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Abstract
Background: This randomized single blinded crossover clinical study tested the effect on
subject’s apnea-hypopnea index (AHI) wearing a flat-plane dental nightguard (NG) versus a
mandibular advancement device (MAD).
Materials and Methods: The sample consisted of 16 adults previously diagnosed with
obstructive sleep apnea (OSA). Apnea-hypopnea indices were measured using a home sleep
test unit administered at baseline, after one week of the nightguard, and one week of the
MAD. A flat-plane nightguard, and a mandibular advancement device set at 60% of the
subjects’ maximum protrusion, were used.
Results: A paired t-test analysis showed the difference in AHI between the two treatments
was statistically significant (p=0.0025). Seven of 16 (43.75%) subjects experienced an
increase of AHI by 2.23 events an hour while wearing the nightguard.
Conclusion: The results of this study suggest that bruxism patients should be screened for
OSA before fitting a nightguard, due to possible aggravation of OSA with nightguard usage.
Dentists should consider use of a MAD instead of a nightguard for treating OSA, when
appropriate.
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A Randomized Crossover Clinical Study
Comparing the Effect of a Flat-Plane
Nightguard Versus a Mandibular
Advancement Device on ApneaHypopnea Index in Sleep Apnea Patients

Introduction
Obstructive sleep apnea (OSA) is a serious health problem that affects at least 9% of women
and at least 24% men 30 to 60 years of age,1 and many clinicians feel that these numbers may
be an underestimation of the prevalence of OSA. It is now understood that OSA may affect
anybody, not just the elderly or the obese. Children, women, and healthy men may also be at
risk for OSA. Thus, it is not possible to rule out sleep apnea in anyone based on his or her
physical attributes alone. Multiple studies have shown that an anatomically small airway
increases risk for OSA and is comparable to the increased risk for OSA that obesity and age
cause. 2-5 If there is any suspicion that a person may be at risk for OSA, then they should be
evaluated medically due to the vast complications associated with OSA. Diagnosis of this
problem is the key to receiving proper treatment. Due to the under-diagnosis of this problem,
it is possible that many people are currently untreated or are being treated incorrectly for
their OSA. Finding these untreated or incorrectly treated people is medically necessary due
to the increased risk of the health concerns associated with OSA.

Obstructive sleep apnea has been implicated with many different health concerns such as
hypertension, stroke, and congestive heart failure.6,7 Obstructive sleep apnea has also been
linked to type 2 diabetes, and it is thought that up to 83% of type 2 diabetics suffer from
unrecognized OSA.8 Most of these studies agree that the exact mechanism by which OSA is
linked to different medical problems is not fully understood. However, the literature
available that shows the connection between OSA and multiple medical co-morbidities is
immense. The medical community is beginning to understand the consequences of untreated
OSA and realizes the importance of early diagnosis and treatment of this serious issue.
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Through correct intervention, OSA is a treatable problem and there are multiple different
treatments for OSA. Dental oral appliance therapy is one of the most common forms of
treatment for OSA. A dental oral appliance is a device that fits within the oral cavity and
prevents upper airway collapse in patients with OSA. Dental oral appliances have been
shown to be a valid alternative to CPAP.9, 10 Dental oral appliance therapy has been effective
in reducing blood pressure.11 A study published in 2011 by Holley, et al. is one of the largest
studies ever done comparing the effectiveness of adjustable dental oral appliance to CPAP
for the treatment of OSA.12 This study, with 497 subjects, showed a vast improvement in
OSA levels in both groups, especially when comparing the subjects with mild OSA . No
statistically significant difference was seen between the treatments of dental oral appliances
and CPAP when looking at subjects with mild to moderate OSA. There was a statistically
significant difference when comparing the two treatments in subjects with severe OSA, with
the CPAP group showing a better result, however, the subjects with severe OSA still showed
considerable improvement when treated with the dental oral appliance. This study showed
the best improvement of OSA with a dental oral appliance than any other past study. The
method used in the treatment of OSA is important to ensure the patient’s compliance with
therapy. Compliance has also been shown to be high with dental oral appliance therapy as
patients prefer the treatment of OSA with a dental oral appliance over other forms of OSA
treatment.13 The type of dental oral appliance used for the treatment of OSA needs to be
chosen wisely to aid in patient compliance.

There are many dental oral appliances used to treat OSA, but not all dental oral appliances
are as effective as others. A Mandibular Advancement Device (MAD) has been shown to be
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an effective dental oral appliance for the treatment of OSA,10 while certain tongue retaining
devices and soft palate lifts have not.10 Tongue retaining devices and soft palate lifts tend to
be poorly tolerated by patients.10 Mandibular advancement devices are usually tolerated the
best of any dental oral appliances used for the treatment of OSA.10 Of the MAD’s, there are
titratable versions which have been shown to be more effective than fixed versions.14
Titratable dental oral appliances give a better range to fine tune the appliance to the most
therapeutic position possible. It has also been shown that custom MAD’s are more effective
than boil and bite MAD’s.15 Boil and bite type dental oral appliances are usually bulky and
less retentive than a custom made dental oral appliance. Research has shown that protrusion
of the mandible, not the vertical dimension of occlusion, is the key to relief of OSA.16, 17
Vertical dimension of occlusion is usually increased or decreased for comfort issues and not
as a way of correcting OSA. A correctly fit custom MAD fabricated and adjusted by trained
dental personnel is a viable treatment for patients with OSA.

Many patients with OSA also suffer from bruxism. Bruxism is the third most common
parasomnia disorder and has been defined as an oral activity characterized by teeth grinding
or clenching during sleep.18, 19 One study suggested that upwards of 15% of children grind
their teeth at night.20 Most studies agree that around 8% to 9% of adults brux at night.21

There have been many different forms of treatment for bruxism in the past, however, the
most accepted treatment for bruxism is the dental nightguard (NG).22, 23 While most research
has shown that a nightguard does not necessarily stop the muscle contractions responsible for
bruxism, a nightguard does help to protect teeth from wearing down.18 In one study, though,
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short-term relaxation of the muscles associated with bruxism occurred.23 The
pathophysiologic reasons for why some people brux at night are not completely understood
at this point; it is possible that bruxism may be due to an underlying OSA problem.21
The literature has shown that bruxism may be caused in part by a narrowing of the airway
due to OSA. Transient arousals, as seen in OSA, have been experimentally shown to cause
bruxism.24 Arousals are a change in sleep cycles from a deeper to lighter stage of sleep or
from REM stage sleep to awake. Also, a rise in sympathetic activity, as seen during an
apneic event, can induce bruxism.25 Studies have shown that as a MAD are applied at
therapeutic levels for the treatment of OSA, that nocturnal bruxism tends to lessen.26 The
implication is that the dentist, who is fabricating an MAD for the treatment of OSA, may be
actually helping to treat an underlying cause of bruxism instead of just helping to protect the
teeth.

The dentist is a key part in the treatment of both OSA and bruxism. The dentist also should
be instrumental in the process of screening patients for OSA. A patient who presents with a
chief complaint of bruxism should be screened for OSA due to the association between OSA
and bruxism. Before a dental nightguard is fit to help protect the teeth from bruxism, OSA
needs to be ruled out. Recent studies have shown that nightguard treatment may actually
aggravate the patient’s OSA problem. One such study showed that a nightguard with a
vertical dimension of occlusion that was too extreme aggravated OSA.16 Another study of
interest was a pilot study done by Gagnon that showed 50% of patients with OSA who wore
a dental nightguard had an aggravation of their AHI (AHI is classified as mild when AHI is
between 5 and 15, moderate between 15 and 30, and severe when greater than 30).27 In this
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study, ten patients slept three nights at a sleep lab: one night as a baseline, one night with a
nightguard (maxillary, flat-plane, hard) and one night with no guard in place. The study
showed that there was no statistically significant difference in AHI between the night with
the nightguard versus the night without the nightguard, but that five of the ten patients had an
aggravation of their AHI. An interesting note was that patients had the most increase in AHI
while wearing the nightguard on their sides and stomachs, not in the supine position. The
authors suggested that dental clinicians should be aware that manipulating spaces within the
mouth can reduce tongue space and possibly cause aggravation of sleep disturbances such as
OSA and snoring. As such, screening of all dental patients before a dental nightguard for
bruxism is fabricated needs to be a priority. Dentists have the unique opportunity to see their
patients on a six month basis and have the chance to recognize a potential issue with OSA.
The purpose of this study is to compare the effect on AHI of two different dental oral
appliances: a flat-plane maxillary nightguard and a mandibular advancement device. It is
hypothesized that a MAD will more effectively reduce AHI than a nightguard.

Specific Aims and Hypothesis
The aim of this study was to determine if different dental oral appliances affect the apneahypopnea index differently in subjects with obstructive sleep apnea.

Hypothesis
A mandibular advancement device will more effectively reduce the apnea-hypopnea index,
compared to a flat-plane nightguard.
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Research Design and Methods
The study is a randomized single blinded crossover clinical study testing subjects’ levels of
apnea-hypopnea index (AHI) while wearing different dental oral appliances. The study took
place at the Craniofacial Pain Center of Idaho from the dates of February 21, 2013 through
September 10, 2013. The Western International Review Board (WIRB) granted approval for
this study.

Subjects
Subjects were referred by a medical doctor for consideration of a custom oral appliance for
the treatment of their obstructive sleep apnea. The sample included men and women above
the age of 18. A polysomnogram (PSG) showing an apnea-hypopnea index of greater than 5
with a diagnosis of obstructive sleep apnea was completed prior to the initial patient visit.
Any AHI over 5 was accepted, however, any subject with an AHI above 30 must have had a
trial of CPAP and been found intolerant. Any body mass index (BMI) level was accepted.
Any sleeping position on the PSG was accepted, however, the amount of supine sleep was of
interest and was analyzed.

Subjects with a PSG that was performed more than two years previous to the initial visit were
excluded from the study. Subjects currently using continuous positive airway pressure were
excluded from the study. Any oral contraindications, which prevented subjects from using
an oral appliance (such as poor dental health or insufficient teeth), were excluded from the
study. Due to the possibility of aggravation of OSA with nightguard usage, subjects with
significant co-morbidities (such as uncontrolled hypertension, chronic obstructive pulmonary
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disease, atrial fibrillation, history of stroke or heart failure, etc.) were excluded from the
study.

Sample Size
The primary outcome for this study was the change in the apnea-hypopnea index from
baseline to the end of one week of treatment. Based on results from previous studies,27 we
anticipate a 10 point reduction in AHI for the mandibular advancement device and a 5 point
reduction for the flat-plane nightguard. Assuming a standard deviation of differences of 5
points, we had 95% power to detect this difference between the groups with the 16 subjects
we enrolled (nQuery Advisor, 7.0).

Subjects had a full clinical examination performed when they presented for treatment of
(OSA) with a mandibular advancement device. Full clinical exam included: new patient
paperwork (Appendix A) measurements of protrusion, lateral movement, maximum opening,
overjet, overbite, temporomandibular joint (TMJ) palpation, Angle class occlusion,
periodontal condition, missing teeth, condition of teeth present, Mallampati score, intraoral
examination, (BMI) and radiographic examination (panoramic x-ray at least). Subjects had a
review of their medical history performed and notations of any sleep aids/sedative
medication were made. Apnea-hypopnea index levels were acquired from baseline
polysomnogram results, which were performed by an accredited sleep lab. Subjects were
diagnosed with OSA by a board certified sleep physician.
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Those who were found to be candidates for the study were offered participation in the study
and were asked to sign an informed consent form. The forms were signed by both the
principal investigator and the subject. Then, impressions using Alginot (Appendix B and C)
were taken for the fabrication of custom dental oral appliances. Each subject received a
validated28 home sleep test (HST) unit (Medibyte by Braebon) for testing purposes during the
study. The subject underwent one night of baseline HST that was correlated with baseline
PSG’s.

After establishing the baseline data of AHI, subjects were fit with the appliances. For this
study, we used the Elastic Mandibular Advancement (EMA) appliance, composed of
maxillary and mandibular custom fit trays with elastic bands connecting the two trays to
reposition the mandible appropriately for the treatment of OSA (Appendix D, E, F and G).
Due to the nature of this appliance, the two pieces can be disengaged, thus allowing for the
upper piece to be used as a nightguard. The upper piece was used as the nightguard and was
balanced to a flat-plane so as to allow full occlusion with the opposing lower teeth. There
was a four-day period during which the subjects acclimated to using the appliance. During
this time period, the MAD was set at 60% of the subject’s maximum protrusion, and was
used by all recruited subjects.

After the acclimation period, the subjects were then seen for follow-up, and adjustments for
comfort were made if needed. The subjects were then randomized so that half wore only the
upper part of the MAD appliance (acting as a nightguard) for one week and then had a HST
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performed with that appliance in place; the other half of the subjects wore the full MAD
device set at 60% of subjects’ maximum protrusion for one week and had an HST performed.
After a week of use of either the MAD or nightguard, each subject returned to the office for
evaluation and was instructed to switch the appliance and use the second appliance for one
week, at which point another HST was performed with the new appliance in place. A
washout period longer than a week was not needed due to the mechanical nature of the
treatment being done. The person downloading the HST data was blinded about which
appliance was worn for each evaluation period.

Subjects were asked to keep a daily log on comfort and compliance with each appliance. At
the end of the study, each patient was given a questionnaire (Appendix H) and used their
daily log to determine which appliance was preferred.

Statistical Analysis
The primary statistical analysis used was a paired t-test, comparing the change in AHI
between the two appliances. We also present descriptive statistics (means and standard
deviations for continuous variables and counts and percentages for categorical variables).
All analyses were performed using SAS, Verision 9.2 (SAS Institute, Cary, NC). Any pvalue less than 0.05 was considered statistically significant.
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Results
Sixteen patients (n=16) were enrolled in the study. Males represented a smaller proportion of
the sample with 31.25% (n=5), while females represented 68.75% (n=11) of the study
population (Table 1). The mean age of the subjects was 51 years (SD = 10.40), with the
youngest as 32 years and the oldest as 64 years. The mean BMI of the subjects was 30.71
(SD=4.98), with the lowest BMI as 23.2 and the highest BMI as 41.8 (Table 2).

The mean apnea-hypopnea index from the baseline home sleep test was 20.11 (SD = 15.89),
compared to 12.88 (SD = 12.89) when using the mandibular advancement device, and 22.34
(SD = 20.99) when using the nightguard (Table 3).

The correlation between the polysomnogram AHI reading and HST baseline AHI reading
was weak (r=0.43) and not statistically significant (p=0.0944) (Table 4).

A paired t-test was performed to evaluate the difference in AHI between the two treatments
and was found to be statistically significant (p=0.0025) (Figure 1). In all but one of the
subjects, the AHI score was lower in the MAD group compared to nightguard group,
regardless of which appliance was used first.

In 7 of the 16 (43.75%) subjects an aggravation of their obstructive sleep apnea while
wearing the nightguard was seen. In 4 of the 16 (25%) subjects an aggravation of their
obstructive sleep apnea while wearing the MAD was seen. All 4 of those subjects were a
subset of the seven. One of the four was worse with the MAD than the nightguard. The AHI
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in the group as a whole increased from 20.11 at baseline study to 22.34 after the nightguard
(SD=20.99).

The correlation between the change in AHI wearing the nightguard and minutes in supine
position was weak (r=-0.16) and not statistically significant (p=0.5758) (Table 5).

The correlation between the change in AHI wearing the MAD and minutes in supine position
was weak (r=-0.09) and not statistically significant (p=0.7345) (Table 6).

The correlation between the change in AHI and BMI level was weak (r = 0.09) and not
statistically significant (p=0.7296) (Table 7).

The appliance preference questionnaire (Appendix H, Figure 2, Table 8) contained questions
mostly based on a one to ten point scale (with one being the lowest and ten being the
highest). A paired t-test was used to assess the difference in patients’ evaluation to the two
devices. Only sleep quality was statistically significant between the MAD and nightguard
(p=0.0001). Subjects rated their overall experience with the MAD at 8.56 out of 10, and with
the nightguard at 7.75 out of 10 (p=0.0664). Subjects rated their sleep quality with the MAD
at 8.81 out of 10, and with the nightguard at 7.12 out of 10 (p=0.0001). Subjects rated the
MAD comfort at 8.56 out of 10, and the nightguard at 8.38 out of 10 (p=0.7093). Subjects
reported their hours of sleep with the MAD at 7.75 hours, and with the nightguard at 7.25
hours (p=0.1194).
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Discussion
Sex and age were factors we wanted to analyze to see if any correlations could be found
based on those factors. Due to the lack of sufficient numbers of male subjects, sex was not
something that was able to be analyzed. Age was also not analyzed due to lack of subjects
enrolled in the study.

As previously hypothesized, the mandibular advancement device showed more reduction of
the apnea-hypopnea index than did the nightguard. The implications of this would be that
clinicians consider using a MAD when appropriate for their patients with obstructive sleep
apnea.

Reasons for why the home sleep test baselines and the polysomnogram were weakly
correlated could be due to multiple factors. One factor might be that PSG’s as old as two
years were accepted and that the subject’s OSA condition may have changed during that
time. Another factor could be the night to night variability associated with OSA. Also,
amount of REM sleep (which cannot be measured on the HST) from the HST baselines and
the PSG may have been significantly different (not measured for the purpose of this study).
It is also possible that recent changes to medications with sedative type effects played a role
in the difference seen between the two tests. One last factor could be that the amount of
sleep time measured on the HST baselines may have been overestimated due to lack of
brainwave readings to prove the exact amount of sleep the subject experienced.
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In 7 of the 16 subjects (43.75%) the OSA was aggravated from use of a nightguard. Overall
the nightguard increased the AHI by 2.23 events an hour (11.09%). However, when only
looking at the seven people that had an aggravation of their AHI with the nightguard the AHI
increased from a baseline of 22.09 to 34.97 on the night when the nightguard was used
(58.31%). As a group, an 11.09% increase in the AHI is probably not clinically significant
due to a continued AHI level consistent with moderate obstructive sleep apnea, but for the
seven subjects that had an increase of their AHI by 58.31% on average probablyis clinically
significant due to an AHI level that now correlates to severe obstructive sleep apnea. For
those seven patients, the data showed that their AHI worsened significantly which is
significant to those patients. These findings help to support the results seen in the Gagnon
study which showed that 50% of patients have an aggravation of OSA with nightguard
usage.27

Also, 4 of the 16 subjects (25%) had their OSA aggravated while using the MAD. The AHI
increased from a baseline of 10.05 to 16.13 on the night when the MAD was used (60.44%).
Looking at the same group the AHI increased from a baseline of 10.05 to 23.28 on the night
when the nightguard was used (131.59%). Even though the subjects in this group were
worse with both treatments, they were much worse with the nightguard. In the author’s
opinion, this was due to not having an in lab polysomnogram titration of the MAD. The
author routinely sees worsening of AHI’s on follow up polysomnogram titration studies
when an MAD is not in the most therapeutic position needed for the individual. It is rare that
the author sees an overall worsening of AHI with an MAD when properly titrated in lab, but
it does happen. Although not intended as part of this study, out of curiosity the author had
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in-lab polysomnogram titrations performed with the MAD, and all four subjects’ AHI’s were
lowered.

Our results agreed with the results from the Gagnon study in that aggravation of OSA when
in the supine position while wearing the nightguard was not statistically significant.27
We also found that that there was not a statistically significant change in AHI when in the
supine position while wearing the MAD.

Body Mass Index also did not seem to have any effect on the two forms of treatment. There
was no statistically significant correlation between BMI and the AHI with the nightguard or
with the MAD.

In looking at the appliance preference questionnaire (appendix H, Figure 2, Table 8) given to
the subjects at the end of the study, some interesting trends were noticed in the results. The
overall preference in comfort and the overall experience leaned slightly more toward the
MAD but were not statistically significant (p=0.7093, p=0.0664 respectively). In some cases
the nightguard was reported as more comfortable due to being less bulky in the mouth. More
often though subjects reported that the MAD was just as comfortable as the nightguard, that
it felt less gaggy and was easier to keep in place all night (i.e. subjects did not have an
unconscious need to remove the appliance at night). As expected, subjects as a group
reported better quality of sleep with the MAD as compared to the nightguard (p=0.0001),
although hours slept was not statistically significant between the MAD and nightguard
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(p=0.1194). It is the belief of the author that the therapeutic benefits of the MAD overcame
the bulkiness concerns of the MAD versus the nightguard.

None of the subjects enrolled dropped out of the study. The author finds it to be a rare
occurrence in his daily practice that compliance would not be high (over 95% compliance).
Compliance in this case would be wearing the appliance all night every night. There have
been numerous studies that have looked at compliance of MAD therapy.29 Compliance over
a five year period can range from anywhere between 57% and 100% according to which
study is used. In the author’s opinion, compliance depends upon proper patient selection,
proper appliance selection, proper follow-up and care, and a good working relationship with
the patient.

The overall AHI was significantly reduced when using the MAD versus the nightguard.
However, in analyzing the MAD results as compared to what the author is accustomed to
seeing, the results seemed subpar (i.e. AHI was much higher than usual as compared to in-lab
appliance titration). A possible reason for this outcome is that the 60% of maximum
protrusion position that was employed may not have been the most effective position for each
subject. The author commonly uses a titration protocol to obtain the most efficacious
position for each subject in daily practice, which may explain this discrepancy. Night to
night variability and amount of supine or REM sleep, as mentioned before, may also explain
this discrepancy.
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As stated previously, the pathophysiologic reasons for why some people brux at night are not
completely understood at this point and it is possible that bruxism may be due to an
underlying OSA problem.21 The literature has shown that bruxism may be caused in part by a
narrowing of the airway due to OSA. Transient arousals, as seen in OSA, have been
experimentally shown to cause bruxism.24 These arousals are a change in sleep cycles from a
deeper to lighter stage of sleep or from REM stage sleep to awake. Also, a rise in
sympathetic activity, as seen during an apneic event, can induce bruxism.25

The results of this study should be taken into account when a dentist is deciding whether to
fabricate a nightguard for bruxism. It is the belief of the author that all patients should be
screened for OSA before being fit with a nightguard for bruxism. A simple yet validated
questionnaire, such as the STOP-BANG questionnaire, would be an ideal tool for the general
dentist to use in the screening of their patients for OSA. The results of this study and the
Gagnon27 study could directly affect the everyday dental practice and the treatment of OSA.
On a daily basis, dentists fit their patients with dental nightguards to help protect teeth from
bruxism. The literature shows that this is a common practice that is well accepted.22, 23
Dental nightguards for bruxism are made by dentists because dentists are taught in school to
make a nightguard for their patients who grind their teeth. If the connection between
bruxism and OSA was better understood by dentists, the model for treatment of bruxism may
be changed. If all dentists who were thinking of fitting a nightguard for bruxism understood
that there could be an underlying OSA issue, it’s possible that more people would get
screened for OSA. Obstructive sleep apnea is something that anybody can have, not just
elderly or obese people.2-5 A dentist can easily and quickly screen their patient for OSA, and
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if the patient is high risk for OSA, refer them to the appropriate provider for follow-up. The
literature shows the health concerns that OSA presents and the possible long term
consequences of untreated OSA.7, 8, 30 Dentists have the opportunity to make a bigger impact
on the patient’s overall health instead of just on the patient’s oral health. Dentists need to
understand a dental nightguard for bruxism can potentially worsen OSA in some people, and
that they could be harming their patient instead of helping their patient.

There were multiple limitations of this study and opportunities to expand upon this study in
the future exist. In analyzing the data, we were not able to look at correlations between the
results in relation to the age or sex. If the study was expanded to include more subjects, it
may become possible to then correlate these results to age or sex. Also due to limiting our
subject base to those without significant co-morbidities or including subjects over the age of
64, our data lacks generalization.

Another limitation of this study was the fact that night to night variability of sleep can have
an impact on data. Future studies may need to include multiple nights of testing for each
treatment modality being tested.

Home sleep testing, although validated, is not considered the gold standard of sleep
evaluation. Although not a major limitation of this study, perhaps slightly different results
would be garnered through polysomnographic in-lab testing.
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The data seen from treatment apnea-hypopnea indices with the mandibular advancement
device was another limitation of this study. Setting all subjects at the same protrusive setting
(60% of maximum protrusion) may have artificially skewed data to reflect higher AHI’s than
had a proper titration of the MAD been performed. Future studies may incorporate a PSG
titration of the MAD to show maximum improvement of the AHI with the MAD.
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Conclusion
This study showed that the MAD resulted in a statistically significant improvement in AHI,
as compared to the nightguard. It also supported the finding of the Gagnon study27 by
showing in some subjects (43.75%) an aggravation of obstructive sleep apnea is seen with
usage of a nightguard. It should be the responsibility of the dental professional to screen all
patients for obstructive sleep apnea before fitting their patients with a nightguard for
bruxism.

19

References
1. Ferini-Strambi L, Fantini ML, Castronovo C. Epidemiology of obstructive sleep apnea
syndrome. Minerva Med. 2004;95(3):187-202.
2. Friedman M, Tanyeri H, La Rosa M, et al. Clinical predictors of obstructive sleep apnea.
Laryngoscope. 1999;109(12):1901-1907.
3. Li KK, Kushida C, Powell NB, Riley RW, Guilleminault C. Obstructive sleep apnea
syndrome: A comparison between far-east asian and white men. Laryngoscope. 2000;110(10
Pt 1):1689-1693.
4. Schellenberg JB, Maislin G, Schwab RJ. Physical findings and the risk for obstructive
sleep apnea. the importance of oropharyngeal structures. American Journal of Respiratory &
Critical Care Medicine. 2000;162(2 Pt 1):740-748.
5. Schwab RJ. Pro: Sleep apnea is an anatomic disorder. American Journal of Respiratory &
Critical Care Medicine. 2003;168(3):270-271.
6. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleepdisordered breathing among middle-aged adults. N Engl J Med. 1993;328(17):1230-1235.
7. Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. Obstructive
sleep apnea as a risk factor for stroke and death. N Engl J Med. 2005;353(19):2034-2041.
8. Pamidi S, Aronsohn RS, Tasali E. Obstructive sleep apnea: Role in the risk and severity of
diabetes. Best Practice & Research Clinical Endocrinology & Metabolism. 2010;24(5):703715.
9. Barnes M, McEvoy RD, Banks S, et al. Efficacy of positive airway pressure and oral
appliance in mild to moderate obstructive sleep apnea. American Journal of Respiratory &
Critical Care Medicine. 2004;170(6):656-664.

20

10. Barthlena G, Browna L, Wilandb M, Sadeha J, Patwaria J, Zimmerman M. Comparison
of three oral appliances for treatment of severe obstructive sleep apnea syndrome. SLEEP.
2000;1(4):299-305.
11. Gotsopoulos H, Kelly JJ, Cistulli PA. Oral appliance therapy reduces blood pressure in
obstructive sleep apnea: A randomized, controlled trial. Sleep. 2004;27(5):934-941.
12. Holley AB, Lettieri CJ, Shah AA. Comparison with continuous positive efficacy of an
adjustable oral appliance and airway pressure for the treatment of obstructive sleep apnea
syndrome. Chest. 2011;140:1511-1516.
13. Ferguson KA, Ono T, Lowe AA, Keenan SP, Fleetham JA. A randomized crossover
study of an oral appliance vs nasal-continuous positive airway pressure in the treatment of
mild-moderate obstructive sleep apnea. Chest. 1996;109(5):1269-1275.
14. Lettieri CJ, Paolino N, Eliasson AH, Shah AA, Holley AB. Comparison of adjustable and
fixed oral appliances for the treatment of obstructive sleep apnea. Journal of Clinical Sleep
Medicine. 2011;7(5):439-445.
15. Vanderveken OM, Devolder A, Marklund M, et al. Comparison of a custom-made and a
thermoplastic oral appliance for the treatment of mild sleep apnea. American Journal of
Respiratory & Critical Care Medicine. 2008;178(2):197-202.
16. Nikolopoulou M, Naeije M, Aarab G, Hamburger HL, Visscher CM, Lobbezoo F. The
effect of raising the bite without mandibular protrusion on obstructive sleep apnoea. J Oral
Rehabil. 2011;38(9):643-647.
17. Aarab G, Lobbezoo F, Hamburger HL, Naeije M. Effects of an oral appliance with
different mandibular protrusion positions at a constant vertical dimension on obstructive
sleep apnea. Clin Oral Investig. 2010;14(3):339-345.

21

18. Macedo CR, Silva AB, Machado MA, Saconato H, Prado GF. Occlusal splints for
treating sleep bruxism (tooth grinding). Cochrane Database of Systematic Reviews.
2007(4):005514.
19. Ohayon MM, Li KK, Guilleminault C. Risk factors for sleep bruxism in the general
population. Chest. 2001;119(1):53-61.
20. Thompson BA, Blount BW, Krumholz TS. Treatment approaches to bruxism. Am Fam
Physician. 1994;49(7):1617-1622.
21. Behr M, Hahnel S, Faltermeier A, et al. The two main theories on dental bruxism. Annals
of Anatomy. 2012;194(2):216-219.
22. Sheikholeslam A, Holmgren K, Riise C. Therapeutic effects of the plane occlusal splint
on signs and symptoms of craniomandibular disorders in patients with nocturnal bruxism. J
Oral Rehabil. 1993;20(5):473-482.
23. Harada T, Ichiki R, Tsukiyama Y, Koyano K. The effect of oral splint devices on sleep
bruxism: A 6-week observation with an ambulatory electromyographic recording device. J
Oral Rehabil. 2006;33(7):482-488.
24. Kato T, Montplaisir JY, Guitard F, Sessle BJ, Lund JP, Lavigne GJ. Evidence that
experimentally induced sleep bruxism is a consequence of transient arousal. J Dent Res.
2003;82(4):284-288.
25. Huynh N, Kato T, Rompre PH, et al. Sleep bruxism is associated to micro-arousals and
an increase in cardiac sympathetic activity. J Sleep Res. 2006;15(3):339-346.
26. Landry ML, Rompre PH, Manzini C, Guitard F, de Grandmont P, Lavigne GJ. Reduction
of sleep bruxism using a mandibular advancement device: An experimental controlled study.
Int J Prosthodont. 2006;19(6):549-556.

22

27. Gagnon Y, Mayer P, Morisson F, Rompre PH, Lavigne GJ. Aggravation of respiratory
disturbances by the use of an occlusal splint in apneic patients: A pilot study. Int J
Prosthodont. 2004;17(4):447-453.
28. Driver HS, Pereira EJ, Bjerring K, et al. Validation of the MediByte[REGISTERED] type
3 portable monitor compared with polysomnography for screening of obstructive sleep
apnea. Canadian Respiratory Journal. 2011;18(3):137-143.
29. Ferguson KA, Cartwright R, Rogers R, Schmidt-Nowara W. Oral appliances for snoring
and obstructive sleep apnea: A review. Sleep. 2006;29(2):244-262.
30. Nieto FJ, Peppard PE, Young T, Finn L, Hla KM, Farré R. Sleep disordered breathing
and cancer mortality: Results from the wisconsin sleep cohort study. Am J RespirCrit Care
Med. 2012.

23

Appendix A: Tables
Table 1. Distribution of subjects based on sex.
Gender

Frequency

Percent

Male

5

31.25

Female

11

68.25

Table 2. Age and Body Mass Index values for subjects.
Variable

Mean

SD

Min

Max

Age

50.75

10.40

32

64

Body Mass Index

30.70

4.98

23.2

41.8

Table 3. Baseline Home Sleep Test, MAD, and Nightguard AHI values for subjects.
Variable

Mean

SD

Min

Max

Home Sleep Test

20.11

15.89

5.6

68.4

MAD

12.88

12.89

1.2

53.5

Nightguard

22.34

20.99

4.3

86.2

MAD=Mandibular Advancement Device, AHI=Apnea-Hypopnea Index
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Table 4. Correlation of Polysomnogram with Home Sleep Test.
Variable

Mean

SD

r

p-value

Polysomnogram

28.01

22.02

0.43

0.0944

Home Sleep Test

20.11

15.89

0.43

0.0944

Table 5. Correlation of change in AHI wearing Nightguard and time slept supine.
Variable

Mean (minutes)

SD

r

p value

SNGMIN

117.64

70.91

-0.16

0.5758

SNGAHI

29.83

26.82

-0.16

0.5758

SNGMIN=Time slept supine w/nightguard, SNGAHI=Apnea-hypopnea index while supine w/nightguard

Table 6. Correlation of change in AHI wearing MAD and time slept supine.
Variable

Mean (minutes)

SD

r

p value

SMADMIN

122.26

54.08

-0.09

0.7345

SMADAHI

19.40

16.25

-0.09

0.7345

SMADMIN=Time slept supine w/MAD, SMADAHI=Apnea-hypopnea index while supine w/MAD

Table 7. Correlation of change in AHI between treatments and BMI.
Variable

Mean

SD

r

p-value

Difference

-9.47

10.47

-0.09

0.7296

BMI

30.71

4.98

-0.09

0.7296

Difference=Difference in AHI between MAD and nightguard, BMI=Body Mass Index
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Table 8. Correlation of Preference between MAD and Nightguard.
Aspect

Device

Mean

SD

p-value

Comfort

MAD

8.5625

1.5478

0.7093

NG

8.3750

1.1475

MAD

8.5625

1.3150

NG

7.7500

0.8563

MAD

8.8125

1.1087

NG

7.1875

1.3276

MAD

7.7500

1.0000

NG

7.2500

1.0646

Experience

Sleep Quality

Hours slept

MAD=Mandibular Advancement Device, NG=Nightguard
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0.0664

<0.0001

0.1194

Appendix B: Figures
Figure 1. AHI after nightguard and mandibular advancement device.
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Figure 2. Appliance preference questionnaire.
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Appendix C: Patient Information
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Appendix D: Alginot MSDS
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Appendix E: Study Models
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Appendix F: EMA Fabrication
I.

Splint Creation:
a. Mark a vertical line approximately 1-2mm posterior to the facial
prominence of the maxillary canine on study model (Repeat on opposite
side of model). Put maxillary and mandibular models together using the
given George Gauge (Sleep bite registration). Place a #2 length EMA band
so that the hole of one end is centered on the line and runs back along the
maxillary premolars. Mark the spot at the center of the hole at the other
end of this band. With both arches of the study model fitted properly into
the George Gauge, draw a line perpendicular to the occlusal plane which
runs through the spot just marked on the maxillary arch and extends down
onto the corresponding mandibular teeth. Repeat for other side of study
model.
b. Use 2.5 mm mouthguard materials that are in packets of 2 disks.
c. Take plastic wrapper off one side of the material and layer it on the other
side to create two layers for a spacer.
d. To suckdown material:
i. Erkoform: set time for 1:40 sec.
ii. 3D Erkoform: Choose favorites, and select EMA disk on screen
(this will heat disk to 145 degrees)
.
e. Place White UZF Spacer (if necessary), 2 layers of plastic wrappers (pull
layer off one side and place on opposite side) and mouthguard material in
the “O” ring.
f. Use Compound 101 in the Anterior inter-proximal spaces of the upper and
lower models and as needed to prevent excess retention.
g. Layer upper and lower models with Isolac.
h. Place the model in the metal beads and level the beads out below the
gingival tissue
i. Erkoform: When the first timer goes off move the material under
the heater. When the second timer goes off move the material over
the model and lower over the model to suck down
ii. 3D Erkoform: Follow the instructions on the screen. (Move the
material under the heater and when the timer goes off move it over
the model and lower it down over the model to suck down)
For the maxillary splints make a flat plane using the metal disk by
applying pressure when the material is first sucked down and still hot.
i. When the timer goes off indicating the cooling period is complete, lift the
arm and remove splint and model from the “O” ring.
j. Remove excess material from the splint by trimming away with Dremel
handpiece at the alveolar process (just below the gumline) on both the
buccal and lingual sides.
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k. Remove model from splint with buffalo knife and remove the layers of
paper from the inside.
l. Using Patterson or Rotex handpiece with coarse tapered bur, further trim
splints by removing all material on the buccal side up to the marginal
gingiva.
m. Using a fine tapered bur, trim buccal side of splint to the lowest point,
making sure both sides are symmetrical.
n. Trim lingual side of splint so that it is a few mm higher than that of the
buccal.
o. Remove any excess shavings and/or sharp edges with a blue buffing disc.
II.

Placement of Pads and Buttons:
a. Mandible:
i. Affixing with acrylic, place occlusal pads on the mandibular splint
with the back of the pad positioned at the distal end of the first
molar and centered over the buccal cusp tip.
ii. Cure in pressure pot for 5-10 minutes at 15-20 psi.
iii. Affixing with acrylic, place button on area previously marked with
pencil. Make sure that the “point” of the button is placed pointing
back and that button is as vertical as possible.
iv. Make sure that material does not flow into the button’s grooves.
Cure in pressure pot for 5-10 minutes at 15-20 psi.
b. Maxilla:
i. Affixing with acrylic, place button on area previously marked with
pencil. Make sure that the “point” of the button is placed pointing
forward and as vertical as possible.
ii. Make sure that material does not flow into the button’s grooves.
Cure in pressure pot for 5-10 minutes at 15-20 psi.
c. Trim excess acrylic from buttons and pads and buff acrylic with blue and
white buffing discs.
d. Smooth and shine the splints using yellow porcelain mandrel for the
plastic followed by pumice for the acrylic. Then use the white disk on the
lathe for final high-speed polish.
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Appendix G: EMA Bands
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Appendix H: Erkoform Machine
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Appendix I: MSDS sheets for EMA parts
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SECTION 1: PPODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME:

MYERSON EMALIGHT CURE ADHESIVE

PRODUCT CLASSIFICATION:

acrylic adhesive

PRODUCT USE:

Bonding of components ondental medical devices

MANUFACTURER:

Myerson, the tooth company

ADDRESS:

311 North Aberdeen
Chicago, IL 60607-1203 USA

CONTACT NUMBERS:

Tel: 312 432 8200
Fax: 312 563 9535
Website: www.myersontooth.com

REVISION DATE:

June 16th 2010

SECTION 2: HAZARDS IDENTIFICATION

HMIS OVERVIEW:

HEALTH: *2
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FLAMMABILITY: 2
PHYSICAL HAZARD: 1
Personal Protection: See MSDS Section 8

WARNING: COMBUSTIBLE LIQUID AND VAPOR. HARMFUL IF SWALLOWED, ABSORBED
THROUGH SKIN OR INHALED. DO NOT SPRAY. DO NOT HEAT. MAY CAUSE ALLERGIC SKIN
REACTION. CAUSES EYE, SKIN AND RESPIRATORY TRACT IRRITATION.

Relevant routes of exposure: Skin, Inhalation, Eyes, Ingestion

Potential Health Effects

Inhalation: Modified acrylamide is harmful if inhaled. Causes respiratory tract irritation. Vapors and
mists will irritate nose and throat and possibly eyes. Headache. Nausea. DO NOT heat or spray as
this increases the inhalation hazard.

Skin contact: Modified acrylamide may be absorbed through skin in harmful amounts. Toxic. May
cause allergic skin reaction. Causes skin irritation. Eye contact: Contact with eyes will cause irritation.

Ingestion: Modified acrylamide is harmful if swallowed. Toxic.

Existing conditions aggravated by exposure: Eye, skin, and respiratory disorders. This material is
considered hazardous by the OSHA Hazard Communication Standard (29 CFR 1910.1200). See
Section 11 for additional toxicological information.

SECTION 3: COMPOSITION / INFORMATION ON INGREDIENTS

Hazardous components

CAS NUMBER

%

Urethane Polymer

Proprietary

30 - 60

Acrylate monomer

Proprietary

30 - 60
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Modified acrylamide

2680-03-7

10 - 30

Treated fumed silica

67762-90-7

5 - 10

Photoinitiator

Proprietary

1–5

2-Hydroxyethyl acrylate

818-61-1

0.1 - 1

SECTION 4: FIRST AID MEASURES

Inhalation: Move to fresh air. If breathing is difficult, give oxygen. If not breathing, give artificial
respiration. Get medical attention.

Skin contact: Immediately flush skin with plenty of water (using soap, if available). Remove
contaminated clothing and footwear. Wash clothing before reuse. If symptoms develop and persist,
get medical attention.

Eye contact: Flush with copious amounts of water, preferably, lukewarm water for at least 15 minutes,
holding eyelids open all the time. Get immediate medical attention.

Ingestion: Do not induce vomiting. Never give anything by mouth to an unconscious person. Keep
individual calm. Get immediate medical attention.

SECTION 5: FIRE FIGHTING MEASURES

Flash point:

86.0 °C (186.8 °F) Pensky Martens closed cup

Flammable/Explosive limits

Not available

Extinguishing media:

Water spray (fog), foam, dry chemical or carbon dioxide. Do
not use high volume water jet.
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Special firefighting procedures:

Wear self-contained breathing apparatus and full protective
clothing, such as turn-out gear. Water may be unsuitable as
an extinguishing media, but may be helpful in keeping
adjacent containers cool.

Unusual fire or explosion hazards:

Uncontrolled polymerization may occur at high temperatures
resulting in explosions or rupture of storage containers.

Hazardous combustion products:

Oxides of carbon. Oxides of nitrogen. Oxides of phosphorus.
Irritating organic vapours. Formaldehyde. Isocyanates.
Hydrogen cyanide. Amines. Hydrocarbons.

SECTION 6: ACCIDENTAL RELEASE MEASURES

Use personal protection recommended in Section 8, isolate the hazard area and deny entry to
unnecessary and unprotected personnel.

Environmental precautions: Remove all sources of ignition. Do not allow product to enter sewer or
waterways.

Clean-up methods: Refer to Section 8 "Exposure Controls / Personal Protection" prior to clean up.
Ensure adequate ventilation. Soak up with inert absorbent material (e.g. sand, silica gel, acid binder,
universal binder, sawdust). Store in a partly filled, closed container until disposal.

SECTION 7:HANDLING AND STORAGE
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Handling: Prevent contact with eyes, skin and clothing. Do not breathe vapor and mist. Wash
thoroughly after handling. Do not taste or swallow. DO NOT heat or spray. Use only with adequate
ventilation. Refer to Section 8. Use only in area provided with appropriate exhaust ventilation.

Storage: Keep in a cool, well ventilated area away from heat, sparks and open flame. Keep container
tightly closed until ready for use.

SECTION 8: EXPOSURE CONTROLS / PERSONAL PROTECTION

Employers should complete an assessment of all workplaces to determine the need for, and selection
of, proper exposure controls and protective equipment for each task performed.

Limits established for Hazardous components

Urethane Polymer

None

Acrylate monomer

None

Modified acrylamide

0.1 mg/m3 TWA (Skin) 0.025 ppm TWA (Skin)

Treated fumed silica

ACGIH TLV :10 mg/m3 TWA Inhalable dust. 3 mg/m3 TWA
Respirable fraction.
OSHA PEL: 15 mg/m3 TWA Total dust. 5 mg/m3 TWA Respirable
fraction.

Photoinitiator

None
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2-Hydroxyethyl acrylate

None

Engineering controls: Local exhaust ventilation is recommended when general ventilation is not
sufficient to control airborne contamination below occupational exposure limits.

Respiratory protection: Use NIOSH approved respirator if there is potential to exceed exposure
limit(s). If this material is handled at elevated temperatures or under mist forming conditions, without
engineering controls, a NIOSH approved respirator must be used.

Eye/face protection: Safety goggles or safety glasses with side shields. Full face protection should be
used if the potential for splashing or spraying of product exists. Safety showers and eye wash stations
should be available.

Skin protection: Use impermeable gloves and protective clothing as necessary to prevent skin
contact. Neoprene gloves.

SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES

Physical state:

Liquid, Gel

Color:

Translucent, Off white

Odor:

Mild

pH:

Not applicable

Vapor pressure:

Not available

Boiling point/range:

Not available

Melting point/ range:

Not available

Specific gravity:

1.1194
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Vapor density:

Not available

Solubility in water:

Not available

SECTION 10: STABILITY AND REACTIVITY

Stability: Stable under normal conditions of storage and use.
Hazardous reactions: May occur.
Hazardous decomposition products: Oxides of carbon. Oxides of nitrogen. Oxides of phosphorus.
Formaldehyde Irritating organic vapours. Isocyanates. Hydrogen cyanide. Amines. Hydrocarbons.
Incompatible materials: Strong oxidizing agents. Strong reducing agents. Strong bases. Strong acids.
Peroxides. Alkalis. Copper. Copper alloys. Amines. Carbon steel. Iron. Rust. Free radical initiators.
Other polymerization initiators.
Conditions to avoid: Keep away from heat, spark and flame. Store away from incompatible materials.
Ultraviolet radiation. Exposure to sunlight. Freezing conditions.

SECTION 11: TOXICOLOGICAL INFORMATION

Hazardous components

Health Effects/Target Organs

Urethane Polymer

No Records

Acrylate monomer

Irritant, Allergen

Modified acrylamide

Irritant, Eyes, Mutagen, Kidney, Less weight gain and food intake.

Treated fumed silica

Irritant
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Photoinitiator

No Records

2-Hydroxyethyl acrylate

Allergen, Central nervous system, Heart, Irritant, Kidney, Liver, Lung,
Some evidence of carcinogenicity, Spleen

SECTION 12: ECOLOGICAL INFORMATION

Ecological information: Not available

SECTION 13: DISPOSAL CONSIDERATIONS

Information provided is for unused product only.

Recommended method of disposal: Dispose of according to Federal, State and local governmental
regulations.

Hazardous waste number: Not a RCRA hazardous waste

SECTION 14: TRANSPORT INFORMATION

The shipping classification in this section are for bulk packaging only. Shipping classification may be
different for non-bulk packaging as exceptions may apply. Refer to shipping documents for package
specific transportation classification.

U.S. Department of Transportation Ground (49 CFR)
Proper shipping name: Combustible liquid, n.o.s. (N,N-Dimethylacrylamide)
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Hazard class or division: Combustible Liquid
Identification number: NA 1993
Packing group: III

International Air Transportation (ICAO/IATA)
Proper shipping name: Environmentally hazardous substance, liquid, n.o.s. (Isobornyl acrylate)
Hazard class or division: 9
Identification number: UN 3082
Packing group: III

Water Transportation (IMO/IMDG)
Proper shipping name: ENVIRONMENTALLY HAZARDOUS SUBSTANCE, LIQUID, N.O.S.
(Isobornyl acrylate)
Hazard class or division: 9
Identification number: UN 3082
Packing group: III
Marine pollutant: Isobornyl acrylate
Exceptions: Classified per IMDG Amendment 34; Effective Jan 1, 2010.

SECTION 15: REGULATORY INFORMATION

TSCA 8 (b) Inventory Status: All components of this product are listed on the U.S. Toxic Substances
Control Act (TSCA) inventory or are exempt from listing because a Low Volume Exemption (LVE) has
been granted in accordance with 40 CFR 723.50.
CERCLA/SARA Section 311/312: Immediate Health, Delayed Health, Fire
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California Proposition 65: This product contains a chemical known in the State of California to cause
cancer. This product contains a chemical known to the State of California to cause birth defects or
other reproductive harm.

SECTION 16: OTHER INFORMATION

This data sheet contains technical-scientific information, which does not involve any
obligation, guarantee and patent concession. All information contained in this
document is correct to the best of our knowledge and processed in good faith.
We recommend verification of national and regional regulations applicable to the
specific utilized field, as well as regulations regarding relative hygienic and safety
practices to be employed in the use of this product.
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Appendix J: Appliance Preference Questionnaire

Please rate each of the following questions based on a 1-10 scale with 1 being the worst and
10 being the best. Please circle your answer.
How do you rate your overall experience with the EMA appliance?
1 2 3 4 5 6 7 8 9 10
How do you rate your overall experience with the Nightguard?
1 2 3 4 5 6 7 8 9 10
How do you rate your quality of sleep with the EMA?
1 2 3 4 5 6 7 8 9 10
How do you rate your quality of sleep with the NG?
1 2 3 4 5 6 7 8 9 10
How do you rate the overall comfort of the EMA?
1 2 3 4 5 6 7 8 9 10
How do you rate the overall comfort of the Nightguard?
1 2 3 4 5 6 7 8 9 10
Please circle the most appropriate answer below.
How many hours do you sleep a night on average?
1 2 3 4 5 6 7 8 9 10 more
How many hours a night did you use the EMA on average?
1 2 3 4 5 6 7 8 9 10 more
How many hours a night did you use the Nightguard on average?
1 2 3 4 5 6 7 8 9 10 more
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