ORIGINAL RESEARCH

Treatment of Temporomandibular Disorders of
Muscular Origin with a Silicon Oral Device (Alifix®):
Electromyographic Analysis
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A B S T R AC T
Aim: The aim of this work was to evaluate if the use of a silicone device for muscular rebalancing (Alifix®) can be useful in treating of
temporomandibular disorders (TMD) of muscular origin and improving the electromyographic indexes of the chewing muscles.
Materials and methods: Thirteen patients (11 F and 2 M aged between 24 years and 65 years) with TMD of muscular origin according to
diagnostic criteria (DC)/TMD were involved. At the first visit (T0), each patient reported the pain intensity of masseters and temporal muscles.
A surface electromyography (EMG) was performed using Teethan® (Teethan S.p.A.) and then Alifix® was delivered instructing the patient on
its use. Each subject was visited again after 1 month (T1) and 2 months (T2). New EMG had been made at T1 and T2, and patients were asked
again to report the pain intensity. Statistical analysis was calculated between T0 and T1, T1 and T2, and T0 and T2 for all EMG, and muscle pain
measurements by Wilcoxon test with statistical significance p < 0.05.
Results: Regarding the pain values between T0 and T1, T1 and T2, and T0 and T2, the difference is statistically significant, since the intensity
of pain between T0 and T2 is decreased, if not disappeared, in 90% of cases. The use of Alifix® also determined a gradual improvement in the
values of the EMG indexes, which, however, is not statistically significant.
Conclusion: The effectiveness of Alifix® is demonstrated clinically but not at an instrumental level. Further studies involving a larger sample
and taking longer therapy duration are needed.
Clinical significance: Alifix® works by improving the blood circulation of the muscle, which allows the removal of catabolites with a consequent
reduction of the algic symptomatology and promotes a greater supply of oxygen. It also encourages a conversion of IIA type muscle fibers into
slow-twitch type I fibers that are more resistant to neuromuscular fatigue.
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AIM
Temporomandibular disorders are among the most difficult pain
pathologies to treat, are a complex disease, and their nature has
not yet been fully understood. Their origin is often uncertain,
even after the execution of all clinical and instrumental diagnostic
procedures.1–6
A large percentage of patients with TMD report pain on the
masticatory muscles and have signs and symptoms of muscle
alteration.2–8
Among the different devices proposed for the resolution
of TMD, oral splints have proved effective in reducing pain, but
there are other devices that allow a controlled training of chewing
muscles.2,3,5,9
Pain control as in other dental disciplines can be achieved and
controlled with different devices yet described or innovative.10–21
Several studies state that the masticatory musculature of
symptomatic patients with temporomandibular disorders (TMD)
produces reduced electrical potentials and a less efficient clenching
force. Hence, the muscles become more easily subjected to
neuromuscular fatigue when compared to the force developed by
healthy subjects.3,4,6,8,22
In these situations, adequate muscle training determines
a better function, while reducing pain and disability. Changes
in muscle fiber are also promoted, both in terms of size and
composition. With this training, strength and resistance to
neuromuscular fatigue also increase.23,24
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The training of the masticatory muscles has already been
successfully tested in healthy subjects. In particular, the protocols
that provided exercises based on mastication (isotonic contraction)
have shown to have a greater compliance compared to protocols
based on exercises based on clenching (isometric contraction).3,23–25
In this study, subjects with TMD of muscular origin have been
proposed to use a device (Alifix®) designed for the training of
chewing muscles to verify the effects of muscular training on the
surface EMG indexes chewing muscles and the intensity of pain.
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Treatment of Temporomandibular Disorders with Alifix®
Alifix® is made of silicone and consists of two separate elements,
right and left, mirrored to each other (Figs 1 and 2).
Each element is formed by a vertical disk that rests on the cheek
and a horizontal part with a wedge to be inserted between the
teeth, whose thickness varies from one end to the other.
Once positioned between the teeth Alifix® uses chewing and
swallowing movement to perform muscle training exercises, in
order to stimulate and rebalance the muscular system of the mouth.

M AT E R I A L S

AND

METHODS

The electrodes used were bipolar circular-shaped with a diameter
of 1 cm and pre-gelled with saline base conductive gel. After
cleansing the skin with gauze soaked in 90% denatured ethyl
alcohol to remove the sebum, they were placed at the belly of the
masseters (at the intersection of the tragus-commissure labial and
exocanthion-gonion lines) and along the anterior border of the
temporal muscle, at the level of the coronal suture, after palpation
of the muscles in maximum clenching. The inter-electrode distance
was kept constant at 2 cm (Fig. 3).
The acquisition protocol used consists of two tests with a
duration of 5 seconds each:

For this study, 13 patients (11 female and 2 male between the
age of 24 years and 65 years) with TMD of muscular origin were
recruited, and whose diagnosis was placed after anamnesis and
gnathologic visit conducted following the DC/TMD (diagnostic
criteria of temporomandibular disorders of 2014).26
This study was conducted at the Clinic of Dentistry, Department
of Surgery and Translational Medicine of San Gerardo Hospital,
in Monza. Each patient subscribed the informed consent at the
beginning of the treatment.
The inclusion criteria were permanent dentition with premolar
contacts and at least one molar contact for hemiarcata; they should
not suffer from acute problems (inflammatory or infectious);
periodontal disease in the acute phase and mobility of the teeth;
mono- or bilateral acute joint locking; cognitive/neurological
deficits and nervous pathologies; tumors; and current or previous
traumas in the head–neck area (trauma/mandibular or dental
fractures, tissue lesions). Further exclusion criteria were active
orthodontic therapy at the time of screening and use of analgesics,
anti-inflammatories, and drugs for the treatment of psychiatric
illnesses.
For the evaluation of pain, the research diagnostic criteria
(RDC)/TMD questionnaires of 2011 have been used, because based
on a numerical scale, more useful for statistical analysis, unlike
those belonging to DC/TMD that detect pain solely on its presence
or absence, without attributing a number to describe its intensity.
At each appointment, the patient reported a value between
0 and 3 to describe the pain intensity of masseters and temporal
muscles. The averages of these values are shown in Table 1.
Patients with TMD of muscular origin were recruited for the
study and the first visit corresponds to the T0 phase.
During the first visit, the patients were subjected to surface EMG
of masseters and temporal muscles using Teethan® (Teethan S.p.A.).

The test on cotton rolls allowed to calibrate the EMG on the
specific patient analyzed. If the calibration were not performed,
the investigations would have been influenced by several factors
such as cross-talk (analysis of nearby muscles), skin conductivity
(variable depending on the tissue composition) and skin condition
(sweating), and position of the probes. What was analyzed during
the calibration is not the occlusion, but the maximum muscle
activity expressed as the electrical activity that the muscles can
express without the dental contact (ideal condition).
This value is used to normalize the data, term which means that
the software automatically compares the calibration and acquisition
tests and evaluates, through EMG indexes, how the neuromuscular
activity changes once the dental contact is inserted.
This working protocol allows obtaining repeatable results and
reliable normal ranges.27
Each patient underwent two recordings: a test on cottons with
eyes open and a test in MVC on teeth with eyes open.
During the test, the patient was seated on a straight back chair
without metal structures, with the feet touching the floor, the hands
along the thighs, and the head straight with the eyes facing a plain
wall. During the 5 seconds of each trial, the patient was continuously
encouraged to keep the maximum clenching strength.
Measurements taken using EMG were processed by Teethan®
software which returns numerical values for each EMG index
analyzed: percentage of overlapping coefficient of temporal
muscles and masseters (POC TA, POC MM), barycenter, the center

Fig. 1: Correct positioning of Alifix® in the mouth

Fig. 2: Alifix® device
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•
•

Clenching test on cottons (to be placed on the 5th/6th element,
without constraining the canine guidance and not too close to
the cheeks not to alter proprioception)
Test in maximum voluntary clenching (MVC) on teeth.
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Table 1: Mean pain of temporal muscles, masseters, and both from T0 to T2
Muscles
Patient
E.D.
T0
T1
T2
G.G.
T0
T1
T2
R.G.
T0
T1
T2
C.G.
T0
T1
T2
F.V.
T0
T1
T2
B.G.
T0
T1
T2
R.R.
T0
T1
T2
S.Y.
T0
T1
T2
J.J.
T0
T1
T2
M.C.
T0
T1
T2

RT

LT

RM

LM

Total mean pain

Temporals mean
pain

Masseters mean
pain

1
2
1

2
1
3

1
2
0

1
2
0

1.25
1.75
1

1.5
1.5
2

1
2
0

2
0
0

0
2
0

2
0
0

3
2
0

1.75
1
0

1
1
0

2.5
1
0

3
3
1

3
2
1

1
1
0

1
1
0

2
1.75
0.5

3
2.5
1

1
1
0

2
2
0

0
1
0

3
1
0

0
0
0

1.25
1
0

1
1.5
0

1.5
0.5
0

3
1
1

0
0
0

3
2
0

0
0
0

1.5
0.75
0.25

1.5
0.5
0.5

1.5
1
0

0
0
0

1
2
2

0
0
0

3
2
2

1
1
1

0.5
1
1

1.5
1
1

3
0
0

1
0
0

0
0
0

0
0
0

1
0
0

2
0
0

0
0
0

0
0
0

0
0
0

3
3
1

3
2
1

1.5
1.25
0.5

0
0
0

3
2.5
1

3
1
0

2
1
0

1
0
0

1
0
0

1.75
0.5
0

2.5
1
0

1
0
0

0
0
0

0
0
0

2
0
0

1
0
0

0.75
0
0

0
0
0

1.5
0
0

RT, right temporal muscle; LT, left temporal muscle; RM, right masseter; and LM, left masseter

of muscular work which can be anterior or posterior (BAR), right or
left torsion (TORS).
At the end of the first session, Alifix® was delivered to each
subject after checking the comfortable position of reference,
i.e., with the greater thickness of the wedge placed anteriorly or
posteriorly.
Three patients who received Alifix® did not show up at the
controls; hence, only 10 patients were considered in the series.
Then the fatigue test was performed: the patient was asked to
chew Alifix® to identify the time necessary for the occurrence of

the first symptoms of muscular fatigue on masseters or temporal
muscles. The time taken to achieve this feeling of muscular
fatigue was recorded by the operator using a stopwatch and was
used, taking as a reference the training table provided by the
manufacturer, to program the exercises that the patient would
later perform at home using Alifix®. The exercise protocol consisted
of an alternation of minutes of chewing Alifix to minutes of rest in
which the patient does not chew but keeps Alifix® in the mouth,
which however performs its function during swallowing. The goal
was to reach 5 minutes of consecutive chewing without feeling
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any muscular fatigue. So, according to the result of the fatigue
test, patients were instructed to train with Alifix® once a day
increasing the chewing time of 1 minute per week, until reaching
the aforementioned 5 minutes.
Each subject in the test group was visited in two other sessions,
1 month (T1) and 2 months (T2) after T0, during which he was again
subjected to clinical pain assessment, using the RDC/TMD forms,
and EMG of temporal muscles and masseter muscles using Teethan®.
The patient was then asked to continue therapy with Alifix for up
to a month after the symptoms disappeared.
The statistical analysis of the EMG indexes was performed by
comparing the values obtained between T0 and T1, T1 and T2,
and T0 and T2.

R E S U LTS
For the evaluation of pain change, a statistical analysis was carried
out. The general muscular pain values and that of masseters and
temporal muscles alone have been compared between T0 and T1,
T1 and T2, and T0 and T2.
Since the data collected do not follow a Gaussian distribution,
the Wilcoxon rank test was chosen for all the statistical analyses.
Statistical significance was set with p < 0.05.
Data for statistical analyses were processed in an Excel
spreadsheet.
Three patients, who received Alifix® but did not show up at the
T1 or T2, were not included in the statistical analysis that was made
only on 10 patients.

EMG Indexes Variation
The use of Alifix® has led to a progressive increase in the values
of the POC TA, POC MM, and BAR indexes, which however is not
statistically significant. The values are shown in Table 2. A single
exception is represented by the TORS index which at first decreases
and then increases.

However, it is noted that the averages of the POC TA and
POC MM indexes go from nonphysiological values, respectively,
74.853 and 74.981 in phase T0 to values that in phase T2 are within
the normal range (between 83 and 100); in fact these averages
reach the values of 83.377 for POC TA and 86.861 for POC MM.
This consideration translates clinically into a more symmetrical
distribution of muscular activity of masseters and temporal muscles.
The EMG index BAR of the test group in phase T0 has an average
value equal to 79.993, which increases up to 85.052 in phase T2 after
the use of Alifix®, reaching the normal range which is between 85
and 115.
The mean TORS index of the test group corresponds to 87.265 in
T0 phase and reaches the value of 89.772 after 2 months of therapy
with Alifix®, falling almost within the normal range that for TORS is
between 90 and 100 (Fig. 4).

Pain Variation
The mean values of muscle pain referred by the patient are
reported in Table 1 and the statistical analysis is based on them.
In the comparison between T0 and T1, T1 and T2, and T0 and T2,
the difference between the numerical values relative to the pain
scale (i.e., the decrease of the algic symptomatology over time) is
statistically significant.
In 80% of the cases, the test group declared at the second
session (T1) a decrease in pain symptoms, 10% reported worsening
and the remaining 10% did not notice any changes.
At the third session (T2), 50% of patients reported a total
disappearance of pain, 40% reported a further decrease compared
to the second session, and the remaining 10% did not find benefits
from using Alifix®.
Regarding solely the temporal muscles, we noticed a decrease
in pain in 75% of the cases from the T0 phase to the T2 phase,
while for the masseters alone the pain decreased in 100% of the
cases. The progression of the average general muscular pain of the
localized pain in temporal muscles and of the pain located at the
masseters for each individual patient is illustrated. The averages
related to the intensity of pain, both for masseters and temporal
muscles together and separately, are progressively decreasing,
demonstrating the resolving effect that Alifix® exerts toward the
algic symptoms (Figs 5 to 8).

C O N C LU S I O N
The inability to gently chew Alifix® for consecutive 5 minutes
without experiencing pain or fatigue to the masseter or temporal
muscles is an indication of a TMD of muscular origin. This situation
indicates the presence of an altered metabolism of the muscle with
changes in the response to proprioceptive stimuli and the need for
adequate training of the chewing muscles.
The therapy with Alifix® in subjects with TMD of muscular
origin aims to achieve a balanced and symmetrical distribution of
muscular forces and to resolve the algic symptomatology.
The changes made by Alifix® have been evaluated from both
an instrumental and clinical point of view.

Fig. 3: Electromyographic analysis

Table 2: Mean electromyographic values (percentage of overlapping coefficient, barycenter, and torsion) from T0 to T2
Mean electromyographic values
T0
T1
T2
1370

Temporal muscles POC
74.853
76.256
83.377

Masseters POC
74.981
82.567
86.861

Mean POC
74.9185
79.3715
85.1195
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BAR
79.993
80.453
85.052

TORS
87.265
85.032
89.772

Treatment of Temporomandibular Disorders with Alifix®

Fig. 4: Example of an electromyographic report: improvements from T1 to T2

Fig. 5: Mean electromyographic Teethan® (Teethan S.p.A.) indexes. It can be noticed that they increase to higher (i.e., more physiological) values
from T0 (before treatment) to T2 (after 2 months of treatment with Alifix®)

Muscle activity plays a dominant role in the physiology
of occlusion and on the func tion and dysfunc tion of
temporomandibular joint (TMJ).
From the instrumental point of view, the EMG is an important
aid to assess the state of health of the neuromuscular system and
the muscular components of the stomatognathic apparatus, as
well as the possible pathological changes of the other components
of the system. Occlusal alteration may be due to a disharmonic
spatial position of the mandible, resulting in a force that alters
the neuromuscular balance of the stomatognathic apparatus and
forces the muscles to assume forced and unbalanced positions.
When the jaw is moving, there may be dental interference that
forces muscle dynamics to disharmonic functional patterns with
consequent pathology of the muscles themselves. Alterations in

the TMJ can also cause muscular dysfunction that results in painful
and dysfunctional syndromes (Fig. 9).
As seen by Pimenta Ferreira et al., patients with TMD
have lower muscle oxygen extraction capacity than healthy
subjects. 28,29 Chewing Alifix® the patient carries out a series of
isometric contractions of the masticatory muscles and allows the
development of a hypertrophy of the muscular fibers, which is
accompanied by a better blood supply which allows the removal
of the catabolites with a consequent reduction of the pain
symptomatology and promotes moreover a greater irroration of
oxygen, with consequent less tendency to hypoxia during muscular
job. The effect of the increase in muscular volume is manifested by
an increase in work capacity and therefore in muscle strength. It is
hypothesized that the use of Alifix® can favor the conversion of IIA
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Fig. 6: Total mean pain from T0 (before treatment) to T2 (after 2 months of treatment with Alifix®)

Fig. 7: Mean pain of temporal muscles from T0 (before treatment) to T2 (after 2 months of treatment with Alifix®)

Fig. 8: Mean pain of masseters from T0 (before treatment) to T2 (after 2 months of treatment with Alifix®)

type muscle fibers into type I muscle fibers, with slow contraction
and more resistant to neuromuscular fatigue. These considerations
are based on the ability of skeletal muscles to change their
anatomical, histochemical, and biochemical characteristics

1372

according to the stimuli to which they are subjected. Changes
in the type and size of fibers are often associated with changes
in intensity, duration, and frequency of muscle activation by the
central nervous system.23,28,29
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Fig. 9: Variations in total muscular pain

Typically, resistance training of a skeletal muscle, for
example, by repeated isometric contraction, causes an increase
in muscle thickness and improves muscle strength. Therefore,
the section of the fibers increases, both slow and fast ones,
with consequent hypertrophy. Moreover, fibers subjected to
exercise form more myofilaments and myofibrils, store more
glycogen, and have a greater mitochondrial content and a
greater aerobic-oxidative potential of energy supply, which
makes them more resistant to neuromuscular fatigue. It should
be noted that adaptive changes in dimensions are completely
reversible. 30,31
From studies carried out in rats by Manabe et al., it has been
seen that in the skeletal muscles subjected to training the glycogen
content increased and that this phenomenon was accompanied
by an increase in the expression of the glycogen synthase protein,
the activity of glycogen synthase, and the activity of PP1 (protein
phosphatase 1). 32 It is assumed that these events also occur in the
muscles of mastication following the use of Alifix®.
Alifix® during its use eliminates the dental contact in order
to stop the occlusal input and muscular imbalance and achieve
muscle relaxation. Thanks to the two separate parts, it moves
independently and continuously during chewing. This offers
another important advantage from the neurophysiological point
of view: it determines a continuous variation of proprioceptive
stimuli, increasing the wealth of information for muscle rebalancing.
By asking the patient to place the horizontal part of Alifix® with
the greater thickness placed anteriorly or posteriorly depending
on its greater comfort, it is possible to compensate imbalances
in the dental support. A greater posterior thickness compensates
the lack of posterior support, activates more the masseter muscle,
and promotes a cervical muscular organization that determines
a straightening of the head. A greater anterior thickness, on
the contrary, compensates for the lack of anterior support and
activates more the temporal muscle, facilitating the extension of
the head.33,34

CLINICAL SIGNIFICANCE
Alifix® has proven to be a useful device for resolving the algic
symptomatology in TMD of muscular origin. Muscle function,
assessed by surface EMG, showed an improvement in the POC

TA, POC MM, BAR, and TORS indexes, even if not statistically
significative. From these considerations, we conclude that the
efficacy of Alifix® is clinically demonstrated.
However, further studies involving a larger sample and taking
longer duration of therapy are needed. It is possible that the use
of Alifix® over time may bring the EMG values within the normal
ranges, bringing a statistically significant improvement on the
degree of muscular balance.
This study presented as a limit the patient’s collaboration
in performing the recommended exercises, as 40% of patients
revealed that they were not consistent with Alifix® therapy.
The worsening of the painful condition, the absence of benefits,
or the decrease in pain possibly prompted the patients not to feel
the need to perform the therapy consistently.
It is likely that patients who have reported pain increase have
exaggerated with the chewing force during the exercises or have
not stopped in case of signs of fatigue or tension as prescribed by
the operator.
Another limitation is the subjective nature of pain, which cannot
be measured by instrumental investigations but only described by
patients. Finally, a further limit is the small number of the sample.
It should be noted that three patients who received Alifix® did not
show up at the controls and therefore were not included in the
series.
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