
INTRODUCTION

ORAL APPLIANCES (OAs) APPEAR TO BE NONINVASIVE,
SIMPLE, WELL-TOLERATED AND EFFICIENT AND THEIR
USE HAS DRAMATICALLY INCREASED IN
OBSTRUCTIVE SLEEP APNEA (OSA) PATIENTS. Various
studies have assessed OA efficiency and report up to 80% suc-
cess rates in mild OSA patients1 and 60% in more severe cases.1,2

A number of imaging studies using cephalometry,3 videoen-
doscopy,4 computed tomography5 and/or magnetic resonance
imaging (MRI)6 have shown that OAs advance the mandible for-
ward and change the volume of the upper airway.

Recently the ability to titrate OAs over time has significantly
improved their efficacy.7 This fact may be related to a dose-
dependent enlargement of the upper airway (UA),3 augmentation
of UA muscle activity8 and improvement of minimum SaO2

9 due
to mandibular protrusion.  Respiratory as well as sleep variables
also demonstrate dose-dependent improvement.  However, the
acceptable range of mandibular advancement for each patient is
not well understood, although it has been reported that the maxi-

mal protrusion of the mandible produces the greatest airway
enlargement.3,10 A maximum forward mandibular position is not
adequate since it can cause temporomandibular joint (TMJ), or
muscle discomfort. Clinically, OSA symptoms decrease as the
mandible is advanced, and each patient has a comfortable for-
ward mandibular position in which reduction or cessation of
OSA symptoms is reported.

Several OA trials for the treatment of OSA have evaluated the
possible development of temporomandibular disorders (TMD)
related to the use of OAs.11-13 Some authors13-22 did not observe
TMD in their studies, while others mentioned the appearance of
TMD characterized by pain in the TMJ region or chewing mus-
cles in a small number of cases in which OA treatment was dis-
continued.12,23-27 There is concern about possible osteoarticular
problems, pain, occlusal changes, articular cavity changes, and
condyle changes as a result of the mandibular advancement sec-
ondary to the use of an OA. 

The purpose of this study was to define in sequential
polysomnographic studies how the number of apneas is reduced
by gradual forward titration of the mandible and to evaluate
anatomical acceptability of the titrated mandibular position using
MRI.

MATERIALS AND METHODS

Subjects

Seven patients with symptomatic mild to moderate OSA par-
ticipated in this study.  A physician screened patients from June
1998 to December 1999 in the Department of Medicine,
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tionship between different increments of mandibular protrusion and a

reduction of obstructive sleep apnea (OSA) severity and to use magnetic

resonance imaging to assess temporomandibular joint (TMJ) morphology

and condyle position after the insertion of an oral appliance (OA). 

Design: Six mild to moderate OSA patients were treated with a titratable

OA (KlearwayTM) and changes in the apnea hypopnea index (AHI) sec-

ondary to the amount of mandibular advancement were evaluated.  In

seven patients, the morphology of the TMJ was compared before insertion

and after titration of the appliance and the anterior displacement of the

condyle with the titrated appliance in place was evaluated.
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Measurements and Results: A total of 21 polysomnographic recordings

in different mandibular positions were compared.  A significant reduction
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was related to the amount of mandibular protrusion.  In six out of seven

patients, the translation of the condyle with the OA was equal to or less

than that observed in the maximal open position.  No TMJ morphologic

parameters revealed significant alterations during the period of the study. 

Conclusion:  Sequential polysomnographic studies facilitate OA titration.

OA effects on the AHI seem to be dose-dependent on the amount of

mandibular protrusion, and the OA proved over the period of one year to

be innocuous for TMJ in the treatment of patients with OSA.
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Discipline of Pneumology, Universidade Federal de São Paulo
(UNIFESP).  Polysomnographic recordings were performed at
the Institute of Sleep and Electrodiagnosis of the Department of
Psychobiology, UNIFESP.  The equipment included Alice 3
machines with three channels for registering electroencephalo-
gram (EEG), two for electrooculogram (EOG), two for elec-
tromyogram (EMG - submental and tibial), one for electrocar-
diogram (ECG), one for pulse oximetry, two for thorax and
abdomen piezoelectric belts, and one for airflow with nasal-oral
thermistor readings.  Sleep staging and apnea and hypopnea char-
acteristics were scored manually following the parameters of
Rechtschaffen & Kales28 and the American Academy of Sleep
Medicine.29 A dentist performed the dental evaluation of the
inclusion and exclusion criteria for OA use.  Patients with an
apnea and hypopnea index (AHI) between 5 and 30 were accept-
ed into this study if they were 25 years of age or older, had more
than 10 teeth in each jaw,30 had no symptoms related to temporo-
mandibular disorder (TMD) and had a body mass index (BMI)
less than 33 kg/m2.  Patients with clinical symptoms of a TMD
were excluded according to the parameters of the American Sleep
Disorders Association.31 All subjects were informed and signed
a consent form which was approved by the Ethics Committee of
UNIFESP, and were identified by numbers only. 

Titratable Oral Appliance

For each patient, the occlusal registration at 60% of the maxi-
mum mandibular protrusion with 2 mm of vertical separation
between the upper and lower incisors was recorded with a George
Gauge®.32 A set of mandibular and maxillary models, together
with an occlusal registration, were sent to Great Lakes
Orthodontics Laboratory in Tonawanda, New York, USA, where
the KlearwayTM oral appliance30 (Figure 1) was manufactured.
The appliance was inserted, and titration of the mandible was
performed until an OA therapeutic position, as defined by both
clinical symptoms and polysomnographic studies, was reached.
The therapeutic position was calculated as the initial 60%

advancement added to the amount of advancement done by the
dentist.  Clinical symptoms of reduced snoring, an improvement
of symptoms, and the attainment of the maximum comfortable
jaw position were used. 

Magnetic Resonance Imaging

To investigate the anatomy and position of the condyle and
disc of the TMJ, MRI of seven patients was obtained before
insertion of the appliance and after OA titration at the Brasil
Diagnostic Center, São Paulo, Brazil.  Images were acquired with
a 1.5 Tesla scanner machine (Sigma Advantage, General Electric,
Milwaukee, WI) equipped with a TMJ surface coil.  In order to
trace pathologies and remodeling areas, T2-pondered images
were obtained using fast spin-echo XL (TR 3200 ms, TE 87.7 ms,
FOV 12 x 12 cm, 256 x 224 matrix, thickness 3.0/0.0 mm, TA 3’
12”).  T1-pondered sequence images on fast spin-echo XL (TR
400 ms, TE 14.2 ms, FOV 12 x 12, 256 x 192 matrix, 3 NEX,
thickness 3.0/0.0 mm and TA 3’ 18”) were perpendicular to the
lateral length of the condyle.  Increases in signal intensity (bright
areas) were analyzed as active remodeling. Different bone shapes
were interpreted as anatomic changes.  These parameters were
analyzed by visual inspection of the MRIs by the same radiolo-
gist.  Morphology and signal intensity of the TMJ were evaluat-
ed and compared before and after OA insertion, and the follow-
ing parameters were observed: anatomy and signal intensity of
the chewing muscles, condyle, eminence, fossa, and position of
the articular disc.33 After the titration period of the appliance the
MRI position of the condyle was evaluated in the maximum open
position and in the titrated mandibular position.  In order to
mimic the titrated mandibular position, Optosil® silicone proto-
types were used to reproduce the position of the titrated OA
because the metal in the OA may cause image artifacts during
MRI.

The analysis of the anterior displacement of the condyle used
the method advocated by Guimarães.34 This method divides the
TMJ into vertical compartments (Figure 2).  The Frankfurt hori-
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Figure 1—Lateral and maxillary arch views of the titratable oral appliance (Klearway™). The arrows show the position of the screw, which enables a total of 44 ante-

rior positions of the mandible.
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zontal plane (A) is drawn and then a line perpendicular to the
Frankfurt horizontal plane (B), crossing the highest point of the
mandibular fossa, and another line that is also perpendicular to
this plane, crossing the articular tubercle vertex (C) are con-
structed.  A third line is drawn in the middle, parallel and equidis-
tant to the two previous lines (D).  Following this, one parallel
and equidistant line is drawn in the anterior direction (E).  Each
compartment is assigned a number.  The median region of the

condyle is determined by the greatest width of the condyle, on a
line parallel to the Frankfurt horizontal plane (F).  The reference
line (G) perpendicular to the Frankfurt horizontal plane is drawn
to determine the compartment where the condyle is located and
is identified at the middle of line F.

Sequential Sleep Study Protocol

After clinical evaluation, all patients underwent baseline
polysomnography and MRI.  The subjects were then instructed to
wear the OA every day during the entire night.  Once the patients
were accustomed to wearing the appliance, a second sleep study
evaluated the 60% forward mandibular position of the mandible.
If the symptoms and sleep study did not show an important
decrease in OSA signs, the dentist advanced the appliance in
increments of 0.5 mm per week.  Once the bed partner reported a
cessation of snoring, a third polysomnogram was undertaken.  In
the event that the sleep study results were not acceptable, further
advancements were performed, and a fourth sleep study was
obtained.  For each patient a titrated position of the OA was
achieved, and the OA was fixed in this position and a follow-up
MRI was obtained.

Statistical Analysis

A paired t-test was applied to baseline and posttitration
polysomnography results as the variables had a normal distribu-
tion according to the Kolgomorov-Smirnov test.  To compare the
AHI with the amount of mandibular advancement, a linear
regression was used.  Because of the small number of data, when
a linear regression was fitted, we excluded the outlier point, not
all of the results from that patient.  The results from the MRI
assessments were descriptive only.
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Figure 2—The quantification of mandibular condyle position. Md=mandible;

Po=porion; Fo=fossa; Tb=tubercle; A=Frankfurt Horizontal Plane (FH); B=line to

FH through the highest point of the fossa; C=line to FH through the center of the

eminence; D=line to FH equidistant between B and C; E=line to FH forward of C,

the same size as the CD distance; F=line parallel to FH through the maximum

AP distance of condyle head; G=line to FH drawn from midpoint of the F line.

Compartments are numbered 1 to 5 from posterior to anterior.

Table 1—Anthropometric variables and sleep characteristics before and after insertion of the KlearwayTM titratable oral appliance.

Patient Age BMI (kg/m2) AHI (/h TST) AI (/h TST)
(years) Before After Before After Before After

1 52 28.7 29.3 13.4 5.9 10.7 4.6
2 48 29.4 29.1 6.7 0.8 1.3 0.0
3 43 27.7 28.4 13.5 4.0 1.2 0.6
4 37 26.3 26.3 23.7 9.8 10.7 6.1
5 48 26.5 28.4 9.7 10.9 8.2 5.5
6 52 25.6 26.2 12.2 6.0 8.0 5.2
Mean 46.67 27.37 27.95 13.20 5.64* 6.68 3.31*
SD 5.79 1.49 1.36 5.76 3.72 3.99 2.66

Min. Sa.O2 (%) Stage 2 sleep (%) Stage 3 and 4 sleep (%)             REM sleep (%)
Before After Before After Before After Before After
76.0 87.0 45.6 46.7 32.9 38.2 18.0 13.0
89.4 91.0 60.1 50.9 21.7 41.5 11.2 5.0
75.0 90.0 58.4 57.1 6.2 12.6 18.8 13.9
80.0 76.0 42.6 35.3 31.5 70.8 10.2 19.1
74.0 75.0 68.9 62.1 5.1 32.6 5.9 1.7
78.0 81.0 51.2 51.9 12.2 27.8 21.0 17.1
78.73 83.33 54.47 50.67 18.27 37.25 * 14.2 11.6
5.16 6.39 9.86 9.23 12.30 19.30 5.93 6.86

*p<0.05
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RESULTS

Patient characteristics at the time of the study are outlined in
Table 1.  One of the seven patients (baseline AHI 16/h; minimum
SaO2 81%) experienced articular pain in the right side of the TMJ
region; small adjustments were made in the OA, yet the pain per-
sisted and, for this reason, the patient was advised to discontinue
the use of the OA and was excluded from the sequential sleep
study protocol.  These symptoms appeared after 40 days of OA
use with the appliance in the initial position of 60% of maximum
mandibular protrusion.  The spontaneous pain persisted for 4
weeks, increased during mandibular movements and resolved
after 4 weeks of not wearing the OA.  

Six patients had a reduction in the mean AHI from 13.2 ± 5.76
to 5.64 ± 3.72 (p<0.05).  The apnea index (AI) had a mean reduc-
tion from 6.68 ± 3.99 to 3.31 ± 2.66 (p<0.05); in addition there
was a significant increase in the percentage of slow wave sleep
(p<0.05).  In five patients, a reduction of AHI below 10 was seen,
associated with a reduction of 50% of the baseline AHI (Table 1). 

Progressive mandibular advancements were performed during
the titration period, based on the clinical and polysomnographic
criteria (Figure 3).  The mean amount of mandibular protrusion
during titration was 6.2 mm at the first sleep study, 8.6 mm at the
second, and 11.7 mm (3 patients only) at the third sleep study.
After the final titration period, the average mandibular protrusion
was 10.3 ± 1.6 mm, as shown in Figure 3. 

The average evaluation period for the six patients from base-
line to final polysomnography was 9.09 ± 3.71 months.  Although
we could not identify the reason, one patient showed an increase
in AHI only at 60% of mandibular advancement.  Four patients
showed a decrease of AHI with increased mandibular advance-
ment.  Three patients had a total of four sleep studies, including
baseline, whereas the rest of the patients had three.  The relation-
ship between amount of protrusion and AHI is presented in Table
2 and Figure 4.  The amount of mandibular protrusion in this
study may be identified as one factor that decreased the AHI (r =
-0.516 and p = 0.02) (Figure 5).

The evaluation period from the initial MRI to the titrated
appliance position lasted from eight to nineteen months with a
mean value of 11.52 ± 5.28 months.  All of the patients had sym-
metrical chewing musculature with preserved morphology and
signal intensity both before and after treatment.  The mandibular
fossa and articular eminence also revealed preserved outlines,
morphology and signal intensity (Table 3). 

Four patients had a normal positioning of the articular disc,
one patient had an anterior displacement with reduction, and two
patients had anterior displacement without reduction.  No
changes were seen in the articular disc position when comparing
the pre- and post-treatment images.  Four patients showed corti-
cal bone structures and resonance signals of the condyle within
normal standards, both before and after treatment.  One patient
initially had a discrete reduction of the upper cortical area in the
left condyle, while in the second examination this same patient
showed a similar alteration but on the right condyle.  In the other
two patients, osteophytes were seen in both joints; that is, irregu-
larities in the condyle without changes after the placement of the
appliance. 

In order to better understand the nature of this problem, MRI
of the TMJ were undertaken after symptoms disappeared, with
and without the appliance prototype in position.  Table 3 summa-
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Figure 3—The amount of mandibular protrusion over sequential sleep-study

nights. SS= sleep study for five.

Table 2—AHI in different mandibular protrusion positions 

POSITION
Baseline 60% 60% + 60% + 

Patient 2.4 mm 5.3 mm
1 13.4 9.6 9.3 5.9
2 13.5 9.0 8.3 4.0
3 9.7 15.3 9.2 10.9
4 6.7 4.9 0.8
5 23.7 49.1 9.8
6 12.2 8.9 6.0

60%; 60% of maximum protrusion. Unit: milimeter.

Baseline 60% 60%+   60%+
2.4mm 5.3mm

Mandibular Protrusion (%)
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Figure 4—Dose-dependent changes of AHI in response to titration of the

mandibular position. 60%= 60% of maximum mandibular protrusion. 
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rizes the anterior-posterior displacement of the 14 joints of the
seven evaluated patients.  In 13 joints, the anterior displacement
of the condyle was always less or equal to that with the appliance
in place when compared to maximum opening.  On the right side
of patient #7, who was instructed to discontinue OA use due to
articular pain on the right side, the condyle reached a more ante-
rior compartment while wearing the OA, when compared to max-
imum mouth opening. 

DISCUSSION

The results of this study confirm that the OA used is an effec-
tive treatment for OSA, reducing apneas and hypopneas.  Based
on the current study, effect of the OA on the AHI is related to the
amount of mandibular protrusion.  In addition, the appliance did
not cause any significant change in the morphology of the TMJ
over the time period of the study, and the anterior displacement
of the condyle with the appliance in place appeared to be within
the physiologic limits of the TMJ except in one patient.  Thus, the
titratable OA reproduced a therapeutic position where the AHI is
effectively reduced and the condyle is in an acceptable location.

There is a known relationship between an increase in BMI and
increasing severity of OSA.35 As well, OAs have a better
response when used for mild to moderate1 sleep apnea patients
who have a lower BMI.36 However, in our study we observed
one patient with an increased BMI and, paradoxically, an
improvement of OSA.  The only patient who had no AHI
improvement gained six kilos during treatment, but showed a
decreased AI and the bed partner reported a cessation of snoring.
One patient initially became worse with the use of the OA, and
only with further advancement did his AHI improve to 9.8.  Some
patients whose OSA initially became worse with OA therapy may
need greater advancement of the mandible.  

Similar to nCPAP, where nasal pressure is titrated for each
patient to reduce the AHI, the concept of titration is important
with respect to the amount of protrusion in OA therapy.
Raphaelson and coinvestigators27 progressively advanced the
mandible of six patients and showed a relationship between
mandibular advancement and AHI; however, the study was done
during a full-night polysomnography in which patients got up to
change their mandibular position.  In the present study, the
mandibular advancements were performed over nine months so
that the TMJ had enough time to become accustomed to more
advanced positions; in addition, a full-night study was done for
each position to avoid the problem of a questionable split-night
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Figure 5—Linear regression of AHI and the amount of mandibular advancement.

Note that an extraordinary AHI number (49.1) in Figure 4 was excluded.

Table 3—MRI anatomic parameters observed before and after treatment with the KlearwayTM appliance and a comparison of the
translation of the condyle by compartment.

Parameter Muscles, fossa Condyle                  Disc position Condyle
and eminence Translation

Patient Before After Before After Before After MO OA
1 L n n tsi n n n 5 2

R n n n tsi n n 5 2
2 L n n n n n n 5 3

R n n n n n n 5 4
3 L n n n n n n 5 3

R n n n n n n 5 3
4 L n n op op AWoR AWoR 2 2

R n n op op AWoR AWoR 2 2
5 L n n n n n n 6 3

R n n n n n n 5 4
6 L n n n n AWR AWR 3 2

R n n n n AWR AWR 3 2
7 L n n op op AWoR AWoR 3 3

R n n op op AWoR AWoR 2 3

L= left joint; R= right joint; n= within the limits of normality; op= osteophyte; tsi= tiny surface irregularity; AWR= anterior disc displacement with reduc-
tion; AWoR= anterior disc displacement without reduction; MO= maximal opening; OA= oral appliance.
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study.  Evaluating sleep apnea patients with three OAs with 2, 4,
and 6 mm of mandibular advancement, Kato and coinvestigators9

assessed home overnight oximetry for each of the three mandibu-
lar positions.  They found that for each 2 mm of mandibular
advancement, the oxygen desaturation index improved by 20%
and demonstrated the dose-dependent effect of mandibular
advancement on blood oxygen levels.  Choi and co-investiga-
tors37 evaluated the airway resistance among OSA patients in the
normal jaw position, 1/3 forward, 2/3 forward, and maximum
(3/3) mandibular protrusion and observed that the resistance
quantitatively decreased relative to the degree of protrusion.
Morphologically, Tsuiki and coworkers3 analyzed ten nonapneic
adults with supine lateral cephalograms in four mandibular posi-
tions (as used by Choi et al.37 above) and demonstrated, with the
same OA used in our study, that the anteroposterior width of the
velopharynx increases after two-thirds of maximum protrusion.
We speculated the reduction of the AHI being significantly
dependent on the amount of mandibular protrusion would be sup-
ported by those reports. 

Interestingly, in three patients, the resolution of symptoms did
not show an adequate reduction of the AHI, therefore, further
advancement was done and a fourth sleep study was completed.
These findings suggest that the OA titration should be controlled
with polysomnography or some other objective measurement,
such as home oximetry, which is currently used as a screening
and follow-up assessment for better OA treatment success.  

The literature contained several articles about the side affects
of OAs on the TMJ, but to our knowledge, this is the first report
to examine the TMJ with MRI.  When we analyzed the morphol-
ogy and signal intensity of the TMJ with MRI (Table 1), the
appliance did not produce any observable remodeling of the TMJ
during the study period.  In one study, remodeling of the articu-
lar tuberosity and the condyle was found in young adults up to 19
years of age after 12 weeks of orthodontic treatment and contin-
ued until the end of treatment at 8.5 months.38,39 Our study was
performed on subjects over the age of 25 years and remodeling
features were not seen in any of the cases after 11.5 months.  This
suggests that the appliance does not significantly alter the TMJ,
but long-term studies with a greater sample size are still required
to determine whether there is a remodeling of the TMJ or neigh-
boring structures after two or more years.  Bondenmark40 and
Bondenmark & Lindman41 observed 32 patients after two years
of continuous OA use.  Minor occlusal changes were seen with
lateral head radiographs; the authors hypothesized a TMJ remod-
eling, although the imaging method used is not as specific as
MRI is for TMJ evaluation.

With respect to the MRI results, it was observed that the only
patient who presented with pain while using the OA had an ante-
rior displacement of the condyle superior to the displacement
seen with maximum opening.  This patient had an overbite of 9
mm and, therefore, a greater degree of mouth opening was
required to insert and seat the appliance.  It seems obvious that
patients who did not develop pain had condyles within the phys-
iological limits of TMJ movements.  If the translation of the
condyle surpasses the physiologic limits, it may result in articu-
lar pain possibly due to the distention of the posterior attachment
of the articular disc or the TMJ articular capsule.  But there may
be other factors, since many patients with deep overbites are able
to use OAs.  The use of MRI for the assessment of condyle dis-
placement with an appliance prototype may be an ideal method

of evaluating whether the use of OAs is compatible with the artic-
ular dynamics of patients.

There are some limitations to this study.  The titration period
of the OA of approximately five months is longer than that
required for nCPAP, but once patients tolerate the OA, the com-
pliance is better than with nCPAP.10 We recognize that the small
sample size is another limitation of this study. However, due to
polysomnography expenses and lack of patient compliance for
many repeat sleep studies, we completed the analysis of only
seven patients. Therefore, further studies will be necessary to
confirm the polysomnographic and MRI results and subsequent
conclusions cited in this study.  Nevertheless this is the first study
to document the results of sequential sleep studies in different
mandibular positions as well as MRI evaluations of the joint in
patients who use OA. 

In conclusion, sequential polysomnographic studies facilitate
OA titration.  Improvements in the AHI are dependent on the
amount of mandibular advancement.  MRI is an important
method of evaluating the TMJ in patients undergoing OA treat-
ment, not only to determine the long-term side effects, but also to
evaluate the articular dynamics.  In spite of the small sample size
and short observation period, OAs in the titrated position appear
to be innocuous to the TMJ in OSA patients.
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