medical history and
perform clinical examination of the patient. Patient should
preferably be accompanied by a person who is aware about
the nocturnal behavior of the patient. These includes
proper evaluation of nose, oropharynx and hypopharynx
(NOH), height, weight and BMI evaluation. Assessment
of oral airway patency is done using modified Mallampati
score.5 Other predictors of OSAS are Friedman tongue/
tonsil size, measured thyroid-mental distance (TMD) and

of

three

Self-assessment questionnaires are available to check
if one requires medical consultation. Some of these
questionnaires are as follows:
1.

Epworth Sleepiness Scale (ESS)8

2.

Berlin Questionnaire9

3.

STOP BANG Questionnaire10

Clinical Findings2,3
central,

Nocturnal symptoms include loud snoring, witnessed

obstructive and mixed. In central apnea, cessation of

apneas, gasping for breath during sleep, abnormal motor

both breathing and breathing movements are present. In

activity during sleep, nocturnal enuresis and insomnia.
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can

obstruction, where breathing movements typically become

hyoid-mental distance (HMD).6,7

OSAS was initially referred to as Pickwickian syndrome by

Apneas

effort cessation of breathing occurs because of airway

different
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types:

Diurnal symptoms include unexplained excessive daytime
sleepiness, sudden excessive drowsiness occurring at
inappropriate times causing an irresistible urge to sleep (in
the middle of conversation or during meal), restless sleep,

Classification
According to Messiha et al. OSAS can be classified as
follows.1,4

trouble in concentrating, difficulties at work or study,

1.

Mild OSAS: AHI 5–15 events/hour

gradual intellectual deterioration, performance deficit,

2.

Moderate OSAS: AHI 15–30 events/hour

deterioration of memory and judgement, mood swings,

3.

Severe OSAS: AHI>30 events/hour

irritability, nasal obstruction, morning headaches, fatigue,

Prevalence

anxiety, depression and sexual dysfunctions.

In USA, 2% female and 4% male suffer from sleep apnea.13

Cephalometric characteristics of OSAS patient include

In Germany about two million people were assumed to

retruded mandible, retruded maxilla, posterior vertical

be suffering from OSAS.3 One study has shown OSAS to

11,12

height deficiency and backwardly placed tongue.

affect 10% adults14 and another study shows that at least
75% of adult OSA-patients are not yet diagnosed.15 In a

Diagnosis

study conducted in North India, OSA was found to be

Polysomnography (PSG) is the gold standard investigation
to diagnose and classify any SRBD. Polysomnography can
measure heart rate, respiratory rate, air passage through the

prevalent in 9.3% individuals.16
Pathophysiology

nostrils, movements of the chest and abdomen, movement

Upper airway is composed of various muscles and soft

of the limbs, oxygen saturation, activity of the extraocular

tissue but lacks bony support, which is collapsible because
of the lack of rigidity.17 Thus, it predisposes to OSAS.

2

muscles and electroencephalography.

Apnea is defined as the transient or complete cessation of
respiration for at least ten seconds. Hypopnea is defined
as an inspiration with a reduction of 50% or more of the
tidal volume of the same patient during a normal quiet

Pathophysiology behind the events of apnea and hypopnea
repeating throughout the patient’s sleep is shown in Figure
1a. Biochemical basis behind the pathophysiology is
shown in Figure 1b.

inspiration when he/she is asleep1 or reduction in tidal

Another hypothesis is the role of nocturnal rostral fluid

volume accompanied by a 4% or greater fall in blood

shift. Higher prevalence of OSAS in fluid retaining

oxygen saturation lasting for more than ten seconds. The

disorders like heart failure suggests the role of fluid retention.

number of episodes of apnea or hypopnea per hour during

Fluid retention occurs in intravascular and interstitial spaces

sleep is termed as apnea/hypopnea index (AHI). OSAS

of legs due to gravity at the day period which distributes

is diagnosed if episodes of apnea/hypopnea is above four

rostrally during sleep. Some of these fluid accumulate in the

2

neck, causing airway to narrow/close causing OSAS.18

1

score as shown in PSG.

Throat muscles relax
causing the tongue and/or fatty tissues of the throat
to fall back into the airways

Brain
returns to sleep and the
process begins once again

Blocks
airflow which reduces
blood flow to the brain

Loud
gasping, choking, or
snorting sounds as the person
takes a deep breath to fight
the obstruction

Signals
the brain to partially
awaken from sleep and also
signals the body to
breathe

Figure 1a: Pathophysiology of OSAS

Impaired neuromuscular tone and increased respiratory effort
to maintain airflow through a constricted/blocked airway

Resumption of
airway patency and
normal airflow, with
subsequent return to sleep

Increased serum
CO2 (hypercarbia) and
decreased serum O2
(hypoxemia)

Increased
sympathetic activity heart rate, BP, arrhythmia

Causes a cortical
arousal from sleep

Figure 1b: Biochemical basis of OSAS
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Risk Factors

c) Respiratory support

Risk factors for OSAS include middle aged male, pregnant

Positive airway pressure (PAP) provide pneumatic support

female, postmenopausal female, use of sedatives, smoking,

by increasing the upper airway pressure above ‘critical

alcohol, obesity, overweight, hypertension, chin throat

value’ (below which airway collapses). The air-pressure

angle greater than 110o, increased neck circumference,1

is applied to the patient through nasal or oronasal mask.

retrognathic mandible, large tongue, enlarged tonsils

Continuous PAP (CPAP), autotitrating CPAP and bilevel

and

space.

PAP are the newer modalities of PAP therapy. These are

upper airway sensory

considered to be the gold standard in the treatment of

narrow

upper/middle/lower
19

Hypothyroidism, hyperlipidemia,

pharyngeal

neuropathy and impaired sensory processing17 are also
consistent risk factors in developing OSAS.
Management

OSA.22
d) Intra-oral appliances
Oral appliances are preferred in patient with mild to

Management of OSAS can be divided into following

moderate OSAS. In severe OSAS patient, oral appliances

headings:

are only preferred in cases who are intolerant to CPAP.

a)

Treatment of the cause

The most commonly used oral appliances are mandibular

b)

Lifestyle modification

advancement devices (MAD). Other oral appliances are

c)

Respiratory support

soft-palate lifters and tongue-retaining devices.23 MAD

d)

Intra-oral appliance

advances lower jaw in relation to upper jaw which will

e)

Surgery

cause pharyngeal fat pad to be relocated laterally and

a) Treatment of the cause

tongue base will move forward.22 This will consequently
widen the pharyngeal airway. Functional appliances may

Treatment should focus on elimination of the cause

be considered in certain cases who have craniofacial

whenever identifiable.

anomalies increasing the risk of development of OSAS.

b) Lifestyle modification
1.

Surgeries such as uvulo-palatopharyngoplasty (UPPP),

Positional Therapy: Supine position is associated with

maxillo-mandibular advancement osteotomy, advancement

greater frequency of apneas as it affects the position of

and repositioning of hyoid bone, surgically assisted

tongue and soft palate due to gravity. Postural therapy

rapid maxillary expansions, genioglossus advancement,

prevents the patient from sleeping in supine position.

hypoglossal nerve stimulation augment the increment

Postural therapy can be obtained with a) two or three

of dimensions of pharyngeal airway which consequently

tennis ball sewed at back of patient’s sleeping dress, b)

manage the OSAS.2,22

Exercise: Recent meta-analysis suggested proper
exercise for 3-6 months reduces the AHI by ~32% in
21

adults with OSA.
4.

CNS depressants are considered to be predisposing
factors for OSAS. Avoiding such factors like alcohol,

5.

Case Report
A 30-year-old male presented with the chief complaint of
loud snoring and excessive day time sleepiness. PSG test
showed AHI of 42 events/hour. As he was diagnosed with
severe OSAS, auto-CPAP along with lifestyle modifications

smoking, sedatives, etc. plays important role in the

were advised. Patient could not tolerate wearing CPAP

management of OSAS.2

machine (average wear time for 15 consecutive nights was

Musical/Singing exercise: Singing or playing musical
instruments (such as flute, harmonica, pianika)

34

e) Surgery

high BMI is associated with OSAS.4

supine alarm devices, or c) positional pillows.20
3.

enlarges the airway improving the respiratory function.24,25

Weight Reduction: Weight reduction can have
beneficial effect on management of OSAS patients as

2.

These appliances hold the lower jaw forward which then

around 2 hours). Hence, patient was referred for intra-oral
appliance.

will improve muscle tone making the palatal and

Patient’s lateral cephalograms on centric occlusion and

pharyngeal musculature less prone to collapse.2

edge-to-edge bite revealed increment in lower pharyngeal
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Figure 2: Lateral cephalogram showing increased
pharyngeal dimensions when mandible is advanced

Figure 3: MAD made from vacuum forming sheets

Figure 4: MAD with bilateral jack-screws (frontal and lateral views)
airway space (Figure 2). MAD was fabricated with a

repetitive hypoxia, sympathetic nervous system activation

vacuum forming sheets. Lower portion of the appliance

and systemic inflammation caused by OSAS.18

was attached to upper portion on edge-to-edge bite
(Figure 3). This allowed the patient’s lower arch to lie
forward while the patient sleep, consequently improving
OSAS. After 2 weeks of appliance use, PSG test with the
appliance showed AHI of 14 events/hour. Another MAD
was fabricated with bilateral expansion screws to further
advance the mandible (Figure 4). Contraindications and
side effects of MAD should be evaluated before prescribing

If untreated, OSAS can cause health consequences like
hypertension, stroke, heart failure, coronary artery disease,
cardiac rhythm problems, Type 2 diabetes, gastroesophageal
reflux disease, nocturnal angina, hypothyroidism, or
neurocognitive difficulties. Exacerbation and difficulty
in controlling of existing cardiovascular disease is
another complication of OSAS. Arrhythmias, angina and

MAD.26 In the absence of any contraindications, lower

myocardial ischaemia may occur.

arch can be advanced 50-70% of the maximum protrusive

A study has shown that OSA patients have more accidents

limit of the patient.27

than age- and sex-matched control subjects, especially when

DISCUSSION

severe OSA is present.28 Childhood growth interruption,
pregnancy-induced hypertension, fetal growth retardation,

The Sleep Heart Health Study reported that prevalence

and disruption of the patient’s bed-partner’s sleep quality

of hypertension increases as sleep disordered breathing

are its other consequences.28 Untreated OSA are 10 times

severity increase.28

more likely to die from a motor vehicle accident compared

Cardio-vascular and pulmonary complications caused by

with the general population because of impaired driving

OSAS adversely affects the quality of life of patient and

performance.30-32

his/her near ones. A study found that sleep apnea can raise
the risk of stroke by two to three times.29

Figure 5 demonstrates the flow-chart for treatment
approach for patient suffering from OSAS. Studies have

Hypoxaemia leads to inadequate tissue oxygenation and if

shown majority of OSAS patients prefer oral appliances

prolonged causes hypertension and other cardiac problems.

to CPAP, and compliance being better for oral appliances.

Cardio vascular complications are mainly related to

Oral appliances have a definite role in the management

Vol. 1 No.1 Issue 1, Jul-Dec 2020

35

Treatment of the cause should be given first priority

Consider lifestyle
modification and
MAD before CPAP

Consider CPAP/MAD
along with lifestyle
modification

If AHI 5-15/hour

If AHI 15-30/hour

Consider CPAP/
surgery along with
lifestyle modification
If AHI > 30/hour

Figure 5: Flow-chart for treatment of OSAS
Table 1: Studies related to intraoral appliances used for the management of OSAS
Study

Inference
Different designs of MAD generally resemble a functional appliance: full coverage upper part with lower part
constructed in a protrusive working bite.

Battagel (1996)2

MAD must have good retention, sufficient protrusion and as little vertical opening as possible.
There was significant increase in minimal pharyngeal cross-sectional area following insertion of mandibular
advancement devices.

Gale et al (2000)35

All patient being treated with mandibular advancement devices should be investigated by PSG test before and
after advancement.

26

Petit et al. (2002)

MAD are contraindicated if there are insufficient number of teeth to support the device, mobile teeth,
periodontal problems, active temporomandibular joint disorder or limited maximum protrusive distance
(<6mm).
Multidisciplinary approach is needed for an attainment of optimal treatment results from MAD.
Intraoral mandibular advancement appliances were associated with significant improvements in AHI and upper
airway closing pressure.

Andrew et al.
(2003)36

Oral appliances are emerging as an alternative to CPAP for treatment of OSAS.
Compared to CPAP, intraoral appliances though less efficacious in reducing AHI, appear to be used more and
were preferred over CPAP.

Ferguson et al.
(2006)37

Minor adverse effects were expected with intraoral appliances whereas major adverse effects were uncommon.
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Hoffstein (2007)

Lazard et al. (2009)23

Spicuzza et al.
(2015)22

Mageet et al. (2015)34

Agarwal et al.
(2016)38
Basyuni et al.
(2018)39

Oral appliances successfully “cure” mild/moderate OSA in 40–50% of patients, and significantly improve it in
additional 10–20%.
Individual responses to oral appliance therapy varies, and therefore it is necessary to approach each patient on
an individual basis.
Tongue-retaining device performance tended to be similar to that of the mandibular advancement device.
Nasal obstruction should be taken into considerations as its contraindication.
Continuous positive airway pressure (CPAP) is still recognized as the gold standard treatment.
Custom made MAD are effective in mild to moderate OSA and provide a viable alternative for patients
intolerant to CPAP therapy.
Mandibular Repositioning Appliances improves the inspiratory and expiratory total air after wearing the
appliance.
Intraoral appliances may be useful alternative or adjunct to CPAP device in selected patients with snoring and
mild to moderate OSA.
Orthodontists are well suited for treatment of OSAS due to their expertise in growth and development of
oro-facial/dento-facial structures as well as orthopedic, orthodontic and surgical correction of the jaws and
supporting tissues.
In mild to moderate OSAS, use of MAD is beneficial and cost-effective.
In severe OSAS, MAD should be considered for only those who decline or cannot tolerate CPAP.

Sato et al. (2019)40

Under-graduate and post-graduate education on sleep medicine should be enhanced in order to enable the
dentists to participate actively in management of OSAS.

Venema et al.
(2020)41

CPAP and MAD demonstrate stable effects after a 10-year follow-up period for management of OAS.

Tong et al. (2020)42

A novel oral appliance with an in-built oral airway reduces OSA severity, including in those with high nasal
resistance.
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of snoring and sleep apnea though not as effective as
33,34

CPAP.

Table 1 enlists different studies about mandibular

advancement devices (MAD) along with their respective
inference.
It is well known that sleep may regain its restorative
function and daytime performance may improve after
treatment. Risk of cardiovascular diseases and accidents
can be reduced if OSAS is diagnosed in time and treated
successfully.

night until treatment is done. This happens while the
patient is sleeping. So, wake up and ask yourself “Are you
really sleeping while you think you are sleeping?”
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PSG of an OSAS patient can show the cardiac and cerebral
functional activity to be similar to that of an athlete during

J KDC

a race. So, the heart and mind might be running 100 meter
race while the patient is sleeping. And this will occur every
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