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Abstract
Study objectives: The main objectives of this study were to assess the effect of mandibular advancement 
device (MAD) therapy on the upper airway morphology, as well as the occurence of dental and skeletal side 
effects following 1-year MAD therapy in patients with mild to moderate obstructive sleep apnea (OSA).
Methods: In this study we included 15 patients with mild to moderate OSA treated with MAD therapy. All 
subjects underwent sleep study and lateral cephalometric radiography at baseline and at 1-year follow-up. 
Lateral cephalograms were analyzed with respect to relevant variables.
Results: MAD therapy reduced apnea-hypopnea index (AHI) from 22.9±5.9 to 9.7±4.5 events/h (P<0.001) 
after 1-year of therapy. Oral area enclosure (3697.0±372.4 vs. 3381.5±336.4 mm2, P<0.001), superior airway 
space width (8.9±2.0 vs. 10.0±2.0 mm2, P=0.039), soft palate width (10.9±1.0 vs. 9.8±1.4, P=0.005) and 
length (45.4±3.8 vs. 43.9±4.2 mm, P=0.033) were significantly larger with the MAD intra-orally. Additionally, 
the tongue length decreased (84.1±5.3 vs. 80.7±5.9 mm, P=0.002), while the tongue height increased 
significantly (27.0±2.4 vs. 29.9±2.5 mm, P=0.003) with the MAD intra-orally. There were no significant changes 
in skeletal and dental cephalometric variables after 1 year of MAD therapy. 
Conclusions: Our results show significant enlargement of the upper airway dimensions with the MAD intra-
orally in patients with mild to moderate OSA. Although there were no significant changes in skeletal and dental 
cephalometric variables after 1 year of MAD therapy, close follow-up during MAD therapy is advisable to 
prevent potentially relevant occlusal changes.
Keywords: obstructive sleep apnea, mandibular advancement device, lateral cephalometry, side effects, 
upper airway
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Introduction

Obstructive sleep apnea (OSA) is one of the most preva-
lent sleep-related breathing disorders characterized by re-
petitive episodes of pharyngeal collapse during sleep with 
associated airflow obstruction, intermittent hypoxemia, 
sympathetic excitation and sleep fragmentation.1-3 OSA 
is recognized as a serious public health issue associated 
with the range of adverse cardiovascular events, such as 
hypertension, congestive heart failure, arterial fibrilla-
tion, stroke; increased risk for insulin resistance, type 2 
diabetes and dyslipidemia,3-5 as well as the increased risk 
for excessive daytime sleepiness, impaired traffic safety, 
working ability and quality of life.3,4,6,7

Treatment options for OSA patients include behav-
ioral modification, weight reduction measures, positional 
therapy, upper airway surgery, continuous positive airway 
pressure (CPAP) and oral appliances (OA).2,8-12 Standard 
treatment with CPAP is highly efficacious for OSA patients 
but adherence to the treatment limits its overall effec-
tiveness.1,2,13 OA treatment is a viable alternative in the 
treatment of OSA, especially in mild and moderate cases 
and in patients unwilling or unable to tolerate CPAP.10-12 
Many studies have shown significant decrease in AHI and 
normalization in oxygen desaturation index (ODI).4,9,12 In 
addition, there are studies showing that OA therapy im-
proved glucose metabolism,4,14,15 as well as cognitive and 
psychomotor performances and quality of life in patients 
with mild to moderate OSA.16,17

Mandibular advancement device (MAD) is the most 
commonly used OA which protrudes the mandible into 
forward and downward position therefore inducing ante-
rior position of the tongue, soft palate, lateral pharyngeal 
walls, consequently improving airway patency.10-12 

Lateral cephalometric radiographs have been ex-
tensively used in orthodontics to provide information 
about the sagittal and vertical relationships of the crani-
ofacial skeleton, the soft tissue profile, the dentition, the 
pharynx morphology and the cervical vertebrae.18,19 The 
relationships among these structures are examined by 
linear and angular measurements and can be used for 
two-dimensional analysis of the upper airway and sur-
rounding soft tissue structures in OSA patients, as well 
as for demonstration of occlusal changes following MAD 
therapy.19-22 Previous cephalometric studies have reported 
that cephalometric features such as longer maxilla, small-
er overjet, shorter soft palate, longer mandibular plane 
to hyoid distance, facial height and reduced retropalatal 
airway space are associated with OSA.22-29 An inferiorly 
placed hyoid bone is one of the most consistent anatomi-
cal characteristicts associated with OSA.24,26,28 Mostafiz et 
al. showed that MAD treatment increases oral cavity size 
by neutralizing an imbalance between soft tissue dimen-
sions and surrounding bony structures.25 

Despite satisfactory efficacy of MAD therapy, it may 
develop subjective and objective side effects.9-11,30 Subjec-
tive side effects include temporomandibular joint (TMJ), 
myofascial or tooth pain, excessive salivation, dry mouth, 
gum irritation, morning stiffness and morning-after oc-
clusal changes.30-32 Most of the subjective side effects 
which are commonly reported in the initial period of MAD 
therapy are well tolerated and rarely lead to discontinua-
tion of treatment.11,33,34 

Objective long-term side effects following MAD ther-
apy in OSA patients have previously been described in 
terms of occlusal changes, 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.11,30,34-38 Such changes were reported in 10 to 
12% of OSA patients using MAD.38

Although many studies have been published about 
the efficacy and side effects of MAD therapy, only few re-
ported thorough analysis of the upper airway morphology 
and occlusal changes following long-term MAD therapy. 

The objectives of this 1-year follow-up study were to 
assess:

1. The effect of MAD therapy on the upper airway 
morphology in patients with mild to moderate OSA. 

1. The occurence of dental and skeletal side effects 
following 1-year MAD therapy in patients with mild to 
moderate OSA.

Materials and methods

This study was approved by the Ethics Committee of the 
University of Split School of Medicine and all procedures 
were performed in accordance with the Declaration of 
Helsinki and its later amendments principles. Informed 
consent was obtained from all subjects included in this 
study prior to participation.

The baseline examinations included full-night attend-
ed polysomnography or polygraphy, physical examination 
and lateral cephalometric radiographs. Included subjects 
received custom-made adjustable MAD. The baseline ex-
aminations (sleep study and lateral cephalogram) were 
repeated at 1-year follow-up without and with the MAD 
intra-orally.

Subjects
Subjects with newly diagnosed mild to moderate OSA 

attending the Sleep Medicine Centre, University of Split 
School of Medicine were consecutively recruited in this 
study. Inclusion criteria were mild to moderate OSA, with 
an apnea-hypopnea index (AHI) greater than 5 events/h 
and lower than 30 events/h (5 ≤ AHI ≤ 30). A diagnosis 
of OSA was defined in accordance with the guidelines 
established by the American Academy of Sleep Medicine 
(AASM) and European Sleep Research Society (ESRS).1,2,8 
Inclusion dental criteria for OA therapy of OSA were: at 
least 6 to 8 healthy teeth without movement in each jaw 
and mandibular advancement ability of at least 5 mm. 
Exclusion dental criteria were: known temporomandibu-
lar joint disorder and acute periodontal disease. Patients 
unable to understand the purpose of the study were also 
excluded.

Sleep assessment
The baseline diagnosis of OSA and 1-year follow-up as-
sessment were performed by the same certified sleep 
physician with the same recordings on the same device 
at the time of follow-up with the MAD intra-orally to deter-
mine the MAD treatment efficacy. 
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Full-night in-laboratory polysomnography (Alice 5, 
PDX, Philips Respironics, Eindhoven, Netherlands) re-
cordings included electroencephalography, electroocu-
lography, mental and tibial electromyography, electro-
cardiography, nasal airflow, pulse oxymetry, thoracic 
and abdominal movements and snoring intensity, while 
full-night in-laboratory polygraphy (PolyMesam, MAP, Mar-
tinsried, Germany) included nasal flow, thermistor, pulse 
oxymetry, electrocardiography, thoracic and abdominal 
movements and snoring intensity.1,2,8 All data were stored 
on a personal computer and manually scored and evalu-
ated in accordance with the published AASM and ESRS 
guidelines by the same certified sleep physician. The 
self-administrated questionnaire, the Epworth Sleepiness 
Scale (ESS), validated in Croatian language,39 was used to 
measure excessive daytime sleepiness. 

Mandibular advancement device
Patients who fulfilled inclusion criteria were supplied with 
the adjustable custom-made MAD (Silensor-sl, Erkodent, 
Pfalzgrafenweiler, Germany) for the treatment of OSA. 
Dental plaster models were formed based on alginate im-
pressions of the upper and lower dental arches obtained 
by using an impression spoon. A silicon bite using George 
Gauge at maximum protrusion was registered for each 
subject. When initiating MAD treatment, the mandible 

was set at 50% of the patient’s maximum protrusion. 
Additional adjustment of the MAD was performed by the 
dental professional (T.G.) to allow further advancement of 
the mandible up to 75% of the maximum protrusion. The 
mean mandibular advancement with the MAD intra-orally 
was 68.8% of maximal protrusion, corresponding to 8.2 
mm advancement. The adjustment of the protrusion was 
allowed until symptoms were adequately improved or 
until further mandibular advancement resulted in discom-
fort. The degree of mandibular protrusion and the vertical 
opening were kept constant during the follow-up period. 
All MADs were fabricated by the same dental technician 
and fitted and adjusted by the same dentist (T.G.).14,17

Patients were instructed to use the appliance every 
night during sleep for as long as they could tolerate it. 
Each patient was given the personal sleep diary at the 
beginning of MAD therapy to monitor self-reported compli-
ance. Patients were instructed to fill out the diary person-
ally, on each day of the 1-year follow-up period, recording 
bedtime, wake-up time and the number of hours that the 
MAD was used. Patients with the adherence less than 4 
hours on more than 70% of the days of the week were 
considered non-adherent to the MAD therapy.14,17

Treatment was considered successful if AHI was <5 
(complete responders), or if AHI reduction was ≥50% 
(partial responders) from baseline which is considered to 
be clinically significant.9,40,41
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Table 1. Definitions of cephalometric measurements

Linear measurements Definition Angular measurements Definition

Maxillary lenght Cd-A SNA Angle from sella to 
nasion to subspinale

Mandibular lenght Cd-Gn SNB Angle from sella to 
nasion to supramentale

Ramus height Cd-Go ANB Angle from subspinal to 
nasion to supramentale

Corpus lenght Go-Gn Ramal plane angle Po-Or-ramus tangent

Upper facial lenght N-ANS Mandibular plane angle S-N-Me-Go

Lower facial height ANS-Me Upper incisor inclination angle UIi-ANS-PNS

Anterior facial height N-Me Lower incisor inclination angle LIi-MP

Vertical hyoid position MP-H Interincisal inclination angle UIi-LIi

Overjet The horizontal overlap of the maxillary 
and mandibular anterior teeth

Overbite The vertical overlap of the maxillary 
and mandibular anterior teeth

Soft tissue measurements Definition Area measurements Definition

Superior airway space Narrowest width behind soft palate 
measured parallel to B-Go plane Oral area enclosure PNS-ANS-Go-Me

Middle airway space Width through P measured parallel to B-Go plane

Inferior airway space Width base of tongue to posterior pharyngeal 
wall measured parallel to B-Go plane

Tongue lenght TT-Eb

Tongue height Maximum height perpendicular to TT-Eb

Soft palate width The width of soft palate

Soft palate lenght PNS-P

Vertical airway lenght PNS-Eb
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Lateral cephalometric radiographs

Lateral cephalometric radiographs were taken for each 
subject three times: at baseline, and after 1 year of MAD 
therapy, without and with the MAD intra-orally, using the 
standard techniques. The patients were standing in up-
right position, with the natural head posture tightly fixed 
by a cephalostat, the Frankfurt horizontal plane being par-
allel to the floor, and the teeth in full occlusion. They were 
instructed not to swallow and radiographs were taken with 
the patients exhaling slowly from a deep breath.20,27,29

All cephalograms were taken by the same radiologic 
technologist in the Dental Radiology Center X-Dent, Split, 
Croatia, using Ortoceph OC200 D (Instrumentarium Den-
tal, Tuusula, Finland). The exposure settings including 
effective radiation dose, the tube voltage and the tube 
current were as follows: 7.37 µSv, 85 kV and 13 mA with 
the exposure time of 10 seconds. 

Lateral cephalograms were saved in JPEG image 
format on a personal computer and analyzed using the 
cephalometric software AudaxCeph (Audax, Ljubljana, 
Slovenia) with the integrated modified OSA SPLIT analy-
sis and integrated calibration tool, which automatically 
calculated the distance between the selected points to 
the nearest tenth of a millimeter. Calibration of distances 
was performed prior to each tracing. The software allowed 
cursor-assisted tracking of anatomic landmarks for auto-
matic calculation of distances, angles and areas. Cepha-
lometric landmarks and variables used are presented in 
Table 1.19,24,25,29 

A, subspinale; ANS, anterior nasal spine; B, supra-
mentale; Cd, condylion; Eb, epiglottis base; Gn, gnathion; 
Go, gonion; H, hyoidale; LIi, lower incisor tip; Me, menton; 
MP, mandibular plane; N, nasion; P, soft palate tip; PNS, 
posterior nasal spine; Po, porion; S, sella; SN, sella-nasion 
distance; SNB; TT, tongue tip; UIi, upper incisor tip.

Oral area enclosure (OAE) was calculated as the 
region within the lines connecting posterior nasal spine 
(PNS), anterior nasal spine (ANS), gonion and menthon25 
while vertical airway length (VAL) was calculated as the 
linear distance between PNS and the base of epiglottis 
(Eb).24

All radiographs were analyzed by three investiga-
tors (F.M., I.G., T.G.) with an interval of at least one week 
between measurements and without knowledge of the 
respective results to accomplish reliability of measure-
ments. The mean values of three measurements for each 
variable were used in the analyses.

Statistical analysis

Statistical analyses were performed using statistical 
software MedCalc for Windows, version 11.5.1.0 (Med-
Calc Software, Mariakerke, Belgium). The reproducibility 
of landmarks placement was assessed by the inter-class 
correlation coefficient (ICC) and the mean values for each 
variable of three observers were used in the analyses.

Continuous data were presented as mean±standard 
deviation. The Kolmogorov–Smirnov test was used to as-
sess normality of data distribution. Comparisons of cor-
responding values at different time points of the study 
were performed using Wilcoxon matched pair test, as 
appropriate. 

Spearman’s rank correlation was used to explore as-
sociations between degree of mandibular advancement 
and AHI changes following MAD therapy. The statistical 
significance was set at P<0.05. 

Results

Baseline characteristics of patients 
and treatment efficacy

The study population consisted of 15 patients with mild 
to moderate OSA who were treated with MAD during the 
1-year period. There were 14 male subjects and one fe-
male, mean age 51.2±8.9 years (range 32 to 65). Base-
line characteristics of patients are shown in Table 2. Mean 
body mass index (BMI), neck and waist circumference did 
not change during the study period. 

Table 2. Baseline characteristics of mild 
to moderate OSA patients

Parameters Baseline

Age, years 51.2±8.9

Height, cm 180.0±7.2

Weight, kg 90.9±8.3

BMI, kg/m2 28.1±2.7

Neck circumference, cm 42.0±2.2

Waist circumference, cm 99.9±7.0

ESS score 9.9±3.8

AHI, events/h 22.9±5.9

Mandibular advancement, mm 7.0±1.6

Mandibular advancement, % 68.8±5.1

Data are presented as mean±SD. 
BMI, body mass index; ESS score, Epworth Sleepiness 
Scale score; AHI, apnea-hypopnea index.

The analyses of sleep recordings at baseline and after 
1 year of MAD therapy are presented in Table 3.

Table 3. Excessive daytime sleepiness and sleep 
study data of mild to moderate OSA patients

Parameters Baseline 1 year P*

ESS score 9.9±3.8 6.0±2.8 <0.05

AHI, events/h 22.9±5.9 9.7±4.5 <0.001

Mean SpO2, % 95.0±1.7 95.0±1.1 0.550

Minimum SpO2, % 83.6±5.5 87.6±6.2 0.047

ODI, events/h 13.9±6.8 7.8±6.2 0.009

Snoring time, min 225.8±172.5 132.4±139.4 0.007

Data are presented as mean±SD. 
ESS, Epworth Sleepiness Scale; AHI, apnea-hypopnea index; SpO2, 
arterial oxygen saturation, ODI, oxygen desaturation index.
*Wilcoxon matched pair test.
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Overall, MAD therapy reduced AHI from 22.9±5.9 to 
9.7±4.5 events/h, P<0.001, after one year of therapy, 
with approximately 67% of patients achieving a clinically 
significant treatment success (≥50% AHI reduction). The 
mean mandibular advancement during 1-year period of 
MAD use was 68.8 % of the patient’s maximum protru-
sion. There was a positive correlation between the degree 
of mandibular advancement and the changes in AHI 
(r=0.579, 95% CI 0.042-0.857, P=0.038). Overall subjec-
tive compliance based on sleep diaries was 81.3±10.7% 
of days per week of MAD use during 1 year period. There 
were 13 regular users (87%) while two patients (13%) 
were considered non compliant after 1 year of MAD 
therapy.40,41 

Inter-observer reliability
Overall Interclass correlation coefficient (ICC) showed 
high degree of inter-reliability between the observers 
(ICC=0.995, 95% CI 0.989 – 0.999, P<0.001).

Cephalometric measurements

Upper airway soft tissue cephalometric measurements
Cephalometric measurements of the upper airway soft tis-
sues without the MAD and with the MAD intra-orally are 
presented in Table 4. 

Table 4. Cephalometric soft tissue measurements of mild to 
moderate OSA patients without MAD and with MAD intra-orally

Parameters Without MAD With MAD P*

Superior airway 
space width, mm 8.9±2.4 10.0±2.0 0.039

Middle airway 
space width, mm 6.8±1.6 7.4±1.6 0.454

Inferior airway 
space width, mm 8.6±2.9 8.6±1.8 0.939

Tongue lenght, mm 84.1±5.3 80.7±5.9 0.002
Tongue height, mm 27.0±2.4 29.9±2.5 0.003
Soft palate 
width, mm 10.9±1.0 9.8±1.4 0.005

Soft palate 
lenght, mm 45.4±3.8 43.9±4.2 0.033

Vertical airway 
length, mm 80.4±5.7 79.4±7.2 0.305

Oral area 
enclosure, mm2 3381.5±336.4 3697.0±372.4 <0.001

Vertical hyoid 
position, mm 23.9±6.4 19.3±7.6 0.002

Data are presented as mean±standard deviation.
*Wilcoxon matched pair test.

OAE was significantly larger with the MAD intra-
orally compared to the dimensions without the MAD 
(3697.0±372.4 vs. 3381.5±336.4 mm2, P<0.001). Addi-
tionally, soft palate width (SPW) and length (SPL) were sig-
nificantly smaller with the MAD intra-orally, respectively, 
as well as the tongue length (TL) (84.1±5.3 vs. 80.7±5.9, 
P=0.002), while the tongue height (TH) increased sig-
nificantly (27.0±2.4 vs. 29.9±2.5 mm, P=0.003). Superior 
airway space width (SAS) was significantly larger with the 
MAD intra-orally, (8.9±2.0 vs. 10.0±2.0 mm2, P=0.039), 
as well. Middle (MAS) and inferior (IAS) airway space 

dimensions did not change significantly with the MAD 
intra-orally. Individual OAE and SAS changes with the MAD 
intra-orally are shown in Figure 1.

Figure 1. Individual oral area enclosure and superior 
airway space width changes with the MAD intra-orally. 

AHI-related responders are presented with filled 
circles and non-responders with empty squares.

Additionally to the upper airway soft tissue evalua-
tion, mandibular plane to hyoid distance (MPH) decreased 
significantly with the MAD intra-orally (23.9±6.4 vs. 
19.3±7.6 mm, P=0.002). 

Skeletal and dental cephalometric measurements
Results of cephalometric skeletal and dental evaluation at 
baseline and after 1 year of MAD therapy are presented 
in Table 5. 

Table 5. Cephalometric skeletal and dental 
measurements of mild to moderate OSA patients 
at baseline and after 1 year of MAD therapy

Parameters Baseline 1 year P*

Skeletal 
measurements
Maxillary length, mm 86.1±4.6 84.9±3.2 0.191
Mandibular 
length, mm 115.4±5.8 113.9±4.9 0.168

Ramus height, mm 58.4±6.1 58.6±3.9 0.946
Corpus length, mm 74.7±5.4 74.5±5.2 0.735
Upper facial 
height, mm 51.3±3.2 51.8±2.8 0.216
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Parameters Baseline 1 year P*

Lower facial 
height, mm 72.4±4.4 72.3±4.6 0.542

Anterior facial 
height, mm 121.4±5.3 122.2±5.7 0.345

Vertical hyoid 
position, mm 23.8±6.5 23.9±6.4 0.685

SNA, ° 81.6±2.5 80.9±3.1 0.167
SNB, ° 77.7±3.6 77.0±3.5 0.133
ANB, ° 4.7±1.7 4.1±2.2 0.216
Ramal plane angle, ° 74.6±4.4 74.8±4.6 0.497
Mandibular 
plane angle, ° 36.0±4.4 35.5±4.1 0.588

Occlusion plane 
angle, ° 14.6±3.9 15.5±2.9 0.068

Dental 
measurements
Upper incisor 
inclination angle, ° 103.8±8.8 102.6±8.6 0.803

Lower incisor 
inclination angle, ° 87.1±5.8 87.8±6.2 0.376

Inter-incisal 
inclination angle, ° 139.7±9.8 141.2±10.5 0.191

Overjet, mm 3.5±0.6 3.1±0.8 0.080
Overbite, mm 2.2±1.8 2.0±1.8 0.414

Data are presented as mean±standard deviation.
SNA, sella-nasion-subspinale; SNB, sella-nasion-
supramentale; ANB, subspinale-nasion-supramentale.
*Wilcoxon matched pair test.

There were no significant changes in skeletal cepha-
lometric variables after 1 year of MAD therapy. The OJ 
changed between 2.4 and 5.3 mm, with the median value 
of 3.6 mm, while the OB changed between 0.1 and 6.4 
mm, with the median value of 1.8 mm, although these 
changes were not significant. Upper incisors’ inclination 
angle (UIi), lower incirors’ inclination angle (LIi) and inter-
incisal angle (UIi-LIi) did not change significantly after 1 
year of MAD therapy (Table 5).

Discussion

The results of this study showed that the use of MAD with 
the mean mandibular advancement of 69% in mild to 
moderate OSA patients resulted in significant increase of 
the OAE and SAS, whereas no significant changes were 
seen in the MAS and IAS dimensions. Soft palate dimen-
sions and TL decreased with the MAD intra-orally, while 
the TH increased significantly showing better distribution 
of soft tissues within the given oral cavity. Previous stud-
ies conducted among OSA patients during wakefulness 
showed similar results.42-45 Ryan et al. showed that the 
MAD placed intra-orally increased cross-sectional area of 
the upper airway, predominantly in the velopharynx and, 
to a lesser extent, in the oropharynx and hypopharynx.45 
The MAD has a direct effect on the velopharynx by in-
creasing the antero-posterior dimension and may improve 
the patency of the upper airway in OSA patients.42 

Chan et al. showed that the increase in the total airway 
volume with the MAD intra-orally occurred predominantly 
because of an increase in the volume of the velopharynx 
and was mediated by an increase in its lateral dimensions 

rather than antero-posterior airway dimensions.23 Since 
we used two-dimensional cephalometric analysis in our 
study, measuring predominantly antero-posterior airway 
dimensions, smaller changes with the MAD intra-orally 
were expected. Additionally, MAD increases occlusal verti-
cal dimension therefore producing the backward rotation 
of the mandible which might be another explanation why 
significant changes in MAS and IAS were not observed 
in this study.44 If the mandible could be advanced in the 
direction perpendicular to the posterior pharyngeal wall 
without backward rotation, it would probably result in 
equally notable increases in the middle and inferior upper 
airway dimensions, as well.44 Therefore, the increase in 
the occlusal vertical dimension of the OA should be mini-
mized in order to maintain an enlarged upper airway size 
in OSA patients.

Hiyama et al. also showed significant increase in 
superior pharyngeal airway space by wearing the MAD 
while the sagittal dimensions of the middle and inferior 
pharyngeal airways did not change significantly,44 which 
is similar as in our study. The significant change of the 
position of the hyoid bone in terms of smaller distance 
between the hyoid bone and the mandibular plane, has 
been shown while MAD intra-orally in this study. This may 
improve the morphology of the upper airway since the hy-
oid bone is closely connected to the cranial bones and the 
mandible through the suprahyoid muscles.23,46 Hyoid bone 
has no connection to other bones and is mobile therefore 
it can be shifted caudally by the extensive soft tissue with-
in the maxillomandibular enclosure. Caudal displacement 
of the hyoid bone reflects upper airway anatomical imbal-
ance in OSA patients.26 The reduction of MPH in our study 
can be explained by the possibility that the mandibular 
advancement also pulled forward the muscles attached 
to the hyoid, consequently reducing the distance between 
the hyoid bone and the mandibular plane and improving 
the pharyngeal airway patency.23,46 

In addition to the morphological changes of the upper 
airway while MAD intra-orally, the results of the present 
study demonstrated the decrease of OJ and OB associated 
with the 1-year MAD therapy, although it was not statisti-
cally significant. It is generally hypothesized that these 
changes can be attributed to a labially directed force 
to the maxillary incisors during MAD therapy while the 
mandible attempts to return to a more dorsal position.33,36 
In the study of Ghazal et al. a significant decrease in OB 
but not OJ was found,47 while Ringquist et al. did not find 
similar significant changes after two years of OA therapy.34 

In our study skeletal cephalometric measurements 
did not change significantly following 1-year MAD therapy 
in mild to moderate OSA patients, while some authors 
showed slight decrease in SNA or SNB angle.30,37 It can be 
speculated that such changes might have been associ-
ated with the degree of mandibular advancement. 

The relationship between degree of mandibular 
advancement and efficacy of an OA has previously been 
described.36 The 67% of the maximum protrusion is widely 
used for the treatment of OSA patients and was recently 
demonstrated to be suitable to obtain the same effect as 
the maximum protruded position of the mandible in terms 
of antero-posterior dimension of the velopharynx.42,44 
Therefore, we can assume there is no need of more exten-
sive mandibular advancement considering treatment suc-
cess and possible side effects. From the previous studies it 
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appears to be important to keep the mandibular advance-
ment to a minimal efficient degree in order to minimize 
dental side effects.33,34 The positive correlation between 
degree of mandibular advancement and changes in AHI 
that has been shown in our study supports this observation. 

Previously published data and our results indicate 
that skeletal and dental cephalometric changes might be 
associated with duration of MAD treatment rather than 
the degree of mandibular advancement.48 Almeida et al. 
divided subjects using MAD into two groups based on du-
ration of therapy, and they have found that most changes 
tended to develop and continue over time.32 Although 
these side effects may be substantial, we believe that the 
effective treatment of OSA supersedes the maintenance 
of baseline occlusion. 

There are few limitations in our study. The sample 
size was relatively small therefore additional studies with 
larger number of subjects would be beneficial to contrib-
ute to the findings of this study. Assessment of possible 
side effects of MAD therapy in OSA patients over time 
involved repeated radiological examination therefore we 
did not include conventional control group in this study. 
Included subjects were acting as their own control sub-
jects in this prospective cohort study with repeated meas-
urements. Finally, there is a certain limitation in a two-
dimensional evaluation using cephalometry compared 
to three-dimensional methods such as MRI or CBCT. Still, 
lateral cephalometry is widely used in clinical practice as 
a convenient and easy, low-cost and low radiation tool for 
evaluation of oral cavity and pharynx and it can identify 
craniofacial characteristics associated with OSA.25 

Conclusions

This study showed that the upper airway dimensions were 
enlarged significantly in patients with mild to moderate 
OSA with the MAD intra-orally. Moreover, no significant 
skeletal and dental cephalometric changes were observed, 
making MAD potentially beneficial and efficacious treat-
ment modality for patients with mild to moderate OSA.

Implications for practice

Although MAD therapy may induce minor skeletal and oc-
clusal changes, they are outweighed by benefits gained 
from using OA, especially considering the potentially 
life-threatening nature of OSA and its tendency to worsen 
over time. Patients with mild to moderate disease should 
not be left untreated and should not discontinue MAD 
therapy unless they are willing to adhere to another treat-
ment modality.
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