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Abstract
Objective: This study was conducted to evaluate the changes of temporomandibular 
joints (TMJs) through magnetic resonance imaging (MRI) scanning and the electrical 
changes in mandibular movement and masticatory muscle surface of mild-to-mod-
erate obstructive sleep apnoea-hypopnoea syndrome (OSAHS) patients before and 
after treatment with mandibular advancement device (MAD).
Methods: This was a single-centre, prospective study recruiting OSAHS patients 
undergoing treatment with MAD in Department of Stomatology, Yannan Hospital, 
Kunming, China. Patients were recruited from February 2015 to October 2015, and 
TMJ changes were observed in MRI scanning before and after 18 months of treat-
ment with MAD in cohort 1. The second cohort of the patients were recruited from 
January 2014 to September 2015 and electrical changes in mandibular movement 
and masticatory muscle surface of patients before and after 6 months of treatment 
with MAD.
Results: In the cohort 1, TMJ changes analysed through MRI scanning, before and 
after 18-month treatment with MAD, there was no significant deviation in the angle 
of joint disc position. A minor change in the position relationship between condylar 
process, articular disc and articular fossa but not significant was observed. There 
was no significant difference in the shape and magnitude of mandibular incision edge 
movement, percussion movement, masticatory movement and condylar central tra-
jectory among the recruited OSAHS patients, before and after 6 months of MAD 
treatment as analysed through electromyography.
Conclusion: In this study, from the results it was evident that the effect of MAD on 
the stomatognathic system of OSAHS patients is minimal.
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1  | INTRODUC TION

Obstructive sleep apnoea–hypopnoea syndrome (OSAHS) is char-
acterised by repetitive episodes of complete or partial upper air-
way obstruction during sleep which leads to snoring, intermittent 
hypoxaemia and sleep fragmentation.1 The global prevalence of 
obstructive sleep apnoea (OSA) has been reported to be approxi-
mately one billion in 2019, of which China has the highest number 
of individuals suffering from OSA, followed by Untied States, Brazil 
and India.2 This is an alarming situation for healthcare policymakers, 
since OSAHS is associated with frequent, excessive daytime sleep-
iness which may lead to increase in the number of vehicle crashes, 
occupational accidents and impaired quality of life (QOL).1

Continuous positive airway pressure (CPAP) and oral appliances 
like mandibular advancement device (MAD) are the two most widely 
used treatment strategies for OSAHS symptoms, of which CPAP 
has been shown to be very effective in reducing sleepiness, road 
accidents, cardiovascular risk and mortality.1,3,4 However, patient 
compliance is a major drawback of this device, and as per reports, 
approximately 29%-83% of OSAHS patients were not able to use 
CPAP constantly, leading to decrease in the efficacy.5-9 MAD is yet 
another effective treatment strategy followed mainly for patients 
with mild to moderate cases of OSAHS.10 Although CPAP therapy 
has shown superior effect in improving the symptoms of OSAHS 
specially for reducing apnoea–hypopnoea index (AHI), patient ac-
ceptability and compliance have been found to be better with MADs 
with comparable quality of life (QoL).11 The MAD devices dilate the 
upper airway during sleep by holding the mandible in a forward po-
sition, which aids in clearing the airway and consequently reducing 
snoring..1 A practice parameter update, for the treatment of snoring 
and obstructive sleep apnoea (OSA) with mandibular advancement 
devices (MADs), recommended using MADs as first-line therapy for 
patients with mild-to-moderate OSAHS, who preferred MADs to 
CPAP, or were not responding to CPAP therapy.12

Number of short-term and long-term qualitative analysis and 
questionnaire-based studies have shown MAD to be efficacious in 
terms of reduced AHI as estimated by polysomnography, reduced 
frequency of snoring, decreased daytime sleepiness and reduced 
Epworth sleepiness score (ESS) in OSAHS patients.1,13-18 However, 
there have been concerns over the long-term side effects of the 

device. Some of the studies involving OSAHS patients have reported 
changes in temporomandibular joints (TMJs) and the oro-facial 
function due to the protruded jaw position during sleep.19-21 Thus, 
a need arises to assess the changes in stomatognathic system after 
treatment with MAD at different time points, since these devices 
are meant for long-term or even lifetime use. Analysing the TMJ and 
mandibular changes with the aid of MRI scanning and electromy-
ography (EMG) would provide an insight of the long-term changes 
or side effects with the use of MAD, based on which preventative 
measures could be taken. This study was conducted to evaluate the 
changes of TMJs through magnetic resonance imaging (MRI) scan-
ning and the electrical changes in mandibular movement and masti-
catory muscle surface of mild-to-moderate OSAHS patients before 
and after treatment with mandibular advancement device.

2  | METHODS

2.1 | Study design and patient population

This was a single-centre, prospective study recruiting OSAHS 
patients undergoing treatment with MAD in Department of 
Stomatology, Yannan Hospital, Kunming, China. There were two 
cohorts of patients. In the first cohort, the patients were recruited 
from February 2015 to October 2015; temporomandibular changes 
were observed in MRI scanning before and after 18-month treat-
ment, with MAD. The second cohort of patients were recruited from 
January 2014 to September 2015 and electrical changes in mandibu-
lar movement and masticatory muscle surface of patients before and 
after 6 months treatment, with MAD. The study was approved from 
institutional ethics committee, and an informed consent form was 
obtained before enrolling the patients.

Patients with mild-to-moderate OSAHS, over 20 years of age, 
regardless of gender, with no less than 10 single jaw teeth, sta-
tionary periodontal disease, no lost teeth above I degree, rec-
ommended for MAD and adhering to wear MAD every night for 
more than 5 hours, were included in the study. Patient's severity 
of OSAHS was determined by the apnoea/ hypopnoea index (AHI), 
which is evaluated by polysomnography (PSG) tests. Patients were 
classified as mild, moderate or severe based on AHI and were 

F I G U R E  1   Mandibular protrusion 
snore arrester [Colour figure can be 
viewed at wileyonlinelibrary.com]
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considered to have mild OSAHS when AHI was 5-15 times/hr with 
lowest oxygen saturation of 85%-90%; moderate OSAHS when 
AHI was 15-30 time/hr with lowest oxygen saturation of 65%-
85%; and severe OSAHS if AHI > 30 times/hr with lowest oxygen 
saturation of <65%.22

Patients with history of craniomaxillofacial trauma and opera-
tion, active periodontal disease, temporomandibular disease (TMD), 
nocturnal bruxism and those who were mentally unfit or were not 
comfortable were excluded from the study.

All the patients were treated with the split type MAD which 
could be positioned by adjusting a metal rod (Figure 1). The distance 
of mandibular protrusion in all patients was maintained at 75% of the 
maximum protrusion position, and the vertical distance of anterior 
teeth was 4-5 mm. Patients were made asked to re-visit after 1 day 
of wearing the MAD to determine the comfort level and were mon-
itored till they were adapted with the device. Incremental retrac-
tion of 0.3 mm (0.3 mm/circle/time) was done until the patients felt 
comfortable at a personalised optimal forward extension position to 
improve compliance.

2.2 | Outcomes analysed

For analysing the TMJ changes, we evaluated the structural 
changes in the articular disc, condyle and glenoid fossa. Further, 
the relative positions of articular disc and condyle from the gle-
noid fossa and articular disc from the condyle were analysed by 
MRI scanning before and after 18 months of MAD treatment in 
cohort 1. The soft tissue changes were evaluated in cohort 2 by 
electromyographic analysis of the masticator muscle by evaluating 
the different mandibular movement facilitated by the masticator 
muscle.

Temporomandibular joint structure was measured at oblique 
sagittal and oblique coronal planes. In order to eliminate the internal 
errors of researchers and to improve the reliability of the research, 
all measurements were completed by the same researcher, and each 
index was measured three times, and its average value was taken 

as the measurement data. Surface flexible coil was selected and 
the patient was made to lie in a supine position on SIEMENS Verio 
3.0T superconducting magnetic resonance instrument. The head 
sagittal plane was consistent with the long axis of the bed surface, 
and the earplug was put in place. The patient was asked to close 
his teeth, and the centre of the coil was aligned with the temporal 
head in front of the external auditory canal. All the patients under-
went bilateral oblique sagittal and oblique coronal scans in closed 
position. Scanning of the transverse axis was used to locate the 
condyle. Oblique sagittal and oblique coronal planes were located 
at the level of the transverse axis showing the condyle. Oblique sag-
ittal plane was located perpendicular to the long axis of the con-
dyle (internal and external diameter of the condyle, Figure 2), and 
the scanning was performed with the following imaging parameters: 
T1-weighted image (T1WI) TR: 476ms; TE: 11 ms; matrix: 20 × 256; 
slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 150 × 150; T2-
weighted image (T2WI) TR: 4200 ms;TE: 78 ms; matrix: 320 × 224; 
slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 150 × 150 and pro-
ton density-weighted image (PDWI) TR: 3200 ms; TE: 32 ms; matrix: 
320 × 224; slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 150 × 
150. The oblique coronal plane was parallel to the long axis of the 
internal and external diameter of the temporomandibular condyle 
(Figure 3), and the scanning was performed with the following imag-
ing parameters: T1-weighted image (T1WI) TR: 4200 ms; TE: 78 ms; 
matrix: 320 × 256; slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 
150 × 150; T2-weighted image (T2WI) TR: 400 ms;TE: 11 ms; matrix: 
320 × 224; slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 150 × 150 
and proton density-weighted image (PDWI) TR: 2800ms; TE: 33 ms; 
matrix: 320 × 224; slice thickness: 2.0 mm; spacing: 0.2 mm; FOV: 
150 × 150. The parameters used for transverse axis scanning were 
as follows: repetition time (TR): 3570 ms; echo time (TE): 78ms; ma-
trix: 256 × 256; slice thickness: 3.0 mm; spacing: 0.2 mm; scanning 
range (FOV): 179 × 179.

F I G U R E  2   The clock method (Drace analysis) to evaluate joint 
disc position F I G U R E  3   Schematic diagram of Kurita analysis method
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2.3 | Evaluation of joint disc position

The clock method (Drace method) as shown in Figure 2 was used to 
evaluate the joint disc position. The analysis was performed as de-
scribed earlier 23 with the closed oblique sagittal T1WI image which 
shows a clear demarcation line between the posterior disc zone and 
the bilateral plate zone (ie, the disc demarcation line). The preserva-
tion of the normal anatomical relationship after the long-term usage 
of MAD is evaluated.

Kurita analysis, as described earlier,24 was used to study the posi-
tional changes of condylar process, articular disc and articular fossa 
with respect to each other before and after treatment as shown in 
Figure 3.

2.4 | Oblique coronal plane measurement method

The PDW1 image taken from the occlusal oblique coronal plane, 
displaying the condyle and its neck, was used for this analysis as de-
scribed earlier.25 In brief, two vertical lines were drawn on the inner 
and outer edges of the condyle and the articular disc, inner edge line 
A, C and the outer edge line B, D respectively. The distance between 
lines A and C is the distance between the inner edges of the disc 
and condyle, and the distance between lines B and D is the distance 
between the outer edges of the disc and condyle. The medial mar-
gin, line A, is negatively spaced at the inner edge of line C, while the 
lateral margin, line B, is negatively spaced at the outer edge of line 
D. If the distance between the inner edge of the disc and condyle is 
positive, it means that the inner edge of the disc exceeds the inner 
edge of the condyle inward and the outer edge of the disc represents 
that the outer edge of the disc exceeds the outer edge of the condyle 
outward.

2.5 | Other observed indicators

The T1WI image from the oblique sagittal plane was analysed for 
the changes of condylar bone including condylar plane, osteophyte, 
cortical resorption and destruction, and the short condyle. With the 
T2WI image, high signal areas in the articular cavity denoting joint 
effusion were analysed.

2.6 | Methods for evaluation of mandibular changes

2.6.1 | Instrument preparation

In this experiment, zinc phosphate was used to adhere the prepared 
magnetic steel to the middle one-third surface of the labial side of 
the mandibular teeth; the proximal mid-incisor from the mandibu-
lar central incisor was used as the experimental marker point, and 
the centre of the magnetic steel handle was positively positioned 
to the marker point; the magnetic steel was not always in contact 

with the maxillary dentition during the median occlusion, protrusion 
occlusion and lateral occlusion. The surface electromyogram was 
attached to the anterior bundle of temporal muscle and masseter 
muscle on both sides of the patient, respectively, and the facial arch 
was correctly placed in the external auditory canal and fixed on the 
head connected the sensor.

2.6.2 | Detection of mandibular motion trajectory

A mandibular trajectory tracer was used to detect the marginal tra-
jectory of mandibular tangential points, the trajectory of kowtow, 
the trajectory of chewing and the motion amplitude of each axis, 
the trajectory of bilateral condyles, the inclination of forward and 
lateral non-working condyles, and the Bennett angle of patients with 
OSAHS before and 6 months after MAD treatment. The mandibu-
lar movement modes recorded were as follows: mandibular incision 
margin movement (including maximum mouth opening movement; 
maximum forward movement; left and right lateral movement); per-
cussion movement; mandibular chewing movement (chewing gum, 
left and right sides chewing for 30 seconds, respectively).

2.6.3 | Electromyography of masticatory muscles

Sterile cotton ball was dipped in 95% medical ethanol and used to 
degrease the skin at the test site. After the skin was dry, surface 
electromyograms were attached to the test site, surface electrodes 
were placed, and grounding wires were placed behind the neck. 
Simultaneously with mandibular motion trajectory detection, EMG 
signals of bilateral anterior temporal muscle bundle and masseter 
muscle surface were collected and recorded. For, bilateral anterior 
temporal muscle bundles the electrodes were placed at the outer 
auditory meatus edge forward about 6 cm, vertical upward about 
6 cm, located on the orbital-auricular plane. For, masseter muscle the 
electrodes were placed at external auditory meatus edge forward 

TA B L E  1   Socio-demographic and clinical characteristics of the 
participants (mean ± SD, mm)

Parameters Cohort 1 Cohort 2

Mean (SD) age 41.75 ± 6.23 44.73 ± 8.95

Gender

Male:Female 7:3 8:2

APNOEA severity

Mild 9 9

Moderate 11 11

Body mass indexa  21.72 + 3.46

Minimum SaO2%a  82.80 + 5.77

AHI/ times. H-1a  17.00 + 5.98

aProvided for the combined set of patients. 
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about 2.5 cm, vertical down about 6 cm, in the upper and anterior 
position of the mandibular angle.

2.7 | Statistical analysis

All experimental data were processed by SPSS21.0 version. Paired 
t test and descriptive statistics were used in the analysis. The dif-
ference in mean values and percentages before and after treatment 
were analysed. P value of < 0.05 was considered to be statistically 
significant.

3  | RESULTS

A total of twenty patients treated with MAD (Table 1) were included 
in each cohort (cohort 1 and 2). The participants were recruited be-
tween February 2015 and October 2015 (for Cohort 1) and January 
2014 and September 2015 (for Cohort 2), in the Department of 
Stomatology, Yannan Hospital, Kunming, China. There were no drop-
outs due to non-compliance with MAD.

3.1 | Drace analysis results

After 18 months of MAD treatment, there was no significant devia-
tion in the degree of the angle. Table 2; Figure 4A,B.

3.2 | Measurement results by Kurita method

The analysis of positional relationship between condylar process, 
articular disc and articular fossa revealed non-significant difference 
in the position of condylar process and articular disc with reference 
to articular fossa. Similarly, there was no significant difference in the 

position of articular disc and condylar process before and after treat-
ment (Table 2; Figure 4C,D).

3.3 | Measurements of oblique coronal position

For the coronal measurement of oblique closure, the inner edge of 
the articular disc went inward beyond the inner edge of the con-
dyle and the outer edge of the disc did not exceed the outer edge of 
the condyle. There was no significant difference between the two 
groups before and after treatment for both inner and outer edge 
spacing (P > .05). (Table 2; Figure 4E,F).

After 6 months of MAD treatment, the movement track of man-
dibular incisor opening and closing had high consistency, good re-
peatability, no significant difference before and after treatment, no 
left-right deviation on coronal plane and horizontal plane; the max-
imum movement track of mandibular incisor opening was mainly 
smooth curve in coronal plane, sagittal plane and horizontal plane, 
and the smoothness was mainly smooth curve in treatment. There 
was no significant difference before and after treatment, and there 
was no significant difference between the open and closed types 
of subjects before and after treatment. Before and after treatment, 
the opening trajectory on sagittal plane was located behind the 
closing trajectory, and the opening trajectory and closing trajectory 
were separated in the front and middle part of the trajectory, and 
the degree of separation was comparatively consistent before and 
after treatment. The mandibular tangential point forward move-
ment had good repeatability and smoothness in the horizontal and 
sagittal trajectory curves, and there was no significant difference 
between the left and right margins of the mandibular tangential 
point before and after treatment. The symmetry and smoothness 
of the curve on the coronal plane are good. The derailment curve 
and the entry curve are partially separated, but the symmetry, 
smoothness and separation degree of the curve are consistent be-
fore and after treatment.

Parameters
Before treatment 
(Mean ± SD)

After treatment 
(Mean ± SD) T values

P 
values

Drace analysis—location of articular disc before and after treatment

Left side (°) 8.50 ± 2.07 8.92 ± 1.50 1.38 0.19

Right side (°) 8.53 ± 1.15 8.95 ± 1.39 1.65 0.12

Kurita analysis measurement

TD/TP 0.41 + 0.06 0.40 + 0.06 0.35 0.74

TC/TP 0.58 + 0.05 0.56 + 0.06 0.85 0.42

TD/TC 0.70 + 0.07 0.70 + 0.08 0.19 0.85

Oblique coronal measurements

Inner edge 
spacing

0.54 ± 1.37 0.63 ± 1.41 0.81 0.42

Outer edge 
spacing

−1.55 ± 1.16 −1.73 ± 1.23 1.42 0.17

Note: No significant difference between before and after treatment, P > .05.

TA B L E  2   Measurement results from 
MRI images



894  |     ZHOU et al.

3.4 | Quantitative analysis of three-dimensional 
trajectory of mandibular tangential edge motion

3.4.1 | Maximum mouth opening track amplitude at 
mandibular incision point

After 6 months of MAD treatment, the maximum trajectory ampli-
tude of mandibular incisal opening did not change in the horizontal 
direction of coronal plane, but decreased slightly in the vertical di-
rection of sagittal plane. There was no significant difference in the 
trajectory amplitude of mandibular incisal maximal mouth opening 

on horizontal, sagittal and coronal planes before and after treatment 
for 6 months (P > .05). Table 3.

3.4.2 | Track amplitude of mandibular 
tangential protrusion

After 6 months of MAD treatment, the trajectory amplitude of man-
dibular incision protrusion did not change horizontally, but slightly 
decreased horizontally in sagittal plane. There was no significant dif-
ference in the trajectory amplitude of mandibular incision protrusion 

F I G U R E  4   Temporomandibular 
changes before and after treatment with 
MAD. A and B, MRI obtained with Drace 
analysis. C and D, MRI obtained with 
Kurita analysis. E and F, Measurements 
of oblique coronal position [Colour figure 
can be viewed at wileyonlinelibrary.com]

(A) (B)

(C) (D)

(E) (F)
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on horizontal, sagittal and coronal planes before and after treatment 
for 6 months (P > .05). Table 3.

3.4.3 | Contrast amplitude of mandibular tangential 
protrusion locus

After 6 months of MAD treatment, the left margin of mandibular 
incision increased slightly in the horizontal direction of the coronal 
plane and decreased slightly in the vertical direction of the horizon-
tal plane. Before treatment and 6 months after treatment, there 
was no significant difference in the trajectory amplitude of the left 
margin movement of mandibular incision on horizontal, sagittal and 
coronal planes (P > .05). Table 3.

3.4.4 | Track amplitude of the right margin of 
mandibular tangential point

Six months after MAD treatment, the right margin of mandibu-
lar incision increased slightly horizontally in the coronal plane and 
decreased slightly vertically in the horizontal plane. There was 
no significant difference in the trajectory amplitude of the right 
margin movement of mandibular incision in horizontal, sagittal and 
coronal planes before and after treatment for 6 months (P > .05). 
Table 3.

3.5 | Quantitative analysis of three-dimensional 
motion amplitude of mandibular incision chewing

3.5.1 | Three-dimensional amplitude of left chewing 
movement at mandibular incision

After 6 months of MAD treatment, the amplitude of left chewing 
locus at mandibular incision increased slightly in coronal plane, and 
the amplitude at sagittal plane was almost the same. There was no 
significant difference in horizontal, sagittal, coronal and coronal 
masticatory ring width between subjects before MAD and 6 months 
after MAD treatment (P > .05), Table 4.

3.5.2 | Three-dimensional amplitude of right 
chewing movement at mandibular incision

After 6 months of MAD treatment, the range of left chewing locus at 
mandibular incision increased slightly in coronal plane, sagittal plane 
and horizontal plane. There was no significant difference in horizon-
tal, sagittal, coronal and coronal masticatory ring width between the 
right side of mandibular incision before and 6 months after MAD 
treatment (P > .05), Table 4.

3.6 | Mandibular margin motion, central 
motion of condyle and lateral condylar inclination of 
protrusion and sagittal plane

3.6.1 | Movements of mandibular margin and 
central motion of condyle

When the mandibular condylar process centre was in the maxi-
mum opening movement, the repeatability of derailment and entry 
curve was good, the separation degree of sagittal alignment curve 
was consistent before and after treatment, the movement direction 
was stable, the trajectory was smooth on the coronal, horizontal 
and sagittal planes, and there was no significant difference before 
and after treatment. The motion amplitude of the working side was 
smaller than that of the non-working side, while the sagittal plane 
was smooth. The upper short line part represents the central motion 
trajectory of the lateral condyle of the working side during the left 
and right lateral movement. The trajectory figure of the working side 
is small and unclear, while the trajectory of the lateral condyle of 
the non-working side is clear, stable and reproducible. The trajectory 
amplitude of the lateral motion and the forward motion is obviously 
smaller than the maximum open motion amplitude. The central tra-
jectory of bilateral condyles was symmetrical; the curve was smooth 
and reproducible. The trajectory shape, smoothness and reproduc-
ibility of bilateral condyles were consistent before treatment and 
6 months after MAD treatment.

3.7 | Bilateral anterior extension condylar 
inclination, non-working lateral condylar inclination 
(sagittal plane) and Bennett angle measurement 
(horizontal plane)

3.7.1 | Left protrusion, non-working lateral condylar 
slope and Bennett angle

There was no significant difference in left anterior extension, lateral 
condylar slope and Bennett angle between the mild and moderate 
OSAHS patients before and 6 months after MAD treatment (P > .05), 
Table 5.

3.7.2 | Right protrusion, non-working lateral 
condylar slope and Bennett angle

There was no significant difference in right protrusion, lateral con-
dylar inclination and Bennett angle between patients with mild 
and moderate OSAHS before and 6 months after MAD treatment 
(P > .05), Table 5.

Six months after MAD treatment, the forward motion track of 
mandibular tangential point decreased slightly in the centre of left 
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condyle on sagittal plane, and the left condyle inclination decreased 
slightly. The symmetry of left and right condyle was comparable be-
fore and after treatment.

Six months after MAD treatment, the inclination of the non-working 
lateral condyle in the sagittal trajectory decreased slightly, while that in 
the sagittal trajectory increased slightly when the mandibular tangential 
point moved to the right. The symmetry of the non-working lateral con-
dyle in the sagittal trajectory was comparable before and after treatment.

After 6 months of MAD treatment, the Bennett angle in the 
horizontal trajectory decreased slightly while the left and right 

side of mandibular incision moved, and the Bennett angle was 
positive.

3.8 | Analysis of other indicators of TMJ changes 
observed by MRI scanning

The analysis of TMJ changes after 18 months of MAD usage re-
vealed no hyperplasia of condylar bone and smooth surface and no 
change of condylar bone when observed in oblique sagittal T1WI 

Parameters
Coronal plain 
(mm)

Sagittal plain 
(mm)

Horizontal 
plain (mm)

Maximum opening trajectory amplitude at mandibular tangent point

Before treatment (mean ± SD) 31.07 ± 2.58 23.60 ± 7.21 1.91 ± 0.61

After treatment (mean ± SD) 31.10 ± 2.57 23.64 ± 7.10 1.88 ± 0.61

T values 1.823 0.450 1.584

P values 0.084 0.658 0.130

The range of forward motion trajectory at mandibular tangential point

Before treatment (mean ± SD) 3.92 ± 0.85 8.14 ± 1.93 1.47 ± 0.43

After treatment(mean ± SD) 3.93 ± 0.83 7.68 ± 2.29 1.47 ± 0.44

T values 0.937 1.026 0.380

P values 0.361 0.318 0.708

Track amplitude of left margin of mandibular tangential point

Before treatment (mean ± SD) 3.99 ± 0.49 2.46 ± 0.85 6.92 ± 1.21

After treatment (mean ± SD) 3.98 ± 0.51 2.47 ± 0.83 6.94 ± 1.20

T values 0.016 0.857 2.001

P values 0.987 0.402 0.060

The range of the right margin motion trajectory of the mandibular tangential point

Before treatment (mean ± SD) 3.83 ± 0.72 2.07 ± 0.64 6.80 ± 1.12

After treatment (mean ± SD) 3.82 ± 0.71 2.08 ± 0.64 6.81 ± 1.10

T values 0.371 1.791 0.849

P values 0.71 0.089 0.406

Note: There was no significant difference before and after treatment, P > .05.

TA B L E  3   Quantitative analysis 
of three-dimensional trajectory of 
mandibular tangential edge motion

Parameters
Coronal 
plane (mm)

Sagittal 
plane (mm)

Horizontal 
plane (mm)

Coronal 
width(mm)

The range of left chewing locus at mandibular cut point

Before treatment 
(mean ± SD)

13.58 ± 3.64 6.02 ± 2.20 3.13 ± 1.56 4.09 ± 1.20

After treatment (mean ± SD) 13.59 ± 3.61 6.07 ± 2.26 3.13 ± 1.55 4.14 ± 1.24

T values 1.764 0.809 0.230 1.157

P values 0.09 0.428 0.821 0.262

The range of right chewing locus at mandibular cut point

Before treatment 
(mean ± SD)

13.58 ± 3.64 6.02 ± 2.20 3.58 ± 1.95 4.09 ± 1.35

After treatment (mean ± SD) 13.59 ± 3.61 6.07 ± 2.26 3.58 ± 1.93 4.15 ± 1.39

T values 1.764 0.809 0.580 1.127

P values 0.094 0.428 0.569 0.274

Note: There was no significant difference before and after treatment, P > .05.

TA B L E  4   Quantitative analysis of 
three-dimensional motion amplitude of 
mandibular incision chewing
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MRI scanning. Also, no joint effusion was found in any of the pa-
tients enrolled when observed with T2WI MRI scanning.

3.9 | Changes of surface electromyography of 
temporalis anterior bundle and masseter muscle of 
mandibular movement

3.9.1 | Qualitative description of the changes of 
EMG of mandibular margin movement, masticatory 
movement, anterior temporal muscle bundle and 
masseter muscle surface before and after treatment

Before and 6 months after MAD treatment, the regularity of EMG 
cycle in mandibular marginal movement and masticatory movement 
was consistent, the coordination between unilateral masseter and 
temporal muscle was consistent, the symmetry of bilateral homo-
nyms was consistent, and the alternation of EMG peaks and troughs 
were stable and consistent.

3.10 | Comparisons of electromyography 
peak values of mandibular marginal movement, 
masticatory movement, anterior temporal muscle 
bundle and masseter muscle surface before and 
after treatment

3.10.1 | Comparison of peak electromyogram of 
masticatory muscles during mandibular maximum 
mouth opening exercise

There was no significant difference in the peak value of masticatory 
myoelectricity in patients with mild and moderate OSAHS before 
and 6 months after MAD treatment (P > .05). (Table 6).

3.10.2 | Comparison of peak 
electromyogram of masticatory muscles during 
mandibular protrusion exercise

There was no significant difference in the peak value of masticatory 
myoelectricity between patients with mild and moderate OSAHS 
before and 6 months after MAD treatment (P > .05). (Table 6).

3.10.3 | Comparison of peak 
electromyogram of masticatory muscles during left 
lateral mandibular movement

There was no significant difference in the peak value of masticatory 
myoelectricity between patients with mild and moderate OSAHS 
before and 6 months after MAD treatment (P > .05). (Table 6).

3.10.4 | Comparison of peak 
electromyogram of masticatory muscles during right 
lateral mandibular movement

There was no significant difference in the peak value of masticatory 
myoelectricity between patients with mild and moderate OSAHS 
before and 6 months after MAD treatment (P > .05). (Table 6).

3.10.5 | Comparison of peak electromyogram of 
masticatory muscles during left mandibular 
chewing exercise

There was no significant difference in the peak value of masticatory 
myoelectricity between patients with mild and moderate OSAHS 
before and 6 months after MAD treatment (P > .05). (Table 6).

TA B L E  5   Bilateral anterior extension condylar inclination, non-working lateral condylar inclination (sagittal plane) and Bennett angle 
measurement (horizontal plane)

Parameters
Prolonged condylar 
inclination (°)

Sagittal non-working side condylar inclination 
(°)

Bennet 
angle (°)

Left protrusion, non-working lateral condylar slope and Bennett angle

Before Treatment (mean ± SD) 36.22 ± 0.57 41.02 ± 1.24 4.40 ± 0.37

After Treatment (mean ± SD) 36.23 ± 0.56 41.02 ± 1.23 4.40±0.36

T values 1.235 1.584 0.623

P values 0.232 0.130 0.541

Right protrusion, sagittal non-working lateral condylar slope and Bennett angle

Before treatment (mean ± SD) 36.22 ± 0.57 41.02 ± 1.24 4.40 ± 0.37

After treatment (mean ± SD) 36.23 ± 0.56 41.02 ± 1.23 4.40±0.36

T values 1.235 1.584 0.623

P values 0.232 0.130 0.541

Note: There was no significant difference before and after treatment, P > .05.
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3.10.6 | Comparison of peak electromyogram of 
masticatory muscles during right mandibular 
chewing exercise

For right mandibular mastication before and 6 months after MAD 
treatment in a patient with mild or moderate OSAHS, there was no 
significant difference in peak EMG of masticatory muscles during 
exercise (P > .05). (Table 6).

4  | DISCUSSION

We present the anatomical changes in the form of TMJs and man-
dibular changes observed after the use of MAD by mild-to-moderate 

OSAHS patients in this study. For the TMJ changes analysed through 
MRI scanning, after 18 months of treatment with MAD, there was no 
significant deviation in the angle of joint disc position. A minor change 
which was not statistically significant was observed in the positional 
relationship between condylar process, articular disc and articular 
fossa. In addition to this, no significant changes in inner and outer edge 
spacing were observed before and after treatment with MAD.

There are several reports for temporomandibular side effects 
like jaw or facial muscle pain, changes in occlusion like change in 
incisor inclination and decrease in overjet and overbite, TMJ pain, 
related with the use of MADs.26-30 However, there are studies which 
reported no significant side effects with long-term use of these de-
vices.19,20,31-33 A study assessed the MADs for the treatment of snor-
ing and OSA for more than five years and reported that 95% were 

TA B L E  6   Comparisons of electromyography peak values for mandibular marginal movement, masticatory movement, anterior temporal 
muscle bundle and masseter muscle surface

Parameters LMV (mv) RMM (mv) LTA (mv) RTA (mv)

Peak electromyogram of masticatory muscles during maximum mouth opening exercise at mandibular cut point

Before treatment (mean ± SD) 59.45 ± 11.03 74.00 ± 12.57 60.00 ± 12.54 58.70 ± 13.81

After treatment (mean ± SD) 59.30 ± 10.98 73.80 ± 12.77 59.80 ± 12.44 57.60 ± 12.93

T values 0.900 1.453 1.073 1.287

P values 0.379 0.163 0.297 0.214

Peak electromyogram of masticatory muscles during mandibular protrusion exercise

Before treatment (mean ± SD) 50.10 ± 12.99 55.60 ± 15.59 57.85 ± 13.68 56.85 ± 10.25

After treatment (mean ± SD) 50.00 ± 13.06 55.40 ± 15.78 57.70 ± 13.76 56.60 ± 10.24

T values 0.623 1.453 1.831 1.751

P values 0.541 0.163 0.083 0.096

Peak electromyogram of masticatory muscles during left lateral mandibular movement

Before treatment (mean ± SD) 75.90 ± 13.09 50.95 ± 10.12 72.05 ± 13.24 52.15 ± 5.82

After treatment (mean ± SD) 75.75 ± 13.04 50.75 ± 10.19 71.75 ± 13.24 52.00 ± 5.84

T values 1.831 1.710 2.042 1.000

P values 0.083 0.104 0.055 0.33005

Peak electromyogram of masticatory muscles during right lateral mandibular movement

Before treatment (mean ± SD) 31.55 ± 6.62 80.30 ± 12.08 50.75 ± 8.81 78.70 ± 9.57

After treatment (mean ± SD) 31.60 ± 6.77 80.15 ± 12.17 50.65 ± 8.77 78.65 ± 9.58

T values 0.370 1.831 0.698 0.370

P values 0.716 0.083 0.494 0.716

Peak electromyogram of masticatory muscles during left mandibular chewing exercise

Before treatment (mean ± SD) 192.75 ± 13.87 94.20 ± 7.74 169.85 ± 14.00 69.10 ± 11.46

After treatment (mean ± SD) 192.80 ± 13.79 94.25 ± 7.57 169.60 ± 14.02 69.20 ± 11.47

T values -0.370 -0.295 1.751 -0.698

P values 0.716 0.772 0.096 0.494

Peak electromyogram of masticatory muscles during right mandibular chewing exercise

Before treatment (mean ± SD) 84.60 ± 10.19 194.85 ± 11.13 67.60 ± 10.90 178.5 ± 12.36

After treatment (mean ± SD) 84.70 ± 10.18 194.90 ± 11.28 67.70 ± 10.54 178.65 ± 12.37

T values 0.809 0.370 0.698 1.831

P values 0.428 0.716 0.494 0.083

Note: There was no significant difference before and after treatment, P > .05.
LMM, left masseter; RMM, right masseter; LTA, left anterior temporalis; RTA, right anterior temporalis
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satisfied with the treatment and reported a non-significant change 
in the TMJs after the use of the device.33 A questionnaire-based 
long-term study, evaluating the symptoms of temporomandibular 
dysfunction (TMD) in patients with OSA treated with MADs showed 
a significantly decreased TMD symptoms throughout treatment 
(P < .01).32 A cephalometric analysis of cranio-facial changes for the 
long-term use of MAD for OSA revealed no significant changes in 
skeletal variables.20 In line with the above reports, our study also 
reports non-significant TMJ changes with long-term use of MAD. 
Thus, it may be inferred that MAD may be safe for long-term use in 
OSAHS.

A recent systematic review and meta-analysis evaluating the 
effects of MAD involving OSA patients both with and without 
TMD signs and symptoms at baseline reveal that patients with 
prior signs and symptoms of TMD do not experience a significant 
increase in the symptoms due to MAD use and also suggest that 
presence of TMD need not be a routine contraindication for the 
use of MADs in OSA patient's management. However, in our study, 
patients with the history of TMD were not included.34 Another 
study assessing the long-term dental and skeletal side effects of 
MAD therapy suggest that though the dental side effects small, 
they are clinically relevant and patients should be informed prior 
and monitored regularly.35

There are many studies reporting the side effects of MADs on 
the TMJs, but to the best of our knowledge, there is scarcity of re-
ports for long-term TMJ changes examined through MRI. A study 
assessed the changes in TMJs morphology and condyle position 
after the insertion of MAD for 11.5 months, with the aid of MRI 
scanning. No observable remodelling, morphology change and sig-
nal intensity change in the TMJs were noted in the MRI during 
the study period.36 However, there are few studies which indicate 
that there may be some degree of TMJs and condylar changes, 
remodelling of the articular tuberosity and disc displacement due 
to the long-term use of MADs observed in MRI.37,38 In our study, 
the MAD showed no significant change in the TMJs, but long-term 
studies for two or more years with a greater sample size are still 
required to determine whether there will be any remodelling of 
the TMJs or neighbouring structures. In addition to this, there are 
reports for alterations in the masticatory muscles associated with 
the use of MADs.28,29

The activity of masticatory muscles can be analysed with the 
help of EMG both in the subjects with normal occlusion and altered 
occlusion.39 On this principle, in this study, EMG was used to record 
the tapping movement, marginal movement, masticatory movement, 
condylar centre movement and surface electromyography of mas-
ticatory muscles in patients with mild-to-moderate OSAHS before 
and after MAD treatment for 6 months. To the best of our knowl-
edge, it is the first report analysing the above parameters with the 
aid of EMG in the OSAHS patients using MAD. There was no signif-
icant difference in the shape and magnitude of mandibular incision 
edge movement, percussion movement, masticatory movement and 
condylar central trajectory among the recruited OSAHS patients, 
before and after 6 months of MAD treatment. In addition to this, the 

shape of masticatory ring at mandibular incision point, regularity and 
coordination of EMG of masticatory muscles after 6 months treat-
ment was consistent with those before treatment. A study deter-
mining the pressure pain thresholds (PPTs) of masticatory and neck 
muscles change after the application of MAD in patients with OSA 
showed no significant difference in the physiological functions of 
the masticatory muscle and neck muscles after 6 months of MAD 
treatment.40 Similar to our study findings, another study also re-
ported no greater changes in mandibular movements compared to 
control group after wearing MAD.41 However, in our study changes 
in mandibular movement were evaluated using EMG.

There are some limitations to this study. First, the sample 
size was too small. Second, follow-up time for both TMJ changes 
(18 months), mandibular locus and masticatory muscle changes 
(6 months) was relatively shorter. Thirdly, although MRI is consid-
ered as a comprehensive technique to evaluate TMJ (disc position, 
effusion, gross condylar changes, etc), considering the short fol-
low-up period and minor alteration in bone structures and form, 
more sensitive technique like CT/CBCT could provide subtle signs of 
degenerative joint disease.42 Additionally, due to polysomnography 
expenses and lack of patient compliance, we completed the analysis 
of only 20 patients in each cohort of the study. The TMJ changes 
in patients with predisposing conditions were not evaluated in the 
study. Also, the TMJ changes and EMG changes were not evaluated 
in the same cohort. Owing to the limited data for side effects for 
MAD in OSAHS patients from MRI scanning and electromyography, 
this study may provide preliminary data set for future research.

5  | CONCLUSION

From our study, it was evident that the effect of MAD on the 
stomatognathic system is minimal. However, since our study eval-
uated the outcomes for a shorter duration, further assessment 
evaluating the impact on a longer duration and on large cohort is 
warranted.
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