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IN BRIEF

@ Mandibular advancement splints can be successfully used in the treatment of patients

with sleep-related breathing disorders.

VERIFIABLE
CPD PAPER

® Patients presenting with obstructive sleep apnoea can have a wide range of disease

severity, which may not be indicative of treatment outcome.
@ Follow-up sleep studies are required.

The effect of a mandibular advancement splint
in subjects with sleep-related breathing

disorders
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Objective This study assessed the effectiveness of a mandibular
advancement splint (MAS) in subjects with sleep-related breathing
disorders using both objective and subjective outcome measures.
Design The study was carried out as a retrospective analysis.

Setting The study was conducted within the Sleep Studies Unit at the
Queen Victoria Hospital, East Grinstead, between May 1997 and March
2000.

Subjects and methods Twenty subjects with obstructive sleep apnoea
(OSA) and six with non-apnoeic snoring, diagnosed by overnight
polysomnography, were fitted with a monobloc appliance between May
1997 and March 2000.

Main outcome measures The subjects were analysed for changes in the
respiratory disturbance index (RDI) and Epworth Sleepiness Scale (ESS)
scores. In addition each subject completed an outcome questionnaire
following fitting of the appliance.

Results Variability in response measured by the change in the
respiratory disturbance index was found with no correlation to the
baseline recording. Although median RDI values improved in both
groups, significantly so in the obstructive sleep apnoea group (p<0.05),
seven subjects exhibited an increased RDI score following mandibular
advancement splint therapy. The median Epworth Sleepiness Scale scores
decreased in both the OSA group and the non-apnoeic snorers although
not significantly. Twenty-one of the 26 subjects completed the outcome
questionnaire revealing an 81% reduction in snoring. Side-effects were
generally transient and minor. Eighty-six per cent of the subjects’
partners reported better quality of sleep as a result of MAS therapy.
Conclusions The monobloc appliance significantly improved the
Respiratory Disturbance Index in the obstructive sleep apnoea group.
Some subjects had increased RDI scores following splint therapy. This
supports the need for an objective assessment in the follow-up of
patients treated with mandibular advancement splints.
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INTRODUCTION

Sleep-related abnormalities of respiration have been reported since
the mid-nineteenth century.! Simple snorers are patients with loud
snoring in the absence of any other abnormal breathing episodes
such as apnoeas or hypopnoeas.? Apnoea is defined as the complete
cessation of breathing lasting at least 10 seconds.? Hypopnoea is a
milder form of defined breathing disturbance with a 50% reduction
in ribcage and abdominal excursion for at least 10 seconds, with an
accompanying dip of 4% in oxygen saturation.* Thus, an overnight
sleep study, such as polysomnography, is regarded as the gold stan-
dard for the diagnosis of a sleep-related breathing disorder, per-
mitting the distinction between simple snoring and obstructive
sleep apnoea (OSA). The severity of obstructive sleep apnoea can be
expressed by the apnoea/hypopnoea index (AHI) or the respiratory
disturbance index (RDI) per hour of sleep.

Recently, the American Academy of Sleep Medicine Task Force®
defined mild obstructive sleep apnoea as an apnoea/hypopnoea
index of five to 15 events per hour, moderate OSA as an AHI of 16-
30 events per hour and severe OSA as an AHI greater than 30 events
per hour of sleep.

Ohayon et al.® reported the prevalences of snoring in the UK as
being 40% in their population sample. Gibson ef al’” report
obstructive sleep apnoea to affect one to two per cent of males in
the UK and approximately half this number of females.

The clinical features of obstructive sleep apnoea can be conve-
niently divided into those occurring during sleep and include
snoring, choking, abnormal motor activity and nocturia; and those
occurring during wakefulness of which excessive daytime sleepi-
ness is the most common. Complications of obstructive sleep
apnoea include hypertension, cerebrovascular and cardiovascular
disease although divergence exists in the evidence.?

Overnight polysomnography combines electrophysiological
indices of sleep stage, electromechanical parameters contrasting
respiratory effort with actual ventilation, and measurements
reflecting the consequences of any abnormal respiratory events.
Mini-sleep studies have been introduced as a method of overcom-
ing these limitations and still offering the relevant information.’

Various tests exist to measure sleepiness although confusion
exists about what sleepiness is and what these tests actually meas-
ure.'® The Epworth Sleepiness Scale (ESS) is a validated simple
questionnaire that asks the subject to rate on a scale of O to 3 the
chances that, as part of his or her ‘usual way of life in recent times’
s/he would doze in each of eight different situations.!! The latter
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Table 1 Baseline data relating to demographic, anthropometric and severity
of sleep-related breathing disorder

0SA' subjects Non-apnoeic snorers
(n=20) (n=6)
M=15F=5 M=6;F=0
Variable Median Range Median Range
Age L 37.3-66.8 46.8 41.1-57.8
BMI 27.0 20-33 28.0 25-34
RDI* 8.0 6-65 2.0 =3
(pre-
MAS*)
ESS™* 10.0 1-18 12.5 8-20
(pre-
MAS™)

*Obstructive Sleep Apnoea *Respiratory Disturbance Index **Mandibular advancement splint
“*Epworth Sleepiness scale score

Table 2 Changes in the subject's severity of sleep-related breathing
disorders following mandibular advancement splint (MAS) therapy (n = 26)

Timing Sleep-related breathing disorder

of sleep  Non-apnoeic Mild OSA* Mod. OSA* Severe OSA*

-study snorer RDI*5-15 RDI*16-30 RDI*> 30
RDI*< 5

Baseline 6 g 5 6

Following

MAS therapy 13 6 4 3

* Qbstructive Sleep Apnoea * Respiratory Disturbance Index

Table 3 Changes in the Respiratory Disturbance Index (RDI), and Epworth
sleepiness scale (ESS) scores following mandibular advancement splint
(MAS) therapy in obstructive sleep apnoea (OSA) and non-apnoeic
snorers (n = 26)

Variable 0SA subjects P Non-apnoeic snorers | P
Median Range Median Range

RDI 18.0 6-65 * 2.0 1-3 Ns

(pre-MAS)

RDI 7.0 0-72 1.0 0-13

(post-MASt)

ESS 10.0 1-18 Ns 12.5 8-20 Ns

(pre-MAS)

ESS

(post-MAS) 9.0 0-17 8.5 5-14

Ns non significant, * P < 0.05

were chosen on a priori grounds to vary in their soporific nature
from highly soporific (‘lying down to rest in the afternoon when
circumstances permit’) to much less soporific (‘sitting and talking
to someone’). The ESS score is the sum of eight item scores and can
range from O to 24. The clinical ‘normal’ range of scores is 2 to 10
with a mode score of six. !0 The relationship between the severity of
obstructive sleep apnoea and daytime sleepiness, as assessed by
the ESS questionnaire, remains controversial. Johns!® demonstrated
that the scores increase linearly with the severity of obstructive
sleep apnoea and can distinguish primary snorers from patients
with obstructive sleep apnoea, even of mild degree. These findings
are in contrast to those by Osman et al.!? who failed to show a cor-
relation between apnoea/hypopnoea index and Epworth sleepi-
ness scale scores. The authors suggested this variance to be due to
simple snorers suffering from excessive daytime sleepiness as a
result of an unclear mechanism and that the ESS is of use in
assessing the disability as a result of snoring but of no value in
screening obstructive sleep apnoea patients among snorers.

The treatment objectives for patients with sleep-related breath-
ing disorders should be to alleviate snoring in simple snorers and
to resolve the clinical signs and symptoms in patients with

obstructive sleep apnoea with normalisation of the respiratory dis-
turbance index and oxyhaemoglobin saturation.!? For obstructive
sleep apnoea, no currently available treatment provides the ideal
combination of high rate success and patient compliance without
complications. As a consequence a number of diverse treatment
approaches have been proposed which can be broadly divided into
surgical and non-surgical therapies.!* Surgical therapies include
tracheostomy, nasal surgery, maxillofacial surgery, base of tongue
resection, hyoid bone repositioning and pharyngeal surgery. Non-
surgical therapies include eliminating aggravating factors, electri-
cal stimulation of the upper airway, pharmacological therapy,
nasally applied continuous positive airway pressure (CPAP) and
intra-oral appliances. The latter comprise tongue retaining devices
and the more widely used mandibular advancement splints (MAS).
These are inserted at night and are thought to act by displacing the
position of the mandible and/or tongue with the aim of enlarging
the pharyngeal airway or otherwise reducing its collapsibility.!®

The majority of studies on the efficacy of mandibular advance-
ment splints are case reports or series!® although recent publica-
tions report on prospective controlled trials investigating the dif-
ferences between MAS and other treatment modalities.!”-2!

Snoring improves or is eliminated in the majority of patients
treated with mandibular advancement splint therapy.'®? Most
studies rely on subjective reports by the patient or bed partner.
Objective reduction in snoring by way of a decrease in the number
of snores per hour, time spent snoring and mean sound level across
the night has been demonstrated.?>** The study by Johnston et
al.*?> demonstrated the mandibular advancement splint as being
significantly more effective than a placebo in reducing the fre-
quency and loudness of snoring,.

Objective data on the effect of mandibular advancement splints
in obstructive sleep apnoea are determined by repeat sleep studies
with the appliance in place. Findings vary according to the appli-
ance used in the study and research methodology. The review of lit-
erature by Schmidt-Nowara et al.'® found a 50% reduction in 70%
of the 271 cases involved; however only 51% reached a normal
value (respiratory disturbance index <10); some did not improve or
became worse; and 39% with a baseline respiratory disturbance
index of >20 remained above that level. Treatment success was
related to the initial respiratory disturbance index in three studies
reviewed and this has been reported by other authors,?>2¢ although
this is not a consistent finding. Increase in respiratory disturbance
index scores with mandibular advancement splint therapy has also
been substantiated by more recent studies.?® Sleep and sleepiness
have been assessed objectively by polysomnographic assessment.!®
A reduction in sleep fragmentation, mid-sleep wake time and
arousals has been demonstrated. Subjective improvement is an
almost consistent finding?>2’ and may be present in the absence of
improvement in respiratory disturbance index.2®

The present study is a retrospective report on the effects of
mandibular advancement splints in two distinct subject groups,
non-apnoeic snorers and subjects with obstructive sleep apnoea,
using subjective and objective outcome measures.

MATERIALS AND METHODS

Subjects

The subjects for this retrospective study comprised adults referred
from the Sleep Clinic to the Orthodontic Department of the Queen
Victoria Hospital, East Grinstead, for construction of a mandibular
advancement splint (MAS) to address their sleep-related breathing
disorder. Each subject had undergone an overnight sleep study
within the Sleep Studies Unit and completed an Epworth Sleepiness
Scale!® (ESS), in order to establish the diagnosis and severity of
their disorder. A diagnosis of obstructive sleep apnoea (0SA) was
made following the American Academy of Sleep Medicine guide-
lines,” that is if the Respiratory Disturbance Index (RDI) was greater
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than or equal to five. Patients with RDI less than five were diag-
nosed as non-apnoiec snorers.

Baseline data relating to demographic, anthropometric and
severity of sleep-related breathing disorder are presented in Table 1.
The subject’s height and weight were measured in order to calculate
the body mass index [BMI: weight (kg) / height (m?)]. All the subjects
underwent a full dental examination in order to determine the
general dental condition and specifically the periodontal health.
Patients were not judged suitable for mandibular advancement
splint therapy if their dental status or periodontal health precluded
them from wearing an appliance or if they were edentulous. All sub-
jects were assessed and fitted with the appliance by one clinician
(LW) between May 1997 and March 2000. Subjects were then invited
to undergo a repeat sleep study with their mandibular advancement
splint in situ and to complete a follow-up Epworth Sleepiness Scale
and outcome questionnaire (Appendix 1).

On the basis of complete records being available, a total of 26
subjects (20 with obstructive sleep apnoea and six non-apnoeic
snorers) who underwent treatment with a mandibular advance-
ment splint, were retrospectively analysed.

The mandibular advancement splint (MAS)

Alginate impressions of the upper and lower dentition and an inter-
occlusal wax registration, recorded in a position of maximum com-
fortable mandibular protrusion were obtained. A removable
monobloc design was used (Fig. 1). This consisted of a one-piece
hard acrylic splint incorporating full occlusal coverage and an
opening anteriorly to allow for mouth breathing. Additional reten-
tion was obtained from Adam’s cribs on the upper and lower first
premolars and the upper first molars. The MAS design did not
allow for any incremental mandibular advancement, and as such,
it was not possible to adjust the degree of mandibular protrusion
without remaking the appliance. Patients were instructed to wear
the appliance at night-time only.

Outcome measures and questionnaire design
Sleep study
Limited overnight sleep studies using the Edentrace monitoring
system were performed within the Sleep Studies Unit at the Queen
Victoria Hospital. Assessment was made of the following parame-
ters: pulse oximetry, heart rate, nasal/oral airflow, chest impedance,
posture and laryngeal noise. A typical output is seen in Figure 2,
demonstrating the changes in these parameters at baseline and
after MAS therapy. All subjects in the study underwent two
overnight sleep studies, the first established a diagnosis of their
sleep-related breathing disorder (baseline) and the second was
designed to objectively assess the effect of their mandibular
advancement splint. The latter study was undertaken after it had
been ensured that the patient was comfortably wearing the splint
every night and was minimally performed after one month of wear.
The respiratory disturbance index was calculated for each patient.
A baseline respiratory disturbance index (RDI) score of below five was
used to distinguish non-apnoeic snorers from those with obstructive
sleep apnoea.” Success with mandibular advancement splint therapy,
in subjects with OSA, was defined as a reduction in the RDI score to a
value of ?5, as outlined by the American Academy of Sleep Medicine
Task Force.® Respiratory disturbance index scores after MAS therapy
for the 26 patients allowed for analysis of treatment efficacy.

Epworth Sleepiness Scale (ESS)

All of the 26 subjects completed an Epworth Sleepiness Scale
prior to fitting the appliance and at the time of the repeat
sleep study.

Outcome questionnaires
A single operator (DA) attempted to contact all subjects by

Fig. 1T The monobloc mandibular advancement splint
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Fig. 2 Tracings from overnight sleep studies pre- and post-splint therapy

telephone to complete an outcome questionnaire following the
repeat sleep study. The questionnaire (Appendix 1) was designed
to assess snoring; sleepiness; complications of mandibular
advancement splint therapy; the partner’s experience and a com-
parison to nasal-CPAP, if relevant. Those subjects that were
unavailable by telephone were sent the questionnaire by post.

Statistical analysis

Baseline respiratory disturbance index scores divided the sample
into those with non-apnoeic snoring and those with obstructive
sleep apnoea. Male/female frequency, median and range values for
age and BM], pre- and post-mandibular advancement splint thera-
py respiratory disturbance index and Epworth Sleepiness Scale
scores were calculated for the obstructive sleep apnoea subjects and
non-apnoeic snorers using SPSS (Statistical Package for Social
Sciences, SPSS Inc., Chicago Ill, USA). Statistically significant dif-
ferences in the RDI and ESS scores, before and after mandibular
advancement splint therapy, were assessed using the Wilcoxon
Signed Ranks test, at the 5% level of significance.

RESULTS

Subject demographics (Table 1)

Twenty-six adult patients comprised the sample for this retro-
spective study, of which 20 (15 males; five females) were diag-
nosed with obstructive sleep apnoea (RDI ? 5) and six males with
non-apnoeic snoring (RDI < 5). The median age of the OSA sub-
jects was higher than that of the snorers (53.1 and 46.8 years
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respectively). Subjects in the non-apnoeic group were found to
be slightly more overweight and demonstrated a higher level of
daytime sleepiness (27 and 12.5, respectively) compared to the
obstructive sleep apnoea subjects (28 and 10, respectively).

Changes in severity (Table 2)

Table 2 reports the changes in the subject’s severity of sleep-
related breathing disorder following mandibular advancement
splint therapy. All categories of obstructive sleep apnoea (mild,
moderate, severe) improved as a result of treatment, with an
overall reduction in the numbers of subjects with OSA, from 20
to 13. Thus, the numbers of subjects with non-apnoeic snoring
increased from six to 13 as a result of intervention.

Effects on outcome measures (Table 3)

No statistically significant change was observed in the Epworth
Sleepiness Scale scores in either subject group. However, subjects
with obstructive sleep apnoea demonstrated a reduction in medi-
an Respiratory Disturbance Index scores from 18 to 7 (P < 0.05)
following mandibular advancement splint therapy.

Twenty-one of the 26 subjects completed the outcome ques-
tionnaire thus obtaining a compliance rate of 81 per cent. Seven-
teen of these reported an improvement in snoring and sleep quali-
ty. The remaining four reported no difference. Side-effects were
generally transient and included jaw ache on awakening, dry
throat and ulceration. Eighty-six per cent of the subjects’ partners
reported better quality of sleep as a result of treatment.

DISCUSSION
Two of the most commonly used measures in assessing treatment
outcomes in sleep-related breathing disorders are the Epworth
sleepiness scale (ESS) and the respiratory disturbance index (RDI).
Despite their subjective nature, questionnaire outcome measures
are also widely used.!®?? Polysomnography is regarded as the
‘gold standard’ for diagnosing obstructive sleep apnoea (0SA) and
is recommended for the evaluation of treatment efficacy in mod-
erate to severe OSA subjects treated with mandibular advance-
ment splints.'? However, the technique is expensive and not read-
ily available, requiring a special sleep laboratory and trained
technical support. The sleep study used in this report measured
oxygen saturation, heart rate, airflow, chest movement and laryn-
geal noise. Stradling and Crosby?28 found a close correlation of 4%
oxygen dips with the apnoea index. Douglas et al.2° found oxime-
try, time in bed, breathing pattern and thoraco-abdominal and leg
movement to be of value in diagnosing OSA. One of the limita-
tions of this assessment within the sleep laboratory is the lack of
familiarity of the surroundings and presence of the multitude of
probes which can affect sleep. This may mean the resultant res-
piratory disturbance index is not representative of the subject’s
condition. Home monitoring pre- and post-splint may have been
an alternative method of assessing mandibular advancement
splint efficacy although this potentially could have introduced
problems with subject compliance and operating the equipment.
There is currently no universally agreed definition of treatment
success for obstructive sleep apnoea (0SA). Authors have reported a
50% reduction in respiratory disturbance index score or alterna-
tively, a reduction in the absolute respiratory disturbance index
value to less than or equal to 10.'® Treatment success in this study
was defined as a reduction in respiratory disturbance index to
below five, in order to meet the definitions outlined by the Ameri-
can Academy of Sleep Medicine Task Force.> Forty per cent of the
OSA subjects achieved this. This compares very favourably with the
findings of Johnston et al.® in which a success rate of 33% was
reported when using a similar design of mandibular advancement
splint. However, these authors defined success as a reduction of the
RDI score to 10 or below and should therefore have reported slightly

better success rates. The authors partly attributed the low success
rate to the inclusion of severe obstructive sleep apnoea subjects
(RDI greater than 50) in their sample. Several studies have found an
association between baseline respiratory disturbance index and
treatment response with a low initial respiratory disturbance index
being a good predictor of treatment success.?’*>26 This was not
consistent in this study; two severe obstructive sleep apnoea sub-
jects were considered treatment successes and two mild obstructive
sleep apnoea subjects became severe obstructive sleep apnoea sub-
jects. Of the eight successes however, five were mild OSA subjects
prior to treatment. Thus, the effects of mandibular advancement
splint therapy on sleep-related breathing disorders appear to be
more complicated than simply assigning success directly to the ini-
tial respiratory disturbance index score.

All subjects completed a validated questionnaire designed to
assess daytime sleepiness.!® The relatively low median Epworth
Sleepiness Scale (ESS) scores in the obstructive sleep apnoea group
(10, range 1 to 18) is in contrast to other studies using the ESS,
where OSA patients have mean values of 16.>! This suggests that in
the current study, the OSA subjects were not regarded as showing
excessive baseline daytime sleepiness.'® This may explain the non-
significant improvement in ESS scores in the face of the signifi-
cant reduction in the respiratory disturbance index in this group.
This was also observed by Johnston et al.3°

The non-apnoeic snoring group (n = 6) were by definition, sub-
jects with an initial respiratory disturbance index score of less than
five episodes of abnormal breathing per hour of sleep.”> Thus,
repeat RDI scores could not measure success directly and were of
specific value in determining if the splint worsened their sleep-
related breathing disorder. This was the case in one subject in the
present study who became categorised as a mild obstructive sleep
apnoea subject. The risk of exacerbating the sleep-related breath-
ing disorder by mandibular advancement splint therapy has been
previously reported and indeed is the reasoning behind undertak-
ing a follow-up objective assessment.?33233

Mandibular advancement splints are thought to act by increasing
the size and/or reducing the collapsibility of the pharyngeal airway.!®
Cephalometric predictors have been suggested where a favourable
response to MAS therapy can be expected!® but the technique at best
only provides a two-dimensional image. Correlation with the
cephalometric data was not carried out in this study but may have
shown contraindications in the subjects that did not respond
favourably. Studies of the effects of mandibular protrusion on the
airway have also shed some light on the variability of response to
MAS therapy.>? Mandibular opening has been shown to occlude the
oropharyngeal airway in subjects with increased vertical facial pro-
portions and retrognathic mandible.>? Ryan et al.>® found the lateral
diameter of the velopharynx was the airway site that changed the
most with mandibular advancement splints. It may be that the non-
responders in this study had obstruction, either high in the nasophar-
ynx or very low in the pharynx beyond the therapeutic range of the
splint. Johal and Battagel'® suggested mandibular advancement
splint therapy is of little use in those OSA subjects who exhibit prima-
rily palatal level obstruction based on the findings of Pringle and
Croft.>® Rodenstein et al.>” found the pharynx to be circular or ellipti-
cal with the long axis oriented in the sagittal plane in OSA subjects as
opposed to the coronal plane in normal subjects. With mandibular
protrusion it is possible that the walls of the pharynx are pulled closer
together in some OSA subjects thus adding to the obstruction and
negating the effects of the appliance. This may explain the observed
increase in the RDI scores at follow-up in the current study. Further-
more, it has been demonstrated that the shape of the pharyngeal
lumen is more dependent on the body mass index (BMI) than on the
presence of OSA.38 All subjects in the current study demonstrated
higher than ‘normal’ values of BMI and this may have influenced the
effect of mandibular advancement splint therapy.
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The amount of protrusion necessary for an adequate response
has been reported as 75 per cent of the maximum protrusion.?>3*
Lowe et al.?® reported increased treatment success with a titratable
appliance that was adjusted according to the subject’s symptoms to
a maximum of 85% of maximum protrusion. A balance needs to be
met such that the protrusion required to improve the airway does
not result in mandibular opening of sufficient magnitude to negate
this effect. In this study, the monobloc appliance was made such
that the patient was at maximum comfortable protrusion although
this may have resulted in mandibular opening. The appliance
design did suffer the disadvantages of not permitting progressive
mandibular advancement and, as such, may not have achieved its
optimal therapeutic benefit. Furthermore, there is increased vertical
opening associated with this form of splint design.3°

The group of non-apnoeic snorers had a median baseline
Epworth sleepiness scale score of 12.5 indicating that these subjects
had increased levels of daytime sleepiness despite, by definition, not
suffering from repeated desaturation and resultant arousals. This
score reduced to 8.5 following mandibular advancement splint ther-
apy and is consistent with the findings of Johnston et al.>? This sup-
ports the idea of a continuum of levels of sleep apnoea rather than
definitive diagnoses based solely on the polysomnographic findings.

Eighty-six per cent of the subjects’ partners reported better
sleep quality as a result of mandibular splint therapy. This out-
come measure has been used by several authors'®22 with similarly
encouraging results.

Limitations of the study

The limitations of this retrospective study were that only subjects
with complete records were evaluated for treatment effect and as
such, bias cannot be excluded. The sleep study results, both at
baseline and following splint therapy, may not have been repre-
sentative of a subject’s regular night’s sleep. However, no single
instrument exists, to date, that overcomes this limitation.

The use of a post-treatment evaluation questionnaire relied on
the subjects being contactable by post and/or telephone. Better
evaluation of the subjective assessment may have been possible by
inviting the subjects to attend for an interview. However, an
acceptable compliance rate of 81% was achieved.

The mandibular advancement splint used in this study did not
permit further advancement, without the remaking of the splint,
thus it was not possible to titrate the necessary advancement with
the subject’s response and tolerance.

CONCLUSIONS

The monobloc appliance significantly improved the respiratory dis-
turbance index in the obstructive sleep apnoea subjects.
Eighty-six per cent of the subject’s partners reported better quality
of sleep following mandibular advancement splint therapy.

Some subjects had increased respiratory disturbance index scores
following splint therapy. This highlights the need for an objective
assessment in the follow-up of patients treated with mandibular
advancement splints.
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