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ABSTRACT

Objectives: Mandibular advancement device therapy is effectively used in the treatment of obstructive sleep apnea, but 
also several side effects in the masticatory system have been reported. The aim of this study was to evaluate the subjective 
symptoms and clinical signs of temporomandibular disorders connected to mandibular advancement device therapy. 
Material and Methods: The material consisted of 15 patients (9 men and 6 women, mean age 51.1 years, range 21 to 70 
years) diagnosed with obstructive sleep apnea (OSA). Subjective symptoms and clinical temporomandibular disorders (TMD) 
signs were recorded at the beginning of the treatment (baseline) and at 1-month, 3-month, 6-month and 24-month follow-ups. 
The degree of TMD was assessed using the anamnestic (Ai) and the clinical dysfunction index (Di) of Helkimo. For assessing 
the effect of TMD the patients were divided in discontinuing and continuing groups.
Results: According to Ai and Di, the severity of TMD remained unchanged during the follow-up in most of the patients. 
Temporomandibular joint (TMJ) crepitation was found more frequently in discontinuing patients at all follow-ups. The 
difference was statistically significant (P < 0.05) at the six-month follow-up. Masticatory muscle pain during palpation was a 
frequent clinical sign at the baseline and during the follow-up period but the difference between discontinuing and continuing 
patients was not significant. 
Conclusions: It seems that signs and symptoms of temporomandibular disorders do not necessarily increase during long-term 
mandibular advancement device therapy. However, it seems that patients with clinically assessed temporomandibular joint 
crepitation may discontinue their mandibular advancement device therapy due to temporomandibular disorders. 
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INTRODUCTION

Mandibular advancement device (MAD) therapy is 
nowadays widely used in the treatment of mild-to-
moderate obstructive sleep apnea (OSA) and socially 
disturbing snoring [1-5]. A MAD is also recommended 
for patients with severe sleep apnea who are unable 
to tolerate or refuse to use continuous positive airway 
pressure (CPAP) (AASM recommendation) [6-7]. 
The MADs have many different designs and they all 
produce a widening of the upper airways by holding 
the mandible forward. It has been also noticed that a 
MAD increases muscular tonus, which may augment 
the effect of the device [8]. 
Although MADs have been found to be effective in the 
treatment of sleep apnea and snoring several complaints 
have been reported [4,9-13]. In the early phase of the 
treatment excessive salivation, mouth dryness, dental 
and jaw discomfort in the morning have been recorded 
[10,14-17]. Moreover, several long-term follow-up 
studies have reported occlusal changes, i.e. change in 
incisor inclination and decrease in overjet and overbite 
[14-15,17-21]. However, even though side effects are 
common over long periods of MAD use, they usually 
are mild and well tolerated by most patients [17].
Both an increase and a reduction in signs and 
symptoms of temporomandibular disorders (TMD) 
have been reported during long-term usage of a MAD 
[15,22]. It has been hypothesized that by inducing 
forward and downward position of the mandible 
the use of MAD effects on subjective symptoms and 
clinical signs of TMD. The aim of this study was to 
evaluate the subjective symptoms and clinical signs 
of temporomandibular disorders connected to the use 
of mandibular advancement device in the treatment of 
obstructive sleep apnea in a two-year follow-up. 

MATERIAL AND METHODS

Altogether 23 patients (Figure 1) were referred to the 
Oral and Maxillofacial Department, Oulu University 
Hospital by a pulmologist for consultation regarding 
OSA treatment within the time period October 2003 - 
May 2004. OSA was diagnosed at the Department of 
Pulmonary Medicine, Oulu University Hospital. Of the 
referred patients, 15/23 patients (9 men and 6 women, 
mean age 51.1 years, range 21 to 70 years) were able 
to wear the device in a one-month follow-up and they 
were included in further analysis.
Subjective TMD symptoms and the body mass 
index (BMI) of the patients were recorded before 
a clinical stomatognathic examination carried out 

at the beginning of the treatment (baseline) and at 
1-month, 3-month, 6-month and 24-month follow-ups. 
The subjective symptoms recorded included tiredness/
stiffness in the temporomandibular joints (TMJs), 
difficulty in mouth opening, pain in the TMJs during 
opening or other mandibular movements, facial pain 
or TMJ pain, ear pain, clicking/crepitation of the 
TMJs, and locking/luxation of the TMJs. The clinical 
stomatognathic examination included measurement 
of the ranges of mandibular movements (restricted 
maximal opening < 40 mm, restricted maximal lateral 
or protrusive movement < 7 mm), evaluation of 
deviation > 2 mm in the opening/closing movement 
of the mandible, evaluation of locking/luxation of the 
TMJs, recording TMJ sounds (clicking and crepitation), 
TMJ pain palpated laterally and posteriorly, recording 
pain during mandibular movements, and pain in the 
masticatory muscles during palpation (temporal, 
masseter, medial pterygoid, lateral pterygoid and 
posterior digastric muscles) [23]. Occlusal parameters 
were not included in this examination. Clinical 
stomatognathic examinations were carried out at all 
registrations by the same person (KS) specialized in 
prosthetic dentistry and stomatognathic physiology. 
The degree of TMD pathology was evaluated using 
the anamnestic index (Ai; Ai = no symptoms, Ai 
I = mild symptoms, Ai II = severe symptoms) and the 
clinical dysfunction index (Di) of Helkimo (Di 0 = no 
dysfunction, Di I = mild dysfunction, Di II = moderate 
dysfunction, Di III = severe dysfunction) [24]. 
The MAD therapies were performed by the same 
person (RN) specialized in prosthetic dentistry and 
stomatognathic physiology. Hard acrylic devices were 
individually designed by means of dental impressions 
(Xantalgin Select Alginate, Heraeus Kulzer, USA) and 
occlusal registrations (Modern Materials® Yellow Bite 
Wax, Heraeus, USA). The devices were fabricated in 
the same dental laboratory by the same technician. 
Occlusal registration was performed with a George 
Gauge instrument (Peter T. George, Honolulu, Hawaii). 
The range of mandibular advancement was set to 
50% of maximum protrusive movement (mean 5.44 
mm, range 3 to 8 mm). The mandibular opening was 
5 mm between the incisal edges of the central incisors 
(according to the George Gauge instrument). Air holes 
were constructed in front and laterally on both sides of 
the device. The patients were informed to use the device 
regularly during the night. The follow-up scheme 
included 1-month, 3-month, 6-month and 24-month 
clinical follow-ups. Between the follow-ups patients 
were instructed to contact the hospital if problems 
appeared concerning the treatment. 
After three months polysomnography with the MAD in 
the mouth was performed at home with an Embletta PDS 
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Baseline 

One month 

Three months 

Six months 

24 months 

23 patients: 
• 13 men 
• 10 women 

12 patients: 
• 7 men 
• 6 women 

Withdrawal (1 patient) 

Temporomandibular joint pain (2 patients) 

Poor retention of the device (1 patient) 

Motivation problem (1 patient) 

Intolerance of the MAD (2 patients) 

Temporomandibular joint pain (1 patient) 

Masticatory muscle pain (1 patient) 

Discomfort/teeth (1 patient) 

RFTA treatment (1 patient) 

15 patients: 
• 9 men 
• 6 women 

14 patients: 
• 8 men 
• 6 women 

6 patients: 
• 4 men 
• 2 women 

RFTA treatment, tonsillectomy (1 patient) 

CPAP treatment (1 patient) 

Temporomandibular joint pain (2 patients) 

Masticatory muscle pain (1 patient) 

Discomfort (1 patient) 

Figure 1. A flow chart of the patients with obstructive sleep apnea (OSA) treated with mandibular advancement device (MAD) therapy 
in follow-up examinations (baseline, one month, three month, six month and 24 month follow-ups) and the reasons for discontinuing the 
treatment between the follow-ups (paragraph on the right). RFTA = radio frequency ablation therapy; CPAP = continuous positive airway 
pressure therapy.

(Portable Diagnostic System) (ResMed Finland Oy), 
which is a pocket-sized digital recording device. 
The polysomnography analysis was done with 
Somnologica for Embletta software: in apnea-hypopnea 
index (AHI) a sleep apnea event was detected when a 
10 seconds interval of the signal dropped below 10% of 
the reference amplitude. The reference amplitude was 
calculated as the mean value of the peak amplitudes 
found in a period of 100 seconds preceding the event. 
All events lasting longer than 120 seconds were 
excluded. A hypopnea event was detected when a 10 
second(s) interval of the signal dropped below 70% of 
the reference amplitude. The reference amplitude was 
calculated as the mean value of the peak amplitudes 
found in a period of 100 seconds preceding the event. All 
events lasting longer than 120 seconds were excluded.  

For a hypopnea to be scored, a desaturation event had 
to occur no later than 20 seconds after the start of the 
hypopnea.

Statistical analysis

Fisher’s exact test was used to compare the clinical 
signs of TMD, and a Mann-Whitney test was performed 
to compare BMI, AHI with the device in the mouth and 
the age of the patient between the groups that continued 
the treatment vs. discontinued the treatment. 

RESULTS

During the first month, eight patients (8/23, 35%)  
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discontinued the treatment due to intolerance of the 
device, poor retention of the device, a motivation 
problem, TMJ pain, masticatory muscle pain or due 
to change into other treatment modality (Figure 1). 
One patient withdrew from the treatment before the 
3-month follow-up. At the 6-month follow-up 12/15 
patients (80%) still wore the device. The reason for 
discontinuing the therapy was TMJ pain in two patients. 
At the 24-month follow-up examination 6/15 patients 
(40%) were still wearing the MAD. The reasons for 

discontinuing the therapy were TMD symptoms (three 
patients), other treatment modalities (two patients) and 
discomfort (one patient). 
The most frequent subjective symptoms at the baseline 
were ear pain and clicking and/or crepitation of the 
TMJ (Table 1). During the 24-month follow-up period, 
the most frequent subjective symptom of TMD was 
clicking and/or crepitation of the TMJ. According to 
the anamnestic dysfunction index (Table 2), most of 
the patients had no symptoms (Ai 0) or mild symptoms 

Table 1. Subjective symptoms of the temporomandibular disorders (TMD) in patients treated with a mandibular 
advancement device (MAD) during a 24-month follow-up

TMD symptom Baseline
(n = 23)

1 month
(n = 15)

3 months
(n = 14)

6 months
(n = 12)

24 months
(n = 6)

Tiredness in the TMJs 0 2 3 2 1
Stiffness in the TMJs 0 2 3 2 1
Difficulty in jaw opening 1 2 1 0 1
TMJ Pain on jaw opening or other movements 2 5 2 0 1
Ear pain 5 3 4 3 2
Clicking and/or crepitation of the TMJ 4 3 6 6 3
Locking of the TMJs 2 1 0 0 0

n = number of patients; TMJ = temporomandibular joint.

Table 2. Distribution of the patients wearing a mandibular advancement device (MAD) and Helkimo anamnestic index (Ai) 
(Ai 0 = no symptoms, Ai I = mild symptoms, Ai II = severe symptoms) and dysfunction index (Di) (Di 0 = no clinical dysfunction 
(score 0), Di I = mild dysfunction (scores 1 - 4), Di II = moderate clinical dysfunction (scores 5 - 9), Di III = severe clinical dysfunction 
(scores 10 - 25) (Helkimo 1974) in a 24-month follow-up study 
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1 M 47 - - - I/1 - - - - - - - -
2 M 48 22.4 1 0 II/7 I I/1 I II/5 I I/1 - -
3 F 46 27.7 2 0 II/5 II II/7 0 II/5 0 II/5 0 II/5
4 M 43 26.6 1 0 I/1 0 I/1 0 I/1 0 1/1 0 I/1
5 M 51 - - - - - - - - - - - -
6 M 55 - - - - - - - - - - - -
7 M 59 37.9 46 0 II/6 0 I/1 I I/1 I I/1 I I/1
8 M 39 24.9 7 II II/8 II II/7 II II/8 I I/3 II III/11
9 F 66 27.9 1 0 II/6 I II/9 0 II/7 I I/3 - -
10 F 56 22.7 6 II III/12 II III/12 II III/12 I III/12 - -
11 M 50 27.7 26 I 0/0 I 0/0 I 0/0 - - -
12 F 60 24.7 9 0 I/2 0 I/3 I I/2 I I/2 - -
13 F 54 - - - I/2 - - - - - - - -
14 F 52 - - - - - - - - - - - -
15 F 70 26.3 28 I II/6 I II/7 I II/6 0 III/12 I II/8
16 M 66 27.2 17 0 II/7 II II/7 0 II/7 0 II/7 0 I/1
17 M 54 - - - II/6 - - - - - - - -
18 M 38 31.0 20 I I/1 II I/2 I I/1 - - - -
19 M 43 - - - I/1 I/1 - - - - - -
20 F 55 23.1 < 1 I I/1 I I/3 I I/3 I I/2 - -
21 F 45 25.7 3 - II/6 - - - - - - - -
22 F 39 29.8 < 1 - I/2 - - - - - - - -
23 M 21 41.5 - 0 II/7 0 II/6 0 II/6 0 II/5 - -

F = female; M = male.
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(Ai I) during the follow-up. In three patients the 
symptoms increased to severe symptoms (Ai II) from 
the baseline to the 1-month follow-up (numbers 3, 16 
and 18), but the symptoms were relieved at the 6-month 
follow-up.
Masticatory muscle pain on palpation was a frequent 
clinical sign recorded at the baseline and during 

the follow-up period (Table 3), but the difference 
between the groups of discontinuing and continuing 
patients was not significant at any of the follow-ups 
(Table 4). Crepitation of the TMJ was found more 
frequently in discontinuing patients at all the follow-ups 
and the difference between the groups was significant at 
the 6-month follow-up (P < 0.05).

Table 3. Clinical signs of the temporomandibular disorders (TMD) in patients treated with a mandibular 
advancement device (MAD) during a 24-month follow-up

TMD signs
Baseline 
(n = 23)

1 month 
(n = 15)

3 months
(n = 14)

6 months
(n = 12)

24 months
(n = 6)

Restricted mandibular opening 0 0 0 0 0
Clicking of the TMJ 3 3 3 3 1
Crepitation of the TMJ 6 5 5 5 2
Luxation of the TMJ 0 0 0 0 0
Pain on palpation of the TMJ
  laterally 1 1 0 0 0
  posteriorly 1 2 1 0 0
Pain on palpation
  Temporal muscle – posterior part 0 1 0 0 0
  Temporal muscle – anterior part 0 1 1 0 0
  Temporal muscle – insertion 9 8 7 5 2
  Masseter muscle 4 6 5 3 1
  Medial pterygoid muscle 5 3 3 4 2
  Lateral pterygoid muscle 8 11 7 5 1
  Posterior digastric muscle 9 11 8 7 2

n = number of patients; TMJ = tmporomandibular joint.

Table 4. Clinical signs of temporomandibular disorders (TMD) in the patients who discontinued or continued the mandibular 
advancement device (MAD) therapy during a 24-month follow-up

TMD signs

Baseline 1 month
(n = 15)

3 months
(n = 14)

6 months
(n = 12)
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Restricted mandibular opening 0 0 , 0 0 , 0 0 , 0 0 ,
Clicking of the TMJ 2 1 0.569 1 2 0.569 1 2 a 0 3 0.061
Crepitation of the TMJ 5 1 0.119 4 1 0.282 4 1 0.242 5 0 0.015
Luxation of the TMJ 0 0 , 0 0 , 0 0 , 0 0 ,
Pain on palpation of the TMJ

laterally 0 1 0 1 0.467 0 0 , 0 0 ,
posteriorly 0 1 2 0 0.467 1 0 a 0 0 ,

Pain on palpation
Temporal muscle – posterior part 0 0 , 1 0 a 0 0 , 0 0 ,
Temporal muscle – anterior part 0 0 , 1 0 a 1 0 a 0 0 ,
Temporal muscle – insertion 4 5 0.608 5 3 0.619 5 2 0.242 2 3 0.567
Masseter muscle 2 2 a 2 4 0.315 3 2 a 2 1 a

Medial pterygoid muscle 2 3 0.608 2 1 a 1 2 a 2 2 a

Lateral pterygoid muscle 5 3 0.619 7 4 0.282 4 3 a 2 3 0.567
Posterior digastric muscle 5 4 a 6 5 a 4 4 a 4 3 a

n = number of patients; TMJ = tmporomandibular joint.
aP = 1.000.
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According to the clinical dysfunction index of Helkimo, 
the severity of TMD remained unchanged during the 
follow-up in most of the patients (Table 2). In one 
patient (number 8) the signs of TMD increased from 
moderate to severe during the two-year MAD therapy 
and in one patient (number 16) the signs decreased. 
BMI, AHI with the device in the mouth and the age 
of the patient did not have any statistically significant 
differences between the groups that continued or 
discontinued the MAD therapy (P = 0.898, P = 0.784 
and P = 0.584, respectively). 

DISCUSSION

Based on this study, it seems that patients with 
existing TMJ crepitation discontinue their MAD 
therapy more often than patients without this finding. 
Although masticatory muscle pain on palpation was 
also a frequent clinical sign, the difference between 
the groups of discontinuing and continuing patients 
was not significant. The severity of TMD remained 
unchanged during the follow-up in most of the patients. 
It has been shown in a recent study that MAD therapy 
is associated in a short-time follow-up with more pain-
related signs and symptoms of TMD and increased 
TMJ pain compared with CPAP therapy, but after 1 
and 2 years a decrease of TMD was observed [25]. Our 
results can agree the authors’ conclusion that due to the 
transient nature of TMD, possible development of TMJ 
pain or TMD should not be a contra-indication for oral 
appliance therapy in OSA patients [25]. Compared to 
CPAP, patients with mild to moderate sleep apnea (low 
AHI) and few diurnal symptoms have been shown to 
fare better with intraoral appliances [2]. 
The MAD produces a mandibular protrusive position 
and the interincisal distance is 5 mm according to the 
occlusal registration with the George Gauge instrument. 
In regular every-night and long-term use this can be 
suspected to affect the TMJ as well as the masticatory 
muscles. In our study the most common subjective 
TMD symptom was clicking and/or crepitation of the 
TMJ and the most common clinical TMD sign was 
masticatory muscle pain. Subjective symptoms were 
increased in three patients at the 1-month follow-up 
compared with the baseline, but the symptoms were 
relieved during the later follow-up. In two patients the 
appearance of TMD led to withdrawal from the therapy 
in the early phase of the MAD treatment. 
Walker-Engström et al. [26] have reported 62% 
compliance after four years and Fransson et al. [15] 
reported even 85% compliance after two years. Here 
only 6/23 patients (26%) continued the MAD therapy 
until the 24-month follow-up. At the beginning of 

the treatment the patients were told about the different 
treatment modalities and it can be assumed that in the 
appearance of side effects they probably easily wanted 
to discontinue the long-term MAD therapy and change 
to other therapy. In addition, soft devices have been 
reported to be tolerated better than hard devices that were 
used in our study [19], although custom-made devices 
in general have been shown to be more effective (AHI, 
snoring) than prefabricated, thermoplastic devices [27]. 
The strength of the present study is its relatively long 
follow-up time, but the limitations of this study are the 
small study sample and the lack of a control group. 
Leaving a group of sleep apnea patients non-treated 
would not have been ethical, because the patients had 
suffered from OSA diagnosed at the Department of 
Pulmonary Medicine. In most cases OSA is deleterious 
impairing the quality of life of the affected person. 
On the other hand, the comparable group of patients 
treated with another treatment modality was not able to 
achieve during this time period.
MAD treatment is widely accepted and recommended 
in the treatment of mild sleep apnea and socially 
disturbing snoring. In Finland the treatment is performed 
in most cases by specialists in prosthetic dentistry and 
stomatognathic physiology or orthodontics. Treatment 
of sleep apnea and snoring may increase in the future due 
to more knowledge about OSA and MAD treatment. It 
is important that the efficacy of the therapy is controlled 
with polysomnography and that the patients have 
regular follow-ups and are motivated to go through 
with the treatment [16,25,28]. In addition, the patients 
have to be informed about the side effects of MAD 
therapy. If a MAD is not tolerated or ineffective, sleep 
apnea should be treated with other methods, including 
bimaxillary advancement surgery in cases of severe 
occlusal disturbances [29,30], since these patients could 
be at a particular health risk [2]. 
It seems that signs and symptoms of temporomandibular 
disorders do not necessarily increase during long-term 
mandibular advancement device therapy. However, 
it seems that patients with clinically assessed 
temporomandibular joint crepitation may discontinue 
their mandibular advancement device therapy due to 
temporomandibular disorders. Longer clinical follow-
up studies with a larger sample are needed to evaluate 
the effects of mandibular advancement devices on the 
signs and symptoms of temporomandibular disorders.
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