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Abstract
Purpose This study aims to evaluate the incidence and
prevalence of temporomandibular disorders (TMD) in
patients receiving a mandibular advancement device
(MAD) to treat obstructive sleep apnea using the Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD). In addition, it also aims to assess the devel-
opment of posterior open bite (POB).
Materials and methods Data from 167 patients were evalu-
ated at baseline, from 159 patients after 118 days (visit II),
from 129 patients after 208 days (visit III), and from 85
patients after 413 days (visit IV). The presence of TMD
symptoms was evaluated through a questionnaire. TMD
signs were assessed using the RDC/TMD. Clinical evalua-
tion assessed for the presence of POB.

Results The prevalence of TMD was 33/167 (19.8 %) at
baseline. After an initial decrease to 14.5 % on visit II, the
prevalence increased to 19.4 % on visit III and finally
demonstrated a decrease to 8.2 % on visit IV. The incidence
of TMD was 10.6 % on visit II. This decreased on further
visits and only two (1.9 %) patients developed TMD from
visit III to visit IV. POBwas found to develop with an average
incidence of 6.1 % per visit. The prevalence of POB was
5.8 % on visit II, 9.4 % on visit III, and 17.9 % on visit IV.
Conclusion The use of MADs may lead to the development
of TMD in a small number of patients. Nevertheless, these
signs are most likely transient. Patients with pre-existing
signs and symptoms of TMD do not experience significant
exacerbation of those signs and symptoms with MAD use.
Furthermore, these may actually decrease over time. POB
was found to develop in 17.9 % of patients; however, only
28.6 % of these patients were aware of any bite changes.

Keywords Mandibular advancement device . Oral
appliance . Temporomandibular disorders . Obstructive sleep
apnea . Side effects

Introduction

Obstructive sleep apnea (OSA) is a common sleep-related
breathing disorder affecting approximately 12 % of the
population of the USA [1]. During the sleep cycle of an
OSA patient, there are episodes of little or no airflow to the
lungs, despite continuing respiratory efforts. The restriction
of airflow is due to intermittent obstruction of the airway
caused by excessive collapsibility of a small airway during
sleep. These repetitive lapses in respiration and the resulting
lack of oxygen are associated with an increase in morbidity
and mortality and contribute to the development of
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numerous medical problems including stroke, cardiovascu-
lar disease [2, 3], hypertension [4], and type 2 diabetes [5].

Positive airway pressure (PAP) is the gold standard for
treatment of OSA, providing a successful outcome in over
95 % of users [6]. However, as many as 50 % of patients
cannot tolerate the use of PAP [12]. For many of those
patients, mandibular advancement devices (MADs) are a
valuable treatment alternative. MADs work by mechanically
protruding the mandible, thereby lifting the tongue off the
posterior pharyngeal wall. This is similar to the effect of the
head tilt–chin lift maneuver used in cardiopulmonary resus-
citation and results in an increased airway space with re-
duced resistance to airflow. Studies have demonstrated that
MAD therapy can be used for patients with all degrees of
OSA [8]. However, it is most predictably effective in mild to
moderate OSA [9–11]. When compared to PAP, MADs are
not as effective in reducing the apnea–hypopnea index
(AHI) [7]. However, patients tend to favor the use of MADs
over PAP [12]. Studies also show a normalization of oxygen
desaturation as well as a decrease in the AHI with MAD use
[13, 14]. In addition, MADs result in an improved quality of
sleep with decreased subjective complaints of sleepiness and
snoring [15]. They also provide improvement in blood pres-
sure similar to PAP [16–19].

As with other forms of treatment, the use of MADs is not
exempt from side effects [20, 21]. While relatively common,
most of the side effects associated with MADs tend to be
relatively minor and transient and do not usually prohibit the
use of the appliances. Side effects include jaw discomfort,
increased or decreased salivation, sore teeth, loose teeth,
minor tooth movement, and changes in the bite or occlusion
[22, 23].

The side effect of jaw discomfort may be due to tempo-
romandibular disorders (TMD). TMD are defined as a clus-
ter of signs and symptoms affecting the masticatory
musculature, temporomandibular (TM) joints, and associat-
ed structures [24]. MADs protrude and maintain the mandi-
ble in a nonhabitual position during sleep, potentially
affecting the harmony of the stomatognathic system with
the possible development of signs and symptoms of TMD.
Studies of the incidence/prevalence of TMD associated with
the use of MADs are few [25–31]; therefore, additional data
are needed.

Several studies have described occlusal changes when
using MADs including palatal inclination of the maxillary
incisors, labial inclination of the mandibular incisors, slight
mesial drift of the mandibular molars, and loss of contact
between the posterior teeth or posterior open bite (POB) [22,
32–38]. Studies indicate an incidence of occlusal changes
ranging from 10 to 12 % in the MAD-wearing population
[22, 36, 38–41]. Most studies have not specifically focused
on POB, and therefore relatively little is known about its
incidence and long-term effects. POB is thought to result

from the persistent anterior positioning of the mandible,
even after the MAD has been removed, presumably due to
persistent shortening of the lateral pterygoid muscles. Thus,
when the patient attempts to bite in maximum intercuspa-
tion, the anterior teeth contact and the posterior teeth do not.
It is not uncommon for patients to routinely experience this
effect for a short time in the morning upon removal of the
appliance; however, the bite typically returns to normal
quickly [41]. In some instances, however, the effect may
persist for hours or days and in some patients may become
continuous [22, 37]. Interestingly, POB is often not noticed
by the patient; rather, the patient may complain of cheek or
lip biting or of heavy contact of the front teeth. If the
condition occurs, there are simple jaw exercises that can
often improve or reverse these effects [42].

This study aims to further understand the incidence and
prevalence of TMD and POB during MAD therapy for treat-
ment of snoring and OSA. The objectives of the study were:

1. To assess the prevalence of TMD at baseline and on
each visit in patients undergoing MAD therapy using
the RDC/TMD

2. To evaluate the incidence of TMD in patients who did
not present TMD at baseline

3. To assess the prevalence of TMD in patients who pre-
sented with TMD at baseline as well as at any given
time point and to evaluate the response of patients with
TMD to MAD therapy

4. To assess the incidence and prevalence of POB associ-
ated to the use of MADs

Materials and methods

Patients A retrospective analysis of data from 167 consec-
utive patients with a diagnosis of OSA was obtained from
the Orofacial Pain Center of the University of Kentucky
from 2003 to 2009. Patient demographics can be viewed
in Table 1. Subjects were ≥18 years of age and presented
with an initial AHI of ≥5 as determined by polysomno-
graphic studies (PSGs). Standard PSGs were performed as
requested by the referring physician. These evaluated sleep
stages through electroencephalogram, electrooculogram,
and submental electromyogram. The respiratory parameters
studied were nasal airflow and pressure, oxygen saturation,
and chest wall abdominal movement. Snoring was also
recorded. An apnea event was defined as the cessation of
airflow for ≥10 s. A hypopnea was defined as a reduction in
amplitude of airflow or thoracoabdominal movement
to ≤50 % of the baseline for more than 10 s. The AHI was
defined as the number of apneas and hypopneas per hour of
sleep. Patients were treated with either a hard Modified
Herbst (Great Lakes Orthodontics) or Klearway appliance
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(Great Lakes Orthodontics). They reportedly wore the ap-
pliance for at least 5 nights a week. The MAD was initially
delivered (baseline) at 60 to 70 % of the patient’s protrusive
capacity measured by a George gauge [43] (Peter T. George,
Honolulu, Hawaii). Subsequent advancements were made as
needed and were determined by changes in the patients’
symptoms and the Epworth Sleepiness Scale. The decrease
in symptoms and in the Epworth Sleepiness Scale defined
the length of the titration period. Measures of successful
treatment included the report of elimination or significant
reduction of snoring, waking more rested in the morning,
and less sleepiness during the day. Patients were evaluated
on a weekly or every-other-week basis until they reported
maximum benefit from the appliance. During each visit,
patients were evaluated through clinical examination and
standardized questionnaire. The information gathered dur-
ing these visits was used to assess for signs and symptoms
of TMD using the RDC/TMD criteria [44] as well as for
other complaints, including POB and awareness of bite
changes. Once patients attained the maximum benefits of
the appliance, they were sent back to the referring sleep
physician for a follow-up evaluation and/or polysomnogra-
phy while wearing the appliance. They were then placed on
6-month recall. The present study was approved by the
University of Kentucky Internal Review Board, Office of
Research Integrity 10-0847-P3H.

The data used for this observational study was obtained
from four time points during the patients’ treatment. The
cutoff for length of time using the MAD for this study was
3 years. The average times from the delivery of the appli-
ance to visits II, III, and IV are listed on Table 2. Patients
whose average times deviated largely from baseline to the
last recall visit were considered outliers and were eliminated
from the final analyses (n07). In addition, not all patients
returned for their follow-up visits. Appropriate analyses

were performed to elucidate the impact of dropouts on the
prevalence and incidence of TMD signs and symptoms.

Variables The presence of signs and symptoms of TMD and
POB were evaluated at baseline, visit II, visit III, and visit IV.

Symptoms of TMD and awareness of bite changes

Patients were asked to fill out a standardized questionnaire
before starting MAD therapy and on every subsequent visit
after its use was initiated. The questionnaire was used to
assess the report of TMD symptoms (joint pain, muscle
pain, and joint clicks) and patient report of bite changes.
The report of pain-related symptoms is noted as a prerequi-
site for groups I and III of the RDC/TMD criteria. For bite
changes, “0” on the numerical rating scale indicated no bite
changes and “10” indicated very severe changes in the bite.
The longevity of bite changes was assessed on a five-point
checklist: “less than 1 h”, “1–6 h”, “7–12 h”, “13–24 h”, and
“never goes away”. A reported bite change lasting less than
12 h was considered as transient.

Signs of TMD

The presence of signs of TMD was evaluated by examina-
tion using the RDC/TMD Axis I. Only the patients with
report of pain were considered for group I and III of the

Table 1 Baseline demographic
characteristics of patients (full
sample, dropouts, and no
dropouts) at baseline. Values
are means ± standard deviation

Min O2 saturation lowest oxy-
hemoglobin saturation during
sleep, pTMD pain-related TMD

*p≤0.05 between dropout and
no dropout patients

Baseline values

Full baseline sample Patients who did not dropout Dropout patients

Number of patients, N (%) 167 (100 %) 85 (50.9 %) 82 (49.1 %)

Age (years) 54±12.9 57±13 51±11.7*

Male/female, N 91/76 46/37 43/39

Apnea hypopnea index, (N/h) 18.4±18.6 18.5±19 18.2±18.9

Min O2 saturation (%) 85.2±5.8 85±5.6 85±6.1

Body max. index (kg/m²) 27.8±4.4 26.9±3.6 28.8±5.0*

Tried C-PAP 91 (54.5 %) 50 (58.8 %) 41 (50.0 %)

Symptoms of TMD 54 (32.3 %) 24 (28.2 %) 29 (35.4 %)

Report of pTMD 30 (17.9 %) 9 (10.6 %) 20 (24.4 %)*

Signs of TMD 44 (26.4 %) 20 (23.5 %) 24 (29.3 %)

Signs of pTMD 22 (13.1 %) 9 (10.6 %) 13 (15.9 %)

Table 2 Time of each
follow-up visit in days
(± standard deviation)
following delivery of
MAD

Mean SD

Delivery—visit II 118.35 134.83

Delivery—visit III 208.68 152.25

Delivery—visit IV 413.78 208.38
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RDC/TMD. The patients without pain-related symptoms
were further analyzed for joint clicks. Examinations were
standardized and performed by calibrated examiners. Ap-
proximately 2 lb of force was used when palpating mastica-
tory muscles and 1 lb was used when assessing the TM
joint. Joint clicks were assessed through palpation, feeling
the transmission of these sounds on repetitive opening and
closing. Pain-related TMD (pTMD) was defined as pain, as
indicated by the patient, in the masticatory musculature or
the temporomandibular joints when palpating these struc-
tures. Joint clicks were not included in this category con-
sidering that they do not necessarily represent a pathologic
state of the TM joint.

Prevalence of posterior open bite

The presence of POB was determined by using 12-μm shim
stock foil (Artus Corp., Englewood, NJ, USA). Open bite
was defined as “no occlusal contact” when the shim stock
slid through the interocclusal area of the molars and premo-
lars when the patient was biting in maximum intercuspation.
If POB was observed, the patient was given a brief infor-
mation session and taught a simple corrective jaw exercise.
The exercise was to be done in the morning following
removal of the MAD. The exercise consisted of placing a
plastic 2-mm bite tab between the maxillary and mandibular
incisors [42]. The patient was then instructed to protrude the
mandible as far as possible and then to retrude the mandible
as far as possible and, while in this maximally retruded
position, to try to clench his/her back teeth for 5 s.
This cycle was to be repeated six times. These instruc-
tions were repeated at each follow-up appointment as
needed. Patients who presented POB at baseline were
eliminated from the analysis as this was not a consequence of
wearing the MAD.

Statistical methods

Archival data were used to evaluate the incidence and preva-
lence of signs and symptoms of TMD in 167 OSA patients
using a MAD. Data obtained at baseline were compared with
that of different time intervals up to maximum follow-up time.
Continuous variables were summarized using descriptive sta-
tistics (n, mean ± SD). Categorical variables were summarized
using frequencies and percentages. Paired t-tests were used to
test the differences between the baseline visit and the subse-
quent visits in continuous data. TheMcNemar test was used to
test the differences between the baseline visit and the subse-
quent visits in categorical data. To evaluate the statistical
significance of the incidence of TMD, pairwise comparisons
were performed between the visits. Significance was set at α0
0.05. All analyses were conducted using SAS version 9.2
(SAS Institute Inc) and SPSS version 19.

Results

The aim of the study was to present the incidence and
prevalence of TMD using the RDC/TMD. The incidence
and prevalence of POB during MAD treatment for OSA
were also studied. At visit IV, 78.2 % of the patients
reported that they were wearing their appliance more than
8 h a night, 7 nights a week. One hundred thirty-five of the
167 (80.8 %) patients used a hard Modified Herbst
appliance.

The patients evaluated in this study presented variations
in the amount of individual questions answered and exami-
nations executed. Therefore, missing data will be reflected
in an uneven amount of information for each visit. Conse-
quently, not all denominators represent the total amount of
patients on a particular visit.

One hundred sixty-seven patients were evaluated at base-
line. Due to dropouts, this number decreased on every visit
as follows: visit II, 159 patients; visit III, 129 patients; and
visit IV, 85 patients. There were 82 patients (49.1 % of the
original sample) that dropped out of the study by visit IV.
These patients were demographically and clinically similar
to the remainder of the study population at baseline except
for age, BMI, and the report of pTMD (Table 2).

Dropout patient analysis

Further analyses were performed on the dropout population.
These indicated that the highest number of findings were in
the patients who came to visits I and II but did not return to
visit III (N031) (early dropouts). The late dropout group
was constituted by those who came to visits I, II, and III but
did not return to visit IV (N043). The development and
persistence of signs and symptoms of TMD were compared
with the population that continued treatment. The results of
the analysis demonstrated differences only in the early drop-
out group. Patients in the early dropout group reported the
development and persistence of jaw joint pain as well as
muscle pain. The analysis demonstrated that six of 31
(19.4 %) patients reported jaw joint pain present at baseline
that persisted and increased to nine of 31 (29.0 %) on visit
II. In this same group, five of 31 (16.1 %) patients reported
muscle pain at baseline that persisted and increased to nine
of 31 (29.0 %) on visit II. Neither of the two groups of
dropout patients demonstrated persistence or development
of signs of TMD from their clinical evaluations.

Symptoms of TMD by the RDC/TMD

At baseline, the prevalence of TMD symptoms was present
in 54/167 (32.3 %) patients. One hundred five of 167
(62.8 %) patients did not report any symptoms of TMD at
baseline. Only the patients with report of pain were
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considered for groups I and III of the RDC/TMD. The
patients without pain-related symptoms were further ana-
lyzed for joint clicks.

TMD by the RDC

At baseline, the prevalence of TMD using the RDC/TMD
was 19.8 % (33/167 patients). One hundred thirty-two
patients (79.0 %) did not present signs at baseline and were
classified in the “no TMD” group. Within the TMD group,
the most prevalent diagnosis was group II, disc displace-
ment with 18 (10.8 %) patients (Table 3).

On visit II, 14/132 (10.6 %) patients developed TMD
(incidence) while using the MAD. The incidence on visit III
was similar to that of visit II with 14/130 (10.7 %) patients
developing TMD. It then decreased on visit IV with only
two of 104 (1.9 %) patients going from the “no TMD” group
to the TMD group (Fig. 1). Pairwise comparisons demon-
strated statistically significant differences in the decrease of
incidence from visit III to IV. Figure 1 demonstrates the
fluctuating nature of TMD in patients wearing a MAD.
After an initial prevalence of 19.8 %, a decrease was ob-
served in this diagnosis on visit II, an increase on visit III,
and a final decrease to 8.2 % (seven of 85 patients) on visit
IV. This demonstrates a decrease of 11.2 % compared to the
previous visit. Sixteen of the 33 patients with TMD at
baseline were present at the end of the study period.

Pain-related TMD

At baseline, the prevalence of pTMD (group I, III, and their
combinations by the RDC/TMD) was 15/167 (8.9 %)
(Table 3). Eight of the 15 patients (53 %) with pain-related
pTMD were in the I+III group (muscle + joint pain). Seven
of the 151 (4.6 %) patients developed pTMD (incidence) at

visit II. The incidence increased on visit III to 12/141
(8.5 %) and later decreased on visit IV to one of 113
(0.8 %) (Fig. 2). Pairwise comparisons demonstrate a sta-
tistically significant decrease in the incidence observed
from visit III to IV.

At baseline, 15/167 (8.9 %) patients were diagnosed with
pTMD. After a decrease on visit II and an increase on visit
III, there was a final prevalence of two of 85 (2.4 %) on visit
IV (Fig. 2). This demonstrates a 10 % decrease in the
occurrence of pTMD from visit III to IV (Table 3). The 15
patients diagnosed with pTMD prior to treatment were
followed. Figure 2 demonstrates that their signs fluctuate
within the study period moving from the pTMD group to the
“no pTMD” group. At visit IV, two of 15 initial pTMD
patients continued using the MAD while remaining in the
pTMD group. Three of the 15 patients who started in the
pTMD group were still wearing the MAD and were then in
the “no pTMD” group.

Joint clicks

At baseline, the prevalence of joint clicks (group II RDC/
TMD) was 18/167 (10.8 %). Joint clicks decreased in prev-
alence from baseline as follows: 11/159 (6.9 %) on visit II,
nine of 129 (7.0 %) on visit III, and five of 85 (5.9 %) on
visit IV (Fig. 3).

Posterior open bite

Patients with POB at baseline were eliminated from this
analysis (N012). POB developed in eight of 149 (5.4 %
incidence) patients on visit II. On visit III, eight of 130
(6.2 % incidence) patients had developed POB, and seven
of 106 (6.6 % incidence) had developed POB by visit IV. On
visit II, POB was found to occur in eight of 138 (5.8 %)

Table 3 TMD signs assessed by RDC/TMD

RDC/TMD Baseline Visit II Visit III Visit IV
Total, n0167 Total, n0159 Total, n0129 Total, n085

Muscle pain on palpation (group I myofascial pain) 4 (2.4 %) 8 (5.0 %) ↑ 2.6 11 (8.5 %) ↑ 3.5 2 (2.4 %) ↓ 6.1

Joint click (group II disc displacement) 18 (10.8 %) 11 (6.9 %) ↓ 3.8 9 (7.0 %) ↑ 0.1 5 (5.9 %) ↓ 1.1

TM joint pain on palpation(group III arthralgia) 1 (0.6 %) 0 ↓ 0.6 0 ↓ 0

Group I+II 0 0 2 (1.6 %) ↑ 1.6 0 ↓ 1.6

Group I+III 8 (4.8 %) 1 (0.6 %) ↓ 3.2 2 (1.6 %) ↑ 1.0 0 ↓ 1.6

Group II+III 1 (0.5 %) 1 (0.6 %) ↑ 0.1 0 ↓ 0.6 0

Group I+II+III 1(0.6 %) 2(1.3 %) ↑ 0.7 1(0.8 %) ↓ 0.5 0 ↓ 0.8

TMD 33 (19.8 %) 23 (14.5 %) ↓5.3 25 (19.4 %) ↑4.9 7 (8.2 %) ↓ 11.2

No TMD 132 (79.0 %) 130 (81.8 %) ↓ 2.8 104 (80.6 %) ↓ 1.2 78 (91.8 %) ↑ 11.2

Missing (dropout or did not answer) 2 8 0 0

Pain-related TMD 15 (8.9 %) 12 (7.5 %) ↓1.4 16 (12.4 %) ↑ 4.9 2 (2.4 %) ↓ 10

Arrows indicate % of increase (↑) or decrease (↓) when comparing to previous visit
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patients. The prevalence of POB increased in the next two
visits, with 9.4 % on visit III and 17.9 % on visit IV (Fig. 4).
Of the 14 patients with POB at visit IV, ten presented with
bilateral POB. Only four of 14 (28.6 %) patients with POB
were aware of any bite changes and reported them in the
questionnaire. These four patients indicated that the severity
of the change was mild, with x02.0 (1–10 scale), and that
the longevity of the bite change was transient, with x01.7
(on five-point checklist).

Discussion

Although several studies have reported on the side effects of
MADs for the treatment of OSA [25–31], few have explored
the role that MADs play in the development or aggravation of
TMD. Furthermore, few studies in this area have used the
RDC/TMD to evaluate TMD in a standardized manner [29,
45]. To our knowledge, this is the only study to evaluate and
report on the incidence of TMD in patients treated with aMAD.

This study suggests that the use of a MAD may cause the
development of TMD in a small number of patients who
were pain-free before treatment; however, the incidence was
greater at the beginning of treatment and decreased on each
successive visit. The prevalence of TMD increased at the
beginning of treatment especially for pTMD. This later
decreased to values lower than at baseline. Finally, the
patients who presented TMD at baseline did not suffer an
increase of their signs or symptoms during MAD treatment.
Some of these patients actually demonstrated no TMD signs
or symptoms as the treatment progressed.

Two studies that used the RDC/TMD to evaluate patients
with long-term use of a MAD [29, 45] were found. Doff et

al. [45] demonstrated an increase of TMD, especially
pTMD, at 2–3 months of wearing the MAD. By the end of
his study period, this variable had decreased substantially.
As in the study of Doff et al., the present study further
analyzed specifically pTMD, which considers pain on pal-
pation of the masticatory musculature and TM joints, ex-
cluding joint noises. We also found a considerable increase
of pTMD during the initial treatment period with MAD use
and a subsequent decrease of this variable during the last visit.

Martinez-Gomis and coworkers [29] studied 40 patients
also using the RDC/TMD. They determined no significant
differences in the prevalence of any TMD diagnosis at any
of the three checkups lasting up to 58 months. In contrast
to the finding of Martinez-Gomis, the present study dem-
onstrated an initial increase in the prevalence of TMD with
a subsequent decrease in this variable at the end of the
study.

Notwithstanding the fact that, overall, the prevalence of
TMD decreased, in a few cases TMD developed over the
course of treatment with a MAD. The development of TMD
as well as the increase in its occurrence during the initial
phases of treatment is likely due to the non-habitual pro-
truded position in which the mandible is placed during the
hours of sleep. Muscles and ligaments are made to function
within certain limits and for certain periods of time. If any of
these factors are exceeded, these structures are likely to
respond to this insult with pain. The incidence as well as
the prevalence of TMD continuously decreased as treatment
progressed. This could possibly reflect the adaptive capac-
ities of the population studied. The present results could
therefore indicate that MADs are likely to cause pain-
related signs and symptoms of TMD to a small number of
patients. Nevertheless, these are most probably transient.

TMD group Visit
Baseline II III IV

TMD 33 23 25 7

No TMD 132 130 104 78

19 

14

5

9

109 

9 7

14

8

5

63

11

9

8

95

21 39

2

Fig. 1 Incidence and
prevalence of TMD signs at
baseline through visit IV.
Dropouts are shown with the
vertical arrows exiting the
figure. Number of responses for
individual questions may vary
due to missing data

pTMD Visit

Baseline II III IV

pTMD 15 7+5 9+5 2

NO pTMD 151 134+7 109+4 80+3

2+33

5
7

7

11 

3+2

24

101+4

9+3

3+1
1+2

40+3

69 

8+2

1

1

133

Fig. 2 Incidence and
prevalence of pain-related TMD
signs at baseline through visit
IV. Dropouts are shown with
the vertical arrows exiting the
figure. Number of responses for
individual questions may vary
due to missing data. Italic
numbers represent the initial
pain patients as they fluctuate
throughout visits
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Two studies were found that suggest that the presence of
TMD is a contraindication for MAD treatment and excluded
patients with preexisting TMD from their studies [27, 28].
The present study did not exclude the patients diagnosed
with TMD at the beginning of treatment. These patients
were followed throughout the visits, finding only two
patients who had persistent pain on palpation throughout
the study. It is important to mention that these patients did
not drop out of the study in spite of this diagnosis. It is
interesting to note that some of these patients moved to the
“no pTMD” group as treatment progressed, and three
patients initially diagnosed with pTMD finished the study
in the “no pTMD” group. Thus, the present study suggests
that TMD is not necessarily a contraindication for the use of
a MAD as a form of treatment for OSA. This is in accor-
dance with longitudinal studies on MAD as a treatment for
OSAwhich found that little to no patients dropped out of the
study because of TMD pain [29, 45, 46]. As Doff and co-
workers [45] have suggested, MADs may actually have a
therapeutic effect on the masticatory system. Al-Ani et al.
[47], speculated that the therapeutic effect of MADs may be
much like an occlusal appliance in reducing the deleterious
effects of nocturnal parafunctional activity.

Joint clicks are considered part of the TMD diagnosis by
the RDC. The present study demonstrated that the percent-
age of joint clicks decreased as MAD therapy progressed.
Other authors have found similar results [27, 30]. This
decrease may be due to an adaptive response to the protru-
sive jaw position dictated by the use of the MAD. A

reduction in joint clicks as well as pain has also been observed
as a result of anterior repositioning appliance therapy [48].
This accepted therapy for painful anterior disc displacement
with reduction functions by transiently protruding the jaw
away from the inflamed retrodiscal tissues. This therapy
sometimes results in a recapture of the TM joint disc with
the subsequent elimination of the joint click [49]. The position
in which the mandible is placed in the anterior repositioning
appliance is similar to how the MAD positions the mandible;
therefore, a reduction in joint clicks may be observed.

Finally, POB developed with the use of the MAD. Al-
though the initial incidence was only 5.4 %, this number
increased on every visit thereafter. In spite of presenting
POB, only a small number of these patients reported feeling
changes in their bite. The reason postulated for the devel-
opment of POB is a transient shortening or contracture of
the inferior lateral pterygoid muscle. When this muscle is
not stimulated to return to its normal length, it may develop
a myofibrotic contracture [50], decreasing its ability to re-
turn to its habitual length. Other authors have suggested that
bony adaptations in the functional surface of the condyle or
temporal bone may occur when loaded in a forward and
downward position for long periods of time. However, the
scientific evidence does not seem to support this theory [51].
The present results are in accordance with studies reporting
on occlusion and bite changes when using MADs [36, 40,
41]. Ueda et al. [22] found greater changes studying 45
patients using cast study models and an occlusal diagnostic
system. He determined that the occlusal contact area
changed in 39/45 patients, decreasing in 66.7 % of them.
This decrease of contact area was mostly in the molar and
premolar regions. Pantin et al. [36] found that 14 % of his
study population presented with clinical POB; in his popu-
lation, none of the 15 patients were aware of this change.
Because of the number of hours the MAD is used, a tran-
sient bite change each morning upon its removal is
expected. The present study asked the patients who reported
awareness of bite changes how long these lasted. More than
half indicated that they were transient, lasting less than 12 h.
Martinez-Gomis [29] stated that the tendency of reduction in
occlusal contacts reversed after 2 to 5 years of treatment.
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Because of the shorter length of the present study, this could
not be confirmed. Exercises appear to be a helpful approach to
avoid or correct this condition [42]. Although the present
study population was taught jaw exercises, they still devel-
oped POB. This may be due to the lack of close follow-up to
assure compliance. Patients should be advised that POB is one
of the most prevalent side effects of this therapy. They should
be taught to check that their occlusion returns to normal each
morning. Health professionals treating patients with MADs
should monitor continuously for its appearance. If POB is
found, exercises are important to try to re-lengthen the
muscles before it advances to a persistent state. It may also
be necessary for the patient to stop wearing the appliance for
short periods of time to allow for a return to normal occlusion.

The nature of this study was observational. It was com-
plicated by a significant number of dropouts, limiting the
strength of the conclusions. Nevertheless, the number of
dropouts in the present study is comparable to other studies
which have found that between 18 and 45 % [46, 52] of the
population treated with MAD therapy discontinue treatment.
McGown and coworkers [52] studied the factors affecting
the continued usage of MADs in 166 patients after more
than 1 year of treatment. Similarly to the present study,
McGown and coworkers discovered that only 55 % of the
study population continued using the MAD after more than
1 year of treatment. The patients’ lack of compliance was
mainly associated to discomfort and to ineffectiveness of the
MAD. The mentioned discomfort included symptoms such
as altered bite, excessive salivation, sleep disturbance, and
temporomandibular joint pain. The cited study determined
that discomfort associated to TM joint pain was present in
only about half of the non-user population. It is worthy to
note that 40 % of the population that continued using the
MAD also reported TM joint discomfort. This leads us to
believe that there may be a certain percentage of the popu-
lation who could possibly be more sensitive to the perception
of TM joint pain, and this may be enough to stop wearing the
MAD while others, in spite of feeling TM joint pain, continue
wearing the MAD. McGown’s odds ratio analysis found the
strongest association between lack of improvement according
to the bed partner and discontinuing MAD use.

Although the studies found indicate that the number of
dropouts are similar to other studies and that little to no
patients have dropped out because of perceived TM joint
pain, the present study performed additional analyses to
minimize the possible effect of dropouts. The baseline data
of the dropout patients were compared to the data of the
patients who returned on every visit. The analysis demon-
strated that these two groups were demographically and
clinically similar at baseline. Demographically, the only
differences were that the dropout patients were younger
and had higher BMI scores. Marklund et al. [46] and
McGown et al. [52] did not find that age was a predictor

for lack of tolerability and, therefore, discontinuation of use
of the MAD. Marklund et al. found that MAD therapy was
less effective in patients whose BMI increased during ther-
apy. In our study, the dropout population with higher BMIs
could have found the MAD therapy less effective as the
airway obstruction may have been greater to overcome in
patients with higher BMIs. Clinically, the dropouts reported
more often pTMD at baseline, although this could not be
verified on clinical examination. Thus, the patients who
dropped out may have been more sensitive to changes in
their TM joints and related structures to begin with, and the
MAD may have led to TMD, causing the patients to drop
out. On the other hand, if they were more sensitive in
general they may have not been able to tolerate the MAD,
causing them to drop out as well.

Further statistical analysis of the development and persis-
tence of signs and symptoms of TMD in the dropout popula-
tion confirmed that the early dropout population differed from
the rest of the population presenting higher reports of muscle
as well as jaw joint pain. This information supports the above-
mentioned speculation. The dropout population reported more
symptoms which may have been the reason for their lack of
follow-up. However, it is important tomention that these same
patients did not present differences compared to the rest of the
population in their signs upon examination.

Even though many speculations have been made on the
reasons for the dropout population not to return for treat-
ment, this could be considered a limitation of this study as it
would have been ideal to know exactly why these patients
did not return.

Furthermore to better understand the prevalence/incidence of
MAD-associated TMD, more prospective studies are needed.

Among other limitations, follow-up polysomnography
data to confirm the end-point of titration were not available
for most patients. Associated cost and lack of referring
physician request prohibited this procedure. This informa-
tion would have been ideal to objectively assess the ade-
quate end-point of titration and overall success of MAD
treatment. This is most important considering that some
authors have found residual OSA in patients whose symp-
toms had reportedly decreased, representing a placebo effect
of the MAD [13, 60].

Compliance with treatment was assessed through self-
report. This may also be considered a limitation of this study
as recall bias is a possibility. A potential solution for this prob-
lem would be to use a home monitoring device. These devices
have been studied and are considered a feasible and accurate
way of evaluating the success of OSA treatment [53–56].

A hard Herbst appliance was used inmore than 80% of the
patients in this study. Studies comparing the effectiveness of
different types of oral appliances to treat OSA indicate sig-
nificant differences between fixed and adjustable appliances
[57, 58]. These studies demonstrated that an adjustable
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appliance is more effective in reducing patient symptoms as
well as AHI. Nevertheless, studies comparing different types
of adjustable appliances are few. Recently, Ahrens, through a
systematic review on the efficacy of different oral appliances,
found that all mandibular advancement appliances, indepen-
dent of their design, decreased objective measures for OSA.
This author suggested that the efficacy of an oral appliance
depends more on other important factors, such as the severity
of OSA, material used to fabricate the MAD, and the degree
of protrusion [59]. This information leads us to believe that
the results found in this study using mostly the Herbst appli-
ance may be generalizable to other MAD devices.

Conclusions

& The use of MADs may lead to the development of TMD
in a small number of patients; nevertheless, these signs
are most likely transient.

& Patients with pre-existing signs and symptoms of TMD
do not experience significant exacerbation of those signs
and symptoms during MAD use. These signs and symp-
toms may actually decrease over time.

& The presence of signs and symptoms of TMD is not neces-
sarily a contraindication for treatment with aMAD for OSA.

& Persistent POB was found in 17.9 % of patients but only
one out of every four of these patients was aware of any
bite changes. Thus, it is important for the clinician to
increase awareness of this side effect so that measures
can be installed to counteract it.
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