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ODI Oxygen desaturation index
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OSA Obstructive sleep apnea
PAP Positive airway pressure
POSA Positional obstructive sleep apnea
PT Positional therapy
QOL Quality of life
SCT Stimulus control therapy
SRT Sleep restriction therapy
SWS Slow wave sleep
TST Total sleep time
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12.1  Introduction

Dental sleep appliances (DSA) are preferred to continuous positive airway pressure 
(CPAP) by a majority of patients with obstructive sleep apnea (OSA) [1]. As patient 
choice is an important aspect of successful OSA therapy, this will sometimes place 
clinicians in a situation where patients who would be better treated with CPAP may 
instead choose to use a DSA. Clinicians may need to incorporate adjunct therapies 
to maximize DSA clinical outcomes.

Adjunct therapies are added to DSA therapy to improve DSA outcomes. These 
outcomes may be the reduction of OSA severity, or they may involve quality-of-life 
issues that improve the tolerance to the DSA appliance (Fig. 12.1). The decision to 
start adjunct therapy can be made at multiple places during OSA treatment, both 
before and after the provision of a DSA based on the initial case assessment or close 
monitoring of polysomnographic or qualitative improvements in sleep. We will dis-
cuss adjunct therapies based on their ability to:

 1. Improve the severity of anatomical compromise
• Single and multilevel surgical techniques.
• Weight loss.

 2. Improve sleep phenotypes
• Supine and REM OSA.

 – Positioners for supine OSA.
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Anatomical Compromise (surgical)
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Maxilla/Mandibular/Combined/Multi-level
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Fig. 12.1 Timing and indications for adjunctive therapies during dental sleep appliance therapy
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• Airway collapsibility.
 – Continuous positive airway pressure.
 – Expiratory positive airway pressure.

 3. Improve quality-of-life issues for
• Insomnia.
• Circadian rhythm disorders.

12.2  Positional Therapies

12.2.1  Positional Obstructive Sleep Apnea: Prevalence 
and Definitions

The prevalence of positional obstructive sleep apnea (POSA) is around 50% in the 
general population and as much as 75% among patients with OSA [2]. Of the 75% 
of patients with POSA, 33–35% have exclusive POSA [2]. There are multiple defi-
nitions of POSA which vary around the required ratio of the supine: non-supine 
apnea-hypopnea index (AHI) [3–9]. The prevalence of POSA varies based on the 
different scoring criteria used. A composite-criteria incorporating the percentage of 
time spent in the best and worst sleep positions and the AHI in the best position had 
a superior specificity and positive predictive value compared to the classic definition 
of a 50% difference in the supine/non-supine AHI [3, 4]. The classic definition of 
POSA was not significantly affected by changes to scoring rules for OSA from the 
2007 to 2012 criteria [10].

Positional therapy (PT) prevents or minimizes sleep in the supine position [11]. 
To achieve this, many devices use a design based on the traditional “tennis ball 
technique,” in which an external device is worn as a mechanical barrier to prevent 
rolling to the supine position. PT devices mimicking the concept of the tennis ball 
techniques include the “dorsal fin” or wedge-like devices, usually worn with a 
waistband, upper torso strap, shoulder holster, or vest to stabilize them [12]. Other 
PT options available include positional auditory alarms, vibrational alarms, vests, 
and positional pillows [13].

12.2.2  Mechanisms of Action of Positional Therapies

Positional apneics have an increased number and duration of apneas while in the 
supine position [14]. The supine position has detrimental effects on airway stability 
[15], lung volumes [16], and airway dimensions [17]. These effects may be medi-
ated by lateral versus supine head and body positions [18]. The effect of the supine 
position on the severity of apneas is maintained across both REM and NREM sleep 
[11] and is consistent over a 6-year time span in 70.4% of positional apneics [19]. 
Positional therapies act by minimizing the time spent in the supine position [6, 20]. 
It is important to note that PT has no impact on non-supine respiratory events or 
events that are sleep stage dependent such as REM apnea. Lateral snoring and the 
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Fig. 12.2 Severe positional and REM-related OSA. Examples of OSA which is severe during 
isolated periods of sleep. Panel 1: severe supine apnea. Panel 2: severe REM apnea

lateral AHI will likely remain unchanged by PT. This emphasizes the importance of 
a careful pretreatment assessment of the baseline PSG for lateral versus supine snor-
ing and apneas (Fig. 12.2).

12.2.3  Efficacy of Positional Therapy

There are no official guidelines about the use of PT as a standalone therapy either in 
patients with mixed POSA, or specifically in the 33% with supine-isolated POSA.

This subgroup of patients could be considered target candidates who would 
potentially benefit from PT as a standalone therapy; however, PT has not become 
widely adopted. Patients with exclusive POSA may be younger, less obese, and 
have a lower AHI [14, 21], lower sleepiness, higher snoring [22], and lower CPAP 
compliance [21, 23] than other apneic groups. CPAP is considered the gold standard 
therapy for OSA [24] and has generally been found to be superior to PT for treat-
ment of POSA [25–27]. Recent studies have found that PT may be non-inferior to 
auto-adjusting positive airway pressure (APAP) in mild-moderate POSA [28] and 
may be efficacious in the treatment of some obese subjects [29].

Compliance with CPAP therapy is often poor [30, 31] which compromises the 
long-term health benefits of treatment. When CPAP compliance was <50% of the 
night in severe apneics (n = 292), greater reductions in the AHI were achieved using 
PT compared to CPAP [14]. Reducing the time spent, supine significantly reduced 
the number and severity of respiratory events [12] and may have reduced the num-
ber and magnitude of the swings in air pressure needed to maintain airway patency 
during POSA [32]. It is possible that joint use of PT and CPAP may improve CPAP 
compliance by lowering pressure requirements during supine sleep [12, 33, 34]. 
There may also be a subpopulation of patients with POSA and a large time spent 
supine in which PT may be an efficacious standalone therapy [12, 34]. However, the 
therapeutic utility of PT is also dependent on long-term compliance with the use of 
the devices.
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12.2.4  Compliance with Positional Therapy

Reasonable compliance of around 7 h/night has been demonstrated for PT for up to 
3 months [34–37]. Although the device retains its efficacy for preventing supine 
position, loss of long-term compliance is often related to discomfort, with around 
40% of study populations discontinuing use after 6 months [33, 35–37]. The lack of 
long-term compliance highlights both the need for improvements in PT design and 
its lack of reliability as a standalone long-term therapy for POSA except for patients 
who refuse all other treatment options [38].

12.2.5  New Generation Design Modifications

New designs of PT have been introduced to try and improve efficacy and compli-
ance. The next generation of positional devices includes built-in position sensors 
and data storage for the collection of objective compliance data [35]. Small “active” 
PT devices have been developed which deliver additional auditory or vibrational 
stimuli while the patient is in the supine position. These devices are usually worn 
around the neck or at the chest level (Fig. 12.3). The streamlined design improves 
tolerability and compliance [37].

Microphones and accelerometers have been incorporated for the detection of 
snoring, movement, and sleep position. Results have been validated by comparison 
with video footage and data from attended type 1 PSGs. These devices can track 
compliance for up to 12  months, with reports available for the last 6 nights of 
use [39].

Fig. 12.3 The night shift vibrational positional appliance neck and chest version. (Images cour-
tesy of Advanced Brain Monitoring)
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12.2.6  Combinations of Positional and Dental Sleep 
Appliance Therapy

Different authors have found supine OSA to be predictive of both increased [40, 41] 
and decreased treatment success using oral appliances. In addition, persistent 
supine-dependent OSA is common during DSA therapy [42]. Up to 37.5% of 
patients convert from non-supine to supine-dependent OSA during therapy, and 
34% of patients have persistent supine-dependent OSA with DSA in place [43, 44]. 
Therefore, a need exists for adjunct PT modalities for these patients in order to 
optimize treatment outcomes and reduce the time spent sleeping in the supine 
position.

12.2.7  Efficacy of Combination Dental Sleep Appliance 
and Positional Therapy

There is an ongoing debate about how the efficacy of treatment for OSA should be 
measured. The AHI does not capture all of the clinically relevant features of OSA 
[45, 46]. Oxygen desaturation indices have clinical relevance in several OSA-related 
outcomes including vigilance [47, 48], small vessel disease [49], and excessive 
sleepiness [50]. Levels of oxygen desaturation have been investigated in studies 
combining DSA + PT. Improvements in oxygen desaturation have been found in 
line with improvements in respiratory statistics in studies investigating combina-
tions of DSA only, PT only, and DSA + PT [51].

12.2.7.1  Active Devices
Studies combining active PT with DSA are few and use multiple definitions of 
supine-dependent apnea and different sleep scoring criteria. They often involve 
small numbers, with inadequate follow-up, so care must be taken in interpreting 
their results. Although the primary outcome is generally change to the AHI or oxy-
gen desaturation, secondary outcomes have included patient satisfaction, compli-
ance, sleepiness, and adverse outcomes.

While the outcomes of research investigating the outcomes of combinations of 
DSA + PT have had promising results [51, 52], the research base is small, and the 
study populations have been small. In general, DSA and PT have equivalent out-
comes for AHI reduction [29]. The combination of DSA  +  PT leads to greater 
improvements in AHI metrics [51, 52]. Compliance remains the greatest problem 
for PT. Although high compliance and lack of habituation have been reported [53], 
most studies report that discomfort or habituation to the active alarm may result in 
discontinuation of treatment [29]. In the future, it may be possible to vary the fre-
quency or amplitude of the alarm to prevent habituation [54].

In addition to compliance monitoring, some devices offer type 3 monitoring of 
nocturnal sleep. These are used in conjunction with pulse oximetry, plethysmogra-
phy, and sound analysis to improve clinical understanding of nocturnal changes in 
OSA metrics (Fig. 12.4).
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Fig. 12.4 Overnight metrics measured by the night shift appliance. (Images supplied courtesy of 
Advanced Brain Imaging)

Fig. 12.5 The REM-A 
TEE positional device. 
(Image courtesy of 
REM-A-TEE)

12.2.7.2  Passive Devices
Passive devices for POSA do not use alarms to maintain a non-supine posture dur-
ing sleep and include the tennis ball and fin and wedge devices (Fig. 12.5). Passive 
devices are also successful at reducing time spent spine during sleep [55, 56]. There 
has been recent interest in the contribution of head position during sleep to 
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POSA. Two studies investigated the use of positioning pillows and found improve-
ments in respiratory and oxygen desaturation indices and quality-of-life outcomes 
over 2–6 months of use [57, 58]. In one study, outcomes were improved by the use 
of DSA + pillow [57].

12.2.8  Modifying the Dental Sleep Appliance to Counteract 
Positional Apnea

Although it is not within the scope of this chapter to give a detailed discussion of 
DSA appliance design (see Chap. 10), specific design features can be modified to 
provide a personalized approach to DSA therapy and improve DSA outcomes in 
POSA. These modifications include customizing the thickness of the construction 
material to improve tongue space and the addition of an expiratory positive airway 
pressure (EPAP) valve [59, 60]. Minimizing the vertical dimension of the appliance 
may maximize the available mandibular protrusion [61, 62] and improve patient 
compliance [63–65]. The addition of hooks to a DSA allows the use of vertical 
elastics and reduces increases in vertical dimension due to mouth opening during 
sleep [64, 65]. The use of elastics in DSA therapy is analogous to other DSA design 
elements which limit vertical opening during sleep (Fig. 12.6). These design fea-
tures include the monobloc (one piece) appliance [40] and anterior coupling (upper 
and lower DSA components attached in the incisor region) [66] and two-part appli-
ances [67].

The use of vertical elastics in conjunction with DSA therapy can be considered a 
form of PT, as it controls the mandibular position during POSA. Milano et al. [64] 
investigated the use of elastics to manage POSA in a retrospective study of 230 
patients, 188 males (51.1 ± 11.8 years) and 42 females (55.2 ± 8.9 years), diagnosed 
with POSA using a two-part DSA. The use of 85–170 g elastics, 3/8–3/16″ by 92 
subjects in conjunction with DSA therapy at 5 mm vertical dimension was superior 
to DSA therapy alone (n = 188) after 4–8 weeks of device titration. The reductions 
in the AHI, supine AHI, and non-supine AHI were significantly greater in the 
DSA  +  elastics group. The use of elastics resulted in 3.8 times greater odds of 
achieving treatment success (defined as a 75% reduction in the AHI). Female gen-
der, lower BMI, lower baseline AHI, and younger age all contributed to improved 
chances for treatment success.

Fig. 12.6 A SomnoMed 
DSA with elastics to 
restrict mouth opening
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Further insights into the effect of vertical opening and DSA design on OSA are 
provided by retrospective studies on DSA outcomes [41, 67]. Reviewing 471 
patients, Marklund et  al. reported six times greater odds of successful therapy 
(defined as lateral and supine AHI < 10) in males with supine OSA (defined as a 
lateral AHI  <  10 and supine AHI  >  10) using monobloc appliances and vertical 
dimensions of 1.3–13 mm in inverse relation to the AHI. Each additional millimeter 
of mandibular advancement increased the odds for success 1.3 times. In contrast in 
425 patients, Sutherland et al. [67] reported a reduced rate of treatment success in 
supine apneics using a two-piece appliance. Supine-isolated and predominant apne-
ics had response rates of 20–22% (AHI < 5) and 42–4.9% (AHI <10 and >50% 
reduction), respectively, compared with the response rates of non-positional apneics 
of 44 and 59%, respectively. The variation in the results is difficult to interpret due 
to differences in multiple factors including definition of success, baseline popula-
tion characteristics, and AHI scoring criteria, as well as appliance design.

12.2.8.1  Practice Points

• Patients with POSA may have a lower presenting AHI.
• If there is no supine sleep during the PSG, the contribution of POSA to the 

patient’s condition is unknown.
• During DSA therapy more than 30% of patients will convert to supine sleep.
• In type 3 and 4 studies, the persistence of clusters of respiratory and oxygen 

desaturation events may indicate the presence of POSA.
• The use of PT is limited by the patient’s ability to sleep in the lateral position.

12.3  Positive Airway Pressure as an Adjunct Therapy 
for Dental Sleep Appliances

Not all DSA therapy failures are due to the presence of POSA [44]. Other forms of 
adjunct support may be needed which can target intermittent or generalized severe 
OSA.  Positive airway pressure (PAP) therapies include CPAP and expiratory 
EPAP. Both are able to maintain airway patency in the presence of severe closing 
pressures.

12.3.1  Continuous Positive Airway Pressure

CPAP is the gold standard treatment for OSA [68], but CPAP intolerance is a com-
mon reason for patients to seek DSA therapy. CPAP works by providing a pneu-
matic splint that maintains airway patency [32]. Many patients are unable to cope 
with the high pressures required, especially during multilevel obstructions. 
Combination CPAP-DSA therapy may provide a compromise between excessive 
CPAP pressures, excessive mandibular protrusion, and the requirement for normal-
ization of polysomnographic measures of OSA severity. This has the potential to 
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improve patient tolerance, compliance, and long-term health outcomes. To date, 
there is not a large research base investigating this aspect of adjunct therapy. For 
CPAP-intolerant patients with an incomplete response to DSA therapy, combined 
DSA-CPAP therapy may eliminate residual respiratory events and improve oxygen 
desaturation values [69] and the level of excessive daytime sleepiness [70].

Using CPAP-DSA therapy may reduce required CPAP pressures by as much as 
29–45% [59, 69] in a dose-dependent manner [71]. This pressure reduction may 
potentially lead to improvements in comfort, air leaks, and compliance [72]. The 
major mechanisms behind the expected increase of comfort involves improvements 
in epiglottic pressure swings [73], a reduction in oropharyngeal resistance [74], and 
improved velopharyngeal airway patency [75]. Before final conclusions can be 
made about the efficacy of this form of combination therapy, larger randomized 
controlled trials are required over longer time periods to determine its long-term 
feasibility.

12.3.2  Expiratory Positive Airway Pressure

12.3.2.1  Definition
EPAP devices contain a mechanical valve that provides very low inspiratory resis-
tance but high expiratory resistance. Two options exist: One option is a small central 
valve, commonly 0.25 in. in diameter that is designed to sit just inside each nostril, 
with adhesive surrounding it to provide a seal (Fig.  12.7). They are single-use 
devices that are commercially available, and manufacturers have developed a range 
of resistance settings to accommodate for individual patient needs ranging from 5 to 
20 cm of water [76].

More recently a second EPAP delivery option has become available with the 
development of a DSA with a built-in oral airway. The oral EPAP (oEPAP) valve 
consists of a nylon body containing an internal silicone flapper with holes to serve 
as a one-way valve. It is inserted into the oral airway on the DSA. The size and the 
number of holes enable this device to offer a range of different fixed expiratory 

Fig. 12.7 Provent nasal 
EPAP valves
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resistance valves. This allows the practitioner to replace the valve in order to titrate 
the EPAP resistance to best suit the patient’s needs.

12.3.2.2  The Rationale for EPAP Therapy
Imaging studies have shown that DSA therapy primarily increases airway volume at 
the lateral walls of the velopharynx in treatment responders [77]. The amount of 
forward movement of the tongue that is produced with DSA wear is inversely cor-
related to the severity of the AHI [78]. As the severity of the AHI increases, the 
percentage of multisite collapse that occurs during sleep increases [79–81], and the 
effectiveness of DSA therapy decreases. A retrospective report on 425 patients 
found that REM and supine apnea, which often have the most severe OSA [82, 83], 
respond least well to DSA therapy [67]. This means that adjunctive therapy that 
reduces airway collapsibility in patients with severe REM and supine apnea may 
improve DSA outcomes.

Expiratory resistance devices have been developed that can be applied to either 
the nasal [76, 84] or oral airway [59, 85] to generate EPAP and reduce pharyngeal 
collapsibility. Utilizing a combination of an EPAP device with a DSA may improve 
the efficacy of OSA treatment for the subset of patients who experience multilevel 
airway collapse.

12.3.2.3  Mechanisms of Action of Expiratory Positive 
Pressure Devices

Both inspiratory and expiratory closing forces contribute to airway collapse during 
sleep [87]. Independent adjustment of PAP pressure during inspiration and expira-
tion has found that the required pressure to control OSA is lower during expiration 
than during inspiration [88], opening opportunities for alternatives to CPAP.  An 
automatic mask-delivered EPAP has been shown to deliver equivalent results to 
CPAP for treating OSA [89]. Mahadevia et al. reported that EPAP is an effective 
treatment for OSA at a pressure of 10 cm H20 [90]. This level of EPAP has been 
found to increase the functional residual capacity (FRC) (Fig. 12.8) by 13.3 ml and 
to reduce the AHI [91].

Maximal expiration is associated with the largest airway caliber up until the tran-
sition from expiration to inspiration. At this point in the respiratory cycle, the air-
way pressure has generally dropped to zero, and upper airway dilator muscle activity 
is at its lowest. The period of end-expiration on the breath preceding an apnea cor-
responds with the narrowest cross-sectional area of the retropalatal airway [92]. 
This narrowing of the pharyngeal airway is greatest immediately prior to an apnea. 
The upper airway is then at risk of either complete or partial collapse during the 
subsequent inspiration [87, 92]. EPAP devices aim to stabilize this activity and pre-
vent expiratory-related airway collapse.

The aim of the therapy is to stabilize airway caliber during the critical end- 
expiratory period. There are a number of proposed mechanisms by which EPAP, and 
specifically nasal EPAP (nEPAP) and oEPAP, may work. To date our understanding 
of the probable mechanisms comes from studies examining the controlled “in-lab” 
use of inspiratory or EPAP [87, 88, 90–92] and not from the modified devices that 
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Fig. 12.8 Static lung volumes. (Figure adapted from [86])

have been produced as nEPAP or oEPAP. Changes in the FRC due to the expiratory 
resistance generated by EPAP increases expiratory and total respiratory time and 
reduces the minute ventilation. The increased FRC is associated with traction on the 
trachea which is thought to decrease airway collapsibility. These changes are linked 
to an increase in the levels of end tidal carbon dioxide which may stabilize ventila-
tory control by increasing respiratory drive and increasing respiratory muscle 
responsiveness [84, 87, 88, 90–93]. As the magnitude of the response varies between 
individuals, it is crucial that the outcomes of any nEPAP or oEPAP therapy are 
objectively verified to confirm its efficacy [94].

It is reasonable to enquire whether nEPAP or oEPAP can produce equivalent 
effects to controlled “in-lab” EPAP investigations. While valve pressures for nEPAP 
of 50 and 110 cmH2O L/s may be given as experimental resistance values, there 
have generally been no controls accounting for time spent breathing orally [76, 
95–97]. Patel et al. [98] used a pneumotachograph to monitor intranasal pressure 
during nEPAP treatment as an analogue for nasal airflow. They also measured CPAP 
pressure, arterial carbon dioxide, airway closing pressures, and awake lung vol-
umes. They found that successful reduction of the AHI was associated with sus-
tained elevated end expiratory pressure but that the level of expiratory pressure 
varied from 5–23 cm H2O across individual patients by sleep stage and sleep posi-
tion. They were unable to discern any mechanisms for this. More controlled work 
needs to be done to determine the effect of potential confounders such as 
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pretreatment nasal resistance, mouth breathing, and sleep posture on primary out-
comes in nEPAP therapy. There has only been one clinical trial investigating oEPAP, 
which did not investigate mechanisms of action of the device [59].

12.3.2.4  Efficacy and Compliance with nEPAP Therapy
A number of studies have shown efficacy for a nEPAP device used as a standalone 
therapy. These studies have found that there are statistically significant reductions in 
the level of oxygen desaturation [99, 100]; the full night, REM, NREM, and supine 
AHI [76, 96–101]; excessive daytime sleepiness [76, 97, 98, 101], and sleep quality 
[96]. A recent meta-analysis of nEPAP results [102] found that across 345 patients 
there was a decrease in the AHI from 27.3 ± 22.7 to 12.8 ± 16.9, an improvement in 
the oxygen desaturation index (ODI) for 247 patients from 21.2 ± 19.3 to 12.4 ± 14.1, 
and a change in excessive sleepiness from 9.9 ± 5.3 to 7.4 ± 5.0 in 359 patients. 
Similar to DSA therapy, the efficacy of nEPAP was better in patients with less 
severe OSA [96, 98] and in patients without nasal obstruction [101]. All studies 
found interindividual variation in the results, with no overall discernable reasons for 
that variation [102]. One small trial evaluated the use of nEPAP in children (n = 14: 
8–16 years of age) and concluded that nEPAP should only be used in children under 
direct polysomnographic supervision due to the interindividual variability of the 
results [103].

Most studies on nEPAP were conducted over time spans of up to 1 month, but 
one group reviewed patients at 3 months [76] and again at 12 months [97] and found 
no loss of efficacy of the device. Compliance has been a major issue. Although 
many studies report that the device is worn for more than 80% of nights, the compli-
ance dropped from 82 to 66.7% from 3 to 12 months of use [76, 101]. Side effects 
across different studies were minor, but common, and included difficulty in breath-
ing, dry mouth, nasal symptoms, insomnia, and headache [102].

12.3.2.5  Efficacy and Compliance of oEPAP Therapy
Only one group so far has studied the combination of DSA with EPAP devices 
(Fig. 12.9). In a study of 22 patients with an incomplete or non-response to initial 
DSA therapy, DSA + oEPAP or DSA + oEPAP + nEPAP was tested in a randomized 
order across one night, monitored using type1 PSG [59]. They found statistically 
significant incremental improvements in the NREM AHI, ODI, and minimum oxy-
gen saturation going from baseline to DSA only to DSA  +  oEPAP and then 
DSA + oEPAP + nEPAP. There was no significant change in sleep efficiency from 

Fig. 12.9 Oventus device 
and oral expiratory positive 
airway pressure valves 
(photo courtesy of Oventus 
Medical)
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DSA only to DSA  +  oEPAP, but sleep efficiency significantly decreased from 
DSA + oEPAP to DSA + oEPAP + nEPAP from 88 ± 10% to 78 ± 19%. The number 
of patients with an AHI < 5 increased to 9% with the DSA + oEPAP device and to 
41% with DSA + oEPAP + nEPAP. There is no information on long-term efficacy 
as yet for this treatment. Further investigation of the use of DSA + EPAP valves is 
required to determine the efficacy of its long-term use as an adjunct therapy for 
patients who are CPAP noncompliant or who are DSA non- or partial responders. It 
is also possible that the use of EPAP valves in conjunction with DSA therapy may 
make it possible to reduce the extent of mandibular protrusion.

In general, the use of EPAP valves as an adjunctive therapy to improve DSA 
outcomes seems promising. Further work is needed to determine and then optimize 
protocols to maximize treatment outcomes. In particular, further research is required 
to determine the long-term efficacy and compliance, the reasons for the variability 
in treatment response, and the effects of better control of mode of breathing during 
treatment.

Practice Points

• nEPAP reduces the AHI and improves indices of oxygen desaturation.
• The results are variable and the mechanisms are not fully understood.
• DSA + EPAP valve may have superior outcomes.
• More research is required in this field.

12.4  Adjunct Therapy for Anatomical Compromise in Dental 
Sleep Appliance Therapy

It is currently believed that most patients with OSA have some form of anatomical 
compromise of the upper airways [104, 105]. As DSA therapy has a limited ability 
to correct upper airway anatomy during sleep [77], it may be necessary to assess 
multilevel anatomical compromise at multiple time points during DSA therapy. The 
purpose of this section is to introduce the concept of improvement of anatomical 
compromise as an adjunctive treatment during DSA therapy. Therapies for anatomi-
cal compromise can be behavioral or surgical, but for a more comprehensive review 
of surgical procedures for OSA, see Chap. 11.

12.4.1  Surgery as an Adjunct Therapy

Surgical correction of the upper airway anatomy can be an adjunct therapy for OSA 
[106]. A lack of level I evidence with long-term outcome measures, together with 
the wide variety of surgical procedures, and a lack of standardization of techniques 
make the extrapolation of surgical results difficult [107]. Surgical procedures rarely 
provide definitive therapy for OSA, but as surgical compliance is 100%, it has been 
suggested that the efficacy/compliance/effectiveness ratio for surgical treatment of 
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OSA is similar to CPAP [108]. A multidisciplinary team is required to determine the 
role and timing of surgical treatment in the effective management of OSA [109] and 
to assess and manage other disorders which can affect both surgical and DSA out-
comes, such as the existence of the medical, mood, and sleep disorders, and the 
severity of the sleep-disordered breathing [110]. Commonly multidisciplinary care 
for DSA therapy may involve co-treatment with a sleep physician, general practitio-
ner, dentist, and otolaryngologist.

Surgical interventions have multiple functions and forms in DSA therapy for 
OSA including the following:

Assessment of the severity of collapse during OSA.
Prediction of DSA outcomes.
Improvement of compromised nasal anatomy.
Correction of oropharyngeal anatomy including:

• Soft palate.
• Tongue base.
• Hyoid position.

Hypoglossal nerve stimulation for mandibular advancement.
Multilevel upper airway approaches.
Maxillo-mandibular advancement.
Bariatric surgery.

12.4.2  Drug-Induced Sleep Endoscopy for Assessment of Airway 
Collapse and Prediction of Treatment Outcomes in Dental 
Sleep Appliance Therapy

Both drug-induced sleep endoscopy (DISE) and awake nasendoscopy were devel-
oped to assess the severity and site of airway collapse during sleep (Fig. 12.10), to 
enable selection of the appropriate surgical procedure, and to assist in the planning 
of multidisciplinary OSA management [112]. The addition of the bispectral index 
as a monitoring tool may solve the issue of the effects of incorrect depth of sedation 
on airway properties [113, 114]. Patients who display retrognathia or tongue base 
collapse that improves with jaw lift during DISE may benefit from DSA therapy 
[115, 116], and both DISE [117, 118] and awake nasendoscopy [119, 120] have 
been used with varying levels of success to predict DSA therapy outcomes. For 
further information on these techniques, please see Chap. 11.

12.4.3  Improving Compromised Nasal Airway Anatomy

Nasal resistance accounts for 50% of the total resistance of the upper airway during 
awake nasal breathing [121]. Nasal resistance increases when body position changes 
from the upright to the supine position [122]. Increased nasal resistance may be a 
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Fig. 12.10 Drug-induced sleep endoscopy of positional changes in the location of upper airway 
collapse. Arrows point to the airway. (1) Soft palate collapse in supine and lateral positions during 
sleep. (2) Improvement in the base of the tongue collapse from the supine to the lateral position. 
(Adapted from [111])

side effect of CPAP therapy [123] and may also contribute to CPAP noncompliance 
[124] and the requirement for DSA therapy as an alternative treatment. Increased 
nasal resistance has been associated with a worse response to DSA therapy [41, 124, 
125], so treatment aimed at improving nasal airway volume may be an important 
adjunct measure that should be assessed and discussed with the patient prior to the 
construction of a DSA. Initial assessment of the nasal airway prior to DSA therapy 
includes assessment of hard and soft tissue features including the presence of exter-
nal asymmetry, functional nasal valve collapse, the position of the nasal septum, the 
presence of polyposis, enlarged adenoids and inflamed turbinates (Fig. 12.11) or 
enlargement of the nasal turbinates, the presence of rhinitis, and the effect that this 
is having on the sleep disorder [126].
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Fig. 12.11 Enlarged adenoids and inflamed turbinates. (Images courtesy of Associate Professor 
David McIntosh)

Treatment for nasal obstruction may take several forms including:

• Behavioral modification to limit exposure to environmental allergens
• Use of intranasal medications to improve nasal symptoms
• Use of nasal stents to limits nasal valve collapse during respiratory events
• Nasal surgery

12.4.3.1  Behavioral Modifications
Contact of the nasal mucosa with an allergen elicits an immune response including 
sneezing, itching, nasal obstruction, and production of nasal secretions in sensitized 
individuals [127]. Although there are many different allergens, the most common 
may include house dust mites, pollens, mold, animal dander, and nicotine smoke. 
The presence of allergy is associated with increased snoring and risk for OSA, espe-
cially in the pediatric population [128]. While nicotine and pollens should be avoided, 
dust mites require exposure to dry heat at 60 °C or freezer temperatures of −17 °C 
(0 °F) in order to kill the mites and their eggs [129]. Nasal rinsing with saline or 
steroid solutions can be used to relieve intranasal soft tissue inflammation [130].

Other environmental issues related to increased nasal resistance include supine 
posture, cold air, nonallergic forms of rhinitis, aspirin, and alcohol [131]. Elevation 
of the head of the bed by as much as 15 cm [132, 133] results in small reductions in 
the AHI, which may be related to reduced nasal resistance. These interventions may 
make slight improvements in sleep quality and may improve DSA tolerance.

12.4.3.2  Intranasal Medications
Multiple topical nasal steroid medications have been used to improve nasal airflow 
in both allergic and nonallergic individuals with greater success in those who suffer 
from allergy. In pediatric populations, intranasal topical steroid preparations have 
been found to significantly reduce the AHI and the size of the nasal adenoids [134, 
135]. A recent meta-analysis found that the use of topical intranasal medications 
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provides small improvements in both objective and subjective OSA metrics, includ-
ing the RDI and the minimum oxygen saturation [136]. Nasal sprays are considered 
an adjunctive therapy [106, 137], and their most common use is for treatment of 
rhinitis associated with CPAP therapy [138], indicating a possible use in patients 
with increased nasal resistance during DSA therapy.

12.4.3.3  Nasal Dilators
Nasal dilators provide support for the anterior nasal valve to prevent collapse during 
respiratory events in sleep for patients with OSA (Fig. 12.12). They stabilize and 
enlarge the cross-sectional area of the nasal anatomy directly in contact with the 
dilator, increasing the duration, maximum flow, peak flow, and volume of air [139]. 
There are four classes of mechanical dilators, which include external strips, nasal 
stents, nasal clips, and septal stimulators [140]. The use of nasal dilators includes 
indices of subjective sleep quality [141, 142] but has minimal and nonsignificant 
effects on objective indices of OSA [141, 143–145] and on the levels of CPAP pres-
sure needed to prevent airway obstruction [146, 147]. Internal stents may have a 
greater effect on sleep indices including oxygen desaturation and the AHI than 
external devices [146, 148, 149], and the effect may be related to the length and 
position of the area of stabilization. A study investigating the effect of a nasal stent 
with a length of 120–145 mm worn in one nostril found significant improvements to 
the AHI, oxygen desaturation, RDI, and snore volume, but 30% of patients were 

Fig. 12.12 Mechanism of action of nasal strips and dilators. (1) Arrows indicate the direction of 
stabilizing force applied to the nasal airway by nasal strips. (2) Green rings indicate passive place-
ment of nasal dilators to stabilize the internal volume of the nasal valve (blue). (Figure adapted 
from [151])
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unable to tolerate the device [149]. A recent meta-analysis concluded that although 
the internal dilators had a slightly larger effect on the AHI, the dilators as a group 
did not improve objective sleep indices [150]. It is likely that at this stage the major 
indication for nasal dilators as an adjunctive DSA therapy is to improve subjective 
sleep quality in patients with repetitive nasal congestion.

12.4.3.4  Nasal Surgery
Nasal surgery has been extensively studied. As a standalone therapy, nasal surgery 
improves subjective [152–156] but not objective indices of OSA [152, 154, 156–
160], except in the group of patients with mild-to-moderate OSA and a BMI <30 kg/
m2 in which isolated nasal surgery has shown efficacy at reducing objective indices 
[155, 161, 162]. As well as BMI, the ability to re-establish a nasal mode of breath-
ing post-surgery may also affect treatment outcomes [158]. Despite the lack of effi-
cacy as a standalone therapy, nasal surgery improves CPAP compliance [163], so it 
may be a useful treatment to include in the DSA armamentarium to improve sleep 
quality and acceptance of a DSA appliance [106]. It may also be useful as a compo-
nent of a multilevel surgical plan aimed at improving anatomical compromise in 
multiple airway locations [106, 164, 165]. (See Chap. 11 for more detailed informa-
tion on surgical techniques for OSA.)

12.5  Improving the Compromised Oropharyngeal Anatomy

Compromised anatomy of other oropharyngeal tissues can also have detrimental 
effects on DSA therapy outcomes and may require adjunctive modification. The 
tissues commonly affected include the following:

• Soft palate.
• Tongue.
• Obesity-related fat deposits.

12.5.1  Soft Palate

Repetitive snoring and upper airway obstruction lead to vibrationally mediated 
inflammation, edema [166, 167], and nerve lesions [168, 169] in the soft palate of 
patients with sleep-disordered breathing (Fig. 12.13). This inflammation may be 

Fig. 12.13 Posterior airways showing progressive worsening amounts of snore-related vibra-
tory damage
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exacerbated by the presence of gastroesophageal reflux [170] and may ultimately 
contribute to the severity of the disorder. Nasal CPAP has been shown to reverse 
the edema in the oropharynx [171], but DSA therapy may take longer to imple-
ment due to the need for titration and may produce an incomplete response, lead-
ing to a need to stabilize or reduce the bulk and level of collapsibility of this tissue.

Adjunctive treatment for vibrationally mediated edema may include oral- 
myofunctional therapy (Chap. 14) [172] and multiple surgical procedures (Chap. 
11) [173, 174]. The inflammation and edema are clinically apparent prior to 
treatment and can be monitored during therapy, but surgical interventions to 
improve soft palate anatomy may lead to pain and swelling [175], which may 
further compromise DSA therapy during healing, so a decision to include soft-
palate surgical adjunctive procedures is usually best made prior to the start of 
treatment.

12.5.2  Tongue

An enlarged tongue is common in patients with OSA [176]. Patients with OSA have 
a larger tongue volume [177] and larger deposits of sublingual fat than healthy con-
trols [178]. In addition, patients with severe OSA tend to have less forward move-
ment of the tongue base with a DSA in place than those with less severe OSA [78]. 
As indices of oxygen desaturation may be correlated to tongue size [179], there is a 
rationale for provision of surgically mediated tongue reduction to improve DSA 
therapy outcomes.

Despite these relationships, there can be multiple other reasons for an enlarged 
tongue, which need to be assessed at the time of examination. These conditions 
include congenital disorders associated with macroglossia [180], amyloidosis 
[181], hypothyroidism, and acromegaly [182]. See Chapters 4 and 5 for more 
details. There are multiple surgical techniques for the reduction of tongue size, 
most of which have been associated with significant improvements in the 
AHI. Transoral robotic surgery (n = 353 patients) was associated with a 68.4% 
postoperative surgical success rate (defined as a reduction in AHI of 50% and with 
a residual AHI < 20), which dropped to 23.8% postoperatively if AHI < 5 was used 
as a measurement of success [183]. The glossectomy procedure (n = 522) had a 
surgical success rate of 59.6%, a surgical cure rate of 22.5%, and an acute compli-
cation rate of 16.4% [184].

12.6  Obesity

Obesity is a key risk factor for OSA [185, 186], and weight loss is an essential com-
ponent of OSA management. Therapies for OSA are used over many years. A gain 
of 3.6  kg over 5  years of DSA use has been shown to be sufficient to worsen 
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subjective sleep quality and oxygen saturation indices [187]. It is also important for 
adjunctive DSA therapy planning to note that weight loss has been shown to improve 
OSA more during non-supine than supine sleep [188] .

Excess adipose tissue surrounding the upper airway contributes to airway col-
lapse and compromised lung volumes via reductions in the FRC during sleep [189]. 
See Chap. 9 on CPAP therapy. In addition, patients with OSA experience different 
patterns of fat deposition around the upper airway in comparison with weight- 
matched healthy controls. Patients with OSA accumulate more fat in the soft palate 
and tongue areas [190] and adjacent to the pharyngeal airway [191]. Reductions in 
fat deposits in the tongue are correlated to improvements in AHI during weight 
loss [192].

12.6.1  Dietary Interventions

A 10% weight loss predicts a 26% reduction in the AHI [186], making it a key thera-
peutic target in OSA, but there are doubts about the long-term efficacy of weight 
loss programs. Recently Kuna et al. published the 10-year follow-up of the Sleep 
AHEAD Study (n = 134), in which obese patients with OSA and type 2 diabetes 
were randomized to receive intensive lifestyle interventions aimed at weight loss or 
diabetes education [193]. At the 10-year follow-up, remission from OSA was 34.4% 
in the diet/lifestyle intervention group and 22.2% in the diabetes education group. 
Previous work has shown that a 5-year weight loss maintenance is associated with 
continued AHI reduction benefits [194].

12.6.2  Bariatric Surgery

The lessons learned from dietary interventions are also applicable to bariatric sur-
gery. Bariatric surgery improves both subjective and objective indices of OSA 
[195–197]. While initial weight loss is higher than for dietary and lifestyle interven-
tions [198], a residual AHI remains [199, 200], and some weight may be regained 
over the subsequent years [201, 202].

12.6.2.1  Practice Points

• Initial assessment prior to DSA therapy should include examination for anatomi-
cal compromise in the oropharyngeal and nasal airways.

• Adjunctive therapy to improve anatomical compromise may involve multidisci-
plinary staged treatment.

• Careful consideration must be given to the timing of this treatment.
• Most anatomically based adjunctive therapies improve objective and subjective 

indices of OSA but are not suitable as standalone therapies.
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12.7  Adjunctive Therapies for Sleep Quality During Dental 
Sleep Appliance Therapy

While the primary outcome of DSA therapy is the reduction of the severity of OSA- 
related sleep metrics, subjective changes in the quality of life (QOL) of the patient 
must also be addressed during DSA therapy. Failure to improve these issues may 
lead to treatment failure due to lack of compliance with appliance wear. While it is 
not within the scope of this chapter to give a comprehensive view of QOL-directed 
adjunct therapies (for a more comprehensive coverage of other sleep disorders, see 
Chap. 3), it is still essential that the clinician has an understanding of various adjunct 
therapies that can help to improve QOL-related factors during DSA therapy for 
OSA. For the purposes of this section, we will limit our discussion to adjunct thera-
pies available for insomnia and circadian rhythm disorders which are both com-
monly comorbid with OSA and may impact DSA acceptance [203].

12.7.1  Insomnia

The prevalence of insomnia is increasing globally. In America from 2007 to 2008, 
37.6% of participants responding to the National Health and Nutrition Survey 
reported sleeping ≤7 h/work night, and 19.2% reported poor sleep quality [204]. 
The International Classification of Sleep Disorders (ICSD-3) [205] defines insom-
nia as difficulty with sleep initiation, consolidation, duration, or quality despite suf-
ficient sleep opportunity. The ICSD-3 currently recognizes six forms of insomnia:

 1. Chronic insomnia disorder
 2. Short-term insomnia disorder
 3. Other insomnia disorder
 4. Isolated symptoms and normal variants
 5. Excessive time in bed
 6. Short sleeper

(For further information please see Chap. 3.)

12.7.1.1  Comorbidity of Insomnia and Obstructive Sleep Apnea
Insomnia has a high rate of comorbidity with OSA which can reach 50–84% in a 
sleep center population [206–209]. The presence of comorbid insomnia and OSA is 
more common than either disorder occurring singly [207, 210]. Approximately 
30–35% of these patients may report difficulty initiating, maintaining sleep, or hav-
ing early morning awakenings [211]. A telephone review of 188 patients previously 
treated with DSA therapy found that the presence of insomnia was the most impor-
tant factor in the self-impression of the lack of improvement after DSA therapy 
[212], which is consistent with findings for poor CPAP outcomes as well [213, 214]. 
Clearly the clinician must be prepared to treat both OSA and insomnia for any treat-
ment strategy to maintain long-term success. When the treatment strategy is DSA 
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Fig. 12.14 The behavioral model of insomnia. Predisposing, precipitating, and perpetuating fac-
tors that can affect DSA therapy success. (Figure adapted from [216])

therapy, this will mean that there will be some treatment options that the dental 
practitioner may feel equipped to handle, and other times the involvement of a mul-
tidisciplinary team will be required.

Therapy for insomnia can be divided broadly into behavioral and pharmacologic 
strategies. Although taking patient preference into consideration is an important 
feature of any co-therapy, it is considered wiser to formulate a staged treatment plan 
using behavioral therapies and then transitioning to pharmacologic therapies if 
required. The first element of any treatment strategy is to assess the patient’s sleep 
using an interview detailing the sleep environment, sleep habits, sleep versus work 
patterns and any circadian concerns [215]. This may involve the use of sleep ques-
tionnaires, sleep diaries, and a comprehensive evaluation of psychosocial and pain- 
related factors. (For resources see: https://www.thoracic.org/members/assemblies/
assemblies/srn/questionaires/DC- TMDAssessment/Diagnosis-IADR.com.)

The structured patient interview should include questions about any factors 
which may precipitate, perpetuate, or predispose for insomnia (Fig. 12.14). These 
may include a history of psychoactive substances such as caffeine, alcohol, nicotine, 
recreational drugs, and other polypharmacy [215].

There are multiple behavioral therapies for insomnia, which are used either as 
standalone treatments or in combination. Below is a brief review of some of the 
most commonly used behavioral modalities which can be used as adjuncts to DSA 
therapy.

Cognitive Behavioral Therapy for Insomnia
Cognitive behavioral therapy for insomnia (CBT-I) is the first-line therapy for 
insomnia [215, 217]. CBT-I is both efficacious and cost-effective when compared to 
pharmacological therapies for insomnia [218]. It can be delivered individually, as a 
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group, and online [219]. It employs a combination of multiple techniques including 
stimulus control therapy, sleep restriction therapy, sleep hygiene/education, relax-
ation training, and psychological strategies to reduce sleep-related stress [215, 220]. 
Exercise has also recently been included as an element of CBT-I [220]. As a com-
bined behavioral intervention, CBT-I has a large effect on sleep quality, self-report 
of insomnia severity and sleep quality, sleep onset latency, and wake-after-sleep 
onset. It has a medium effect on objective sleep quality and a small effect on total 
sleep time (TST) and the number of awakenings after sleep [221]. As each compo-
nent of CBT-I can be used as a standalone therapy, they will be discussed separately.

Summary: CBT-I is the recommended first-line therapy for insomnia.
It is a mix of multiple behavioral therapies.
It has the best risk-benefit ratio of any insomnia therapy.

Sleep Restriction Therapy
Sleep restriction therapy (SRT) aims to improve sleep efficiency by first limiting the 
amount of time spent in bed, followed by a gradual increase as sleep efficiency is 
restored [217]. The effects of SRT are similar to those produced by CBT-I but with 
smaller effect sizes. There are improvements in total sleep time and in the remission 
rates from insomnia [222, 223]. There have also been reports of improvements in 
the symptoms of depression, pre-sleep arousal, and maladaptive beliefs about sleep 
[223]. Evidence to date suggests that the risk of developing excessive sleepiness 
after both SRT and CBT-I is either transient [224, 225] or negligible [226].

Stimulus Control Therapy
Stimulus control therapy (SCT) works to strengthen the association between bed 
and sleep and to improve sleep patterns [217]. Moderate-effect sizes have been 
reported for SCT for the treatment of insomnia [227]. Instructions for SCT may 
include to only go to bed when sleepy, do not conduct activities in bed that are not 
associated with sleeping (e.g., reading or watching TV), to get out of bed if you 
wake and cannot go back to sleep, and to get out of bed at the same time every 
day [227].

Sleep Hygiene
Sleep hygiene is an integral component of sleep education [228]. The content fre-
quently changes and covers behavioral aspects aimed at normalizing sleep timing 
[228, 229]. There is doubt as to its efficacy in improving sleep [230]. Sleep hygiene 
is less effective than CBT-I for insomnia [223, 231]. This may be because sleep 
hygiene practices focus on patient education and not initiating behavioral change 
[232]. Nevertheless, a sleep hygiene program personalized to the needs of the indi-
vidual patient with their active participation has the potential to improve sleep hab-
its on a long-term basis (Fig. 12.15). This was shown in a prospective cohort study 
(n = 3000 ages 20–60) which found that late evening use of nicotine, light and noise 
disturbance, and an irregular sleep schedule were significantly related to the pres-
ence of current and future insomnia at 1-year follow-up. Importantly both pain and 
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Avoid dietary stimulants (alcohol, caffeine, nicotine)

Maintain regular sleep times

Exercise regularly before 6pm

The bedroom should be clean and quiet

Avoid long daytime naps

Reduce Stress

Treat pain disorders

Avoid evening exposure to bright light/electronics

Fig. 12.15 Sleep hygiene

a psychiatric/mood disorders were also related to the presence of insomnia at 
1 year [233].

Summary: Light and noise disturbance.
Late evening nicotine use.
Irregular sleep schedules are all related to current and future insomnia

Psychoactive Substances

Caffeine
Caffeine use is common in an OSA population [234] and may be associated with the 
onset of insomnia [235], smaller sleep duration, and non-restorative sleep [236]. 
The effects of caffeine on sleep and insomnia increase with advancing age [237]. 
While caffeine is used to improve subjective sleepiness, the objective effects of caf-
feine on reaction time are less clear [238–241] and may be dose dependent. Smaller 
doses may cause higher levels of brain activation than larger doses [238]. An intake 
of 400 mg of caffeine within 6 h of usual sleep time has been associated with PSG- 
measured changes to sleep architecture. These changes include a reduction in TST 
and an increase in sleep onset latency, increased sleep fragmentation and sleep 
arousals, and reductions in the time spent in all sleep stages except for REM [242]. 
Drinking eight cups of coffee a day is associated with an odds ratio of 1.5 for the 
presence of sleep bruxism [243].

Summary: Caffeine intake should be moderate.
Caffeine intake should stop at least 6 h prior to habitual sleep.

Alcohol
Higher levels of alcohol consumption are associated with a 25% increased risk for 
OSA [244]. Alcohol intake causes muscle hypotonia and a decreased arousal 

12 Adjunctive Therapies for Dental Sleep Appliances



304

Predisposed person has episode of
transient insomnia during a period

of stress increased with MAS Therapy

Tries to sleep
More by staying

in bed longer

May use alcohol
to fall asleep

Exacerbation of
Insomnia and other
sleep disorders eg

OSA

Becomes frustrated
trying to sleep

Worries about impact
on daytime function

Performance anxiety delays sleep
onset & prompts awakening and

noncompliance with MAS

Amplification and Chronification
of original loop

Chronic vicious
cycles ensues,
despite resolution
of stressful events

Fig. 12.16 Possible interactions of untreated insomnia and dental sleep appliance therapy 
(adapted from [249])

response to apneas, resulting in longer apneas [245] and worsened respiratory and 
oxygen desaturation data [246]. Decreasing alcohol consumption should be a pri-
mary treatment aim in DSA therapy when indicated (Fig. 12.16). Alcohol consump-
tion is also associated with insomnia and poor sleep quality. The effects of alcohol 
on insomnia vary depending on whether alcohol use is acute or chronic. In late 
adolescence acute alcohol use acts as a sedative, decreasing sleep onset latency, 
increasing slow wave sleep (SWS) in the first half of the night and decreasing REM 
in the second half [247, 248]. Chronic alcohol use is associated with a decrease in 
SWS and an increase in Stage 1 and REM sleep [247].

Summary: Alcohol increases the severity of OSA. Acute alcohol use is a sedative 
and decreases sleep onset latency.

Acute alcohol use increases the amount of SWS in the first half of the night.
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Acute and chronic alcohol are related to fragmented sleep and decreased sleep 
efficiency.

Chronic alcohol use is associated with increased REM sleep and decreased SWS.

Nicotine
The use of nicotine has a bidirectional [250] dose-dependent effect on sleep quality 
with large inter-individual differences [251]. One study found that 31% of the high- 
dose group had worsened sleep, but 16% had improved self-reports of sleep quality 
[251]. When examined using PSG, both acute and chronic nicotine use has similar 
effects to caffeine on sleep, with decreased TST [252], REM [253], and SWS sleep 
and increased sleep onset and REM latency [252]. The effects of nicotine on sleep 
are similar for conventional and electronic cigarettes [254] and may be increased 
when the nicotine is taken in the late evening [255]. During withdrawal from nico-
tine, there is REM rebound [256], decreased sleep onset and REM latency, and 
increased TST with increased time spent awake after sleep [253]. The effects of 
nicotine withdrawal on sleep parameters may be felt for up to 3 weeks [253] and are 
not improved by the use of nicotine withdrawal therapy [257]. There is a circular 
relationship between the presence of insomnia and the use of psychoactive sub-
stances such as nicotine [258]. Insomnia itself can be a major cause of failure to 
cease smoking [259].

Summary: There is a bidirectional relationship between nicotine and insomnia.
Chronic and acute nicotine increases sleep onset and REM latency and decreases 

TST, SWS, REM, and sleep efficiency.
Nicotine withdrawal also affects sleep for up to 3 weeks.

Relaxation Therapy
Like CBT-I, relaxation therapy comprises several techniques aimed at reducing 
stress to improve sleep behavior [260]. These may include progressive muscle 
relaxation, meditation, and control of intrusive thoughts at bedtime [215]. Although 
relaxation techniques such as mindfulness-based stress reduction provide signifi-
cant improvements in sleep quality [261–263] and are readily available on elec-
tronic media, to date they have not proven to be superior to CBT-I [261].

Exercise
Exercise has been recommended as an adjunct therapy for DSA treatment [203] and 
is considered an adjunct therapy for OSA in general [264, 265]. Exercise can 
improve excessive sleepiness [266–268] and sleep apnea metrics [266, 268–270] 
(see Chap. 15 for a review of oropharyngeal exercise for OSA). Recent reviews 
found that exercise improved self-reported sleep quality [271, 272] as well as some 
PSG-based measurements such as sleep onset latency and sleep efficiency [273]. 
The effects of exercise may be dose- and time-of-day-dependent. Morning exercise 
may improve sleep efficiency and sleep fragmentation [274, 275], while exercise 
3  days/week was needed to improve insomnia in middle-aged women [276]. 
Exercise improves sleep quality in smokers [277] and morning exercise may be 
related to improvements in SWS, sleep onset, and sleep maintenance during 
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nicotine withdrawal [257]. The type of exercise may modulate how well it treats 
insomnia. Aerobic exercise [272, 278, 279] may be more effective than low-impact 
stretching or yoga [272, 279] and has a long-term positive impact on sleep quality.

Summary: Exercise can make small improvements to the AHI and excessive 
sleepiness.

Exercise improves subjective and objective sleep quality.
The effect of exercise is dose- and time-of-day-dependent.

Pharmacological Agents
Pharmacologic agents are effective in the treatment of insomnia but carry a larger 
risk: benefit ratio than CBT-I.  Side effects of medication used to treat insomnia 
include cognitive issues, falls, and slowing of reaction times [219]. The major 
classes of medications approved to treat insomnia in the United States include ben-
zodiazepine receptor agonists (benzodiazepines and non-benzodiazepine 
“Z-drugs”), a selective melatonin receptor agonist (ramelteon), a selective hista-
mine receptor antagonist (doxepin), and a dual orexin receptor antagonist (suvorex-
ant) [280]. The general recommendation is that pharmaceutical agents should only 
be used in the treatment of insomnia after failure of CBT-I or if CBT-I is either 
unavailable or unsuitable for the patient [219]. Evidence for pharmaceuticals in the 
treatment of insomnia is for short-term use, with concerns for severe side effects 
with longer use [215, 219].

Summary: Pharmacologic agents should only be used for insomnia if CBT-I is 
not efficacious or suitable.

Pharmacologic agents are only recommended for short-term use.

12.8  Circadian Rhythm Disorders

Circadian rhythm disorders (CRD) occur when there is a mismatch between the 
homeostatic process, which controls sleep need, and the circadian system, which 
controls timing [281]. There are seven CRDs included in the ICSD-3 diagnostic 
criteria [205]:

 1. Delayed sleep-wake phase disorder.
 2. Advanced sleep-wake phase disorder.
 3. Irregular sleep-wake rhythm disorder.
 4. Non-24 h sleep-wake rhythm disorder.
 5. Shift work sleep disorder.
 6. Jet lag disorder.
 7. Circadian sleep-wake disorder not otherwise specified.

There are multiple interactions between the CRDs and other sleep disorders 
including insomnia [282] and OSA. This makes it difficult to independently inves-
tigate the circadian aspects nested within other disorders or to estimate the 
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prevalence of CRD, which may be 0.1–10% of the population [283–285]. The major 
treatment modalities of CRDs are chronotherapy, bright light therapy (BLT), and 
melatonin. In general combinations of all three therapeutic options are com-
monly used.

12.8.1  Chronotherapy

Chronotherapy is generally used in conjunction with sleep hygiene to reset sleeping 
and waking times by 3  hours/2  days until the required sleep-wake schedule is 
reached [286]. The process is slow and must be rigidly followed for the best 
results [283].

12.8.2  Bright Light Therapy

BLT uses timed exposure to light to either advance or delay sleep times. Exposure 
to bright light in the morning advances the sleep phase (earlier sleep onset), while 
exposure to light in the evening delays sleep onset [283]. Two weeks of exposure to 
1–3 h of 2500 lux light or broad-spectrum (2000–10,000 lux) light in the morning 
combined with dull light in the evening advances sleep onset times [287]. The effi-
cacy of BLT in shift work disorder is less clear. There is uncertainty about the long- 
term stability of improvements of BLT in adolescents with delayed sleep phase 
disorder [288], but short-term changes of up to 2 h over 3 days have been reported 
for jet lag disorder [289]. A shorter exposure of 30 min to morning bright light may 
produce a phase shift equivalent to 75% of that gained by the 2-h exposure [290]. 
Blue light exposure at around 460–470  nm may have the highest phase shifting 
outcomes [291], and avoiding or blocking blue light in the evening by limiting 
exposure to electronic media [292] or using tinted glasses [293] can also lead to an 
advancement of sleep onset and improvement of sleep quality.

Summary: Bright light can either advance or delay sleep times.
Blue light is the most efficacious color for phase shifting sleep.

12.8.3  Melatonin

Melatonin can advance or delay the sleep phase. Avoiding evening blue light results 
in an advance in the timing of nighttime melatonin secretion [295]. The production 
of endogenous melatonin in the pineal gland is regulated by the suprachiasmatic 
nucleus [296]. Exogenous melatonin shortens sleep latency [297] and decreases 
core body temperature (pooled effect size 0.22°C at the tympanic membrane) [298]. 
The greatest phase advance occurs when melatonin is taken 5 h prior to the dim light 
melatonin onset (around 7.30–9.30 pm in adults) [299, 300], and delays occur if it 
is taken 6–15  h after this (Fig.  12.17) [301–303]. The reduction of the body 
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Fig. 12.17 Relationship between melatonin core body temperature and sleep phase. Figure 

adapted from [294].  = endogenous melatonin levels.  = minimum core body 
temperature

temperature is associated with the onset of sleepiness [304], and the peak plasma 
level of melatonin corresponds to the nadir of the sleep core body temperature 
[305]. The amount of phase shifting produced by melatonin is related to the change 
in body temperature [306]. A meta-analysis of 5 trials of 91 adults and 4 trials of 
226 children found that exogenous melatonin advanced the mean endogenous mela-
tonin onset by 1.18 h and time spent asleep by 0.62 h and decreased sleep onset 
latency by 23.27 min [296]. More research is needed to determine the best way to 
use circadian therapies to provide long-term phase shifts. The long-term side effects 
of melatonin are not well understood, but fatigue and mood changes may be amelio-
rated by adjusting the timing and the dose of melatonin to integrate the dose with 
natural circadian rhythms [307].

Summary: Melatonin can advance or delay the timing of sleep.
Its effects are tied to light and the circadian timing of body temperature.
The effect of melatonin on sleep onset latency is small at 23.27 min.

12.8.3.1  Practice Points

• Sleep quality is an important component of DSA therapy.
• Poor sleep quality can be related to incomplete treatment response to DSA ther-

apy or to the presence of other sleep or medical disorders.
• Behavioral strategies are the first choice for poor sleep quality.
• Pharmacologic strategies are effective but are only approved for short-term 

therapy.
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