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Study Objectives: This study assessed the long-term general and condition-specific quality of life (QOL) and perceived occlusal and
functional changes of individuals with obstructive sleep apnea (OSA) who had oral appliance therapy (OAT) delivery 2 years ago or
longer.
Methods: Three validated (Calgary Sleep Apnea Quality of Life Index for OSA symptoms, Medical Outcomes Study 36-Item Short
Form for general QOL, Problems with Occlusion and Function for functional and occlusal changes) and one custom questionnaire were
mailed to 139 identified patients from the UNC Adams School of Dentistry Dental Sleep Clinic who met the inclusion criteria of a
polysomnography diagnosis of OSA, age 18-60 years at time of OAT delivery and previous delivery of OAT 2 years ago or longer for
management of OSA.
Results: Twenty-six percent of the 139 eligible patients (n=36) returned questionnaires. Of these, 31 patients, 58% male, returned
completed questionnaires. Fifty-eight percent continued to use OAT for an average of 4.9 years (standard deviation=1.78). There were
no statistically significant average differences between individuals who did or did not wear oral appliances in regard to Problems With
Occlusion and Function or Medical Outcomes Study 36-Item Short Form subscores (p >0.15). For the Calgary Sleep Apnea Quality of
Life Index, those who wore an oral appliance reported a better perception of general health than those who discontinued OAT (p=0.02)
Those who did not wear an oral appliance reported significantly greater problems with side effects from current treatment for OSA than
did those who continued to use OAT (p= 0.01).
Conclusions: Those who continued to use OAT reported QOL benefits associated with this type of therapy for managing OSA. Longterm OAT adherence is a function of patients’ perceptions of both the conferred benefits of treatment and the unfavorable treatmentinduced side effects.
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INTRODUCTION
Obstructive sleep apnea (OSA) is a type of sleepdisordered breathing (SDB) that has gained attention in
recent years because of its prevalence and associated health
concerns. Obstructive sleep apnea syndrome (OSAS) is
defined as having both SDB and an apnea-hypopnea index
(AHI) ≥5 per hour, coupled with self-reported daytime
hyper-somnolence.1 Using polysomnographic data from
the Wisconsin Sleep Cohort of 602 middle-aged, working
men and women, Young et al. reported that 24% of men
and 9% of women had an AHI ≥ 5 per hour and that 4%
and 2% respectively had OSAS, i.e., AHI >5 per hour and
daytime sleepiness symptoms.1 In 2013, Peppard et al.
reported an increased prevalence of SDB and OSAS in
recent decades using the Wisconsin Sleep Cohort 1990s
and 2007-2010 data of 1,520 middle-aged men and women
who underwent sleep studies and completed the Epworth
Sleepiness Scale.2 Peppard et al. reported an overall
prevalence of 26% adults who had an AHI ≥ 5 per hour,
and 10% with AHI ≥ 15 per hour.2 These estimates are
more than double the estimates from 1993.2
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OSA is a chronic disorder that requires long-term
multidisciplinary management. The American Academy
of Sleep Medicine (AASM) recommends the following
therapies to manage the disease: behavioral therapy,
continuous positive airway pressure (CPAP), oral
appliance therapy (OAT), and maxillomandibular
advancement surgery.3 Oral appliances, or mandibular
advancement devices (MADs), advance the mandible to a
protrusive position, in which the attached tongue and soft
tissues follow, increasing the volume and patency of the
upper airway.4 The gold standard, CPAP, has been shown
to be more efficacious at reducing AHI than OAT.5–7
However, compliance has been reported to be higher with
oral appliances than CPAP.5,7 The discrepancy in
compliance seems to offset the increased efficacy of the
CPAP, and thus OAT and CPAP show similar overall
effectiveness at reducing symptoms of OSA, including
improvement in quality of life (QOL) outcomes and
decreasing daytime sleepiness for patients with mild,
moderate, and severe OSA.8,9 However, the long-term
compliance with OAT is not well documented in the
literature.
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Systemic objective measurements such as AHI and
oxygen saturation are important for diagnosis and
evaluation of the severity of OSA, but these values
correlate poorly with subjective symptomology of the
disease.10 Patient-centered outcomes of QOL, daytime
sleepiness, cognitive status, and performance in daily
activities including work can be more important to
individuals with OSA.11,12 Individuals with OSA often
seek initial treatment because of their subjective symptoms
and the disruption that their daytime sleepiness has on daily
functioning.10
Overall, there exists limited long-term data for
patient-centered outcomes of QOL and perceived
functional and occlusal changes for patients being treated
for OSA with OAT.6,13 Understanding the long-term
patient perceptions of OAT will help guide clinicians to
more effective treatment of patients with OSAS. The
objective of this study was to determine the patientcentered outcomes of QOL and of functional and occlusal
changes following long-term use of OAT (greater than 2
years) for OSAS.
METHODS
This study was approved by the Institutional Review
Board at the University of North Carolina at Chapel Hill
(IRB 16-1659). Eligible participants who underwent
treatment at least 2 years prior to March 2017 at the
University of North Carolina at Chapel Hill Adams School
of Dentistry Dental Sleep Clinic for management of OSA
with a titratable MAD were identified by a systematic
search of the clinic’s database. All patients were treated by
a single clinician (author G.E.), who was responsible for
delivering and adjusting the custom MADs. The appliance
type was chosen by the clinician after consideration of the
patient’s dentition, periodontal status, tongue space,
history of bruxism, and third-party-payer requirements.
Patients were eligible to participate if OSA had been
diagnosed by a sleep physician and with polysomnography
and referred to the clinic for treatment; were age 18 to 60
years at the time of oral appliance delivery; and had
complete chart entries, with demographic and contact
information, available. Patients with a diagnosis of central
or complex sleep apnea or a congenital syndrome with or
without severe retrognathia were excluded. Of the 828
potentially eligible patients from the sleep medicine
database, 139 participants met the inclusion and exclusion
criteria.
Demographics
Demographic data collected from the Dental Sleep
Clinic database for eligible participants included: sex, age,
and body mass index (BMI) at the time of delivery of the
oral appliance, date of delivery of the oral appliance, OSA
diagnosis, and pretreatment polysomnography results.
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Description of Questionnaires
The Medical Outcomes Study 36-Item Short Form
(SF-36) is a validated general health QOL questionnaire
that includes 36 questions scored on a Likert scale.14,15
Health is measured on a multiitem scale in the following
eight dimensions: (1) physical functioning, (2) role
limitations because of physical health problems, (3) bodily
pain, (4) social functioning, (5) general mental health, (6)
role limitations because of emotional problems, (7) vitality,
and (8) general health perceptions. The scores from the
items making up each dimension were summed and then
transformed to a scale of 0 to 100. Two summary scores
were calculated with special algorithms and represent the
Physical Component Summary and Mental Component
Summary. Higher dimension and summary scores are
associated with better QOL.
The Calgary Sleep Apnea Quality of Life Index
(SAQLI) is a validated condition-specific questionnaire
that measures QOL outcomes for patients with sleep
apnea.12 The Short Form SAQLI, as used in this study,
functions
as
an
abbreviated,
self-administered
questionnaire in clinical settings.16 Questions 1 through 14
assessed daily functioning, social interactions, and
emotional functioning and were rated on a 7-point Likertscale from “a very large amount” to “not at all.” The
average score of the 14 items was calculated and higher
scores indicated better QOL. For questions 15 to 17,
respondents listed up to three treatment symptoms and
rated them based on degree of problem on a 7-point Likertscale with higher scores indicating a greater problem. The
final question asked respondents to rate how much of a
problem (1 = no problem; 7 = a very large problem) the
treatment symptoms were compared to the treatment
benefits. A weighted score was then calculated by
multiplying the total sum for the symptoms by a weight
ranging from 0.25 (no problem compared to the benefits)
to 1.0 (side effects about equal or larger than the benefits).
Higher scores indicated less benefit to therapy relative to
side effects.
The Problems with Occlusion and Function (PSPOF)
is a custom questionnaire designed to assess patient
perception of occlusal, functional, and temporomandibular
joint (TMJ)-related problems.17 This questionnaire was
validated as part of a National Institutes of Health grant.
The questionnaire consists of 14 items rated on a 5-point
Likert scale from strongly disagree to strongly agree. Six
items are reverse keyed.
Two domain scores were
calculated to reflect a patient’s perception of occlusal
problems and TMJ-related problems respectively. Domain
scores were calculated as the average of the items in each
domain.
Higher scores indicate greater negative
perception.
A questionnaire about custom oral appliances was
developed to address outcomes not included in the
aforementioned questionnaires. Questions related to
Vol. 6, No. 3 2019
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compliance of OAT, an explanation for discontinuation of
the oral appliance if applicable, and whether other sleep
apnea management therapies were being used. A section
of five questions adapted from the Pittsburgh Sleep Quality
Index18 were included to address sleep habits and quality
from the month prior to answering the questionnaires.
Distribution of Questionnaires
Eligible participants were sent an envelope containing
an information sheet explaining the study, a Health
Insurance Portability and Accountability Act authorization
form, the four questionnaires, and an addressed, stamped
envelope for return of questionnaires to the lead
investigator. Informed consent was affirmed upon return
of the completed questionnaires. Return of uncompleted
questionnaires indicated the patient declined to participate.
Three rounds of questionnaires were sent to eligible
participants, the second and third rounds were only sent to
nonrespondents from previous rounds. There was a 1month grace period between rounds. Google and Yellow
Page searches were used to identify current addresses for
potential respondents for whom envelopes were returned
undelivered. Questionnaires were completed between
October 2017 and February 2018.
Statistical Analysis
Statistical analysis was performed using SAS/STAT®
software version 9.4 (SAS Institute, Inc., Cary, North
Carolina, United States).19 Exact unpaired t tests and
Fisher exact tests were used to analyze differences in
demographics and clinical characteristics between
responders and nonresponders and between individuals
who did or did not wear an oral appliance. Two-sided exact
Wilcoxon rank-sum tests were used to analyze average
differences in the subscales for SF-36, SAQLI, and PSPOF
between responders who continued wearing oral
appliances and those who discontinued use. Level of
significance was set at 0.05.
RESULTS
Twenty-six percent of the 139 patients (n=36)
identified under the inclusion and exclusion criteria
returned questionnaires: 31 consented to participate and 5
declined. An additional 25 envelopes were returned as
addressee unknown. There were no statistically significant
differences (p>0.09) between respondents (those who
completed questionnaires n=31) and nonrespondents
(n=108) when comparing age, sex, BMI, AHI at time of
OAT delivery, and time since oral appliance delivery
(Table 1).
Of the 31 who completed the questionnaires, 58%
were male and the mean age was 49.2 years (standard
deviation [SD]=10.02) (Table 1). The mean time since
Journal of Dental Sleep Medicine

delivery of the oral appliance was 4.9 years (SD=1.77), the
mean BMI at oral appliance delivery was 27.38 kg/m2
(SD=5.61) and the mean AHI was 17.15 per hour
(SD=10.59) (Table 1). In terms of OSA severity, 58.06%
had received a diagnosis of mild OSA and 41.94% as
moderate to severe OSA (Table 1).
Fifty-eight percent of the respondents currently
managed their OSA with OAT whereas 42% (N=13) had
discontinued use of OAT. The use or nonuse of OAT was
based on the response to the question “are you currently
wearing your oral appliance for sleep apnea?”. The two
groups did not differ significantly (p>0.09) in demographic
characteristics or OSA severity (Table 2). The reasons for
discontinuation of OAT included the perception that it did
not appear to be working, TMJ aggravation and pain, dental
and gingival discomfort, and resolution of OSA through
surgery or weight loss. Of the individuals who had
discontinued OAT, seven switched to CPAP, two used
weight loss to control OSA, one had a bilateral sagittal split
osteotomy advancement, and three currently used nothing
to manage their OSA.
There were no statistically significant average
differences between those who discontinued OAT and
those who continued OAT for the subscales of SF-36:
physical functioning, role limitations because of physical
health problems, bodily pain, social functioning, general
mental health, role limitations because of emotional
problems, vitality, and general health perceptions (p>0.15)
(Table 3). Although no significant differences were found
in the subscales, responses to “In general, how is your
health?” and “How true or false is the following statement
for you: I am as healthy as anybody I know” were
informative. Of those who had discontinued use of OAT,
only 46.2% reported their general health as excellent or
very good whereas of those who continued to use OAT,
88.9% reported their general health as excellent or very
good. (Table 4). In addition, 38.45% of those who had
discontinued use of OAT and 77.8% of those who
continued to use OAT found the statement “I am as healthy
as anybody I know” as “definitely to mostly true” (Table
4).
The averages for the TMJ and functional/occlusal
summary scores on PSPOF between those who
discontinued OAT and those who continued OAT were not
statistically significantly different (p=0.86, p=0.26
respectively) (Table 3). In the Short Form SAQLI, the
average difference between those who discontinued OAT
and those who continued OAT for the overall scale score
was marginally statistically significant (p=0.052). Those
who wore an oral appliance had higher median scores than
those who did not, corresponding to fewer problems with
daily and emotional functioning and social interactions
(Table 3). There were statistically significant average
differences between those who discontinued OAT and
those who continued OAT for the treatment symptom
problem score (p=0.01) and for the weighted benefit-toVol. 6, No. 3 2019
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Table 1. Demographic and clinical characteristics of survey respondents and non-respondents.

Female
Male

N
31
31
26
31
N
31
13
18

Mild
Moderate/Severe

31
18
13

Demographics
Age
Years Since Delivery
BMI
AHI
Sex

OSA Severity

Respondents
Mean
49.2
4.9
27.4
17.2
%

SD
10.0
1.8
5.6
10.6

41.9%
58.1%

N
108
108
96
105
N
108
44
64

58.1%
41.9%

108
54
54

Non-Respondents
Mean
SD
48.0
8.8
5.1
1.6
28.7
6.7
21.8
20.4
%

p-value
0.54
0.59
0.32
0.09
0.90

40.7%
59.3%
0.65
50%
50%

Body mass index (BMI), apnea hyponea index (AHI), obstructive sleep apnea (OSA) severity: Mild: 5-14 AHI,
Moderate/Severe: ≥15 AHI.

Table 2. Demographic and clinical characteristics of those who currently use oral appliance therapy (OAT) and those
who have discontinued use.

Female
Male

N
18
18
14
18
N
18
8
10

Mild
Moderate/Severe

18
11
7

Demographics
Age
Years Since Delivery
BMI
AHI
Sex

OSA Severity

Wearers
Mean
49.6
4.4
26.6
16.7
%

SD
9.5
1.7
4.0
11.4

44.4%
55.6%

N
13
13
12
13
N
13
5
8

61.1%
38.9%

13
7
6

Non-Wearers
Mean
48.6
1.7
28.3
17.7
%

SD
11.1
1.6
7.1
9.8

p-value
0.80
0.09
0.46
0.80
0.74

38.5%
61.5%
0.69
53.9%
54.9%

Body mass index (BMI), apnea hyponea index (AHI), obstructive sleep apnea (OSA) severity: Mild: 5-14 AHI,
Moderate/Severe: ≥15 AHI.
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Table 3. Comparison of SF-36, PSPOF, and SAQLI responses of those who currently use oral appliance therapy
(OAT) and those who have discontinued use.

Wearers (N=18)
Median
p25
p75

SF 36

Non-Wearers (N=13)
Median
p25
p75

General Health

77

67

87

62

42

87

p-value
0.20

Mental Health

85

70

95

85

55

95

0.49

Role-Physical

100

81.25

100

100

68.75

100

0.64

Role-Emotional

100

75

100

83.33

58.33

100

0.17

Vitality

75

62.5

87.5

68.75

37.5

87.5

0.60

Bodily Pain

84

72

84

73

67

84

0.35

93.75

75

100

87.5

50

100

0.15

95
Median

95
p25

100
p75

95
Median

90
p25

100
p75

0.60
p-value

TMJ

1.7

1

2.2

1.6

1.2

2.6

0.86

Function/Occlusion

2.44

1.5

3.25

2

1.75

0.26

Median

p25

p75

Median

p25

2.88
p75

6.04

5.21

6.43

5.14

4

2

2

5

9

0.5

0.5

0.75

1.5

0.5

3.75

Social Functioning
Physical Functioning
PSPOF

SAQLI
Overall Scale Score
Treatment Symptoms
Tradeoff of Benefits to Side
Effects
Weighted Benefit

p-value
0.052

6

6.07
11

0.75

0.5

1

0.14

6.5

3

10

0.019

0.009

Medical Outcomes Study Short Form (SF-36), Problems with Occlusion and Function (PSPOF), and Calgary Sleep
Apnea Quality of Life Index (SAQLI)

side-effect score (p=0.02) (Table 3).
Those who
discontinued OAT reported having a greater problem with
side effects in the past 4 weeks from their current OSA
management than those who currently used OAT to
manage OSA. Considering the side effects and comparing
those to the benefits of current treatment, those who
discontinued OAT reported less benefit from therapy
relative to side effects than those who continued OAT
(Table 3) Reported side effects for OAT and CPAP
treatment modalities are listed in Table 5. Forty-two
percent of those who did not wear an oral appliance
reported sleep quality as “fairly bad” and 58% as “fairly
good” whereas 88.9% of those who did wear an oral
appliance rated sleep as “fairly good” and 11% as “very
good” (p <0.01). The proportion of those who did and
those who did not wear an oral appliance was not
significantly different in use of prescribed or over-theJournal of Dental Sleep Medicine

counter medication as a sleep aid (p = 0.09).
Approximately three fourths of those who did not and those
who did wear an oral appliance (69% and 72%,
respectively) reported taking medication three or more
times a week.
DISCUSSION
Individuals with sleep apnea often seek initial
treatment because of their subjective symptoms, which
include daytime sleepiness and impaired QOL. Healthrelated QOL has become an important and recognized
outcome measure of OSA treatment as well as an influence
on the type of management strategy chosen by the
patient.16,20 Furthermore, patient perception of the
corresponding side effects of treatment plays an important
role in patient adherence to therapy.
Vol. 6, No. 3 2019
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Table 4. Responses to health questions from the Medical Outcomes Study 36-Item Short Form from
those who currently use oral appliance therapy and those who have discontinued use.

Question 1: In general, would you say your health is?
Wearers
Nonwearers

Excellent
22.2%
7.7%

Very Good
66.7%
38.5%

Good
5.56%
46.15%

p = 0.03
Fair
5.56%
0%

Poor
0%
7.69%

Question 11.b: How true or false is the following statement for you:
I am as healthy as anybody I know?
p = 0.04
Definitely
Definitely
Mostly True
Don't Know
Mostly False
True
False
16.67%
61.11%
16.67%
0%
5.56%
Wearers
23.08%
15.38%
30.77%
23.08%
7.69%
Nonwearers

Table 5. Reported long-term side effects from oral appliance therapy and continuous positive airway
pressure.

Oral Appliance Therapy (N = 18)
TMJ
Pain inflammation
Jaw displacement/moving forward
Bite change
Difficulty breathing/nasal stuffiness
Dental pain
Sensitive gums
Dry mouth
Dry throat
Headache
Waking up
Snoring
Increased space between teeth
Soreness in interior cheek

Continuous Positive Airway Pressure
N
(N=7)
Wake up frequently
6 Poor fit of mask (slipping, dislodging)
5 Dry mouth
3 Dry throat
3 Dry eyes
2 Mark on face from mask
2 Awkward using
2 Claustrophobia
2 Stomach bloating
2 Noise of air
1 Sore joints
1
1
1

Understanding the QOL outcomes and perceived side
effects from treatment are paramount to successful
management of OSA. Unfortunately, there is not a single
questionnaire that encompasses all aspects of subjective
outcome measures for OSA management. For this reason,
our study used three validated questionnaires to assess
general (SF-36) and condition-specific (SAQLI) QOL and
potential functional and occlusal side effects of OAT for
patients with OSA.
After a mean 4.4 years, 58% of our respondents
continued to use OAT to manage OSA. This adherence
Journal of Dental Sleep Medicine

N
4
4
2
1
1
1
1
1
1
1
1

rate is similar to that in other long-term studies that showed
76% adherence after 1 year21 and 62% adherence after 4
years of OAT.22 The reasons reported for discontinuation
of OAT were also consistent with other studies: perceived
lack of effect, TMJ discomfort, dental and gingival
discomfort, and no longer needing OAT because of
resolution of OSA by weight loss or orthognathic
surgery.8,21
General QOL was compared between those who wore
an oral appliance and those who did not through the SF-36,
and no statistically significant differences were observed
Vol. 6, No. 3 2019
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between the two groups. The mean scores in the eight
individual domains of the SF-36 for the group that wore an
oral appliance ranged from 75 to 100, indicating positive
QOL for those who wore an oral appliance in regard to their
physical and social functioning, role limitations because of
physical health and emotional problems, bodily pain,
vitality, and general and mental health perceptions. The
literature supports these results by reporting OAT is
effective at improving QOL for patients with OSA, and that
both OAT and CPAP show comparable improvements in
QOL as measured by the SF-36.6–8,13
The Short Form SAQLI compared the conditionspecific QOL between individuals who wore an oral
appliance and those who did not. Those who wore an oral
appliance reported less of a problem with side effects from
OAT than those who did not with non-OAT therapy. Those
who wore an oral appliance also perceived better QOL
benefits from OAT relative to the experienced side effects
than did those who did not wear an oral appliance.
Literature is sparse in regard to the self-administered Short
Form SAQLI and therefore this study provides novel
evidence on the risk-weighted QOL benefits of OAT.
OAT-related side effects on the SAQLI included
TMJ-related discomfort and jaw displacement as well as
changes in bite and dental and gingival sensitivity. Reports
of similar adverse effects of OAT have been documented
in the literature with varying frequency and duration of
effects.7,9 Studies have indicated that OA wear causes
objective dental and occlusal changes in individuals, most
notably decrease in overbite, overjet, and number of
posterior contacts,23–27 with duration correlating to dental
changes of decreased overbite.26 Perez et al. determined
that after 1 year of OAT, a posterior open bite developed in
17.9% of patients, but that only 28.6% of these patients
were aware of a change in bite.27 Perception of and actual
dental changes are discordant. Furthermore, despite
evidence that OAT leads to development of TMJ-related
signs or symptoms in a small percentage of patients, it is
usually transient in nature.27
The main limitation of our study was the low response
rate. The two factors that likely contributed to the response
rate were (1) the lack of reliable contact information in the
electronic patient record for patients and (2) the fact that
this was a long-term follow-up. Some patients, particularly
those who were no longing wearing the oral appliance, may
have been reluctant to divulge that. Our comparison of
individuals who wore an oral appliance to those who had
discontinued OAT was suboptimal because the group that
did not wear the oral appliance was using a blend of
therapeutic interventions for management of OSA, which
included CPAP, bilateral sagittal split osteotomy, and
weight loss, as well as some who were using nothing to
manage the disease. In addition, the subjective nature of
survey research is limiting, as respondents may experience
recall or social desirability bias. Finally, in regard to
adherence, omission of inquiry to the date of
Journal of Dental Sleep Medicine

discontinuation of OAT prohibited investigation of
whether discontinuation was a reflection of either short- or
long-term side effects of treatment. Another limitation of
the generalizability of the results of this study may be
limited because all participants were treated by the same
clinician in the same clinic. However, the advantage of this
protocol was that none of the results could be attributed to
variation in treatment protocol among clinicians or clinics.
Because OAT is considered a viable treatment for
individuals with OSA who cannot tolerate CPAP or who
prefer an alternate therapy,8 more individuals are using
OAT to manage their OSA. As a result, the recognition of
treatment-related side effects is increasing through selfreport in the literature. The relationship between these
dental and functional side effects and long-term adherence
is still unknown. Future prospective, systematic studies are
needed to clarify the effects of ongoing OAT in efforts to
improve adherence and manage or mitigate these untoward
effects. Studies comparing objective dental and functional
side effects to perception of dental problems would provide
insight to the actual effect these changes have on the
individual.
OAT is reported to be as effective as CPAP in
improving health-related QOL,9 but long-term studies are
needed to follow up on the perceived improvements in
QOL. Future studies are needed to help understand the
long-term subjective symptoms so that patients’ QOL is
continually managed.
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