EVALUATION OF OBSTRUCTIVE SLEEP APNEA PATIENTS’ ORAL APPLIANCE
TITRATION PROTOCOLS

A
THESIS

Presented to the Faculty of
The University of Texas Health Science Center
Graduate School of Biomedical Sciences
at San Antonio
in Partial Fulfillment
of the Requirements
for the Degree of
MASTER OF SCIENCE

By
Paul M. McLornan, B.D.S.

San Antonio, Texas
August 2009

DEDICATION
I dedicate this body of work, with all my love to Sarah, my wife, counselor and best
friend. Without your patience, support, encouragement and understanding this time
consuming project would never have been completed. Thank you from the bottom of my
heart for everything you are and everything you do. I will love you always.

I also dedicate this manuscript to Brian and Clare, my parents. Thank you for the multiple
sacrifices you both made, over many years, to provide me with opportunities you never
had. I can never repay you for your support and encouragement but know that I am very
grateful and truly appreciate you as parents and love you both.

It has been a long educational journey from Aughlisnafin Primary School to the
UTHSCSA Graduate School. Many un-named people helped and guided me along the
way and I also dedicate this thesis to each and every one of them

iii

ACKNOWLEDGMENTS

First and foremost, I would like to thank Dr Ronald Verrett, my research
supervisor for your help, patience, encouragement and support over the past three years.
You introduced me to Dental Sleep Medicine during my Prosthodontic residency and
have been my primary mentor in the field since. Your enthusiasm for and knowledge of
Dental Sleep Medicine has inspired me throughout this research project. I have you to
thank for introducing me to a part of dentistry that I know will be an important part of my
future career. Finally, I am very grateful for the multiple hours (days even!!!) you spent
editing this manuscript. “Go raibh mile maith agat” (“Thank you very much” in Gaelic).

I will be always grateful to Dr Robert Cronin for providing me with the
opportunity to learn from you, for the support you have given to my research efforts and
for leaving me in no doubt following residency literature reviews what constitutes good
research and what does not!

To Dr Lily Garcia thank you for your understanding of the time demands of this
research project over the past two years, I appreciate your patience.

Dr Thomas Girvan, thank you for serving not only as a member of my research
committee but also as my research and clinical mentor at the VA Dental Clinic. Thank
you in particular for downloading literally hundreds of those sleep studies for me. You
were very generous with your time despite your already hectic schedule.

iv

I would like to thank Dr Paul Ingmundson for serving on my research committee.
Thank you especially for all your help in putting together the study protocol and your
expert advice over the past 3 years.

I would like to acknowledge Dr Keith Thornton and all his staff at Airway
Management in Dallas for their practical and technical support throughout this study. Dr
Thornton’s knowledge of the literature and passion for treating OSA patients is second to
none. Thanks for your support.

Dr John Remmers is a legend in the field of sleep medicine and I have been very
fortunate to have him serve as a research adviser to this study. I learned more about the
physiology of OSA from you in 2 days in Calgary than I could have learned reading for a
lifetime. Thank you for being such a great teacher.

Thank you also to Dr Alex McMahan for the generous help provided in
performing the statistical analysis of the data. I am grateful for all the work you did.

I am very grateful to Mr. Chong Zhu for his help in plotting the graphs in this
study.

Thank you very much to Ms. Ester Mireles my hardworking laboratory technician
at the VA Dental Clinic. Thank you for your wise words of advice, your support and your
high quality work throughout this study.

v

To Ms. Sandra Langelier, thank you so much for the many hours you spent
helping me format and edit the text of this thesis. Your assistance was invaluable.

I will always be grateful to Ms Sue Geissler for ensuring I stayed enrolled at the
graduate school and paid all my fees on time. Thank you for everything you have done
for me over the past 5 years, I will never forget your kindness.

Thank you to Sylvia Escobedo my supportive patient scheduler and clinical
assistant at the VA Dental Clinic. You made my task so much easier and always with a
smile.

Finally a special word of thanks to my father in law, Dr Jim Magill for your kind
words of support and encouragement which helped me get this task completed.

vi

EVALUATION OF OBSTRUCTIVE SLEEP APNEA PATIENTS’ ORAL APPLIANCE
TITRATION PROTOCOLS
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Supervising Professor: Ronald G. Verrett

Mandibular Repositioning Devices (MRDs) are an accepted Obstructive Sleep
Apnea (OSA) treatment for patients with mild to moderate disease severity, and for those
with severe sleep apnea who cannot or will not wear nasal Continuous Positive Airway
Pressure (CPAP). Home sleep monitoring systems such as the Remmers Sleep Recorder
(RSR) can be used by dentists to guide the titration of a MRD and to document treatment
efficacy.
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This study was limited to a population of 32 consecutively referred subjects,
diagnosed by means of polysomnography (PSG) with moderate to severe OSA, who had
failed or refused nasal CPAP. The aims of the study were to establish a titration protocol
for a MRD, the Thornton Adjustable Positioner 3 (TAP 3) and to evaluate the efficacy of
the TAP 3 in treating these moderate to severe OSA patients.

A baseline RSR study was performed and a TAP 3 appliance fabricated and
placed in each subject. The subjects were instructed to increase the mandibular protrusion
of the appliance until they felt a subjective improvement in their symptoms (i.e. relief of
excessive daytime sleepiness or cessation of snoring). This position was described as Self
Titrated Position (STP).

A RSR study (1) was performed with TAP III at STP. The subjects were
instructed to increase mandibular protrusion 1mm from STP and a second RSR study (2)
was performed. A further RSR study (3) with the TAP III at 2.0 mm forward of STP was
next performed. The subjects were finally instructed to decrease the amount of
mandibular protrusion to 1.0 mm behind STP and a final RSR study (4) was performed.

The RSR data that was analyzed included the Apnea-Hypopnea Index (RSRAHI), the percentage of the night that the oxygen saturation was below 90% (% time <
90% O2) and the lowest oxygen saturation recorded (Lowest O2 %).
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The results of this study indicate the position which most effectively treated these
OSA patients was 2.0 mm advanced past the subject’s STP. This position produced the
lowest RSR-AHI in 57% of the subjects. 29% of the subjects obtained the best treatment
results at 1mm advanced from self titrated position. A suggested treatment protocol for
moderate/severe OSA patients treated with an adjustable MRD would be: after a period
of self titration of the MRD to the point where the patient feels subjective improvement, a
patient can be advised to advance the MRD further forward by 2.0 mm if they can
tolerate it and if it’s physiologically possible. A home sleep study should be performed to
test the treatment efficacy at this point.

When evaluating the effectiveness of the MRD in treating moderate/severe OSA
patients, using RSR-AHI recordings, we found the appliance effective in treating 71% of
the subjects. The mean Lowest O2 % increased by 4.5% and the mean % time < 90% O2
decreased by 64%. These results demonstrate that the subjects in the study received
improved oxygenation during sleep when wearing the MRD. Results from pre- and posttreatment questionnaires confirm that wearing the appliance leads to a significant
improvement in the subject’s quality of life and reduced by half the number of subjects
whose level and severity of snoring was affecting their life. Daytime sleepiness was also
reduced in 90% of subjects.

The results of this study add to the data showing that moderate OSA patients can
be very effectively treated using MRDs. The results also show that severe OSA patients
can be treated effectively with MRDs but not as predictably. This conclusion regarding
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severe OSA patients is consistent with the current AASM Practice Parameters. Nasal
CPAP should be the first choice for severe OSA patients, but if they fail, refuse or are
non-compliant with CPAP treatment an MRD could be an effective alternative.
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I. INTRODUCTION

Obstructive Sleep Apnea (OSA) is a highly prevalent, under-diagnosed sleep
disorder that affects over 18 million Americans. While snoring commonly accompanies
OSA, not all snorers have sleep apnea. OSA occurs when breathing is obstructed due to
closure of the pharyngeal air passage, resulting in cessation of air flow despite persistent
ventilatory effort. OSA is responsible for more mortality and more morbidity than any
other sleep disorder.

There are two main reasons that more than 90% of patients with moderate to
severe OSA remain undiagnosed and therefore untreated. First, healthcare professionals
and the public remain largely uneducated about the facts regarding this disorder. Second,
the “gold standard” for OSA diagnosis, laboratory polysomnography (PSG), is expensive,
complicated, and time-consuming.

A number of in-home sleep monitoring devices

have been developed and validated as alternative diagnostic tests for OSA. These are
more convenient and cost-effective than the laboratory PSG. When diagnosed; treatment
for OSA is widely available and is often relatively inexpensive. Patients can be fitted
with a Continuous Positive Airway Pressure (CPAP) device that prevents airway collapse
by delivering air at a constant pressure via a mask worn during sleep.

Dentists, using oral appliances, are becoming increasingly involved in the
treatment of OSA. Mandibular Repositioning Devices (MRDs) are an accepted OSA
treatment for patients with mild to moderate disease severity, and for those who with
severe sleep apnea who cannot or will not wear CPAP. The home sleep monitoring
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systems offer a practical alternative to PSG for dental sleep specialists to diagnose OSA,
to guide dentists in adjusting an oral appliance (OA), and to document treatment efficacy.

The Public Health Service disease prevention objectives of “Healthy People
2010” identified OSA as a priority public health concern, and identified increasing
diagnosis and treatment of the disorder as a goal.
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II. LITERATURE REVIEW

A. Obstructive Sleep Apnea

In the practice of sleep medicine, OSA is the most commonly observed sleep
disordered breathing condition and is responsible for more mortality and morbidity than
any other sleep disorder [Dement et al., 1999]. It is becoming recognized as one of the
world’s most prevalent under-diagnosed disorders [Dement et al., 1999; Kripke et al.,
1997]. OSA has been identified as a major public health concern due to the associated
morbidity [Phillipson et al., 1993]. The characteristic symptoms of OSA are frequent
loud snoring and recurrent failures to breathe adequately during sleep, usually as a result
of the collapse of the upper airway. This collapse is due to anatomic narrowing of the
pharynx. While awake, this structural narrowing is overcome by increased activity of
dilating muscles. While asleep, however, this compensatory activity is lost and severe
narrowing or closure occurs.

These episodes of inadequate breath are termed “apneas” or “hypopneas”.
“Apnea” is defined as a cessation of airflow for at least 10 seconds. “Hypopnea” is
defined as an abnormal respiratory event with at least a 30% reduction in nasal pressure
signal excursions from baseline and an associated at least 4% desaturation from pre-event
baseline [Iber et al., 2007]. In a hypopnea, the airflow is insufficient to meet the
individual’s metabolic needs, and/or is disproportionate to the amount of respiratory
effort expended [AASM, 2000]. Other more subtle upper airway resistance events have
also been identified [Guilleminault et al., 1993].
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The accepted standards for diagnosing and estimating severity of OSA are the
Apnea-Hypopnea Index (AHI) and the Respiratory Disturbance Index (RDI). AHI is
defined as the frequency of apneas and hypopneas per hour of sleep. RDI has at times
been used synonymously with AHI, but at other times has included the total of apneas,
hypopneas, and respiratory-effort related arousals (RERAs) per hour of sleep. When a
portable monitor is used that does not measure sleep, the AHI refers to the number of
apneas plus hypopneas per hour of recording [Kushida et al., 2005].

An OSA diagnosis is generally made when the AHI is 15 or greater. A lower
threshold (AHI greater than 5) may be applied when a patient presents with symptoms
such as hypertension, excessive daytime somnolence, or loud snoring [Flemons, 2002;
Young, 1996; Young 1997]. The following OSA diagnosis based on AHI classification
is widely accepted:
Mild OSA:

AHI between 5 and 15 (with other symptoms)

Moderate OSA:

AHI between 15.1 and 30

Severe OSA:

AHI greater than 30

Recent epidemiological research shows that OSA is highly prevalent in adults,
with 1 in 15 adults reported to have moderate to severe OSA (AHI greater than 15)
[Bixler et al.,1998; Bixler et al.,2001; Young et al., 1993; Quan et al., 1997]. The
prevalence of OSA increases with age. As many as 40% to 60% of adults age 60 or older
have some form of sleep-related breathing disorder, most commonly snoring, which is a
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significant risk factor for OSA. OSA is more common than asthma and diabetes mellitus
in adults [Young et al., 1998].

OSA frequently causes daytime drowsiness, has been associated with
hypertension, increased risk of congestive heart failure, coronary artery disease,
myocardial infarction, cardiac arrhythmias, diabetes, and stroke [Bradley, 1992; Duchna
et al., 2000; Guilleminault et al., 1983; Guilleminault et al., 1992; Palomaki, 1991;
Partinen et al., 1990; Findley et al., 1989]. Untreated OSA patients have demonstrated
slower reaction times and impaired performance on tests of vigilance, memory, and
executive functions. They are 3 to 7 times more likely to be involved in motor vehicle
and industrial accidents [Findley et al., 1989; Greenberg et al., 1987; Gyulay et al., 1993;
Morrison et al., 1998; Naegele et al., 1995; Stoohs et al., 1994]. They are also at much
greater risk for complications during anesthesia, and after surgery [Isono et al., 1998].
Despite this evidence that untreated OSA threatens public health, safety, and
productivity, it is estimated that 82% of men and 93% of women with moderate to severe
OSA remain undiagnosed [Young et al., 1998]. The male-female ratio of undiagnosed
OSA is 2 to 1; however, the male-female ratio for patients receiving treatment is 8 to 1.
This suggests that women are less likely to be correctly evaluated and diagnosed [Young
et al., 2004; Young et al., 2006].

Bed partners frequently are the first to identify the symptoms of OSA (e.g.
snoring or wake up gasping) and may provide the impetus for the patient seeking
treatment. Several studies have reported impaired sleep and quality of life among bed
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partners of OSA patients [Walker-Engstrom et al., 2002]. Interestingly, a recent study
reported improvements in quality of life, health status and decreased drowsiness in a
group of bed partners of OSA patients after the patients received two months of treatment
[Ferguson et al., 1996].

The risk factors for sleep apnea include obesity (increased body mass index),
increased neck circumference, craniofacial abnormalities, hypothyroidism, and
acromegaly.

The differential diagnosis includes simple snoring, OSA, central sleep

apnea, mixed sleep apnea(obstructive and central) and other disorders that cause daytime
sleepiness (e.g. insufficient sleep, a circadian-rhythm abnormality, narcolepsy and
periodic limb movement disorder) [Flemons, 2002].

B. Diagnosis

OSA should be suspected in patients who are obese, hypertensive, habitual
snorers, and/or hypersomnolent. In a primary care setting, patients with a high risk of
sleep apnea were those who met two of the following criteria: snoring, persistent daytime
sleepiness, drowsiness while driving, obesity or hypertension [Netzer et al., 1999]. The
use of patient questionnaires such as the Epworth Sleepiness Scale [Johns, 1991], the
Thornton Snoring Scale, the Sleep Apnea Quality of Life Index [Flemons et al., 1998;
Flemons et al., 2002, Lacasse et al., 2002] can aid initial diagnosis and help decide the
urgency of further investigation.

The questionnaires, if completed pre- and post-

treatment, are aids in evaluating the efficacy of the treatment provided.
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The presence or absence of OSA must be determined before initiating any
treatment to identify those patients at risk due to complications of sleep apnea, and to
provide a baseline to establish the effectiveness of subsequent treatment.

Detailed

diagnostic criteria for OSA include clinical signs, symptoms, and the findings identified
by polysomnography. The severity of sleep-related problems must be established in
order to make an appropriate treatment decision [ASDA Standards of Practice, 2005].

As previously mentioned, the severity of OSA is determined by AHI (or RDI)
which is measured by a device (such as polysomnogram) as the patient sleeps, and by the
patient’s clinical presentation (established by the patient and sleeping partner
questionnaires and clinical examination) [Flemons, 2002]. The gold standard for OSA
diagnosis is an overnight attended laboratory polysomnogram (PSG) [Fleury et al., 2004;
Spiegel et al., 2004]. The sleep is recorded and the stage of sleep is determined by
electroencephalography (EEG), electroculography (EOG), and electromyography (EMG).
Episodes of apnea and hypopnea are defined by a clear reduction in airflow or tidal
volume, often accompanied by a decrease in oxygen saturation and terminated by an
arousal (an interval of 3 seconds or longer in which the electroencephalographic pattern
indicates that the patient is awake). In addition, breathing, limb movements, and an
electrocardiographic lead are monitored [Flemons, 2002].

The disadvantages of in-lab PSG are that it requires considerable technical
expertise and it is both labor-intensive and time-consuming. It may not replicate patients’
home sleep profile due to the testing environment, and may require a second night of
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study to confirm diagnosis. In addition, the studies are expensive, costing between $1000
and $2000.

Due to the limited access and expense of PSG, combined with the lack of
knowledge of OSA among physicians, the majority of patients suffering from OSA have
not been diagnosed. To diagnose patients with suspected OSA of at least moderate
severity it has been estimated that approximately 2,310 PSGs per 100,000 people per year
would be needed. This exceeds the actual capacity for PSG by a factor of 10 in most
countries [ASDA Standards of Practice, 1997].

Due to the prevalence of OSA, the percentage of undiagnosed patients, and the
mortality and morbidity associated with the disorder, it would seem that alternatives to
PSG must be used. Alternatives to PSG include partial-channel and/or partial-time PSG,
portable or home sleep monitoring, anthropomorphic measures (e.g. body mass index,
neck circumference), and clinical questionnaires.

C. Home Sleep Monitoring

Overnight PSG study is intrusive, costly, and requires the involvement of both a
technician and an interpretive sleep specialist. Convenient sleep apnea diagnostic devices
provide an alternative to PSG. These devices use unattended monitoring in the home.
There are many home sleep monitors available. The complexity of the devices range
from those that record a single channel (such as oxygen saturation) to those that replicate
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a full polysomnographic study. Most of the portable recorders use the sound of snoring,
airflow and arterial oxygen saturation (recorded by oximetry) to monitor breathing
abnormalities during sleep. These home sleep studies generally cost between $150 and
$650 each [Whitelaw et al., 2005].

The Standards of Practice Committee of the American Sleep Disorders
Association in 1994 evaluated the use of portable recording in the assessment of OSA
[ASDA Standards of Practice, 1994]. They concluded:

The proper management of OSA, a common illness associated with
significant morbidity and mortality, requires accurate assessment.
Laboratory study is costly and requires highly trained personnel for
its implementation and interpretation.

The ability to obtain the

necessary information more quickly, easily and conveniently,
accurately and inexpensively than is currently possible with
standard in-laboratory polysomnography is certainly desirable.
Portable recording offers the promise of at least some of these
realities but these potential advantages remain to be documented
and balanced against a number of equally important potential
disadvantages, including those of missed or inaccurate diagnoses.

In the years following this report, many studies comparing the portable/ home
sleep monitors/ recorders with PSG were carried out and published [Golpe et al., 1999,
Fry et al., 1998; Flemons et al., 2003; Whitelaw et al., 2005; Gyulay et al., 1993; Issa et
al., 1993; Vasquez et al., 2000; Whitelaw et al., 2002]. Overall, the results showed a
positive correlation between the PSG derived AHI and the portable sleep monitor derived
9

AHI. Only one negative result has been reported from one report that looked at the
diagnosis of OSA in children [Whitelaw et al., 2002].

It concluded that “portable

monitoring based only on oximetry is not adequate for the identification of OSA in
children”.
The AASM’s most recent guidelines for the use of potable sleep monitors to
diagnose OSA in patients were published in 2007 [Collop et al., 2007].

D. Remmers Sleep Recorder

One noteworthy portable recorder has been validated as an alternative to PSG in
two large clinical studies. The Remmers Sleep Recorder (RSR), formerly known as
Snoresat, is an ambulatory sleep recorder designed for unattended sleep studies in the
home environment.

It can measure up to ten diagnostic indicators of sleep apnea,

including oxygen saturation, airflow, heart rate, respiratory effort, snoring, body position,
leg EMGs, mask pressure and airflow on Continuous Positive Airway Pressure (CPAP).
Issa et al. in 1993 compared the RSR-AHI to the PSG-AHI. A total of 129 referrals to
the sleep apnea outpatient clinic underwent simultaneous all-night PSG and RSR
recordings. Using the computed AHI recorded by the RSR, the sensitivity of the monitor
in detecting OSA ranged between 84% and 90%, and the specificity ranged from 95% to
98%. The values depended on the PSG value of AHI used to define OSA. The positive
correlation between the two values validated the RSR as an alternative to PSG in OSA
diagnosis. It should be noted that other portable sleep monitors have also been validated
as diagnostic alternatives to attended in–laboratory polysomnography.
10

A second study by Vasquez et al. in 2000 also clinically validated the Remmers
Sleep Recorder. In this study, 241 randomly selected patients demonstrated a correlation
between the AHI measured using the Remmers Sleep Recorder compared with the AHI
measured with a full PSG. A correlation of 0.97 was observed. This study utilized a
proprietary AHI algorithm, which automatically analyzed the data, thereby eliminating
the need for manual scoring. This study was the largest such validation of a sleep
monitor to date.

E. Obstructive Sleep Apnea Treatments

There are a range of possible treatments for patients diagnosed with OSA
including weight loss, modification of sleep position, use of nasal CPAP, surgery,
medications and oral appliances. The treatments for OSA are widely available and
relatively inexpensive.

F. Continuous Positive Airway Pressure (CPAP)
The introduction of CPAP was a major event in the management of OSA
[Sullivan et al., 1981]. Before its introduction symptomatic OSA patients were frequently
treated with a tracheotomy. The CPAP device prevents airway collapse by delivering air
at a constant pressure usually via a nasal mask and pneumatically splints the upper airway
during sleep. Nasal CPAP is a highly effective and safe treatment for OSA, but it is
cumbersome and not universally tolerated [Sullivan et al., 1981; Pepin et al, 1999;
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Cartwright et al., 1982]. CPAP compliance rates are estimated at 50% to 80%; however,
these figures do not include OSA patients who make the decision to try an alternative to
CPAP [Engleman et al., 1996].
Best compliance is seen in patients with severe OSA or substantial daytime
sleepiness [Pepin et al, 1999]. Results of CPAP in mild to moderate OSA patients are
conflicting and alternative treatments may be considered for these patients [Krieger et al.,
1996; Engleman et al., 1999].

G. Surgical Management of OSA

Prior to the introduction of nasal CPAP, tracheotomy was the main treatment for
symptomatic OSA patients. Despite considerable co-morbidity, the tracheotomy, which
produces a bypass of the upper airway, is probably the most predictable surgical
intervention for OSA [Riley et al., 1997].

In adult patients adenotonsillectomy or surgery to correct compromised nasal
airways usually fails to treat OSA completely but it can aid OSA treatment with CPAP or
Oral Appliances [Sher et al., 1996]. Adenotonsillectomy and/or orthodontic expansion
have been shown to be successful in treating OSA in prepubertal children [Guilleminault
et al., 2008].

For many years uvulopalatopharyngoplasty (UPPP) has been the most popular
surgical treatment of OSA. UPPP involves the resection of the uvula and any redundant
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palatal, tonsillar and mucosal tissues. However it has been shown that only 40% of OSA
patients are successfully treated with UPPP [Sher et al., 1996]. In patients that are
successfully treated initially, there is significant long term relapse [Janson et al., 1997].
Newer techniques such as laser-assisted UPPP and somnoplasty have also been
disappointing in the treatment of OSA [ASDA, 1994; Brown et al., 2001].

Two aggressive surgical procedures have demonstrated better results in the
treatment of OSA; maxillomandibular advancement surgery and geniotubercle
advancement with hyoid myotomy. Maxillomandibular advancement enlarges the
retropalatal and retrolingual airway by means of a Le Fort I and a mandibular sagittal
split advancement osteotomy. This surgery has been shown to provide successful
management of OSA in 90% of patients treated [Riley et al., 2000]. The geniotubercle
advancement is done by making a small cut into the midline of the mandible and
repositioning a small piece of bone. This bone, the geniotubercle, attaches to the
genioglossus muscles. As the geniotubercle is pulled forward, the tongue is also pulled
forward, potentially relieving any airway obstruction caused by the base of the tongue. A
hyoid myotomy involves releasing the infrahyoid muscles and then fixating the hyoid
bone in a more anterior position. This is also intended to enlarge the retrolingual airway.
A combined success rate of approximately 60% has been reported when UPPP has been
combined with geniotubercle advancement and hyoid myotomy [Riley et al., 2000].
The practice parameters of the American Sleep Disorders Association provide
recommendations for the surgical management of OSA patients [ASDA, 1996].
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H. Oral Appliances

The origins of oral appliance (OA) therapy in the management of OSA can be
traced back to 1902. French Physician Pierre Robin used his “Monobloc” appliance to
treat children suffering from breathing difficulties and glossoptosis (downward
displacement or retraction of the tongue) due to mandibular hypoplasia.[Robin,1934].

The first report of an OA that repositioned an adult’s mandible to treat OSA was
published in 1980 [Bear and Priest, 1980]. In 1982, the first patient series of OA therapy
was reported which described an oral appliance that repositioned the tongue [Cartwright
and Samelson, 1982]. The OAs currently used to treat sleep disordered breathing can be
divided by mode of action into Tongue Retaining Devices (TRDs) or Mandibular
Repositioning Devices (MRDs).

I.

Tongue Retaining Devices

Tongue Retaining Devices reposition the tongue in an anterior position by
securing it with negative pressure in a plastic bulb. They were first developed by Charles
Samuelson MD in 1978. Custom made TRDs have been shown to effectively reduce the
number of upper airway obstructions in OSA patients [Cartwright and Samelson, 1982].
TRD’s came off patent in the late 1990s.
comparable results [Kingshott et al., 2002].

14

An “over the counter” TRD showed

J.

Mandibular Repositioning Devices
The OAs used most frequently in the treatment of OSA are Mandibular

Repositioning Devices (MRDs). These are either a one-piece (Monobloc) or two-piece
design (Bibloc) and are either custom made or pre-fabricated [Eckhart, 1998]. The onepiece design fixes the mandible rigidly in an anterior position. The two-piece devices
allow for some freedom of mandibular movement in a lateral, vertical and/or anterior
direction. This freedom of movement has been suggested to decrease TMJ disorders and
improve patient comfort [Henke et al., 2000]. Most two-piece appliances are sagitally
adjustable, thereby allowing for individual titration and possibly greater mandibular
advancement [Pancer et al., 1999]. A prefabricated MRD generally requires only an
individual molding of a thermoplastic material, while a custom-made device usually
requires dental impressions, bite registration and fabrication by a dental laboratory.
Research has shown that custom made MRDs are more effective than thermoplastic
devices in the treatment of SDB [Vanderveken O.M. et al., 2008]. The main issues seen
with the thermoplastic devices are inadequate reduction in AHI, poor reduction in snoring
and poor patient compliance because of insufficient overnight retention. These problems
lead to 82% of patients preferring a custom made device over the prefabricated
thermoplastic device with 9% having no preference [Vanderveken O.M. et al., 2008].
The custom made, two-piece MRDs are increasingly accepted treatment alternatives,
particularly for patients with mild to moderate OSA [Reeves-Hoche et al., 1994; Sin et
al., 2002; Marklund et al., 1998; Marklund et al., 2004; Clark et al., 1996]. They are
worn in the mouth and are designed to maintain the mandible and/or tongue in a
protruded position during sleep, preventing airway occlusion [Ferguson et al., 1997].
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1.

Mechanism of action

There are many potential explanations in the literature of the mechanism
of action of the MRDs. Movement of the mandible forward may prevent oropharyngeal
airway obstruction by moving the genioglossal and the suprahyoid muscles anteriorly
[Tegelberg et al., 1999]. Forward and inferior displacement of the mandible may decrease
the gravitational effect of the tongue and preserve the velopharyngeal airway by
stretching the palatoglossal muscles and the palatopharyngeal arch [Ryan et al., 1999;
Tegelberg et al., 1999]. Stabilization of the mandible and hyoid bone may prevent
posterior rotation of the mandible and retrolapse of the tongue during sleep [Loube,
1998]. Three-dimensional imaging and cephalometric studies have demonstrated that
mandibular repositioning increases oro-, hypo-, and velopharyngeal dimensions [Battagel
et al., 1999; Gale et al., 2000; Schwab, 2001]. Endoscopic studies have demonstrated that
mandibular advancement results in an increased cross-sectional area of the velopharynx
[Isono et al., 1995; Ryan et al., 1999]. The effect of an MRD has also been attributed to
normalization in physiological properties of the upper airway [Yoshida, 1998]. For
example, mandibular rotation and advancement 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 awake indicates that
further research and study of the exact mechanism of action of MRDs in treating OSA is
required.
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2.

Effectiveness

Based on subjective reports of patients and their bed partners, MRD
therapy improves snoring in a high proportion of patients [Schmidt-Nowara et al., 1995;
Lindman and Bondemark, 2001]. Other benefits of MRD treatment include decreases of
excessive daytime sleepiness, improvements in work performance, and improved sleep
quality of both patient and bed partner [Arai et al., 1998; Mehta et al., 2001; Gotsopoulus
et al., 2002]. Sleep studies confirm the patient reported benefits by showing a decrease in
snoring frequency and intensity, AHI or RDI, oxygen desaturation frequency and
intensity, and number of arousals [ Mehta et al., 2001; Gotsopoulus et al., 2002]. MRD
treatment has been associated with significant increases in REM sleep [Clark et al.,
1996]. Although the initial effect of MRD has been reported to be stable over a five-year
period [Marklund et al., 2001 ], there are studies suggesting a gradual decline in treatment
effect in both the short and long term [Walker-Engström et al., 2002]. Despite an
unsatisfactory change in the number of breathing events, patients may report fewer
symptoms [Lowe et al., 2000]. An increased AHI after MRD therapy has been reported in
approximately 13% of patients [Schmidt-Nowara et al., 1995]. Because of this risk of an
increased AHI, a follow-up sleep study should always be conducted after MRD treatment.
MRD treatment success has also been associated with a lower Body-Mass Index (BMI),
smaller neck circumference, younger age, and a lower baseline AHI [Mehta et al., 2001].
The ASDA practice parameters also offer guidelines to determine whether an OSA
patient is a candidate for an oral appliance [Millman et al., 1998].
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The two most

commonly quoted predictors of success with oral appliances are the presence of primarily
supine positional OSA, and an OSA severity range from mild to moderate (AHI = 5 to
30) [Reeves-Hoche et al., 1994; Marklund et al., 1998]. Some studies have suggested
that given correct adjustment of the appliance, patients with severe OSA (AHI >30) can
benefit from treatment with MRD [Ferguson et al., 1996; ASDA Standards of Practice,
1995; Henke et al., 2000, Walker-Engstrom et al., 2003]. One study has suggested that
women are more likely than men to benefit from treatment with MRD, and those men
with supine positional OSA are most effectively treated by MRD [Sin et al., 2002].

3.

Side effects and complications

Research shows that side effects do occur in patients using MRDs. The
side effects include excess salivation, xerostomia, TMJ pain as well as dental and/or
myofacial discomfort. In most cases these side effects are minor and must be balanced
against the efficacy of the MRD in treating OSA [Schmidt-Nowara et al., 1995; Pantin et
al., 1999]. 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
retrodiscal blood in the temporomandibular joint area as a result of full-night mandibular
protrusion [George, 2001]. In individual cases, permanent occlusal alterations have been
observed after long-term treatment periods [Rose et al., 2001].

The type of appliance, patient compliance, and the amount of mandibular
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protrusion may affect the frequency and severity of side-effects. In a recent study of a
MRD, the TAP III appliance, a clinically small but statistically significant dental side
effect was observed that predominantly affected the incisors’ inclination occur after long
term wear [Ghazal et al., 2009]. The fact that occlusal changes can occur emphasizes the
importance of using jaw repositioning devices and regular follow up appointments in
active MRD therapy patients.

4.

Compliance

Generally, patient-reported compliance with MRD therapy is 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 prescribed in only 32% of patients [Rose et
al., 2002]. Others suggest that long-term compliance with MRD therapy is similar to
CPAP [Eveloff, 2002]. Covert compliance monitoring has shown excellent agreement
between objective and subjective (patient reported) compliance [Lowe et al., 2000]. The
main reasons that MRD therapy is discontinued are side-effects, complications, or the
perceived lack of benefit [McGown et al., 2001]. Studies looking at the impact of sideeffects 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 discontinued treatment [Clark et al., 2000;
McGown et al., 2001].
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5.

Titration and degree of mandibular advancement of MRDs.

Titration protocols have not been established in clinical trials to date.
Different degrees of mandibular advancement have been used in previous MRD studies.
In one study the effects of different degrees of advancement was assessed in patients with
moderate OSA. The advancement of the mandible produced a dose-dependent closing
pressure reduction of the pharynx and a concomitant reduction of nocturnal desaturations
[Kato et al., 2000].

Patients with severe OSA have been shown to have more extended
obstruction from the soft palate to the base of the tongue than mild to moderate OSA
patients and might therefore benefit from a more pronounced development [Hillarp et al.,
1996]. A study compared the effect of two different degrees of mandibular advancement,
50% and 75% of maximum protrusion, when treating a group of severe OSA patients.
The 75% subjects had a significantly higher effect of treatment than the 50% subjects,
with no difference in the adverse effects experienced [Walker-Engstrom et al., 2003].

Other studies advise a titration position of 1.8 ± 1.2 mm after 70% of
maximal mandibular advancement [Ferguson et al., 1997]. The evidence suggests that
greater mandibular advancement will produce better treatment of severe OSA patients.
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6.

Reviews of MRDs

The scientific literature to support the efficacy of oral appliances in the
treatment of OSA is growing. Over the past ten years, studies have reported decreases in
AHI between 40% to 75%, in patients fitted with MRDs [Pancer et al., 1999; Eveloff et
al., 1994; Ryan et al., 1999]. A 2004 systematic review of the literature [Hoekema et al.,
2004] stated, “It can be concluded that OA therapy is a viable treatment for, especially,
mild to moderate OSA”. There is, however, a lack of standardization in treatment
protocols across appliances, procedures for titrating the devices, and the degree of patient
follow-up. This has resulted in a wide variance in treatment outcomes in OSA patients
treated with MRDs. A 2006 systematic review of the literature [Ferguson et al., 2006]
states that evidence exists that oral appliances are effective in treating patients with mild
to moderate OSA and play a role in treating patients in whom an alternative to CPAP is
desired.

K. Thornton Adjustable Positioner Appliance (TAP)

The TAP is an adjustable mandibular repositioning device. It was validated in a
study of 75 patients with polysomnography conducted at baseline, and again following
insertion and adjustment of the appliance [Pancer et al., 1999]. The results showed a
significant reduction in the AHI, a reduction in the arousal index, and a decrease in
Epworth scores.
In a second study of 100 patients evaluated over a two year period, mean AHI
dropped from 39 to 9, mean oxygen saturation increased from 86% to 94%, and the
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intensity and frequency of snoring improved in 80% of patients [Gerschman, 2002].
Before treatment, 45% of patients were sleeping with their bed partners. After treatment,
this value increased to 84%. After two years, 90% of patients continued with the TAP. In
a 2004 study [Rose et al., 2004], 34 patients were evaluated by PSG prior to, and three
weeks after, insertion of the TAP. The mean AHI decreased significantly. The apnea
index also improved significantly, as did minimal oxygen saturation and the desaturation
index. The arousal index and the subjectively assessed daytime sleepiness also decreased
significantly. A therapeutically “normal” AHI of below 5 events per hour was achieved
in 88.2% of the patients.

L. Definitions of successful treatment of OSA

A recent literature review identified at least seven different definitions of
treatment success in oral appliance therapy [Ferguson et al., 2006]. In order to compare
different studies of MRD therapy in OSA a uniform definition of treatment success is
indicated. One systematic review suggested defining success as a correction of AHI to
physiological normal levels (i.e. AHI < 5) and suggested the definition of partial response
to be a satisfactory improvement of symptoms combined with a 50% or greater reduction
in AHI and the post-treatment AHI should not exceed 20. Patients not meeting these
criteria should be considered “non-responsive” to treatment. Patients who discontinue
treatment for any reason should be considered “non-adherent” to treatment [Hoekema et
al., 2004]. The reason given that the post treatment AHI should not exceed 20 is because
of the associated risk of increased mortality [He et al., 1988].
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Another review defined treatment success as a post-treatment AHI of less than 10
and suggested response to treatment was a 50% reduction in the initial AHI even if the
post- treatment AHI remained above 10 [Hoffstein, 2007].

A recently published article comparing two oral appliances for the treatment of
OSA used the following criteria; a complete treatment response with an MRD was
defined when patients were satisfied with treatment and the AHI was less than five events
per hour; a sufficient response was recorded when the AHI fell to less than 10 events per
hour. A partial response was defined as a reduction of at least 50% in the AHI but not
below 10 events per hour with an improvement in symptoms [Ghazal et al., 2009]. This
was a modified classification of treatment response used by other groups regarding mild
to moderate OSA patients treated with oral appliances [Barnes et al., 2002, Mehta et al.,
2001].
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III. STATEMENT OF THE PROBLEM

Obstructive Sleep Apnea is severely under-diagnosed with an estimated 80% to
90% of all North American cases remaining under-diagnosed [Young et al.,1997].
Potential patients typically face lengthy waiting periods to see a sleep physician and
receive a diagnosis. The mortality and morbidity risks, and the social and quality of life
issues associated with untreated OSA have already been discussed.

Two main reasons have been cited for the high number of undiagnosed patients.
The first reason is a lack of awareness of the disorder among the public and a lack of
knowledge of the disorder among physicians. The second reason involves the nature of
the “gold standard” diagnostic procedure for OSA. As previously stated, overnight PSG
study is intrusive, costly, and requires the involvement of both a technician and
interpretative sleep specialist.

When a diagnosis of OSA is obtained, one of the treatment options is a
mandibular repositioning device. Oral appliances are accepted for treatment for OSA
patients with mild to moderate disease, and for those patients who cannot or will not
wear CPAP.

Post-treatment PSGs have validated these appliances as successfully

lowering the AHI in study patients. The costs and time involved in a second in-lab PSG
are disincentives to most patients. Therefore, the most common measure of treatment
success in these oral appliance patients is a subjective report of improvement in their
symptoms and quality of life.
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The second problem is that there is no definitive treatment protocol for the
adjustment of these appliances, because no sleep recordings have been made to
demonstrate how adjusting the appliance affects the patient’s OSA symptoms or AHI.
In summary, there is a need for further research into the treatment of OSA patients
using MRDs in order to demonstrate that there has been a change in the AHI at the
point of treatment when the patient (or patient’s bed partner) notices an improvement in
symptoms, and to evaluate how the patient’s AHI is affected by further adjustment of
the MRD from this point of “subjective cure”. In order to obtain this information,
multiple sleep studies need to be performed. The use of an in-home sleep monitor,
which has been validated against PSG, would be the most convenient and cost effective
way of obtaining this data.

25

IV.

RESEARCH OBJECTIVES

A. Purpose

1.

To demonstrate the utility of the RSR in obtaining pre-treatment
baseline data for dental patients with a diagnosis of OSA prior to
receiving an oral appliance.

2.

To evaluate the use of the RSR home monitor as an inexpensive means
for dental sleep specialists to assess outcomes for patients treated with
oral appliances (MRDs).

3.

To evaluate the use of RSR in a repeated measures protocol to guide the
treatment protocol for the proper titration of oral appliances.

B. Aims

1.

Demonstrate that MRDs are an effective treatment for patients with
moderate to severe OSA.

2.

Demonstrate that the RSR can be used to assess the treatment outcomes
of patients treated with MRDs.
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3.

Demonstrate that using the RSR to record the physiologic response to a
range of protruded mandibular positions can be used to develop
treatment recommendations for the titration of MRDs.

C. Working Hypothesis

1.

A mandibular repositioning device (TAP 3) is effective in reducing
snoring and sleep apnea in patients diagnosed with moderate/severe
OSA.

2.

There is an optimal treatment position for OSA patients treated with a
MRD that can be determined using a home monitor.

D. Significance of the Research

The American Academy of Sleep Medicine’s 2005 commissioned systematic
review of the literature [AASM Standards of Practice, 2005] stated:

“The newer titratable appliances may improve outcomes but
optimal treatment protocols need to be defined. In particular the
role of home monitoring in the optimization of the amount of
mandibular protrusion needs to be determined”.
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The RSR has previously been validated as an alternative to PSG. Additional
research evidence of the RSR in confirming the diagnosis of OSA in a dental setting
could greatly increase identification of patients by dental sleep specialists, and therefore
increase the number receiving all treatments (not limited to oral appliances). The Centers
for Medicare and Medicaid Services (CMS) has recently issued a national coverage
determination (NCD) that provides for reimbursement for diagnosis of OSA with a type
2, 3 or 4 home monitor. This could very significantly change how OSA is diagnosed in
the future, with increased usage of home sleep monitors rather than PSG studies.

This research will add to the scientific literature examining the use of the
RSR and the TAP 3 appliance in treating OSA patients. It will also investigate the
validity of an in-home monitoring method that objectively demonstrates the effectiveness
of an oral appliance, as opposed to the subjective reports of improvement in symptoms
used currently by many dental sleep specialists. The data collected in this study will
contribute to a standardized procedure for titrating an oral appliance, such as the TAP 3.

Publication of this research in the dental literature will increase awareness in the
dental community of OSA, OSA treatment by oral appliances, and the use of home sleep
monitors by dental sleep specialists in the evaluation of such treatment.
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V.

MATERIALS AND METHODS

A. Materials

1.

Remmers Sleep Recorder

The RSR (Figure 1) is a clinically validated, ambulatory sleep recorder designed
for unattended sleep studies in the home environment. It derives up to 10 signals from 6
probes attached to the patient. For our study purposes, we shall use 3 probes to derive 5
signals. (Table 1)
The subject is instructed on how to apply the probes and how to visually validate
the competence of each signal using the visual-analogue scale on the front of the
recorder. After one night of unattended recording, the recorder is returned and the data
downloaded through a serial connection to a computer equipped with the Remmers
Insight Software.

29

Figure 1: Remmers sleep recorder front panel view
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Table 1: RSR Inputs and Derived Signals

Recorder Inputs

Derived Signals

Pulse Oximeter Finger Probe

Oxygen Saturation
Heart Rate

Tracheal Sound Transducer

Snoring Sound
Body Position

Nasal Cannula

Respiratory Airflow

31

Figure 2: Patient connected to the RSR via the 3 sensors
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2. Remmers Insight Software

Remmers Insight Software displays a full disclosure of all 6 signals at a
selectable sweep speed and automatically calculates summary statistics.

It uses the

oxygen saturation signal to detect a respiratory disturbance. Desaturation events are
noted as a respiratory disturbance and are identified on the full disclosure tracing with a
vertical black line. (The respiratory airflow or respiratory effort signals are not used in
detecting a respiratory event.)

In PSG-AHI:
AHI = Total number of Apneas, Hypopneas and RERAs recorded
Total sleep time in hours

In RSR-AHI:
AHI = Total number of Apneas and Hypopneas detected by desaturation
Time pulse oximeter finger probe is in contact

The software automatically analyzes the acquired data. The key results
were the total AHI, the lowest oxygen desaturation during a respiratory disturbance (Low
%) and the percent of time that the oxygen saturation is below 90%.
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3.

Thornton Adjustable Positioner 3 (TAP 3)

The TAP 3 oral appliance (Figure 3) was used exclusively for this study.
The appliance holds the lower jaw forward, preventing the tongue and soft tissue of the
throat from collapsing into the airway. This is an FDA approved class II medical device
for treating snoring and OSA. Patients were fitted for the appliance using standard dental
technology for making custom oral appliances.

The devices were manufactured

according to the Good Manufacturing Procedures (GMP) as required by the FDA and
Airway Management Inc. (the device manufacturer). A single dental laboratory
technician trained and certified by Airway Management Inc. fabricated all the appliances
used in the study.
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Figure 3: TAP 3
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4.

Patient questionnaires [Appendix D, E, F]

●

Epworth Sleepiness Scale is a self-administered questionnaire
designed to provide a measurement of the subject’s general level of
daytime sleepiness [Johns, 1991.].

●

Thornton Snoring Scale is a self-administered questionnaire
designed to provide a measurement of the effect of the subject’s
snoring on themselves and those around them.

●

Sleep Apnea Quality of Life Index (SAQLI) is a self-administered
questionnaire designed to provide a measurement of the impact
that snoring and/or sleep apnea has on the daily activities,
emotions, social interactions of the subject and other symptoms
that may have resulted [Flemons et al.,1998, Flemons et al., 2001,
Lacasse et al.,2002].
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5. George Gauge

The George gauge [Peter T George DDS, Honolulu, HI] is an adjustable
instrument that can be preset to guide the mandible to any desired position along the
range of the protrusive path. It can be used to measure a patient’s range of mandibular
protrusion and then can be set at a fixed percentage of maximum protrusion.
The George gauge was used to test the protrusive range of mandibular
motion of all subjects. The gauge was set at 60% of maximum protrusion (Figure 4). A
5mm inter-incisal distance bite fork was inserted into the gauge to support the registration
material used to make a protrusive record [George, 1992].
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Figure 4: George gauge set at 60% maximum mandibular protrusion with jaw
relation record
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B.

Subjects and Screening

The Sleep Physicians in the Veterans Affairs Hospital in San Antonio
were given a copy of the statement of approval by the IRB with the study #, study
protocol, a list of the subjects’ responsibilities, and the following subject selection
criteria:
●

V.A. Hospital patient of record

●

18 to 80 years old

●

PSG diagnosed with AHI greater than 15

●

Subject failed or refused nasal CPAP treatment

●

To be consecutively referred with a target of 25% either
minority or female

The sleep physicians were advised of the following medical exclusion criteria:
●

Severe lung disease

●

Severe coronary artery disease

●

Unstable angina

●

Myocardial infarction in the last 6 months

The physicians were asked to forward the contact details of 30 subjects
who fulfilled the above criteria and were interested in taking part in the study. The
prospective subjects were then contacted by phone and the study details were briefly
explained to them. Interested persons were then mailed a screening pack and instructed
to bring the completed documents to the screening appointment.
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The screening pack contained the following:
●

Medical and dental history, including sleep-disordered
breathing report

●

Epworth Sleepiness Scale

●

Thornton Snoring Scale

●

Sleep Apnea Quality of Life Index (SAQLI)

●

List of study subject’s responsibilities

●

Patient information leaflets for the RSR and the TAP appliance

●

Informed consent (to read only)
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C.

Methods

The procedures up to appointment 5 are the routine standard of care for
patients receiving OA treatment for OSA, irrespective of the research study. All
procedures were carried out by the principle investigator unless otherwise noted.

1st Appointment – Initial Screening:
● Dental examination (using Objective Signs Oral Examination Form) and
radiographs, screening particularly for the following exclusion criteria:
A.

Insufficient number of teeth to support appliance (8 in each arch)

B.

Tooth mobility

C.

Active caries

D.

TMJ dysfunction

E,

Significant gag reflex

F.

Evidence of severe bruxism

G.

Limited maximum protrusion (less than 6.0 mm)

● Collected the completed patient forms.
● Explained subject responsibilities and the informed consent form.
● Answered any patient questions.
● The primary investigator reviewed the research protocol and obtained the
signed consent form. These were kept locked in room 4.638U at the
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UTHSCSA Dental School.
●

Demonstrated the use of the RSR on the subject and gave subject
the recorder to bring home and perform the baseline, pre-treatment
home sleep study.

2nd Appointment:
●

Collect RSR record and download data to computer with Remmers
Insight Software installed. Analyze the data.

●

Repeated RSR study if there were technical problems.

●

Subjects who had problems wearing the RSR were referred back to
the sleep physician, and new subjects were screened.

●

Compared RSR data to subject’s initial PSG.

●

Alginate impressions and a George Gauge protrusive interocclusal
record at 60% of maximum protrusion were made. The records
were forwarded to the dental laboratory in the Audie Murphy VA
Hospital for fabrication of the TAP 3 appliance.

3rd Appointment:
●

The TAP appliance was placed and adjusted as necessary.

●

Subject was instructed to adjust the screw 0.25 mm per night (½
turn clockwise) until snoring ceases or patient feels more rested
and less sleepy during the day.

●

Use of OA and home care instructions were given.
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●

A 3 week follow-up appointment was made.

4th Appointment:
●

The TAP was checked and adjusted as required.

●

The subject’s self-titrated position (STP) was marked on the
appliance and recorded in patient notes.

●

If subject reported that they had not yet reached STP this
appointment was repeated in 2 weeks to allow for further titration.

●

If the subject stated that they had reached the STP, the subject was
given a RSR to perform a home study (1 of 4) with the TAP in the
self-titrated position.

The procedures from this point on are for research purposes.

5th Appointment:
●

Collect RSR and download data.

●

Subject was instructed to adjust TAP screw 1.0 mm forward from
STP (2 full turns of key clockwise).

●

RSR sleep study (2 of 4).

6th Appointment:
●

Download RSR data.

●

Subject was instructed to adjust 2.0 mm forward from STP (2
further complete turns clockwise)

●

RSR sleep study (3 of 4).
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7th Appointment:
●

Download RSR data.

●

Subject was instructed to adjust 1.0 mm backward from STP (6 full
turns counter clockwise).

●

RSR sleep study (4 of 4).

8th Appointment:
●

Download the RSR data.

●

TAP appliance was checked again for fit and function.

●

Subject was informed of treatment position with greatest
improvement in AHI and advised to have TAP set at that position.

●

Subject given the Epworth Sleepiness Scale, the Thornton Snoring
Scale and the SAQLI to fill out the post treatment portions and
return in pre-paid mail.

●

The collected sleep study data from the 30 subjects were checked
by sleep specialists for invalid studies.

●

Subject released from study with instructions to continue
treatment/ regular check-ups at V.A. Hospital
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D. Compensation

There was no financial compensation for taking part in this study. Subjects
were not charged for any aspect of their treatment. There was no penalty for any subject
who did not complete the study.

E. Possible Risks to Patients and Special Precautions

Some subjects were not able to tolerate night time wear of the oral appliance.
Subjects were advised of the possibility of temporary adverse side effects such as
excessive salivation, sore tempromandibular joints, sore teeth or slight changes in their
occlusion. Subjects were further informed that these side effects usually diminish within
an hour after appliance removal in the morning and that on rare occasions, a permanent
bite change may occur. Oral appliances can wear and break, and the possibility exists that
these may be swallowed. As with any form of medical or dental treatment, unusual
occurrences can and do happen. Broken or loosened teeth, dislodged dental restorations,
mouth sores, periodontal or periapical pathology, root resorption, muscle spasms, and
tinnitus were all possible occurrences. Most potential complications and unusual
occurrences are infrequent. Additional medical and dental risks that have not been
mentioned may occur.

Detailed oral and written instructions were given to all subjects describing
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wear and care of the oral appliances to help avoid any of the complications previously
described. Subjects were instructed how to use the provided exercise bite tabs each
morning to reduce the risk of tooth, muscle, or joint discomfort, tooth movement, and/or
changes in subjects’ interocclusal relationships.

F. Alternative Treatments

In sleep apnea patients, nasal CPAP or surgery are alternative therapies to oral
appliances. All subjects in the study will have failed or refused nasal CPAP. If the TAP
treatment was unsatisfactory, the subject was referred back to their sleep physician for
further treatment options.

G. Confidentiality

Every reasonable effort was made to keep the subjects’ medical records
confidential. The principal investigator assigned each subject an identification number
and all future references to the subject were made using this number. The subjects’
personal information required for participation in this study was not disclosed outside the
research, and will remain confidential to the extent provided by the law.
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H. Data

1.

Data Description
There was one night of RSR data for 30 subjects prior to treatment, and

four nights of RSR data following a minimum of three weeks titration. There also were
three self-administered questionnaires (SAQLI, Thornton Snoring and Epworth
Sleepiness) at baseline and repeated at the subject’s best treatment position (BTP).

2.

RSR Data Recordings
The data from the RSR was downloaded to a P.C. and analyzed by the

Insight software. The software’s automatic analysis gave the following values; ApneaHypopnea Index (RSR-AHI), the percentage of the night that the oxygen saturation was
below 90% (% of < 90% O2) and the lowest oxygen saturation recorded (Lowest O2 %).
[Appendix H].

3.

Questionnaire Responses
The baseline and BTP responses were compared in each of the 32

subjects. This data was used to subjectively evaluate the treatment efficacy of the TAP
appliance.
4.

Statistical Model
The model used was the single factor repeated ANOVA.
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5.

Sample Size Considerations
The sample size of 30 subjects provides 80% power to detect a small

effect size of 0.29 (approximately 0.6 standard deviation difference) among means when
testing with a single group repeated measures with 5 measures at the alpha level of 0.05.
Power calculations were done with NCSS PASS 2002.
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VI.

RESULTS

A. Introduction

Subjects were classified using their PSG-AHI value as Moderate (15-29.9) or
Severe (30 or greater). A similar classification was used for initial baseline measurement
of variable AHI with the RSR, that is, Mild (0 to 14.9), Moderate (15-29.9), or Severe (30
or greater).

Quantitative data

included

Apnea-Hypopnea

Index

(RSR-AHI),

the

percentage of the night that the oxygen saturation was below 90% (< 90% O2) and the
lowest oxygen saturation recorded (Lowest O2 %). These data were analyzed using a twoway analysis of variance (ANOVA) for repeated measurements. The PSG-AHI group
(defined above) was a between-subjects factor; treatment (appliance setting) and the
PSG-AHI group by treatment interaction were within-subjects factors. Pairwise
comparisons were made among treatment outcome means within a PSG-AHI
classification and between PSG-AHI classifications for all treatment levels. These
pairwise comparisons among means following the ANOVA were Bonferroni adjusted.
Residual analyses indicated that log-transformed RSR-AHI data better conformed to the
assumptions underlying the ANOVA. Means and standard errors are reported for
untransformed data. Geometric means (antilog of means of log transformed data) and
95% confidence intervals also are reported for RSR-AHI.
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Categorical data were analyzed using the chi-square test for independence and
the McNemar’s or Bowker’s test for related samples. Mc Nemar’s test was used to
analyze the SAQLI and the Thornton Snoring Scale (TSS) and the Bowker’s test was
used to analyze the Epworth Sleepiness Score (ESS).

Associations were assessed by the Spearman Rank Correlation coefficient.
Changes in quantitative variables were compared using ANOVA for changes in score
categories for variables measured by questionnaires (SAQLI, TSS and ESS).
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A total of 40 subjects who fulfilled the inclusion criteria, were identified from
the consecutive referrals from the Sleep Physicians at the Audie L. Murphy VA Hospital
in San Antonio. These 40 individuals were then scheduled for the 1st appointment (Initial
Screening – see Methods and Materials) with the aim of recruiting 30 or more subjects to
the study that met the inclusion criteria. Of these 40 subjects, 32 were selected to take
home the RSR and perform the initial sleep study. 8 individuals did not fulfill the
requirements for participation in this study (Table 2).

Thirty-two (32) subjects were accepted into study, 21 completed all steps and
11 dropped out. Table 3 summarizes why these subjects dropped out.

Of the 21 subjects completing the study, 20 were male. The average age was
56 years (range 42 to 73 years). None of the 21 subjects were underweight or of normal
bodyweight, 6 were overweight (BMI 25-29.9) and 15 were obese (BMI 30 or greater).
The average pre-treatment PSG diagnosed AHI for these 21 subjects was 32.7 ± 3.3
(Table 4).
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Table 2: Reasons for subject exclusion

Reason for Initial Exclusion

No. of Subjects

Insufficient number of teeth

1

Required Dentistry

4

Problem understanding protocol/instructions

1

Concerned about side effects

1

Did not want to be in study

1

TOTAL

8
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Table 3: Reasons for subject drop out

Reason for Drop Outs

No. of Subjects

Failure to complete all steps

6

Unable to wear TAP 3

2

Unable to use RSR monitor

2

Died during study

1

TOTAL

11
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Table 4: Baseline subject characteristics

Variable

Mean ± SD

(Range)

55.6 ± 7.9

(42 – 73)

33.56 ± 5.02

(26.4 – 46.8)

Baseline PSG-AHI, events/h

32.7 ± 15.3

(15 – 71.8)

Baseline RSR-AHI, events/h

28.64 ± 22.15

(4.4 – 92.8)

Percent time <90% O2

9.07 ± 14.47

(0 – 63.4)

80.9 ± 7.4

(61 – 91)

3.0 ± 1.4

(1.1 – 5.5)

Epworth Sleepiness Scale

16.14 ± 3.47

(1 – 23)

Thornton Snoring Scale

8.86 ± 4.52

(0 – 9)

Age, year
BMI, kg/m2

Lowest O2 %
SAQLI Questionnaire

n = 21, (20 males and 1 female) out of 32 subjects recruited
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Graph 1: Baseline PSG-AHI vs Age

Baseline PSG-AHI
80

70

60

50

40

30

20

10

0
40

45

50

55

60

65

70

75

Age

There was a negative correlation between age and baseline PSG-AHI. PSG-AHI
decreases with age. The Spearman rank correlation coefficient between age and baseline
PSG-AHI was r S = - 0.43 (p = 0.0503).
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Graph 2: Baseline RSR-AHI vs Age
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There was a negative correlation between age and baseline RSR-AHI. RSR-AHI
decreases with age.
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Graph 3: Baseline PSG-AHI vs BMI
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The Spearman rank correlation coefficient between BMI and baseline PSG-AHI was r S =
0.15 (p = 0.5041). There was a positive correlation between BMI and baseline PSG-AHI.
As BMI increases baseline PSG-AHI increases.
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Graph 4: Baseline RSR-AHI vs BMI
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There was a positive correlation between BMI and baseline RSR-AHI. As BMI increases
baseline RSR-AHI increases.
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B.

Remmers Sleep Recorder Study Results

The average baseline RSR–AHI for these 21 subjects was 28.65 ± 22.15. Six
of the 21 subjects had baseline RSR-AHI’s that were less than 15, i.e. mild OSA and one
patient recorded a RSR-AHI of 4.4. However, this subject’s PSG AHI was 23.9 and the
subject had other criteria which confirmed the sleep apnea diagnosis even with the AHI
recorded below 5.

There was a significant difference (p = 0.0341) between PSG-AHI and RSRRDI in the 21 subjects when classifying them into the mild, moderate and severe OSA
groups (Table 5).

There was a significant difference in the fractions of subjects classified as
mild, moderate or severe using PSG-AHI compared to classification of subjects using the
initial home monitor measurement of RSR-AHI (Table 5).
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Table 5: Classification of subjects by OSA severity using PSG and RSR

Baseline AHI
Mild

Moderate

Severe

PSG

0

10

11

RSR

6

8

7
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Graph 5: Baseline PSG-AHI vs Baseline RSR-AHI
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The Spearman rank correlation coefficient between baseline RSR-AHI and PSG-AHI was
r S = 0.82 (p = 0.0001). There was a positive correlation between baseline PSG-AHI and
baseline RSR-AHI.
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100

Graph 6: Baseline PSG AHI vs Baseline % time < 90% O2
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There was a positive correlation between baseline PSG-AHI and baseline % time < 90%
O2 recorded by the RSR. The Spearman rank correlation coefficient between baseline %
time < 90% O2 and baseline PSG-AHI was r S = 0.69 (p = 0.0005).
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Graph 7: Baseline PSG AHI vs Baseline Lowest O2%
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There was a negative correlation between PSG-AHI and the lowest recorded oxygen
saturation. As the PSG-AHI increases we would expect the lowest recorded oxygen
saturation to decrease. The Spearman rank correlation coefficient between baseline
Lowest O2 % and baseline PSG-AHI was r S = -0.61 (p = 0.0035).
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Graph 8: Baseline % time < 90% O2 vs. Baseline RSR-AHI

Baseline % time < 90% O2
70

60

50

40

30

20

10

0
0

10

20

30

40

50

60

70

80

90

100

Baseline RSR-AHI

This shows a positive correlation between baseline RSR-AHI and baseline % time < 90%
O2. The Spearman rank correlation coefficient between baseline RSR-AHI and baseline
% time < 90% O2 was r S = 0.79 (p = 0.0001)..
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Graph 9: Baseline RSR-AHI vs Baseline Lowest O2 %
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This shows a negative correlation between baseline RSR-AHI and baseline Lowest O2 %.
The Spearman rank correlation coefficient between baseline RSR-AHI and baseline
Lowest O2 % was r S = -0.65 (p = 0.0014).
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Graph 10: Baseline % time < 90% O2 vs. Baseline Lowest O2 %
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This shows a negative correlation between baseline % time < 90% O2 and baseline
Lowest O2 %. The Spearman rank correlation coefficient between baseline % time < 90
and baseline Lowest O2 % r S = -0.89 (p = 0.0001).
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Table 6: Mean RSR-AHI at different treatment positions

Position
RSR-AHI Mean ± SEM (standard error of the mean)
Initial

Patient
selection
– 1.0 mm

Patient
selection

Patient
selection
+ 1.0 mm

Patient
selection
+ 2.0 mm

Moderate (15-29)

14.3 ± 2.2

6.8 ± 1.3

6.3 ± 0.8

4.4 ± 0.6

5.4 ± 2.5

Severe (30& above)

41.7 ± 7.0 28.8 ± 6.2 22.6 ± 5.6 19.0 ± 5.2 20.5 ± 6.4
b
ab
a
a
a

PSG-AHI
classification

a - Significantly different (p ≤ 0.05) from initial, within PSG-AHI classification
b - Significantly different (p ≤ 0.05) from Moderate, within condition

Table 6 shows the subjects divided into 2 groups by initial PSG-AHI. This
table demonstrates the mean RSR-RDI recorded initially (i.e. pre-treatment), at the
subject’s STP, 1.0 mm forward of STP, 2.0 mm forward of STP and 1.0 mm retruded
from the STP. In the severe group the RSR-AHI is significantly reduced at all treatment
positions with 1mm protrusive to the subject selected position producing the lowest mean
RSR-AHI. The mean initial RSR-AHI in the severe group is significantly different (p =
0.031) from the mean initial RSR-AHI in the moderate group.
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Table 7: Change in RSR-AHI between treatment positions

RSR-AHI

Mean ± SEM

Change from
baseline to
STP

Change from
STP to STP
+1.0 mm

Change from
STP
+1.0 mm
to STP
+ 2.0 mm

Change from
STP to STP
-1.0 mm

Moderate

-8.0 ± 2.6

-1.9 ± 0.6

1.1 ± 2.2

0.5 ± 1.1

Severe

-19.1 ± 6.5
*a

-3.5 ± 1.3
b

-0.2 ± 1.5
b

6.3 ± 3.0
b

PSG-AHI
classification

* - Significantly different (p ≤ 0.05) from zero
a - Significantly different (p ≤ 0.05) from moderate
b –Significantly different (p ≤ 0.05) change from baseline to STP, same
PSG-AHI classification

Three position changes within the severe group are significant i.e. from STP
to STP +1.0 mm, from STP +1.0 mm to STP +2.0 mm and from STP to STP -1.0 mm
(Table 7). None of the changes in RSR-AHI between the different treatment positions
were significant within the moderate group. The change in RSR-AHI from initial to STP
in the severe group was significantly different from that in the moderate group.
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Table 8: The mean values of % of sleep time that the oxygen saturation is below
90% at different treatment positions

% time < 90% O2

Mean ± SEM

Initial

Patient
selection
–1.0 mm

Patient
selection

Patient
selection
+1.0 mm

Patient
selection
+2.0 mm

Moderate

2.03 ± 0.98

2.05 ± 1.62

0.96 ± 0.49

0.47 ± 0.24

0.33 ± 0.23

Severe

15.46 ± 5.36

11.37 ± 4.77

8.71 ± 4.77
a

7.17 ± 4.18
ab

7.08 ± 4.73
ab

PSG-AHI
classification

a - Significantly different (p ≤ 0.05) from initial, within classification PSG-AHI
classification
b - Significantly different (p ≤ 0.05) from Patient selection –1.0 mm, within PSG-AHI
classification

The % time < 90% O2 values at patient selection, +1.0 mm and +2.0 mm in
the severe group were significantly improved (i.e. decreased) over the baseline values.
Also within the severe group the +1.0 mm and +2.0 mm values of % time < 90% O2 were
significantly different from the -1.0 mm position.
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Table 9: Mean change in % time < 90 between different treatment positions

% time < 90% O2

Mean ± SEM

Change from
baseline to STP

Change from
STP to STP
+ 1.0 mm

Change from STP
+1.0 mm to STP
+2.0 mm

Change from
STP to STP
- 1.0 mm

Moderate

-1.07 ± 0.86

-0.49 ± 0.31

-0.12 ± 0.09

1.09 ± 1.48

Severe

-6.75 ± 1.80
*a

-1.54 ± 0.83
bc

-1.51 ± 0.61
bc

2.66 ± 1.21
b

PSG-AHI
classification

* - Significantly different (p ≤ 0.05) from zero
a - Significantly different (p ≤ 0.05) from moderate
b - Significantly different (p ≤ 0.05) change from baseline to STP, same PSG-AHI
classification
c - Significantly different (p ≤ 0.05) change from STP to STP –1.0 mm, same PSG-AHI
classification

The changes that occurred between treatment positions in the percentage of
the night that the oxygen saturation was below 90% are only significant within the severe
group. The change in % time < 90% O2 that occurs between baseline and STP in the
severe group is significantly different from that which occurs in the moderate group. The
changes in % time < 90% O2 that occur from STP to STP +1.0 mm, from STP +1.0 mm
to STP +2.0 mm and from STP to STP -1.0 mm are all significantly different than that
which occurred between baseline and STP. The changes in % time < 90% O2 that occur
from STP to STP +1.0 mm and from STP +1.0 mm to STP +2.0 mm are also significantly
different from the change seen between STP and STP -1.0 mm.
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Table 10: The mean values of Lowest O2 % at different treatment positions

Lowest O2 %
PSG-AHI
classification
Moderate
Severe

Mean ± SEM

Baseline

STP
–1.0 mm

STP

STP
+1.0 mm

STP
+2.0 mm

85.4 ± 1.5

86.7 ± 1.4

85.7 ± 1.8

87.8 ± 1.0

88.1 ± 2.6

76.7 ± 2.2 a

78.4 ± 2.4
a

78.1 ± 2.9

80.5 ± 2.1

81.0 ± 2.8

a - Significantly different (p ≤ 0.05) from Moderate, within condition

The lowest oxygen saturations recorded during the sleep studies performed
with the oral appliance at the experimental settings were compared (Table 10). There
were no significant differences between the Lowest O2 % at the various settings. The only
significant difference noted was between the baseline Lowest O2 % and the STP -1.0 mm
values between the moderate and the severe groups.
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Table 11: Mean change in Lowest O2 % between different treatment positions

Mean ± SEM
Change from
baseline to STP

Change from
STP to STP
+1.0 mm

Change from STP
+1.0 mm
to STP
+2.0 mm

Change from
STP to STP
-1.0 mm

Moderate

0.30 ± 1.25

2.10 ± 1.02

0.00 ± 1.82

1.00 ± 0.65

Severe

1.36 ± 1.65

2.45 ± 2.74

1.78 ± 1.20

0.27 ± 1.83

PSG-AHI
classification

The changes in the lowest oxygen saturation recorded (Lowest O2%) between treatment
positions was recorded (Table 11). The degree of change that occurs in the Lowest O2 %
between positions is not significant (p ≤ 0.05).
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Table 12: Geometric means of RSR-AHI at different treatment positions

Geometric mean RSR-AHI (95% Confidence Interval)
PSG-AHI
classification

Baseline

STP –1.0 mm

STP

STP +1.0 mm

STP +2.0 mm

Moderate

12.7
(8.3-19.5)

5.7
(3.7-8.7)
a

5.7
(3.7-8.8)
a

3.5
(2.3-5.4)
a

3.1
(2.0-4.9)
a

Severe

37.1
(24.7-55.9)
b

23.4
(15.5-35.2)
b

19.1
(12.7-28.7)
ab

15.4
(10.2-23.2)
ab

15.2
(9.9-23.4)
ab

a - Significantly different (p ≤ 0.05) from baseline, within PSG-AHI classification
b - Significantly different (p ≤ 0.05) from moderate, within condition
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Assumptions of the statistical analysis are better satisfied when the data is log
transformed because the distribution of this data tended to be positively skewed
(Biological data often tends to be positively skewed and a standard, accepted way of
dealing with this is to log transform the data). The geometric means listed in Table 12 are
the anti-logs of the arithmetic means of the log transformed data. Taking the anti-log gets
us back to the original scale of measurements so that the magnitudes have meaning.
There were significant differences in the geometric mean treatment RSR-AHI values at
all positions when compared to the geometric mean baseline RSR-AHI values, in both the
moderate and severe groups (except for -1.0 mm from STP in the severe group). The
geometric mean RSR-AHI measurements for the severe group, at all conditions were
significantly different from those in the moderate group under the same condition.

The RSR-AHI at each of the treatment positions was evaluated as the relative change in
RSR-AHI from the baseline RSR-AHI and expressed as a percentage (Table 13). The
values under each condition were obtained using the equation:

Baseline RSR-AHI – Treatment RSR-AHI
Baseline RSR-AHI

x

100 =

Relative change in RSR-AHI
from baseline (%)

Relative change in RSR-AHI was not affected by PSH-AHI classification (p =
0.3376) or by the PSG-AHI classification by treatment interaction (p = 0.5133) but was
associated with treatment (p = 0.0301). The results show that the relative change in RSRAHI from baseline was significant at all treatment positions in both groups with the
exception of STP –1.0 mm in the severe group.
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Table 13: Relative change in RSR-AHI at the different treatment positions from
baseline (%)

Relative change from baseline (%) Mean ± SEM
Classification

Initial

Patient
selection
– 1.0 mm

Patient
selection

Patient
selection
+1.0 mm

Patient
selection
+2.0 mm

Moderate

0

48.9 ± 7.9*

46.9 ± 8.1*

65.7 ± 6.0*

57.0 ± 22.2*

Severe

0

23.0 ± 14.3

42.2 ± 8.2*

52.1 ± 7.5*

45.2 ± 10.4*

* - Significantly different (p ≤ 0.05) from initial values
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Table 14: Number of subjects who achieved BTP RSR-AHI at each of the different
treatment positions

Number of subjects achieving BTP RSR-AHI (%)
Classification

STP –1.0 mm

STP

STP +1.0 mm

STP +2.0 mm

1 (10.0%)

0 (0%)

3 (30%)

6 (60.0%)

Severe

0 (0%)

2 (18.2%)

3 (27.3)

6 (54.6%)

Overall

1 (4.8%)

2(9.5%)

6 (28.6%)

12 (57.1%)

Moderate
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Titration position was then evaluated by analyzing the number of subjects who achieved
their best treatment position (BTP), lowest RSR-AHI at the four experimental treatment
positions (Table 14). There was no significant association of the BTP with PSG-AHI
classification (p = 0.5921).

Most patients achieved the BTP at 2.0 mm additional

protrusion beyond their own selected titration position (STP). It should be noted that 3
patients did not have data at this setting because they could not tolerate the extra
adjustment from STP +1.0 mm forward to STP +2.0 mm.

In 2 of the 21 patients the position which reduced the RSR-AHI the most was
the STP location. In 6 of the 21 it was STP +1.0 mm (3 of these 6 could not tolerate any
further adjustment forward so were not tested at STP +2.0 mm). In 12 of 21 the BTP was
STP +2.0 mm.
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Treatment response was then classified using Hoekema’s recommendations.
[Hoekema et al., 2004] (Table 15). The results in Table 15 do not include the 11/32
subjects who did not complete the study, i.e. the non-adherents.

The following variables were used; a complete response is a best treatment
position RSR-AHI < 5, a partial response is a 50% or greater reduction in RSR AHI
(from baseline RSR-AHI to BTP RSR-AHI) and that BTP RSR-AHI must not exceed 20,
effective treatment is the sum of the complete and partial responses, non responders have
BTP RSR-AHI > 20 and subjects who discontinue treatment are non-adherent.

Overall the treatment provided was effective in 71.4% of subjects, with 28.6%
of subjects being non-responders. 33.3% of the subjects were classified as completely
treated and 38.1% were classified as partially treated, these two groups summed together
gave the number effectively treated.

If the subjects with severe OSA are evaluated as a group, the treatment was
effective in 54.5% and 45.5% were non responders. No severe OSA subjects were
completely treated. Subjects with severe OSA that were effectively treated were done so
partially.

In the moderate group 70% were completely treated, 20% were partially
treated giving an overall effective treatment percentage of 90%. This left only 10% nonresponders in the moderate group.
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Table 15: Treatment response – Hoekema Criteria (does not include non-adherents)

AHI

Effective (AHI < 20 and reduced
≥ 50%)
Complete < 5 Partial 5 – 20

Non-responder
> 20

Total

7/10 (70%)

2/10 (20%)

1/10 (10%)

10

Severe

0 (0%)

6/11 (54.5%)

5/11(45.5%)

11

Total

7/21 (33.3%)

8/21(38.1%)

6/21(28.6%)

21

Moderate

Effective Total

15/21 (71.4%)
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The data can also be evaluated using Hoekema’s classification including the
non-adherents in the numbers (i.e. those that discontinue treatment).The results in Table
16 reflect the changes to the data analysis related to the inclusion of the study drop outs
(non adherents).

Overall the treatment provided was effective in 46.9% of subjects, with 18.8%
of subjects being non-responders and 34.4% being non-adherent. 21.9% of the subjects
were classified as completely treated and 25% were classified as partially treated, these
groups summed together indicate the number effectively treated.

Looking at the subjects with severe OSA as a group, the treatment was
effective in 35.5%. 29.4% were found to be non-responders and 35.3% were nonadherent. No subjects with severe OSA were completely treated; any that were
effectively treated were done so partially.

In the moderate group 46.7% were completely treated and 13.3% were
partially treated, giving an overall effective treatment percentage of 60%. This left 6.75%
in the non-responders group and 33.35% non-adherents in the moderate group.

There was no statistically significant difference (p ≤ 0.05) between the
numbers of subjects who were non-adherent in the severe compared to the moderate
subject group.
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Table 16: Treatment response Hoekema Criteria (includes the non-adherents)

AHI

Effective (AHI < 20 and
reduced ≥ 50%)

Nonresponder
> 20

Nonadherent

Complete < 5

Partial 5 – 20

7/15 (46.7%)

2/15 (13.3%)

1/15 (6.7%)

5/15 (33.3%)

Severe

0 (0%)

6/17 (35.3%)

5/17(29.4%)

6/17 (35.3%)

Total

7/32 (21.9%)

8/32(25%)

6/32(18.8%)

11/32 (34.4%)

Moderate

Effective Total

15/32 (46.9%)
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In a recent article [Ghazal et al., 2009], OSA treatment responses were
classified according to the following parameters; success was a BTP RSR-AHI of 5 or
less, moderate success was a BTP RSR-AHI of greater than 5 and less than or equal to
10, partial success was a BTP RSR-AHI greater than 10 but with an overall reduction of
RSR-AHI of 50% or greater (from baseline RSR-AHI to BTP RSR-AHI) and failure
being a BTP RSR-AHI that is greater than 10 without a 50% reduction in RSR-AHI from
baseline to BTP.

When the results are analyzed according to Ghazal’s classification (Table 17),
16/21 (76.2%) would be considered successful treatment (including moderate and partial)
and 5/21 would be considered as failures (23.8%). A failure is defined as the patients
BTP AHI was neither reduced by 50% from the baseline AHI nor reduced below 10. All
of the failures were from the severe OSA group; the 10 subjects in the moderate group
were either successes or moderate successes (i.e. they were all treated to a BTP AHI of
less than 10).
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Table 17: Success of Treatment

PSG-AHI
classification

Success

Moderate
success

Partial
success

Failure

Total

Moderate

7 (70%)

3 (30%)

0 (0%)

0 (0%)

10

Severe

0 (0%)

3 (27.3%)

3 (27.3%)

5 (45.5%)

11

7 (33.3%)

6 (28.6%)

3 (14.3%)

5 (23.8%)

21

Total

PSG-AHI classification was significantly associated with outcome classification
(p=0.0004).
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The data can be further evaluated using classifications described by Ghazal
(Table 18). In this table the following classifications are used; a complete responder is
the same as success in Table 17, a partial responder includes those classified as both
moderate and partial successes in Table 17, non-responders are those described as
failures in Table 17 and a withdrawal is the term used to describe any subject that has
discontinued treatment.

Table 18 describes the data when the subjects who withdrew from the study
are included. Overall 21.9% of subjects were complete responders, 28.1% were partial,
15.6% were non-responders and 34.4% withdrew (dropped out). In the moderate group
46.7% are complete responders, 20% are partial responders, there were no nonresponders and 33.3% withdrew. In the severe group there were no complete responders,
35.3% partial responders, 29.4% non-responders and 35.3% withdrew. There was no
significant difference (p ≤ 0.05) in the number of drop outs between the moderate and
severe groups.
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Table 18: Responses to treatment

PSG-AHI
classification
Moderate
Severe
Total

Complete
responder

Partial
responder

Non
responder

Withdrawal

Total

7 (46.7%)

3 (20%)

0 (0%)

5 (33.3%)

15

0 (0%)

6 (35.3%)

5(29.4%)

6 (35.3%)

17

7 (21.9%)

9 (28.1%)

5(29.4%)

11 (34.4%)

32
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Six patients were included in the study with a diagnosis of moderate OSA
using the PSG-AHI measure. These subjects subsequently were classified as mild using
the baseline AHI obtained with the RSR home monitor (RSR-AHI). Therefore the effects
of treatment were evaluated using the baseline RSR-AHI classification. The results in
Table 19 demonstrate that the AHI was affected by baseline RSR-AHI classification
(p = 0.0349), treatment (p = 0.0001) and the baseline RSR-AHI classification by
treatment interaction (p = 0.0002). All treatment positions in the severe subjects produced
a significant reduction in AHI and STP +1.0 mm and +2.0 mm in the moderate subjects
give significant AHI reduction. The baseline RSR-AHI in the severe classification was
significantly different from those in the moderate and mild groups.
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Table 19: Evaluation of treatment response according to three different criteria

Criterion

Total

Moderate

Severe

Effective Treatment *

15/21 (71.4%)

9/10 (90%)

6/11 (54.5%)

AHI < 10

12/21 (61.9%)

10/10 (100%)

3/11 (27.3%)

AHI < 5

7/21 (33.3%)

7/10 (70%)

0/11 (0%)

* AHI < 20 and 50% reduction in AHI from baseline.
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Table 20: Mean RSR-AHI at different treatment positions with groups classified
using RSR-AHI instead of PSG-AHI

Mean RSR-AHI ± SEM
Baseline
RSR-AHI
classification

Initial

Patient
selection
– 1.0 mm

Patient
selection

Patient
selection
+1.0 mm

Patient
selection
+2.0 mm

Mild

10.0 ± 1.4

6.5 ± 1.3

7.1 ± 1.2

4.7 ± 1.0

7.0 ± 4.6

Moderate

22.6 ± 1.8

18.9 ± 5.2

13.4 ± 2.6

11.0 ± 2.5 a

11.2 ± 3.0 a

Severe

51.5 ± 9.2
bc

27.8 ± 9.7
a

23.1 ± 9.3
a

19.6 ± 8.5
a

19.9 ± 10.2
a

a - Significantly different (p ≤ 0.05) from initial, within initial AHI classification
b - Significantly different (p ≤ 0.05) from mild, within condition
c - Significantly different (p ≤ 0.05) from moderate, within condition
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Assumptions of the statistical analysis are better satisfied when the data is log
transformed because the distribution of this data tended to be positively skewed. The
results in Table 21 demonstrate that geometric mean RSR-AHI values were affected by
baseline RSR-AHI classification (p = 0.0208), treatment (p = 0.0001) but not by the
baseline RSR-AHI classification by treatment interaction (p = 0.6778). The data
demonstrates significant effects of treatment compared to baseline even for those initially
classified as mild.

These results show that patients initially classified by PSG-AHI as moderate
but whose baseline RSR-AHI classified them as mild still had significant treatment
effects in the STP + 1.0 mm and + 2.0 mm position.
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Table 21: Geometric means RSR-AHI at different treatment positions with groups
classified using RSR-AHI instead of PSG-AHI

Geometric means RSR-AHI (95% CI)
Baseline
RSR-AHI
classification
Mild

Moderate

Severe

Baseline

STP –1.0 mm

STP

STP +1.0 mm

STP +2.0 mm

9.4 (4.7-18.8)

5.5 (2.8-11.0)

6.6 (3.3-13.1)

3.4 (1.7-6.8)

3.3 (1.6-6.7)

a

a

9.0 (4.9-16.3)

8.2 (4.4-15.1)

a

a

12.6 (6.6-23.9)
ab

11.7 (6.1-22.6)
a

22.0 (12.1-40.1)

47.3 (25.0-89.6)
b

13.9 (7.7-25.3)

19.3 (10.2-36.5)
a

11.4 (6.3-20.7)

15.5 (8.2-29.4)
A

a -Significantly different (p ≤ 0.05) from initial, within Baseline AHI classification
b -Significantly different (p ≤ 0.05) from mild, within condition
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C.

Questionnaire Results

The subjective measure of treatment outcome was evaluated by three
questionnaires; the SAQLI, the Thornton Snoring Scale and the Epworth Sleepiness
Score. The full data from the questionnaires are contained in Appendix C. Tables 22, 23
and 24 demonstrate how the pre- and post-treatment questionnaire results relate to the
changes in three pre- and post-treatment RSR recorded variables (RSR-AHI, % time <
90% O2 and Lowest O2 %).

1.

Sleep Apnea Quality Life Index (SAQLI) (Appendix D)

The SAQLI is a validated, self-administered questionnaire designed to
provide a measurement of the impact that snoring and/or sleep apnea has on the daily
activities, emotions, social interactions of the subject and other symptoms that may have
resulted [Flemons et al., 1998, Flemons et al., 2001, Lacasse et al., 2002].

The questionnaires were completed at baseline, before treatment with
the TAP 3 appliance and then once again after titration, when subject was wearing the
TAP 3 appliance at BTP. The overall improvement in quality of life that results from
wearing the appliance is the post-treatment SAQLI score less the pre-treatment SAQLI
score. If this score is greater than or equal to one it indicates a significant improvement in
the subject’s quality of life. The SAQLI Score changed an average of 1.78 ± 0.22 points
(p = 0.0001) over all 21 subjects.
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Sixteen of 21 subjects (76.2%) experienced a significant change (≥ 1) in
the SAQLI Score. Five subjects (23.8%) experienced no improvement. There was no
association of significant change in the SAQLI Score with PSG-AHI (p = 0.6351).

The subjects were divided into two groups; those that showed no
improvement in SAQLI score (5/21) and those that showed significant improvement in
SAQLI score (16/21) (Table 22). The change in 3 RSR recorded variables from baseline
and BTP were analyzed to see if there were any statistically significant differences
between the degrees of change in the variables seen between the two groups. The analysis
found that there was no significant difference between the variable changes seen in the
two groups.

The negative numbers in the Lowest O2 % column simply indicate that
as subjects are treated the Lowest O2 % increases as opposed to the other values that tend
to decrease with treatment.
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Table 22: SAQLI Score compared to changes in 3 RSR variables recorded at
baseline and BTP

Mean ± SEM
SAQLI

n

Relative Change
in RSR-AHI

Change in %
time < 90% O2

Change in
Lowest O2 %

No improvement

5

59.5 ± 7.3

5.52 ± 1.94

-3.20 ± 3.58

Significant improvement

16

67.9 ± 6.3

5.86 ± 1.99

-3.75 ± 0.92

p = 0.4967

p = 0.2556

p = 0.9298
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2.

Thornton Snoring Scale (Appendix E)

The Thornton Snoring Scale is a self-administered questionnaire
designed to provide a measurement of the effect of the subject’s snoring on themselves
and those around them [Thornton et al., 1996].

The questionnaires were completed at baseline, before treatment with
the TAP 3 appliance and then once again after titration, when subject was wearing the
TAP 3 appliance at BTP. A Thornton Snoring Scale Score (TSSS) of 5 or greater
indicates that snoring may be significantly affecting the subject’s quality of life. The
mean baseline TSSS was 8.9. The mean BTP TSSS was 3.5. Overall 21 patients, the
TSSS decreased an average of 5.38 ± 0.70 points (p = 0.0001). Of 17 patients with a
baseline TSSS ≥ 5, 9 patients (52.9%) changed to less than 5 and 8 patients (47.1%)
remained in the ≥ 5 classification (p = 0.0027).

The subjects were divided into three groups; those that had a TSS score
of less than 5 at baseline and stayed less than 5 at BTP, those that had a TSS score of 5 or
greater at baseline and improved to less than 5 at BTP and those that had a baseline TSS
score of greater than or equal to 5 and stayed greater than or equal to 5 at BTP (Table 23).
The change in 3 RSR recorded variables from baseline and BTP were analyzed to see if
there were any statistically significant differences between the degrees of change in the
variables seen between the three groups. The analysis found that there was no significant
difference between the variable changes in the three groups.
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Table 23: Change in the TSSS compared to changes in 3 RSR variables recorded at
baseline and BTP

Mean ± SEM
n

Relative Change
in RSR-AHI

Change in % time
< 90% O2

Change in Lowest
O2 %

< 5→< 5

4

75.2 ± 9.2

7.95 ± 4.89

-2.50 ± 1.19

≥ 5→< 5

9

64.1 ± 6.7

2.51 ± 1.23

-2.78 ± 2.00

≥ 5→≥ 5

8

63.2 ± 10.6

8.36 ± 2.87

-5.13 ± 1.52

p= 0.6992

p= 0.1993

p= 0.5526

TSSS change
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3.

Epworth Sleepiness Score (Appendix F)

Epworth Sleepiness Scale (ESS) is a self-administered questionnaire
designed to provide a measurement of the subject’s general level of daytime sleepiness
[Johns, 1991]. The Epworth sleepiness scale has been validated primarily in OSA. It is
used to measure excessive daytime sleepiness and is repeated after the administration of
treatment (e.g. CPAP or MRD) to document improvement of symptoms.

A score of less

than 10 is considered normal. A score of 10 or more is considered sleepy. A score of 18
or more indicates that the subject is very sleepy.

The mean baseline ESS was 16.14. The mean BTP ESS was 7.05. Over
all 21 subjects, the mean ESS significantly decreased by 9.10 ± 0.92 points (p = 0.0001).
Of the 6 subjects initially classified as “Very sleepy”, 2 (33.3%) changed to “Sleepy”,
and 4 (66.7%) changed to “Normal”. Of the 15 subjects initially classified as “Sleepy”,
13 (86.7%) changed to “Normal” and 2 (13.3%) remained in the “Sleepy” classification.
That is, 19/21 (90.5%) improved their ESS category (p = 0.0003) (Table 24).
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Table 24: Change in the ESS compared to changes in 3 RSR variables recorded at
baseline and at BTP.

Mean ± SEM
ESS change
Sleepy to Normal

Sleepy to Sleepy
(No change)
Very Sleepy to Normal

Very Sleepy to Sleepy

n

Relative
Change in RSRAHI

13

62.5 ± 5.9

2

71.1 ± 13.3

4

83.6 ± 5.8

8.88 ± 4.76

-4.00 ± 1.78

2

47.2 ± 36.1

19.6 ± 0.8

-7.50 ± 6.50

p = 0.2831

p = 0.0042

p = 0.5113

Change in %
time < 90% O2
3.52 ± 1.15
a
0.40 ± 0.20
a

Change in
Lowest O2 %
-2.54 ± 1.33

-6.00 ± 2.00

a - Significantly different (p ≤ 0.05) from the” Very Sleepy to Sleepy” category
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Table 25: Spearman rank correlation coefficients of change in indices with changes
in quantitative variables

Variable
SAQLI
change

Thornton
Score
change

Epworth
Score
change

Relative
change in
RSR-AHI

Change in
% time
< 90

SAQLI change

1.00

Thornton Score change

0.43

1.00

Epworth Score change

0.52*

0.51*

1.00

Relative change in RSRAHI

0.23

-0.02

0.13

1.00

Change in % time < 90

-0.05

-0.10

-0.10

-0.10

1.00

Change in Lowest O2 %

0.13

0.09

0.45*

-0.18

-0.42

Change in
Lowest O2
%

1.00

* p ≤ 0.05

The changes in the Epworth Scores are significantly associated with the
changes in both the SAQLI and Thornton Questionnaires. The Epworth score change is
also significantly associated with the change in the lowest oxygen saturation (Lowest O2
%) recorded.
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D. Summary of Results

This summary of the variables measured in the study reveals improvement of
all subjective and objective criteria (Table 26).

In this study, the mean baseline RSR-AHI was 28.64 ± 22.15 and the mean
BTP RSR-AHI was 10.61 ± 3.15 which is a mean reduction in RSR-AHI of 62.95%.
The mean baseline lowest oxygen saturation (Lowest O2 %) was 80.9% and the mean
BTP lowest oxygen saturation was 84.48% which is an increase in the lowest oxygen
saturation of 4.48%. The mean baseline % time that oxygen saturation was below 90%
(% time < 90% O2) was 9.07 % and the mean BTP % time < 90% O2 was 3.29%, which
represents a 63.73% decrease.

The titration position which produced the lowest RSR-AHI (or BTP) in the
most subjects, 12 (57.1%) was 2.0 mm advanced from the STP, 6 (28.6%) had BTP at 1.0
mm advanced (including 3 who could not advance any further), 2 (9.5%) STP and BTP
were the same and 1(4.8%) BTP was 1.0 mm behind STP.

In terms of treatment success (using the criteria discussed in the Results
section) 16 (76.2%) subjects were successfully treated (including moderate and partial
responders) and there were 5(23.8%) failures. The mean SAQLI score from baseline to
BTP changed an average of 1.78 ± 0.22. (An increase of ≥ 1 indicates a significant
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improvement in subject’s quality of life). The mean baseline ESS score was 16.14 ± 3.47
and the mean BTP ESS score was 7.05, that is a mean decrease of 9.10 ± 0.92 (a score of
6 or more indicates the possibility of Sleep Disordered Breathing). About 90% (19/21 =
90.5%) of the subjects improved their ESS category, i.e. changed from Very Sleepy to
Sleepy or from Sleepy to Normal. The mean baseline TSSS was 8.9 and the mean BTP
TSS was 3.5 (where a score of 5 or greater indicates snoring may be significantly
affecting subject’s life). About 81% (17/21) patients initially had TSS scores of 5 or
greater, at BTP 9 subjects had reduced to a score of 5 or less and 8 patients remained at a
score of 5 or greater.
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Table 26: Summary of Baseline and BTP Results

Baseline
Mean

BTP
Mean

%
Improvement

RSR-AHI, events/h

28.64

10.61

62.95

% time < 90% O2

9.07

3.29

63.73

Lowest O2 %

80.9

84.48

4.42

Epworth Sleepiness Scale

16.14

7.05

56.32

Thornton Snoring Scale

8.86

3.5

60.5

SAQLI

3.0

4.78

59.33

Variables
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VII. DISCUSSION

Forty consecutively referred subjects were screened with the aim of recruiting 30
or more subjects for the study. This allowed for 25% of the screened subjects to be
rejected as unsuitable for inclusion. Of these 40 potential subjects, 8(20%) were excluded
at screening with 5(12.5%) that did not meet dental inclusion criteria. In a group of OSA
patients consecutively referred for oral appliance therapy it can be expected that up to
34% will be excluded because of dental limitations and of these about half (16%) will
need dental and periodontal care before MRD fabrication can be considered. The number
one reason that patients get excluded from oral appliance therapy is edentulism [Petit et
al., 2002]. In this study no edentulous subjects were referred and hence none had to be
excluded. In addition the VA Sleep Physicians did an excellent job of pre-screening the
subjects for medical exclusion criteria. Effective pre-screening by the physicians for
periodontal disease, unacceptable dental restorations or dental caries however was not
expected.

Five of the screened subjects in the study did not meet the dental inclusion criteria
and four of these subjects required dental treatment. These subjects were excluded for the
following reasons; two subjects had active periodontal disease that required treatment,
two had active caries that required treatment and one had an insufficient number of teeth
(6 in the maxilla and 6 in the mandible).
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Three additional subjects were excluded after screening for the following reasons; one
subject could not confirm that he understood the study protocol and what was expected of
him, one subject was concerned about the risk of dental side effects and one subject did
not want to go through all the study steps and expressed his desire solely to have the oral
appliance fabricated. No subjects were excluded for medical reasons because the VA
Sleep Physicians had effectively pre-screened the referred subjects.

Of the 32 subjects who met this inclusion criteria and consented to treatment, 21
completed the study with a full set of data and 11 dropped out [Table 3]. The dropout rate
of 11/32 is 34.38%, much higher than would be expected in a short term study.

Five subjects dropped out for the following reasons; 1 subject died of a
myocardial infarction during the self titration phase of the study (not established if this
was linked to OSA), 1 subject could not operate the RSR and after multiple attempts was
excluded, 1 could not wear the RSR because of some facial surgery to remove cancerous
skin lesions on the nose and was excluded (the RSR nasal canula airflow probe was very
irritating to the subject), 2 subjects had problems tolerating the TAP 3 appliance and
discontinued wear before the study was complete. One of the 2 subjects who had
problems tolerating the appliance complained of pain from the TMJ or teeth and one
subject expressed frustration at operating the anterior hook mechanism of the TAP 3.

The remaining six subjects failed to complete some of the required study protocol
for the following reasons; 4 subjects had the oral appliance fitted, reported that it was
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working well and stated that they wished to withdraw from the study, 1 subject never
returned after having the appliance placed due to work commitments and 1 subject
reported that he was very happy with the STP position and after the RSR home sleep
study at that position refused to adjust the appliance or to accomplish the three additional
RSR sleep studies.

One suggestion for the higher than normal drop out rate from the study may be
the source of the subjects. All the subjects were VA Sleep Clinic patients who had failed
or refused nasal CPAP and were looking for an alternative treatment. At the start of the
study there was a long wait to be seen in the VA Dental Clinic for fabrication of a MRD.
Some of the subjects may have perceived participation in the study as a quicker way of
getting an appliance made. It is noteworthy that all 5 of the subjects who had the
appliance placed and titration instructions given, reported they were wearing the
appliance and that they felt it was working well. These 5 subjects stated that they didn’t
have any problems that warranted a follow up visit. The study drop out rate will be
compared to that in other studies later in the discussion.

In this study there were no reports of lack of retention of the device, problems
with sleeping with the device or discomfort at night, all of which have been reported in
other studies [Vanderveken et al., 2008]. There was no significant difference in PSG-AHI
between those completing the study (mean PSG-AHI ± SE = 32.7 ± 3.3) and those not
completing the study (35.9 ± 8.3, p = 0.7252).
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All of the pre-treatment PSG-AHIs are in the moderate/severe range (i.e. 15 or
over) but six of the pre-treatment RSR-AHIs are below 15 (putting them in the mild
range). One theory that could explain this difference between baseline PSG-AHI and
baseline RSR-AHI is that the subjects sleep better in their own familiar environment
during the home sleep study. That could result in a lower AHI being recorded in the same
subject using the RSR home sleep monitor than the PSG. The selection criteria was based
on the PSG diagnosed AHI. The mean RSR- AHI, which was 28.65, was still in the
moderate/severe range. Graph 1 shows a positive correlation between the PSG-AHI and
the RSR-AHI baseline readings. This has also been seen in many studies comparing PSG
and home sleep recorders sleep data on the same subject [Issa et al., 1993, Vasquez et al.,
2000, Whitelaw et al., 2002].

A specific aim of this study was to evaluate experimental titration protocols. The
results demonstrated that most subjects achieved their BTP RSR-AHI with 2.0 mm of
mandibular protrusion from STP. As can be seen from the data in results Table 13, 3
subjects could not tolerate advancement of 2.0 mm beyond STP but they could tolerate
1.0 mm advancement. All 3 of these subjects found their BTP at the 1.0 mm advancement
position. This data and clinical observations suggest the following guidelines for selftitration of a MRD in a moderate/severe OSA patient:

●

Advance the mandible forward about 0.25 mm per night

●

Stop adjusting when either sleeping partner reports snoring has stopped and/or
excessive daytime sleepiness has gone
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●

This position is the patient’s STP (Self Titrated Position)

●

Advise patient to advance 2.0 mm beyond STP

●

If patient can’t tolerate, advance 1.0 mm

●

Perform home sleep study at this position

●

If study indicates AHI >5 advance further if patient can tolerate

●

Repeat home sleep study

Patients were advised to advance the mandible by 0.25 mm per night (i.e. one half
turn clockwise) until they felt subjectively better. This study protocol did not record the
actual number of millimeters of advancement from the starting position (i.e. 60% of
maximum protrusion) that it took to reach the STP. That information could facilitate
analysis of a patient’s selection of STP position, i.e. how many millimeters of
advancement are required to obtain a STP. These measurements could also be used to
determine the percentage of maximum protrusion that BTP occurred in study subjects.
This is a recommendation for any further studies evaluating titration protocols of MRDs.

Due to the short duration of this study side effects were not monitored nor did was
a follow up questionnaire used to record any problems the subjects may have encountered
while wearing and titrating the appliance. However only 2 of the 32 subjects who started
the study stopped wearing the appliance due to causes related to the appliance itself.
Another limitation of the short duration of the study was the lack of longer term follow
up. 18 out of the 21 subjects found the STP position during the assigned 3 week period
but 3 needed a further 2 weeks to find their STP. The titration sleep studies were
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performed over 4 consecutive nights and on the 5th day the subjects were advised of their
best treatment position, the appliance was set at that position and the patient advised to
wear the appliance at that position. Therefore 18/21 of the subjects were monitored
through the study for 4 weeks and 3 were followed for 6 weeks. No long term data
regarding compliance and /or problems with the MRD was collected. No arrangements
were made for the Principal Investigator (P.I.) to guide any further titration of the MRD
or perform any further home sleep studies on the subjects.

As subjects were released from the study they were advised to:
●

Return to the referring sleep physician and report to them on their progress.

●

Seek medical advice from the Sleep Physician on the necessity for posttreatment PSG with the appliance in place at BTP.

●

Return to the VA Dental Clinic if they experienced any problems with the
MRD.

●

Advance the appliance further forward if they felt the symptoms return.

●

Return for 6 month follow up at the VA Dental Clinic.

●

To seek alternative treatment or further titration of the MRD for any subjects
with BTP AHI >20.

An interesting follow up to this study would be to recall the 21 subjects and
compile data on compliance, record any problems encountered with the usage of the
appliance and accomplish a follow up home study. This would provide additional longer
term data.
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In the results we looked at the effectiveness or success of the oral appliance
treatment using two established criteria. First, using Hoekema’s suggested definitions for
treatment effectiveness; complete response is BTP-AHI < 5, a partial response a 50% or
greater reduction in AHI (between baseline AHI and BTP-AHI) and BTP-AHI must not
exceed 20, an effective response is the sum of the complete and the partial responders,
BTP-AHI > 20 is considered a “non-responder” and subjects who discontinue treatment
are considered to be “non-adherent”.

In Table 14 the non-adherent subjects (i.e. drop outs) were excluded. When the
results are evaluated in this way the overall oral appliance therapy was 71.4% effective
with 28.6% non responders. In the moderate group the therapy is 90% effective with 10%
non-responders, whereas the severe group the effectiveness was 54.5% with 45.5% nonresponders. Table 15 includes the non-adherents using Hoekema’s criteria. This changes
the results dramatically with the overall effectiveness now reduced to 46.9%, with 18.8%
non responders and 34.4% non-adherent.

In Hoekema’s study [Hoekema et al., 2007], the TAP oral appliance was found to
be effective in 76.5%, 15.7% were non-responsive, 3.9% were non-adherent and 3.9%
were lost to follow up review. The non-adherence group (34.4%) observed in this study is
very high by comparison. However the group classified as non-adherers also includes
those lost to follow-up review. If the data in Table 2 is considered, then the true number
of non-adherers that were unable to wear the TAP 3 was 2/32 (6.25%). The remaining 9
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can be most accurately classified as lost to follow up (6, failed to complete all steps 2,
unable to use the home sleep monitor and 1 died during the study). That leaves 9/32
(28.1%) that were lost to follow up.
The main reason that the number lost to follow up is so much higher than
Hoekema’s study is the number, complexity and specificity of steps involved in the
present study especially the four consecutive night home sleep studies with the appliance
at 4 different protrusive positions of advancement. Using a home sleep monitor with
greater memory capacity that could store multiple night studies and did not require
downloading to a computer after each night may have improved patient compliance with
this study. Another recommendation for future titration studies on MRDs would be to use
a home sleep monitor with expanded memory. This would have eliminated multiple trips
to the clinic for the subjects and would likely have decreased the number lost to follow
up. This interpretation is supported by Table 14. These results (without the nonadherents) compare favorably with those of Hoekema and the results for effectiveness
and non-responders are very similar.

Baseline subject characteristics in the Hoekema study and this study that were
similar included the mean baseline PSG-AHI (mean AHI was severe), mean BMI, mean
age and the predominance of males in the study population. Some key differences
between the two studies were the size of the study populations (52 subjects vs. 32 in this
study) and the average follow up times (8 weeks vs. approximately 4-5 weeks in this
study).
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The data was also analyzed in terms of effectiveness or success of treatment using
Ghazal’s Criterion in Table 17 and Table 18 [Ghazal et al., 2009]. In Table 17 the levels
of success of treatment were defined as follows; success was a BTP RSR-AHI of 5 or
less, moderate success was a BTP RSR-AHI of greater than 5 and less than or equal to
10, partial success was a BTP RSR-AHI greater than 10 but with an overall reduction of
RSR-AHI of 50% or greater (from baseline RSR-AHI to BTP RSR-AHI) and failure was
a BTP RSR-AHI that is greater than 10 without a 50% reduction in RSR-AHI from
baseline to BTP.

When we look at the data in this way, the moderate OSA group of subjects was
successfully treated in 70% and the Severe OSA group in 0%. There were no failures in
the Moderate group and 45.5% failures in the severe group. This gives us overall a
complete success level of 33.3%. Previous studies, looking at oral appliance efficacy,
that have used BTP-AHI < 5 as the criteria for success, have found varying levels of
success ranging from 19–75%. These studies had a wide range of study populations (n =
15–80) and a wide range of disease severity, measured by AHI (10–39) [Marklund et al.,
2001 Hoekema et al., 2004]. If the rigid criterion of a BTP AHI < 5 defines effective
treatment, the data from this study suggest that only non-severe OSA (i.e. subjects in the
moderate group) can be treated effectively by an oral appliance.

If the successes and moderate successes are combined (Table 16) that data will
provide information on success described as BTP-AHI < 10, with an overall 13/21
(61.9%) successes and 8/21 (38.1%) failures. To analyze the data further, the Severe
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OSA group had 3/11 (27.3%) successes and the Moderate OSA group had
10/10(100%) successes. Many previous studies investigating the effectiveness of oral
appliances have used BTP-AHI <10 as the criterion for effective treatment. There is also
a wide range of percentage of successful treatment reported using BTP-AHI < 10, (30–
94%) [Barnes et al., 2004, Hoekema et al., 2004].

In Table 18 the data was examined using the classification system described by
Ghazal; a complete responder is the same as success in Table 17, a partial responder
includes those classified as both moderate and partial successes in Table 17, nonresponders are those described as failures in Table 17 and a withdrawal is the term used
to describe any subject that has discontinued treatment. The main differences between
Table 17 and 18 are that the subjects who did not complete the study for whatever reason
are included as withdrawals and the moderate and partial successes are grouped as partial
responders. Overall 21.9% of subjects were complete responders, 28.1% were partial
responders, 15.6% were non-responders and 34.4% withdrew.

Ghazal et al. in their 2009 study comparing two MRDs (one of which was a TAP)
used the same criteria as Tables 17 and 18 to report their results. The results of this study
can be compared with the results obtained by Ghazal et al. using the TAP appliance.
They had a study population of 52 and 4 (7.7%) withdrew from the study leaving 48. Out
of the 48 they had 79.2% complete responders, 16.7% partial responders and 4.2% nonresponders. The follow up was at 6 months compared to 4-5 weeks in our study.
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There are major differences between the two sets of results. The present study had
a much larger number of withdrawals than Ghazal’s study but this can be related to the
much simpler protocol for the subjects in Ghazal’s study.

The large discrepancies

between the numbers of complete, partial and non-responders can be described by the
differences in the baseline AHI’s. In the present study the mean baseline AHI was severe
(32.7) and in Ghazal’s study the mean baseline AHI was moderate (21).

The results obtained in this study show a positive effect of oral appliance therapy
in severe OSA patients. These findings were observed despite the fact that variables
correlating with increased effectiveness of oral appliances have included being female
[Marklund et al., 2004], being young, no obesity [Liu et al., 2001] and non-severe disease
[Marklund et al., 2004, Mehta et al., 2001]. Our subjects were primarily male (95%),
average age 55.6 years, obese and with a mean initial PSG-AHI 32.7 (severe). The
subject group in this study had none of the recognized indicators for success with oral
appliances.

Some degree of success was obtained in treating this group of non-ideal oral
appliance candidates for a number of reasons. First, the effectiveness of oral appliances
usually increases with greater advancement of the mandible and in this study the patients
were instructed to advance the mandible up to 2.0 mm past the point at which many of
the previous studies have made their final AHI readings [Hoekema et al., 2004]. Second,
patients could adjust the amount of mandibular advancement in increments - a treatment
strategy speculated to increase therapeutic effectiveness [Rose et al., 2004]. Third, the
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definition of effective treatment used in this study was when the AHI < 5 or the initial
AHI was reduced by at least 50% to a value of < 20 in a patient free of symptoms while
using MRD therapy.

Although treatment was aimed at attaining an AHI <5, this was not always
accomplished. Further development of this study would be to instruct all patients with
BTP AHI >5 to continue to advance the mandible forward until a recording of AHI <5
was obtained. The obvious limitation with this recommendation is the physiological
limitations of mandibular protrusion. A previous study that included severe OSA patients
found that even when patients were advanced to the limits of mandibular protrusion the
AHI remained >5 [Hoekema et al., 2008]. The group of patients in this study who were
treated effectively but had BTP-AHI 5-20 may continue to be at risk of cardiovascular
event [Shamsuzzaman et al., 2003]. This concern applied to 12 subjects in this study and
it emphasizes the importance of regular follow-up visits for these patients with both their
sleep physician and the treating dentist. There were 2 subjects who had a BTP-AHI of >
20. Because of the increased risk of mortality [He et al., 1988] these patients were
referred back to the Sleep Physician to either discuss other treatment options or to further
titrate the oral appliance as discussed earlier.

The only measure of the subject’s adherence to treatment was their subjective self
reports. Some form of compliance monitor fitted to the oral appliance to monitor subject
compliance objectively would be a useful addition to future studies. This has been
suggested by other researchers including Dr. Alan Lowe [Lavigne et al., 2009].
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The data revealed some outliers that are worth commenting on. Subject number
13 had a baseline RSR-AHI of 92.8 and this recording appears to be an anomaly. The
subjects PSG-AHI was 30.3. Subject number 13 had a RSR-AHI at STP position of 17.1
and a RSR-AHI of 15.4 at BTP again indicating that the baseline RSR-AHI value is an
anomaly that affected the mean RSR-AHI of the 21 subjects. If this subject’s baseline
RSR-AHI value is disregarded the mean baseline RSR-AHI for the remaining 20 subjects
decreases to 25.44 as compared to 28.64, but the mean value stays in the moderate range
of OSA severity. That increases the discrepancy between the mean PSG AHI and mean
RSR AHI but does not effect the correlation between the two sets of data that is
demonstrated in Graph 5. Subject number 25 also appeared to be an outlier. The subject
is a non-responder to MRD treatment by all the definitions of treatment success but
because of the very severe nature of the subject’s OSA the data affects the mean RSRAHI values at the various titration positions. If subject number 25’s BTP RSR-AHI is
disregarded the mean BTP RSR-AHI for the remaining 20 subjects decreases from 10.6
to 7.7, which brings the mean under the often used post-treatment AHI < 10 definition of
treatment success. Subject number 25 also has a BTP % time < 90% O2 of 44.6%, which
also affects the mean BTP % time < 90% O2. If this outlier value is disregarded the mean
BTP % time < 90% O2 decreases from 3.3 to 1.2. If subject number 25 recording of BTP
Lowest O2 % (62%) is disregarded, the mean BTP Lowest O2 % for the remaining 20
subjects improves from 84.5% to 86.5%. These two outliers have a major effect on the
means of the data for two reasons. First because of the profound difference from the other
subjects’ data and second because of the relatively small number of subjects in the study.
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Three questionnaires were used in the study, the Sleep Apnea Quality of Life
Index (SAQLI), the Thornton Snoring Scale (TSS) and the Epworth Sleepiness Score
(ESS). Full pre- and post-treatment questionnaire data is only available for the 21
subjects who completed the study. The data from the SAQLI showed that 76.2% of the
21 subjects experienced a significant improvement in their quality of life following
treatment with the MRD. The percentage of these 21 subjects who were
effectively/successfully treated according to their BTP sleep study results was in the
range of 33.3%-71.4% depending on the criteria used (see Table 18). This demonstrated
that the subjects do not have to be objectively completely treated to subjectively feel
better. This observation has been reported in other studies evaluating the use of MRDs in
OSA patients [Hoekema et al., 2004]. The data from the TSS demonstrated that snoring
scores decreased following treatment with the MRD. However 47.1% of subjects still had
a TSS score of greater than 5 at their BTP. This indicates that snoring can persist even
when subject’s AHI has been significantly reduced and they feel better. This is probably
seen to a greater extent in this subject group because of the severity of their OSA and
snoring. The ESS data indicated a significant decrease in excessive daytime sleepiness
from baseline to BTP. The ESS categorizes subjects into very sleepy, sleepy or normal.
90.5%

of

the

subjects

improved

their

ESS

category

indicating

that

with

effective/successful AHI results in the range 33%-71.4%, subjects do not need to be
completely treated to feel less sleepy.
Evaluation of all the questionnaire data and the changes seen in the RSR variables
using the Spearman rank correlation is shown in Table 24. The results show that the
changes in ESS are associated with the changes in both SAQLI and TSS. The ESS
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changes are also associated with the change in the lowest oxygen saturation recorded
(Lowest O2 %). The changes in the other RSR variables i.e. RSR-AHI and % time < 90
are not significantly associated with the changes in the questionnaire scores.
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VIII. SUMMARY AND CONCLUSIONS

This study answers the call made by Dr. Alan Lowe in a recently published text
[Lavigne et al., 2009]; “Prospective validation studies are required to evaluate predictors
of treatment outcome and more research is needed to determine optimal treatment
protocols to increase the effectiveness of oral appliances and decrease titration times”.

One aim of this study was to establish a titration protocol for the TAP 3 MRD.
This study was limited to a population of consecutively referred patients diagnosed with
moderate to severe OSA by means of polysomnography, i.e. with an initial AHI of 15 or
greater. A secondary objective of this study was to evaluate the efficacy of the MRD in
treating a population of patients with a moderate to severe classification of pathology.

The results of this study indicate that the position which most effectively treated
these OSA subjects was 2mm advanced past the subject’s self titrated position. This
position produced the lowest AHI in 57% of the subjects. 29% of the subjects obtained
the best treatment results at 1mm advanced from self titrated position. However, included
in this 29% were 14.5% of the study subjects who could not tolerate any advancement
further than 1mm, i.e. could not tolerate additional protrusion to 2mm. Based on these
findings a treatment protocol for moderate/severe OSA patients treated with an adjustable
MRD can be suggested. After a period of self titration of an adjustable oral appliance to
the point where the patient feels subjective improvement (i.e. relief of excessive daytime
sleepiness or cessation of snoring), a patient can be advised to advance the MRD further
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forward by 2mm if they can tolerate it and if it’s physiologically possible. A home sleep
study should be performed to test the treatment efficacy at this point. The follow up sleep
study is an important component of the therapy because in moderate/severe patients there
is a significant chance of incomplete return to a normal AHI (< 5). If an AHI in the 5-20
range remains with the MRD therapy, the increased risk of cardiovascular events remains
and if this AHI remains above 20 there is increased risk of mortality. Therefore the
titration of the appliance must continue and further home sleep studies performed until
the AHI < 5. If this cannot be achieved, combination therapy (e.g. nasal CPAP and an
oral appliance) can be considered or the patient could be referred to their physician to
consider the alternative treatments including surgery.

When

evaluating

the

effectiveness

of

an

oral

appliance

in

treating

moderate/severe OSA patients, using AHI recordings, the oral appliance was effective in
treating 71% of the subjects. This is a very positive result given the lack of positive
predictors of treatment success with an oral appliance seen in this study population. The
subjects in this study were primarily male, obese and were diagnosed with a mean AHI
that was in the severe OSA range.

If this study population is divided into moderate and severe patient groups, the
oral appliance was found to be effective for 90% of the subjects in the moderate group
and 54.5% effective for subjects in the severe group. In the total study population 28.6%
of the subjects were non-responders, which corresponds to 10% of the moderate group
and 45.5% of the severe group. This emphasizes the importance of the follow up sleep
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studies particularly with severe OSA patients treated with oral appliances. In this study
none of the severe subjects were completely treated to an AHI of less than 5.

The other sleep study variables statistically evaluated were the lowest oxygen
saturation recorded during sleep (Lowest O2 %) and the percentage of the night that the
subject’s oxygen saturation was below 90% (% time < 90). When comparing the baseline
recordings to those at BTP, the mean Lowest O2 % increased by 4.5% and the mean %
time < 90 decreased by 64%. These are very positive results indicating that with the use
of a properly titrated MRD the subject’s oxygenation levels did not drop as much or for
as long. These results demonstrate that the subjects in the study received improved
oxygenation during sleep.

The baseline and BTP subject questionnaires collected subjective information on
the effect of the MRDs on quality of life (SAQLI), excessive daytime sleepiness (ESS)
and snoring (TSS). The results confirm that wearing the appliance at the BTP lead to a
significant improvement in subject’s quality of life. Daytime sleepiness was also reduced
in 90% of subjects from either very sleepy to sleepy or from sleepy to normal. Nighttime
wear of the MRD reduced by half the number of subjects whose severity of snoring was
adversely affecting their life. Additional analysis of the snoring data recorded on the RSR
home sleep monitor suggested that in subjects with moderate to severe OSA, snoring was
significantly reduced but was not completely eliminated.
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The results of this study add to the data showing that moderate OSA patients can
be very effectively treated using MRDs. The results also show that severe OSA patients
can be treated effectively with MRDs but not as predictably. This conclusion regarding
severe OSA patients is consistent with the current AASM Practice Parameters. Nasal
CPAP should be the first choice for severe OSA patients, but if they fail, refuse or are
non-compliant with CPAP treatment an MRD could be an effective alternative. The well
documented morbidity and mortality associated with severe OSA emphasizes the
importance of adequate treatment. If CPAP is not being used by severe OSA patients
every night, for an adequate amount of time, alternative treatments such as MRDs must
be tried.
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APPENDIX A
(Full Data Table of Thirty Two Subjects Including Drop Outs)

STUDY
NO.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

PSG
AHI
113.40
39.00
23.10
18.00
30.40
52.40
30.50
23.00
15.00
32.14
30.00
22.80
30.30
51.60
20.00
33.00
37.00
24.20
16.50
15.00
18.00
29.20
28.00
68.00
71.80
23.90
36.00
19.60
33.60
39.00
37.50
20.10

BMI

AHI

45.58
34.10
25.94
28.41
33.20
29.98
23.90
27.94
28.41
30.19
34.78
31.30
40.44
40.99
32.33
21.42
31.20
32.62
26.18
29.10
33.75
26.28
37.00
28.86
34.90
36.00
34.33
36.00
46.81
26.44
28.28
35.80

79.0
29.2
2.4
11.5
31.5
16.4
10.7
19.3
10.9
7.4
19.3
13.3
92.8
27.6
15.5
.
26.1
12.2
11.9
.
7.8
9.7
30.0
49.8
77.1
4.4
30.1
12.9
25.8
41.1
39.9
17.8

RSR INITIAL
% < 90
Low %
64.0
2.0
0.1
0.0
10.8
0.6
0.2
0.2
0.0
0.2
15.1
1.2
21.2
14.6
6.3
.
0.7
3.9
1.1
.
0.2
0.0
8.4
23.1
63.4
0.0
6.2
4.7
5.7
1.8
16.3
0.1

54.0
85.0
88.0
87.0
79.0
84.0
87.0
87.0
90.0
87.0
72.0
77.0
73.0
74.0
84.0
85.0
79.0
84.0
88.0
82.0
78.0
61.0
91.0
76.0
86.0
80.0
85.0
75.0
89.0

AHI

RSR 1 of 4
% < 90

.
21.7
11.5
7.4
.
.
.
6.1
8.4
.
17.6
11.8
17.1
23.2
5.9
.
17.5
7.4
.
.
4.3
.
2.6
18.3
77.6
3.4
15.6
6.3
9.6
18.3
11.9
5.2

.
0.6
0.0
0.1
.
.
.
0.1
0.0
.
7.1
2.4
5.6
9.8
4.3
.
0.1
2.5
.
.
0.2
.
0.0
3.6
55.2
0.0
2.2
1.5
2.0
0.0
9.6
0.0

Low %
87.0
88.0

82.0
90.0
69.0
81.0
62.0
80.0
87.0
84.0
73.0

86.0
89.0
77.0
62.0
92.0
80.0
91.0
84.0
89.0
85.0
89.0
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AHI

RSR 2 of 4
% < 90

.
22.8
.
6.7
.
.
.
5.6
5.3
.
10.7
5.6
15.4
15.6
4.0
.
17.6
6.4
.
.
4.1
.
2.3
12.1
69.6
0.3
17.2
.
8.0
7.7
12.7
3.5

.
2.1
.
0.0
.
.
.
0.1
0.0
.
5.7
0.6
0.8
5.4
1.5
.
0.1
2.2
.
.
0.2
.
0.1
2.8
48.1
0.0
3.7
.
0.8
0.1
9.3
0.0

Low %
83.0
89.0

87.0
92.0
79.0
85.0
87.0
79.0
85.0
87.0
82.0

87.0
88.0
77.0
66.0
92.0
79.0
86.0
89.0
74.0
91.0

AHI

RSR 3 of 4
% < 90

.
23.8
.
25.0
.
.
.
3.0
2.2
.
16.6
.
.
12.1
2.0
.
14.6
5.9
.
.
1.1
.
2.2
10.2
68.5
0.7
24.7
.
.
7.1
6.8
6.3

.
1.9
.
0.0
.
.
.
0.0
0.0
.
2.0
.
.
4.4
0.7
.
0.2
2.1
.
.
0.2
.
0.0
0.9
44.6
0.0
4.4
.
.
0.0
5.3
0.0

Low %
86.0
91.0

91.0
92.0
85.0

81.0
89.0
86.0
68.0

88.0
90.0
79.0
62.0
92.0
77.0

92.0
81.0
92.0

AHI

RSR 4 of 4
% < 90

.
48.5
.
9.2
.
.
.
15.2
8.1
.
28.0
8.5
32.8
18.7
4.8
.
22.6
8.6
.
.
3.2
.
5.3
12.6
80.2
1.6
23.5
.
10.5
32.5
7.4
3.2

.
2.9
.
0.1
.
.
.
0.1
0.0
.
3.2
16.5
14.2
18.9
1.1
.
0.2
2.4
.
.
0.1
.
0.2
3.1
55.6
0.0
8.9
.
5.4
1.0
11.7
0.0

Low %
85.0
89.0

86.0
90.0
79.0
82.0
74.0
79.0
86.0
87.0
78.0

85.0
88.0
77.0
58.0
93.0
77.0
83.0
87.0
76.0
90.0

APPENDIX B
(Full Data Table of Twenty One Subjects No Drop Outs)

STUDY
NO.

Age

Sex

2
4
8
9
11
12
13
14
15
17
18
21
23
24
25
26
27
29
30
31
32

43
60
61
61
56
59
55
56
63
45
52
49
66
48
42
59
52
63
73
50
55

M
M
M
M
M
M
M
M
F
M
M
M
M
M
M
M
M
M
M
M
M

PSG
BMI
34.10
28.41
27.94
28.41
34.78
31.30
40.44
40.99
32.33
31.20
32.62
33.75
37.00
28.86
34.90
36.00
34.33
46.81
26.44
28.28
35.80

AHI
39.00
18.00
23.00
15.00
30.00
22.80
30.30
51.60
20.00
37.00
24.20
18.00
28.00
68.00
71.80
23.90
36.00
33.60
39.00
37.50
20.10

RSR INITIAL
AHI % < 90 Low %

RSR 1 of 4
AHI % < 90 Low %

RSR 2 of 4
AHI % < 90 Low %

RSR 3 of 4
AHI % < 90 Low %

RSR 4 of 4
AHI % < 90 Low %

29.2
11.5
19.3
10.9
19.3
13.3
92.8
27.6
15.5
26.1
12.2
7.8
30.0
49.8
77.1
4.4
30.1
25.8
41.1
39.9
17.8

21.7
7.4
6.1
8.4
17.6
11.8
17.1
23.2
5.9
17.5
7.4
4.3
2.6
18.3
77.6
3.4
15.6
9.6
18.3
11.9
5.2

22.8
6.7
5.6
5.3
10.7
5.6
15.4
15.6
4.0
17.6
6.4
4.1
2.3
12.1
69.6
0.3
17.2
8.0
7.7
12.7
3.5

23.8
25.0
3.0
2.2
16.6
.
.
12.1
2.0
14.6
5.9
1.1
2.2
10.2
68.5
0.7
24.7
.
7.1
6.8
6.3

48.5
9.2
15.2
8.1
28.0
8.5
32.8
18.7
4.8
22.6
8.6
3.2
5.3
12.6
80.2
1.6
23.5
10.5
32.5
7.4
3.2

2.0
0.0
0.2
0.0
15.1
1.2
21.2
14.6
6.3
0.7
3.9
0.2
8.4
23.1
63.4
0.0
6.2
5.7
1.8
16.3
0.1

85.0
87.0
87.0
90.0
72.0
77.0
73.0
74.0
84.0
85.0
79.0
88.0
82.0
78.0
61.0
91.0
76.0
80.0
85.0
75.0
89.0

0.6
0.1
0.1
0.0
7.1
2.4
5.6
9.8
4.3
0.1
2.5
0.2
0.0
3.6
55.2
0.0
2.2
2.0
0.0
9.6
0.0
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87.0
88.0
82.0
90.0
69.0
81.0
62.0
80.0
87.0
84.0
73.0
86.0
89.0
77.0
62.0
92.0
80.0
84.0
89.0
85.0
89.0

2.1
0.0
0.1
0.0
5.7
0.6
0.8
5.4
1.5
0.1
2.2
0.2
0.1
2.8
48.1
0.0
3.7
0.8
0.1
9.3
0.0

83.0
89.0
87.0
92.0
79.0
85.0
87.0
79.0
85.0
87.0
82.0
87.0
88.0
77.0
66.0
92.0
79.0
86.0
89.0
74.0
91.0

1.9
0.0
0.0
0.0
2.0
.
.
4.4
0.7
0.2
2.1
0.2
0.0
0.9
44.6
0.0
4.4
.
0.0
5.3
0.0

86.0
91.0
91.0
92.0
85.0

81.0
89.0
86.0
68.0
88.0
90.0
79.0
62.0
92.0
77.0
92.0
81.0
92.0

2.9
0.1
0.1
0.0
3.2
16.5
14.2
18.9
1.1
0.2
2.4
0.1
0.2
3.1
55.6
0.0
8.9
5.4
1.0
11.7
0.0

85.0
89.0
86.0
90.0
79.0
82.0
74.0
79.0
86.0
87.0
78.0
85.0
88.0
77.0
58.0
93.0
77.0
83.0
87.0
76.0
90.0

APPENDIX C (Questionnaire Score Table)

SAQLI

Subject
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Thornton Snoring

Epworth
Sleepiness

Before

After

Final

Before

After

Before

After

3.00

5.00

1.52

10.00

5.00

16.00

8.00

2.00

5.00

2.72

5.00

2.00

14.00

5.00

3.00
5.50

5.30
6.80

1.93
1.12

12.00
8.00

8.00
0.00

13.00
13.00

11.00
1.00

4.30
5.00
1.40
3.10
3.50

5.50
5.80
3.80
3.90
4.20

0.45
0.37
2.20
0.59
0.27

12.00
5.00
11.00
14.00
4.00

4.00
2.00
9.00
8.00
4.00

13.00
13.00
19.00
12.00
13.00

6.00
11.00
14.00
5.00
9.00

2.00
5.00

5.00
6.00

2.46
0.89

13.00
5.00

3.00
0.00

16.00
16.00

7.00
7.00

4.00

5.60

1.40

2.00

0.00

13.00

3.00

1.20
4.00
2.10
1.40
4.10

4.80
6.40
4.50
4.10
5.40

3.10
2.40
1.76
2.56
1.09

13.00
3.00
12.00
14.00
0.00

2.00
0.00
5.00
5.00
0.00

20.00
21.00
23.00
21.00
12.00

7.00
4.00
11.00
6.00
8.00

2.70
2.90
1.10
1.40

4.30
5.20
5.30
4.70

1.46
2.16
4.13
2.87

12.00
6.00
15.00
10.00

7.00
1.00
8.00
0.00

21.00
17.00
17.00
16.00

8.00
6.00
9.00
2.00

2.99

5.08

1.78

8.86

3.48

16.14

7.05

3.0

5.1

1.8

8.9

3.5

16.1

7.0
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APPENDIX D
(Sleep Apnea Quality of Life Index Questionnaire)

Sleep Apnea Quality of Life Index
Name/Study No.
Therapy

Wearing CPAP

Not wearing CPAP

Surgery

We would like to understand whether your sleep apnea and/or snoring have had an impact on your daily activities,
emotions, social interactions, and about symptoms that may have resulted.
PLEASE SCORE THE FOLLOWING QUESTIONS ACCORDING TO THE FOLLOWING:
A very large = 1
A large = 2
A moderate to large = 3
A moderate = 4
A small to moderate = 5
A small = 6
No or none = 7
Dates

OVER THE PAST 4 WEEKS:

BEFORE

AFTER

1. How much (amount) have you had to push yourself to remain alert during a typical
day (e.g. work, school, childcare, housework)?
2. How have (amount of time) you had to use all your energy to accomplish your must
important activity (e.g. work, school, childcare, housework)?
3. How much difficulty (amount) have you had finding the energy to do other activities
(e.g. exercise, relaxing)?
4. How much difficulty (amount) have you had fighting to stay awake?
5. How much of a problem has it been to be told that your snoring is irritating?
6. How much of a problem have frequent conflicts or arguments been?
7. How often (amount of time) have you looked for excuses for being tired?
8. How often (amount of time) have you not wanted to do things with your family and/or
friends?
9. How often (amount of time) have you felt depressed, down, or hopeless?
10. How often (amount of time) have you been impatient?
11. How much of a problem has it been to cope with everyday issues?
12. How much of a problem have you had with decreased energy?
13. How much of a problem have you had with fatigue?
14. How much of a problem have you had waking up feeling unrefreshed?
TOTAL
Please fill in the blanks
WE WILL SCORE

Divide Total by 14
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SAQLI Score

A

B

SECTION II
(If you have not been using treatment for sleep apnea in the past 4 weeks DO NOT complete this section)
We would like you to mark below the primary treatment you are currently using for sleep apnea:
Treatment:

Medication

CPAP

Dental Appliance

Weight Loss

Surgery

±

±

±

±

±

Other

±

(please specify)

(please specify)

Next we would like you list up to three side effects you have found most troubling as a result of this treatment – please
write them in the spaces below. For each side effect please rate how much of a problem it has been for you in the past 4
weeks. Some side effects that people may experience include: nasal stuffiness, dry nose or throat, sore eyes, headache,
sore throat, jaw pain, waking up frequently, stomach upset, increased saliva.
Rate how much of a problem the side effect is according to the following:
A very large = 1
A large = 2
A moderate to large = 3
A small to moderate = 5
A small = 6
No or none = 7

A moderate = 4

15. Side effect 1
16. Side effect 2
17. Side effect 3
Total

C

18. Considering these side effects please choose the statement that best describes the trade off between side effects and
benefits. Overall, compared with the benefits, would you say that the problems with side effects you listed in
question 15 –17 were (choose one):

no problem
compared to
the benefits

a small
problem
compared to
the benefits

.25

.50

a small to
moderate
problem
compared to
the benefits
.75

about equal to
the benefits

a moderate to
large problem
compared to
the benefits

a large
problem
compared to
the benefits

a very large
problem
compared to
the benefits

1.0

1.0

1.0

1.0

Post treatment scoring (This will be scored by our office)
1. Multiply side effects total (C) times’ modifier (18.) Then divide by 14. This equals the negative
(c) X (18) / 14 = (d)
effects of the therapy (d).
Subtract this number from (b) above. Final score (e) indicates the improvement in the quality of
life from the therapy less the negative effects of the therapy.
(b) – (d) = (e)
The overall improvement is post therapy SAQLI (e) less the pre test SAQLI (a).
(Significant improvement is ≥ 1).
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APPENDIX E
(Thornton Snoring Scale Questionnaire)

THORNTON SNORING SCALE
Patient’s Name
Snoring has a significant effect on the quality of life for many people. Snoring can affect the person
snoring and those around him/her., both physically and emotionally. Use the following scale to choose the
most appropriate number for each situation. (Go to question #4 if you have no bed partner.)
0
1
2
3

=
=
=
=

Never
Infrequently (1 night per week)
Frequently (2 – 3 nights per week)
Most of the time (4 or more night per week)

Dates

SITUATION

BEFORE
THERAPY

AFTER
THERAPY

My snoring affects my relationship with my partner
My snoring causes my partner to be irritable or tired
My snoring requires us to sleep in separate rooms
My snoring is loud
My snoring affects people when I am sleeping away from home
(i.e. hotel, camping, etc.)
TOTAL SCORE
A score of 5 or greater indicates your snoring may be significantly affecting your quality of life.
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APPENDIX F
(Epworth Sleepiness Score Questionnaire)

EPWORTH SLEEPINESS SCALE
Patient’s Name
In contrast to just feeling tired, how likely are you to doze off or fall asleep in the following situations? Use the
following scale to choose the most appropriate number for each situation:
0
1
2
3

=
=
=
=

Would never doze
Slight change of dozing
Moderate chance of dozing
High change of dozing

Dates
BEFORE
THERAPY

SITUATION
Sitting and reading
Watching Television
Sitting inactive in a public place (i.e. theater)
As a car passenger for an hour without a break
Lying down to rest in the afternoon
Sitting and talking to someone
Sitting quietly after lunch without alcohol

TOTAL SCORE
A score of 6 or greater indicates the possibility of sleep disordered breathing
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AFTER
THERAPY

APPENDIX G
(Remmers Insight Software Full Page of Data)
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APPENDIX H
(Remmers Insight Software Summary Page)
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