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ABSTRACT No. 77 ISBN 91-7305-048-2 ISSN 0345-7532

Treatment of obstructive sleep apnea with a mandibular advancement device.
Marie Marklund. From the Departments of Orthodontics, Respiratory Medicine and 
Internal Medicine, Umeå University, Umeå, Sweden, 2001.

Obstructive sleep apnea is associated with snoring, excessive daytime 
sleepiness, hypertension and an increased risk of early death.

The aims of the present studies were to evaluate the short-term and long
term effects on sleep apnea and the tolerability of a one-piece, individually- 
designed mandibular advancement device. We also hoped to find predictors of 
treatment success and evaluate the risk factors for dental side-effects of the 
device.

Patients with mild, moderate and severe sleep apnea were evaluated using 
full-night polysomnographic sleep recordings, cephalometric radiographs and 
dental casts.

At short-term follow-up after 0.7 ± 0.6 years (mean ± SD), the device had 
reduced the apnea-hypopnea index from 25 ± 17 to 8.6 ± 7.1 (p<0.001) in 44 
patients. Sleep stage patterns improved with the device.

At long-term follow-up after 5.2 ± 0.4 years, the device had reduced the 
apnea-hypopnea index from 22 ± 17 to 4.9 ± 5.1 (p<0.001) in 19 of 33 patients. 
These values did not differ from the short-term results in these patients who 
had continued treatment in the long term. Patients who had had their devices 
adjusted or replaced with new ones had a larger reduction in apnea than 
patients using die same devices for the whole study period (p<0.05). Ninety per 
cent of patients who had a short-term satisfactory result continued to use their 
devices on a long-term basis.

The odds ratios for a successful reduction in apnea with the device were 
42 for supine-dependent sleep apnea (p<0.05) and 21 for a short lower anterior 
face height (p=0.09) adjusted for age, obesity and mandibular displacement.

The dental side-effects of the device were less marked with a soft 
elastomeric device than with a hard acrylic device and with advancements of 
below 6 mm compared with larger advancements.

It is concluded that the present mandibular advancement device reduces 
mild, moderate and severe sleep apnea in both the short and the long term. A 
short-term follow-up is necessary to identify patients suffering from “silent 
obstructive apneas” during treatment. The device is well tolerated by patients 
who are recommended the treatment on the basis of the results of this short
term sleep apnea recording. Supine-dependent sleep apnea predicts treatment 
success with the device. The device made of soft elastomer is recommended, as 
it has fewer side-effects on the dental occlusion than a device made of hard 
acrylic. It is advisable to replace the device with a new one within a period of 
four to five years to maintain its effects on sleep apnea.

Key words: Activator appliances; Advancement mandibular; Cephalometry; Long-term 
effect; Polysomnography; Sleep apnea syndromes; Snoring, Supine position.
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ABSTRACT

Obstructive sleep apnea is associated with snoring, excessive daytiimae 
sleepiness, hypertension and an increased risk of early death.

The aims of the present studies were to evaluate the short-term and loingg- 
term effects on sleep apnea and the tolerability of a one-piece, individuaillyy- 
designed mandibular advancement device. We also hoped to find predictors; oof 
treatment success and evaluate the risk factors for dental side-effects of ithae 
device.

Patients with mild, moderate and severe sleep apnea were evaluated usiinpg 
full-night polysomnographic sleep recordings, cephalometric radiographs ainad 
dental casts.

At short-term follow-up after 0.7 ± 0.6 years (mean ± SD), the device Inaud 
reduced the apnea-hypopnea index from 25 ± 17 to 8.6 ± 7.1 (p<0.004) in 444 
patients. Sleep stage patterns improved with the device.

At long-term follow-up after 5.2 ± 0.4 years, the device had reduced thae 
apnea-hypopnea index from 22 ± 17 to 4.9 ± 5.1 (p<0.001) in 19 of 33 patieints:s. 
These values did not differ from the short-term results in these patients whoo 
had condnued treatment in the long term. Patients who had had their deviicees 
adjusted or replaced with new ones had a larger reduction in apnea tlhaun 
patients using the same devices for the whole study period (p<0.05). Ninety peer 
cent of patients who had a short-term satisfactory result continued to use tltiei'ir 
devices on a long-term basis.

The odds ratios for a successful reduction in apnea with the device werre 
42 for supine-dependent sleep apnea (p<0.05) and 21 for a short lower anteirioor 
face height (p=0.09) adjusted for age, obesity and mandibular displacement.

The dental side-effects of the device were less marked with a sofft 
elastomeric device than with a hard acrylic device and with advancements; oof 
below 6 mm compared with larger advancements.

It is concluded that the present mandibular advancement device reducees 
mild, moderate and severe sleep apnea in both the short and the long termi. 1 A 
short-term follow-up is necessary to identify patients suffering from “sillemt 
obstructive apneas” during treatment. The device is well tolerated by patientts 
who are recommended the treatment on the basis of the results of this sh>orit
te rm sleep apnea recording. Supine-dependent sleep apnea predicts treatmernt 
success with the device. The device made of soft elastomer is recommended, aas 
it has fewer side-effects on the dental occlusion than a device made of harrd 
acrylic. It is advisable to replace the device with a new one within a period cof 
four to five years to maintain its effects on sleep apnea.

Key words: Activator appliances; Advancement mandibular; Cephalometry; 
Long-term effect; Polysomnography; Sleep apnea syndromes; Snoring; Supime 
position.
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DEFINITIONS

Apnea A cessation of air flow for > 10 s (1,2).

Hypopnea A 50% reduction in air flow or a clear 
reduction in air flow together with 
either an oxygen desaturation of 
> 3% or a sleep arousal (1).

Obstructive apnea Cessation of air flow despite ongoing 
inspiratory efforts (1,2).

Central apnea Cessation of air flow without 
inspiratory efforts (1,2).

Apnea-hypopnea 
index (AHI)

The mean number of apneas and 
hypopneas per hour of sleep (1,2).

Supine or lateral 
apnea-hypopnea 
index

The mean number of apneas and 
hypopneas per hour of sleep lying on the 
back or in a side position respectively.

Obstructive 
sleep apnea

An obstructive apnea-hypopnea index 
of 5 or of 10 or above (1-4).

Obstructive 
sleep apnea 
syndrome

An obstructive apnea-hypopnea index 
of 5 or above in combination with 
excessive daytime sleepiness that is not 
explained by other factors (1-4).

Sleep arousal An interruption in continuous sleep with 
three seconds or more of awake brain 
activity (5).
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Arousal index The mean number of arousals per hour of 
sleep. An increased frequency of arousals 
is considered at an arousal index of above
10 (6).

Body mass index 
(BMI)

Weight/height2 (kg/m2).

Distal occlusion The mandibular dental arch positioned 
distally in relation to the maxillar dental 
arch compared with neutral occlusion (7).

Overbite The vertical distance by which the upper 
front teeth overlap the labial surfaces of the 
lower front teeth when they are in 
occlusion (7).

Overjet The horizontal distance between the labial 
surfaces of the upper and lower front 
teeth when they are in occlusion (7).
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INTRODUCTION

At the beginning of 20th century, Pierre Robin introduced the 

“monoblock” as an appliance to maintain airway patency during sleep in 
infants and to treat mandibular retrognathia (8,9). Meier-Ewert et al. in 
1984 (10) and Soli and George in 1985 (11) suggested similar types of 
device for the treatment of adults with obstructive sleep apnea. In 1987, 
promising results was presented using this method in 44 patients with 
obstructive sleep apnea (12). Bonham et al. (13) defined the criteria for 
treatment success and found that seven of 12 patients experienced 
treatment success defined as an apnea index of below 10 and a reduction 
in apnea of at least 50% using a mandibular advancement device. Many 
different mandibular advancement devices, as well as some methods for 
the definition of treatment success, have since been introduced in the 
treatment of snoring and obstructive sleep apnea (14-28).

Nasal-continuous positive airway pressure (29) and uvulopalato- 
pharyngoplasty (30) are two other important methods for the treatment 
of sleep apnea which had already been introduced in 1981. With the start 
of sleep medicine practice in the 1970s, it became possible to record 
respiration during sleep and consequently also to evaluate the effects of 
these new treatment modalities (31,32). Obstructive sleep apnea was 
regarded at that time as a rare condition, characterized by the morbidly 
obese and always sleepy boy Joe in the The Posthumous Papers of the 
Pickwick Club by Charles Dickens (33). Gislason et al. (34) and Young at 
al. (35) later found that the disease was common, affecting 2-9% of 
middle-aged women and 4-24% of middle-aged men, depending on 
definitions of obstructive sleep apnea (35).

My own interest in sleep apnea started during a course in nitrous 
oxide sedation, where I had seen that a patient started to snore when her 
mandible was insufficiently advanced to maintain airway patency. This 
knowledge, together with a seminar on functional appliance therapy, led 
to the successful treatment of my husband with an activator for snoring 
in 1984. Soon afterwards, I started to collaborate with physicians at the 
Departments of Respiratory Medicine, Otorhinolaryngology and Clinical 
Neurophysiology. Polysomnographie recordings were introduced to 
evaluate sleep apnea back at the middle of the 1980s in Umeå. The 
beneficial collaboration between the departments at the University 
Hospital and the Department of Orthodontics have resulted in a 
continuous increase in knowledge about the mandibular advancement 
device in the treatment of patients with snoring and sleep apnea. The



routine at the sleep laboratory in Umeå after a sleep apnea recording is 
that the patients meet a team consisting of specialists in respiratory 
medicine, otorhinolaryngology and orthodontics for a joint decision 
regarding therapeutic interventions and follow-up. To date, we have 
initiated treatment with mandibular advancement devices for snoring and 
sleep apnea in more than one thousand patients.

The aims of the present studies were to evaluate the effects on 
apneas and sleep of a one-piece, individually-designed mandibular 
advancement device in patients with mild, moderate and severe sleep 
apnea. We hypothesized that the effects of the device on apneas and 
sleep were long lasting. We also speculated that sleeping position and 
craniofacial morphology influenced treatment success with the device. 
Finally, we aimed to evaluate the orthodontic side-effects of the device 
and also to test whether these undesired effects were reduced by 
construction details of the device. The results of these studies in 
combination with the many satisfied patients in Västerbotten make me 
confident that this treatment will increase throughout the world.
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BACKGROUND

OBSTRUCTIVE SLEEP APNEA
Obstructive sleep apnea leads to frequent arousals, sleep disruption and

oxygen desaturations (1). Snoring is a sign of increased upper airway 
resistance and sleep apnea. A patient with more severe disease may have 
obstructed upper airways for more than half the sleeping time. Illness 
from obstructive sleep apnea is now regarded as a major health problem, 
including cardiovascular diseases, as well as the sequels of traffic 
accidents (36).

A DISEASE WITH MANY SYMPTOMS
Patients with obstructive sleep apnea complain of a variety of symptoms 
such as snoring, unrefreshing sleep, morning headache, concentration 
disturbances, fatigue, memory loss, depression, nycturia, reduced sexual 
drive and impotence (1,2,37-38).

Excessive daytime sleepiness is a cardinal symptom among patients 
with sleep apnea (1,2,35,38,39). Increased objective sleepiness measured 
by the multiple sleep latency test is directly related to an increase in the 
frequency of sleep apneas (38). On the other hand, subjective reports of 
sleepiness do not predict the severity of the disease (40). More sleep 
fragmentation from apneas than hypopneas and variable susceptibility 
between subjects may explain the differences in experiences of daytime 
sleepiness as a result of the disease (41).

Impaired results in cognitive function tests, such as auditory verbal 
learning and eye-hand co-ordination skills, are found among patients 
with obstructive sleep apnea (42). A seven-fold increase in the risk of 
multiple traffic accidents has also been reported during a period of five 
years in these patients (43). In addition, patients with heavy snoring or 
sleep apnea run an increased risk of being involved in occupational 
accidents (44).

SNORING - A FEATURE OF SLEEP APNEA
Snoring emanates from the vibration of the soft parts of the pharynx, 
such as the soft palate, the uvula and the pharyngeal walls (45-47). 
Snoring is always present in subjects suffering from obstructive sleep 
apnea (1,4,35,45). Snoring without sleep apnea is, however, also related 
to symptoms such as daytime sleepiness (4,6,39). Sixteen per cent of 
middle-aged Swedish men and 8% of women (34,48) and 44% of 
American men and 28% of women have been reported to snore 
habitually, defined as frequent, everyday or disturbing snoring (35). The
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prevalence of habitual snoring increases up to the age of 50 to 60 years 
and then decreases again (49), particularly in men (49-51).

Most studies of snoring are based on subjective reports from a 
listener (46,47). Objective measurements of snoring are complex and are 
usually carried out only during single nights. No common agreement 
exists on how objectively to measure the sound that the human ear 
perceives as snoring (45-47). The difficulties in the measurement and 
quantification of snoring are illustrated in a study by Hoffstein et al (47), 
who found agreement between a listener and an objective measurement 
in less than 50% of patients. Bearpark et al (52) found that 14% of 
patients who reported “always snoring” in a questionnaire did not 
actually snore according to single-night objective evaluations and 70% of 
patients who reported “hardly ever snoring” actually snored at the 
objective evaluation.

ETIOLOGY
Obesity, male sex, tonsillar hypertrophy, craniofacial abnormalities 
including mandibular retrognathia, nasal obstruction, hypothyreosis, 
chronic bronchitis, sleep deprivation and a familial history of sleep apnea 
have been described as predisposing factors for sleep apnea 
(1,35,36,48,52-55).

Fifteen per cent of men and 22% of women in Sweden are obese, 
with a body mass index of 30 or above (56). Obesity has been identified 
as an independent risk factor for sleep apnea (35,52,56-59), but the 
distribution of fat is important (58). Obese patients with visceral fat 
deposits run a higher risk of sleep apnea than patients with subcutaneous 
fat deposits (60). A fat neck and an increased amount of fat in the 
pharyngeal airway also characterize patients with sleep apnea (57,58,61). 
Non-obese patients with sleep apnea also have increased fat in their 
upper airways compared with control subjects (62). The adipose tissue 
produces a mass load on the pharynx with an increased risk of upper 
airway collapse (63,64).

A long soft palate, reduced pharyngeal dimensions and a large and 
caudally positioned hyoid bone are associated with obstructive sleep 
apnea (55,65-71). These etiological factors of sleep apnea are more 
important in lean and young subjects than in older and more obese ones 
(69). With age, the hyoid bone lowers its position (66) and the soft palate 
becomes longer and thicker (72), which indicates that these 
characteristics may also be a consequence of the disease as well as being 
the cause.
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Nasal obstruction and an extended head posture are examples of 
factors which may modify the craniofacial growth pattern during 
childhood and adolescence (73,74). Evidence of a causal relationship 
between craniofacial morphology and obstructive sleep apnea in adults is 
unsupported by the literature (75). Mandibular morphology variables do, 
however, have higher diagnostic potential for obstructive sleep apnea 
than other craniofacial morphology variables (75). A retrognathic or 
posteriorly rotated mandible has been related to pharyngeal narrowing 
and an increased risk of airway obstructions during sleep (75-79). 
Obesity is a still stronger predictor of sleep apnea (70,71) than single 
mandibular morphology variables. It is possible that morphological 
patterns of the craniofacial skeleton rather than single morphology 
variables are etiological factors of obstructive sleep apnea (73-75).

PROGRESSION OF THE DISEASE
It is suggested that obstructive sleep apnea is a progressive disorder, 
starting with non-apneic snoring as the initial step and ending with 
severe sleep apnea (80-82). Lindberg et al. (83) found that untreated 
sleepy snorers had a higher apnea frequency after 10 years and that the 
worsening of the disease was particularly high among subjects who had 
experienced increased sleepiness during this time.

Vibration trauma on the soft palate from snoring and apneas could 
be one explanation for the progression of the disease (84). Neurogenic 
damage to upper airway muscles (85-88) and the soft palatal mucosa (89) 
and the formation of edema (88,90) have been observed in patients with 
obstructive sleep apnea. In fact, the morphological abnormalities in a 
pharyngeal muscle have been directly related to the percentage of time 
with sleep apneas and hypopneas (86).

MEDICAL CONSEQUENCES OF THE DISEASE
In a prospective study by Peppard et al. (91), there was a dose-dependent 
relationship between the initial frequency of sleep-disordered breathing 
and the presence of hypertension four years later. Patients with mild and 
more severe disease had odds ratios of developing hypertension of two 
to three compared with subjects without sleep apnea (91). Increased risks 
of coronary artery disease (92-98), cerebrovascular disease (98-100), 
diabetes (101) and early death (102-106) are related to sleep-related 
breathing disorders. Lindberg et al. (105) found an increased mortality 
rate in men of below 60 years of age who suffered from a combination 
of snoring and excessive daytime sleepiness.
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SLEEP APNEA IN WOMEN
Women with sleep apnea share the same symptoms of the disease as 
men. Snoring and sleepiness are the main characteristics of the disease 
(107). Women are, however, more likely to experience depression or 
report dissatisfaction with life and are more symptomatic together with a 
milder disease compared with men (107). All the same, women tend to 
underreport their symptoms (108). More men than women seek medical 
care for snoring and sleepiness, since the ratio between men and women 
has been estimated at 8-11:1 in a sleep laboratory sample and 2-3:1 in a 
population sample in the USA (107,108). In a study by Young et al. (109), 
women with sleep apnea ran a higher risk of early death than men.

PHARYNX - THE LOCALIZATION OF OBSTRUCTION 
IN SLEEP APNEA

The pharyngeal part of the upper airway, from the soft palate to the base 
of the tongue, is the main localization of obstructive sleep apneas (64) 
(Figure 1). The pharynx must change from a highly collapsible tube 
during swallowing and speech to a wide stiff tube suitable for respiration 
(64). Pharyngeal constrictors and tongue retractors exert contraction 
forces on the pharynx. Dilating forces on the pharyngeal airway are 
generated by pharyngeal dilator muscles (64,110-112) (Figure 1) and 
intraluminal gas pressure (64).

LOSS OF PHARYNGEAL AIRWAY PATENCY
During sleep, the activity in upper airway muscles decreases (113-117) 
(Figure 1). There is a loss of energy in the air flow due to the work done 
to overcome the increased resistance in the pharynx (64,115,117) during 
inspiration. The upper airway dimensions diminish, particularly in the 
region of the soft palate (113,115,118,119). The intraluminal gas flow 
velocity increases and the gas pressure decreases in this restricted airway 
lumen (64). This phenomenon is known as Bernoulli’s principle, which 
postulates that an increase in kinetic energy in the air stream will 
decrease its potential energy (64). The dilating forces on the airway are 
reduced and the airway lumen continuously shrinks and finally closes.
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Figure 1. Upper airway obstruction (straight line) compared with a patent airway 
(dotted line) (left) (reprinted with the permission of Dr AE Sher and 
The International Journal of Pediatric Otorhinolaryngology).
The action of some pharyngeal dilator muscles {right)-.
1. M. genioglossus, 2. M. palatoglossus,
3. M. palatopharyngeus, 4. M. levator veli palatini

The susceptibility of the pharynx to collapse depends on anatomical 
factors such as obesity and also on muscle function (59,71,115,120). In 
healthy subjects, the pressure at which the pharynx markedly diminishes 
its dimensions is usually negative and the risk of airway collapse is small 
(64,121) (Figure 2). In patients with sleep apnea, the airway may already 
close at atmospheric pressure and the risk of an airway collapse is high 
(64,121,122) (Figure 2). The collapsibility of the pharynx also increases if 
a subject opens his mouth in the struggle for air (123).

THE OBSTRUCTION
Pharyngeal obstruction during sleep can occur during both inspiration 
(113,124) and expiration (125). The pharyngeal cross-sectional area is 
usually smallest during inspiration and at end-expiration (126). The 
inspiratory narrowing is located in the lateral parts of the airway (120). 
The obstruction usually starts in the region of the soft palate
(64.113.121.122.127) , but it may also begin at the base of the tongue
(64.122.127) . The pharyngeal collapse then extends to a more caudal
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Atmospheric
pressure

Negative
pressure

Figure 2. The influence of negative pharyngeal pressure
on the pharyngeal diameter in healthy subjects (left) 
and in patients with obstructive sleep apnea [right).

level (64,128), as a result of a posterior movement of the tongue and the 
soft palate (67) and affects larger areas of the pharynx (128). The 
sleeping position does not influence the extent of the pharyngeal 
collapse (127). The obstruction starts, however, at a more caudal level in 
the pharynx during rapid-eye-movement sleep than in non-rapid-eye- 
movement sleep (127).

During the obstructive event, the pharyngeal dilator muscle activity 
increases (129) and the airway is re-opened (117,130,131). The 
obstructive event is usually terminated by an arousal, a short episode of 
awake brain activity (1). The oxygen desaturation decreases during apnea. 
There are abrupt concomitant increases in blood pressure and cerebral 
blood flow velocity during apnea, followed by rapid falls to subnormal 
levels after the onset of respiration (97,98,132).

PHARYNGEAL CHARACTERISTICS IN OBSTRUCTIVE SLEEP APNEA
Patients with obstructive sleep apnea characteristically have diminished 
pharyngeal dimensions (Figure 3). The pharyngeal cross-sectional area at 
the soft palate is reduced to down to half its size in patients with sleep 
apnea compared with healthy subjects (68,121,126,133). The narrowing 
is located primarily in the lateral parts of the pharynx (55,68) and consists 
of fat (62) and/or musculature (68). In patients with obstructive sleep 
apnea, the pharyngeal cross-sectional area is therefore ovoid, with the 
major axis in the anterior-posterior dimension or, circular, reflecting the 
lateral narrowing (68,126) (Figure 3). In healthy subjects, the pharynx is
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still ovoid, but the major axis is located in the lateral dimension (68,126) 
(Figure 3).

Figure 3. The pharyngeal cross-sectional area in
patients with obstructive sleep apnea {left) 
and in healthy subjects {right).

Pharyngeal dilator muscle activity increases in patients with 
obstructive sleep apnea compared with healthy subjects (64,134-136). 
This is probably a protective mechanism to compensate for the 
pharyngeal narrowing in order to maintain airway patency. Patients with 
obstructive sleep apnea do, however, have a reduced response to 
negative pressure in the palatal muscles, which indicates that these dilator 
muscles have an impaired defence against upper airway collapse (85).

A forwardly positioned and extended head characterizes the patient 
with obstructive sleep apnea (70,137). This is regarded as a physiological 
adaptation to maintain airway patency, since increased head extension is 
correlated with wider pharyngeal dimensions (61,138-140) and reduced 
collapsibility of the upper airway (141).

POSTURAL EFFECTS ON THE PHARYNX
The upper airway lumen decreases and the pharyngeal collapsibility 
increases in the lateral and supine position during the influence of gravity 
on the pharyngeal soft tissues in patients with sleep apnea, as well as in 
healthy subjects (133,139,142,143). The decrease in pharyngeal 
dimensions in the supine position is, however, less marked in patients 
with sleep apnea, possibly because they have to defend their narrow 
airway more strongly from a collapse than healthy subjects do (133,142). 
The airway lumen at the soft palate undergoes a large decrease (142), 
while the lumen at the base of the tongue has even been found to widen 
in patients with sleep apnea and in healthy subjects (142).
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SLEEP AND SLEEPING POSITION

SLEEP STAGES, SNORING AND OBSTRUCTIVE SLEEP APNEA
Sleep is usually subdivided into rapid-eye-movement sleep and non
rapid-eye-movement sleep (117,144). Non-rapid-eye-movement sleep 
includes Stages 1,2,3 and 4, which roughly parallel the depth of sleep. 
The individual is therefore easier to awaken with an external stimulus in 
Stages 1 and 2 sleep than in Stages 3 and 4 sleep (144). Non-rapid-eye- 
movement sleep alternates cyclically with rapid-eye-movement sleep 
throughout the night.

Stage-1 sleep is the first stage at sleep onset in the young healthy 
adult. It is regarded as a transitional sleep stage and increased amounts 
are a sign of disrupted sleep. Stage-1 sleep constitutes up to 5% of the 
total sleeping time in a young adult (144). At sleep onset, breathing 
becomes irregular and apneas may occur, sometimes even in healthy 
subjects (117). The irregular breathing pattern at sleep onset has been 
explained by differences in the regulation of ventilation during 
wakefulness and sleep (117,145).

Stage-2 sleep constitutes about 50% of sleeping time. Specific 
patterns in the electroencephalograms with sleep spindles and K 
complexes (144) characterize this sleep stage. Snoring and apneas are 
common in Stage-2 sleep (45,146).

Stage-3 and Stage-4 sleep or slow-wave sleep predominate during 
the first part of the night and constitute up to 20% of sleeping time 
(144). Slow-wave sleep decreases with age and increases after sleep 
deprivation (144). The risk of sleep apneas is particularly small during 
slow-wave sleep (146), but snoring is common (45,146).

Rapid-eye-movement sleep is characterized by dreaming and muscle 
atonia. Short episodes of rapid-eye-movement sleep usually appear at an 
early stage in the night, but they become longer and more plentiful as the 
night progresses. This sleep stage constitutes up to 25% of the sleeping 
time in young healthy adults (144). The risk of sleep apneas is high (146). 
Apneas are longer and related to a greater decrease in oxygen 
desaturation in rapid-eye-movement sleep compared with other sleep 
stages (147). Snoring appears more rarely in rapid-eye-movement sleep 
than in non-rapid-eye-movement sleep (45,146).

SLEEPING POSITION
Humans prefer to sleep on their side, with their arms and legs bent (148). 
Most sleeping time is therefore spent in the lateral position, while about 
a quarter of the sleeping time is spent in the supine position (148). 
Subjects who complain of poor sleep spend more time sleeping on
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their backs (149).

SUPINE-DEPENDENT SLEEP APNEA
Most patients with obstructive sleep apnea have a higher apnea 
frequency in the supine sleeping position than in other sleeping positions 
(150,151). About 60% of patients have their apneas predominately 
during sleep in the supine position and they are regarded as suffering 
from supine-dependent sleep apneas (150). Less severe disease (150,151) 
with better preserved sleep quality (150), less obesity (150,151) and a 
more normal pharyngeal morphology characterize (152) patients 
suffering from supine-dependent sleep apneas.

A supine apnea-hypopnea index of above 40, in combination with a 
lateral apnea-hypopnea index of below 15, has been used to define 
supine-dependent sleep apnea (152). Other cut-off points for supine- 
dependent sleep apnea have also been presented; they included a total 
oxygen desaturation index of above 5 in combination with an index of 
below 2 and periodic breathing of below 20% in non-supine positions 
(153). Twice the apnea frequency or more in the supine position 
compared with the apnea frequency in the lateral position is another way 
to define supine-dependent sleep apnea (150,151,154-156).
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TREATMENT

MANDIBULAR ADVANCEMENT DEVICES 

Mechanism of action
Mandibular advancement devices are designed to produce a widening of 
the upper airway with an anterior displacement of the base of the tongue, 
epiglottis and the soft palate (Figure 4). Pharyngeal dilator muscle activity 
increases with the device (157). The airway is widened in the anterio-

Figure 4. Patient without the mandibular advancement device and with it.
Cephalometric radiograph without the device (straight line) 
and with it (dotted line).
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posterior dimension (13,15,141,158-162), but the effect varies largely 
between patients (163). Upper airway resistance decreases (164). 
Pharyngeal collapsibility decreases with a mandibular advancement 
device in place and approaches the conditions in a healthy patient 
(141,159) (Figure 2). Consequently, the pharynx may withstand more 
negative pressure before it obstructs, using a mandibular advancement 
device.

There is about a 20% reduction in the number and severity of 
nocturnal desaturations during sleep between each step of 2 mm, 4 mm 
and 6 mm of experimental mandibular advancement (165). Several 
clinical recommendations about the degree of displacement by a 
mandibular advancement device have been suggested, such as 
advancements of above 5 mm (14,17,166-168), the maximum 
mandibular advancement reduced by 3 mm (15,22,169), 70-75% of 
maximum protrusion (17,20,23,170,171) or a comfortable protruded 
position (13,172). In the different studies, mandibular advancements of 
between 3 and 17 mm (14,16,17,22,24,26,167,168) and mandibular 
openings of between 3 and 18 mm (15,16,20,22,24,26,167-169) have 
been used.

Comparison ndth orthodontic appliances
Orthodontic appliances such as “functional appliances” and the Herbst 
appliance have served as models for many designs of devices to treat 
snoring and sleep apnea. These orthodontic appliances are used in the 
treatment of distal occlusion in children or adolescents. “Functional 
appliances” are designed to guide the natural forces from muscles and 
tooth eruption to accomplish orthopedic and orthodontic effects (173). 
The looseness of the devices in the mouth intends to stimulate 
intermittent muscle force, which is in turn is redirected to the teeth by 
design details in the appliance. Forces in the posterior direction on 
maxillar structures, in the anterior direction on the mandible and the 
lower dentition, as well as vertical forces, may be applied by these 
orthodontic appliances (173).

Tooth movements are, however, possible negative side-effects in 
adults during the treatment of snoring and sleep apnea. To redistribute 
the orthodontic forces from single teeth or groups of teeth, mandibular 
advancement devices use full-occlusal coverage. Most appliances are also 
designed with clasps or other construction details in order to hold the 
mandible in a rigid position in relation to the maxilla.
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Designs of mandibular advancement devices
The mandibular advancement devices can be subdivided into 
individually-designed devices and prefabricated ones and into one-piece 
devices and two-piece adjustable ones. The individually-designed devices 
require dental impressions, a bite registration and a dental laboratory 
(8,11-14,16-23-26,28,157,161,165,166,170-172,174-181), while the 
prefabricated devices are moulded directly on the patient’s teeth 
(167,169,182). The one-piece, individually-designed devices hold the 
mandible in the desired position and adjustment of these appliances has 
to be performed in a dental laboratory (8,13,14,16,18,19-22,24, 
165,170,177-179).

The Herbst appliance is a two-piece device, which has an adjustable 
telescopic mechanism between the upper and lower jaws 
(17,166,174,181). Other adjustable two-piece devices have a screw 
(23,25,27,28,176) or elastic straps (26) to adjust the mandibular position.

Some two-piece devices also permit mandiblar movements, while 
the patient is wearing the device. The Herbst mechanism permits the 
forward movement and opening of the mandible (17,166,174,175,181), 
while the attractive magnets (24) or the elastic straps (26) also allow 
some degree of posterior movement of the mandible.

Comparisons of different designs of mandibular advancement 
devices in terms of their effects on sleep apnea have so far only been 
presented in one study. Bloch et al (183) compared a one-piece device 
and a Herbst appliance with a similar degree of mandibular 
advancement. The one-piece mandibular advancement device had more 
effect on the symptoms of sleep apnea and tended to have more effect 
on sleep apnea than the Herbst appliance (183).

Effect on apneas
Between 14% and 73% of patients experience a reduction in the apnea- 
hypopnea index to below 10 with different designs of mandibular 
advancement devices (13,15,17,22,23,25,26,169,174,180,182). There are 
indications that the effect of the device differs in relation to sleeping 
position (184). The effect of the device in patients with an apnea- 
hypopnea index of below 20 is only partially known (20,172).

In a review by Schmidt-Nowara et al. (180), 13% of patients treated 
with mandibular advancement devices experienced a deterioration in 
their disease, with increased levels of apnea and hypopnea. Forty per 
cent of patients with an apnea-hypopnea index of above 20 remained 
above this level with the device (180).

There are a large number of mandibular advancement devices 
(27,180) and the choice of treatment for sleep apnea and the routines 
for follow-up are based to a large extent on the experience of the
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therapist. No study has so far evaluated the ultimate usefulness of a 
mandibular advancement device by studying its long-term effects on 
apneas and sleep.

Effect on sleep
Mandibular advancement devices improve sleep stage patterns (162), 
reduce the percentage of Stage-1 sleep (17,180,185) or Stage-1 and Stage - 
2 sleep (20,181) and increase the percentage of Stages 3-4 sleep 
(16,20,185) and rapid-eye-movement sleep (16,17,26,180,181,185). The 
frequency of sleep arousals decreases during treatment with a mandibular 
advancement device (20,25). In some studies, no effect by the device on 
sleep stage patterns was found (23,169).

Effect on snoring
Between 73% and 100% of the patients treated with mandibular 
advancement devices report a decrease in snoring (13-16,20,22,23,25, 
169). Objective measurements using a microphone during single nights 
have confirmed that snoring is reduced in frequency and amplitude by a 
mandibular advancement device (20,171).

Effect on daytime sleepiness and other symptoms
Between 51% and 85% of the patients report that subjective daytime 
sleepiness is reduced or eliminated during treatment (12,13,15,16,20, 
22,180,169). Fewer headaches (177,186), decreased excessive daytime 
sleepiness evaluated by the Epworth Sleepiness Scale (25,182) and an 
improvement in psycho-intellectual function (12,168,185) are reported 
during treatment with a mandibular advancement device.

Factors related to the treatment effect
A higher success rate with the device has been reported in patients with 
mild to moderate sleep apnea compared with patients with more severe 
disease (15,174). O'Sullivan et al (20) reported treatment success with 
the device in 71% of patients with an apnea-hypopnea index of below 60 
but only in 22% of patients with more severe disease. Other suggested 
predictors of treatment success with the device are a narrow tongue base 
(26,178), a retrognathic mandible together with a prognathic maxilla 
(178), a short distance between the lower border of the mandible and the 
hyoid bone (174) and a short soft palate without the device (18,178) or 
with it (174). No influence by body mass index, weight or neck 
circumference on the treatment effect has been found (20,26,187).
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Compliance and side-effects
Between 50% and 100% of the patients report that they have continued 
to use their appliances at follow-ups after three months to four years 
(14,15,16,17,22,174). Teeth discomfort, excessive salivation and jaw 
discomfort (23,25,177,186,188) are the main temporar}7 side-effects 
reported among patients treated with mandibular advancement devices. 
Slight changes in dental occlusion and mandibular position have also 
been observed, but it is not known whether these more permanent side- 
effects are related to the design of the device (179,186,188).

OTHER INTRAORAL DEVICES
There are intraoral devices with other intended modes of action than the 
mandibular advancement device for the treatment of snoring and sleep 
apnea. The tongue-retaining device is designed to open the airway by 
specifically holding the tongue anteriorly in a plastic bulb. This appliance 
has been found to reduce sleep apnea (189,190,191) but to a lesser extent
than that found for the mandibular advancement device (192). SnorEx , 
a device with a posterior clamp to hold the tongue forward during sleep, 
has a low compliance rate and low efficacy (193).

Other approaches to appliance design have also been used during 
attempts to treat snoring, but these devices have been found to be 
ineffective or have not been evaluated (21,192,194,195). Appliances such 
as the mouth shield are designed to prevent mouth breathing 
(21,194,195) and the soft palate lifter aims to reduce vibrations from the 
soft palate (21,192).

NASAL-CONTINUOUS POSITIVE AIRWAY PRESSURE
Nasal-continuous positive airway pressure delivers a stream of ambient 
air into a sealed nasal mask that the patient wears while sleeping (29,196). 
The positive pressure prevents upper airway occlusion by widening the 
lateral parts of the airway in particular (197) and stops the soft palate and 
tongue from falling against the posterior pharyngeal wall (29,196). This 
therapy eliminates hypopneas, apneas, oxygen desaturations, improves 
sleep stage patterns and reduces daytime sleepiness (29,196,198). Nasal- 
continuous positive airway pressure is regarded as the first treatment 
alternative in patients with moderate to severe disease (199). Engleman et 
al. (200) found that nasal-continuous positive airway pressure also 
improves daytime sleepiness, cognitive tasks and mental depression in 
patients with mild sleep apnea. The compliance after three years is over 
80% in patients with severe disease, including more severe daytime 
sleepiness, and below 40% in patients with mild disease and less daytime 
sleepiness (199).
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Treatment with nasal-continuous positive airway pressure reduces 
the risk of traffic accidents among patients with obstructive sleep apnea 
(201). In addition, the annual total costs of hospitalization are reported 
to decrease by 50% or more after two years of treatment with nasal- 
continuous positive airway pressure in patients with obstructive sleep 
apnea (202), particularly among those with cardiovascular and pulmonary 
disease (203). It is also possible, that the progression of the disease is 
interrupted using nasal-continuous positive airway pressure, since 
morphological abnormalities and reflex responses in the pharyngeal 
dilator muscles are improved in the treated patients (85,87). The bed 
partners of patients treated with nasal-continuous positive airway 
pressure have also been found to benefit from the treatment by 
enhanced sleep quality equal to an increase in sleeping time of one hour 
a night (204).

Treatment with nasal-continuous positive airway pressure produces 
a more effective reduction in apneas and symptoms than the mandibular 
advancement device in patients with obstructive sleep apnea 
(23,169,182,205). However, the patients in these studies preferred the 
mandibular advancement device compared with nasal-continuous 
positive airway pressure (23,169,182,205)

UVULOPALATOPHARYNGOPLASTY AND 
OTHER SURGICAL METHODS
The surgical enlargement of the airway space in the pharynx by 
eliminating redundant tissue including the tonsils is performed using 
uvulopalatopharyngoplasty (30,206). In patients with only enlarged 
tonsils, tonsillectomy has been found to reduce sleep apnea (207). Long
term studies of uvulopalatopharyngoplasty for obstructive sleep apnea 
have shown that the success rate decreases with time (208-210). Many 
patients experience a reduction in snoring after uvulopalatopharyngo
plasty, although sleep apneas persist according to objective evaluation 
(211,212). These patients are regarded to suffer from “silent obstructive 
apneas” (211). The treatment is not recommended in patients with 
severe disease, in obese patients or in patients with obstructions at the 
base of the tongue (206,213). Postoperative complications such as 
pharyngeal dryness, velopharyngeal insufficiency with hypernasality and 
dysphagia have been reported after surgical treatment of snoring and 
sleep apnea (214,215). Uvulopalatopharyngoplasty has less effect on 
sleep apneas than a mandibular advancement device in unselected
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patients (175,187). The effect of uvulopalatopharyngoplasty on daytime 
sleepiness is, however, similar to the effect produced by using a 
mandibular advancement device (187).

Maxillomandibular advancement surgery addresses the entire 
pharyngeal airway by moving the maxilla and the mandible forward and 
away from the pharynx (216). This method is usually performed when 
other methods have failed (216). The treatment is effective for sleep 
apnea and is comparable with the effect of nasal-continuous positive 
airway pressure in selected patients (216). The long-term success rate is 
90% in these patients (217).

Tracheostomy was introduced by Kuhlo et al (218), with the aim of 
by-passing the airway obstruction. This method eliminates sleep apnea 
and reduces the risk of early death in a long-term perspective (102,103).

OTHER TREATMENT MODALITIES
Weight loss has been found to reduce the frequency of apneas and 
oxygen desaturations during sleep (219,220) and reduce pharyngeal 
collapsibility in a short-term perspective in small samples of patients 
(220,221). So far, no predictors of patients who will benefit from weight 
reduction have been established (222,223).

Sleeping position training has been suggested for the treatment of 
patients suffering from supine-dependent sleep apneas (224). The short
term results indicate that positional treatment may be effective in 
reducing supine-dependent sleep apneas (156,224), symptoms (156) and 
blood pressure (225). However, the patients preferred treatment with 
nasal-continuous positive airway pressure (156) and the longer-term 
success rate is uncertain.

Nasal devices aim to reduce nasal resistance and increase air flow by 
widening the nasal aperture. Nasal-valve dilation is insufficient in the 
treatment of snoring and sleep apnea according to most studies (226- 
228).

25



AIMS

To evaluate the short-term effects on apneas and sleep of a one-piece, 
individually-designed mandibular advancement device in patients with 
mild, moderate and severe sleep apnea.

To evaluate the long-term effects of the same device on sleep apnea and 
the patients’ tolerance of the treatment.

To identify predictors of a successful reduction in apnea with the 
mandibular advancement device.

To determine the side-effects on the dental occlusion of the mandibular 
advancement device fabricated in soft elastomer or hard acrylic.
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SUBJECTS

All the subjects had performed a sleep apnea recording and had been 
referred from the Department of Respiratory Medicine to the 
Department of Orthodontics at Umeå University. Patients who, after 
sleep apnea recordings and clinical examinations by specialists in 
otorhinolaryngology and respiratory medicine, were found to have severe 
disease or redundant pharyngeal soft tissue were initially recommended 
treatment with nasal-continuous positive airway pressure or surgical 
treatment respectively. These patients were only included in the present 
studies, if they did not accept, tolerate or respond to other treatment for 
sleep apnea. All the subjects were Caucasian. Patients with edentulous 
jaws or insufficient dental support, craniomandibular disorders and 
mesial occlusion were excluded from treatment with the device.

Study I. The short-term effects of the device on apneas and sleep were 
evaluated in 44 of 47 treated patients with obstructive sleep apnea.

Study II. The long-term effects of the device on sleep apnea were 
evaluated in 33 treated patients. Twenty-two of the 33 patients had also 
been included in Study I.

Study III. Supine-dependent sleep apnea as a predictor of treatment 
success with the device was evaluated in 26 of 46 treated patients. An 
apnea-hypopnea index of > 15 in at least one sleeping position and a 
minimum of 30 minutes of sleep in each sleeping position were inclusion 
criteria. Forty-five of the 46 patients had also been included in Study I.

Study IV. Craniofacial morphology variables were evaluated as predictors 
of treatment success with the device in 32 of 42 treated men. An apnea- 
hypopnea index of > 15 in at least one sleeping position was the 
inclusion criterion. Forty-one of the 42 patients had also been included 
in Study I.

Study V. The orthodontic side-effects of the mandibular advancement 
devices made in soft elastomer and in hard acrylic were evaluated in a 
sample of 92 of 155 patients. Patients who had used their devices for 
more than 50% of the nights were compared with patients who had not 
tolerated the device.
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METHODS

THE MANDIBULAR ADVANCEMENT DEVICE
A one-piece, individually-designed mandibular advancement device was 
developed at our clinic on the basis of the experience acquired in a pilot 
study of a “monoblock” similar to that developed by Pierre Robin 
(8,9,21). The device was fabricated in either hard acrylic or soft elastomer 
by one of two dental technicians from individual plaster casts of the 
teeth and a construction bite in wax taken by the author. The patients 
were instructed to advance their mandibles 4-6 mm, if possible, and 
open them enough to allow a minimum distance of 5 mm between the 
incisors. The mandibular advancement was later increased in patients 
who reported persistent snoring and decreased in patients who reported 
pain from the craniomandibular system.

POLYSOMNOGRAPHY (STUDIES I - IV)
Full-night polysomnographic sleep recordings (Nightingale, Judex, 
Aalborg, Denmark), including electroencephalograms, electro
oculograms, submental electromyograms, oronasal air flow using a three- 
way thermistor (Nihon Kohden Ze-732A, Tokyo, Japan), abdominal and 
chest movements (Resp-EZ, EPM Systems, Midlothian, VA), finger 
oximetry (Ohmeda Biox 3740, Louisville, CO), body position (Vitalog
Monitoring Inc, Redwood City, CA) and electrocardiograms (V5) were 
used in the present evaluations. Sleep stages in 30-second epochs and 
sleep apneas and hypopneas were evaluated manually (229).

A two-month habituation period to the treatment preceded the 
evaluation of the effect of the device. Most evaluations were performed 
on two subsequent nights, the first without the device and the other with 
it. The evaluation without the device was preceded by one week without 
any treatment for sleep apnea in order to avoid a lag in the treatment 
effect of the device.

DEFINITION OF SUPINE-DEPENDENT SLEEP APNEA 
(STUDIES III AND IV)
Supine-dependent sleep apnea was defined at a supine apnea-hypopnea 
index of 10 or above and a lateral apnea-hypopnea index of below 10. 
Sleep apnea was regarded as non-supine-dependent when the lateral 
apnea-hypopnea index was 10 or above.
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DEFINITIONS OF TREATMENT EFFECTS WITH THE 
DEVICE (STUDIES I - IV)
A satisfactory treatment result with the device was defined as an apnea- 

hypopnea index of below 10 and a satisfactory reduction in snoring. A 
successful apnea reduction was defined as an apnea-hypopnea index of 
below 10 in both the supine and the lateral sleeping positions using the 
device.

CEPHALOMETRY (STUDY IV)
Lateral skull radiographs were taken in centric occlusion and with the 
mandibular advancement device in position. The patients were seated in 
an upright position in a cephalostat, with the Frankfort plane oriented 
horizontally. The same cephalostat was used for all patients.

ANALYSIS OF DENTAL CASTS (STUDIES I - III AND V)
The mandibular displacement by the device and the dental side-effects 
induced by the treatment were measured on plaster casts and compared 
with centric occlusion using a sliding caliper or transparent graph paper.

QUESTIONNAIRES (STUDIES I, II AND V)
Subjective snoring (I,II), excessive daytime sleepiness (I,II), side-effects 
in terms of craniomandibular symptoms or changes in dental occlusion 
from the device (II, V) and frequency of use of the device (II, V) were 
evaluated in questionnaires.

ETHICAL ASPECTS
The Umeå University Ethics Committee for human studies approved all 
the study protocols.
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STATISTICAL METHODS

Test Study Analysis

Wilcoxon's signed 
rank test for paired 
observations

Studies I-V
Comparisons

Continuous data with 
non-normal

Mann-Whitney U test 
for independent 
observations

Studies II-V distribution between 
two groups

The Kruskal-Wallis H
test

Study V Continuous data with 
non-normal 
distribution between 
three or more groups

One-way analysis of 
variance

Study I Continuous data 
between three or more 
groups

Fisher's exact test Study I Groups with

The X test Study V categorical data

Relationships

The logistic regression 
analysis

Studies III-V Between multiple 
independent variables 
and a binary variable

linear regression 
analysis

Study II Between two 
continuous variables

Spearman’s rank 
correlation

Studies I and V Between two
continuous non- 
normally distributed 
variables

Analysis of covariance Studies III 
and IV

Influence of a binary 
variable in a relation

(230)
Data are presented as the mean ± SD, unless otherwise stated. In all 
studies, a p-value of less than 0.05 was considered significant (230). The 
Bonferroni post hoc correction for multiple comparisons was used when 
more than two groups were compared (Study II) (230). The SPSS 6.1, 7.5 
and 9.0 Statistical Packages were used in the calculations.
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RESULTS

SHORT-TERM EFFECTS ON SLEEP APNEA 
(STUDIES I AND III)

APNEAS
The apnea-hypopnea index decreased from 25 ± 17 to 8.6 ± 7.1 
(p<0.001) using the present mandibular advancement device (Study I). 
Twenty-eight of the 44 patients (64%) had a satisfactory treatment result 
with an apnea-hypopnea index of below 10 and a satisfactory reduction 
in snoring with the device. Seventeen of 21 patients (81%) with mild 
sleep apnea, nine of 15 patients (60%) with moderate sleep apnea and 
two of eight patients (25%) with severe sleep apnea had a satisfactory 
treatment result (Figure 5).

The device reduced the apnea-hypopnea index in the supine 
sleeping position (p<0.001) and lateral position (p<0.001) (Study III) 
and in non-rapid-eye-movement-sleep (p<0.001) as well as in rapid-eye- 
movement sleep (p<0.001) (from Study I) (Table 1).

§. 40

Reduced snoring 

Still snoring

Apnea-hypopnea index without the device

Figure 5. FTfect of the present mandibular advancement device on apneas and 
snoring (n=44) (Study I).
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Table 1— Effects of the device on sleep apnea

Apnea-hypopnea index

Without With

Study n Mean ± SD Mean ± SD p-value

Short-term

Total I 44 25 ±17 8.6 ±7.0 <0.001

In supine position III 26 42+21 15 ± 15 <0.001

In lateral position III 26 18 ± 19 4.5 ±7.0 <0 001

In rapid-eye-movement sleep I 44 25 ± 17 8.6+8.3 <0.001

In non-rapid-eye-movement sleep I 44 22 ± 17 9.1 ±9.8 <0.001

In patients with supine dependent sleep 
apnea

III 26 16+7.5 3.9 ±3.3 <0.01

In patients with non-supine dependent 
sleep apnea

III 26 32 ±20 13 ±7.7 <0.01

Long-term

Total II 19 22 ±17 4.9 ±5.1 <0.001

Short-term in these patients II 19 24 ±16 5.0 ±4.5 <0.001

SLEEP STAGE PATTERNS
The device reduced the arousal index in patients with mild, moderate 
and severe sleep apnea (p<0.01) (Study I). The percentage of Stage-1 
sleep decreased in patients with mild and moderate disease (p<0.01) and 
probably also in patients with severe disease ^=0.07) (Study I). The 
percentage of slow-wave sleep increased with the device in patients with 
moderate and severe sleep apnea (p<0.01). Rapid-eye-movement sleep 
increased during treatment in patients with mild, moderate and severe 
disease (p<0.05). The percentage of sleep spent in the supine position 
increased with the device in patients with supine-dependent sleep apnea 
(p<0.05) (Study III) and in patients with mild disease (p<0.05) (Study I). 
The percentage of sleep spent in the supine position and in rapid-eye- 
movement sleep increased with the device from 3.8 ± 3.9% to 7.4 ±5.5 
% (p<0.05) (from Study III).

SYMPTOMS
Thirty-seven of 44 patients (84%) reported a satisfactory reduction in 
snoring. However, nine of the 37 patients (24%) with a satisfactory 
reduction in snoring experienced an insufficient reduction in apnea
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with the device with an apnea-hypopnea index of above 10 (Figure 5).
Thirty-four of the 42 patients (81%) who had excessive daytime 

sleepiness before treatment reported a reduction in sleepiness with the 
device. Seven of eight patients with persistent daytime sleepiness had an 
apnea-hypopnea index of above 10 with the device.

LONG-TERM EFFECTS ON SLEEP APNEA 
(STUDY II)

APNEAS
The device reduced the apnea-hypopnea index from 22 + 17 to 4.9 ±5.1 
(p<0.001) in 19 patients who had continued treatment during 5.2 ± 0.4 
years (Table 1). These values did not differ from the short-term follow
up after 0.7 ± 0.5 years, when the device reduced the apnea-hypopnea 
index from 24 ±16 to 5.0 ± 4.5 in the same patients (p<0.001). Patients 
who had had their devices adjusted or replaced with new ones 
experienced a better reduction in apnea at the long-term follow-up than 
patients who had used the same devices for the whole study period.

SLEEP STAGE PATTERNS
The percentage of Stage-I sleep decreased (p<0.01) and slow-wave sleep 
and rapid-eye-movement sleep increased (p<0.01) with the device at the 
long-term follow-up. The percentage of each separate sleep stage with 
the device did not differ compared with the values at the short-term 
follow-up.

SYMPTOMS
Five of 19 patients reported an increase in snoring and five of 19 patients 
reported increased daytime sleepiness during the 5.2 ± 0.4 years of 
treatment. All the patients who reported an increase in snoring or 
daytime sleepiness had an apnea-hypopnea index of below 10 with the 
device at the long-term follow-up.

TOLERABILITY
Seventeen of 19 patients (90%) who were recommended the treatment 
on the basis of the results of the short-term follow-up reported that they 
had continued to use their devices for more than 50% of the nights 
'during 5.2 ± 0.4 years of treatment.
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PREDICTORS OF THE EFFECT OF THE DEVICE ON 
SLEEP APNEA (STUDIES III AND IV)

SLEEPING POSITION AND APNEA FREQUENCY
Without the device, patients with supine-dependent sleep apnea only had 
an increased apnea frequency in the supine position by definition. The 
supine apnea-hypopnea index did not, however, differ between the 
patients with supine-dependent sleep apnea and patients with non
supine-dependent sleep apnea (Study III). The device reduced the supine 
apnea-hypopnea index to below 10 in patients with supine-dependent 
sleep apnea but not in patients with non-supine-dependent sleep apnea. 
The device did, however, reduce the lateral apnea-hypopnea index to 
below 10 in the patients with non-supine-dependent sleep apnea (Study 
III).

The odds ratio for a successful reduction in apnea in patients with 
supine-dependent sleep apnea was 30 compared with an odds ratio of 7.5 
for patients with mild sleep apnea defined as an apnea-hypopnea index 
of below 20 (Study III). The odds ratios were adjusted for age, obesity7 
and mandibular displacement by the device (Table 2).

Table 2— Predictors of an apnea-hypopnea index of below 10 in all 
sleeping positions with the device adjusted for age, obesity and 
mandibular displacement

Study n Odds ratio p-value

Supine-dependent sleep apnea III 26 30 <0.01

Apnea-hypopnea index < 20 III 26 7.5 <0.05

Supine-dependent sleep apnea IV 33 42 <0.05

A lower anterior face height of IV 33 21 0.09

63 mm or below (25th percentile)
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MANDIBULAR MORPHOLOGY
The mandibular plane angle, defined as the inclination of the lower 
border of the mandible to the base ol the skull and the lower anterior 
face height were associated with a successful reduction in apnea with the 
device (Study IV). No measured maxillar morphology variable was 
related to the effect of the device.

The odds ratio for a supine apnea-hypopnea index of below 15 with 
the device was 26 for a lower anterior face height of 73 mm or below 
(75th percentile) (p<0.05) controlling for age, obesity and body height 
(Study IV). The odds ratio for a supine apnea-hypopnea index of below 
15 was 17 for a mandibular plane angle of 38° (median value) or below 
(p<0.05).

The odds ratio for a successful reduction in apnea with an apnea- 
hypopnea index of below 10 in the lateral and supine positions was 42 
for supine-dependent sleep apnea (p<0.05) and 21 for a short lower 
anterior face height (p=0.09) in a model adjusted for age, obesity and 
mandibular displacement by the device (Table 2).

THE MANDIBULAR ADVANCEMENT DEVICE 
(STUDIES I-V)

MANDIBULAR DISPLACEMENT BY THE DEVICE
The mean mandibular advancement produced by the device was 
5-6 mm (range 2.0 mm to 10 mm) and the mean mandibular opening 
was 10 mm (range 5.0 mm to 14 mm) in all studies. Satisfactory results 
with the device were found with mandibular advancements of between 
3.5 mm and 8.5 mm (Study I). These values corresponded to between 
41% and 88% ol maximum protrusion. Mandibular openings of between 
7.0 mm and 14 mm produced satisfactory results with the device (Study 
I). The success rate was higher in the patients who advanced their 
mandible by at least 5 mm with the device than in those who used 
smaller advancements (p<0.01). Among the moderate and severe cases, 
no patient with a mandibular advancement of below 5 mm with the 
device experienced a satisfactory treatment result (Study I).

SOFT ELASTOMERIC AND HARD ACRYLIC DEVICE
There was no difference in the reduction in apnea with the soft 
elastomeric device and the hard acrylic device (from Studies I and II).
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SIDE-EFFECTS ON DENTAL OCCLUSION 
(STUDY V)
The mandibular advancement device induced changes in overjet of 
-0.4 ± 0.8 mm and overbite of -0.4 ± 0.7 mm during 1.9 to 4.2 years of 
treatment. These changes in dental occlusion were more marked than in 
the reference group (p<0.01). A large reduction in overjet was defined as 
the largest quartile of change, which ranged from -2.8 to -0.8 mm. 
Patients using the soft elastomeric devices ran a smaller risk of a large 
reduction in overjet with the device than patients using hard acrylic 
devices (p<0.05). Patients using soft elastomeric devices with mandibular 
advancements of less than 6 mm also ran a smaller risk of a large 
reduction in overjet with the device than patients using larger 
advancements. Patients were generally unaware of the observed side- 
effects on dental occlusion.

36



DISCUSSION

The present one-piece, individually-designed mandibular advancement 
device reduced the apnea-hypopnea index from 25 ± 17 to 8.6 ±7.1 
(p<0.001) in 44 patients. Sleep stage patterns improved, with an 
increased percentage of rapid-eye-movement sleep (p<0.05) and slow- 
wave sleep (p<0.01) and a reduced frequency of arousals (p<0.01). The 
long-term effect of the device on apneas and sleep and the tolerability 
were good in patients who were recommended the treatment on the 
basis of the results of the short-term sleep recording. Supine-dependent 
sleep apnea was the strongest predictor of a successful reduction in 
apnea by the device with an odds ratio of 42 (p<0.05) compared with 21 
for a short lower anterior face height (p=0.09) adjusted for age, obesity 
and mandibular displacement. Side-effects on dental occlusion were less 
frequent in patients wearing devices made of soft elastomer than in 
patients using hard acrylic devices. Advancements of less than 6 mm 
produced fewer side-effects on dental occlusion than larger mandibular 
advancements with the device.

Short-term effects
The short-term effect on sleep apnea with the present mandibular 
advancement device is among the best compared with the published 
results for some other mandibular advancement devices (Figure 6) 
(13,23,25,171,180) (Study I). No other device apart from the present one 
has also been tested for its effects on mild sleep apnea (Study I), long
term effects on sleep apnea (Study II), possible predictors of treatment 
success (Studies III and IV) and side-effects on dental occlusion (Study
V).

Long-term effects
The long-term effects on apneas and sleep with the present device are 
encouraging. Ninety per cent of the patients who were recommended the 
treatment on the basis of the beneficial results of a short-term follow-up 
were still on treatment after five years (Study II). It is remarkable that the 
effect by the device was almost identical at the long-term and short-term 
follow-ups (Study II). This indicates that the influence of a mandibular 
advancement device on sleep apnea is unaffected by time. The treatment 
effect will probably persist as long as the device holds the mandible 
forwards and downwards mechanically. Lorino et al. (164) have 
demonstrated that the pharyngeal resistance decreases in patients who 
hold their mandibles in a forward position passively in a wax bite. In

37



D Cohen 

• Marklund et al 

+ Clark et al 

A Pancer et al 

■ Ferguson et al 

v Bonham et al
0 20 40 60 80 100

Apnea-hypopnea index without the device

Figure 6. Effect of various mandibular advancement devices according to 
previous published results.

contrast, there was no reduction in pharyngeal resistance, when the 
patients actively protruded their mandibles without the support of the 
wax bite (164). The advantage of a mandibular advancement device 
could be compared to some extent with that of a tube in the 
maintenance of a patent airway in the unconscious patient.

The apnea-hypopnea index did not worsen during five years of 
successful treatment among the patients in Study II. It is suggested that 
treatment with a mandibular advancement device prevents the 
progression of sleep apnea by reducing the trauma from the vibration 
and stretching of the tissues produced by snoring and sleep apneas. It is 
also possible that the device normalizes upper airway muscle 
morphology and function in a manner similar to that observed during 
treatment with nasal-continuous positive airway pressure (87).

The mandibular advancement device
All the treatment in the present studies was performed by the author and 
the devices was made by one of two dental technicians. A former study 
has pointed out that the success rate for sleep apnea with a mandibular 
advancement device may vary by as much as 30% between different
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dentists (12). This is probably related to experience.
Our mandibular advancement device had a one-piece design with 

full-occlusal coverage. The one-piece design ensured that there were no 
changes in mandibular positioning in the studied patients without our 
knowledge. The device was made of either soft elastomer or hard acrylic. 
An analysis of the data does not indicate that the two materials used in 
the present device influenced its effects on sleep apnea. During long
term treatment, patients who had had their devices adjusted or replaced 
with new ones did, however, experience a better effect on sleep apnea 
than patients who were still using the same devices (Study II). These 
results indicate that it is important that the device fits the teeth and 
alveolar processes and is not worn out. It is necessary to examine the 
condition of the device and replace it with a new one within four to five 
years (Study II).

A minimum advancement by the device of 70-75% of maximum 
protrusion is often recommended to achieve treatment success 
(17,20,23,170,171). The ability to protrude the mandible differs largely 
between patients. The protrusion is also reduced when the mandibular 
opening increases. The advancement and opening of the mandible is 
therefore presented in millimetres in the present studies.

We found the highest success rate in the patients who advanced 
their mandible by at least 5 mm during treatment (p<0.01) (Study I). 
However, satisfactory treatment results were found together with a wide 
range of mandibular advancements, from 3.5 mm to 8.5 mm, which 
corresponded to 41 to 88% of maximum protrusion (Study I). In 
particular, patients with less severe disease were successfully treated with 
advancements of below 5 mm (Study I). A smaller mandibular 
advancement may be sufficient to eliminate the more limited pharyngeal 
collapse which has been observed together with less frequent apneas 
(128). Patients with milder disease may therefore try a smaller initial 
advancement, to avoid possible side-effects on the dental occlusion 
occurring at larger mandibular advancements (Study V).

The mandibular opening is designed to permit oral breathing and 
speech with the device in place. A large mandibular opening does, 
however, produce a reduction in pharyngeal airway space (64,231) and 
possibly an impaired effect by the mandibular advancement device. We 
used mandibular openings with a mean of 10 mm (range 5.0 mm to 14 
mm) and found a trend towards an increased effect by the device 
together with an increased mandibular opening (Study IV). 
Consequently, the level of opening which is possibly related to an 
impaired effect by the device is probably not reached in the clinical 
situation with mandibular openings of about 10 mm.
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Predictors
Supine-dependent sleep apnea was the strongest predictor of treatment 
success with the device. The odds ratio was 30 for supine-dependent 
sleep apnea (p<0.01), which can be compared with 7.5 (p<0.05) for mild 
disease (Table 2) (Study III). The relationship between treatment success 
with a mandibular advancement device and milder disease (15, 20,174) is 
probably explained by the higher frequency of supine-dependent sleep 
apnea among patients with mild sleep apnea.

The reason for the good effect of the device in patients with supine- 
dependent sleep apnea may be the shape of their airway lumen. These 
patients have a fairly normal pharynx shape, with an ovoid pharyngeal 
cross-sectional area with its long axis in the lateral dimension (152) 
(Figure 3). When patients with supine-dependent sleep apnea lie in the 
lateral position, they are protected from collapse by the laterally wide 
airway. In the supine position, however, their pharynx narrows (152). 
The mandibular advancement device increases the anterio-posterior 
dimension in particular (159), which may explain the good effect of the 
device in patients with supine-dependent sleep apnea (Figure 7). Patients 
with non-supine-dependent sleep apnea, on the other hand, have a 
smaller and more circular pharyngeal cross-sectional area because of 
lateral constrictions (152). When these patients lie in the lateral position, 
they are less protected from a pharyngeal collapse than the patients with 
supine-dependent sleep apnea. In the supine posture, however, the 
airway dimensions are fairly unchanged compared with the lateral 
position in these patients with non-supine-dependent sleep apnea. It is 
possible, that patients with non-supine-dependent sleep apnea already 
protect their diminutive airway by an increase in pharyngeal dilator 
muscle activity. Any substantial widening of the laterally narrowed airway 
is therefore unlikely to be achieved by a mandibular advancement device 
in patients with non-supine-dependent sleep apnea (Figure 7).

A short lower anterior face height and a small mandibular plane 
angle were predictors of a successful reduction in apnea according to the 
present Study IV. These mandibular morphology variables were, 
however, weaker predictors of treatment success with the device than 
the occurrence of supine-dependent sleep apnea (Table 2). It is possible 
that normal mandibular morphology is associated with normal 
pharyngeal morphology and indirectly with supine-dependent sleep 
apnea. The association between an orthognathic mandible and supine- 
dependent sleep apnea in Study IV supports this hypothesis. Differences
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Figure 7. Suggested effect on the pharyngeal cross-sectional area 
of the mandibular advancement device in 
patients with non-supine-dependent sleep apnea {left) and 
in patients with supine-dependent sleep apnea {right).

in mandibular morphology may thus indirectly influence the opportunity 
to increase the cross-sectional area of the airway with the device. Battagel 
et al (232) also found that mandibular advancement produced the largest 
anterio-posterior increase in the pharynx in patients with normal 
mandibular morphology with a reduced lower anterior face height and a 
small mandibular plane angle.

No common view has so far been presented about the craniofacial 
morphology variables to choose for predictions of treatment success in 
sleep apnea with a mandibular advancement device (18,26,75,174,178). 
These prediction models have also to take account of sex, race and age. 
At present, it is therefore better to spend the time it takes to use any 
craniofacial morphology predictions in the treatment of more patients 
with snoring and sleep apnea.
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Side-effects
The dentition may undergo a mesial shift with effects on the occlusion in 
the same direction as the device moves the lower jaw (179,186,188). This 
is similar to the orthodontic treatment effect of functional appliances in 
growing individuals (233,234). The effects on the dental occlusion are 
usually small in adults who only use their appliances at night for the 
treatment of snoring and sleep apnea (179,186,188) (Study V). We also 
found that a soft elastomeric device instead of the hard acrylic device 
reduced these risks of orthodontic side-effects during treatment (Study 
V). The soft elastomeric device has large extensions over the alveolar 
processes and aims to re-distribute the orthodontic forces from the teeth 
to the alveolar processes. The orthodontic side-effects are also reduced 
by mandibular advancements of less than 6 mm compared with larger 
advancements (Study V).

Clinical recommendations
The following clinical routines for treatment with a mandibular 
advancement device are recommended according to the results of the 
present studies. An initial sleep apnea recording (27,235), patient history 
and clinical examinations by a specialist in otorhinolaryngology, a 
specialist in respiratory medicine and a specialist dentist constitute the 
base for treatment planning in agreement with the patient. The oral 
examination includes the teeth and restorations, the periodontium, the 
occlusion and craniomandibular structures (27). In patients with severe 
sleep apnea, nasal-continuous positive airway pressure should be the first 
treatment alternative (235,236). In patients with redundant pharyngeal 
soft tissue such as tonsillar hypertrophy, surgical methods may be 
successful.

The mandibular advancement device is primarily recommended for 
dentate patients with supine-dependent sleep apnea (Study III). Some 
characteristics of normal mandibular morphology are also favourable for 
treatment success with the device, although to a lesser degree than 
supine-dependent sleep apnea (Study IV). These predictors will also 
require cephalometric radiographs and are therefore less suitable for 
large populations compared with a diagnosis of supine-dependent sleep 
apnea, which is already given by the sleep recording. Patients with severe 
disease who do not tolerate treatment with nasal-continuous positive 
airway pressure could have a trial with the device, as some of them may 
experience treatment success with the device also in the long term 
(Studies I and II). In addition, the device could be used as a complement 
to treatment with nasal-continuous positive airway pressure, since it 
usually reduces sleep apnea, even though full treatment success is not

42



achieved.
The elastomeric type of device is recommended, as it has fewer 

side-effects on the dental occlusion than the hard acrylic device. A 
mandibular advancement of about 5 mm and an opening of between 5 
and 14 mm are appropriate in patients with moderate to severe disease, 
as this satisfactorily reduces apneas and snoring in many patients without 
significant risks of side-effects on the dental occlusion. Patients with 
snoring or mild sleep apnea can initially try a smaller mandibular 
advancement.

Follow-up is important to determine the effect of the mandibular 
advancement device on sleep apnea, particularly in patents with 
moderate and severe disease. Most patients treated with mandibular 
advancement devices are satisfied with the fact that snoring is reduced. 
However, about a quarter of patients with reduced snoring may still have 
increased numbers of apneas during treatment. The sleep apnea 
recording with the device identifies these patients with “silent 
obstructive apneas” during treatment and is also an instrument for the 
selection of the patients who will benefit from the treatment in the long 
term.

The need for long-term follow-up sleep recordings has to be 
evaluated in larger samples before any recommendations are made, 
although the present results indicate that the effect of the device is long 
lasting. It is, however, necessary to check the condition of the device and 
to replace it with a new one during a period of four to five years to 
maintain its effects on sleep apnea. It is also important to determine the 
side-effects on the dental occlusion by the treatment within a period of 
two years, as single patients may experience marked side-effects. The 
patients are generally unaware of the dental side-effects. The importance 
of healthy periodontal support to avoid these side-effects must, however, 
be further evaluated. In the case of significant dental side-effects, the 
patient is recommended to interrupt treatment with the device and have 
another treatment for sleep apnea suggested. It is possible that the 
orthodontic side-effects will relapse and in this case a mandibular 
advancement device with a slightly modulated design to avoid the side- 
effects in the specific patient can be made. In the case of smaller dental 
side-effects, the benefits of the treatment of snoring and sleep apnea may 
outweigh the disadvantages of the device.
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CONCLUSIONS

The present one-piece, individually-designed mandibular advancement 
device reduces apneas and improves sleep stage patterns in the short 
term in patients with mild, moderate and severe sleep apnea. A short
term follow-up is necessary to identify patients who suffer from “silent 
obstructive apneas”.

The effect of the device on apneas and sleep persist in the long term in 
patients who are recommended to continue the treatment on the basis of 
a short-term sleep recording. Most patients who are initially satisfied 
with the treatment tolerate the device in the long term.

Supine-dependent sleep apnea is the strongest predictor of a successful 
reduction in apnea with the device. A short lower anterior face height 
and a small mandibular plane angle are also predictive factors for a 
successful reduction in apnea.

The side-effects on the dental occlusion are generally small from a 
mandibular advancement device in adults treated for snoring and sleep 
apnea. Some patients may, however, experience marked effects on the 
dental occlusion. These side-effects appear less frequently during the use 
of a soft elastomeric device instead of a hard acrylic device. In addition, 
it is beneficial to use mandibular advancements of below 6 mm in the 
soft elastomeric device to avoid dental side-effects.
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