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Abstract
The aim of the study is to develop a functional hardware method for determining and recording sounds in TMJ
dysfunctions syndrome.
Material and methods: The study included 54 patients with temporomandibular dysfunction syndrome who had
previously undergone endodontic dental treatment. All patients had occlusion disorders due to errors after dental filling
restoration. To diagnose the TMJ, a CT scan was used. To optimize diagnosis of TMJ sound the modified portable
device for determining TMJ sound and a computer program to analyze and process the data obtained were used. All the
patients were given full-fledged endodontic treatment and restoration of the crown part, taking into account anatomical
features. The complex therapy also included therapy and magnetic laser therapy.
Results: The dynamics of the complex treatment of patients diagnosed with TMJ dysfunction syndrome showed that
after treatment, the clinical symptoms gradually decreased and disappeared at the end of treatment. CT scan a year after
treatment showed a normal ratio of TMJ elements. Registration of sounds before treatment and after complex treatment
showed a decrease and complete disappearance after 4 months.
Conclusions: The dysfunction syndrome TMJ is amenable to effective conservative treatment. Proposed modified
portable device for determining TMJ sounds provides more accurate auscultation and analysis of sounds in dysfunctions
syndrome TMJ, to record and store sounds in a digital or graphic image, makes it possible to analyze the dynamics of
treatment.
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Introduction TMJ disorders up to 25% of the population * 2. TMJ
disorders include anomalies in the intra-articular
position and/or structure of the disc, as well as
temporomandibular dysfunction (TMD) which is the
second most common disease of the musculoskeletal

Temporomandibular joint (TMJ) disorders are a class
of degenerative diseases of the musculoskeletal
system connected with morphological and functional
deformations. According to epidemiological data,
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system, causing pain and disability (after chronic low
back pain) 4>,

Clinical observations show that numerous factors
may play role in the progression of TMD and
degenerative changes connected with it. These
factors include injuries, parafunction, occlusion
disorders, functional overload & 7.

The polyethological nature of this pathology, the
complexity of the clinical picture and the diagnosis
and treatment connected with it, of course, should be
complex: relief of emotional stress
(psychotherapeutic treatment), medication,
physiotherapy, orthopedic, orthodontic occlusive and
others &4,

Signs and symptoms of diseases and dysfunctions of
the TMJ are different and depend on the duration of
the disorders and their chronicity, as well as on the
individual sensitivity of patients 5 16,

Clinical symptoms of dysfunctions syndrome TMJ is
manifested may include one or more of the following
symptoms: temporomandibular joint pain, headaches,
ear pain, muscle soreness, joint noises such as
clicking, popping or grinding, limited opening or
deviation of the mandible upon opening and occlusal
changes due to changes in the position of the
mandible. Therefore, correct identification of
symptoms and accurate diagnosis are essential for
future treatment.

Due to the complex and unique nature of each TMJ
case, diagnosis requires an individual analysis of the
patient, followed by various diagnostic modalities.
Similarly, it requires individual treatment taking into
account specific characteristics of each patient’s
disease.

Patient’s condition evaluation along with various
imaging methods can help to determine the stage of
disease, to diagnose and plan the treatment. The
assessment of the TMJ begins with a thorough
history and clinical examination. In some cases,
clinical examination data is enough for the
preliminary diagnosis and start conservative
treatment. However, other patients will require
diagnostic imaging of the TMJ to provide
information that is not available on clinical
examination ¥. As a result, TMJ identification can
include any combination of the following diagnostic
methods: magnetic resonance imaging (MRI),
computed tomography (CT), simple and panoramic
radiography, arthrography. CT scan is considered the

most useful for visualizing the TMJ bones while MRI
is considered the most useful for soft tissues
visualization, including the disc and its articular ratio.
Arthrography is an invasive intra-articular
examination; its usual indication is visualization of
changes in the articular disc. Due to the inherent risk
of this method, it has been superseded by MRI
evaluation 821, Ultrasonography (US) examination,
can be a useful option in the assessment of disc
position in internal TMJ disorders. Ultrasound is
indicated when MRI is contraindicated, to
differentiate between TMJ and painful conditions of
the major salivary glands 2224,

One of the symptoms of dysfunctions syndrome TMJ
is sound in the joint area while opening and closing
the mouth. In this regard, electrosonography is a
productive method, as it allows you to fill in the
missing information characterizing the TMJ
condition 2>2%, Because electrosonography can pick
up sounds that we have difficulty hearing, it can help
us detect TMJ early. Electrosonography also helps us
accurately characterize sounds. By looking at the
specific shape of the sound waves on the
electrosonograph, we can understand exactly what is
happening in the jaw joint in order to make a more
accurate diagnosis. Joint sounds are analyzed by the
computer in terms of amplitude and frequency
present depending on their occurrence in the opening
and closing cycles. It is a valuable adjunct used in
conjunction with other clinical diagnostic methods to
confirm such joint pathology conditions. Especially
when we can combine it with other CT scan data and
other measurements.

Amplitude, frequency, duration and location of joint
sounds can be recorded to identify and quantify
different levels of joint health. This allows us to see
if the TMJ is getting worse or if treatment is helping
to reduce stress on the jaw joints. Claims for the use
of sonography to distinguish between different
intracapsular conditions of the TMJ have not been
supported by well-designed studies 2’?°. The use of
additional functional methods in patients with TMJ
can improve the efficiency of diagnosis and monitor
the dynamics of treatment.

The aim of the study is to develop a functional
hardware method for determining and recording
sounds in TMJ dysfunctions syndrome.
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Material and methods

The study included 54 patients (males 28, females
26, the age range was 26-48 years with a mean of
35.2 years) with clinical features consistent with TMJ
dysfunctions syndrome were enrolled who had
previously undergone endodontic dental treatment.
Patients examined for pain on palpation, at
rest/during movement, muscle pain, sound on jaw
movement. The symptoms and signs included pain
around the joint, in the pre-auricular region, in the
muscles of mastication and the ear, limited or
abnormal range of motion, and cranial and/or muscle
pain, sound in the joint area while opening and
closing the mouth.

Based on the clinical analysis of the patients with
TMJ dysfunctions, can state that almost all the
patients had occlusion disorders due to errors in
dental filling.

When examining the fillings, much attention was
paid to the marginal fit of the filling, contact points,
height in relation to the antagonist teeth, and the state
of the periapical tissues. Based on x-ray studies, the
guality of root canal filling was determined. To
diagnose the TMJ, a CT scan was used, which
provided information about the condition of the
tissues, the position of the axes of the joint heads

(fig. 1).

Figure 1: Computer tomography (CT) before treatment

To optimize the differential diagnosis of joint sound
the ESGI apparatus and a computer program to
analyze and process the data obtained were used. To
detect and record sound in TMJ with higher
accuracy, have developed a method to record sound
by converting an audio signal into an electrical one.
The aim is to reduce the level of signal distortion and
ease of device use. An ultra-sensitive microphone,
built into the microphone of the hearing aid for a
more accurate and high-quality assessment of the
TMJ condition, was used. This functional method in
electronic form makes it possible to analyze the

treatment dynamics, to record and store in a digital or
graphic image.

The sound recording device consists of a
microphone, a hearing aid that amplifies the signal, a
sound guide, and a computer connected to the
microphone output (fig. 2).

Figure 2: General view portable device for determining
TMJ sounds

The device has a mechanical vibration sensor (1)
connected to each other, an electrical signal amplifier
(2) and a computer with a program for processing
and recording signals (3). The body of the device is
in the form of headphone with a spring arc (4), a
sensor (1), an autonomous power source (6), and an
electric signal amplifier (2). The sensor (1) and the
amplifier (2) are connected to the power supply (6),
i.e., they have a common power supply. Amplifier
output (7) is connected to the computer (3) by a
cable. The second part of the headphone (8) has an
additional (auxiliary) function and does not contain
any active nodes, it only provides a reliable fit of the
body (5) to the examined temporomandibular joint.
To record and analyze acoustic sounds, any computer
with an appropriate program is used which allows to
standardize acoustic parameters in a three-coordinate
system (time-frequency-intensity). An ultra-sensitive
Cyber Sonik device is used as an electrical signal
amplifier with the following characteristics. Sound
intensity is the strength of a sound wave (amplitude)
and is measured in decibels (“dB”), is normally from
10-30 dB.

The patient opened and closed his mouth with
maximum amplitude, the sound was recorded using
highly  sensitive  microphones, which  were
superimposed on the skin surface in the area of the
joints. The recording was made during four cycles of
opening and closing of the mouth. Further, the
program performed noise analysis according to the
above-mentioned parameters. Diagnostics of the TMJ
condition was carried out by interpreting the obtained
data. Normal function of the joints was characterized
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by noiseless movement of the head joint during
rotation and progression. In this case, the disc is
always on the joint head, moving with it. Contraction
of the superior belly of the lateral pterygoid muscle
causes an anteromedial effect on the disc, and the
elastic resistance of the retrocondylar tissues causes
smooth movement of the joint head and disc.

Each patient’s course of treatment was worked out
basing on the clinical and X-ray assessment of the
disease, the causes preceding its development and
occurrence. In any case, if the patient complained of
pain in the TMJ area, both at rest and during the
lower jaw movement, treatment began with its relief.
All the patients were given full-fledged endodontic
treatment and restoration of the crown part, taking
into account anatomical features under the control of
X-ray diagnosis. To obtain the correct occlusal
height, casts of the upper and lower jaws, diagnostic
models were obtained, followed by their installation
in the articulator, after the detection of supercontacts
in the patient's oral cavity, they were occlusal
adjustments.

All the patients were treated symptomatically. The
complex therapy included analgesics, non-steroidal
anti-inflammatory drug, muscle relaxants and
relaxation therapies, topical analgesics gel. With the
myogenic type of pain, used 10 sessions of magnetic
laser therapy in the joint area. The CT data and sound
recording were carried out before treatment, after 3
months and 6 months.

Results

51 patients complained of pain around the joint, pre-
auricular region, muscles of mastication and the ear
region, while 37 patients complained of pain on
opening the mouth during mastication, 24 patients
had impaired movement of the jaws, mouth opening
was normal in 26 patients and reduced in 4 patients,
deviation of the mandible on closing was observed in
14 patients. 49 patients complained of sounds, in 37
patients clicking sounds were elicited, with crepitus
in 12 patients. All patients presented occlusion
disorders due to errors after dental filling restoration.
Complex treatment was effective in 87% of patients,
after 3-5 months gradually decreased pain, noise in
the joints, restriction of opening and closing of the
mouth disappeared. Patients recovered their chewing
functions, psycho-emotional state.

Live random data

..........

Figure 3 a, b: The sound intensity before after treatment

CT scan after 6 months treatment showed a normal
ratio of TMJ elements, the size of the bone parts of
the joint and the joint space were normal (fig. 4).

Figure 4. Computer tomography (CT) after 6 months
treatment

Data analysis showed a decrease in sound in the
dynamics of treatment and normalization of
parameters 3 months after treatment.

Discussion

The increase in the number of patients with TMJ
pathology can be explained by the improvement of
diagnostic and paraclinical methods, particularly due
to technical medical research %34,

Acute or chronic changes in occlusal ratio (super
contact), incomplete restoration of anatomical
features, are considered to be one of the fundamental
triggers in the pathogenesis dysfunction TMJ, since
premature contacts contribute to the forced dated
position of the lower jaw and the formation of
pathological conditions ** %, Therefore, each patient
must be analyzed in a specific way, and the treatment
approaches must be adapted to the specific
characteristics of the disease.

Malocclusion and occlusal interference are one of the
factors in the development of temporomandibular
disorders, so occlusal correction is included in the
complex treatment of TMJ 3 3%, Among these
factors, mistakes and complications in endodontic
interventions, restoration and filling of teeth, which
can cause TMJ dysfunction syndrome, should be
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taken away. For the TMD diagnosis, various methods
of diagnosing (MRI, CT, survey and panoramic
radiography, arthrography) are used *-*. In many
studies, sound recording is included in the diagnostic
arsenal in the diagnosis of TMJ dysfunction
syndrome 4550,

The click in the joint usually occurs when there is a
disruption in coordination movement between the
joint head and the disk. It is characterized by a short
sound of greater amplitude than crepitus. Double
click occurs when the disc is located at the end of the
joint head when the teeth are closed. When opening
the mouth, the joint head moves down and forward,
overcoming the resistance of the joint disc. At a
certain moment when opening the mouth, the disk
jumps onto the joint head, the click occurs, and from
that moment on, the disk moves along with the joint
head. The second click occurs when the disk jumps
back to the front position while closing the mouth.
As a rule, this occurs closer to the position of the
teeth closing.

The click has a larger amplitude (louder) when
opening the mouth than that of closing. A click
occurs in the process of opening the mouth when the
back disc gets thinner, stretches and the lateral and
retrocondylar gaments get thinner. The sonogram is
characterized by the presence of medium amplitude
sound followed by non-specific noise of low
amplitude and medium frequency. A number of
authors attribute this noise to the roughness of the
joint head and disc adhesion. The last click occurs at
the end of maximum mouth opening. Since, with the
maximum opening of the mouth, stretching and
thinning of the lateral and retrocondylar ligaments
occur, the click is characterized by a longer noise of a
higher frequency. More than 50% of normally
functioning joints have this click.

Crepitus is a clinical symptom of structural
degenerative changes in the articulating surfaces. An
increase in the frequency of noise is associated with
arthrosis. The higher is the frequency, the worse is
the degree of the affected joint. A typical sonogram
shows a long record of high frequency noise.
Assessment of articular sounds is considered a key
procedure and should be included as a diagnostic
criterion. The analysis of the sound (vibration)
frequency allows a more detailed differential
diagnosis of the joint tissue state.

Based on the foregoing, the purpose of this study was
to develop an auxiliary functional-hardware method
for diagnosing sound in patients with TMJ
dysfunction syndrome.

The study included 54 patients with TMJ dysfunction
syndrome who had previously undergone endodontic
dental treatment. The main patient complaints
included pain, difficulty or discomfort when biting or
chewing, clicking, popping or grinding sound when
opening or closing the mouth, ear pain, headache,
decreased ability to open or close the mouth. The
cause of the pain was abnormal contractions of the
masticatory  muscles, which  stimulated the
production of inflammatory substances around the
joint. To evaluate the effectiveness of the treatment
of patients with  temporomandibular  joint
dysfunction, along with clinical and radiological
methods for sound recording, a functional
electrosonoraphy was used. The simplicity of the
TMJ research method, non-invasiveness allows to
record noise using highly sensitive microphones
applied to the joint area and to record within 10-15
seconds.

This functional method in electronic form makes it
possible to analyze the course of activities used in the
treatment dynamics, to record and store in a digital or
graphic image. Complex treatment methods of the
examined patients included correction of the occlusal
height of filled teeth, 10 sessions of magneto-laser
therapy in the joint area, muscle relaxant, drug
treatment, manual therapy, massage, polystyrene and,
if indicated, orthopedic elimination of occlusal
disorders. Adequate psychotherapy, elimination of
traumatic factors, the use of pharmacotherapeutic
agents, physiotherapy, normalization of functioning
associated with occlusive factors, made it possible to
rehabilitate patients with impaired TMJ function.
Data analysis showed a decrease in sound in the
dynamics of treatment.

When planning therapeutic measures for TMJ
dysfunctions, it is necessary to carry out a clinical
and radiological assessment, orthopantomography,
CT scan, functional research methods
(electrosonography), as well as eliminate the causes
preceding its development (occlusal jaw ratios),
which will significantly increase the possibility to
diagnose and  treat  dysfunction of the
temporomandibular joint.
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Conclusion

The syndrome of pain dysfunction of the
temporomandibular joint is amenable to effective
conservative treatment. Proposed modified portable
device for determining TMJ sounds provides more
accurate auscultation and analysis of sounds in TMJ
dysfunctions, to record and store sounds in a digital
or graphic image, makes it possible to analyze the
dynamics of treatment.
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PETMCTPALIASA CYCTABHOI'O 3BYKA Y BOJIBHBIX C CHHAPOMOM JUC®YHKI[UI BHUC,
ACCOLHUHMPOBAHHBIM C HAPYIHEHUEM OKKJIIO3UHN
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[IpenonaBarens kadeapel TepaneBTUYECKOH CTOMATONOTHM EpeBaHCKOro rocyJapCTBEHHOTO MEIUIIMHCKOTO
yHuBepcuteTa UM. M. I'epaun, ApmeHust

IIpenogaBatens kadenpbl XHPYPTHUECKOW CTOMATONIOTHMH W YEIIOCTHO-THUIIEBOW XHUPYpruu EpeBaHCKOTro
roCy/IapCTBEHHOT 0 MEIMIIMHCKOr0 yHUBepcuTeTa uM. M. I'epatiu, Apmenus

[IperonaBarens Kkadeapsl MAETCKOW CTOMAaTONOTMM M OPTONOHTHM EpeBaHCKOro TrocyaapCTBEHHOTO
MEAMIHUHCKOT0 YHUuBepcuTeTa uM. M. ['epaun, ApMeHus

npodeccop Kadeapsl TepaneBTHYeckoi EpeBaHCKOro rocynapcTBEHHOTO MEAWIIMHCKOTO YHUBEpPCUTETa UM. M.
I'eparu, Apmenns

AOcTpakT
Henp uccnenoBanusi — pa3paboTka QyHKIHOHAIBHO-AMNAPATHOTO METO/A ONpPEACTICHUS U PEeruCTpallui 3ByKOB
npu cuaapome aucynkiun BHUC.
Martepunag u Meroabl: B uccrnenoBaHue BKIIOYEHBI 54 TalMEeHTa C CHHAPOMOM BHCOYHO-HIKHEYEITIOCTHOU
TcQYHKIMK, KOTOPBIM paHee MPOBOJUIIOCH dHOJOHTHIECKOE CTOMATONIOTHYECKOE JIeUeHHE. Y BCeX MaIMEeHTOB
UMENUCh HapyILIeHUs] NpUKyca H3-32 OWMOOK NpPHU BOCCTAaHOBJIECHHUHM IIOMOMPOBOYHOrO Matepuaina. s
nuarnoctTukn BHUC ucnosnp3oBanu KoMnpoTepHyto ToMorpaduio. s ontumuzannu auarnoctuky 3syka BHUC
WCTIONB30BAIM MOJU(HUIMPOBAHHBIA MOPTATUBHEIN mpubop ans onpeaenenus 3Byka BHUC u xoMmbroTepHYy O
nporpaMMy JUlsl aHanu3a U oOpaOOTKU MOJMYYEHHBIX AaHHBIX. BceM mamueHTaM OBLIO MPOBENEHO IMOJHOLEHHOE
9HJIOJIOHTHYECKOE JICUCHHE W BOCCTAHOBJICHHE KOPOHKOBOW 4YacTH C Y4eTOM aHaTOMHYECKHX ocoOeHHocTeH. .B
KOMIUIEKC TE€PANNU TaKKe BXOJWIN TEPAU 1 MarHUTOJIa3€pOTEPAIIHS.
Pe3yabTaThl: J[nHaMUKa KOMIUIEKCHOTO JieueHHs OOJBHBIX ¢ AuarHo3oM cuHapom nuchyakimn BHUC mokasana,
YTO TOCJIE JISYEHUS KIIMHUYECKHE CUMITTOMBI MTOCTENIEHHO YMEHBIIAINCh U Mcue3any K KoHiy jedeHus. KT gepes
roJl TIOCJIe JeUeHHs MoKa3ana HopMaiabHoe cooTHomeHue snemenToB BHUC. Perucrpanus 3ByKoB 10 JIeUeHHS U
rocJie KOMITJIEKCHOTO JIeUeHHs T0Ka3ajia MX YMEHBIIEHUE U MTOJIHOE HCUe3HOBEHHUE uepe3 4 Mec.
BoiBoabl: Cunapom auchynkumu BHUC nommaercs 3¢(dekTHBHOMY KOHCEPBATHBHOMY  JICUCHHUIO.
[IpenyioxxenHblii MOAM(PUIMPOBAHHBIA TOPTATUBHBIA Npubop At omnpeneneHus 3BykoB BHUC obecneunBaer
Ooyiee TOYHYIO ayCKYJbTAIMI0 W aHAIW3 3BYKOB Ipu JucyHKusx curiapoma BHUC, 3ammck n coxpaHeHue
3BYKOB B HU(PPOBOM HJIH IrpaduuecKoM M300pakeHUH, 1aET BO3MOKXHOCTD aHAJIHM3UPOBATh TUHAMUKY JICUCHHUSI.
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