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Looking to the Future
Leslie C. Dort, DDS, Diplomate, ABDSM, Editor-in-Chief Journal of Dental Sleep Medicine

Calgary, Alberta, Canada

EDITORIALS

The review of portable monitoring (PM) by Love and Kuna1 
provides a platform for considering the expanding use of 

PM in the treatment of sleep disordered breathing. Acceptance 
of PM has evolved considerably over the past twenty years and 
has without a doubt increased accessibility to diagnosis world-
wide. PM as a tool remains underused for diagnosis and treat-
ment assessment in terms of how it is used and by whom.

There is a need for outcomes research that explores clin-
ical care pathways that maximize the available tools for diag-
nosis and treatment. Love and Kuna1 point out that PM is 
most appropriate for those with a high pre-test probability of 
obstructive sleep apnea (OSA) symptoms: snoring, witnessed 
apneas, and daytime sleepiness. If two of three of these symp-
toms are present in an otherwise healthy, non-obese individual 
outcomes research could potentially support the ordering of a 
PM by health care providers other than medical sleep special-
ists. Care pathway research may show that when there is a high 
pre-test probability of OSA, a PM ordered by a variety of health 
care providers, including dentists, and interpreted by a medical 
sleep specialist results in outcomes equivalent to conventional 
current pathways.

The review also highlights some of the necessary cautions 
with PM. There is concern that PM will be used for inappro-
priate patients and therefore result in misdiagnosis. There is an 
increasing need for well established multi-disciplinary clinical 
groups to maximize care outcomes. When patients present with 
other than straight forward OSA, any health care provider must 
have a strong link to a sleep specialist to refer for evaluation. 
When PM results are negative or equivocal a strong inter-disci-
plinary relationship is essential so patients can efficiently be 
referred for alternative diagnosis.

Beyond research in outcomes based on diagnostic pathways, 
PM is underutilizes in evaluating oral appliance (OA) outcomes. 
There is a need for research to support use of PM to confirm 
OA effectiveness in routine clinical practice. A possible pathway 
to be evaluated would require the dentist to dispense PM until 
maximum effectiveness and then report to the referring physi-
cian. This editorial is a call for innovation in concepts of OSA 
care delivery.
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Impact of the ACA on Oral Appliance Therapy
Deborah Ziwot, DMD, MS

Far Hills, NJ

EDITORIALS

The Patient Protection and Affordable Care Act, commonly 
called the Affordable Care Act (ACA), has had an impact 

on oral appliance therapy for obstructive sleep apnea, not neces-
sarily directly, but rather in the role that it has played in contrib-
uting to the “perfect storm” for oral appliance therapy.

Prior to the enactment of the ACA, the sleep center industry 
was rapidly evolving on its own. With the sharp uptick in interest 
in diagnosing patients with sleep apnea, the amount reimbursed 
by private and public insurers for sleep testing was rapidly esca-
lating. From 2001 to 2009, the amount spent by Medicare for 
sleep testing jumped from $62 million to $235 million. With the 
prospect of a potentially explosive rise in insurance reimburse-
ments for sleep testing, reimbursements were sharply cut back, 
and home sleep testing, viewed as a less expensive alternative to 
in-laboratory diagnostic testing, was adopted.

In the midst of this industry-wide turbulence, the ACA was 
signed into law by President Obama on March 23, 2010. The 
landmark legislation represented one of the most significant 
regulatory overhauls of the U.S. healthcare system since the 
passage of Medicare and Medicaid in 1965. The ACA was enacted 
to increase the quality and affordability of health insurance, lower 
the uninsured rate, and reduce healthcare costs for individuals 
and the government. Although enacted in 2010, the ACA was not 
implemented all at once; rather implementation of various parts 
of the legislation was stretched out over many years, prolonging 
the upheaval that often comes with disruptive change.

Against this backdrop, oral appliance therapy emerged as a 
validated treatment modality for obstructive sleep apnea. In 
2011, Medicare began covering oral appliance therapy both as 
first-line therapy for patients with mild-to-moderate obstruc-
tive sleep apnea as well as for patients with severe obstructive 
sleep apnea for whom PAP therapy was contraindicated or 
could not be tolerated. Validation by the Medicare program 
was extremely important since it opened the door for all other 
insurers to follow. Medicare fees generally serve as the bench-
mark against which most private insurers, Medicaid, and other 
government programs base their fee schedule.

Thus, at the very moment when oral appliance therapy should 
have gained a preeminent voice in the professional dialogue on 
the treatment of obstructive sleep apnea, a tsunami of changes 
both within the field of sleep medicine and throughout the 
landscape of the U.S. health care system was occurring. These 
changes proved to be formidable headwinds for a treatment 
modality that was in its early stages of evolution in the health-
care marketplace.

Sleep centers had realized early on that by adding sales of 
PAP devices to their product/service mix they could signifi-
cantly enhance their net profits. As the reimbursements 
for sleep studies dropped precipitously and patient volume 
declined in the aftermath of the adoption of home sleep testing, 
the pressure to sell PAP devices increased even more. Many 

sleep centers were able to break even on diagnostic testing but 
were reliant on the sale of PAP devices to generate profits. By 
adding to the sale of PAP devices a resupply program, designed 
to provide patients with supplies and accessories for the PAP 
device on an ongoing basis, sleep centers found a way to further 
strengthen their bottom line.

Thus, in an environment in which the sale of PAP devices was 
viewed as the antidote to sharp cuts in patient volume and price, 
oral appliance therapy was not enthusiastically embraced, for 
what did an oral appliance represent to a sleep center but a lost 
opportunity to sell a PAP device.

The ACA added another layer of complexity to the challenges 
faced by dental professionals providing oral appliance therapy. 
By prohibiting certain strategies as, for example, denying poli-
cies to individuals with preexisting conditions, the ACA forced 
insurers to turn to other cost drivers, such as provider prices, 
to deliver more competitive premiums. One way to effect lower 
prices was to limit the number of providers in network and, in 
effect, buy in bulk. By working with fewer providers in network, 
insurers had more leverage to demand lower prices. The concept 
of “narrow networks” was not new, but the ACA certainly fueled 
wider adoption of this strategy.

Under the ACA, many insurers revamped their network 
design and culled their rosters of in-network providers to create 
smaller networks. Thousands of primary care physicians and 
specialists were terminated from insurance plans, sparking a 
battle between physicians and insurers. And in the midst of this 
increasingly restrictive environment, many dental professionals 
sought in-network status to provide oral appliance therapy for 
obstructive sleep apnea but were unsuccessful.

Along with negatively impacting healthcare providers, many 
of the insurers’ initiatives under ACA also adversely affected 
patients. One of the essential objectives of the ACA was to lower 
the uninsured rate. The ACA did indeed increase the number 
of insured individuals. However, the expansion came at the 
expense of incurring higher out-of-pocket costs for many Amer-
icans in the form of higher premiums, deductibles, copayments, 
and coinsurance. In response to higher costs, many patients 
became more cost conscious; others simply elected to forego 
treatment. More Americans may have gained coverage but were 
not accessing health care services as frequently as before.

Again, the oral appliance market was affected. Although 
studies indicate that patients generally prefer oral appliance 
therapy to PAP therapy, when price is a factor, the decision is 
not as straightforward. In most cases, PAP therapy carries lower 
up-front costs than oral appliance therapy, and cost-conscious 
patients take this factor into consideration. Consequently, even 
if oral appliance therapy is an option, many patients are electing 
PAP therapy in order to limit their out-of-pocket expenses.

In short, the ACA to date has not been favorable to oral appli-
ance therapy. However, that is not to say that in the future the 
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ACA may not be instrumental in fueling its growth. One of the 
new ideas introduced by the ACA is a revised payment meth-
odology that is based on outcomes. Should outcomes become 
a critical component in the calculation of reimbursements, the 
ACA may indeed force the issue that custom-made oral appli-
ances have a higher compliance rate than PAP devices, often 
resulting in better treatment outcomes.

In the meantime, the oral appliance market still remains 
strong despite the strong headwinds that dental professionals 
have faced over the last several years. According to a recent 
research paper published by Frost & Sullivan, the oral appli-
ance market in the U.S. is projected to double by the year 
2020.1

In my opinion, there are potentially two strategies that dental 
professionals may elect to pursue to further nurture growth of 
oral appliance therapy going forward—the first strategy being 
directed to the patient and the second to the sleep center. As 
patients become more accountable for their own healthcare 
and responsible for a greater share of the payments for services 
rendered, they will be the ultimate decision-makers in their 
treatment. Consequently, patient education is likely to play a 
more prominent role in fueling growth of the therapy. The time 
spent upfront educating patients during the screening process 
may yield significant dividends later on when treatment plans 
are formulated.

Secondly, from the sleep center’s perspective, dentists are 
of great value to them as a source of patient referrals. One 
dentist alone may not impact the financial results of a sleep 
center, but groups of dentists aligning with one sleep center in 
their community may make a profound difference especially if 
the group consistently refers a significant number of patients 
to the sleep center on an ongoing basis. In numbers, dental 

professionals have a stronger voice to more effectively articulate 
their issues and concerns. In numbers, dental professionals are 
better positioned to become stronger partners in the treatment 
of obstructive sleep apnea at these sleep centers.

In my opinion, the worst of the “perfect storm” is over. 
Although the future of the ACA may be uncertain, the future 
of oral appliance therapy looks bright largely because of the 
enduring strength of the dental profession and its ability to 
provide oral appliance therapy under all circumstances and in 
any environment.
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Mandibular advancement appliance (MAA) treatment is 
recommended as a primary treatment option in mild to 

moderate obstructive sleep apnea (OSA) patients and in severe 
OSA patients who do not tolerate continuous positive airway 
pressure (CPAP).1,2 With the growing use of MAAs in the treat-
ment of OSA, it is important to get more insight into the side 
effects of MAAs and their impact on the OSA condition.

Pliska et al. evaluated in a retrospective study the magnitude 
and progression of dental changes associated with MAA treat-
ment in 77 OSA patients (mean age, 47.5 ± 10.2 years, 62 males) 
over an average period of 11 years (range, 8–19.3 years).3 This 
research group is one of the pioneers in the field of dental side 
effects of oral appliance therapy in OSA patients. Therefore, they 
were able to study the longest observation period published to 
date. The series of dental casts of patients were analyzed with 
a digital caliper for changes in overbite, overjet, crowding, 
dental arch width, and inter-arch relationships. Their study 
showed that clinically significant changes in occlusion during 
an MAA treatment were progressive in nature. This means 
that the dental changes did not have a discernible end-point 
after this long period of observation. The authors observed the 
following significant dental changes: reductions in the over-
bite (2.3 ± 1.6 mm), overjet (1.9 ± 1.9 mm), and mandibular 
crowding (1.3 ± 1.8 mm); and increases in mandibular interca-
nine (0.7 ± 1.5 mm) and intermolar (1.1 ± 1.4 mm) width and 
in the frequency of anterior crossbite and posterior open bite. 
The speed of the changes in overbite and mandibular intermolar 
distance decreased with time, while the speed of the changes 
in overjet, mandibular intercanine distance, and lower arch 
crowding remained constant during the observation period.

The authors provide a nice explanation for the observed 
dental changes from a biomechanical point of view3: even very 
low applied forces, if applied for a considerable amount of time, 
such as several hours during nighttime wear of an oral appliance, 
will result in tooth movement. All MAAs position the mandible 
in a forward position and retain it in place by contacting the 
dentition. The force required to retain the mandible in an 
advanced position is transmitted to the dental arches. As the 
mandible attempts to return to its normal postural position 
during muscle relaxation, it transmits a labially directed force 
against the mandibular incisors and a lingually directed force 
against the upper incisors. This results in a significant labial 
tipping of the lower incisors and a lingual tipping of the upper 
incisors.4 Besides a reduction in mandibular arch crowding, 
the labial tipping of the lower incisors may cause an occlusal 

interference with the upper anterior teeth. Consequently, the 
patient will not be able to close the posterior teeth completely 
due to this premature contact. Similarly, crossbites of the ante-
rior teeth will occur as the mandibular arch moves forward 
and the overjet and overbite are reduced to a point where the 
lower teeth protrude beyond the upper ones. The development 
of a posterior open bite and an anterior crossbite are therefore 
common phenomena in OSA patients under MAA treatment.3

Pliska and colleagues also determined which initial dental 
characteristics act as predictors of the observed dental side 
effects of MAA treatment.3 There was a considerable vari-
ability in the dental changes over time in their group of patients. 
Patients with a larger initial overjet tended to show larger 
reductions in both overjet and overbite. The authors explain 
this finding by the greater amount of freedom for forward 
movements of the lower dentition before the lower anterior 
teeth would contact the corresponding upper anterior teeth. 
Patients with a smaller initial overbite are therefore more likely 
to experience a crossbite of the anterior teeth with prolonged 
MAA treatment, while those with a larger initial overbite 
will likely show greater amounts of overbite reduction as the 
result of their treatment. Such interindividual variability in 
dental changes over time was also observed by Doff et al. and 
Marklund in their long-term follow-up studies on dental side 
effects.5,6 Further, the presence of periodontal bone loss, dental 
implants, or conventional bridges in the dentition at the start of 
MAA treatment may influence the magnitude and progression 
of dental changes over time.7 Therefore, the initial dental situa-
tion plays an important role in the magnitude and progression 
of the long-term dental changes. The amount of mandibular 
protrusion and the compliance have also been suggested as 
important factors in the magnitude and progression of dental 
changes.5,6 Aarab et al. recommended a weighted compromise 
between efficacy and side effects by starting an MAA treatment 
in the 50% protrusion position.8 This was corroborated by the 
findings of Cohen-Levy et al., who reported that the more the 
mandible is protruded in a forward position the greater the labi-
ally directed force against the mandibular incisors, so that the 
magnitude of the dental changes can be expected to be larger.9 
We ask our OSA patients to use their MAA on a nightly basis to 
control their sleep apnea condition optimally, but we also know 
that the longer they use their appliance the greater the effect of 
the forces transmitted to their dental arches by the MAA will be. 
Hence the need for the above-described weighted compromise.8 
The literature provides contradictory evidence about the effect 
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of MAA design on the long-term dental changes. Marklund 
suggested that orthodontic side effects might be predicted based 
on the design of MAAs.6 A soft elastomeric monoblock device 
with full occlusal coverage produced less dental changes than 
a hard acrylic monoblock one. Further, Marklund and Legrell 
showed that a specific MAA design may be beneficial to OSA 
patients at risk of dental changes under MAA treatment.10 On 
the other hand, Vezina et al. and Lawton et al. found no differ-
ence in orthodontic side effects between two different designs 
of MAAs (viz., Monoblock/Twinblock versus “Herbst” appli-
ance).11,12 More long-term prospective studies on the effect of 
MAA design on the magnitude and progression of dental side 
effects are thus needed. We agree with Plitska and colleagues3 
that insight in the predictors of orthodontic side effects of MAA 
treatment will help us in designing optimal treatment protocols 
that result in maximum treatment effect of the prescribed MAA.

In our current society, patients seek orthodontic treatment 
mainly because of concerns about their facial appearance. Psycho-
social problems related to facial appearance can have major effects 
on an individual’s quality of life.7 In OSA patients under MAA 
treatment with an large initial overjet, a decrease in the overjet 
as a consequence of the MAA treatment may in most cases be 
considered as an improvement in facial appearance. However, 
those patients with a small initial overbite will more likely experi-
ence a crossbite of the anterior teeth with prolonged MAA treat-
ment. This latter side effect may be experienced as a deterioration 
in facial appearance, especially in those patients in whom this 
orthodontic side effect is not camouflaged by their facial soft 
tissues. Studies on the impact of changes in facial appearance 
as a consequence of MAA treatment on an individual’s quality 
of life are therefore also needed. The development of a posterior 
open bite results in a reduced number of occlusal contacts in the 
premolar and molar area. We hypothesize that patients with a fast 
development of their posterior open bite may experience more 
difficulties in chewing tough meat or vegetables than patients 
with a slow development of their posterior open bite. An impair-
ment in chewing activities may negatively influence the quality 
of life and may also have an impact on the individual’s general 
health status.13 Insight in the associations between orthodontic 
side effects of MAA therapy on the one hand and quality of life 
and general health status on the other is therefore needed, espe-
cially because the experienced dental changes may influence the 
long-term MAA compliance of the patient.

In conclusion, dental side effects of MAA treatment observed 
in different studies show many similarities. This underlines the 
importance of the involvement of a dentist, orthodontist, or oral 
maxillofacial surgeon specialized in dental sleep medicine in the 
initial phase as well as in the follow-up phase of an MAA treat-
ment. Further, OSA patients should be informed about these 
possible dental side effects prior to the start of an MAA treatment 
(“informed consent”). Knowing that the dental side effects are 
progressive in nature raises concerns about the long-term positive 
effects of an MAA treatment. An OSA patient who starts with an 
MAA treatment in his/her early thirties may have to use the MAA 
for several decades of his/her life. Therefore, insight in the associa-
tions between dental side effects, predictors of those effects, effi-
cacy of an MAA therapy, quality of life, and general health status 
is therefore needed in order to aid the development of an optimal 
MAA treatment protocol for every individual OSA patient.
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ORIGINAL ARTICLES

Study Objective: The present study was aimed at estimating the effect of oral appliance treatment on the blood pressure of a cohort 
of obstructive sleep apnea (OSA) patients on a short-term (3 months) and long-term (1 year) basis and also to evaluate changes in the 
apnea-hypopnea index (AHI), snoring index (SI) and overall impact on the sleep apnea quality of life (SAQOL).
Methods: 37 patients who fulfilled the study criteria, underwent polysomnography before treatment with oral appliance, and then at 3 
months and at 1 year after insertion of the oral appliance. Both systolic and diastolic blood pressure was recorded before treatment, at 3 
months, and 1 year after insertion of oral appliance.
Results: A decrease of 9.35% in systolic blood pressure (SBP) and 11.04% in diastolic blood pressure (DBP) of the patients was recorded 
after 3 months of continuous use of the oral appliance. Snoring index (SI) and AHI decreased by 80.31% and 83.93%, respectively, at the 
end of this period. A phenomenal increase in sleep apnea quality of life scores (183.9%) was observed in this time interval. The long-term 
efficacy of oral appliance use was evaluated at 1 year. There was a decrease of 12.16% in SBP and 14.01% in DBP and a decrease of 82.52% 
in AHI and 89.77% in SI scores. The level of improvement in SAQOL was 240% at the end of a year.
Conclusion: There was a marked improvement in all symptoms observed, i.e., blood pressure, SI, and AHI indices and sleep apnea 
quality of life (after 3 months), which continued even on a long-term basis (at 1 year).
Keywords: obstructive sleep apnea, mandibular advancement device, apnea-hypopnea index, snoring index, sleep apnea quality of life
Citation: Bhushan A, Tripathi A, Gupta A, Tripathi S. The effects of an oral appliance in obstructive sleep apnea patients with 
prehypertension. Journal of Dental Sleep Medicine 2015;2(2):37–43.

Obstructive sleep apnea (OSA) syndrome is a serious condi-
tion that afflicts a substantial number of individuals. It is 

characterized by disruption of normal sleep architecture due to 
complete or partial obstruction of respiratory airflow. Airflow 
obstruction results in reduction of blood oxygen saturation 
also known as hypoxemia. It produces arousal in an attempt 
to reopen the airway. These recurring arousals disrupt the 
sleep architecture, leading to excessive daytime somnolence 
and poor quality of life.1 The worldwide OSA prevalence rates 
in adults ranges between 3.5% and 27%.2–3 In India, its preva-
lence ranges between 3% and 28% in men and 2.2% and 16% 
in women.4–5

It is well documented that OSA is associated with systemic 
hypertension, pulmonary hypertension, cardiac arrhythmia, 
ischemic heart disease, and stroke.6–11 Hypertension has been 
shown to occur in 28% to 57% of OSA patients, and there is 
a positive correlation between blood pressure and severity of 
apnea.12–15 Systemic blood pressure may increase by 20% imme-
diately after an apneic episode and then rapidly fall to normal 
values after onset of respiration.16,17 Changes in blood pressure 
during the night may also influence morning blood pressure, 
which is usually higher in patients with OSA than normal 
subjects.18

During the last two decades there has been an increased 
interest in oral appliance as a treatment modality for OSA.19 
The oral appliance is used during night; it protrudes the 
mandible and thereby opens the airway. The oral appliance 
is easy to use as it does not require electrical power, does 
not make any noise, and crossover studies have shown that 

patients prefer oral appliance therapy to CPAP, which leads to 
good compliance.20

The aim of this study was to estimate the effect of oral appli-
ance treatment of OSA on blood pressure for short-term (3 
months) and long-term (1 year) follow-up and to evaluate 
whether oral appliance treatment effected a decrease in apnea-
hypopnea index (AHI) and snoring index (SI) and brought about 
an improvement in the sleep apnea quality of life (SAQOL).

METHODS

The present study was conducted in the Department of Prosth-
odontics, Saraswati Dental College & Hospital, Lucknow, in 
collaboration with Department of Pulmonary Medicine, King 
George’s Medical University, Lucknow. Prior approval of the 
institutional ethical committee (SDC-IHEC approval no. 018) 
had been obtained.

The inclusion criteria were:
1.	 OSA verified by somnographic evaluation (defined as 

apnea-hypopnea index > 5 < 30 per hour) and ≥ 2 of 
the following symptoms: daytime sleepiness, snoring, 
witnessed apneas, and fragmented sleep.

2.	 At least 7 mm of sustainable protrusive jaw movement 
from the position of maximum intercuspation.21

The exclusion criteria were:
1.	 More than 1 missing tooth per quadrant (excluding 

the third molar) that could minimize retention for the 
mandibular protruding device.

http://dx.doi.org/10.15331/jdsm.4630
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2.	 Substantial evidence of TMJ disorders including 
pain, significant joint crepitation, restricted mouth 
opening, or sites of muscle tenderness in the masseter or 
temporalis region.22

3.	 Severe caries and/or compromised periodontal status, 
which would not allow prolonged use of mandibular 
protruding device.

4.	 Systolic blood pressure > 150 mm Hg or 
diastolic blood pressure > 90 mm Hg.

Thirty-seven dentulous OSA patients (25 males; 12 females; 
age 41 ± 4 years; BMI 22 ± 5; AHI 5–30), who volunteered and 
provided written informed consent were included in the study. 
The initial selection of the patients was based on subjective 
evaluation of the symptoms according the Epworth Sleepiness 
scale and Berlin questionnaire. Patients underwent overnight 
polysomnography to confirm their actual status before being 
included as study subjects (Figure 1). Five variables were 
assessed before treatment, at 3 months and at 1 year after 

Figure 1—Flow chart.
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wearing mandibular advancement device: systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), SI, AHI, SAQOL.

All patients were given custom-made mandibular advance-
ment devices (MAD) as described by Napankangas et al.22 The 
range of mandibular advancement was set to 50% of maximum 
protrusive movement (mean 7 mm) since it was the maximum 
comfortable protrusion that was achieved with this mandibular 
advancement device.22

Blood pressure was measured between 09:00 and 11:00 and 
was measured before treatment, at 3 months, and at 1 year. All 
measurements (SBP and DBP) were done by the same operator 
using sphygmomanometer. During the clinical blood pressure 
measurement, the patients were reclined in a supine position 
with the arm at heart level. Three readings were taken at each 
sitting and averaged to obtain a single value for SBP and DBP, 
respectively.

Polysomnography
Overnight polysomnography (S-7000, Cogent technologies, 
EMBLA System Inc) included electroencephalograms (EEG: 
C3-A2, C4-A1, O2-A1, O3-A2), bilateral electro-oculogram 
(ROC, LOC), chin and leg electromyogram (EMG), nasal 
airflow, thoracic and abdominal movements, electrocardio-
gram (ECG), and body position recorders. AHI was calcu-
lated with the help of Somnologica studio software. The apnea 
episodes were defined as complete cessation of airflow for ≥ 10 
s; hypopnea was defined as ≥ 50% reduction in oronasal airflow 
accompanied by a reduction ≥ 4% oxygen saturation calculated 

by pulse oximetry.23 AHI was determined by the frequency of 
these events per hour during sleep time based on the results of 
the overnight polysomnography. Recorded polysomnographic 
data were cross-checked manually for apneas and hypopnea 
events.

For grading of snoring intensity, the bed partner snoring 
evaluation index tool24,25 was used (Figure 2). Sleep apnea 
quality of life index (SAQLI)26 was used to assess the SAQOL of 
the patients (Figure 3).

To determine the course of analysis, all data obtained were 
subjected to test of normality using Kolmogorov-Smirnov test. 
The analytical plan was dependent on the symmetry of data 

Figure 2—Snoring index (SI).

Figure 3—Sleep apnea quality of life index (SQQLI).

Before and after therapy

Please score the following questions according to the following:
Very large amount = 1,  Large amount = 2,  Moderate to large amount = 3,  Moderate amount = 4, Small to moderate amount = 5,  A little = 6,  
Not at all = 7

S. No. Questions Before After 

1. How much have you had to push yourself to remain alert during a typical day 
(e.g., work, school, childcare, housework)?

2. How often have you had to use all your energy to accomplish your most 
important activity (e.g., work, school, childcare, housework)?

3. How much difficulty have you had finding the energy to do other activities 
(e.g., exercise, relaxing activities)?

4. How much difficulty 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 have you looked for excuses for being tired?

8. How often have you not wanted to do things with your family and/or friends?

9. How often have you felt depressed, down, or hopeless?

10. How often 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?
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obtained. It was planned that if all the parameters recorded had 
a normal distribution, a parametric plan would be followed; 
otherwise a nonparametric plan was the choice. Data were 
analyzed using Statistical Package for Social Sciences, version 
15.0. Wilcoxon signed rank test was used to evaluate before-
after changes. A P value < 0.05 indicated statistically significant 
difference.

RESULTS

On evaluating the distribution for normality (before treatment), 
only blood pressure, AHI, SI were found to be normal and 
hence a nonparametric analysis plan was adopted (Table 1).

Table 2 shows the correlation between blood pressure, AHI, 
SI and SAQOL. This correlation was explored using the Kend-
all’s tau-b (nonparametric variant of Pearson correlation coef-
ficient). SBP had a moderate positive correlation with DBP 
(τ = 0.62) and SI (τ = 0.62) whereas the correlation with SBP 
and AHI was positive and strong (τ = 0.72). However, the 
correlation between SBP and SAQOL was inverse and mild 
(τ = −0.36). DBP had moderate positive correlation with SBP 
(τ = 0.62) and snoring index (τ = 0.62) and a strong correlation 
with AHI (τ = 0.73). The correlation between DBP and SAQOL 
was inverse and mild (τ = −0.47).

AHI had a strong positive correlation with SBP (τ = 0.72), 
DBP (τ = 0.73), and snoring index (τ = 0.79), and a mild inverse 
correlation (τ = −0.31) with SAQOL scores. Snoring index had 
a moderate positive correlation with SBP and DBP (τ = 0.62) 
and a strong correlation with AHI (τ = 0.79). The correlation 
between snoring index and SAQOL was inverse and weak in 
nature (τ = −0.26).SAQOL had mild inverse correlation with 
SBP, DBP, and AHI (τ = −0.3 to −0.5) and a weak inverse corre-
lation with snoring index (τ = −0.26) (Table 2).

A significant reduction in mean SBP, DBP, AHI, and SI was 
observed after 3 months of wearing oral appliance (P ≤ 0.001), 
whereas a significant increase in sleep apnea quality of life 
score was observed (P = 0.001). Among all variables, maximum 

proportional change was observed in SAQOL scores where an 
increase of 139.1% ± 113.32% (mean ± standard deviation [SD]) 
(from 2.3 preoperative to 5.5 after 3 months) was observed, 
whereas minimum change was observed in DBP (mean ± SD 
decrease of 3.27% ± 3.86%; Table 3).

A significant reduction in mean SBP, DBP, AHI, and SI was 
observed at 1 year treatment interval as compared to pretreat-
ment values (P = 0.001), whereas a significant increase in 
SAQOL scores was observed (P = 0.001) after 1 year of wearing 
oral appliance. Among all variables, maximum proportional 
change was observed in SAQOL scores, where an increase of 
186.9% ± 134.45% (from 2.3 preoperative to 6.6 after 1 year) 
was observed; minimum change was observed in SBP (Table 4).

DISCUSSION

The present study was aimed at estimating the effect of oral 
appliance treatment on the blood pressure on a cohort of OSA 
patients on a short-term (3 months) and long-term (1 year) 
basis and also to evaluate changes in the AHI index, snoring 
index, and the overall impact on the sleep apnea quality of life. 
For this, 37 prehypertensive dentulous patients falling into 
the category of mild-to-moderate OSA with sound dentition 
(caries/periodontitis free) and without any sign or symptoms of 
temporomandibular disorder were selected. Prehypertension is 
a systolic pressure from 120 to 139 mm Hg or a diastolic pres-
sure from 80 to 89 mm Hg.27 Prehypertension can be corrected 
with lifestyle modification and does not require hypertensive 
drug therapy; to eliminate the bias of hypertensive drug, only 
those patients that were not taking any hypertensive medi-
cation and falling into the prehypertension category were 
selected.27 All these patients were given custom-made mandib-
ular advancement devices.22 Oral appliances are successful in 
individuals with mild-to-moderate OSA but have been proven 
less effective for severe cases.28 In one study comparing CPAP to 
dental appliance in mild-to-moderate OSA, dental appliances 
decreased AHI from 21 to 14, compared to a decreased AHI of 
5 in patients using CPAP.29 Oral appliances serve to advance the 
mandible within a range of physiological limits along the path of 
condylar guidance and bring about an increase in the volume of 
the hypopharynx. Any temporomandibular disorder (including 
pain, significant joint crepitation, restricted mouth opening, or 
sites of muscle tenderness in the masseter or temporalis region) 
would prevent smooth gliding of the mandible; hence patients 
having TMDs and AHI > 30 were excluded.22

It was interesting to note that the profound improvement was 
observed in SI, AHI, and blood pressure after 3 months of oral 
appliance use, which became less marked in profile in the next 9 
months. However SAQOL scores showed a steady upward trend 
(Figure 4).

Table 1—Test for normality (Kolmogorov-Smirnov Test).
SDB DBP AHI SI SAQOL

Pretreatment Normality Test 0.119 0.168 0.160 0.218 0.276
Posttreatment Normality Test (3 months) 0.103 0.163 0.154 0.194 0.272
Posttreatment Normality Test (1 year) 0.144 0.118 0.141 0.255 0.403

SDB, systolic blood pressure; DBP, diastolic blood pressure; AHI, apnea-hypopnea index; SI, snoring index; SAQOL, sleep apnea quality of life.

Table 2—Before treatment correlation between blood 
pressure, AHI, SI, and SAQOL (Kendall’s tau b “τ-b”).

SBP DBP AHI SI SAQOL
SBP 1.00 0.62** 0.72** 0.62** −0.36
DBP – 1.00 0.73** 0.62** −0.47*
AHI – – 1.00 0.79** −0.31
SI – – – 1.00 −0.26
SAQOL – – – – 1.00

**p < 0.01; *p < 0.05. SDB, systolic blood pressure; DBP, diastolic 
blood pressure; AHI, apnea-hypopnea index; SI, snoring index; 
SAQOL, sleep apnea quality of life.
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Otsuka et al. showed a significant reduction in SBP (from 
118.4 to 113.7) and DBP (from 71.6 to 67.2) following the use 
of oral appliance.30 The study suggested that successful OSA 
treatment with an oral appliance may also be beneficial to lower 
blood pressure in OSA patients, as previously suggested for 
nasal continuous positive airway pressure therapy.

Becker et al. showed that active CPAP treatment resulted in 
a pronounced reduction in daytime and nighttime blood pres-
sure (blood pressure reduction of 8.1 and 11.4 mm Hg for SBP 
and DBP), a result comparable to those of the present study.31

There are conflicting data in the literature on the impact of 
CPAP on blood pressure, with some studies reporting limited 
or no effect while others have found benefit.32–38 This may be 

because compliance with oral appliance is much higher than 
compliance with CPAP.

Zang et al. showed that after a 12-week treatment, an oral 
appliance group showed significant reduction in nocturnal 
mean SBP and DBP, and 24-h and diurnal SBP ([121.3 ± 7.0] 
vs [125.3 ± 9.3], [76.1 ± 6.1] vs [78.8 ± 6.8], [127.2 ± 7.5] vs 
[129.4 ± 8.8], and [131.5 ± 6.9] vs [133.6 ± 8.1], respectively, all 
P < 0.01).38

A systematic review incorporating seven studies on effect 
of oral appliance on blood pressure in patients with OSA by 
Iftikhar et al.39 showed that the pooled mean change in the SBP, 
DBP, and the MAP (mean arterial blood pressure) were −2.7 
mm Hg, −2.7 mm Hg, and −2.40 mm Hg, respectively, showing 

Table 3—Comparison of before treatment and 3 months after treatment mean SBP, DBP, AHI, SI, and SAQOL 
scores.

Parameters 

Before Treatment 
(n = 37)

3 Months after Wearing 
Oral Appliance (n = 15) % Change 

Significance of 
Difference (Wilcoxon 

Signed Rank Test)
Mean SD Mean SD Mean SD Z P

SBP (mm Hg) 137.6 2.4 132.9 8.8 −3.41 2.50 3.440 0.001
DBP (mm Hg) 88.5 1.8 85.6 4.9 −3.27 3.86 3.421 0.001
AHI 22.7 6.6 4.7 2.5 −79.29 6.80 3.415 0.001
SI 8.2 1.3 1.5 1.4 −81.70 13.84 3.508  < 0.001
SAQOL 2.3 1.0 5.5 0.8 139.1 113.32 3.449 0.001

SD, standard deviation; SDB, systolic blood pressure; DBP, diastolic blood pressure; AHI, apnea-hypopnea index; SI, snoring index; SAQOL, 
sleep apnea quality of life.

Table 4—Comparison of before treatment and 1 year after treatment mean SBP, DBP, AHI, SI, and SAQOL 
scores.

Parameters 

Before Treatment 
(n = 37)

1 Year after Wearing 
Oral Appliance (n = 15) % Change 

Significance of 
Difference (Wilcoxon 

Signed Rank Test)
Mean SD Mean SD Mean SD Z P

SBP (mm Hg) 137.6 2.4 128.5 9.5 −6.6 3.02 3.431 0.001
DBP (mm Hg) 88.5 1.8 80.7 4.0 −8.81 3.35 3.429 0.001
AHI 22.7 6.6 4.1 1.9 −81.9 4.73 3.413 0.001
SI 8.2 1.3 0.9 0.9 −89.02 9.35 3.473 0.001
SAQOL 2.3 1.0 6.6 0.6 186.9 134.45 3.473 0.001

SD, standard deviation; SDB, systolic blood pressure; DBP, diastolic blood pressure; AHI, apnea-hypopnea index; SI, snoring index; SAQOL, 
sleep apnea quality of life.

Figure 4—Graph showing quality of life, blood pressure, AHI, and snoring index variation at 3 months and at 
1 year.
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that effective oral appliance therapy can bring about reduction 
in SBP, DBP, and MAP.

Sleep apnea quality of life is an objective measurement of a 
combined state of well-being in an individual and is dependent 
on a multitude of factors. There is evidence that altered health 
is often accompanied by psychological distress that hampers 
the quality of life.40 A minor elevation in health status might 
influence the quality of life tremendously. The findings in the 
present study also support this assumption, as we observed 
almost 240% rise in sleep apnea quality of life of patients with a 
change of 12.16% and 14.01% in SBP and DBP and a change of 
82.52% and 89.77% in AHI and SI scores.

Limitations of this study include the absence of any controls, 
as it was unethical to leave hypertensive patients untreated for 1 
year. Another limitation was the effect of lifestyle factors, intake 
of caffeine and alcohol, and presence of obesity, which were not 
part of the study. All the patients were regularly recalled, and 
most of them did not report any discomfort with mandibular 
advancement device. However, in a few patients, altered maxil-
lomandibular relationships (due to mandibular advancement) 
could cause impingement of the dental prosthesis in newer 
areas. In this event, such areas were identified and the MAD 
was suitably modified to prevent further impingement.

CONCLUSION

The result of the present study suggests that oral appliance can 
reduce blood pressure and can bring a radical change in blood 
pressure, apnea-hypopnea index, snoring index, and sleep 
apnea quality of life within a short period (3 months) and has 
the ability to sustain this trend in the long run (1 year).
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Obstructive sleep apnea (OSA) is a prevalent disorder that increases the risk of hypertension, cardiovascular disease, and motor vehicle 
accidents. OSA is characterized by snoring, repetitive upper airway obstruction, oxygen desaturation, arousals from sleep, and daytime 
sleepiness. It is a condition that is underdiagnosed. OSA is most effectively treated with positive airway pressure therapy, but can 
alternatively be treated with oral appliance therapy for those patients with mild to moderate OSA or those intolerant of positive airway 
pressure. Until recently in the United States, in-laboratory polysomnography testing, a comprehensive recording of physiological signals 
to assess sleep stages and respiration during sleep, was the standard of care for diagnosis of OSA. Due to the demand for sleep testing and 
cost of in-laboratory polysomnography, unattended home sleep testing with portable monitors is increasingly being used to diagnose 
OSA. Evidence has shown that the use of portable monitors results in similar patient outcomes as in-laboratory testing in patients with 
a high pretest probability for OSA. Portable monitors are also increasingly being used in the management of patients being initiated 
on mandibular repositioning appliances to determine the amount of advancement needed to adequately control the sleep disordered 
breathing. Current guidelines recommend that home sleep testing should only be performed by sleep specialists.
Keywords: portable monitors, obstructive sleep apnea
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Obstructive sleep apnea (OSA) is a major public health issue. 
The prevalence of OSA and its associated risk for hyper-

tension, cardiovascular disease, and motor vehicle accidents 
have resulted in increased demand for testing and treatment. 
It is currently estimated that 17% of men and 9% of women 
between the ages of 50 and 70 years have moderate-to-severe 
sleep disordered breathing.1–7 In-laboratory polysomnography 
(PSG) is considered the clinical standard for diagnosis of OSA, 
but it is expensive and requires specialized resources.8,9 Ambu-
latory management pathways for the diagnosis and treatment 
of OSA have become increasingly employed to meet this clin-
ical demand.10–14 The American Academy of Sleep Medicine 
(AASM) recommends unattended home sleep testing (HST) 
using portable monitors (PM) for the diagnosis of OSA in 
conjunction with a comprehensive clinical evaluation and notes 
it may be used as an alternative to PSG for patients who have a 
high pretest probability of OSA.15 The Centers for Medicare and 
Medicaid Services (CMS) and private insurers are now providing 
coverage of continuous positive airway pressure (CPAP) and 
auto-titrating airway pressure (APAP) to their beneficiaries 
diagnosed with OSA via HST.16,17 The recent increased reliance 
on HST has raised important questions: Who should be tested 
for OSA with HST? What PM should be used? How should HST 
be used to evaluate management after diagnosis, e.g., adjust-
ment of oral appliance device? Who should perform these tests?

WHO SHOULD BE TESTED FOR OSA WITH HST?

HST is a valid alternative to in-lab PSG for patients who have 
a high pretest probability of OSA, but is not a reliable general 
screening tool for OSA because it lacks sensitivity and would 
yield too many false negative results. In order to determine if 
patients are good candidates for HST, the AASM and Amer-
ican Academy of Dental Sleep Medicine (AADSM) recommend 
that patients undergo evaluation by a sleep physician prior to 

testing. The patient should be carefully assessed for risk factors 
that increase the likelihood of OSA including symptoms such 
as snoring, daytime sleepiness, and witnessed apneas. Other 
symptoms may include morning headaches, decreased concen-
tration and memory, frequent urination during the night, sleep 
fragmentation, and daytime sleepiness as indicated by a score 
greater than 10 on the Epworth Sleepiness Scale (ESS).18 During 
an initial sleep evaluation, sleep physicians also screen for other 
sleep disorders, such as narcolepsy and periodic limb move-
ment disorder, which can present with excessive daytime sleepi-
ness and would not be detected on HST.

A variety of questionnaires have been developed to screen 
patients for OSA, including the Berlin Questionnaire, Wisconsin 
Sleep Study questionnaire, Multivariable Apnea Prediction 
survey, STOP (snoring, tiredness, observed apnea, and high 
blood pressure) and STOP-BANG (BMI, age, neck circumfer-
ence, gender) questionnaires with a moderate degree of sensi-
tivity and specificity.19–21 Unfortunately, none of these have 
adequate discriminatory power to have gained widespread 
application in clinical medicine. Even patients who lack symp-
toms associated with OSA may be at increased risk. Clinicians 
should have a high index of suspicion of OSA in patients with 
obesity, an adjusted neck circumference score > 45 cm, cardio-
vascular diseases, type 2 diabetes, pulmonary hypertension, and 
a history of motor vehicle accidents. Screening should also be 
considered for commercial truck drivers as well as those referred 
for bariatric surgery.13,22 Patients who have cardiopulmonary 
comorbidities or morbid obesity with BMI > 50 kg/m2 may be 
better served by referral for PSG, since there is limited evidence 
to support the accuracy of HST in these specialized populations.

On physical exam, obesity, large neck circumference (> 17 
inches in men, > 16 inches in women), upper airway narrowing 
with a Mallampati score of 3 or 4, and the presence of retrog-
nathia and macroglossia may offer clues that a patient is at 
increased risk for OSA.13 The oral examination performed by 
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dentists provides an excellent opportunity for screening patients 
for OSA. Patients deemed at risk by dental professionals should 
be referred to a sleep expert for further evaluation and testing.23

PSG: TECHNICALLY COMPLICATED AND 
EXPENSIVE

OSA is diagnosed through sleep testing.24 In-laboratory PSG 
has been the standard in clinical practice for the diagnosis and 
the initiation of PAP treatment in the United States. PSG is a 
complex physiological recording of neurological and respiratory 
signals that is typically administered in a sleep center by specially 
trained technologists. Patients typically spend one to two nights 
in a sleep center. The study records a minimum of 7 signals, 
including an electroencephalogram (EEG), bilateral electroculo-
grams (EOG), chin electromyogram, airflow, oxygen saturation, 
respiratory effort, and electrocardiogram (ECG). Anterior tibialis 
EMG is also recorded to assess periodic limb movements (PLM). 
Video recording is also usually performed during full PSG. This 
is mandatory to diagnose and characterize parasomnias and 
periodic limb movement syndrome. An apnea-hypopnea index 
(AHI) is calculated by tallying the total number of apneas and 
hypopneas that occur throughout the recording, and then 
dividing by the total sleep time. OSA is diagnosed in patients with 
AHI > 15/h or with AHI > 5/h and associated symptoms.

If patients undergo PSG, they can have a full-night diagnostic 
study, and then return to the lab for a manual PAP titration 
study, or they may have a split-night study. During a split-night 
study, the first half is a devoted to diagnosis while the latter 
half focuses on PAP titration. The optimal PAP setting is typi-
cally defined as the lowest pressure that eliminates apneas and 
hypopneas in all sleep stages and body positions.

PSG can also play a role in determining the best candidates 
for oral appliances (OAs) used to treat OSA and evaluating their 
efficacy. OAs treat OSA by advancing the mandible forward and 
maintaining a patent airway. While AASM guidelines recom-
mend OAs as an alternative to PAP therapy for patients with 
mild to moderate OSA,13 they are still not commonly used, in 
part because effective control of apneas and hypopneas cannot 
be ensured prior to device creation and adjustment. Remotely 

controlled mandibular positioners attached to disposable upper 
and lower dental trays have been developed, and these can now 
be used in conjunction with PSG to determine the best candi-
dates for OAs and predict the effective protrusion position.25

Although PSG is considered the clinical standard for diag-
nosis of OSA, it is expensive and time consuming for patients 
and technical staff. Furthermore, the AHI cut points of 5, 15, 
and 30 for the diagnosis of mild, moderate, and severe OSA are 
based on expert consensus rather than evidence-based medi-
cine,13 and the severity of AHI frequently does not correlate 
with the severity of a patient’s symptoms.26–30 The definition of 
hypopnea is also variable and can have a significant impact on 
PSG results. There can be a greater than 3-fold difference in the 
AHI, depending on whether the AASM (recommended), AASM 
(alternative), or Chicago definition of hypopnea is used to score 
events.31 To add further confusion, respiratory event related 
arousals (RERAs), events associated with a mild reduction in 
airflow followed by an arousal that do not meet the criteria for 
a hypopnea, are also sometimes scored, although these are not 
recognized by CMS.32,33 Although there is also confusion asso-
ciated with scoring respiratory events on HST, considering the 
prevalence of OSA, demand for testing, and expense of PSG, 
HST is a reasonable alternative to help improve access to care.

HOME SLEEP TESTING

HST with PMs has been shown to be reliable for patients with 
a high pretest probability of OSA, and the AASM supports the 
use of HST for the diagnosis of OSA in these patients.15 The 
AASM developed a classification system for HST, designated as 
type 2, 3, and 4 (Table 1).34 PMs are typically used to obtain 
unattended recordings at home, making sleep testing more 
widely available and potentially more economical. CMS and 
private health insurers cover the cost of HST and PAP therapy 
for patients with OSA diagnosed by HST, providing that at least 
3 signals are recorded by the PM.16,17

Type 2 PMs
Type 2 PMs collect the same signals that traditional PSGs 
record; however, they are designed to be used outside of the 

Table 1—Types of portable monitors.
 Type 1 Type 2 Type 3 Type 4

Signals Minimum of 7 signals, 
including: EEG, EOG, 
chin EMG, ECG, airflow, 
respiratory effort, and 
oxygen saturation

Minimum of 7 signals, 
including:
EEG, EOG, chin EMG, 
ECG, airflow, respiratory 
effort, and oxygen 
saturation

Minimum of 4 signals, 
including:
Chest movement, air 
flow, heart rate or ECG, 
oxygen saturation

Minimum of 1 channel, 
including:
Oxygen saturation, flow, 
or chest movement

Attended Yes No No No

Clinical Applications • �Diagnosis of OSA and 
other sleep-related 
disorders

• �Efficacy of OSA 
treatments (positive 
airway pressure titrations, 
oral appliance therapy 
titrations

• �Utilized for research 
studies

• �Utilized primarily for 
research studies

• �Diagnosis of OSA in 
patients with moderate to 
high pre-test probability

• �Efficacy of oral appliance 
therapy (though 
controversial)

• �Utilized for research 
studies

• �Diagnosis of OSA in 
patients with moderate-
to-high pretest probability 
(if monitor has ≥ 3 
channels)

• �Efficacy of oral appliance 
therapy (though 
controversial)

• �Utilized for research 
studies
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sleep laboratory. Some studies suggest they may be more cost-
effective than attended PSG35,36 assuming that no overnight 
staff is required, but they are often not practical because tech-
nologists must travel to the patient’s home to set up the leads 
and then retrieve the monitor the next day. They are also not 
adequate to evaluate patients who may be suspected of having 
parasomnias or hypoventilation syndromes, since video and 
end-tidal CO2 monitoring are not performed. Type 2 studies, 
however, may be useful for testing hospitalized patients in their 
rooms and for subjects participating in clinical research studies; 
research participants have more flexibility in scheduling studies 
and are not burdened with traveling to sleep centers.37–41

Type 3 PMs
Type 3 monitors are designed to be unattended studies and are 
the most commonly used ambulatory monitors. They typically 
record between 4 and 7 signals, including oxygen saturation, 
1–2 channels for respiratory movement, airflow, and heart rate. 
Most type 3 monitors also record body position, which is useful 
to detect positional sleep apnea. Patients can be instructed 
how to apply the sensors, and self-administration is not diffi-
cult. Since type 3 monitors (and type 4 monitors) do not record 
EEG, EOG, or chin muscle activity, one cannot determine when 
a patient is awake or asleep or the specific sleep stage. AHI is 
therefore calculated as the number of respiratory events per 
hour of recording rather than per hour of sleep. As a result, the 
AHI on these HSTs can underestimate the AHI on PSG. The 
average number of events per hour of recording on HST is some-
times referred to as the respiratory disturbance index, in order 

to distinguish it from the AHI calculated on a PSG. However, 
in this review, AHI will be used when referring to the results of 
both PSG and HST. The simultaneous use of wrist actigraphy, 
a surrogate measure of wake vs sleep states, during HST only 
slightly improves correlation of HST with PSG results and is 
not routinely used.42 Type 3 monitors, however, can distinguish 
between central and obstructive apneas because the monitors 
detect chest wall movement (Figure 1). Patients found on HST 
to have central sleep apnea or Cheyne-Stokes respiration, a 
breathing pattern frequently seen in severe heart failure, should 
be scheduled for a follow-up in-laboratory PSG (Figure 2).

Type 4 PMs
Type 4 monitors typically only record 1–2 channels, usually oxim-
etry and/or airflow. Type 4 monitors that record at least 3 channels 
are approved by CMS for the diagnosis of OSA. Similar to type 3 
portable studies, type 4 tests tend to underestimate AHI. Type 4 
tests also do not discern central from obstructive apneas and do 
not detect Cheyne-Stokes respiration unless they monitor respi-
ratory effort and changes in airflow. There is some evidence that 
type 4 portable studies, specifically those that use a single-channel 
nasal airflow, may be as effective as in laboratory PSG in diag-
nosing OSA in a population with high pretest probability.43 Type 4 
monitors seem to be the most popular type of PM used by dental 
practices that perform HST to confirm effectiveness of OAs.44

Effectiveness of PMs
The utilization of HST presumes that it can accurately make 
the diagnosis of OSA without requiring an in-laboratory PSG. 

Figure 1—Obstructive sleep apnea on an HST.  

During the 4-min epoch, the patient has repeated episodes of oxygen desaturations (> 4%), and cessation of airflow. The upper airway is 
obstructing airflow because the rib cage and abdomen continue to demonstrate respiratory effort, indicating the medullary drive to breathe is 
intact. There is an associated increase in heart rate after each apnea, which may be suggestive of an arousal.
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However, direct comparison studies between in-lab PSG and 
PMs are fraught with complications, primarily because differ-
ences in equipment and testing environments can significantly 
influence results.

Technological advances have ushered in a wide variety 
of user-friendly PMs. At present, the current generation of 
devices can function as type 2–4 monitors, depending on the 
channels selected for recording. Studies using a particular PM 
cannot be generalized to other monitors—not even those in the 
same class—since the recording channels and sensors are often 
different. For instance, older studies comparing in-lab PSGs 
with type 3 monitor recordings relied on models that utilized 
an oro-nasal thermistor signal, known to be a less accurate 
measure of airflow than the nasal cannula pressure transducers 
currently used in more recent models.45,46 Even pulse oximetry 
can vary substantially between monitors, depending on the rate 
of sampling.47,48 This lack of standardization also limits the ability 
to perform evidence based reviews and meta-analyses of studies 
comparing in-lab PSG with HST. The AASM recommends that 
PMs use the same airflow, oximetry, and ideally, calibrated or 
uncalibrated inductance plethysmography for detection of 
respiratory effort that are conventionally used for in-labora-
tory PSG. Oro-nasal thermistor and nasal pressure signals to 
detect airflow can be used in tandem to improve testing sensi-
tivity and protect against data loss if one signal is faulty.15 Due 
to technological advances in sleep medicine, however, not all 
PMs record airflow and chest wall movement, but rather rely 
on non-respiratory signals such as arterial tonometry to detect 
respiratory events associated with arousals.49,50 It difficult to 
know which combination of sensors and signals yield the most 

accurate results because there have not been head-to-head trials 
comparing PMs.

SCOPER Categorization
Given the plethora of PMs on the market, a novel way of evalu-
ating HST has been devised, known as the SCOPER categorization 
(Sleep, Cardiovascular, Oximetry, Position, Effort and Respira-
tory).51 PMs were evaluated individually based on each category 
of SCOPER; all devices reviewed contained oximetry; devices 
deemed acceptable for the diagnosis of OSA had a sensitivity of 
0.825 or greater when compared with an in-lab PSG (Table 2).

IN-LAB PSG VERSUS HST

The correlation between in-lab PSG and type 3 portable testing 
is greatest when both are carried out simultaneously in a sleep 
lab (i.e., in the same environment and on the same night). 
However, studies that utilize PMs in a sleep lab setting do not 
validate their use in a home environment, since correlation 
between in lab PSG and at-home portable studies are less robust 
for several important reasons. First, any study comparing in-lab 
PSG and home sleep studies must take into account the differ-
ences of environment (sleeping in one’s own bed as opposed to a 
laboratory bed, otherwise known as the “first-night effect”) and 
its impact on study results. Second, the method of testing itself 
influences the patient’s sleeping position. Patients are more 
likely to sleep supine during an in-lab PSG than home study 
because EEG lead placement and additional recording channels 
interfere with sleeping on one’s side or stomach.52 Since respira-
tory events are more likely to occur in the supine position, it 

During the 4-min epoch, there are cyclic drops in oxygen saturation (> 4%) and cessation of airflow. Each cycle of apnea and hyperpnea lasts 
approximately one minute. During the cessation of airflow, there is corresponding cessation in rib cage and abdominal movement, indicating 
the patient is experiencing central apneas. The sinusoidal pattern of apneas and hyperpneas is suggestive of Cheyne-Stokes respiration, a 
breathing pattern that is often seen in heart failure. Patients who demonstrate these finding on HST should be referred for an in-lab PSG.

Figure 2—Cheyne-Stokes Respiration on HST.
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is not surprising that the AHI may be higher during an in-lab 
study. Third, a general complication with sleep testing is the 
well-known night-to-night variability of AHI that is seen in 
all sleep testing, even with repeated in-lab PSGs.53–57 On some 
nights, patients may have minimal respiratory events, while 
on other evenings they have enough events to diagnose OSA. 
Therefore, studies that directly compare performance between 
in-lab PSG and HST should include multiple nights of both at 
home and in-lab testing to correct for this expected variability.

TYPES OF SCORING

The scoring of a HST may be manual, totally automated, or a 
combination of both. In general, the scoring of sleep studies is 
problematic for both in-lab PSG and portable monitors. It is 
based on pattern recognition of uncalibrated signals, resulting 
in inter-scorer variability both within and between sleep labora-
tories. The AASM does not recognize automatic scoring without 
manual editing for the diagnosis of OSA. Evidence supports that 
manual scoring or manual editing of automated scoring is more 
accurate.13,58–62 Manual review of data protects against artifact 
mimicking respiratory events. The differences between manual 
and automated scoring become more significant in cases of 
milder OSA as opposed to those with more severe disease.63 In 
an effort to standardize sleep study results, the AASM recom-
mends that (1) manual scoring assisted by computer software 
be performed by a qualified sleep technologist and (2) accred-
ited comprehensive sleep medicine programs implement a 
quality/performance improvement program for PSG and HST 
to ensure inter-scorer reliability.64 Dental practices performing 
HST to help titrate OAs to an effective fit tend to use PM 
systems that provide automated scoring. There is no evidence 
to strongly support or discourage this practice, although, results 
of automated scoring should be interpreted with caution and 
patients should follow-up with their sleep physician once the 
appliance’s final fit has been established.

APNEAS, HYPOPNEAS, AND SEVERITY OF OSA

Ideally, the metric for scoring apneas and hypopneas should 
be consistent for both in-lab PSG and HST in order to validly 

compare methods of testing. However, the technology and the 
scoring criteria used may result in a significantly different AHI 
for the same patient on the same night. Currently, there are no 
standardized guidelines for scoring HSTs. PSG results based 
on scoring criteria that use arousals to score hypopneas are 
likely to be particularly discrepant from HST results because 
most PMs cannot detect arousals. Although the PMs are more 
likely to underestimate the AHI, there are scenarios when the 
converse is true. For instance, short arousals following peri-
odic limb movements are often associated with brief increases 
in breathing amplitude. The periods between these increases 
in breathing amplitude may be falsely considered as hypop-
neas on an HST because PMs do not have limb lead recordings. 
Without the EEG leads, there can also be a surprising overes-
timation of AHI when respiratory events are wrongly scored 
during awake periods. Therefore, a close collaboration with a 
fully equipped sleep lab should be considered mandatory for 
those who perform HSTs. This way, a full PSG can be ordered if 
the results of an HST are negative in a patient with a moderate 
to high pretest probability of OSA or in cases when another 
sleep disorder is suspected. A PSG may also be ordered if the 
patient is not able to perform HST due to either disability or 
failed attempts.

PORTABLE MONITORS: CLINICAL 
OUTCOMES FOR OSA

Given the differences between AHI calculation on in-lab PSG 
and HST, there continues to be a debate if different cutoffs should 
be used for the diagnosis of OSA based on method of testing. In 
practical terms, patients at moderate to high risk for OSA who 
have a negative HST should be referred for an in-lab PSG to 
confirm the finding. Since there are inherent flaws in comparing 
in-lab PSG and HST, comparative effectiveness research is 
now helping to determine if patient-centered outcomes differ 
between patients diagnosed through the different testing 
methods.65 Several recent randomized controlled trials, using 
a non-inferiority design, have demonstrated that there are no 
clinically significant differences in PAP use and functional 
outcomes between the two testing pathways in patients with 
a high pretest probability of OSA.66–68 These studies may have 

Table 2—SCOPER categorization: PMs and their effectiveness.
Portable Monitor Accuracy

Thermal sensing and oximetry alone Insufficient evidence to support use

Thermal sensing, oximetry plus 2 effort belts Adequate

Nasal pressure and oximetry alone May be adequate but requires further study

Nasal pressure, oximetry plus 2 effort belts Adequate

Peripheral arterial tonometry and oximetry Adequate

Cardiac signals (ECG) plus oximetry May be adequate based on one study, but requires further study

ETCO2, ECG channel, pulse oximetry, 2 piezoelectric belts, 
abdominal effort straps

No data for home use; adequate for hospital use

Acoustic signal, oximetry and pressure signal Insufficient evidence to support use

Collop NA, Tracy SL, Kapur V, et al. Obstructive sleep apnea devices for out-of-center (OOC) testing: technology evaluation. J Clin Sleep Med 
2011;7:531–48.
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limited generalizability to the population as a whole, but their 
design offers an alternative method for comparing diagnostic 
modalities. The use of PMs has recently been evaluated in 
patients with a mild-to-moderate probability of OSA. Masa et al. 
performed a randomized crossover trial comparing 3 nights of 
portable testing versus in-lab PSG for subjects with only a mild-
to-moderate suspicion of OSA. Their study found that if a PSG 
AHI > 5 events/h was considered diagnostic for OSA, a 3-night 
PM AHI of 5 events/h would effectively exclude or confirm the 
diagnosis of OSA.69 The 3 nights of PM testing was also found 
to be more cost-effective than in-lab PSG. Future studies might 
utilize other parameters, such as cardiovascular risks (24-h 
blood pressure, ECG rhythm) to evaluate the comparative effec-
tiveness of the diagnostic pathways.

HOME SLEEP TESTING IN SPECIAL 
POPULATIONS

HST should not be performed in patients with moderate-to-
severe COPD, chronic heart failure, or chronic hypoventilation 
syndromes, given the lack of evidence-based medicine evalu-
ating the use of HST to diagnosis OSA in patients with those 
comorbid disorders. However, type 2 or type 3 testing may be 
helpful in hospitalized patients who would not otherwise be 
able to obtain a sleep study. Patients suspected of having peri-
odic limb movement disorder, parasomnias, circadian rhythm 
disorders, or narcolepsy should be referred for in-lab PSG, since 
PMs do not have the necessary channels to detect these sleep 
disorders. Although HST may be used in an elderly popula-
tion for whom there is a high index of suspicion for OSA, some 
caution is warranted since the vast majority of patient-centered 
outcome studies utilizing HST enrolled a mostly male, middle-
aged patient population.

ROLE OF HST IN ORAL APPLIANCE 
MANAGEMENT

The AASM supports the use of type 3 PM to determine the 
effectiveness of non-PAP treatments, including OA use, upper 
airway surgery, and weight loss.14 Some dentists are using HST 
to diagnose patients with OSA, but the AASM discourages this 
practice. Rather, these patients should be referred to a sleep 
specialist for initial evaluation and testing. HST, however, is 
often used in tandem with clinical evaluations to determine if an 
OA is effectively titrated. A patient’s subjective symptoms and 
the objective data provided from an auto-scored PM are both 
used to guide advancement of device. One study suggests that 
a combination of monitoring a patient’s subjective symptoms 
and overnight oximetric scores improves the effectiveness of the 
OA fitting.70 Ideally, when an HST is performed with the patient 
using a OA, the AHI should be < 5 events/h and the patient 
should maintain an oxygen saturation > 90% for nearly 100% of 
the night. The AADSM does not officially recommend the use 
of HST for titration of OA as part of its treatment protocol, but 
the society is interested exploring its use in dental practices.71

Given the flaws with auto-scoring and the adverse health 
outcomes that may be associated with even mild OSA, the 
AADSM recommends that all patients who receive OAs be 
scheduled for follow-up with their sleep physician after final fit 

has been established. The physician may order an in-lab PSG 
or type 3 portable test to ensure that the AHI is < 5 events/h, 
desaturations have been eradicated, and that additional OA 
adjustments are not required. The AADSM also recommends 
that once a final fit has been determined, that patients follow up 
with their dentist every 6 months for the first year, and annually 
thereafter, so that adherence, fit, and potential complications 
associated with OAs, such as TMJ and dental misalignment 
may be monitored. Patients with OAs should also periodi-
cally follow-up with their referring sleep physician to assess for 
symptoms of OSA. There are currently no data to support the 
use of PM by dentists to reassess the efficacy of an OA if OSA 
symptoms recur or to determine if a replacement OA provides 
adequate therapeutic benefit.

COST-EFFECTIVENESS OF HST

Several studies have demonstrated that HST has reduced costs 
when compared to PSG, based on the assumption that home 
studies do not require overnight staff or laboratory expenses. 
However, HST should not be assumed to be the more cost-
effective simply because the upfront costs are less. If HSTs are 
associated with a high failure rate and missed diagnoses, cost-
effectiveness would be reduced. Poor quality signals or data loss 
are more likely to occur with HST. To minimize failure rates, 
experienced sleep technologists as part of a comprehensive 
sleep medicine program should instruct patients about the self-
application of sensors for HST.15

The potential increased failure rate associated with HST 
would impact on the efficiency and cost-savings of the test. 
Simulated cost-effective analyses based on hypothetical cohorts 
of patients have demonstrated conflicting results. One study 
compared three hypothetical cohorts of patients: full night PSG 
versus split-night PSG and titration versus unattended portable 
home monitoring.72 Surprisingly, the full-night PSG was 
considered most cost-effective because there were fewer false 
negative and false positive studies. This study and others that 
rely on economic models, however, are based on assumptions 
that do not necessarily play out in the real world. Recently, a 
cost-effectiveness trial performed within the Veterans Health-
care System demonstrated that ambulatory management of 
patients with OSA using home testing measured over 2.75 years 
reduced sleep related costs of care by $564 when compared to 
in-lab management.73 There were no differences in pharmaceu-
tical, laboratory, hospital, or other costs of care.

SUMMARY

Ambulatory monitoring using HST is now accepted as a reason-
able alternative in patients with a high pretest probability of 
OSA. It helps expand accessibility of testing to patients, and 
may be more cost-effective. Current guidelines and reimburse-
ment requirements specify that HST must be supervised by a 
physician and should not be performed by a dentist. The use of 
HST in addition to assessment of subjective symptoms may be 
reasonable for the use of titration of OA to ensure an adequate 
adjustment of the device. Once a final adjustment has been 
determined, patients should be referred for an in-lab PSG or 
HST to ensure adequacy of the OA. More research is needed 
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comparing portable monitoring systems, cost-effectiveness of 
HST, and use of HST in adjusting OA to attain treatment efficacy.
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CASE REPORTS

This is the report of oral appliance therapy in an individual with fragile X syndrome, diagnosed with severe OSA who refused CPAP 
therapy.
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Fragile X syndrome (FXS) is a genetic disorder that occurs 
in approximately 1 in 4,000 males and 1 in 8,000 females.1 

It is an X-linked dominant disorder that is associated with 
syndromic intellectual disabilities. The disorder is associated 
with learning disabilities, attention deficit disorders, and autism 
spectrum disorders. Seizures occur in 5% to 15% of those 
with fragile X syndrome. Physical features common with the 
disorder include an elongated face, high arched palate, large or 
protruding ears, and macroorchidism in males after puberty.2

Subjects with fragile X are at an increased risk for OSA, and 
physicians should orient their evaluation with this in mind. 
Over 50% of those with fragile X suffer from OSA. They are 
found to have a reduction in REM sleep percentages that leads 
to intellectual disability and epilepsy.3

REPORT OF CASE

A 47-year-old independent living male with FXS presented with 
OSA. He had been diagnosed by polysomnogram (PSG) with 
severe apnea: AHI 55.7, RDI 59.5, and lowest oxygen saturation 
of 83%. He was placed on CPAP therapy of 12 cm of water; he 
refused to use CPAP after the first night.

The patient lived in a group home where he had been noted 
to be a loud snorer and often was observed to stop breathing 
multiple times a night. His medical conditions included anxiety, 
depression, heartburn, hypertension, intellectual disability, and 
psychosis. His medications included divalproex, trazodone, 
Seroquel, Prilosec, levothyroxine, and hydrochlorothiazide. His 
caretaker reported that the patient was always tired and slept a 
lot during the day.

Oral exam revealed an enlarged scalloped tongue, type 3 
Mallampati, and missing tonsils. He had a Class I occlusion with 
an anterior open bite with −2 mm overbite and +4 mm overjet 
with a very narrow palate and lower jaw. His dentition was in 
adequate condition with no sign of decay or periodontal disease. 
Bilateral crepitus of both joints on opening and closing with 
mild muscle tenderness was noted on examination. Very good 
range of motion was also noted on examination, with constant 
movement of his lower jaw laterally. There was very little wear 
on his teeth.

Before initiating treatment with an oral appliance (OA), 
we wanted to determine if the patient could tolerate wearing 
a device in his mouth on a consistent basis at night. We 
constructed an upper and lower sports mouth guard to wear for 

about one month. As a side note, we made the mouth guards the 
color of his favorite baseball team to engage and encourage the 
patient. After 1 month, the patient and caregiver returned and 
reported he was able to wear the mouth guards on a consistent 
basis with no side effects.

A Herbst-style OA was fabricated without elastics to allow the 
patient the freedom to move his jaw laterally. Extra strong bars 
had to be added to his OA as after 1 month of use as he had bent 
the original bars. The patient was initially started at 7 mm from 
his maximum protrusion. His OA was subsequently titrated 4 
mm further to help with daytime sleepiness and snoring.

At subsequent follow-up appointments, his caregiver reported 
the patient was snoring significantly less and is less tired during 
the day. It was also noted the patients was less irritable and 
easier to communicate with on a consistent basis. The patient 
has not returned for a follow-up sleep study, as he adamantly 
refuses to undergo another sleep test.

Treatment of patients with FXS or other disabilities can be 
very rewarding but also frustrating at times. It is often necessary 
to alter the sequence and pace of routine OA protocol. All staff 
members should be educated to expect and accept the likely 
need for more frequent than usual follow-up visits to maximize 
treatment benefit.
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CASE REPORTS

Tinnitus, ringing in the ear, is a common symptom reported by 20% of the population. It can disrupt sleep and result in symptoms related 
to sleep disruption. Tinnitus is an uncommon side effect of oral appliance therapy (OAT) for obstructive sleep apnea (OSA). This is a 
report of a patient who experienced recurring tinnitus with OAT.
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Tinnitus is the perception of sound in the absence of external 
acoustic stimulation.1 Symptoms include ringing, buzzing, 

roaring, clicking, and hissing sounds. It may occur in one ear 
or both. Tinnitus is not a disease, but rather a symptom of an 
underlying condition such as age related hearing loss, exposure 
to loud noise, Meniere’s disease, acoustic neuroma, circulatory 
system disorder, or TMJ disorder.2 Complications of tinnitus 
include sleep interruption, fatigue, depression, memory lapses, 
anxiety, and irritability.

A large number of patients with tinnitus suffer from sleep 
disorders. This perceived sound adversely impacts one’s quality 
of sleep. Patients become sleep deprived and exhibit signs of 
sleep apnea, including daytime sleepiness, fatigue, depression, 
and diminished quality of life.1,3

While some patients report success with CPAP and oral 
appliance therapy, others report an exacerbation of symptoms, 
possibly due to CPAP pressure, mask fitting, unequal pressure 
in the middle ear or TMJ problems.4

REPORT OF CASE

A 50-year-old male presented for an OAT in June 2012. He had 
become intolerant of CPAP after 3 years of treatment.

His past medical history included triple bypass in 2008, 
thyroidectomy in 1990, and a deviated septum repair in 2006. 
His medications included Crestor, metoprolol, levothyroxine, 
pantoprazole, and aspirin. There was no history of smoking or 
alcohol consumption, and he exercised 3 times a week.

A recent history of weight gain alerted him to check with 
his cardiologist. Polysomnography was recommended to 
evaluate OSA. He was diagnosed with mild OSA (AHI = 14.3) 
and placed on CPAP therapy. However, he became gradu-
ally intolerant to this modality due to chronic sinusitis. His 
pulmonary sleep physician discussed with him the connec-
tion between weight gain and sleep deprivation and recom-
mended a mandibular advancement device as a CPAP 
alternative.

He reported snoring, poor sleep quality, feeling unrefreshed 
in the morning and weight gain. He did not suffer from depres-
sion or cognitive impairment. His Epworth Sleepiness Scale 
(ESS) was 15. He reported a history of bruxism but no known 
history of TMJ disorders.

He was fitted with an oral appliance in August 2012 along 
with an AM Aligner.

At routine follow-up the patient reported diminished snoring, 
better quality of sleep, and feeling refreshed and energetic. 
Seven months after the patient received the appliance, he began 
to experience side effects that resulted in many follow-up visits 
for management:

March 2013: He stated “I am sensing hair in my inner ear more 
than usual and hearing ringing in both ears sometimes.” He 
sought the help of his otolaryngologist and was told to pluck 
the hair out of his ear.

He reported discomfort when using the AM Aligner. He 
had been biting very hard into the device. The protocol for the 
aligner was reviewed with him. He was symptom free for 6 
weeks.

May 9, 2013: He complained of left TMJ discomfort. Clinical 
exam revealed tenderness upon palpation of the left medial 
pterygoid.

The mandibular advancement was decreased, and patient 
stopped using the appliance for few days; the symptoms 
disappeared.

May 22, 2013: He was comfortable with the oral appliance; 
however, he experienced pain when biting into the AM Aligner. 
A new AM Aligner was made and the protocol reviewed. His 
ESS was 0.

August 22, 2013: The patient was very comfortable with the 
appliance and reported no excessive daytime sleepiness.

October 22, 2013: He reported that his quality of sleep was 
changing and he was feeling tired. The appliance was advanced 
and patient was advised of the possibility of recurrent tinnitus.

November 6, 2013: He was very comfortable with the appliance, 
no TMJ discomfort and no EDS. He reported: “…don’t feel tired. 
I am alive again.”

January 8, 2014: He was very comfortable with the appliance. 
No complaints at all.

http://dx.doi.org/10.15331/jdsm.4636
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February 17, 2014: There was tenderness in the left TMJ, and the 
advancement was decreased.

April 10, 2014: He was asymptomatic, and there was no exces-
sive daytime sleepiness

August 5, 2014: He began experiencing bilateral burning sensa-
tion in the ear around 4 to 8.pm. He stopped using his appliance 
for few days and felt tired and sleepy. The advancement on the 
appliance was regressed. He was instructed to stop using the 
AM aligner and to chew gum for 2 minutes after removing the 
oral appliance each morning. ESS = 3

August 14, 2014: A home sleep study showed residual OSA 
(AHI = 11.1). The sleep specialist recommended further 
advancement of the appliance. I communicated to him the 
side effects the patient had experienced throughout appliance 
therapy. He recommended CPAP therapy; however, the patient 
vehemently refused it.

October 23, 2014: Patient was feeling tired. The appliance was 
advanced and the patient was advised to see his sleep specialist 
immediately.

December 1, 2014: He followed up with his physician and will 
continue with the oral appliance; however, he states that TMJ 
discomfort occurs at 6:00pm and that the appliance helps in 
resolving his symptoms.

December 8, 2014: Patient was very comfortable. No burning 
sensation, no tinnitus and no TMJ discomfort. Good quality of 
sleep and no EDS.

Patient states that he no longer use the AM Aligner. Chewing 
the gum after he removes the appliance has been very helpful.

This case illustrates the challenges that may be encountered when 
dealing with side-effects of OAT and the need for supportive 

follow-up by the dental sleep medicine practitioner. The patient 
reported subjective improvement with the appliance while the 
sleep study did not show objective improvement.

Among the many questions that arise in the management of 
patients with OSA, the following should be considered.

Should treatment success of OAT be based on objective or 
subjective findings? Does OAT cause or ameliorate tinnitus? 
Does OAT exacerbate or help resolve TMJ symptoms? Does an 
AM Aligner contribute to the side effects of OAT?

Further clinical research and prospective studies are required 
in order to better manage our patients with sleep disordered 
breathing.
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LETTERS TO THE EDITOR

The editorial (“Getting Over Occlusal Changes,” by Dort, 
January, 2015) was inadequate, focusing on “side-effects” 

rather than the raison d’être of dental sleep medicine (DSM). If 
occlusal changes are of minor importance then why do ortho-
dontists prescribe retainers?1 While “occlusal changes go unno-
ticed,” so do other medical conditions, such as hypertension. 
But, prosthodontists know that a restoration that lacks occlusal 
equilibration is bound for failure, sometimes with catastrophic 
responses.2

The strategies listed to “maintain their occlusion” could be 
rephrased as “their malocclusion” if a malocclusion is viewed 
as a solution for a complex, adaptive system to remain in equi-
librium.3 The triad of malocclusion, TMD, and sleep disor-
dered breathing (SDB)4 suggests these comorbidities occur in 
an unpredictable, not random, fashion. The occlusion is based 
on cusp patterns that evolved over millennia, encompassing 
changes in enamel thickness.5 If a discordant occlusion did 
not contribute to natural selection, there would be no need for 
precise occlusal harmony.

Evidence suggests that changes in the spatial relations of 
the mandible invoke changes in gene expression.6 The effect 
of mandibular repositioning in macaques7 and in children8 is 
known. Occlusal derangement in rats precipitates systemic 
deformity.9 When these interferences are removed, auto-correc-
tion occurs, suggesting that the “occlusion” provokes systemic 
changes. Initial clinical results to that effect are available.10 By 
focusing on the retroglossal region, the craniofacial context of 
SDB11 is neglected. A successful strategy must address multiple 
sites of obstruction.12–15
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LETTERS TO THE EDITOR

The US sleep apnea statistics are well known: more than 18 
million Americans have sleep apnea,1 yet 80% to 90% of 

adults with OSA remain undiagnosed.2,3 Severe sleep disor-
dered breathing (SDB) is associated with a 3-fold increase in 
all-cause mortality risk and a 5-fold increase in cardiovascular 
mortality risk.4 The Wisconsin Sleep Cohort Study points to 
a 3-fold increased risk of incident hypertension over a period 
of 4 years,5 while the prevalence of OSA in patients with drug-
resistant hypertension is 70% to 83%.6 SDB is also present in 
77% of men and 64% of women with a history of stroke, 76% of 
individuals with congestive heart failure, and 60% of patients 
with metabolic syndrome.7–9

What is less clear is why it is so difficult to reach the undi-
agnosed majority and what the health care community can do 
to change these sobering statistics. Since the screening bottle-
neck occurs at the primary care level, are there tools we can 
provide to facilitate this process, fill in information gaps for 
both patients and clinical staff, and relieve some of the time 
pressures associated with patient counseling in the primary 
care office setting? Can we create interactive online “maps” of 
locally available diagnostic technologies, therapies, adjunctive 
and combination approaches for the management of complex 
cases—in effect developing functional cross-disciplinary teams 
that can exchange a variety of literature and practical perspec-
tives to shorten the gap between research and clinical imple-
mentation, identify best practices, and utilize local resources 
more efficiently?

A possible approach might be to focus on organizing locally—
leveraging existing peer connections to engage colleagues into 
a vibrant dialogue about the multifaceted manifestations and 
consequences of sleep apnea, the way in which it impacts their 
own ability to control their patients’ disease (be it cardiovascular, 
metabolic, neurologic, or psychiatric), and the practical steps 
involved in diagnosing and treating this condition. Opening up 
these communication channels and making the process more 
transparent to both patients and providers (through a combina-
tion of local online platforms such as a centralized community 
website, online patient discussion groups and cross-disciplinary 
provider study clubs with a focus on SDB) might increase the 
general knowledge base and improve the screening/counseling 
efficiency of health care teams, helping them identify more apnea 
patients and guide them through this often complex process.

Last but not least, patient-centered research initiatives such 
as MyApnea.org, which concentrate on the clinical realities 
facing patients and providers, would greatly benefit from a 
more active interdisciplinary dialogue. Given the preponder-
ance of REM and REM-related obstructive events in the second 
part of the night, the issue of full-night compliance with either 

PAP or OAT may turn out to be a critical determinant of OSA 
treatment impact on systemic outcomes—and a dynamic 
discussion across specialty lines could help the focus move from 
the existing compliance parameters to a more relevant, patient-
tailored matrix of biomarkers and quantitative clinical targets, 
incentivizing both patients and their health care teams to opti-
mize their OSA treatment.
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NEWS AND UPDATES

June 4–6
24th Annual Meeting
Seattle, WA – Washington State Convention Center

August 11–October 20
Fall Study Club Program (live, web-based seminars)

September 19
Practical Demonstration Course
Darien, IL – AADSM National Office

November 7–8
Advanced Dental Sleep Medicine Course
Orlando, FL
Essentials of Dental Sleep Medicine Course
Orlando, FL
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