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ErricaAcy AND CO-MORBIDITY OF ORAL
APPLIANCES IN THE TREATMENT OF OBSTRUCTIVE
SLEEP APNEA-HYPOPNEA: A SYSTEMATIC REVIEW
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author, a.hoekema@kchir.azg.nl

ABSTRACT: The Obstructive Sleep Apnea-Hypopnea Syndrome (OSAHS) is a common sleep-related breathing disorder char-
acterized by repetitive obstructions of the upper airway during sleep. Modification of pharyngeal patency by Oral Appliance
(OA) therapy has been suggested as an alternative to various treatment modalities for OSAHS. To determine the evidence base
with respect to the efficacy and co-morbidity of OA therapy in OSAHS, we conducted a systematic review of the available lit-
erature. Primary outcome measures were the reduction in number of upper-airway obstructions and co-morbidity related to the
craniomandibular or craniofacial complex, respectively. Eligible studies regarding efficacy were independently assessed by two
assessors using a quality assessment scale. Effect sizes of methodologically sound studies were calculated. In identical inter-
ventions, effect sizes were pooled with the use of a random-effects model. Given the scarcity of controlled studies related to co-
morbidity, appraisal was confined to a description of eligible studies. Sixteen controlled trials related to efficacy were identified.
With respect to the primary outcome measure, OA therapy was clearly more effective than control therapy (pooled effect size,
-0.96; 95% confidence interval [CI], -1.49 to -0.42) and possibly more effective than uvulopalatopharyngoplasty. Although
patients generally preferred OA therapy, improvement of respiratory variables, such as the number of upper-airway obstruc-
tions, was usually better in Continuous Positive Airway Pressure (CPAP) therapy (pooled effect size, 0.83; 95% CI, 0.59 to 1.06).
Moreover, specific aspects related to OA design may influence patient-perceived efficacy and preference. Twelve patient-series
and one controlled trial related to co-morbidity were identified. Analysis of the data suggests that OA therapy may have
adverse effects on the craniomandibular and craniofacial complex. Although CPAP is apparently more effective and adverse
effects of OA treatment have been described, it can be concluded that OA therapy is a viable treatment for, especially, mild to
moderate OSAHS. Controlled studies addressing the specific indication and co-morbidity of OA therapy are warranted.

Abbreviations used in this paper are: AHI, Apnea-Hypopnea Index; CENTRAL, Cochrane Central Register of Controlled Trials; CI, con-
fidence interval; CPAP, Continuous Positive Airway Pressure; ESS, Epworth Sleepiness Scale; MeSH, Medical SubHeading, thesaurus
word; minSa0,, lowest oxygen saturation; MRA, Mandibular Repositioning Appliance; OA, Oral Appliance; OSAHS, Obstructive Sleep
Apnea-Hypopnea Syndrome; RDI, Respiratory Disturbance Index; RERA, Respiratory Effort Related Arousal; SaO,, oxygen saturation;
UPPP, uvulopalatopharyngoplasty; and W, weight.

Key words. Obstructive sleep apnea-hypopnea, therapy, oral appliances, systematic review.

(1) Introduction

arousals are associated with sleep fragmentation and a deple-
tion of REM and slow-wave sleep (non-REM stages 3 and 4),
ultimately resulting in Excessive Daytime Sleepiness. Other
consequences of sleep fragmentation include reduced neu-

he Obstructive Sleep Apnea-Hypopnea Syndrome
(OSAHS), a common sleep-related breathing disorder, is

characterized by repetitive upper-airway obstructions and dis-
ruptive snoring during sleep (Guilleminault et al., 1976).
Upper-airway obstructions in OSAHS can be either partial or
complete and often result in (possibly severe) oxygen desatu-
rations. When a complete or partial airway obstruction is man-
ifested by a complete cessation or substantial reduction (i.e., >
50%) in oronasal airflow of at least 10 sec, the respiratory event
is defined as apnea or hypopnea, respectively (AASM, 1999).
When associated with an oxygen desaturation (> 3%) or brief
awakening from sleep (i.e., arousal), a moderate reduction in
airflow (i.e., < 50%) of 10 sec or longer is also defined as
hypopnea. Normal upper-airway patency is usually re-estab-
lished after an increased respiratory effort in response to
hypoxia and hypercapnia (abnormal increase in PaCO,)
(Gleeson et al., 1990). These increased respiratory efforts result
in brief awakenings from sleep (i.e., arousals) that usually go
unnoticed by patients (Berry and Gleeson, 1997). Recurrent

rocognitive functioning, an impaired quality of life, and an
increased risk of motor vehicle and occupational accidents
(Teran-Santos et al., 1999; Lindberg et al., 2001). Hemodynamic
consequences of upper-airway obstruction include sustained
periods of hypertension (Bananian et al., 2002), and an
increased risk for cardiovascular diseases such as myocardial
infarction, cerebrovascular accidents, and congestive heart
failure (Shahar et al., 2001). Moreover, analysis of the available
data suggests that OSAHS, especially when severe, is associat-
ed with increased mortality (Redline, 2002).

According to the recommendations of the American
Academy of Sleep Medicine, OSAHS is defined by a combina-
tion of symptoms (such as Excessive Daytime Sleepiness) and
laboratory findings (AASM, 1999). Laboratory findings should
demonstrate a Respiratory Disturbance Index (RDI) of five or
more obstructed breathing events per hour of sleep. These
events include any combination of apneas, hypopneas, and
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Respiratory Effort Related Arousals (RERAs). On the basis of
the RDI, OSAHS may be classified as mild (RDI 5-15), moder-
ate (RDI 15-30), or severe (RDI > 30) (AASM, 1999). Because
RERAs are included in the RDI, the Upper Airway Resistance
Syndrome, a condition with somewhat similar pathophysiolo-
gy lacking marked airway obstructions, is classified as OSAHS
(AASM, 1999). However, since the detection of RERAs requires
more sensitive diagnostic monitoring techniques, the number
of breathing events is usually quantified by the number of
apneas and hypopneas per hour of sleep (i.e., Apnea-Hypopnea
Index; AHI) (AASM, 1999). When the above-stated recommen-
dations are adopted, OSAHS can be diagnosed in 2% of women
and 4% of middle-aged men (Young et al., 1993). In contrast to
these imposing figures, it is estimated that, in the general pop-
ulation, approximately 80 to 90% of patients meeting the crite-
ria of at least moderate OSAHS remain undiagnosed (Young et
al., 1997a). Since untreated OSAHS is likely to deteriorate over
time and rarely disappears (Young and Peppard, 2002), this is
of serious consequence for unrecognized patients.

It is assumed that both anatomical and neuromuscular fac-
tors are of significance in the pathogenesis of upper-airway
obstruction in OSAHS (Gleadhill et al., 1991). However, other
variables, such as lung volume and individual variability in
ventilatory control, may also be of significance (Malhotra and
White, 2002). The increased risk of OSAHS in males has been
attributed to gender differences in airway morphology (e.g., fat
distribution and craniofacial dimension) and protective effects
of female hormones on upper-airway patency (Manber and
Armitage, 1999; Schwab, 1999). This latter hypothesis is con-
firmed by the fact that the menopausal state entails a risk for
developing OSAHS (Young and Peppard, 2002). Although
OSAHS prevalence is shown to increase with age (Ancoli-Israel
et al., 1991), it is unclear whether this can be attributed to an
accumulation of cases or to an increase in incidence. OSAHS
also appears to be more common in several endocrine disor-
ders, like hypothyroidism, acromegaly, Cushing Syndrome,
and diabetes mellitus (Rosenow et al., 1998). Other risk factors
for OSAHS include familial aggregation and Afro-American
racial origin (Redline ef al., 1995, 1997). Besides gender and age,
obesity is probably the most important risk factor for OSAHS
(Flemons et al., 1994). It is hypothesized that obesity can influ-
ence breathing during sleep by inducing hypoxemia, and alter-
ing (upper) airway structure and function (Strobel and Rosen,
1996). Various abnormalities of the bony and soft-tissue struc-
tures of the head and neck may also compromise the upper air-
way during sleep. Whether related to a genetic syndrome or
not, these abnormalities include craniofacial abnormalities (e.g.,
retro- or micrognathia), macroglossia, adenotonsillar hypertro-
phy, and palatal enlargement (Strohl and Redline, 1996;
Kushida et al., 1997). Moreover, nasal congestion due to allergic
rhinitis, acute upper-airway infection, or anatomical abnormal-
ities (e.g., a deviated septum, conchal hypertrophy, or nasal
polyps) has been identified as risk factors for OSAHS (Young et
al., 1997b). Finally, several intoxications may predispose to
upper-airway obstruction during sleep, including the use of
tobacco, alcohol, and respiratory depressant or sedative med-
ication (Malhotra and White, 2002).

Despite its labor-intensive character, full-night polysomnog-
raphy is regarded as the standard diagnostic technique for
OSAHS (Malhotra and White, 2002). This comprehensive sleep
recording, performed either in a sleep laboratory or ambulatory
in a home setting, generally incorporates recording of electroen-

cephalogram, electro-oculogram, chin electromyogram, snoring,
thermistor, electrocardiogram, pulse oximetry, and tibialis ante-
rior electromyogram. Polysomnography allows for assessment
of sleep architecture and quantification of upper-airway obstruc-
tions, arousals, and oxygen desaturations. Other diagnostic
instruments may be needed to provide additional information
with regard to sleepiness. Although a standard technique for
measuring sleepiness is not available at present, the Epworth
Sleepiness Scale is probably the most adequate and inexpensive
test of all (Johns, 1991). The Epworth Sleepiness Scale is a simple,
self-administered questionnaire in which patients rate their
propensity to fall asleep in eight different situations. Scales that
objectify sleepiness are the Multiple Sleep Latency Test and the
Maintenance of Wakefulness Test (AASM, 1999). OSAHS should
be discriminated from Central Sleep Apnea Syndrome, Cheyne-
Stokes Respiration, and several other conditions characterized
by excessive sleepiness, including narcolepsy, insufficient sleep,
periodic leg movements, non-respiratory arousal disorders, and
alcohol or drug abuse (AASM, 1999). Moreover, OSAHS should
be distinguished from simple snoring, which is associated with
a physiological number of airway obstructions and the absence
of OSAHS-related symptoms.

(2) Current Treatment Modalities for OSAHS

When treating OSAHS, clinicians may consider various non-
invasive, surgical and pharmacological modalities. OSAHS-
related symptoms (e.g., Excessive Daytime Sleepiness or car-
diovascular sequelae) are decisive when a treatment modality
is being selected. OSAHS treatment is preferably associated
with minimal co-morbidity while optimally relieving symp-
toms and reducing mortality. The various treatment modalities
for OSAHS will be discussed in the next sections.

(2.1) CONSERVATIVE MANAGEMENT

Conservative management constitutes the correction of a med-
ical problem or a lifestyle that possibly affects OSAHS sympto-
matology. Successful management of obesity confirms the
reversibility of overweight as a risk factor of OSAHS (Smith et
al., 1985). However, on a long-term basis, weight loss is often
difficult to achieve and not always effective in obese OSAHS
patients (Sampol et al., 1998). Sleep deprivation or fragmenta-
tion may also predispose to OSAHS (Series et al., 1994).
Therefore, when appropriate, OSAHS patients should be
encouraged to improve their 'sleep hygiene' (e.g., improvement
in sleep-wake patterns and avoidance of stimulants in the
evening). Patients with 'supine dependent' upper-airway
obstructions may be successfully treated by changing their
sleep position from supine to lateral or more upright (McEvoy
et al., 1986; Cartwright et al., 1991). Furthermore, when feasible,
patients should be advised to abstain from alcohol, tobacco,
and respiratory depressant or sedative medication (e.g., opiates
or benzodiazepines). Although conservative measures usually
require additional treatment, they should always be considered
due to their facilitating effect in OSAHS management.

(2.2) CONTINUOUS POSITIVE AIRWAY PRESSURE

The introduction of Continuous Positive Airway Pressure
(CPAP) has been of great significance in the management of
OSAHS (Sullivan et al.,, 1981). Prior to CPAP, symptomatic
OSAHS patients were nearly always treated with a tracheoto-
my. CPAP pneumatically splints the upper airway during sleep
by means of a flow generator that is connected to an (oro)nasal
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mask (Schwab et al., 1996). Treatment usually results in the near-
elimination of upper-airway obstructions and notable improve-
ments in oxyhemoglobin saturation, sleep architecture, and
snoring (Lojander et al., 1996; Jenkinson et al., 1999). Although a
placebo effect has been documented, CPAP is also known to
substantially improve Excessive Daytime Sleepiness, quality of
life, depression, and neurocognitive performance (Engleman et
al., 1999; Jenkinson et al., 1999). Since discontinuation of treat-
ment usually results in a rapid recurrence of symptoms (Kribbs
et al., 1993), CPAP is generally a lifelong requisite.

Side-effects of CPAP, although rarely severe, are frequent-
ly observed and predominantly relate to the (oro-)nasal mask
(Hoffstein et al., 1992; Pépin et al., 1995). Moreover, it is not
uncommon for CPAP to cause nasal congestion, rhinorhea,
sneezing, and mucosal dryness of the upper airway (Hoffstein
et al., 1992; Pépin et al., 1995). Poor compliance has been sug-
gested to be the major drawback of CPAP, with patients trou-
bled by more side-effects generally showing poorer compliance
(Engleman et al., 1996). Best compliance is usually seen in
patients with severe OSAHS or substantial daytime sleepiness
(Pépin et al., 1995, 1999). CPAP should be considered when con-
servative management is not applicable or when additional
treatment is required (White et al., 2002). Individuals failing or
refusing CPAP and patients with clearly reversible abnormali-
ties (e.g., anatomical deformities) are candidates for alternative
treatment (Malhotra and White, 2002). Moreover, since results
of CPAP in mild to moderate OSAHS are conflicting, alterna-
tive treatment may also be considered in these patients (Krieger
et al., 1996; Engleman et al., 1999).

(2.3) SURGICAL MANAGEMENT

Adenotonsillectomy or surgical correction of a compromised
nasal passage usually fails to correct OSAHS (completely) in
adult patients (Sher et al., 1996). However, these interventions
should always be considered, because they facilitate the treat-
ment of OSAHS with other modalities (e.g., CPAP). For a con-
siderable time, the uvulopalatopharyngoplasty (UPPP) has been
the most popular surgical procedure in the treatment of OSAHS.
UPPP involves a resection of the uvula and redundant palatal,
tonsillar, and mucosal tissues. Despite its initial popularity, it has
been shown that only approximately 40% of OSAHS patients are
successfully treated with an UPPP (Sher ef al., 1996). Long-term
results are not more successful because relapse occurs in a sig-
nificant proportion of initially successfully treated patients
(Janson et al., 1997). Moreover, more recently employed tech-
niques for correcting retropalatal airway obstruction, like Laser-
Assisted Uvulopalatoplasty or radiofrequency volumetric tissue
reduction (i.e., somnoplasty), have also been disappointing in the
treatment of OSAHS (ASDA, 1994; Brown et al., 2001).

Better results have been obtained with more 'aggressive' sur-
gical interventions, including genioglossal advancement with
hyoid myotomy and suspension or maxillomandibular advance-
ment surgery (Riley et al., 2000; Sher, 2002). In genioglossal
advancement, the surgeon puts the tongue under anterior trac-
tion by performing a limited parasagittal mandibular osteotomy
and subsequently advancing the genioid tubercle. In addition to
genioglossal advancement, a hyoid myotomy is often performed.
The latter procedure is intended to enlarge the retrolingual air-
way by anterior fixation of the hyoid bone following the release
of the infrahyoid muscles. Maxillomandibular advancement pro-
vides maximal enlargement of the retrolingual and some enlarge-
ment of the retropalatal airway by means of a Le Fort I and a

mandibular sagittal split advancement osteotomy. When these
surgical procedures were performed according to protocol, suc-
cessful management of OSAHS has been reported in approxi-
mately 60% of patients following UPPP and/or genioglossal
advancement with hyoid myotomy, and in 90% of patients after
maxillomandibular advancement (Riley et al., 2000). Because gen-
eralization of these results is questionable, and widespread accep-
tance is lacking, randomized controlled trials are needed
(Bridgman et al., 2002). A laser midline glossectomy and lin-
gualplasty create an enlarged retrolingual airway by laser exci-
sion of a portion of the posterior half of the tongue. These proce-
dures, however, are not frequently used for the management of
OSAHS (ASDA, 1996). Despite considerable co-morbidity, a tra-
cheotomy, which produces a bypass of the upper airway, is prob-
ably the most predictable surgical intervention for OSAHS (Riley
et al., 2000). Although gastric restrictive and bypass procedures
are increasing in popularity, the limited experience in OSAHS
patients and associated morbidity and mortality restrict applica-
tion of these procedures to only selected cases (Livingston, 2002).
Because OSAHS is associated with an increased operative risk
(Esclamado et al., 1989), anaesthesiological precautions and treat-
ment according to protocol are always requisite (Riley et al., 1997).
The practice parameters of the American Sleep Disorders
Association also provide recommendations for the surgical man-
agement of OSAHS patients (ASDA, 1996).

(2.4) PHARMACOLOGICAL
AND MEDICAL MANAGEMENT

Various pharmacological agents have been deployed in the
management of OSAHS. Although beneficial effects of tricyclic
antidepressants and serotonergic agents have been reported,
widespread use in OSAHS is mainly constrained by anti-cholin-
ergic side-effects and limited overall efficacy, respectively
(Smith et al., 1983; Hedner and Grote, 2002). In selected patients
with persisting excessive daytime sleepiness, wake-promoting
agents like modafinil may be beneficial (Arnulf et al., 1997).
Contrary to the suggested protective effect of sex hormones in
OSAHS pathogenesis, steroid treatment (e.g., medroxyproges-
terone) is generally worth considering only in patients with
awake respiratory failure (Hedner and Grote, 2002). Thyroxine
may be successful for the management of OSAHS patients with
hypothyroidism (Grunstein and Sullivan, 1988). However, in
acromegalic patients, additional treatment of OSAHS is usually
required following the pharmacological suppression of growth
hormones (Grunstein ef al., 1994).

Treatment with nasopharyngeal intubation or mechanical
dilation of the anterior nasal valve is usually associated with
poor tolerance and inadequate results, respectively (Nahmias
and Karetzky, 1988; Hoffstein et al., 1993). However, promising
results have been obtained following the stimulation of specif-
ic upper-airway musculature during sleep. Especially, unilater-
al electrical stimulation of the hypoglossal nerve by means of
an implanted electrode has been successful in the management
of OSAHS (Eisele et al., 1997). However, durable and reliable
stimulation systems are required.

(3) Oral Appliances

(3.1) BACKGROUND

Since their introduction in the 1980s, a variety of dental devices
has been developed for the management of OSAHS and simple
snoring. These intra-oral devices, commonly known as Oral
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Appliances, aim at relieving upper-airway obstruction and
snoring by modifying the position of the mandible, tongue, and
other (oro-)pharyngeal structures. In 1902, the French physi-
cian Pierre Robin laid the foundation for Oral Appliance (OA)
therapy. With his 'Monobloc' appliance, Robin treated children
who suffered from breathing difficulties and glossoptosis due
to mandibular hypoplasia (Robin, 1934). The first case of an OA
that repositioned the mandible in an adult patient with OSAHS
was not reported until 1980 (Bear and Priest, 1980). The first
patient-series of OA therapy in OSAHS management was
reported in 1982 and described the effects of an OA that repo-
sitioned the tongue (Cartwright and Samelson, 1982).
Currently, well over 50 different Oral Appliances are marketed
for the treatment of OSAHS and simple snoring (Lowe, 2000).

(3.2) TYPES OF APPLIANCES

Based on the mode of action, Oral Appliances may be roughly
divided into Tongue-retaining Appliances and Mandibular
Repositioning Appliances. Tongue-retaining Appliances reposi-
tion the tongue in an anterior position by securing it with nega-
tive pressure in a soft plastic bulb or with a plastic depressor
that comes into direct contact with the base of the tongue. The
latter device, known as SnorEx® (Depita, Nienhagen, Germany),
is limited for large-scale use because of poor results and non-
compliance (Schonhofer et al., 1997). The Tongue-retaining
Device, which incorporates a plastic bulb into a custom-made
dentally retained soft acrylic appliance, has been demonstrated
to effectively reduce the number of upper-airway obstructions
in OSAHS patients (Cartwright and Samelson, 1982). However,
a compromised nasal passage or discomfort and loss of negative
pressure in the bulb may hamper full-night application of the
appliance. The Tongue-stabilizing Device, an 'off-the-shelf'
appliance somewhat similar to the Tongue-retaining Device,
shows comparable results (Kingshott et al., 2002). Although
rarely used because of poor results and patient tolerance, palatal
lifting devices, tongue posture trainers, and labial shields are
also Oral Appliances that claim to improve snoring and OSAHS
(Marklund and Franklin, 1996; Loube, 1998; Barthlen et al.,
2000). Our systematic review is limited to the application of the
Mandibular Repositioning Appliance (MRA), because it is used
most frequently in the treatment of OSAHS.

MRAs are of either a one-piece (Monobloc) or a two-piece
design (Bibloc), and are either custom-made or pre-fabricated
(Eckhart, 1998). A pre-fabricated MRA generally requires only
an individual molding of a thermolabile material, while a cus-
tom-made appliance usually requires dental impressions, bite
registration, and fabrication by a dental laboratory. Retention of
the appliances is usually provided by clasps, acrylic, and ther-
moplastic polymer (Lindman and Bondemark, 2001). The one-
piece design fixes the mandible rigidly in an anterior position,
whereas the two-piece MRA usually allows for some freedom
of mandibular movement (i.e., lateral, vertical, and/or anteri-
or). This latter feature has been suggested to decrease the
chance of temporomandibular disorders and improve patient
comfort (Henke et al., 2000). Conversely, fixation of the
mandible with a one-piece appliance is suggested to prevent
suppression of tongue-protruding muscles, resulting in a less
collapsible upper airway (George, 2001). Most two-piece appli-
ances are sagittally adjustable, thereby allowing for individual
titration and possibly greater mandibular advancement
(Pancer et al., 1999). Another variation in design is the degree of
bite opening imposed by the appliance. Fluoroscopic record-

ings suggest that bite opening should be kept to a minimum,
since, in awake OSAHS patients, it results in posterior move-
ment of both tongue and soft palate (L'Estrange et al., 1996).
However, increased baseline genioglossus muscle activity has
been implicated in downward rotation of the mandible (Lowe
et al., 1990). Moreover, bite opening may improve upper-airway
patency by stretching the palatoglossus- and superior pharyn-
geal constrictor muscle (George, 2001).

(3.3) MECHANISM OF ACTION

Forward displacement of the mandible appears to prevent
oropharyngeal airway obstruction by (indirectly) moving the
suprahyoid and genioglossal muscles anteriorly (Tegelberg et
al., 1999). It has been suggested that forward and inferior dis-
placement of the mandible decreases the gravitational effect of
the tongue and preserves the velopharyngeal airway by stretch-
ing the palatoglossal- and palatopharyngeal arch (Ryan et al.,
1999; Tegelberg et al., 1999; Liu et al., 2000). Moreover, stabiliza-
tion of the mandible and hyoid bone prevents posterior rotation
of the jaw and retrolapse of the tongue during sleep (Loube,
1998). Three-dimensional imaging and (supine-)cephalometric
studies demonstrated that mandibular repositioning increases
oro-, hypo-, and velopharyngeal dimensions (Battagel et al.,
1999; Gao et al., 1999; Gale et al., 2000; Liu et al., 2000; Schwab,
2001; Fransson et al., 2002a). Endoscopic studies have demon-
strated that mandibular advancement results in, particularly, an
increased cross-section of the lateral dimension of the velophar-
ynx (Isono et al., 1995; Ryan et al., 1999). Beside anatomical
changes, the effect of an MRA has also been attributed to a nor-
malization in physiological properties of the upper airway
(Yoshida, 1998). For example, mandibular rotation and advance-
ment have been associated with increased upper-airway muscle
activity (Lowe et al., 1990; Yoshida, 1998). Conflicting results and
the fact that most imaging studies are performed while subjects
are in the wake state require further elucidation of the precise
biomechanical mechanism of MRA therapy.

(3.4) EFFECTIVENESS

Based on subjective reports of patients and their bed partners,
MRA therapy generally results in improvements of snoring in a
high proportion of patients (Schmidt-Nowara et al., 1995;
Lindman and Bondemark, 2001). Other reported benefits of MRA
treatment include substantial decreases of daytime sleepiness,
improvements in work performance, and improved sleep quality
of both patient and bed partner (Arai ef al., 1998, Cameron et al.,
1998; Mehta et al., 2001; Gotsopoulus et al., 2002). Sleep registra-
tion generally confirms the patient-perceived benefits by demon-
strating a decrease in snoring frequency and intensity, AHI or
RDJ, oxygen desaturation frequency and intensity, and number of
arousals (Bloch et al., 2000; Mehta et al., 2001; Gotsopoulus et al.,
2002; Johnston et al., 2002). Moreover, MRA treatment has been
associated with significant increases in slow-wave and REM
sleep (Clark et al., 1996; Bloch et al., 2000). Although the initial
effect of an MRA has been reported to be stable over a five-year
period (Marklund et al., 2001a), there are studies suggesting a
gradual decline in treatment effect in both the short (i.e., six
weeks) and long term (i.e., four years) (Randerath et al., 2002;
Walker-Engstrom et al., 2002). Despite an unsatisfactory change in
the number of breathing events, patients may report fewer symp-
toms (Lowe et al., 2000). Moreover, an increased AHI after MRA
therapy has been reported in approximately 13% of patients
(Schmidt-Nowara et al., 1995). Because of this risk of an increased
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or suboptimal AHI, a follow-up sleep study should always be
conducted in MRA treatment.

Although it has been suggested that MRA therapy is less
effective in severe OSAHS (Marklund ef al., 1998a; Liu et al.,
2000), others postulate that severity should be no reason to
exclude patients from treatment (Henke et al, 2000).
Cephalometric and MRI variables associated with a favorable
response to MRA therapy include a cranial position of the hyoid
bone, a smaller mandibular plane angle, a reduced lower anteri-
or face height, a longer anterior cranial base, an increased maxil-
lary length, a shorter soft palate, and a relatively mormal' airway
diameter or soft-palate and tongue proportion (Eveloff et al.,
1994; Gao et al., 1999; Liu et al., 2000; Johal and Battagel, 2001; Liu
et al., 2001; Skinner et al., 2002). However, because of conflicting
findings and unclear clinical significance, the relevance of these
cephalometric predictors should be questioned. Treatment suc-
cess has also been associated with a lower Body-Mass Index (i.e.,
patient's weight [kg]/square of patient's height [m]), smaller
neck circumference, younger age, and a lower baseline AHI (Liu
et al., 2001; Mehta et al., 2001). Furthermore, successful treatment
has been reported to be more likely in patients with 'supine
dependent' airway obstructions and in patients who are able to
protrude their mandible for 5 mm or more (Marklund et al.,
1998a,b). However, it should be noted that not all of these pre-
dictors of treatment success are uniformly reported.

(3.5) SIDE-EFFECTS, COMPLICATIONS,
AND COMPLIANCE

Although side-effects are frequently reported with MRA thera-
py, these are usually mild and acceptable, with most symptoms
subsiding when treatment is continued (Fritsch ef al., 2001;
Lindman and Bondemark, 2001). Tenderness of the teeth and
jaws, myofascial pain, gum irritation, excessive salivation, and
xerostomia are commonly reported in the initial period of use
(Ferguson et al., 1996; Pantin ef al., 1999; Mehta et al., 2001). In
exceptional cases, treatment may be complicated by involuntary
removal of the device, an exaggerated gag reflex, periodontal
damage, or fractured teeth and fillings (Pantin et al., 1999; Rose
et al., 2002a,b). It has been suggested that advancement of the
mandible for considerable periods may have adverse effects on
the stomatognathic system. Mild complaints of pain and strain
of the masticatory muscles and the temporomandibular joint
frequently occur at the initiation of treatment (Pantin ef al., 1999;
Tegelberg et al., 1999). Some studies have observed an increase
in bruxism in response to MRA therapy (Mehta et al., 2001). In
the long term, MRA treatment has been suggested to initiate or
aggravate temporomandibular joint disease in individual
patients (Walker-Engstrom et al., 2002). A temporary bite change
in the morning after removal of the appliance occurs in almost
all patients (Lindman and Bondemark, 2001). This phenomenon
has been attributed to a partially contracted lateral pterygoid
muscle and accumulation of retrodiskal blood in the temporo-
mandibular joint area as a result of full-night mandibular pro-
trusion (George, 2001). However, to date, this hypothesis has
never been scientifically supported. In individual cases, perma-
nent occlusal alterations have been observed after long-term
treatment periods (Rose et al., 2001). These observations empha-
size the importance of regular follow-up examinations in MRA
therapy. It should be noted that the type of appliance, patient
compliance, and the amount of mandibular protrusion may
affect the frequency and severity of side-effects.

Although generally well-accepted by patients, some stud-

ies report poor initial tolerance to MRA therapy (Smith and
Stradling, 2002). Patient-reported compliance with MRA thera-
py is generally high, with studies reporting regular use in 75 to
100% of patients (Lindman and Bondemark, 2001). Long-term
compliance has been reported to decrease over time. After a
four-year period, one study reported appliance use as pre-
scribed in only 32% of patients (Rose et al., 2002c). Conversely,
others suggest that long-term compliance with MRA therapy is
similar to CPAP (Eveloff, 2002). Although patient-reported com-
pliance may be an overestimate of actual use, covert compliance
monitoring has shown excellent agreement between objective
and subjective compliance (Lowe et al., 2000). Discontinuation
of MRA treatment is generally related to side-effects, complica-
tions, or the lack of perceived benefits (McGown et al., 2001).
Data on the impact of side-effects on long-term compliance are
conflicting. Some studies observe similar frequencies of side-
effects in compliant and non-compliant patients, whereas others
report a higher number of side-effects in patients who discon-
tinued treatment (Clark et al., 2000; McGown et al., 2001).

(3.6) INDICATIONS AND CONTRAINDICATIONS

Several exclusion criteria should be taken into account when
MRA therapy is considered. These include an insufficient num-
ber of teeth, (extensive) periodontal disease or dental decay,
active temporomandibular joint disorders, and restrictions in
mandibular opening or protrusion. In one study adopting simi-
lar exclusion criteria, MRA therapy was contraindicated in 34
out of 100 consecutive OSAHS patients (Petit et al., 2002).
However, although some consider a minimum of ten sound
teeth in each of the maxillary and mandibular arches a requisite
in MRA treatment, the location rather than the number of teeth
may be more important (i.e., posterior teeth provide more ade-
quate retention) (Petit ef al., 2002). According to recommenda-
tions of the American Sleep Disorders Association, OA therapy
should be considered in patients with simple snoring or mild
OSAHS who do not respond to or are not appropriate candi-
dates for conservative management (ASDA, 1995). In moderate
to severe OSAHS, the recommendation is to consider OA thera-
py when patients do not tolerate or refuse CPAP, and when
patients are not candidates for or refuse surgical intervention.
Recent reports demonstrating the effectiveness of Oral
Appliances in moderate and severe OSAHS probably necessi-
tate redefinition of these recommendations (Eveloff, 2002).

(3.7) OBJECTIVE REVIEW

Since the introduction of Oral Appliances in the 1980s, their use
in the treatment of OSAHS has gained considerable popularity
as an alternative to current modalities because of their simplici-
ty and supposed reversibility. Since patients generally prefer OA
therapy to CPAP (White et al., 2002), some patients are preferably
treated with this alternative treatment modality. Despite a possi-
ble favorable outcome of the OA in the treatment of OSAHS,
comparative studies regarding efficacy and co-morbidity of this
dental treatment modality are scarce. In the current article, the
available literature regarding the efficacy and safety of the OA as
a treatment modality for OSAHS is systematically reviewed.

(4) Methods

(4.1) STUDY SELECTION

To identify studies related to the efficacy and co-morbidity of
OA therapy for OSAHS, we conducted a highly sensitive
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search in the databases of MEDLINE (1966-2002), EMBASE
(1989-2002), and Cinahl (1982-2002). The search was supple-
mented with a systematic search in the 'Cochrane Central
Register of Controlled Trials' (CENTRAL) (1800-2002). The
search strategy regarding the applied thesaurus (MeSH) and
text words in the above-mentioned databases is summarized in
Table 1. To ensure that eligible studies were not overlooked, we
contacted several experts in the field of Oral Appliance therapy
for unpublished or ongoing studies. Checking references of rel-
evant review articles and eligible studies for missing publica-
tions complemented the search. No language restrictions were
used throughout the study selection procedure.

On the basis of title and abstract, we decided whether an
identified article was relevant to the topic under study (i.e., OA
therapy for OSAHS). We then retrieved a full-text document of
each 'relevant’ article to decide whether the study was eligible
for methodological appraisal. Studies regarding the efficacy of
OA therapy in the treatment of OSAHS were eligible for further
methodological appraisal when they met the following criteria:
(1) studied patients diagnosed with OSAHS (i.e., AHI/RDI > 5);
(2) studied patients at least 21 years of age; (3) intervention
group treated with an MRA; (4) control group treated with any
conservative, surgical, or non-invasive treatment modality for
OSAHS (including none or placebo intervention); and (5) main
outcome measure of treatment being the AHI (or RDI) assessed
during a full-night sleep study (i.e., no split-night studies). In
common with studies related to efficacy, studies related to co-
morbidity of OA therapy had to meet the first three of the
above-mentioned criteria. However, contrary to studies related
to efficacy, studies related to co-morbidity were still eligible for
further appraisal if the studied patients represented a non-
homogenous group (e.g., OSAHS and snoring patients). Studies
related to co-morbidity were eligible for further methodological
appraisal when the main outcome measure objectively identi-
fied side-effects of OA therapy related to the craniomandibular
or craniofacial complex. Therefore, studies regarding patient-
perceived co-morbidity of OA therapy were excluded from fur-
ther analyses. Moreover, articles in Hebrew or Asian languages,
case reports, abstracts, or letters with respect to the subjects

TABLE 1

Search Strategy

# 1: Sleep and (apnea or apnoea or hypopnea or hypopnoea)

# 2: Sleep and (respiratory disorder* or breathing disorder*
or disordered breathing)

# 3: Explode "Sleep-Apnea-Syndromes"/MeSH all subheadings

# 4: #1 or #2 or #3

# 5: #4 and (oral near [device* or appliance*])

# 6: #4 and (intra-oral near [device* or appliance*])

# 7: #4 and (dental near [device* or ortho* or appliance*])

# 8: #4 and (ortho* near [device* or appliance*])

# 9: #4 and (splint* or denture*)

#10: #4 and (tongue or mandib* or prosthe*)

#11: #4 and (explode "orthodontics"/MeSH all subheadings)

Search MEDLINE/EMBASE/Cinahl: #5 or #6 or #7 or #8 or #9
or #10 or #11
Search Cochrane Controlled Trial Register: #1 or #2

MeSH, thesaurus word; * truncation of a text word

under study were not considered for further analysis. Fig. 1 out-
lines the algorithm of the study selection procedure.

(4.2) METHODOLOGICAL APPRAISAL

Eligible studies included for methodological appraisal were
independently assessed by two observers (AH, BS). So that
observer bias would be minimized, all included papers were
blinded with respect to title, authors, and journal name. Prior
to the appraisal, the observers discussed all relevant method-
ological items to reach consensus about their content. When the
observers could not agree on a subject during the methodologi-
cal appraisal, consensus was reached by consultation with a
third party (LGMdB).

Efficacy

The methodological quality of all eligible papers related to effica-
cy was evaluated with the 'quality of study tool' developed by
Sindhu et al. (1997). With the use of a Delphi technique, this qual-
ity tool was especially developed to rate the methodological qual-
ity of randomized clinical trials to be included in a meta-analysis.
The 'quality of study tool' consists of 53 items in 15 different
dimensions, with each dimension having a specific weight (W).
The 15 dimensions evaluate the following variables of a study:
control group (max. W = 15), randomization (max. W = 10), mea-
surement outcomes (max. W = 10), study design (max. W = 8),
conclusions (max. W = 8), 'intention-to-treat' analysis (max. W =
8), statistical analysis (max. W = 6), adherence to study protocol
(max. W = 6), blinding (max. W = 5), research question (max. W
=5), loss to follow-up (max. W = 4), outcomes (max. W = 4),
reporting of findings (max. W = 4), patient compliance (max. W =
4), and remaining variables (max. W = 3). The observers scored
each of the included trials according to the 15 dimensions.
Agreement on the weight of each dimension was reached in a
consensus meeting. In sum, of the 15 dimensions, a study can the-
oretically score a maximum of 100 points. On the basis of this total
score, it was decided whether a study should be considered for
inclusion in a meta-analyses. For this purpose, a threshold value
was set. The two observers independently determined the mini-
mum number of items required in each dimension for consider-
ing a study 'methodologically sound'. In a consensus meeting,
agreement was reached on the required weights in each dimen-
sion. Subsequently, the sum of the required weights in the 15
dimensions resulted in a threshold value of 47 points.

Co-morbidity

Based on the eligibility criteria related to co-morbidity, studies
without a concurrent control group could also be included.
Thereby, the methodological quality of included studies (possi-
bly) did not meet with the most important parameter in the
design of observational studies (West et al., 2002). The method-
ological appraisal of studies related to co-morbidity was limit-
ed to an overall impression of the study (i.e., poor, adequate, or
good). Agreement on the overall impression of each study was
reached in a consensus meeting.

(4.3) PRESENTATION OF DATA
Two reviewers independently performed the data extraction.
Consensus was reached in cases of disagreement.

Efficacy
The methodological quality of each included paper is present-
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ed according to the total score. If possible,
we report data on the study design, type of
MRA (including mean amount of mandibu-
lar advancement), type of control, number of
patients included, number of patients com-
pleting, and the reported success percentage
of both MRA and control treatment. With
respect to the main outcome measure (i.e.,
AHI/RDI) and the Epworth Sleepiness Scale
(ESS), effect sizes and approximate 95% con-
fidence intervals (CI) of 'methodologically
sound' trials were calculated. Furthermore,
relevant outcomes related to other physio-
logical parameters, quality of life indicators,
sleepiness scores, and behavioral- or cogni-
tive-function indices are reported. A meta-
analysis was carried out on the effect sizes of
‘methodologically sound' trials with compa-
rable (control) interventions.

Co-morbidity

The methodological quality of each included
paper is presented according to the overall
impression of the study. The following data
are presented: study design, type of MRA
(including mean amount of mandibular

Identified articles
- MEDLINE search: n= 1004
- EMBASE search: n= 618
- Cinahl scarch: n= 131
- CENTRAL search: n= 548

A 4

Relevant articles
n=289

Eligibility criteria Eligibility criteria
efficacy co-morbidity :
OSAHS patients OSAHS patients/ snorers

1
: 2. paticnts > 21 ycars
i 3. intervention with MRA
i 4. proper control group
5 treatment outcome:
e AHI/RDI

] I

Included for methodological
appraisal

n=16

paticnts > 21 years
intervention with MRA
treatment outcome:

» craniomandibular

o craniofacial

- l

BN

Included for methodological
appraisal

n=13

advancement), types of patients studied,

number of patients completing the trial,
mean duration of treatment, and patient-

reported compliance. With each included )
trial, the co-morbidity of MRA treatment
related to the craniomandibular and cranio-
facial complex is reported.

Included for
meta-analyses

n=13

(4.4) STATISTICAL ANALYSIS

Figure 1. Algorithm of study selection procedure. OSAHS, Obstructive Sleep Apnea-

All data were computer-analyzed with the H)Jaopnec Syndrome; MRA, Mandibular Repositioning Appliance; AHI, Apnea-Hypopnea
In

StatsDirect software package, version 2.2.3
(Cheshire, UK). The degree of agreement
with respect to the methodological appraisal
of eligible studies before the consensus meeting is expressed as
percentage of agreement and weighted Cohen's kappa.
Because clinical heterogeneity between and among the includ-
ed trials was expected, effect sizes of trials with comparable
control interventions were pooled with the use of a random-
effects model (DerSimonian-Liard random effects analysis), in
which smaller studies (with larger variances) contribute less
than larger studies to the pooled effect.

(5) Results

The MEDLINE search yielded 1004 publications, the EMBASE
search 618, the Cinahl search 131, and the CENTRAL search 548.
Systematic assessment of this output revealed 289 relevant pub-
lications (Fig. 1). Although reference-checking of relevant review
papers and included studies did not reveal additional articles,
contact with experts in the field yielded one eligible article 'in
press' related to co-morbidity (Robertson et al., in press).

(5.1) EFFICACY

Using the specified criteria, we considered 17 trials related to
efficacy as eligible for further appraisal. Because one trial
reported on the four-year follow-up of another eligible study

ex; RDI, Respiratory Disturbance Index.

(Walker-Engstrom et al., 2002), 16 studies were included for
methodological appraisal (Fig. 1, Table 2). Four trials compared
MRA therapy with an 'inactive' control device (Hans et al., 1997;
Mehta et al., 2001; Gotsopoulos et al., 2002; Johnston et al., 2002).
Two trials studied the effects of anterior and vertical mandibu-
lar displacement in MRA treatment, respectively (de Almeida
et al., 2002; Pitsis et al., 2002), whereas three trials compared sev-
eral different Oral Appliances (Barthlen et al., 2000; Bloch et al.,
2000; Rose et al., 2002a). In one trial, MRA therapy was com-
pared with UPPP (Wilhelmsson et al., 1999), and six trials com-
pared MRA therapy with CPAP (Clark ef al., 1996; Ferguson et
al., 1996, 1997; Engleman et al., 2002; Randerath et al., 2002; Tan
et al., 2002). Patient baseline characteristics of the included trails
were comparable with respect to male-to-female ratio, age
(means ranging from 44.0 to 57.6 yrs), and Body-Mass Index
(means ranging from 26.9 to 32.0).

The majority of the 16 included trials used a crossover
design, with only two studies applying a parallel study design
(Hans et al., 1997; Wilhelmsson et al., 1999). However, in three
studies, subjects were not randomly allocated to the treatment
groups (Clark et al., 1996; Barthlen et al., 2000; de Almeida et al.,
2002). Methodological quality of the included trials, according

15(3):137-155 (2004)

Crit Rev Oral Biol Med 143

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

to the total score on the quality tool, ranged from 38 to 86 points.
The overall quality of the 16 trials was adequate, with three
studies not meeting the predetermined threshold value of 47
points (Hans ef al., 1997; Barthlen et al., 2000; de Almeida et al.,
2002). Two of the three studies that did not meet the threshold
lacked randomization for treatment allocation. However, stud-
ies meeting the threshold value also had methodological
deficits. Although most of these studies were described as ran-
domized, the method of randomization was generally not

TABLE 2

Characteristics of Included Trials Related to Efficacy

detailed or reported as secure and 'blind' to the assessors.
Moreover, only one study reported blinding of patients to active
and control treatment (Gotsopoulus et al., 2002). Because of the
lack of a comparable placebo or control intervention, blinding of
patients and therapists was usually not possible in these trials.
However, reasons as to why assessment was not blinded were
generally not provided, nor was there a discussion of possible
bias resulting from non-blind assessment. Conversely, in six tri-
als, the assessor of sleep variables was blinded to treatment

Design (1) MRAS Patients Quality Reported
Study! Trial Type Protrusion? (2) Control m Score AHPB ESS® Success?
Hans et al., 1997 randomized  one-piece: 6-8 mm control device: (112 (110 43.5 NC NC (1) NR
parallel SnoreGuard modified MRA (2)12 (2)8 (2) NR
Mehta ef al., 2001 randomized  two-piece 78% control device: 28 24 77 -1.61 NR (1) 62.5%*
cross-over lower piece MRA (-2.26 to -0.96) (2) NR
Gotsopoulos et al,, 2002  randomized  two-piece 80% control device: 85 73 86 -0.76 -0.23 (1) 63%
cross-over upper piece MRA (-1.09 to -0.42) (-0.56100.09) (2)NR
Johnston et al., 2002 randomized  one-piece 75% control device: 21 20 68 -0.61 -0.14 (1) 33%°
cross-over modified MRA (-1.24 10 0.03) (-0.80100.51)  (2)NR
de Almeida et al., 2002  cross-over two-piece: 60% identical MRA with 7 6 44 NC NR (1) 4 of 6
Klearway™ more profrusion (2) 5 of 6¢
Pitsis et al., 2002 randomized  two-piece 87% identical MRA with 24 23 79 -0.26 0.00 (1) 74%=*
cross-over more bite opening (-0.84 t0 0.32) (-0.58 10 0.58)  (2) 61%*
Barthlen et al., 2000 cross-over one-piece: NR Tongue-retaining Device 8 (ms 38 NC NR (1) 50f 84
SnoreGuard and palatal lifting device (2) 5and 2 (2) 2 of 59/0 of 24
Bloch et al., 2000 randomized  one-piece: (1) 75%"* two-piece: 24 24 68.5 -0.10 NC (1) 75%b$
cross-over OSA-Monobloc (2) 75%* OSA-Herbst (-0.67 to 0.46) (2) 67%b5$
Rose et al., 2002a randomized  two-piece: (1) 75% two-piece: 26 (1) 20 52 -0.43 NR (1) NR
cross-over Karwetzky (2) 75% Silensor® (2)18 (-1.07 t0 0.22) (2) NR
Wilhelmsson et al., 1999 randomized  one-piece 50% UPPP (1) 49 (137 76 -0.47 NR (1) 81%
parallel (2) 46 (2) 43 (-0.91 10 -0.02) (2) 60%:
Clark et al., 1996 cross-over two-piece 66.7% CPAP 23 21 52 0.91 NR (1) NR
(0.28 to 1.55) (2) NR
Ferguson et al., 1996 randomized  one-piece: 3mm<max. CPAP 27 mie 68.5 1.14 NR (1)48%b*
cross-over SnoreGuard protrusion (2) 20 (0.46 0 1.82) (2) 62%>*
Ferguson et al., 1997 randomized  two-piece: >70% CPAP 24 (119 72.5 0.95 -0.13 (1) 55%b*
cross-over AMP (2) 19 (0.28 to 1.62) (077 10 0.50)  (2) 70%b*
Engleman et al., 2002 randomized  one-piece: 80% CPAP 51 48 78 0.57 0.79 (1) 47%b
cross-over 2 different designs (0.16 10 0.98) (0.38t0 1.21)  (2) 66%>
Randerath et al., 2002 randomized  two-piece: ISAD 66% CPAP 20 20 75 1.28 NR (1) 30%>
cross-over (0.60 to 1.9¢) (2) NR
Tan et al., 2002 randomized  one-piece & 275% CPAP 24 (1) 23 59 0.60 0.19 (1) 70%>
cross-over two-piece (Silensor®) (2) 22 (0.00 to 1.20) (04010 0.78)  (2) 100%b

§  MRA, Mandibular Repositioning Appliance; UPPP, uvulopalatopharyngoplasty; CPAP, Continuous Positive Airwcc?l Pressure; AHI, Apnea-Hypopnea Index; ESS,
Epworth Sleepiness Scale, (1) = MRA treatment, (2) = control treatment, NR = not reported, NC = not calculated.

Arranged according to appearance in the Results section.

1

2 Reported as mean % of maximum mandibular protrusion or as range in mandibular protrusion.
3 Reported as effect size and approximate 95% confidence interval.

4 Number or % of completing patients meeting the pre-defined criteria for success.

o AHI < 5 or reduction AHI > 50%.

b AHI<10.

¢ AHI < 10 and reduction AHI > 50%.

d  AHI<15.

e Reduction AHI > 50%.

#

Initial amount of mandibular protrusion.
Improvement or resolution of OSAHS symptoms.
$  Patient safisfaction with treatment.

*
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Study quality score AHI ESS
(range 0 - 100)
MRA versus control device
Mehta et al. 2001 77 —a—
Gotsopoulos et al. 2002 86 i i
Johnston et al. 2002 68 —— ——a—
Pooled —— HC-H
Variability in bite opening
Pitsis et al, 2002 79 —a— ——
Variability in design
Bloch et al. 2000 68.5 —a—
Rose et al. 2002a 52 —a—
MRA versus UPPP
Wilhelmsson et al. 1999 76 ——
MRA versus CPAP
Clark et al. 1996 52 —a—
Ferguson et al. 1996 68.5 ——a—
Ferguson et al. 1997 72.5 = — ———
Engleman et al. 2002 78 —— i
Randerath et al. 2002 75 —a—
Tan et al. 2002 59 ——— —
Pooled HCH H—<—
20 1.0 0 1.0 2.0 -1.0 0 1.0
Favours MRA Favours Control Favours MRA Favours Control

Figure 2. Effect sizes with approximate 95% confidence intervals of methodologically sound trials related to efficacy. AHI, Apnea-Hypopnea Index; ESS,
Epworth Sleepiness Scale; MRA, Mandibular Repositioning Appliance; UPPP, uvulopalatopharyngoplasty; CPAP, Confinuous Positive Airway Pressure.

(Clark et al., 1996; Wilhelmsson ef al., 1999; Mehta et al., 2001;
Engleman et al., 2002; Gotsopoulos et al., 2002; Tan et al., 2002,).
Finally, in several 'methodologically sound' trials, the results
could have been biased due to selective dropouts (i.e., no 'inten-
tion to treat' analysis) (Clark et al., 1996; Ferguson et al., 1996,
1997; Rose et al., 2002a; Tan et al., 2002). Inter-rater agreement on
the methodological quality of each trial, according to the
assigned weights, was very good (Agreement, 97%; Kappa,
0.91; 95% CI, 0.82 to 0.99). Disagreements were generally caused
by slight differences in interpretation and were easily resolved
in the consensus meeting.

MRA vus. control devices

Control devices were designed to increase vertical opening
minimally without advancing the mandible. They consisted of
either a modified MRA or the lower or upper piece of a two-
piece MRA. Compared with the control device, MRA treatment
was reported to be significantly more effective in improving
the AHI in all four trials. This positive effect on physiological
parameters was confirmed by studies demonstrating signifi-
cant improvements with MRA treatment in the mean number
of arousals per hour of sleep (arousal index), lowest oxygen sat-
uration during sleep (minSaO,), and snoring frequency and
intensity when compared with control devices (Mehta et al.,
2001; Gotsopoulos et al., 2002). Moreover, the hourly rate of
oxygen desaturations (= 4% fall in SaO,) decreased significant-
ly in MRA treatment when compared with the control device
(Johnston et al., 2002). Although two trials could not demon-

strate a significant difference in the ESS score (Hans et al., 1997;
Johnston et al., 2002), one trial reported a small but significant
reduction in the ESS with MRA treatment when compared with
the control device (Gotsopoulos et al., 2002). Moreover, objec-
tive daytime sleepiness according to the Multiple Sleep Latency
Test improved significantly with MRA therapy when com-
pared with the control device (Gotsopoulos et al., 2002). In one
study, a significant increase in REM sleep was observed when
MRA treatment was compared with the control group (Mehta
et al., 2001). However, in another study, this phenomenon could
not be demonstrated (Gotsopoulos et al., 2002). When com-
pared with the control device, the patient-reported frequency
and intensity of snoring significantly improved with MRA
treatment in one trial but not in another (Gotsopoulos et al.,
2002; Johnston et al., 2002). Although patients generally experi-
enced more side-effects with MRA treatment, poorer patient
satisfaction and compliance were reported with control devices
(Hans et al., 1997; Gotsopoulos et al., 2002).

Due to inadequate methodological quality, the effect sizes
of one trial were not calculated (Hans et al., 1997). Moreover,
the effect size of the ESS of a second trial could not be calculat-
ed because the scale was not administered when the control
device was used for treatment (Mehta et al., 2002). When the
remaining effect sizes were pooled, the AHI significantly
improved (effect size, -0.96; 95% CI, -1.49 to -0.42), while there
was no significant change in ESS (effect size, -0.22; 95% CI, -0.51
to 0.08) in a comparison of MRA therapy with control devices
(Fig. 2).
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Variability in mandibular advancement and bite opening

In one study, the effect of progressive mandibular advance-
ment on AHI was studied in seven OSAHS patients (de
Almeida et al., 2002). By progressively increasing the amount of
mandibular protrusion and evaluating the effect in a sleep
study, the investigators could identify the amount of protru-
sion as one factor that decreased the AHI with MRA treatment.
In another study, the effect of bite opening on efficacy and side-
effects of MRA treatment was evaluated in 24 OSAHS patients
(Pitsis et al., 2002). Except for an inter-incisal opening of 4 and
14 mm, patients were treated with two identical appliances.
Although with both appliances the AHI and arousal index
decreased significantly, no significant differences could be
demonstrated between the devices. Moreover, subjective out-
comes like the ESS, sleep quality, and improvements in snoring
did not differ between the two appliances. Although side-
effects and reported compliance did not differ, a significantly
higher proportion of patients preferred using the MRA with
lower vertical dimension.

The effect size of the AHI of one trial was not calculated due
to inadequate overall methodological quality (de Almeida et al.,
2002). Although there was a trend toward greater efficacy with
the MRA with lower vertical dimension, no significant differ-
ences in effect sizes with respect to the AHI (effect size, -0.26;
95% CI, -0.84 to 0.32) and ESS (effect size, 0.00; 95% CI, -0.58 to
0.58) could be demonstrated (Fig. 2) (Pitsis et al., 2002).

Variability in appliance design

In one trial, the effect of an MRA was compared with that of a
Tongue-retaining Device and a soft palatal lifting device in
eight patients with severe OSAHS (Barthlen et al., 2000). The
AHI significantly decreased compared with baseline values
with MRA treatment, whereas it did not with the Tongue-
retaining Device or the soft palatal lifting device. Moreover, the
success of the latter two appliances was seriously compro-
mised by poor patient tolerance. Two other trials compared a
one-piece MRA (OSA-Monobloc) with a two-piece MRA (OSA-
Herbst) and two other two-piece Mandibular Repositioning
Appliances (Karwetzky activator vs. Silensor®), respectively
(Bloch et al., 2000; Rose et al., 2002a). In both studies, the
amount of mandibular protrusion was identical with either
appliance. Although no significant difference in the AHI could
be demonstrated when the one- and two-piece MRAs were
compared (Bloch et al., 2000), the Karwetzky activator was
reported to be significantly more effective with respect to the
AHI (Rose et al., 2002a). Both studies could not demonstrate a
significant difference between the devices with respect to
improvements in oxygen saturation parameters. Moreover, no
significant differences in the arousal index, snoring frequency,
percentage of slow-wave sleep, or ESS were demonstrated
between the Monobloc and Herbst appliances (Bloch et al.,
2000). Patient-perceived relief of symptoms and snoring was
slightly better with the Monobloc appliance (Bloch et al., 2000),
whereas, in this respect, no difference was observed between
the Karwetzky activator and the Silensor® (Rose et al., 2002a).
Although the prevalence of side-effects was equal with the
Herbst and Monobloc appliances, the majority of patients pre-
ferred Monobloc treatment (Bloch et al., 2000). Side-effects were
more frequent with the Karwetzky appliance, but the majority
of patients preferred it to the Silensor® (Rose et al., 2002a).

The effect size of the AHI of one trial was not calculated

due to inadequate overall methodological quality (Barthlen et
al., 2000). Furthermore, effect size of the ESS could not be cal-
culated in one trial because only median and quartile range
were reported (Bloch et al., 2000). The remaining effect sizes
were not pooled due to the disparities between the (control)
interventions (Fig. 2). Although there was a trend toward
greater success with the one-piece MRA with identical protru-
sion, no significant difference in effect size with respect to the
AHI (effect size, -0.10; 95% CI, -0.67 to 0.46) was observed
(Bloch et al., 2000). Contrary to the reported significant differ-
ence in AHI, the calculated effect size (-0.43; 95% CI, -1.07 to
0.22) did not demonstrate a significant difference between the
two-piece appliances (Rose et al., 2002a).

MRA vs. UPPP

The effect of MRA treatment was compared with that of UPPP
in one trial (Wilhelmsson ef al., 1999). After a one-year treat-
ment period, a significant difference in the AHI in favor of the
MRA treatment was observed. However, other physiological
parameters, including the hourly rate of oxygen desaturations
(= 4%) and registered snoring time, did not differ between the
two interventions. Although, after six months of treatment,
subjective daytime sleepiness was less in the UPPP group, no
significant difference in sleepiness was observed after a one-
year treatment period. In a separate publication reporting on
changes in quality of life, the UPPP group showed a greater
level of contentment than the MRA-treated patients after a one-
year treatment period (Walker-Engstrom et al., 2000). Since no
other trials compared MRA therapy with UPPP, a pooled esti-
mate could not be calculated. The effect size of the AHI demon-
strated that MRA therapy was more effective than UPPP (effect
size, -0.47; 95% CI, -0.91 to -0.02) (Fig. 2).

MRA vs. CPAP

Three of the included trials compared a one-piece MRA with
CPAP (Ferguson et al., 1996, Engleman et al., 2002; Tan et al.,
2002), whereas the other three trials used a two-piece appliance
(Clark et al., 1996; Ferguson et al., 1997; Randerath et al., 2002).
However, in one trial, patients were randomized to a one-piece
MRA with a flexible or rigid construction (Engleman et al.,
2002). Moreover, one trial replaced a one-piece appliance with
a two-piece MRA halfway through the study, due to nocturnal
breathing difficulties (Tan et al., 2002). Since both studies did
not observe differences in efficacy as a result of appliance
design, data on the different devices were pooled.

Compared with MRA treatment, CPAP resulted in a signif-
icant improvement in the AHI in five out of six trials (Clark et
al., 1996; Ferguson et al., 1996, 1997; Engleman et al., 2002;
Randerath et al., 2002). Although there was no significant dif-
ference in the arousal index between the interventions, snoring
frequency did significantly differ in favor of CPAP (Randerath
et al., 2002; Tan et al., 2002). With CPAP, the minSaO, improved
more significantly when compared with MRA treatment in
three trials (Ferguson et al., 1996, 1997; Randerath et al., 2002),
whereas it did not in another trial (Clark et al., 1996). Variability
in the changes of other parameters of oxygen saturation during
sleep was also reported. Two trials demonstrated significant
improvements in the hourly rate of oxygen desaturations (SaO,
< 90%) with CPAP but not with MRA therapy (Ferguson et al.,
1996, 1997), whereas another trial did not observe significant
differences in oxygen desaturation intensity and duration
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TABLE 3

Characteristics of Included Trials Related to Co-morbidity

Design MRAS Patients Follow-up Reported Study
Study Trial Type Protrusion’ Type No. Period? Compliance® Quality Reported Co-morbidity of MRA
Bernhold and patient two-piece 50-70%*  OSAHS/ 25 6 months nightly use in  adequate  no adverse effects on
Bondemark, 1998 series snoring all patients craniomandibular complex
Bondemark, 1999  patient one-piece 70% OSAHS/ 30 2 years 6-8 hrs/night  adequate  no 'dual bite', forward/downward
series snoring 5-7 nights/week movement of mandible, increased mandibular
length, decreased overiet/overbite
Pantin et al., 1999  patient one-piece 75%* OSAHS/ 106 31+£18 regular use in poor increased mouth opening in 28% of patients,
series snoring months 76% of patients joint noises and occlusal changes (decreased
overijet) in a few patients
Tegelberg patient one-piece 50% OSAHS 37 12 months 6 nights/week  adequate  few adverse effects on craniomandibular
etal., 1999 series complex, no changes in dental occlusion
Bondemark and patient one-piece 50-70% OSAHS/ 32 2 years 6-8 hrs/night  adequate  few adverse effects on craniomandib-
Lindman, 2000 series snoring 5-7 nights/week ular complex, decreased overjet/overbite,
mesial shift intermolar relationship
Fritsch et al.,, 2001  patient one-piece 75%* OSAHS 22 median median 7 adequate  decreased overjet/overbite, mesial shift infer-
series & two-piece 14 months nights/week molar relationship, posterior rofation mandible,
(range 12-30) lingual inclination maxillary incisors
Marklund patient-  one-piece: 2 57+ OSAHS/ 75 25%0.5yrs > 50% of good no 'dual bite', decreased overiet/overbite/
etal., 2001b control  different designs 1.6 mm* snoring & 17% nights/week maxillary infercanine width, mesial shift
intermolar relationship
Robertson, 2001 patient one-piece 75% OSAHS/ 100 6,12,18,24, >5-6hrs/night adequate  decreased overjet/overbite, lingual inclination
series snoring or 30 months 7 nights/week maxillary incisors, labial inclination mandibular
incisors, increased anterior/posterior face
height, change in vertical condylar position
de Almeida patient two-piece: 60% + OSAHS 7 11.5+53 NR adequate  according to MRI, no morphologic changes in
et al., 2002 series Klearway™  2.4-5.3 mm months craniomandibular complex
Fransson patient one-piece 75% & OSAHS/ 65 2 years nightly use in  adequate  posterior rotation mandible, labial inclination
et al., 2002b series =5mm snoring 83% of patients lower incisors, increased anterior face height
Robertson, 2002 patient one-piece 75% OSAHS/ 100 6,12,18,24, >5-6hrs/night adequate  change in vertfical condylar position
series snoring or 30 months 7 nights/week
Rose et al., 2002d  patient two-piece: 4-6 mm*  OSAHS 34 29651 6-8 hrs/night  adequate  decreased overjet/overbite, mesial shift inter-
series Karwetzky months > 5 nights/week molar relationship, reduced anterior mandibular
crowding, 26% of patients with posterior open
bite, lingual inclination maxillary incisors, labial
inclination mandibular incisors
Walker-Engstrdm ~ patient one-piece 50% OSAHS 27  mean 4.1 yrs 6.1 nights/ adequate  few adverse effects on craniomandibular complex
et al., 2002 series (range 3.8-5.4) week

Reported as mean/range or % of MRA use.

Initial amount of mandibular protrusion.

Mean amount of mandibular protrusion + standard deviation.
Number of patients included in control group.

e ¥ H W N = W

between CPAP and MRA (Tan et al., 2002).

Although in two trials the ESS improved with both CPAP
and MRA, no significant difference could be demonstrated
between the interventions (Ferguson et al., 1997; Tan et al.,
2002). In one trial, CPAP resulted in a more significant
improvement in the ESS and the Functional Outcomes of
Sleepiness Questionnaire (Engleman et al., 2002). However, the
same trial could not demonstrate a significant difference
between CPAP and MRA in objective sleepiness according to
the Maintenance of Wakefulness Test and home portable sleep
time registration. Moreover, none of the other trials found a sig-

MRA, Mandibular Repositioning Appliance; OSAHS, Obstructive Sleep Apnea-Hypopnea Syndrome; NR = not reported.
Reported as mean % of maximum mandibular protrusion or as range in mandibular protrusion.
Reported as mean (+ standard deviation) or as mean/median and range.

nificant difference between CPAP and MRA therapy in sleep-
quality-related variables like the amount of REM or slow-wave
sleep. Although mental well-being and health transition
according to the Short-form 36 Health survey were significant-
ly better with CPAP, no significant differences between the
treatments were observed according to the Hospital Anxiety
and Depression Scale or cognitive performance tests
(Engleman et al., 2002). Three trials demonstrated more pro-
nounced subjective improvements in OSAHS-related symp-
toms like snoring or sleepiness with CPAP (Ferguson et al.,
1996, 1997; Engleman et al., 2002), whereas the remaining trials
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could not. Although the severity of adverse events was gener-
ally not different between the two interventions, one trial
reported more side-effects with CPAP (Ferguson et al., 1996).
Patient-reported use generally did not differ between CPAP
and MRA therapy (Ferguson et al., 1996, 1997; Engleman et al.,
2002). However, in one study patient-reported compliance was
greater in MRA therapy (Randerath et al., 2002). Moreover,
patients were generally less satisfied with CPAP and found
MRA therapy easier to use (Clark et al., 1996; Ferguson et al.,
1996, 1997; Randerath et al., 2002; Tan et al., 2002).

When pooling the available effect sizes, we noted a signif-
icant improvement in AHI (effect size, 0.83; 95% CI, 0.59 to 1.06)
with CPAP when compared with MRA therapy. Conversely, no
significant difference in the pooled effect size of the ESS (effect
size, 0.32; 95% CI, -0.24 to 0.89) could be demonstrated when
MRA therapy was compared with CPAP (Fig. 2).

(5.2) CO-MORBIDITY

Using the specified criteria, we considered 14 articles related to
co-morbidity as eligible. Because the journal's permission to
use the article in press was not granted (Robertson et al., in
press), 13 articles were included for methodological appraisal
(Fig. 1, Table 3). Eight of the included articles studied co-mor-
bidity of MRA therapy on the craniomandibular complex
(Bernhold and Bondemark, 1998; Bondemark, 1999; Pantin et
al., 1999; Tegelberg et al., 1999; Bondemark and Lindman, 2000;
Marklund et al., 2001b; de Almeida et al., 2002; Walker-
Engstrom et al., 2002). Orthodontic side-effects of MRA treat-
ment were assessed in six studies (Tegelberg et al., 1999; Pantin
et al., 1999; Bondemark and Lindman, 2000; Fritsch et al., 2001;
Marklund et al., 2001b; Rose et al., 2002d). Finally, in six studies
dental and skeletal changes resulting from MRA therapy were
assessed by means of upright cephalometry (Bondemark, 1999;
Fritsch et al., 2001; Robertson, 2001, 2002; Fransson et al., 2002b;
Rose et al., 2002d). In six studies, overlap with respect to base-
line characteristics was noted. Two studies reported on the one-
and four-year follow-up of adverse effects of MRA therapy on
the stomatognathic system (Tegelberg et al., 1999, Walker-
Engstrom et al., 2002). Two similar studies reported on the
effect of MRA treatment on the craniofacial and cranio-
mandibular complex (Bondemark, 1999; Bondemark and
Lindman, 2000). Finally, dental and skeletal changes associated
with MRA treatment were studied in one study and were fur-
ther explored with respect to the upper facial skeleton in a sec-
ond study (Robertson, 2001, 2002).

In two studies, more than one appliance design was used
(Fritsch et al., 2001; Marklund et al., 2001b). The amount of
mandibular protrusion with MRA treatment was comparable
among the 13 included studies (Table 3). However, the dura-
tions of the follow-up periods differed among studies (range:
six months to a mean follow-up of four years). Moreover, by
taking the review cephalogram at six-month intervals (from 6
to 30 months), two studies tried to establish whether changes in
craniofacial characteristics were progressive with continuing
treatment (Robertson, 2001, 2002). Although compliance was
not reported in all studies, patients generally used their MRA
more than five nights per week for five hours or more per night.
Except for the male-to-female ratio in two studies (Bondemark,
1999; Bondemark and Lindman, 2000), patient baseline charac-
teristics of the 13 included studies were comparable (when
reported) with respect to male-to-female ratio, age (means
ranging from 46.7 to 55.3 yrs), and Body-Mass Index (means

ranging from 26.3 to 29.2).

The majority of the included studies were patient series,
with only one study using a concurrent control group
(Marklund et al., 2001b). Despite the non-controlled design of
most studies, methodological quality was generally rated as
‘adequate’. The single study that used a concurrent control
group was rated as 'good', whereas one study was rated as
‘poor’ (Pantin et al., 1999). This was mainly due to the unclear
description of materials and methods in the latter study. Inter-
rater agreement on the methodological quality of each trial,
according to the overall impression, was good (Agreement,
97%; Kappa, 0.65; 95% CI, 0.32 to 0.98).

Craniomandibular complex

MRA treatment did not result in significant changes in maxi-
mum mouth opening, laterotrusion, or protrusion in the short
or long term in three studies (Tegelberg et al., 1999; Bondemark
and Lindman, 2000; Walker-Engstrom et al., 2002). However, in
one study, an increased mouth opening was observed in 28% of
patients following a mean treatment period of 31 months
(Pantin et al., 1999). Except for individual patients, no signifi-
cant changes in pain on movement or palpation of the tem-
poromandibular joints and masticatory muscles were detected
(Tegelberg et al., 1999; Bondemark and Lindman, 2000).
Moreover, changes in joint function as a result of treatment
were generally minor (Pantin et al., 1999; Bondemark and
Lindman, 2000; Walker-Engstrom et al., 2002). When changes in
these clinical parameters were quantified according to the
Helkimo clinical dysfunction index or score, minor and
insignificant changes in craniomandibular status were
observed (Bernhold and Bondemark, 1998; Tegelberg et al.,
1999; Bondemark and Lindman, 2000). Moreover, no changes
in the relation between centric occlusion and centric relation
could be demonstrated (i.e., no 'dual bite') (Bondemark, 1999;
Marklund et al., 2001b). Finally, in six out of seven patients,
MRI studies of the temporomandibular joint and masticatory
muscles did not reveal any changes in function and morpholo-
gy as a result of MRA therapy after a mean treatment period of
one year (de Almeida et al., 2002).

Craniofacial complex

In five studies, plaster cast measurements demonstrated signif-
icant decreases in dental overbite and overjet as a result of
MRA treatment (Pantin et al., 1999; Bondemark and Lindman,
2000; Fritsch et al., 2001; Marklund et al., 2001b; Rose et al.,
2002d). Although patient follow-up was shorter, clinical exam-
ination in one study could not demonstrate significant changes
in dental occlusion (Tegelberg et al., 1999). In four studies, long-
term MRA therapy resulted in a mesial shift of the mandibular
first molars relative to the maxillary first molars (mesial shift
intermolar relationship) (Bondemark and Lindman, 2000;
Fritsch et al., 2001; Marklund et al., 2001b; Rose et al., 2002d). In
one of these four studies, the changes were accompanied by a
posterior open bite in 26% of patients and a significant reduc-
tion in anterior mandibular crowding (Rose et al., 2002d).
Although transverse measurements demonstrated a significant
decrease in maxillary inter-canine width in MRA users com-
pared with controls (Marklund et al., 2001b), no significant
inter-arch changes could be demonstrated in another study
(Rose et al., 2002d). The proportion of patients with occlusal
changes tended to increase with length of MRA use in up to
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two years of treatment (Pantin ef al., 1999). More than half of
the patients with occlusal changes in this latter study were not
aware of the changes. No correlation could be demonstrated
between orthodontic side-effects and the amount of protrusion,
treatment duration, age, gender, or (skeletal) dentofacial pat-
tern (Pantin ef al., 1999; Fritsch et al., 2001; Rose et al., 2002d). A
correlation was demonstrated between patients' impressions of
tooth movement and a mesial shift in intermolar relationship
(Fritsch et al., 2001).

Three cephalometric studies confirmed the results from
plaster cast measurements by demonstrating a decreased den-
tal overbite and overjet (Bondemark, 1999; Robertson, 2001;
Rose et al., 2002d). Whereas some studies did not observe
changes in upper incisor inclination (Bondemark, 1999;
Fransson ef al., 2002b), others demonstrated a more lingual
inclination of the maxillary incisors following MRA therapy
(Fritsch et al., 2001; Robertson, 2001; Rose et al., 2002d). In addi-
tion, some studies did not observe any changes in lower incisor
inclination (Bondemark, 1999; Fritsch et al., 2001), whereas oth-
ers demonstrated a more labial inclination of the mandibular
incisors after MRA treatment (Robertson, 2001; Fransson ef al.,
2002b; Rose et al., 2002d). Variable results were also reported
with respect to changes in mandibular position. As a result of
treatment, posterior rotation of the mandible in relation to the
skull base was observed in two studies (Fritsch et al., 2001;
Fransson et al., 2002b), whereas others did not observe a change
in mandibular position (Rose et al., 2002d). In a third study, a
relatively forward and downward change in mandibular posi-
tion, accomplished by an increased mandibular length, was
observed following MRA treatment (Bondemark, 1999).
Although changes in mandibular posture in the latter study
were suggested to result from condylar or glenoid fossa remod-
eling, more recent studies demonstrating changes in condylar
vertical position following mandibular advancement suggest
that alterations in mandibular position are causal for changes
in mandibular posture (Robertson, 2001, 2002). Changes in
anterior face height, mainly resulting from an increased lower
anterior face height, were demonstrated in two studies
(Robertson, 2001; Fransson et al., 2002b). Although similar
changes in posterior face height were demonstrated
(Robertson, 2001), these were not reported uniformly (Fransson
et al., 2002b). No correlation could be demonstrated between
dental side-effects and the amount of mandibular protrusion,
treatment duration, patient-perceived side-effects, age, gender,
or (skeletal) dentofacial pattern (Bondemark, 1999; Rose et al.,
2002d; Fritsch et al., 2001). A correlation was demonstrated
between treatment duration and changes in mandibular pos-
ture relative to the skull base (Fritsch et al., 2001).

(6) Discussion

Systematic review of the available literature regarding effica-
cy and co-morbidity of Oral Appliances in the treatment of
OSAHS indicates that OA therapy is a viable treatment
modality in the adult patient with OSAHS, although CPAP is
apparently more effective, and adverse effects of OA treat-
ment have been described. However, definite conclusions
with respect to the precise indications of Oral Appliances in
the management of OSAHS cannot be drawn. Moreover, the
evidence base regarding the co-morbidity of Oral Appliance
therapy is generally obscured by methodological limitations
of the available literature. Therefore, a discussion of our find-
ings seems appropriate.

When compared with a control device, MRA therapy was
clearly more effective in improving the AHI and other physio-
logical indicators. Superior results of MRA treatment with
respect to objective daytime sleepiness, patient compliance,
and patient satisfaction support the efficacy of MRA therapy in
OSAHS. In contrast to these favorable results, the effect of
MRA therapy on sleep architecture varied among different
reports. However, in the treatment with CPAP, non-significant
differences in sleep quality have also been observed when
compared with a placebo intervention (Loredo et al., 1999).
Variable results in improvements of subjective parameters like
the Epworth Sleepiness Scale and reported snoring suggest a
placebo effect of Oral Appliances. However, these findings may
also be attributed to factors other than mandibular advance-
ment, such as stimulation of neuromuscular reflexes and
changes in the bite relationship, in both MRA and control treat-
ment (Mehta et al., 2001). Future studies using a 'true placebo’
rather than an intra-oral control device may further elucidate
the possible placebo effect of OA therapy.

Outcomes of variability in mandibular advancement and
bite opening suggest that MRA therapy derives its therapeutic
efficacy mainly from the amount of mandibular protrusion
imposed by the appliance. Studies observing higher MRA suc-
cess rates in patients with a greater mandibular protrusion
capacity support this suggestion (Marklund et al., 1998a).
Moreover, other studies on progressive mandibular advance-
ment observed a similar 'protrusion-dependent’ effect in MRA
treatment (Raphaelson et al., 1998; Kato et al., 2000). However,
in some patients bite opening also had a favorable effect on the
treatment outcome (Raphaelson et al., 1998). Moreover, in some
OSAHS patients, the number of upper-airway obstructions
may even increase when the mandible is protruded toward its
maximum (Lamont et al., 1998; Loube, 1998). These findings
suggest that the optimum in mandibular protrusion in MRA
therapy is not always equal to the maximal mandibular pro-
trusion. Although a relationship between the degree of
mandibular advancement and the therapeutic efficacy of an
MRA seems evident, shortcomings in the available literature
and conflicting data do not allow for definite conclusions to be
drawn. Variability in MRA bite opening appears to be of no
consequence on both physiological and subjective parameters.
Therefore, the controversy persists regarding the amount of
bite opening indicated with MRA treatment (George, 2001).
However, patient preference may be an argument to keep the
bite opening in MRA therapy to a minimum.

With respect to both physiological parameters and patient
acceptance, MRA therapy proved superior to other types of
Oral Appliances in the management of OSAHS. These findings
correspond to results of a similar study in snoring patients in
which MRA therapy was compared with a palatal lifting device
and a mouth shield (Marklund and Franklin, 1996). When com-
pared with an MRA, employability of a Tongue-retaining
Device is probably poorer due to clinical limitations and inferi-
or patient acceptance (Cartwright et al., 1991; Barthlen et al.,
2000). However, unlike most MRAs, Tongue-retaining
Appliances have been reported to be suitable for the edentu-
lous patient as well (Kingshott et al., 2002). Similar to variabili-
ty in bite opening, MRA design (i.e., one-piece or two-piece)
had no serious consequences on the physiological outcomes.
Moreover, MRA design generally did not affect patient-per-
ceived symptomatology. These observations correspond to the
findings of a review of 21 publications on Oral Appliance ther-
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apy (Schmidt-Nowara et al., 1995). In their review, Schmidt-
Nowara et al. concluded that, despite considerable variations in
appliance design, clinical effects of Oral Appliances are remark-
ably consistent. However, it should be noted that appliance
design may influence therapeutic efficacy by affecting patient
preference or patient-perceived symptomatology. The precise
benefits of specific features in MRA design, such as adjustable
mandibular advancement and freedom of mandibular move-
ment, need to be further elucidated.

The one-year follow-up of patients treated with a MRA or
UPPP suggests that the former should be preferred in the treat-
ment of mild to moderate OSAHS. Although success rates of
both interventions showed a tendency to decrease over a four-
year period, MRA therapy remained more successful than
UPPP (Walker-Engstrom et al., 2002). The additional value of
MRA therapy is confirmed by another study which suggested
MRA treatment as an adjuvant therapy following unsuccessful
UPPP (Millman et al., 1998). However, it should be noted that
after a one-year treatment period, UPPP-treated patients gen-
erally showed a greater level of contentment than MRA-treated
patients (Walker-Engstrom et al., 2000). Moreover, the number
of drop-outs in the MRA group at the four-year follow-up lim-
its definitive conclusions with respect to the long-term results
of these interventions in OSAHS.

Results of crossover trials comparing MRA therapy with
CPAP indicate that, when physiological outcomes like the AHI
are considered, CPAP should be preferred over MRA therapy.
The superiority of CPAP is confirmed in another study show-
ing poor patient tolerance to MRA therapy in patients already
on CPAP (Smith and Stradling, 2002). However, patient accep-
tance of the MRA in the latter study could have been affected
by negative expectations and specific appliance design. It is
suggested that MRA treatment is generally more successful in
patients with mild to moderate OSAHS (Marklund et al., 1998a;
Johnston et al., 2002). In their crossover study, Engleman et al.
(2002) performed a subgroup analysis on treatment efficacy of
MRA therapy in patients with mild OSAHS. Although, in this
subgroup, changes in AHI did not significantly differ between
CPAP and MRA therapy, efficacy and subjective parameters
like patient satisfaction and sleepiness were better with CPAP.
Contrary to these findings, other included trials did not
demonstrate a significant difference in most subjective param-
eters between CPAP and MRA treatment. Moreover, changes in
sleep quality, like the amount of REM or slow-wave sleep, did
not differ between the interventions. Because some suggest
MRA therapy as first-line treatment in mild to moderate
OSAHS (Ferguson et al., 1997; Tan et al., 2002), and others
obtain superior results with CPAP in this respect (Engleman et
al., 2002; Randerath et al., 2002), the precise indication for MRA
therapy in OSAHS management requires further study.
Although the non-significant change in subjective sleepiness
according to the Epworth sleepiness scale may be related to a
placebo effect of OA therapy, a clear patient preference for
MRA therapy indicates that CPAP should not be considered
ideal in the management of OSAHS.

While the included trials related to efficacy were generally
of adequate quality, some general aspects should be taken into
consideration. The reported success percentage of MRA thera-
py in the treatment of OSAHS ranged from 30 to 81% (Table 2).
However, among other factors such as amount of mandibular
advancement and specific MRA design, these figures probably
reflect bias due to the various definitions of treatment success.

If different studies of MRA therapy in OSAHS are to be com-
pared, a uniform definition of treatment success is clearly indi-
cated. We suggest defining success as a correction of the RDI to
physiological levels (i.e., RDI < 5). A partial response to treat-
ment may be defined as a satisfactory improvement of symp-
toms combined with a 50% or greater reduction in the RDI. In
addition, since this is associated with an increased mortality,
the post-treatment RDI in partial responders should not exceed
20 (He et al., 1988). Finally, patients not meeting these criteria or
patients unable to use the MRA are defined as treatment and
compliance failures, respectively. In some trials, external valid-
ity may have been compromised due to the inclusion of
patients of generally mild to moderate severity (Ferguson et al.,
1996, 1997; Wilhelmsson et al., 1999; Bloch et al., 2000; de
Almeida et al., 2002; Pitsis et al., 2002; Randerath et al., 2002;
Rose et al., 2002a; Tan et al., 2002). Moreover, in three trials, bias
may have been incorporated due to the inclusion of patients
who failed or refused CPAP (Barthlen et al., 2000; Bloch et al.,
2000; Rose et al., 2002a). Most of the included studies used a
crossover design. Although this offers the advantage of effi-
ciency and within-subject comparison, a crossover design may
incorporate deficiencies that compromise study validity
(Woods et al., 1989). For example, a 'carry-over of treatment
effect’ in crossover studies could result in a treatment-period
interaction, thereby yielding a biased estimate of the treatment
effect. Moreover, since blinding of patients to treatment is gen-
erally not possible, psychological influences cannot be over-
looked when treatment efficacy is evaluated in a crossover
study. To preclude these methodological deficits, especially
when MRA is compared with CPAP, future randomized trials
in MRA treatment should preferably be of a parallel-group
design. Moreover, a parallel design allows for easier long-term
follow-up and determination of the precise indication of MRA
therapy in OSAHS management.

Adverse effects of MRA therapy on the craniomandibular
complex appear to be limited. In the clinical situation, signs or
symptoms of temporomandibular disorders that result from
MRA therapy are also not commonly reported (Bonham et al.,
1988; Wilhelmsson ef al., 1999). It has been suggested that long-
term evaluation of MRA therapy is needed to monitor any
changes in craniomandibular status (Bonham ef al., 1988).
However, a four-year follow-up period of MRA treatment
demonstrated only a few adverse effects on the stomatognath-
ic system (Walker-Engstrom et al., 2002). It has been reported
that serious adverse effects on the craniomandibular complex
are the chief reasons for patients discontinuing MRA therapy
(Pantin et al., 1999; Rose et al., 2002a). Conversely, orthodontic
side-effects were observed more frequently in MRA treatment.
Although generally minor, a decreased dental overbite and
overjet, accompanied by a mesial shift in intermolar relation-
ship, were reported most uniformly. Patient-perceived changes
in occlusion may be of additional value in detecting changes in
dental occlusion. Other adverse events on dental occlusion,
such as a posterior open bite or reduced anterior mandibular
crowding, may accompany these changes. The observed
changes in dental occlusion are confirmed by cephalometric
studies that also reported changes in overbite and overjet.
Although not reported uniformly, cephalometric studies also
suggest changes in incisor inclination as a result of MRA thera-
py- These changes may be attributed to a labially directed force
against the mandibular incisors and a lingually directed force
against the maxillary incisors as the mandible attempts to
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return to a less constrained position (Rose et al., 2002d). The
reported effect of long-term mandibular advancement on
mandibular position varies. Since skeletal alterations resulting
from mandibular advancement are generally minimal in adult
individuals (Pancherz, 1985), changes in dental occlusion are
most likely to result from a dento-alveolar effect of MRA ther-
apy. Moreover, the observed shift in occlusion may be attrib-
uted to myostatic contracture of the lateral pterygoid muscle
and failure of the mandibular condyles to reposition fully fol-
lowing full-night mandibular protrusion (Pantin et al., 1999;
George, 2001). This latter phenomenon may also explain the
observed changes in anterior face height and condylar vertical
position in the cephalometric studies. Rigidity and amount of
dental coverage have been implicated in the occurrence of
adverse events in MRA treatment. It has been suggested that
MRAs with full dental coverage, and both soft elastomeric and
rigid acrylic appliances, minimize the chance of occlusal
changes (Bondemark, 1999; Marklund et al., 2001b; George,
2001). However, others suggest that occlusal side-effects in
MRA treatment are not design-related (Pantin et al., 1999; Rose
et al., 2002d). Analysis of the available data suggests that dental
and skeletal changes in MRA therapy may progress by becom-
ing more prominent over time (Pantin et al., 1999; Robertson,
2001; Fritsch et al., 2002). Skeletal changes, most likely related to
repositioning of the mandibular condyles, have been demon-
strated to occur soon after the onset of treatment, whereas den-
tal changes appear to develop as treatment continues
(Robertson, 2001). If there is a good patient follow-up, it is
thought reasonable to persist with MRA treatment in the pres-
ence of acceptable and non-progressive side-effects (Pantin et
al., 1999; Rose et al., 2002d).

On the basis of the available literature, it appears that
adverse effects of MRA therapy generally involve changes in
dental occlusion. Since these changes appear to originate over
longer treatment periods, they may go unnoticed by patients
(Pantin ef al., 1999). Most studies included in this review with
respect to co-morbidity of MRA therapy did not use a control
group and recruited a non-homogenous group of patients.
Moreover, the use of various different appliances may obscure
the findings. Despite these limitations, other methodological
aspects of the included studies were generally of adequate
quality. However, definite conclusions with respect to the
adverse effects of long-term MRA therapy on the cranio-
mandibular and craniofacial complex are not possible.
Controlled studies are warranted addressing long-term co-
morbidity of MRA therapy. Moreover, controlled studies
should address the specific effects of MRA design, degree of
mandibular protrusion, and treatment duration on the occur-
rence and progression of adverse effects in MRA treatment.

(7) Summarizing and Concluding Remarks
Randomized trials offer an evidence base for the use of Oral
Appliances in the treatment of, especially, mild to moderate
OSAHS. Oral appliances are effective in the treatment of
OSAHS, although a placebo effect should be considered. MRA
therapy generally yields results superior to those achieved with
other types of Oral Appliances in the treatment of OSAHS.
Although definite conclusions are not possible, efficacy of
MRA treatment appears to be related to the degree of mandibu-
lar advancement. Moreover, appliance design, like the amount
of bite opening or the means of mandibular fixation, may affect
subjective parameters of success. Although short-term results

indicate that MRA therapy should be preferred to UPPP, defi-
nite conclusions cannot be drawn. Superior results with respect
to physiological outcomes indicate that CPAP should be pre-
ferred to MRA treatment. However, a clear patient preference
for MRA therapy indicates that CPAP should not be considered
ideal in the treatment of OSAHS. To optimize methodological
quality, future randomized trials in MRA treatment should
incorporate a parallel-group design, one which may clarify the
specific indication of MRA therapy in OSAHS management.
Moreover, important outcomes of MRA therapy—like long-
term efficacy, performance, cardiovascular status, and objective
compliance—should be compared with other treatment modal-
ities like CPAP. To compare different trials in MRA therapy,
investigators much reach a consensus on the definition of treat-
ment success. MRA therapy may result in adverse—although
generally not serious—effects on the craniomandibular and
craniofacial complex. Adverse effects on the craniofacial com-
plex appear most often in MRA treatment and generally
involve changes in dental occlusion. However, the lack of con-
trolled studies related to co-morbidity preclude any definite
conclusions. Controlled studies are needed to address the long-
term adverse effects of MRA therapy. Although it cannot be
excluded that efficacy or co-morbidity of Oral Appliance ther-
apy is influenced by the individual appliance design, it can be
concluded that MRA therapy is a viable treatment modality for
OSAHS. Similar to treatment with CPAP, MRA therapy is usu-
ally a life-long requirement in the management of OSAHS.
Physicians with experience in the field of sleep-disordered
breathing must supervise treatment with Mandibular
Repositioning Appliances. To guarantee long-term efficacy and
safety, follow-up should be conducted on a regular basis.

Acknowledgments

The authors thank Ms. 1.1. Riphagen from the Groningen University medical
library for her assistance in the elaboration of our search strategy, and Mr. B.K.
Uildriks for his efforts in the graphics lay-out. The authors also thank Drs. F. de
Vries and |. Schortinghuis for their critical appraisal of the manuscript. This sys-
tematic review was written in partial fulfilment of the requirements for a PhD
degree. Financial support for this MD-clinical research traineeship was granted
by the Netherlands Organisation for Health Research and Development.

REFERENCES

AASM (1999). Sleep-related breathing disorders in adults: recom-
mendations for syndrome definition and measurement tech-
niques in clinical research. The report of an American Academy
of Sleep Medicine task force. Sleep 22:667-689.

Ancoli-Israel S, Kripke DF, Klauber MR, Mason WJ, Fell R, Kaplan
O (1991). Sleep-disordered breathing in community-dwelling
elderly. Sleep 14:486-495.

Arai H, Furuta H, Kosaka K, Kaneda R, Koshino Y, Sano ], et al.
(1998). Changes in work performances in obstructive sleep
apnea patients after dental appliance therapy. Psychiatry Clin
Neurosci 52:224-225.

Arnulf I, Homeyer P, Garma L, Whitelaw WA, Derenne JP (1997).
Modafinil in obstructive sleep apnea-hypopnea syndrome: a
pilot study in 6 patients. Respiration 64:159-161.

ASDA (1994). Practice parameters for the use of laser-assisted uvu-
lopalatoplasty. Standards of practice committee of the
American Sleep Disorders Association. Sleep 17:744-748.

ASDA (1995). An American Sleep Disorders Association report.
Practice parameters for the treatment of snoring and obstruc-

15(3):137-155 (2004)

Crit Rev Oral Biol Med 151

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

tive sleep apnea with oral appliances. Sleep 18:511-513.

ASDA (1996). Practice parameters for the treatment of obstructive
sleep apnea in adults: the efficacy of surgical modifications of
the upper airway. Report of the American Sleep Disorders
Association. Sleep 19:152-155.

Bananian S, Lehrman SG, Maguire GP (2002). Cardiovascular con-
sequences of sleep-related breathing disorders. Heart Dis 4:296-
305.

Barthlen GM, Brown LK, Wiland MR, Sadeh ]S, Patwari ],
Zimmerman M (2000). Comparison of three oral appliances for
treatment of severe obstructive sleep apnea syndrome. Sleep
Med 1:299-305.

Battagel JM, Johal A, L'Estrange PR, Croft CB, Kotecha B (1999).
Changes in airway and hyoid position in response to mandibu-
lar protrusion in subjects with obstructive sleep apnoea (OSA).
Eur | Orthod 21:363-376.

Bear SE, Priest JH (1980). Sleep apnea syndrome: correction with
surgical advancement of the mandible. | Oral Surg 38:543-549.

Bernhold M, Bondemark L (1998). A magnetic appliance for treat-
ment of snoring patients with and without obstructive sleep
apnea. Am | Orthod Dentofacial Orthop 113:144-155.

Berry RB, Gleeson K (1997). Respiratory arousal from sleep: mech-
anisms and significance. Sleep 20:654-675.

Bloch KE, Iseli A, Zhang JN, Xie X, Kaplan V, Stoeckli PW, et al.
(2000). A randomized, controlled crossover trial of two oral
appliances for sleep apnea treatment. Am | Respir Crit Care Med
162:246-251.

Bondemark L (1999). Does 2 years' nocturnal treatment with a
mandibular advancement splint in adult patients with snoring
and OSAS cause a change in the posture of the mandible? Am |
Orthod Dentofacial Orthop 116:621-628.

Bondemark L, Lindman R (2000). Craniomandibular status and
function in patients with habitual snoring and obstructive sleep
apnoea after nocturnal treatment with a mandibular advance-
ment splint: a 2-year follow-up. Eur | Orthod 22:53-60.

Bonham PE, Currier GF, Orr WC, Othman J, Nanda RS (1988). The
effect of a modified functional appliance on obstructive sleep
apnea. Am | Orthod Dentofacial Orthop 94:384-392.

Bridgman SA, Dunn KM, Ducharme F (2002). Surgery for obstruc-
tive sleep apnoea (Cochrane review). In: The Cochrane Library.
Issue 1. Oxford: Update Software.

Brown D], Kerr P, Kryger M (2001). Radiofrequency tissue reduc-
tion of the palate in patients with moderate sleep-disordered
breathing. | Otolaryngol 30:193-198.

Cameron DA, Lyons MF, Fox DL, Banham SW (1998). Pilot study of
a semi-flexible intra-oral appliance for the control of snoring. Br
Dent ] 185:304-307.

Cartwright RD, Samelson CF (1982). The effects of a nonsurgical
treatment for obstructive sleep apnea. The tongue-retaining
device. | Am Med Assoc 248:705-709.

Cartwright R, Ristanovic R, Diaz F, Caldarelli D, Alder G (1991). A
comparative study of treatments for positional sleep apnea.
Sleep 14:546-552.

Clark GT, Blumenfeld I, Yoffe N, Peled E, Lavie P (1996). A
crossover study comparing the efficacy of continuous positive
airway pressure with anterior mandibular positioning devices
on patients with obstructive sleep apnea. Chest 109:1477-1483.

Clark GT, Sohn JW, Hong CN (2000). Treating obstructive sleep
apnea and snoring: assessment of an anterior mandibular posi-
tioning device. | Am Dent Assoc 131:765-771.

de Almeida FR, Bittencourt LR, de Almeida CIR, Tsuiki S, Lowe
AA, et al. (2002). Effects of mandibular posture on obstructive
sleep apnea severity and the temporomandibular joint in
patients fitted with an oral appliance. Sleep 25:507-513.

Eckhart JE (1998). Comparisons of oral devices for snoring. ] CA

Dent Assoc 26:611-623.

Eisele DW, Smith PL, Alam DS, Schwartz AR (1997). Direct
hypoglossal nerve stimulation in obstructive sleep apnea. Arch
Otolaryngol Head Neck Surg 123:57-61.

Engleman HM, Asgari-Jirhandeh N, McLeod AL, Ramsay CEF
Deary IJ, Douglas NJ (1996). Self-reported use of CPAP and ben-
efits of CPAP therapy: a patient survey. Chest 109:1470-1476.

Engleman HM, Kingshott RN, Wraith PK, Mackay TW, Deary IJ,
Douglas NJ (1999). Randomized placebo-controlled crossover
trial of continuous positive airway pressure for mild sleep
apnea/hypopnea syndrome. Am | Respir Crit Care Med 159:461-
467.

Engleman HM, McDonald JP, Graham D, Lello GE, Kingshott RN,
Coleman EL, et al. (2002). Randomized crossover trial of two
treatments for sleep apnea/hypopnea syndrome: continuous
positive airway pressure and mandibular repositioning splint.
Am ] Respir Crit Care Med 166:855-859.

Esclamado RM, Glenn MG, McCulloch TM, Cummings CW (1989).
Perioperative complications and risk factors in the surgical
treatment of obstructive sleep apnea syndrome. Laryngoscope
99:1125-1129.

Eveloff SE (2002). Treatment of obstructive sleep apnea: no longer
just a lot of hot air. Chest 121:674-677.

Eveloff SE, Rosenberg CL, Carlisle CC, Millman RP (1994). Efficacy
of a Herbst mandibular advancement device in obstructive
sleep apnea. Am | Respir Crit Care Med 149:905-909.

Ferguson KA, Ono T, Lowe AA, Keenan SP, Fleetham JA (1996). A
randomized crossover study of an oral appliance vs nasal-con-
tinuous positive airway pressure in the treatment of mild-mod-
erate obstructive sleep apnea. Chest 109:1269-1275.

Ferguson KA, Ono T, Lowe AA, Al Majed S, Love LL, Fleetham JA
(1997). A short-term controlled trial of an adjustable oral appli-
ance for the treatment of mild to moderate obstructive sleep
apnoea. Thorax 52:362-368.

Flemons WW, Whitelaw WA, Brant R, Remmers JE (1994).
Likelihood ratios for a sleep apnea clinical prediction rule. Am
J Respir Crit Care Med 150:1279-1285.

Fransson AMC, Svenson BAH, Isacsson G (2002a). The effect of
posture and a mandibular protruding device on pharyngeal
dimensions: a cephalometric study. Sleep Breath 6:55-68.

Fransson AMC, Tegelberg A, Svenson BAH, Lennartsson B,
Isacsson G (2002b). Influence of mandibular protruding device
on airway passage and dentofacial characteristics in obstructive
sleep apnea and snoring. Am ] Orthod Dentofacial Orthop
122:371-379.

Fritsch KM, Iseli A, Russi EW, Bloch KE (2001). Side effects of
mandibular advancement devices for sleep apnea treatment.
Am ] Respir Crit Care Med 164:813-818.

Gale DJ, Sawyer RH, Woodcock A, Stone P, Thompson R, O'Brien
K (2000). Do oral appliances enlarge the airway in patients with
obstructive sleep apnoea? A prospective computerized tomo-
graphic study. Eur | Orthod 22:159-168.

Gao XM, Zeng XL, Fu MK, Huang XZ (1999). Magnetic resonance
imaging of the upper airway in obstructive sleep apnea before
and after oral appliance therapy. Chin | Dent Res 2:27-35.

George PT (2001). Selecting sleep-disordered-breathing appliances.
Biomechanical considerations. | Am Dent Assoc 132:339-347.

Gleadhill IC, Schwartz AR, Schubert N, Wise RA, Permutt S, Smith
PL (1991). Upper airway collapsibility in snorers and in patients
with obstructive hypopnea and apnea. Am Rev Respir Dis
143:1300-1303.

Gleeson K, Zwillich CW, White DP (1990). The influence of increas-
ing ventilatory effort on arousal from sleep. Am Rev Respir Dis
142:295-300.

Gotsopoulos H, Chen C, Qian J, Cistulli PA (2002). Oral appliance

152 Crit Rev Oral Biol Med

15(3):137-155 (2004)

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

therapy improves symptoms in obstructive sleep apnea: a ran-
domized, controlled trial. Am ] Respir Crit Care Med 166:743-748.

Grunstein RR, Sullivan CE (1988). Sleep apnea and hypothy-
roidism: mechanisms and management. Am | Med 85:775-779.

Grunstein RR, Ho KK, Sullivan CE (1994). Effect of octreotide, a
somatostatin analog, on sleep apnea in patients with
acromegaly. Ann Intern Med 121:478-483.

Guilleminault C, Tilkian A, Dement WC (1976). The sleep apnea
syndromes. Annu Rev Med 27:465-484.

Hans MG, Nelson S, Luks VG, Lorkovich P, Baek SJ (1997).
Comparison of two dental devices for treatment of obstructive
sleep apnea syndrome (OSAS). Am | Orthod Dentofacial Orthop
111:562-570.

He J, Kryger MH, Zorick FJ, Conway W, Roth T (1988). Mortality
and apnea index in obstructive sleep apnea. Experience in 385
male patients. Chest 94:9-14.

Hedner J, Grote L (2002). Pharmacological therapy of sleep apnea.
In: Breathing disorders in sleep. McNicholas WT, Phillipson
EA, editors. London: WB Saunders, pp. 149-156.

Henke KG, Frantz DE, Kuna ST (2000). An oral elastic mandibular
advancement device for obstructive sleep apnea. Am | Respir
Crit Care Med 161:420-425.

Hoffstein V, Viner S, Mateika S, Conway ] (1992). Treatment of
obstructive sleep apnea with nasal continuous positive airway
pressure. Patient compliance, perception of benefits, and side
effects. Am Rev Respir Dis 145:841-845.

Hoffstein V, Mateika S, Metes A (1993). Effect of nasal dilation on
snoring and apneas during different stages of sleep. Sleep
16:360-365.

Isono S, Tanaka A, Sho Y, Konno A, Nishino T (1995). Advancement
of the mandible improves velopharyngeal airway patency. |
Appl Physiol 79:2132-2138.

Janson C, Gislason T, Bengtsson H, Eriksson G, Lindberg E,
Lindholm CE, et al. (1997). Long-term follow-up of patients
with obstructive sleep apnea treated with uvulopalatopharyn-
goplasty. Arch Otolaryngol Head Neck Surg 123:257-262.

Jenkinson C, Davies R], Mullins R, Stradling JR (1999). Comparison
of therapeutic and subtherapeutic nasal continuous positive
airway pressure for obstructive sleep apnoea: a randomised
prospective parallel trial. Lancet 353:2100-2105.

Johal A, Battagel JM (2001). Current principles in the management
of obstructive sleep apnoea with mandibular advancement
appliances. Br Dent ] 190:532-536.

Johns MW (1991). A new method for measuring daytime sleepi-
ness: the Epworth sleepiness scale. Sleep 14:540-545.

Johnston CD, Gleadhill IC, Cinnamond M], Gabbey ], Burden DJ
(2002). Mandibular advancement appliances and obstructive
sleep apnoea: a randomized clinical trial. Eur | Orthod 24:251-
262.

Kato J, Isono S, Tanaka A, Watanabe T, Araki D, Tanzawa H, et al.
(2000). Dose-dependent effects of mandibular advancement on
pharyngeal mechanics and nocturnal oxygenation in patients
with sleep-disordered breathing. Chest 117:1065-1072.

Kingshott RN, Jones DR, Taylor DR, Robertson CJ (2002). The effi-
cacy of a novel tongue-stabilizing device on polysomnographic
variables in sleep-disordered breathing: a pilot study. Sleep
Breath 6:69-76.

Kribbs NB, Pack Al, Kline LR, Getsy JE, Schuett JS, Henry JN, et al.
(1993). Effects of one night without nasal CPAP treatment on
sleep and sleepiness in patients with obstructive sleep apnea.
Am Rev Respir Dis 147:1162-1168.

Krieger J, Kurtz D, Petiau C, Sforza E, Trautmann D (1996). Long-
term compliance with CPAP therapy in obstructive sleep apnea
patients and in snorers. Sleep 19(9 Suppl):1365-143S.

Kushida CA, Efron B, Guilleminault C (1997). A predictive mor-

phometric model for the obstructive sleep apnea syndrome.
Ann Intern Med 127:581-587.

L'Estrange PR, Battagel JM, Harkness B, Spratley MH, Nolan P7J,
Jorgensen GI (1996). A method of studying adaptive changes of
the oropharynx to variation in mandibular position in patients
with obstructive sleep apnoea. | Oral Rehabil 23:699-711.

Lamont J, Baldwin DR, Hay KD, Veale AG (1998). Effect of two
types of mandibular advancement splints on snoring and
obstructive sleep apnoea. Eur | Orthod 20:293-297.

Lindberg E, Carter N, Gislason T, Janson C (2001). Role of snoring
and daytime sleepiness in occupational accidents. Am | Respir
Crit Care Med 164:2031-2035.

Lindman R, Bondemark L (2001). A review of oral devices in the
treatment of habitual snoring and obstructive sleep apnoea.
Swed Dent | 25:39-51.

Liu Y, Zeng X, Fu M, Huang X, Lowe AA (2000). Effects of a
mandibular repositioner on obstructive sleep apnea. Am |
Orthod Dentofacial Orthop 118:248-256.

Liu Y, Lowe AA, Fleetham JA, Park YC (2001). Cephalometric and
physiologic predictors of the efficacy of an adjustable oral
appliance for treating obstructive sleep apnea. Am | Orthod
Dentofacial Orthop 120:639-647.

Livingston EH (2002). Obesity and its surgical management. Am |
Surg 184:103-113.

Lojander J, Maasilta P, Partinen M, Brander PE, Salmi T, Lehtonen
H (1996). Nasal-CPAP, surgery, and conservative management
for treatment of obstructive sleep apnea syndrome. A random-
ized study. Chest 110:114-119.

Loredo JS, Ancoli-Israel S, Dimsdale JE (1999). Effect of continuous
positive airway pressure vs placebo continuous positive airway
pressure on sleep quality in obstructive sleep apnea. Chest
116:1545-1549.

Loube DI (1998). Oral appliance treatment for obstructive sleep
apnea. Clin Pulm Med 5:124-128.

Lowe A, Fleetham ], Ryan F, Mathews B (1990). Effects of a
mandibular repositioning appliance used in the treatment of
obstructive sleep apnea on tongue muscle activity. Prog Clin Biol
Res 345:395-405.

Lowe AA (2000). The durability of intraoral devices for snoring and
sleep apnea: another view. | Can Dent Assoc 66:486-487.

Lowe AA, Sjoholm TT, Ryan CF, Fleetham JA, Ferguson KA,
Remmers JE (2000). Treatment, airway and compliance effects
of a titratable oral appliance. Sleep 23(4 Suppl):172S-178S.

Malhotra A, White DP (2002). Obstructive sleep apnoea. Lancet
360:237-245.

Manber R, Armitage R (1999). Sex, steroids, and sleep: a review.
Sleep 22:540-555.

Marklund M, Franklin KA (1996). Dental appliances in the treat-
ment of snoring. A comparison between an activator, a soft-
palate lifter, and a mouth-shield. Swed Dent | 20:183-188.

Marklund M, Franklin KA, Sahlin C, Lundgren R (1998a). The
effect of a mandibular advancement device on apneas and sleep
in patients with obstructive sleep apnea. Chest 113:707-713.

Marklund M, Persson M, Franklin KA (1998b). Treatment success
with a mandibular advancement device is related to supine-
dependent sleep apnea. Chest 114:1630-1635.

Marklund M, Sahlin C, Stenlund H, Persson M, Franklin KA
(2001a). Mandibular advancement device in patients with
obstructive sleep apnea: long-term effects on apnea and sleep.
Chest 120:162-169.

Marklund M, Franklin KA, Persson M (2001b). Orthodontic side-
effects of mandibular advancement devices during treatment of
snoring and sleep apnoea. Eur | Orthod 23:135-144.

McEvoy RD, Sharp DJ, Thornton AT (1986). The effects of posture
on obstructive sleep apnea. Am Rev Respir Dis 133:662-666.

15(3):137-155 (2004)

Crit Rev Oral Biol Med 153

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

McGown AD, Makker HK, Battagel JM, L'Estrange PR, Grant HR,
Spiro SG (2001). Long-term use of mandibular advancement
splints for snoring and obstructive sleep apnoea: a question-
naire survey. Eur Respir | 17:462-466.

Mehta A, Qian J, Petocz P, Darendeliler MA, Cistulli PA (2001). A
randomized, controlled study of a mandibular advancement
splint for obstructive sleep apnea. Am | Respir Crit Care Med
163:1457-1461.

Millman RP, Rosenberg CL, Carlisle CC, Kramer NR, Kahn DM,
Bonitati AE (1998). The efficacy of oral appliances in the treat-
ment of persistent sleep apnea after uvulopalatopharyngoplas-
ty. Chest 113:992-996.

Nahmias JS, Karetzky MS (1988). Treatment of the obstructive sleep
apnea syndrome using a nasopharyngeal tube. Chest 94:1142-
1147.

Pancer J, Al-Faifi S, Al-Faifi M, Hoffstein V (1999). Evaluation of
variable mandibular advancement appliance for treatment of
snoring and sleep apnea. Chest 116:1511-1518.

Pancherz H (1985). The Herbst appliance—its biologic effects and
clinical use. Am | Orthod 87:1-20.

Pantin CC, Hillman DR, Tennant M (1999). Dental side effects of an
oral device to treat snoring and obstructive sleep apnea. Sleep
22:237-240.

Pépin JL, Leger P, Veale D, Langevin B, Robert D, Lévy P (1995).
Side effects of nasal continuous positive airway pressure in
sleep apnea syndrome. Study of 193 patients in two French
sleep centers. Chest 107:375-381.

Pépin JL, Krieger ], Rodenstein D, Cornette A, Sforza E, Delguste P,
et al. (1999). Effective compliance during the first 3 months of
continuous positive airway pressure. A European prospective
study of 121 patients. Am ] Respir Crit Care Med 160:1124-1129.

Petit FX, Pépin JL, Bettega G, Sadek H, Raphaél B, Lévy P (2002).
Mandibular advancement devices: rate of contraindications in
100 consecutive obstructive sleep apnea patients. Am | Respir
Crit Care Med 166:274-278.

Pitsis AJ, Darendeliler MA, Gotsopoulos H, Petocz P, Cistulli PA
(2002). Effect of vertical dimension on efficacy of oral appliance
therapy in obstructive sleep apnea. Am | Respir Crit Care Med
166:860-864.

Randerath WJ, Heise M, Hinz R, Ruehle KH (2002). An individual-
ly adjustable oral appliance vs continuous positive airway pres-
sure in mild-to-moderate obstructive sleep apnea syndrome.
Chest 122:569-575.

Raphaelson MA, Alpher EJ, Bakker KW, Perlstrom JR (1998). Oral
appliance therapy for obstructive sleep apnea syndrome: pro-
gressive mandibular advancement during polysomnography.
Cranio 16:44-50.

Redline S (2002). Morbidity, mortality, and public health burden of
sleep apnea. In: Breathing disorders in sleep. McNicholas WT,
Phillipson EA, editors. London: WB Saunders, pp. 222-235.

Redline S, Tishler PV, Tosteson TD, Williamson J, Kump K,
Browner I, et al. (1995). The familial aggregation of obstructive
sleep apnea. Am | Respir Crit Care Med 151:682-687.

Redline S, Tishler PV, Hans MG, Tosteson TD, Strohl KP, Spry K
(1997). Racial differences in sleep-disordered breathing in
African-Americans and Caucasians. Am | Respir Crit Care Med
155:186-192.

Riley RW, Powell NB, Guilleminault C, Pelayo R, Troell R], Li KK
(1997). Obstructive sleep apnea surgery: risk management and
complications. Otolaryngol Head Neck Surg 117:648-652.

Riley RW, Powell NB, Li KK, Guilleminault C (2000). Surgical ther-
apy for obstructive sleep apnea-hypopnea syndrome. In:
Principles and practice of sleep medicine. Kryger MH, Roth T,
Dement WC, editors. Philadelphia: WB Saunders, pp. 913-928.

Robertson CJ (2001). Dental and skeletal changes associated with

long-term mandibular advancement. Sleep 24:531-537.

Robertson C (2002). Cranial base considerations between apnoeics
and non-apnoeic snorers, and associated effects of long-term
mandibular advancement on condylar and natural head posi-
tion. Eur | Orthod 24:353-361.

Robertson C, Herbison P, Harkness M (2003). Dental and occlusal
changes during mandibular advancement splint therapy in
sleep disordered patients. Eur | Orthod 25:371-376.

Robin P (1934). Glossoptosis due to atresia and hypotrophy of the
mandible. Am | Dis Child 48:541-547.

Rose EC, Schnegelsberg C, Staats R, Jonas IE (2001). Occlusal side
effects caused by a mandibular advancement appliance in
patients with obstructive sleep apnea. Angle Orthod 71:452-460.

Rose E, Staats R, Virchow C, Jonas IE (2002a). A comparative study
of two mandibular advancement appliances for the treatment
of obstructive sleep apnoea. Eur ] Orthod 24:191-198.

Rose E, Staats R, Schulte-Monting J, Jonas IE (2002b). Treatment of
obstructive sleep apnea with the Karwetzky oral appliance. Eur
J Oral Sci 110:99-105.

Rose E, Staats R, Schulte-Monting J, Ridder GJ, Jonas IE. (2002c).
Obstruktive schlafatmungsstérung: therapiecompliance mit
einem intraoralen protrusionsgerdt. Dtsch Med Wochenschr
127:1245-1249.

Rose EC, Staats R, Virchow C Jr, Jonas IE (2002d). Occlusal and
skeletal effects of an oral appliance in the treatment of obstruc-
tive sleep apnea. Chest 122:871-877.

Rosenow F, McCarthy V, Caruso AC (1998). Sleep apnoea in
endocrine diseases. | Sleep Res 7:3-11.

Ryan CF, Love LL, Peat D, Fleetham JA, Lowe AA (1999).
Mandibular advancement oral appliance therapy for obstruc-
tive sleep apnoea: effect on awake calibre of the velopharynx.
Thorax 54:972-977.

Sampol G, Munoz X, Sagales MT, Marti S, Roca A, Dolors de la
Calsada M, et al. (1998). Long-term efficacy of dietary weight
loss in sleep apnoea/hypopnoea syndrome. Eur Respir |
12:1156-1159.

Schmidt-Nowara W, Lowe A, Wiegand L, Cartwright R, Perez-
Guerra F, Menn S (1995). Oral appliances for the treatment of
snoring and obstructive sleep apnea: a review. Sleep 18:501-510.

Schonhofer B, Stoohs RA, Rager H, Wenzel M, Wenzel G, Kéhler D
(1997). A new tongue advancement technique for sleep-disor-
dered breathing: side effects and efficacy. Am | Respir Crit Care
Med 155:732-738.

Schwab J (1999). Sex differences and sleep apnoea. Thorax 54:284-
285.

Schwab RJ (2001). Imaging for the snoring and sleep apnea patient.
Dent Clin North Am 45:759-796.

Schwab R]J, Pack Al, Gupta KB, Metzger L], Oh E, Getsy JE, et al.
(1996). Upper airway and soft tissue structural changes induced
by CPAP in normal subjects. Am ] Respir Crit Care Med 154:1106-
1116.

Series F, Roy N, Marc I (1994). Effects of sleep deprivation and sleep
fragmentation on upper airway collapsibility in normal sub-
jects. Am | Respir Crit Care Med 150:481-485.

Shahar E, Whitney CW, Redline S, Lee ET, Newman AB, Javier
Nieto F, et al. (2001). Sleep-disordered breathing and cardiovas-
cular disease: cross-sectional results of the sleep heart health
study. Am ] Respir Crit Care Med 163:19-25.

Sher AE (2002). Upper airway surgery for obstructive sleep apnea
syndrome. In: Breathing disorders in sleep. McNicholas WT,
Phillipson EA, editors. London: WB Saunders, pp. 134-148.

Sher AE, Schechtman KB, Piccirillo JF (1996). The efficacy of surgi-
cal modifications of the upper airway in adults with obstructive
sleep apnea syndrome. Sleep 19:156-177.

Sindhu F, Carpenter L, Seers K (1997). Development of a tool to rate

154 Crit Rev Oral Biol Med

15(3):137-155 (2004)

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

the quality assessment of randomized controlled trials using a
Delphi technique. ] Adv Nurs 25:1262-1268.

Skinner MA, Robertson CJ, Kingshott RN, Jones DR, Taylor DR
(2002). The efficacy of a mandibular advancement splint in rela-
tion to cephalometric variables. Sleep Breath 6:115-124.

Smith DM, Stradling JR (2002). Can mandibular advancement
devices be a satisfactory substitute for short term use in patients
on nasal continuous positive airway pressure? Thorax 57:305-
308.

Smith PL, Haponik EF, Allen RP, Bleecker ER (1983). The effects of
protriptyline in sleep-disordered breathing. Am Rev Respir Dis
127:8-13.

Smith PL, Gold AR, Meyers DA, Haponik EF, Bleecker ER (1985).
Weight loss in mildly to moderately obese patients with
obstructive sleep apnea. Ann Intern Med 103:850-855.

Strobel R], Rosen RC (1996). Obesity and weight loss in obstructive
sleep apnea: a critical review. Sleep 19:104-115.

Strohl KP, Redline S (1996). Recognition of obstructive sleep apnea.
Am ] Respir Crit Care Med 154:279-289.

Sullivan CE, Issa FG, Berthon-Jones M, Eves L (1981). Reversal of
obstructive sleep apnoea by continuous positive airway pres-
sure applied through the nares. Lancet 1:862-865.

Tan YK, L'Estrange PR, Luo YM, Smith C, Grant HR, Simonds AK,
et al. (2002). Mandibular advancement splints and continuous
positive airway pressure in patients with obstructive sleep
apnoea: a randomized cross-over trial. Eur | Orthod 24:239-249.

Tegelberg A, Wilhelmsson B, Walker-Engstrom ML, Ringqvist M,
Andersson L, Krekmanov L, et al. (1999). Effects and adverse
events of a dental appliance for treatment of obstructive sleep
apnoea. Swed Dent | 23:117-126.

Teran-Santos J, Jimenez-Gomez A, Cordero-Guevara J (1999). The
association between sleep apnea and the risk of traffic acci-
dents. Cooperative group Burgos-Santander. N Engl | Med
340:847-851.

Walker-Engstrom ML, Wilhelmsson B, Tegelberg A, Dimends E,
Ringqvist I (2000). Quality of life assessment of treatment with
dental appliance or UPPP in patients with mild to moderate

obstructive sleep apnoea. A prospective randomized 1-year fol-
low-up study. | Sleep Res 9:303-308.

Walker-Engstrom ML, Tegelberg A, Wilhelmsson B, Ringqvist I
(2002). 4-year follow-up of treatment with dental appliance or
uvulopalatopharyngoplasty in patients with obstructive sleep
apnea: a randomized study. Chest 121:739-746.

West S, King V, Carey TS, Lohr KN, McKoy N, Sutton SE et al.
(2002). Systems to rate the strength of scientific evidence.
Evidence report/technology assessment number 47. AHRQ
Publication No. 02-E016. Rockville, MD, USA: Agency for
Healthcare Research and Quality.

White J, Cates C, Wright J (2002). Continuous positive airways
pressure for obstructive sleep apnoea (Cochrane review). In:
The Cochrane Library. Issue 2. Oxford: Update Software.

Wilhelmsson B, Tegelberg A, Walker-Engstrom ML, Ringqvist M,
Andersson L, Krekmanov L, et al. (1999). A prospective ran-
domized study of a dental appliance compared with uvu-
lopalatopharyngoplasty in the treatment of obstructive sleep
apnoea. Acta Otolaryngol (Stockh) 119:503-509.

Woods JR, Williams ]G, Tavel M (1989). The two-period crossover
design in medical research. Ann Intern Med 110:560-566.

Young T, Palta M, Dempsey ], Skatrud ], Weber S, Badr S (1993).
The occurrence of sleep-disordered breathing among middle-
aged adults. N Engl ] Med 328:1230-1235.

Young T, Evans L, Finn L, Palta M (1997a). Estimation of the clini-
cally diagnosed proportion of sleep apnea syndrome in middle-
aged men and women. Sleep 20:705-706.

Young T, Finn L, Kim H (1997b). Nasal obstruction as a risk factor
for sleep-disordered breathing. The University of Wisconsin
sleep and respiratory research group. | Allergy Clin Immunol
99(2 Suppl):7575-762S.

Young TB, Peppard P (2002). Epidemiology of obstructive sleep
apnea. In: Breathing disorders in sleep. McNicholas WT,
Phillipson EA, editors. London: WB Saunders, pp. 31-43.

Yoshida K (1998). Effect of a prosthetic appliance for treatment of
sleep apnea syndrome on masticatory and tongue muscle activ-
ity. | Prosthet Dent 79:537-544.

15(3):137-155 (2004)

Crit Rev Oral Biol Med 155

Downloaded from cro.sagepub.com by guest on December 30, 2013 For personal use only. No other uses without permission.

International and American Associations for Dental Research


http://cro.sagepub.com/
http://cro.sagepub.com/

