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ABSTRACT: Although continuous positive airway pressure (CPAP) is considered to represent the

standard treatment for patients with moderate-to-severe obstructive sleep apnoea/hypopnoea

syndrome (OSAHS), poor treatment compliance and/or refusal is an issue in ,20–30% of these

patients.

As an alternative to life-long CPAP treatment, conservative procedures exist with dental

appliances for mandibular advancement, as well as curative surgical techniques.

Surgical treatment of OSAHS can be divided into the following two main groups: 1) upper airway

surgery by soft tissue resection (uvulopalatopharyngoplasty, etc.), and 2) skeletal procedures,

such as maxillo-mandibular advancement. Proper selection of patients for the different treatment

modalities is the key for full treatment success.

Patient-related factors, such as the site of upper airway collapse, craniofacial characteristics,

dental health, obesity, age, profession and positional dependence, as well as treatment-related

factors, should be evaluated before a final proposal for these treatment alternatives is formulated.
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A
pplication of continuous positive airway
pressure (CPAP) is presently the standard
treatment for patients suffering from the

obstructive sleep apnoea/hypopnoea syndrome
(OSAHS). The American Academy of Sleep
Medicine formulated the indications for alter-
native treatment options as follows. 1) Surgical
treatment is indicated to treat those patients who
have an underlying specific surgically correctable
abnormality that is causing the sleep apnoea.
Surgery may be indicated to treat OSAHS in
patients for whom other noninvasive treatments
have been either unsuccessful or rejected, who
desire surgery and who are medically stable
enough to undergo the procedure [1]. 2) Oral
appliances are indicated for use in patients with
mild-to-moderate OSAHS who prefer them to,
who do not respond to, are not appropriate
candidates for, or who fail treatment attempts
with CPAP therapy [2]. Apart from CPAP refusal
or noncompliance, additional patient-related fac-
tors must be taken into account when selecting
patients for one or another alternative treatment
option. The present article aims to provide a
comprehensive overview of the current know-
ledge about parameters that might help in the
selection of both patients and treatment options.

ALTERNATIVE TREATMENT OPTIONS
The upper airway collapse
A partial or complete collapse of the upper
airway (UA) during sleep is the hallmark of the
OSAHS. This collapse occurs at a discrete locus
(of ,1 cm) that can be located anywhere between
the choanae and the epiglottis. Only a minority
(1–5%) of OSAHS patients have a specific space-
occupying abnormality in the UA for which
surgical removal is corrective. In the majority of
OSAHS patients, there is a diffuse pattern of UA
narrowing during sleep involving the soft palate,
lateral pharyngeal walls and tongue base. This is
often referred to as ‘‘disproportionate anatomy’’,
i.e. unfavourable anatomical features of the
surrounding soft tissues and underlying facial
skeleton, predisposing to OSAHS.

Upper airway surgery for OSAHS
Surgical treatment of OSAHS aims to correct
anatomical abnormalities in the UA contributing
to its collapse during sleep. At present, two
relevant treatment strategies exist.

The first approach is to perform soft tissue
surgery in an attempt to remove redundant UA
tissue or to reduce the volume of UA structures
that are implicated in the UA collapse. This
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approach goes back to the well-established technique of
Ikematsu, who, in 1964, inaugurated uvulopalatopharyngo-
plasty (UPPP) for the treatment of snoring with the intention to
resect or surgically correct the specific site of obstruction in the
UA. The widespread use of UPPP for OSAHS led to variable
results, mainly because UPPP addresses only the velophar-
yngeal segment of the UA [3]. Consequently, additional
surgical techniques have been developed to focus on different
sites of obstruction mainly located at the tongue base and
lateral pharyngeal walls.

Nevertheless, UPPP is still the most frequently performed
surgical procedure for OSAHS. The complications that may
result from UPPP are usually relatively minor. A 1.5%
incidence of serious life-threatening complications and a
mortality rate of 0.2% was found in a prospective study by
KEZIRIAN et al. [4]. The success of UPPP in unselected OSHAS
patients is poor, as only 40.7% of these subjects could be
classified as responders [3]. It has been suggested that
surgeons who have failed to pre-operatively identify the site
of obstruction probably overuse UPPP and that this might
explain the unfavourable results associated with this proce-
dure [5]. Failure of UPPP to correct OSAHS is usually
attributed to a lack of modification at secondary sites of
obstruction located more caudally in the UA. The present
authors performed UA pressure measurements during sleep
before and after UPPP, and confirmed the persistence of UA
obstruction at the level of the tongue base and hypopharynx
[6]. Other factors contributing to UPPP failure are persistent
retropalatal collapse due to an increased thickness of the soft
palate after surgery, post-operative weight gain and smoking.
The idea of a persistent OSAHS due to retrolingual collapse
after UPPP has prompted the development of surgical
modalities addressing the hypopharyngeal airway.

A detailed description of various surgical techniques and their
respective results may be found elsewhere [7, 8]. A schematic
overview of the most common surgical procedures for

OSAHS and their respective site of action is presented in
table 1.

The second approach considers the skeletal dimensions of the
face (viscerocranium) with the position of the jaws, which have
a major influence on the shape of the UA and its diameter.
Pharyngeal narrowing may be caused by skeletal anatomical
patterns of the face, e.g. small and retrognathic mandible. The
viscerocranium, mainly the position and development of the
jaws, is the skeletal basis for UA size and patency. All muscles of
the UA have their origin at bony protuberances of the maxilla or
mandible. These are all the velopharyngeal muscles, the tongue
muscles and the suprahyoid muscles. Numerous inherited or
acquired clinical syndromes with craniofacial changes are
significantly associated with OSAHS and demonstrate the
importance of jaw position and size. The most famous example
is the Pierre–Robin sequence: a mandibular deficiency leading
to retrusion of the tongue (glossoptosis) with obstruction of the
UA, which is enhanced by the open palatal cleft.

Even minor changes of form and position of the mandible and/
or maxilla in relation to the facial skeleton may have functional
consequences on UA collapsibility. The occurrence of OSAHS is
increased if mandibulary or maxillary retrognathia is associated
with certain craniofacial and morphological characteristics, such
as vertical and dolichofacial type. A dolichofacial type means a
steeply raising mandibular base, which promotes a dorsal and
caudal displacement of the chin and the adjacent tongue base
and suprahyoid musculature. Among patients with relevant
OSAHS, ,40% have these characteristic craniofacial criteria
predisposing to UA collapse [9].

Yet another surgical approach is to bypass UA collapse by
tracheotomy, which is the last option and nowadays should be
avoidable.

All these different procedures yield some success in some
patients; the major problem is careful selection of proper
candidates who respond at high warranty to the proposed

TABLE 1 Surgical procedures for obstructive sleep apnoea/hypopnoea syndrome and their respective mechanisms and site(s) of
action

Mechanism of action Upper airway site of action Procedure

Soft tissue removal Retropalatal Uvulopalatopharyngoplasty

Laser assisted uvulopalatoplasty

Tonsillectomy

Tissue volume reduction Retropalatal RTVR of the soft palate and/or tonsils

Retrolingual Laser midline glossectomy/lingualplasty

RTVR of the tongue base

Retrolingual/retropalatal Uvulopalatopharyngoglossoplasty

Skeletal modification resulting in soft tissue

repositioning

Retropalatal Transpalatal advancement pharyngoplasty

Retrolingual Mandibular advancement

Genioglossal advancement

Hyoid myotomy and suspension (type I and II)

Retropalatal and retrolingual Maxillomandibular advancement

Bypass upper airway Tracheotomy

RTVR: radiofrequency tissue volume reduction.
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surgical procedure. Therefore, the surgeon must understand
the pathophysiology of UA mechanics [10], and proceed
through a careful selection process.

Oral appliances for OSAHS
In the present section about oral appliances, the focus will be
on mandibular repositioning appliances, as they represent the
most effective and wide-spread type of oral device [11, 12].
Mandibular repositioning appliances (MRAs) hold the lower
jaw forward and downward in order to reposition the tongue
and soft palate in the same direction with the aim to widen the
whole UA during sleep (fig. 1) [2, 11, 13, 14].

Mechanism of the device

It has been shown that MRAs enlarge the UAs at several
points, both at the soft palate and at the base of the tongue
(fig. 1) [15]. There is predominantly a lateral enlargement of
the UA, but anterior–posterior expansion has also been
observed [16, 17]. In this way, the tongue gains more space
and moves forward [18]. The pharyngeal collapsibility and
critical pressure diminish with the device in place [15, 19, 20].
Even so, more precise knowledge is needed about the
mechanism of the device in order to increase the under-
standing of the variability in treatment response that has been
observed between patients.

Effects of mandibular repositioning appliances

There are clear short-term reductions in sleep apnoeas,
minimum oxygen desaturation and subjective sleepiness from
MRAs compared with control devices or a placebo tablet in
patients with OSAHS [13, 21, 22]. On average, snoring is
halved in frequency and loudness [23]. In the longer term,
snoring and sleep apnoea increase slightly according to a few
case series or in comparison with surgery [24–27].

Future larger-scale studies including treatment effects on
symptoms of sleep apnoea are required. It is also important
to assess whether the effects on sleep apnoeas and symptoms
are stable from night to night, as well as in the longer term.

Oral side-effects
The short-term side-effects of MRAs, such as excessive
salivation and tenderness of teeth or jaws, usually disappear
with time [13, 15]. In the longer term, bite changes become
more common. The cause of bite changes emerges from the
forward and vertical displacement of the mandible, which is
performed to prevent UA collapse during sleep. The forces that
are produced reduce the normal distance between the upper
front teeth and lower front teeth and the bite opens up in its
posterior parts (fig. 1) [15, 28–30]. A change in the dental
occlusion of .1 mm occurs in about one-third of the patients
after 5 yrs [30].

SELECTION OF PATIENTS FOR ALTERNATIVE
TREATMENTS
Routine clinical investigation in OSAHS patients should start
with careful investigation of the whole UA by a trained
specialist prior to any kind of treatment [31]. Clinical
investigation is important not only with respect to possible
surgical corrections, but also to exclude pathological condi-
tions prior to conservative treatment with CPAP or MRA.
Improved nasal ventilation, for instance, might help to reduce
CPAP pressure. The clinical investigation should also include
the status of the teeth, their position and the maxillo–
mandibular relationship as overjet and overbite, which gives
a first hint to craniofacial disorders and whether the patient is
suitable for an oral appliance.

Selection of patients for upper airway surgery
An overview of the various factors to be considered in
selecting patients for UA surgery is listed in table 2 and will
be discussed in the following sections.

Clinical findings and site(s) of upper airway obstruction
The importance of pre-operatively determining the site of UA
obstruction in surgical candidates was first emphasised by
SHER et al. [3]. FRIEDMAN et al. [32] proposed a staging system
based upon tongue position (modified Mallampati score),
tonsil size and body mass index (BMI) to predict success for
UA surgery (table 3).

FIGURE 1. Illustration of the widening in the upper airway and possible side-

effects on the teeth from the mandibular repositioning appliance. The empty arrows

in the pharynx show the forward movement of the tongue and soft palate. The filled

arrows on the teeth indicate the tooth movements with the upper incisors going

backwards and the lower incisors shifting their position forwards.

TABLE 2 Factors contributing to the selection procedure of
obstructive sleep apnoea/hypopnoea syndrome
(OSAHS) patients for upper airway (UA) surgery

Clinical findings/technical examinations and site(s) of UA

obstruction

OSAHS severity

Obesity

Comorbidities

Anaesthetic risk

Willingness of the patient to comply with the proposed treatment

schedule

Surgical experience

Patient’s profession
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A retrospective analysis of 134 patients undergoing UPPP as
an isolated procedure indicated a success rate of 80.6% for
stage I patients, 37.9% success for stage II patients and 8.1% for
stage III patients. In another study regarding the efficacy of the
Pillar implant technique, FRIEDMAN et al. [33] found a
correlation between this scoring system and clinical outcomes.
The value of this staging system was later questioned by DEN

HERDER et al. [34], as these authors found that patients with a
modified Mallampati score of 3 or 4 (indicating a large tongue)
often had retropalatal obstruction during sleep endoscopy.
Presently, studies are taking place to investigate whether
combining of data from sleep endoscopy together with the
Friedman score would result in better treatment advice, as
compared with the use of data solely from one or the other.

Technical examinations and site of upper airway collapse

In an attempt to understand the functioning and behaviour of
the UA, various techniques permitting UA characterisation have
been developed. A detailed description of these methods,
including static and dynamic techniques, and evaluations
during wakefulness or sleep is beyond the scope of the present
article and can be found elsewhere [10, 35–37]. Herein, the focus
will be on the relevant techniques that are routinely used in
clinical practice to improve the surgical outcome of patients,
with an emphasis on cephalometric analysis and sleep endo-
scopy. The concept of evaluating UA collapsibility by measur-
ing the critical closing pressure (Pcrit) will also be addressed.

Sleep endoscopy

Sleep endoscopy refers to the fibre-endoscopic examination of
the UA during drug-induced sleep [38]. Sleep can be induced
by intravenous administration of either midazolam or propo-
fol. Some countries developed guidelines for i.v. administra-
tion of midazolam by a doctor who is not an anaesthesiologist
(table 4) [39].

Strict adherence to these guidelines is mandatory in order to
prevent complications. The current authors recommend that
sleep endoscopy should be performed in the operating room,
in collaboration with the anaesthesiologist, with continuous
pulse oximetry and the potential to intubate and ventilate on
stand-by.

Drug-induced sleep is not a natural form of sleep, but
endoscopic UA examination during natural sleep is poorly

tolerated by most patients and is difficult to perform in routine
clinical practice. QUINN et al. [40] compared endoscopic
findings during natural sleep with those obtained during
drug-induced sleep and found a basic agreement between both
methods in terms of site(s) of UA obstruction. A major
advantage of sleep endoscopy is that it permits a dynamic
and visual evaluation of the UA at the level of the
nasopharynx, oropharynx and tongue base, and it also
provides information about the involvement of lateral wall
collapse. Based upon these findings, a site-specific treatment
scheme can be proposed [38, 41]. HESSEL and DE VRIES [41]
investigated the value of sleep endoscopy in the selection of
patients waiting for UPPP. Of the 52 OSAHS patients for
whom pre- and post-operative polysomnographic data were
available, 32 (62%) had a successful outcome defined as a post-
operative apnoea/hypopnoea index (AHI) ,20 events?h-1. The
authors therefore concluded that the success rate of UPPP
increases as compared with historical controls after a diag-
nostic work-up including polysomnography and sleep endo-
scopy. Another study from the same investigators illustrates
the value of sleep endoscopy in the selection of patients for
hyoid suspension. In the study by DEN HERDER et al. [42], the
overall success rate of hyoid suspension was 52% after selection
of patients based upon the presence of tongue base obstruction
documented by clinical examination and sleep endoscopy.
These results are much better than those published by BOWDEN

et al. [43] in a group of more obese OSAHS subjects. In this
population, the success rate of hyoid suspension as a single
treatment option was only 17%. Had sleep endoscopy been
performed in these patients, it is likely that the results would
have suggested that these patients were unfavourable candi-
dates for hyoid suspension (personal communication, N. De
Vries, St.Lucas Andreas Hospital, Dept of Otorhinolaryngology,
Head and Neck Surgery, Amsterdam, The Netherlands).

At present, data from the literature suggest that sleep
endoscopy results in a modest improvement of success rates
for UPPP. However, it seems that the value of this technique
lies more in its ability to predict which patients have multiple
sites of UA obstruction (especially at the level of the tongue
base) and are in need of a surgical intervention at these various
levels in order to achieve a successful outcome.

Cephalometric analysis

A cephalometric analysis refers to a lateral radiographic view
of the head and neck in a standard plane and performed under
standard conditions [37, 44, 45]. Radiographic cephalometry is
a two-dimensional (sagittal and vertical) measurement of a
lateral radiographic head film, which is refined for projection
and magnification errors by the use of a cephalostat and long-
focus-film and short-object-film distances. In addition to the
conventional skeletal parameters for the judgement of the
viscerocranium, developed a century ago, the assessment of
pharyngeal soft tissue dimensions is essential in the diagnosis
of OSAHS. It has been shown that cephalometric two-
dimensional parameters correlate accurately with three-dimen-
sional parameters of computed tomography (e.g. length of the
soft palate) [46]. The assessment of defined anatomical and
constructed skeletal and soft-tissue landmarks allows the
measurement of certain angles and distances that characterise
craniofacial relation and configuration [37, 45].

TABLE 3 Friedman staging system

Stage Tongue position# Tonsil size# BMI kg?m-2

I 1 or 2 3, 4 ,40

II 1 or 2 0, 1, 2 ,40

3 or 4 3, 4 ,40

III 3 0, 1, 2 ,40

4 0, 1, 2 ,40

IV 1, 2, 3, 4 0, 1, 2, 3, 4 .40

All patients with craniofacial or other anatomical deformities

Data modified from [32]. BMI: body mass index. #: increasing values indicate

higher tongue positions and larger tonsil sizes, respectively.
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Differences between snorers and OSAHS patients in the hyoid
position, tongue length and intermaxillary space have been
documented [47]. Comparisons of the craniofacial complex
between OSAHS subjects and their siblings without OSAHS
indicated that a lower-position of the hyoid bone in relation to
the mandibular plane is significantly associated with OSAHS
after correction for age and BMI [48]. MILLMAN et al. [49]
investigated the value of cephalometric analysis in the
selection of patients for UPPP among a group of 46 OSAHS
patients. A successful outcome was directly related to the
position of the hyoid bone: a distance between the mandibular
plane and the hyoid bone f20 mm was the single most
significant predictor of success. The authors suggested that a
lower position of the hyoid bone results in a greater potential
for collapse of the tongue into the hypopharynx, which might
contribute to failure of UPPP as a single procedure in these
subjects. In addition, retrognathia (where the angle between
the nasion-maxilliary line and the nasion-mandibular line is
o3u) was found to have a negative impact on treatment
outcome.

Cephalometric analysis is of paramount importance in the
selection of patients for maxillomandibular advancement
surgery. In ,40% of OSAHS patients (mainly nonobese),
typical craniofacial abnormalities can be documented by this
technique, the majority having a mandibular and/or maxillary
deficiency with dorsocaudal rotation of the mandibulo-max-
illary complex and narrowing of the posterior airway space
[50]. In these subjects, maxillomandibular advancement
(MMA) can be considered as the firstline treatment alternative
to CPAP (fig. 2) [9].

Cephalometric evaluation is simple, quick, cheap, noninvasive,
easy to perform and reproducible and its merit in the
diagnostic approach for OSAHS patients has been proven.
Not only is it helpful in selection of patients for UA surgery,
but also as a primary diagnostic tool with respect to
determination of the causes of OSAHS in an individual patient.

Measurement of upper airway collapsibility: Pcrit

The study of pressure–flow relationships in the UA during
sleep allows the definition of two parameters that determine
the severity of UA obstruction during sleep: the pharyngeal
Pcrit and the resistance upstream to the site of pharyngeal
collapse. Pcrit can be considered as a measure of UA
collapsibility and varies along a continuum from health (low
collapsibility; Pcrit , atmospheric pressure) to disease (high
collapsibility; Pcrit . atmospheric pressure); specific treatment
strategies have been shown to result in a predictable decrease
in Pcrit [51]. MMA, for example, results in a major decrease of
Pcrit by ,4 cmH2O (,0.4 kPa) [52]. Standardised protocols
have been developed to determine Pcrit in clinical practice [53,
54]. Measurement of Pcrit provides a physiological approach to
investigate patients with varying degrees of sleep-disordered
breathing (SDB) and to investigate the effect of a particular
treatment on UA collapsibility [55–58]. Effective treatment of
obstructive apnoea and hypopnoea can only be obtained when
Pcrit decreases to close to -4 cmH2O (-0.4 kPa), thus converting
patients from obstructive sleep apnoea sufferers to snorers.

OSAHS severity
Most studies on UA surgery indicate a worse outcome in
patients with severe OSAHS in terms of apnoea severity [3, 59,
60]. When looking to the pathophysiology of OSAHS and UA
collapsibility, this can be easily understood. Patients with more
severe OSAHS have a higher UA collapsibility (higher critical
closing pressure) during sleep [51]. Specific treatment options
are known to lower Pcrit by a given amount [52, 57, 58].
Knowledge of Pcrit for a given patient prior to treatment, and
information about the magnitude of the Pcrit change that can be
obtained by a particular treatment, can be used to select
patients for a specific treatment or a combination of treatment
strategies [51].

In patients with very high Pcrit values, a procedure with a
major effect on UA collapsibility, such as MMA, might be
required, or it might be necessary to combine different
treatment strategies (for example, weight reduction and
surgery or different surgical procedures) to have an additive
effect.

Conversely, some studies indicate that OSAHS severity in
terms of AHI is not related to outcome. FRIEDMAN et al. [61]
found that patients with mild disease based on polysomno-
graphic data are not more likely to have a successful outcome
after UPPP as compared with patients with severe disease, and
the Friedman scoring system was found to be more reliable to
predict surgical success. For example, patients with mild
disease based upon AHI ,20 events?h-1 had only 11.5%
success if they were in stage III (Friedman score), but had
69.2% success if they were in stage I (Friedman score). HESSEL

and DE VRIES [62] did not find a statistically significant
difference in pre-operative AHI, age or BMI between 32
OSAHS patients classified as successful after UPPP (AHI
f20 events?h-1) and 23 OSAHS patients considered to be
failures. In the present authors’ own experience, OSAHS
severity is not a restriction for MMA, and success with post-
operative reduction of AHI ,10 events?h-1 was true for
patients with a pre-operative AHI with a range of up to
101 events?h-1 (personal communication, W. Hochban,
Craniomaxillofacial Surgery, Radolfzell/Bodensee, Germany).

TABLE 4 Inclusion and exclusion criteria for sleep
endoscopy after administration of midazolam

Inclusion criteria for sleep

endoscopy

Exclusion criteria for sleep

endoscopy

AHI ,40 events?h-1 or AI

,30 events?h-1

AHI .40 events?h-1 or AI

.30 events?h-1

ASA classification I and II ASA classification .II

Invasive intervention or surgery is

considered

Severe obesity

Alcohol abuse

Invasive intervention or surgery

is not considered

Conservative management is

preferable

Data modified from [39]. AHI: apnoea/hypopnea index; AI: apnoea index; ASA:

American Association of Anesthesiology.
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The knowledge about the relationship between OSAHS
severity and treatment outcome will probably be challenged
in the future, as present knowledge about the definitions of
disease severity is continually evolving.

Obesity

Obesity is the most important risk factor for OSAHS in the
middle-aged, adult population and it has been identified as a
poor prognostic factor in sleep apnoea surgery [59, 63, 64]. In
some studies, deterioration of surgical results over time has
been associated with post-operative weight gain [65], whereas
others did not find this association [59]. The exact mechanisms
behind the relationship between OSAHS and obesity are not
yet known, although a reduction in UA collapsibility after
weight loss has been demonstrated [58]. Moreover, obese
subjects are more likely to have comorbid conditions and
difficulties with airway management and ventilation (reduc-
tions in functional residual capacity and increased whole-body
oxygen demand), placing them in an unfavourable position for
procedures under general anaesthesia [66]. LI et al. [67]
specifically investigated the results of an UA reconstructive
procedure (according to the Stanford protocol) in a group of 21
morbidly obese subjects (BMI 45¡5.4 kg?m-2) with severe
OSAHS (AHI 83.0¡30.1 events?h-1). All patients completed the
two-phased protocol and had an MMA with a significant
reduction in post-operative AHI to 10.6¡10.8 events?h-1.
Critical analysis of the data presented in the report by LI et
al. [67] indicated that other factors might have contributed to
these favourable results [68]. Twelve out of the 21 patients had
baseline abnormal craniofacial data and there was a significant
decrease in BMI from baseline (BMI 45¡5.4 kg?m-2) to the final
polysomnography (BMI 43¡4.4 kg?m-2; p,0.001).

According to the Marburg protocol for maxillomandibular
advancement [69, 70], excessive obesity (BMI .38 kg?m-2) and
the lack of severe cephalometric craniofacial changes is a

contraindication for surgical treatment by MMA due to the
multifactorial origin and pathophysiology of OSAHS [10, 69–
71]. Weight reduction can be accompanied by effective
conservative treatment until the decision for surgery is
reached.

Comorbidities and anaesthetic risk

OSAHS can be associated with significant cardiovascular and
metabolic disturbances [72, 73]. In addition, typical OSAHS
features, such as a fat thick neck, large tonsils, redundant
pharyngeal mucosa, large tongue base and short thyromental
distance, place these patients at risk for intubation difficulties.
A consensus paper has been published by the American
Association of Anaesthesiologists and guidelines were pro-
posed for safe anaesthetic management of OSAHS patients
[74]. As the majority of OSAHS patients have multiple sites of
UA obstruction during sleep, there is a tendency among
surgeons to combine various surgical procedures during one
single operative session or to propose a stepwise surgical
protocol, implying repeated anaesthesia. The safety of combin-
ing nasal and palatal surgery has been addressed in only a few
studies [75, 76]. MMA is effective immediately after surgery,
and therefore the anaesthetic risk post-operatively is consider-
ably low [77]. Nevertheless, due to the potential pathophysio-
logical consequences of OSAHS (hypertension, etc.), a
conservative treatment prior to surgery over a few months
might be helpful to reduce risks and side-effects [71].

Willingness of the patient to comply with the proposed treatment
schedule

Some forms of UA surgery, such as radiofrequency tissue
volume reduction (RTVR) of the soft palate, tongue base and
turbinates, are performed in more than one treatment session,
either isolated or combined. In a review of 322 patients treated
with 497 RTVR sessions, the mean number of treatment

�� ��

FIGURE 2. Cephalometric presentation of dolichofacial type (a) with consecutive pharyngeal obstruction (,40% of all patients with obstructive sleep apnoea/hypopnoea

syndrome) compared with ‘‘normal’’ mesofacial type (b). Retrognathic dolichfacial type (a) is a clear indication for surgical correction by maxillomandibular advancement.
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sessions per patient was 1.7 for the tongue base, 1.4 for the soft
palate and 1.0 for the turbinates [78]. However, in this study
[78], the number of RTVRs is probably rather low because 258
treatments were combined with other forms of UA surgery,
such as nasal surgery, oropharyngeal surgery or hyoid
suspension. In a study by STUCK et al. [79] of 20 OSAHS
subjects, RTVR of the tongue base was performed in a mean of
3.4 treatment sessions performed 4–6 weeks apart. In a study
by LI et al. [80] of RTVR of the tongue base, patients had a mean
number of 5.5 treatment sessions. FISCHER et al. [81] performed
multiple radiofrequency lesions in one single treatment session
(soft palate, tongue base and tonsils), but this was found to
have limited efficacy as the AHI (mean¡SD) decreased from
32.6¡17.4 to 22.0¡15.0 events?h-1.

Other protocols for staged UA surgery have been proposed by
the Stanford group, amongst others [41, 64, 82]. A staged
approach for UA surgery implies repeated anaesthetic proce-
dures, hospitalisations and absenteeism from the workplace.
Moreover, from a theoretical point of view, the results of each
surgical step, and thus the validation of the next step, should
be justified by a polysomnographic examination as there is
often a discrepancy between objective and subjective results.
This might be difficult to realise in clinical practice, given the
limited capacity of sleep centres in some countries or regions
and the increased cost of such an approach.

The need for multiple interventions might be avoided by
choosing a surgical treatment that affects the entire UA at once,
such as MMA [83]. The Marburg protocol schedules surgical
MMA of about 10 mm as a first-step procedure [70, 71]. This
primary procedure is successful in 95% of cases selected
according to cephalometric parameters [69, 84, 85]. Even if
fewer than 5% of the cases need additional refinements as
second-stage procedures for complete success at that level,
patients must be informed and willing to accept and follow
this procedure.

Surgical experience

GUPTA and REITER [86] performed a survey among otolaryngol-
ogists involved in the treatment of OSAHS. Out of the 2,000
surveys mailed, 305 (15%) were returned. Almost all respon-
dents perform tonsillectomy, palatoplasty, septoplasty or
turbinate reduction to treat SDB, but only 28% used any
procedure to address the hypopharyngeal airway such as
genioglossus advancement or hyoid suspension. Furthermore,
only 30% had experience with innovative technologies to
address tongue base collapse, such as RTVR of the tongue base
or the repose tongue suspension procedure, and only 3%
performed MMA. Although the response rate in this survey is
small, it highlights an important problem in the surgical
treatment of OSAHS patients. Collapse of the UA during sleep
is often a complex multilevel problem, and failure to perform
varied surgical techniques approaching the entire UA may
contribute to the limited success of UA surgery in these
patients. Thus the surgeon performing ‘‘sleep-surgery’’ should
be experienced to offer all the different surgical treatment
options, as well as the relevant diagnostic procedures to make
the best decision for the patient. However, a good rhinoplastic
surgeon is not necessarily a good obstructive sleep apnoea
surgeon. The overall fitting and applicable surgical procedure

does not exist, which is not surprising due to the complex
underlying pathophysiology of UA collapse in OSAHS.

Implications of surgery on the patient’s profession
Articulatory changes can occur after velopharyngeal surgery.
Nevertheless, a systematic analysis including nasometry and
phonetic analysis after UPPP revealed no significant post-
operative changes in nasality, voice and articulation, and a
significant change in nasalance occurred only for the high
vowel ‘‘I’’ [87]. This might, however, be of significance for
professional voice users and appropriate pre-operative coun-
selling, preferentially by a logopedist, is advocated.

Selection of patients for mandibular repositioning
appliances
Patient selection is essential in order to increase the success
rate with MRAs, otherwise CPAP will generally be a better
treatment modality, since it more effectively reduces sleep
apnoeas and increases oxygenation [13]. On average, about
half of patients with mild-to-moderate sleep apnoea experience
treatment success with MRAs, defined as a reduction in the
AHI to ,5 or 10 events?h-1 [11]. The relief of symptoms is
sometimes included in the definition of treatment success, but
no exact cut-off point for the symptomatic improvement has
been defined so far. In addition, the risk for dental side-effects
has to be added in the evaluation of suitable candidates for
MRA treatment. An overview of the various factors to be
considered in selecting patients for MRA treatment is listed in
table 5 and will be discussed in the following sections.

Upper airway/facial morphology
Successfully treated patients obtain a larger increase in UA size
from their MRAs than patients with treatment failure,
independent of the degree of mandibular advancement and
disease severity [18]. The soft palate moves further forward
and the pharynx becomes flatter in good responders compared
with nonresponders [18]. The factors determining these effects
are unknown. It is most likely that individual characteristics in
pharyngeal anatomy are linked to the response in the pharynx
and the effects from the device on sleep apnoeas. Various
imaging techniques have therefore been used to identify
morphological predictors for treatment success, although the
findings from such studies are often inconsistent. Most
commonly used are different variables defined on cephalo-
grams. Patients with a short uvula of f30 mm [88, 89] have a
high chance of receiving treatment success with MRA. It is
most likely that a short uvula will obstruct the airway less
often, despite an advanced position of the mandible compared
with a long uvula. It also seems beneficial for the patients to
have a narrow pharynx in the antero-posterior direction [89–
92], but a wide retropalatal space has also been related to
treatment success [93]. A wide pharynx could be the result of a
protective mechanism to avoid airway collapse in patients with
obstructive sleep apnoea [94, 95]. This could explain why
patients with a narrow airway in the antero-posterior dimen-
sion would benefit more from an MRA. The position of the
jaws may also influence the effects in the pharynx from the
mandibular repositioning procedure. Thus, patients with a
narrow mandibular plane angle and normal or large mandible
have been found to increase their cross-sectional area in the
pharynx more compared with patients with steep mandibular
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plane angles and smaller mandibles [96, 97] who use the same
degree of mandibular advancement. These findings are
supported by a study that shows a poorer effect from the
device in patients with a steep mandibular plane and a long
anterior face height [98]. Many of these anatomical predictor
variables are, however, difficult to use in clinical practice at
present, since no definite cut-off points for treatment success
have been suggested. Cephalograms have insufficient predic-
tion possibilities regarding successful treatment with oral
appliances; therefore, they are not considered a prerequisite
for all patients who are considered for oral appliance therapy
[2]. Newer prediction methods that combine different techni-
ques may increase the chances to assess the treatment response
with MRAs. DE BACKER et al. [99] have used computational
fluid dynamics to calculate effects from MRAs based on
advanced three-dimensional and patient-specific images,
which represents an interesting future approach to the
prediction problem. BATTAGEL et al. [100] have worked with
sleep endoscopy to predict treatment effects from MRAs in
accordance with what has been performed before UA surgery
in patients with sleep apnoea. The predicted result from a
mandibular advancement procedure was confirmed, or better,
with the device in place in 18 of 27 patients (67%) with a
predominant velopharyngeal collapse using this technique. In
seven out of the 27 patients (28%), the effect of the device was
worse than the predicted outcome. The overall success rate,
defined as an AHI ,10 events?h-1 with the device, was as high
as 79% in 19 re-evaluated patients who were all predicted to
improve by the treatment in that study. The patients who did
not improve by the device had not advanced their mandibles
optimally for treatment success.

Finally, SANNER et al. [101] evaluated the predictive value of the
elimination of the pharyngeal collapse during mandibular
advancement and a concomitant Mueller manoeuvre visua-
lised by magnetic resonance imaging. Mueller’s manoeuvre is
designed to look for the site of UA collapse during wakeful-
ness. With a flexible scope positioned in the UA, the patient
tries to inspire against a closed mouth and pinched nostrils.
The inspiratory forces then serve to collapse the airway. By
doing this, an idea can be gained of the relative collapsibility of
the palate as compared with the base of tongue or the

hypopharynx, the involvement of the lateral walls and the
collapse pattern (either circumferential or antero-posterior).
SANNER et al. [101] found that all five patients who had patent
airways during the Mueller manoeuvre with the device were
responders, and six out of eight patients with persistent airway
occlusion were nonresponders to the treatment. The site of
collapse without the device in place has also created interest
and there are indications that an oropharyngeal collapse
particularly predicts a favourable response to MRA [100,
102]. A velopharyngeal collapse may be more difficult to treat
with an oral appliance, although a favourable response has not
been ruled out by initial results in a few patients [100, 102].
Validation of these prediction methods and the testing of their
strength in larger samples may result in useful prediction
methods in the future.

Patient characteristics: sex, age and weight
Recent research indicates that there is a sex difference in
treatment effect in favour of females [103]. Females with a mild
disease have a higher chance of treatment success than females
with more severe sleep apnoea [103]. Younger and leaner
patients have also been found to benefit more from the
appliance compared with older and more obese patients, but
the results have been inconsistent between studies [90, 91, 103,
104]. LIU et al. [91] found that, in a sample of 37 subjects with
mild-to-severe OSAHS, the poor responders were on average
aged 60 yrs and had an average BMI of 32 kg?m-2, while the
good responders were on average aged 44 yrs and had an
average BMI of 27 kg?m-2. RANDERATH et al. [104] showed that
responders to MRA treatment were 6 yrs younger than
nonresponders. Moreover, a weight increase of 3 kg or more
during treatment has been related to an increased risk of
failure with MRAs [92, 103].

The pharynx is longer and the soft palate more voluminous in
males than in females [105]. These factors probably contribute
to an increased pharyngeal collapsibility and the reduced
chance of treatment success with an MRA in males, despite the
fact that males have a wider pharynx than females [106, 107].
Males also reduce their UA dimensions more when they move
their lower jaws backwards from a rest position [108] and
obtain a smaller enlargement from a mandibular advancement
procedure compared with females [100].

With age, females increase their pharyngeal length and their
soft palate volume more than males do, which probably levels
out some of the sex differences in pharyngeal morphology
[109]. Ageing also results in a reduced genioglossus activity in
response to negative pressure, particularly in males, and
increased deposition of fat tissue in the airways in both sexes
[109]. These morphological differences may explain why it is
more difficult to avoid UA collapse by the simple mandibular
repositioning procedure in males than in females, in older
individuals compared with in younger ones and with
increased weight.

OSAHS severity/positional dependency
Patients with a milder disease have a higher success rate with
the MRA device compared with patients with a more severe
disease, 57–81% versus 14–61% success rates, respectively [11].
Consequently, it is particularly important to identify more
prediction methods for patients with severe sleep apnoea.

TABLE 5 Factors contributing to the selection procedure of
obstructive sleep apnoea/hypopnoea syndrome
(OSAHS) patients for oral appliance therapy

Upper airway/facial morphology

Patient characteristics

Sex

Age

Weight

OSAHS severity/positional dependency

Type of device/degree of advancement

Oral health

Number of teeth

Jaw movement

Type of bite

Willingness of the patient to comply with the treatment

Interdisciplinary collaboration/education in dental sleep medicine
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Another approach is to assess the degree of positional
dependency in the sleep-disordered breathing events for
prediction purposes. The occurrence of supine-dependent
sleep apnoeas, defined as a supine AHI of o10 events?h-1

together with a nonsupine AHI of ,10 events?h-1, is a strong
predictor for treatment success, particularly among males,
with an adjusted odds ratio of 6 [103].

Patients with supine-dependent sleep apnoeas have a more
normal pharyngeal morphology than patients with nonsupine-
dependent sleep apnoeas [110]. An increased apnoea fre-
quency in the nonsupine position indicates a highly collapsible
airway [53, 111]. It is possible that the constricted pharynx in
patients with a more severe disease is less treatable with the
simple mandibular advancement procedure compared with
the more normal configuration of the pharynx in patients with
supine-dependent sleep apnoeas. Future research on predic-
tion possibilities with MRAs must also include effects on
snoring and other symptoms, not only apnoea reduction.

Advancement procedure and type of device
The effects of MRAs depend on the degree of mandibular
repositioning by the device, in a manner similar to the
influence of pressure from the CPAP on sleep apnoeas, snoring
and symptoms. A dose-dependent effect from mandibular
advancement has been found [103, 112–115], while the degree
of mandibular opening within a specific range is probably of
less importance for the efficacy of the device [103, 116]. Still,
advancements within a wide range, from 0–12 mm [103, 112,
117], and openings of 4–14 mm have been related to treatment
success [52]. The degree of advancement is more important in
patients with a more severe disease, since the apnoea reduction
is more marked in these patients, together with larger
advancements compared with smaller repositionings; this
difference was not found in the milder cases [103, 115]. It is
possible that specific subgroups of patients are more sensitive
to the degree of mandibular repositioning in order to receive
treatment success with the device.

There are numerous types of MRAs, but no gold standard
device has been identified so far. Custom-made MRAs are
most effective. New data show that a prefabricated MRA of the
boil-and-bite type is ineffective in reducing sleep apnoeas
compared with a custom-made device [118]. This may be
explained by poorer fixation to the teeth of prefabricated
devices compared with an MRA which is made to fit the
individual dentition. The influence of other construction
details on the effects of the device is unclear: a two-piece
device, which is connected by tubes that allow some move-
ment of the lower jaw, such as the Herbst appliance, might
differ in its effects on sleep apnoeas compared with a more
rigid connection with a fixed screw. There are several
questions regarding the exact design of the device, including
a need for more knowledge regarding how long the various
types of device will last.

Oral health: number of teeth, jaw movement and type of bite
For retention of the MRA in the mouth, a sufficient number of
teeth and optimal oral health are necessary in order for the
patient to receive enough benefits for the treatment to
outweigh the risk of side-effects. As many as 34% of patients
in a sleep apnoea clinic were found to have odontological

contraindications [119]. A restricted capacity to move the lower
jaw forwards may also reduce the possibilities to receive
optimal results with this treatment modality. Finally, the type
of bite may interfere with treatment. A normal bite may
develop into a mesial occlusion, i.e. the lower teeth become
anterior to the upper teeth. Distal occlusion (i.e. the upper teeth
are more anterior to the lower teeth than in the normal bite)
may be normalised by the device [29]. A deep bite [29], with
the upper incisors interlocking the lower ones with o3 mm
provides protection for long-term bite changes [30]. The use of
a soft elastomeric appliance, extending over the alveolar
processes, or a smaller repositioning by the appliance have
also been found to reduce the change in dental occlusion
compared with the use of a hard acrylic appliance, fixed only
to the teeth, or larger displacements of the lower jaw by the
appliance [30]. Unacceptable dental side-effects often result in
recommendations of an alternative treatment, although many
patients prefer to continue with their MRAs.

In conclusion, bite changes represent an increasing problem
with the common use of MRAs during longer periods of time.
The bite changes may, however, be reduced by the individua-
lisation of appliance design, patient selection and the more
intense follow-up of patients who risk dental side-effects. The
development of MRAs that can prevent bite changes or reduce
them would be of importance in the future.

Willingness of the patient to comply with treatment

About three-quarters of the patients continue with treatment
for 1 yr, and about one-half of the patients continue for 5 yrs,
although a variable tolerance to MRA treatment has been
reported [11, 30 120, 121]. To date, the adherence to treatment
has been found to be similar with MRAs and CPAP [13, 15].
Patients often prefer MRAs to CPAP, although this probably
depends on factors such as the efficacy of the treatment and the
design of the appliances [13].

Interdisciplinary collaboration

Treatment with MRAs requires close collaboration between the
sleep apnoea clinic, the dental clinic and dental laboratory.
Organisation of routines for patient selection, follow-up of
effects and side-effects and the overall health of patients is
necessary. Continuous education and the exchange of know-
ledge between different areas of expertise in this new field of
sleep medicine will be of particular importance for this highly
interdisciplinary treatment modality.

CONCLUSIONS
The selection of the best candidates for alternative therapies,
from OSAHS patients unwilling to use CPAP or those who
have failed with that treatment, is based on patients character-
istics, the results from the sleep apnoea recording and a clinical
UA examination, which is complemented with other techni-
ques when appropriate. Pre-operative determination of the
site(s) of UA obstruction is of paramount importance in the
selection of surgical candidates and techniques. Sleep endo-
scopy can provide important information to determine the
site(s) of UA obstruction during sleep and to document specific
anatomical features that distinguish OSAHS patients from
normal controls. Cephalometry is important not only to
determine suitable candidates for the successful cure of
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OSAHS by MMA, but also for the diagnosis of craniofacial
abnormalities as a major reason for UA collapsibility in ,40%
of OSAHS patients. In some patients, more information must
be achieved by functional tests, such as measurement of critical
closing pressure.

The importance of patient-related factors, such as OSAHS
severity, obesity and comorbid conditions, varies between the
treatment alternatives. The role and relevance of OSAHS
severity in UA surgery is not yet clearly understood, although
severity does not play any role in the decision for MMA, upper
airway soft tissue corrections may be problematic in severe
OSAHS. MRAs are less effective in patients with more severe
OSAHS, particularly in untreated males with nonsupine sleep
apnoeas. MRAs have been found to be more successful in
females than males, but no such relationship has been found
with the surgical methods. Excessive obesity is a relative
contraindication for any kind of surgery. Weight loss should be
achieved prior to surgery under accompanying conservative
treatment with either CPAP or MRAs, although increased
weight also probably reduces the chances of treatment success
with mandibular repositioning appliances. Despite the fact that
some specific subgroups of patients have smaller chances of
treatment success with MRAs, the success rates are high
enough to justify a trial with this treatment when other
methods have failed. In patients with craniofacial abnormal-
ities, particularly those with vertical excess and backward-
rotated mandibles, MMA may be considered. Patients with a
poor oral health, such as uncontrolled periodontal disease, are
generally unsuitable for MRAs and, for those who do not
tolerate CPAP, a surgical treatment might be a solution.

Upper airway collapse during sleep is a complex, multi-
functional problem. The experience of the individual surgeon
performing ‘‘sleep surgery’’ is of major importance in order to
offer the individual patient a fitting surgical concept.
Currently, an overall applicable surgical procedure does not
exist, and the same holds true for conservative treatment with
mandibular repositioning appliances.
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