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Pa3spaboTka nepcoHanu3MpoBaHHOro YCTPOMCTBA
ANA UccnepoBaHUsA XeBaTesibHbIX U BUCOUYHBIX MbILLL
y nauuentoB ¢ aucpyHkuuein BHYC

C.B. AnpecsH, A.l'. Crenanos, U.[. bopoauHa, M.A. KuptowwmH

Poccuitckuit yHuepeuteT opyx0bl Hapoaos umenn Matpuca Jlymym6el, Mocksa, Poccuitckas ®epepaums

AHHOTALMA

AKTyanbHocTb. B HacTosiLee BpeMs 30110TbIM CTAHAAPTOM MArHOCTUKM COCTOSIHUA JKeBaTesbHOW MyCKynaTypbl ABASeETCS
anekTpommorpadus (AMI).

[laHHbIN MeTop, N03BONSET OLEHUTb BMO3NEKTPUYECKMEe NOTEHLManbl BbIOPaHHbIX AS AWarHOCTUKM MblLL, 6uoaneKTpuye-
CKWI NOKOMW, CPeaHIon aMnvTyny bronoTeHLUManoB, BpeMs 04HOTO XEBATENIbHOM0 LMKIIA U KONUYECTBO COBEPLLEHHBIX JKe-
BaTesbHbIX ABUKEHUN.

B cTomaTonoruyecKoii npakTMKe WUCMOMb3YKTCA 3NEKTPOMUOTpadhbl, 3NEKTPOAbI KOTOPbIX KPEMATCA K KOXe pasfinyHbIMU
crnocobamm: ¢ NOMOLUbLI0 KNes UM 3NeKTponpoBoaMMoro rens. [lng yctaHoBKM YacTo TpebyeTcs MHOro BpeMeHW, B CBA3U
C NOABMXHOCTBIO AATHMKOB CHUXAETCA [OCTOBEPHOCTb MOYYEHHOro pe3ynbraTta. K ToMy Xe npu npoBeAeHUN HECKONIbKUX
nccneposanuii 3MIT y naumeHTa Ha pasfiMyHbIX 3Tanax eYeHNs HET YBEPEHHOCTU B TOM, YTO MOTOPHas Touka byaer BbibpaHa
B aHaJIOMMYHOM MECTe, U3 Yero CriefyeT BbiBOJ, O HETOYHOCTM MOYYEHHBIX AAHHBIX U UX CPaBHEHMS.

Llenb nccnepoBaHus — paspaboTaTb U NPUMEHUTL B KIIMHUYECKOW MPAKTUKE KOHCTPYKLIMIO NEPCOHANM3MPOBAHHOIO YCTPOM-
cTBa 418 npoBefeHns M eBaTeNbHbIX MbILLL, C BO3MOXHOCTbH) PEMNPE3EHTATUBHOTO NOBTOPEHMS UCCELOBaAHMS.
Matepuanbl u MeToAbl. [IpoBeEHHBIN aHaNN3 MHDOPMALMOHHBIX MCTOYHMKOB HaY4YHOW IUTepaTypbl No3BoaMN paspaboTaTtb
W NPOM3BECTM YCTPOICTBO 18 npoBefeHns M.

Pesynbrarbl. TexHMUECKVUM pe3yNbTaToOM SBNISIETCA YNPOLLEHUE METOAMKY, YiyulleHue GUKcaLumn AaTYMKOB U COKpaLLeHue
BpeMeHn npoBeaeHns IMI, BO3MOXKHOCTb penpe3eHTaTUBHO MOBTOPATb UCCNE0BaHME Ha PasfiMyHbIX 3Tanax JieyeHus na-
LMeHTa.

3akniouenue. PaspaboTaHHoe yCTPOWCTBO M MeTof npoBefeHns MM No3B0OSISET NPU MEHbLUEM KOJIMYECTBE 3aTPayeHHOro
BPEMEHM YMPOLLEHHBIM CNOCOBOM NONYYMTbL TOUHBIN pe3ynbTaT uccnesoBaHus. lpy HeobxoAMMOCTU NOBTOPEHMSA UCCNe0Ba-
HWS NOMyYeHHble AaHHble ByayT penpe3eHTaTUBHbI.

KnioueBble cnoBa: anexktpomuorpadus; bpyKCU3M; rMNepToHUA XeBaTeNbHbIX Mbilwl; 3D-neyatb; cToMaTtonornyeckue
CAD/CAM-TexHonoruu.

Kak uutupoBatb:

AnpecsH C.B., CrenaHos A.l"., bopoawmHa W.J., KuptowmH M.A. PaspaboTka nepcoHani3vMpoBaHHOM0 YCTPOMCTBA A MCCNe0BaHNS eBaTebHbIX 1 BUCOUHbIX
MBILLIL, Y NaLmeHToB ¢ ancdyHKumein BHYC // Poccuiickuii croMaTonoruyeckui xypHan. 2023. 7. 27, Ne 4. C. 347-354.

DOI: https://doi.org/10.17816/dent123233

Pykonucb nonyyena: 18.01.2023 Pykonucb opno6peHa: 03.02.2023 Ony6nukoBaHa: 24.08.2023

A
3KO®BEKTOP CraTbA gocTynHa no nuuensum CC BY-NC-ND 4.0 International
© 3Ko-BekTop, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.17816/dent123233
https://crossmark.crossref.org/dialog/?doi=10.17816/dent123233&domain=PDF&date_stamp=2023-10-23

348

DIGITAL DENTISTRY Vol. 27 (4) 2023 Russian Journal of Dentistry

DOI: https://doi.org/10.17816/dent123233
Original Study Article

Development of a personalized device for the study
of masticatory and temporal muscles in patients
with TMJ dysfunction

Samvel V. Apresyan, Alexandr G. Stepanov, Irina D. Borodina, Maxim A. Kiryushin

Peoples’ Friendship University of Russia, Moscow, Russian Federation

ABSTRACT

BACKGROUND: The current gold standard for diagnosing a masticatory muscle condition is electromyography (EMG). This
method allows us to evaluate the hioelectric potential of the muscle selected for diagnosis, bioelectric rest, the average
amplitude of the biopotentials, the time of one chewing cycle, and the number of chewing movements performed. EMG is used
in dental practice, and the electrodes are attached to the skin with glue or an electrically conductive gel. Installation often takes
a long time and the reliability of the results decreases due to the movement of the sensors. Furthermore, when conducting
several EMG studies on a patient at various stages of treatment, the motor point may not be in the same place, suggesting that
the data obtained and any comparisons are inaccurate.

AIM: To design and develop a personalized device for performing masticatory muscle EMG with accurate repetition.
MATERIALS AND METHODS: Analysis of information in the literature made it possible to develop and produce a device for
conducting EMG.

RESULTS: The technical result was a simplification of the methodology, including improved fixation of the sensors, which
reduced the EMG time, and the ability to repeat the study at various stages of a patient’s treatment.

CONCLUSION: This device and EMG method provide a simplified way to obtain an accurate result in a shorter time. Thus, the
data obtained would be representative if the study was repeated.

Keywords: electromyography; bruxism; masticatory muscle hypertension; 3D printing; dental CAD/CAM technologies.
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BACKGROUND

Diseases of the temporomandibular joint (TMJ) are quite
common in dental practice. According to the World Health
Organization in 2008, the prevalence of this pathology
among people aged 35-45 years was more than 75%. In
most cases, patients also have concomitant hypertension
of the masticatory muscles. However, few authors have
reported the reverse mechanism of the development of TMJ
dysfunction and claim that hypertension of the masticatory
muscles is the original reason for TMJ [1].

Chronic stress is among the factors affecting changes in
the function of the masticatory muscles. A manifestation that
affects the functioning of masticatory muscles is bruxism. An
increase in activity of the masticatory muscles occurs due to
tension in the central nervous system, which is manifested by
day or night clenching of the teeth (clenching and bruxism),
and disrupted normal operation [2, 3].

The activity of the masticatory muscles is also affected
by functional overload, occlusion disorders associated with
the presence of premature contact, pathological erasability
and nonphysiological movements of the mandible, dental
anomalies, deformities of the facial skeleton, fractures, and
mandibular injuries [4—6].

Due to the polyetiological nature or unspecified etiology
of these pathologies, choosing the correct stage of the
complex treatment is important [7-10]. Modern methods to
assess the masticatory muscle conditions include surface
electromyography (EMG) [11-16].

This method allows for an evaluation of the bioelectric
potential and rest of the muscle selected for diagnosis, the
average amplitude of the biopotential, the duration of one
chewing cycle, and the number of chewing movements
performed [17].

Electromyographs with four or eight sensors are used
in dental practice and are attached to the skin with glue,
electrically conductive gel, or special solid-gel electrodes.
Installation often takes a long time, due to the mobility of
the sensors, so the reliability of the results can be low.
Furthermore, when conducting several EMG studies there is
no certainty that the motor point selected will be in the same
place in a patient at various stages of treatment, leading to
inaccurate data.

This study aimed to develop and produce a personalized
device for performing accurate EMG of masticatory muscles
[18-20].

MATERIALS AND METHODS

We analyzed international and domestic electronic
databases to develop a personalized EMG device. An EMG
method for the lateral pterygoid muscles was reported,
including introducing electrodes into the oral cavity, the
imposition of surface electrodes on the skin of the face to
project the zygomatic bone to the right or left, and determining
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the frequency and amplitude of the action potentials of the
muscle fibers at rest and with physical effort. The first stage
was to palpate the lateral pterygoid muscle on both sides.
An individual impression spoon was made, so anatomical
formations in the palpated area of the lateral pterygoid
muscle could be visualized. A correction was made using
articulation paper to determine the location of the electrodes
after fitting the spoon. A device that contained an individual
impression spoon was inserted into the oral cavity and
pressed tangentially toward the area of the lateral pterygoid
muscle in the palpated area. Semilunar cutouts were made,
in which two round electrodes were positioned, the wires
from which ran along the outer sides of the spoon and had
two fixators in the form of hooks, after which the device was
pressed against a hard plate [21].

An EMG method using surface electrodes has been
reported. Such electrodes were applied to the skin above the
area of the muscle motor point. The skin was wiped with
alcohol before applying the electrode and moistened with an
isotonic sodium chloride solution. The electrode was fixed
over the muscle with rubber bands, cuffs, or a Band-Aid.
If a long-term study was necessary, a special electrode paste
used in electroencephalography was applied to the area [22].

Elastic tape has been reported for fixing electrodes. An
additional piece of elastic tape for fixing the back of the head
is on the device. The tape was rigidly fastened to the first piece
of tape at an angle of 40°-45° to fix under the chin, and the
ends of the tape were equipped with Velcro fasteners [12].

This invention is aimed at performing representative EMG
of the masticatory and temporal muscles.

RESULTS

The sensors for the EMG (Fig. 1) were fixed to the
patient’s head using a locking device that included elastic
bands connected (Fig. 2). The study was carried out at rest
and under functional loading. The sensors were fixed in the
center of the masticatory and temporal muscles, as defined
by palpation.

Fig. 1. Sensors for “Kolibri" electromyography (Neurotech LLC,
Waukesha, WI, USA) and the clamping screws.
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Fig. 2. Elastic band with transverse tape.

The fixing device was an elastic hoop that fastened
around the patient’s head and transversely connected along
the parietal part of the head with another elastic band.
A plastic sleeve was placed on both sides of the projected
temporal part of the hoop, which moved horizontally along
the hoop. A polymer plate with a rectangular slot was
attached to this sleeve with a clamping screw (Fig. 3).
The plate could be adjusted by moving the plate along
a slot in the vertical direction. A wireless EMG sensor was
fixed to this plate with a fixing screw in the projection of
the temporal muscle, and tightly pressed by the sensing
electrodes to the skin or hair on the patient’s head.
A smaller plate was fixed to that plate with a clamping
screw, in which a wireless EMG sensor was fixed with
a clamping screw, and tightly pressed by the sensing
electrodes to the skin in the projection of the masticatory
muscles. The polymer plates were manufactured to move
in vertical and horizontal directions relative to each other,
with a graduated centimeter scale along the length of the
plates on their outer surface.

Pressing the wireless sensor electrodes to the
patient’s skin using this method made it possible to

Fig. 3. Polymer plugs created by 3D printing, and horizontal plates
with rectangular holes and fixing screws.
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conduct research under poor fixation conditions with

adhesive compounds, such as patients with a beard or

hair on the temporal muscles.

This method can be changed for a patient by moving the
sensors along the polymer plates in vertical and horizontal
directions and fixing them with the clamping screws.

A centimeter scale applied to the outer surface of the
polymer plates allowed for repeated EMG during different
treatment periods in the same patient, which was important
for the representativeness of the data.

The EMG method for the masticatory and temporal
muscles was carried out as follows:

+ An elastic tape hoop was fixed to the patient’s head and
transversely connected along the parietal part of the head
with another elastic band. Plastic bushings were placed
on the elastic hoop on both sides in the projection of the
temporal part, the thickness of which corresponded to the
thickness of the EMG sensor.

« A polymer plate with a rectangular slot in the central part
was attached to the plastic bushings with a clamping
screw.

« A wireless EMG sensor was fixed to this plate with
a fixing screw in the projection of the temporal muscle,
which was tightly pressed to the patient’s scalp with the
sensing electrodes.

A similar plate was fixed to this plate with a clamping
screw, to which the wireless EMG sensor was fixed with
a clamping screw, tightly pressing the sensing electrodes
to the patient’s skin in the projection of the chewing
muscles.

« The middles of the muscles have been previously
determined by palpation.

« Perform superficial EMG of the temporal and masticatory
muscles.

« If necessary, repeat the studies at different times during
treatment by installing the sensors on a graduated scale
at the same values.

Clinical case

Patient G, 23 years old, presented to the clinic (Figs. 4—6),
complaining of pain in the masticatory muscles during the
morning and grinding of teeth at night. The examination
revealed signs of hypertension in the masticatory muscles.
The patient was referred for surface EMG of the masticatory
and temporal muscles.

The elastic band hoop was fixed to the patient’'s head
(Fig. 7) and transversely connected along the parietal part of
the head with another elastic band. Vertical polymer plates
in the projection of the temporal and masticatory muscles
were fixed to plastic bushings with clamping screws. The
electrophysiological signals from the Hummingbird wireless
monitoring sensor complex (Neurotech, Waukesha, WI,
USA) were fixed in the slots of the vertical and horizontal
plates with clamping screws, which tightly pressed them
to the patient’s face with the electrodes, having installed
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Fig. 4. Patient portrait photographs at the initial appointment: @ — portrait photo 90 degrees to the right; b — full-face portrait photo;

¢ — portrait photo 90 degrees to the left.

Fig. 5. Photograph of the patient’s smile.

them in the middle of the temporal and masticatory muscles
previously determined by palpation. Superficial EMG of the
temporal and masticatory muscles was performed. All EMGs
were recorded in a sitting position without head support.

The activity of the masticatory muscles was recorded
simultaneously from four muscles, including the masticatory
and anterior bundles of the temporal muscles on the right
and left. The parameters of symmetry between the left and
right masticatory and the left and right temporal muscles
were calculated, as well as the average bioelectric activity
(uA) of all four muscles. The first EMG activity measurements
of the masticatory muscles were carried out in a state of
relative physiological rest. Then, to assess the effect of an
occlusal factor on the biocelectric activity of the masticatory
muscles, a study was conducted with usual occlusion and
maximum volitional compression of the jaw. All studies were
conducted within 10 s.

The locations of the sensors, recorded on a centimeter
scale, were recorded in the patient’s chart.

We manufactured a muscle-relaxant night mouth guard
for the patient based on the results of these studies.

Similar EMG studies were carried out after 3 and
6 months, using the sensors installed that followed the
locations recorded in the medical history.

DOl https://doi.org/10.17816/dent123233

Fig. 6. Intraoral photographs of the patient in occlusion.

Fig. 7. Fixing the device during electromyography.

In both cases, the sensors retained contact with the skin,
and representative EMG values were obtained.

The average pA of the masticatory muscles at rest before
the start of treatment was 68. After the start of treatment
with an occlusive splint, a decrease of 7% was recorded at
rest after 3 months and 11% after 6 months.

The average symmetry indicator value of the masticatory
muscles was 91% 3 months after the start of treatment.
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Fig. 8. Modeling of the plugs, horizontal plates, and fixing the
screws in the Blender program (Blender Foundation).

Then, the indicator increased slightly by 3%. After 6 months
at the end of treatment, a significant increase of 4% in the
symmetry of the masticatory muscles was recorded.

The average symmetry index value of the temporal
muscles was 90%; however, the work of the temporal
muscles became 3% more symmetrical 3 months after the
start of treatment and increased by 4% after 6 months.

DISCUSSION

The EMG device designed and introduced in this
study to assess masticatory muscles was a flexible loop
that incorporated a horizontal strip. This loop features
rectangular slots, created through 3D printing, onto which
plates were fixed using clamping screws on both sides,
facilitated by a plastic sleeve. The horizontal plates were
attached to vertically positioned plates with clamping
screws. Plates with rectangular slots and plastic bushings
were created using Blender 3D modeling software,
version 3.4.0 (Blender Foundation) (Fig. 8). The plates and
bushings were manufactured using additive technologies
and polymer dental material (Harz Labs Dental Tray), which
has the necessary physical and mechanical properties.
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CONCLUSION

The use of a personalized device for performing EMG of
the masticatory muscles allowed for:

« simplification of the research methodology with less time
needed to install the sensors;

« increased reliability of the results due to fixation of the
sensors and the possibility of generating representative
EMGs of the masticatory muscles;

« improved fixation of the sensors under unsatisfactory
conditions by fixing the electrodes with an adhesive base.
Further studies are needed to identify the statistical

differences in the clinical results.
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