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ELECTROMYOGRAPHIC EVALUATION OF JAW MUSCLES
IN PATIENTS WITH DISTAL OCCLUSION

Electromyography is the most objective and reliable technique for evaluating muscle function and efficiency
by detecting their electrical potentials, assessing the extent and duration of muscle activity. The main aim
of surface electromyography is to detect the signals from many muscle fibers in the area of the detecting surface
electrodes. Studies by many foreign and domestic researchers have identified the impact of sagittal malocclusion
on the function of the masticatory muscles.

The aim of our study was to establish the relationship between the distal occlusion and the activity
of the masticatory muscles in orthodontic patients.

Methods: 15 orthodontic patients aged (15.3340.86) years with a distal occlusion were examined. The results
of clinical and functional examinations during and after orthodontic treatment were analysed.

An electromyographic study of the masticatory and temporomandibular muscles in the examined patients
was performed. Patients were examined in accordance with the main requirements of the Helsinki Declaration
for Biomedical Research (Seoul, 2008).

Scientific novelty. The electromyographic activity of the biopotentials of the masseter and masseter muscles
in stable and advanced position of the mandible in 15 patients with a distal occlusion was compared. A significant
difference was found between stable and asdvanced position of mandibular in decreasing of the following
parameters: in the maximum chewing amplitude of the left anterior temporalis muscle, the maximum chewing
amplitude of the right anterior temporalis muscle, n the maximum chewing amplitude of the left masseter
muscle, and the maximum chewing amplitude of the right masseter muscle.

Conclusion. The electromyographic study of the masticatory and temporomandibular muscles in patients
with a distal occlusion, functional changes in the activity of the masticatory muscles at rest and in the advanced
position of the mandible were revealed.
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EJEKTPOMIOI'PA®IYHA OLIHKA )KYBAJIbHUX M’A31B
Y IMTALOIEHTIB 3 IUCTAJIBHUM IIPUKYCOM

Enexrpomiorpadis € HaitOLIbI 00’ €KTUBHUM 1 HAIIHHUM METOJIOM OIIIHKM (PYHKIIIT Ta mpane3[aTHOCTi M-
3B [IUISIXOM BH3HAYECHHS 1X EJIEKTPUYHUX MOTEHI[IaTiB, OMIIHKK CTYIIEHS Ta TPUBAJIOCTI M’ s130BOi aKTHBHOCTI.
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OCHOBHOIO METOIO TOBEPXHEBOI eneKkTpoMiorpadii € BUABICHHS CUTHANIB BiJg 06ararboX M’S30BHX BOJIOKOH
y OUISHII AETEKTYIOUUX MOBEPXHEBUX €NEKTPOAiB. JlocmimkeHHs 0araTbox 3apyOi’KHUX 1 BITUU3HIHUX HAyKOB-
[iB BU3HAYMJIN BIUIMB CariTaJbHUX aHOMalil MPUKYCY Ha (QYHKLIIO )KyBaJIbHUX M’ SI31B.

MeTo10 HAIIOTO AOCTi/IZKeHHsI OYyJI0 BCTAHOBJICHHS B3a€MO3B 513Ky MK JUCTAJIbHUM NPUKYCOM Ta aKTHB-
HICTIO YBaJIbHUX M 531B y OPTOIOHTUYHUX TaLlI€HTIB.

MeTtonu mociaimxkenHsi. [IpoBeneHo kiiHiyHe OOCTeXKeHHS 15 OPTONOHTUYHHMX MAI[IEHTIB BiKOM
15,33+0,86 pokiB 3 aucTanbHUM NpUKycoM. lIpoaHamizoBaHo pe3yibTaTd KIiHIYHOTO 1 ()YHKLIOHAIBHOTO
00CTeXEHHS Ha TI0YaTKy Ta Micisl 3aBEPIICHHS OPTOJOHTHYHOTO JTiKYBaHHS.

[IpoBeneHo enekrpomiorpadiune AOCTIHKEHHS )KyBaJIbHIX Ta BUCKOBUX M SI31B Y O0CTEXKEHHX MAIi€HTIB.
OO0cCTex)eHHS MaIliEHTIB MPOBOAMIH 3 JOTPUMAHHIM OCHOBHUX BUMOT [ enbcinkebkoi Jlexmapartii moao 6iome-
JquaHUX fociimpkens (Ceyi, 2008).

HaykoBa nHoBu3Ha. [IpoBeneHo MopiBHSIHHSA eleKTpoMiorpadiuHoi akTUBHOCTI 010IOTEHIiasliB BUCKOBOTO
1KyBaJIbHOTO M’5I31B IIpU cTab1IbHOMY 1 BUMYIIEHOMY (ITPOTPY3ii) MOJTOKEHHI HUKHBO] 1eNenu y 15 namienTin
3 JUCTAJIBbHUM MPUKYCOM. BHUSIBIEHO JOCTOBIpHY PI3HMLIIO MK MOKa3HUKAMHU MPH CTaOiIbHOMY Ta BHMYILE-
HOMY TIOJIOKCHH1 HMKHBOI LIEJIENN 32 TAKUMH NapaMeTpaMu: 3HHKCHHS! MAaKCUMaIbHOI aMIUTITYH *KyBaHHS
JBOTO NEepeTHBOr0 BUCKOBOTO M 513y B 1,5 pa3a, 3SMEHILIEHHS MaKCUMaJIbHOI aMILTITYAH KyBaHHs TIPaBOro mepe-
JHBOTO BHCKOBOTO M’si3y B 1,8 pa3za, 3HMXKEHHSI MaKCUMAaJIbHOI aMILTITYJH >KyBaHHsI JIIBOTO KyBaJIbHOTO M’ 53y

1 3HIDKEHHSI MAaKCUMAaJIbHOT aMILTITYAIX JKyBaHHS PaBOTO KYBAJILHOTO M 513y Maifke B 3 pasH.
BucnoBok. I1ix yac enekrpomiorpadiyHOro A0CTiHKEHHs )KyBaJIbHUX 1 BACKOBHX M’sI31B y MAlli€HTIB 3 AUC-
TaJbHUM IPUKYCOM BHSBJICHO (QYHKIIOHAJIBHI 3MiHHM B aKTHBHOCTI KyBaJbHUX M SI31B Y CTaHi CIIOKOIO 1 y BUMY-

HICHOMY MMOJO0XKEHHI HIKHBOT mICJICIIn.

Koniouosi ciioBa: enexrpomiorpagiyHa aKTUBHICTb, TUCTATbHUN MPUKYC, KYBaJIbHI M 5131, CKPOHEB1 M’ SI3H.

Introduction. Electromyography is the most
objective and reliable technique for evaluating
muscle function and efficiency by detecting
their electrical potentials, assessing the extent
and duration of muscle activity. The main
aim of surface electromyography is to detect
the signals from many muscle fibers in the area
of the detecting surface electrodes. These signals
consist of a weighted summation of the spatial
and temporal activity of many motor units.
Hence, the analysis of the recordings is
restricted to an assessment of general muscle
activity, the cooperation of different muscles,
and the variability of their activity over time.
The main clinical uses of sSsEMG (surface
electromyography) include the diagnostics
and therapy of TMIJ disorders, an assessment
of the muscles function [9; 14]. Its known that
the first step in correction of distal occlusion
is evaluation of the patient’s potential growth.
The best period of treatment is a time before
a peak of growth of a child. Growth is the most
important factor in planning treatment of distal
occlusion, since the most significant changes
during correction of this pathology are connected
with the growth rather than the teeth movement.
Orthodontists try to avoid the teeth extraction

in growing patients, as they believe that it leads
to worsening of face profile, esthetics, and does
not allow to achieve optimal relationships
of jaw and occlusion [11]. Orthodontic treatment
of distal occlusion is important for protection
of palate from trauma by mandibular incisors
in a case of large sagittal gap; prophylaxis
of dysfunction of temporomandibular joint;
psychological rehabilitation of children during
speech formation.

Many studies have also determined
the influence of the sagittal malocclusions on
the function of the masticatory muscles. Authors
[7] affirm that in Angle’s Class I individuals who
have adequate occlusal stability and intermaxillary
balance the main function of the temporalis
muscle is to maintain this stability. In contrast,
in retrognathic individuals, maximal voluntary
contraction (MVC) occurs predominantly in
the posterior portion of the temporalis muscle
probably to produce an antagonistic action to
that of the pterygoid muscle and thereby ensure
the stability of the mandible.

Research of scientist confirmed the dominance
of temporal muscle activity due to lack of activity
of masticatory muscles in patients with distal
occlusion complicated by dental crowding [1].
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The aim of the study by Moreno et al. [4] was
to determine the influence of sagittal malocclusion
on the electrical activity of the masticatory
muscles. The results obtained indicated that
patients with Angle class Il showed higher activity
than other classes for the temporalis muscles in
deglutition and chewing; subjects with class III
achieved the highest activity for the temporalis
and masseter muscles during MVC.

Because of the inextricable association between
function and morphology, one of the possibilities
for orthodontic treatment is functional therapy.
The objective of this kind of treatment is
to enhance the equilibrium of the muscles
and correctly balance the forces inducing
the growth and the development of cranio-facial
skeletal features [3,10]. This justifies EMG
recordings of the masticatory muscles before,
during, and after orthodontic therapies in order to
monitor or assess their effectiveness.

The main example of a functional removable
appliance is the activator, invented by Andresen.
Erdem et al. [3] evaluated the activities
of the masticatory muscles in children with
class II division 1 malocclusion treated with this
appliance and compared to untreated control
patients at the start of the therapy and 12 months
later, to check the effectiveness of this functional
appliance. The activity of the temporalis
and masseter muscles during clenching, chewing,
and swallowing increased in both groups,
particularly in the treatment group. The activity
of the orbicularis oris during whistling increased
significantly only in the treatment group.

Surface EMG recordings performed in a study
by Saccuccietal. [10] confirmed that the functional
device employed (Occlus-o- GuideOrtho-
Tain Inc., Toa Alta, Puerto Rico) also achieved
the aim of this orthodontic functional therapy.
The study sample consisted of thirteen 9-year-
old children with class II, deep bite, and labial
incompetence, and 15 children of the same age
with normal occlusion. The electrical potentials
of the orbicularis oris (OO) were investigated
before therapy, as well as after 3 and 6 months
of treatment during many functional tests. The
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treatment group showed significantly lower values
in the muscle tone of the lower orbicularis oris
and during protrusion of the mandible comparing
to the control group. In the treated group there
was a significant increase in the muscle tone
of the lower orbicularis oris at rest after 3 months
of therapy.

The EMG studies were also helpful in
defining the requirements for the application
time of the functional appliances. To estimate
this, the activities of the muscles at different
times of day and night were compared. The
results of the study by Tabe et al. [13] confirmed
the low effectiveness of functional therapy during
the night. The activity of the masseter, temporalis,
and digastric muscles with the appliance in
the mouth significantly decreased at night
compared to daytime. The authors recommended
use of functional appliances mostly during
the day in combination with voluntary biting to
achieve adaptation by the masticatory muscles,
due to the high electrical activity during MVC
and the higher activity of the muscles during
the day than the night. Similar conclusions
were presented by Hiyama et al. [4]. They
analyzed the nocturnal activity of the masseter
and suprahyoid muscles during therapy with
a functional appliance such as the bionator. There
were no significant changes in the maximal EMG
activities of the muscles recorded during the first
3 hours without the appliance inserted and after
3 hours with the bionator in the mouth. This
supports findings of the previous study, that it is
not advisable to use functional appliances during
sleep to obtain the desired treatment effects. EMG
studies were also used to monitor therapy with
fixed functional appliances, such as the Herbst
appliance [5; 3] or its modification, the Forsus
Fatigue Resistant Device (FFRD) [12].

Studies by Leung and Higg [5] performed
an analysis of the activity of the masseter
and the temporalis muscles during treatment
with the Herbst appliance, and determined
the optimal time for such a therapy was 6 months.
Similar changes in the activity of the same
masticatory muscles during gradual advancement
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of the mandible with the Herbst appliance were
described by Du and Hégg [3]. The electrical
activity increased, especially in the masseter
muscles. Moreover, the stability of the treatment’s
effects was assessed by monitoring muscle
activities in the follow-up period after treatment.
Further studies by Sood et al. [12] that described
the muscle response during treatment with
the Forsus Fatigue Resistant Device demonstrated
that the appropriate neuromuscular adaptations
occurred at the end of the 6th month of the therapy
provided by this kind of fixed appliance. After
1 month of treatment there was a decrease in
masticatory muscle activity during the swallowing
of saliva and maximal voluntary clenching as
a result of the instability of the occlusion due to
the protrusion of the mandible.

Analysis of the studies presented above confirm
influence of malocclussion on the electrical activity
of the masticatory muscles. Therefore, surface
EMG extends the number of tools that are useful
in the clinical diagnosis of sagittal malocclusions,
especial in patients with distal occlusion.

The purporse of the study is to investigate
the association between distal occlusion and EMG
activity of masticatory muscles in orthodontic
patients.

Material and methods. There were exam-
ined 15 patients (average age -15,33+0,86 years)
with skeletal distal occlusion caused by mandib-
ular retrognatism (10 patients with Class 111 and
5 patients with Class 112) at Orthodontics Depart-
ment of Danylo Halytskiy Lviv National Medical
University. All patients with this type of maloc-
clusion had increasing the value of angle ANB
(>4°), due to the decrease the value of angle SNB
(<80°). Main clinical characteristics of skeletal
distal occlusion caused by mandibular retrog-
natism were: convexity of the facial profile with
distal position of the lower lip and chin, protru-
sion of the upper lip, distal relationship of den-
tal arches and jaw bases, protrusion of the upper
incisors and retrusion of the lower incisors with
increasing value of overjet, inserting of the lower
lip between upper and lower incisors, passing
of the upper and lower incisors during eruption
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and their supraposition, traumatic deep bite, short
mandibular corpus and lower dental arch, nar-
row and elongated upper dental arch, expressed
mentolabial sulcus, shortened the lower third
of the face and retroinclination of the lower jaw.
The results of clinical and functional examina-
tion, analysis of facial aesthetics, casts and lat-
eral cephalogramms were studied before, during
and at the end of the treatment.

The electromyographic complex ‘“Neuromy-
ograph Synapsis”, manufactured by the scien-
tific and medical factory “Statokin”, was used to
measure the biopotentials of the masticatory mus-
cles. The activity of the masticatory muscles was
evaluated simultaneously from both sides. Before
the electrodes were fixated, the areas of the great-
est muscle tension, were palpated.

EMG Procedure. To obtain a good quality
EMG signal, impedance of the skin was reduced
by removing the hair completely from the location
where the electrodes were to be placed. In order
to eliminate any wetness or sweat on the skin,
the skin was cleaned with alcohol. Abrasive gel
was used to reduce the dry layer of the skin.
The surface EMG electrodes were positioned
along the longitudinal midline of the muscle.
The distance between the center of the electrodes
and detecting surfaces was 1 cm. The longitudinal
axis of the electrodes was parallel to the length
of the muscle fibers during investigation.

In the study, electromyographic recordings
of the biopotentials of the masseter and temporalis
muscle were performed during general chewing
and during advanced position of the mandible.

As the result of testing in the software it
was carried out the calculation of the various
parameters and filling in the tables based on them.
The following parameters are displayed within
these tables: LTA (left temporal anterior), RTA
(right temporal anterior), LM (left masseter), RM
(right masseter), A (max) - maximal amplitude
of chewing (nV), A(aver) — average amplitude
of chewing(nV), S — average means of chewing
square (UV* ).

The results of the surface EMG were
presented as a graphical representation
VIA STOMATOLOGIAE 53
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and a digital characteristic of the contractility
of the temporomandibular muscles, which fully
characterizes the bioelectrical activity.

Examination of patients was carried out taking
into account the main provisions of the Helsinki
Declaration on Biomedical Research (Seoul,
2008) Informed consent of the patient to
the examination was obtained.

Statistics  10.0 environment was used
for statistical data processing. Calculation
ofarithmetic means and their errors and probability
of difference between means by means of t-test
for unpaired samples. Differences in performance
were considered statistically significant at p<0.05.
Correlation dependences were measured using
the Kendall-Tau correlation coefficient in
the absence of a normal distribution.

Results of the study and their discussion.
Comparison of muscles activities in patients with
distal occlusion revealed a significant difference
between stable and advised position of mandibula
for following parametrs: the maximal amplitude
of chewing of the left temporalis anterior
muscles is in 1.5 times lower (52,34+6,72 uV
vs 83,12+7,48uV, p<0.01) and almost in 1.8
times lower than maximal amplitude of chewing
of the right temporalis anterior muscles
(43,12+4,48uV  vs  78,54+6,07uV, p<0.001);
maximal amplitude of the left masseters is
almost in 4 times lower (61,28+12,07uV vs
214,57£15,06nV, p<0.001), and almost in 3 times
lower than the maximal amplitude of the right
masseters (79,43+11,01 pV vs231,96+18,56,
p<0.001). (Table 1).

Case report.

A male patient of 14 years reported with
the compliance of on aesthetic defect. During
extraoral examination it were revealed:
retrognathic ~ mandible and  orthognathic
maxilla, showing skeletal Class II profile with
posterior divergence. Intraoral examination
revealed proclined upper incisors with spacing
in upper anterior teeth. The maxilla-mandibular
relationship showed angles Class I malocclusion.
Both overjet and overbite were increased. The
overjet was increased overjet (around 5,5 mm)
and overbite (of 4,5 mm).The upper and lower
incisors are proclined and protruded, having
skeletal class II due to the retruded mandible,
vertical growth pattern, deep upper sulcus depth
and lip strain. Figure 1-2 shows extra and intra
oral photo, plaster casts of the examined patient
with distal occlusion (Class I11).

Fig. 1. Patient 14 years old. Diadnosis: distal
occlusion, Class II1 (from the frontal view)

Table 1
EMG during general chewing cycle in patients with distal occlusion
Patients during stable position of the mandible | Patients during advanced position of the mandible
Muscle Valid Mean Standart- Muscle Valid Mean Standart- P
Areas N Error areas N Error
LTA LTA
A(max) 15 52,34 6,72 A(max) 15 83,12 7,48 0,01
RTA
RTA (max) 15 43,12 4,48 15 78,54 6,07 0,001
A(max)
LM LM
A(max) 15 61,28 12,07 A(max) 15 214,57 15,06 0,001
RM RM
A(max) 15 79,43 11,01 A(max) 15 231,96 18,56 0,001
VIA STOMATOLOGIAE
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Fig. 2. Patient 14 years old. Diadnosis: distal
occlusion, Class II1 (from the profile view)
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Fig. 3. Patient 14 years old. Diadnosis:
distal occlusion, Class II1, diastema, vestibular
position of the teeth 13, 23
(intaoral photo from the frontal view)

Fig. 4. Patient 14 years old. Diadnosis:
distal occlusion, Class II1, diastema, vestibular
position of the teeth 13, 23
(intaoral photo from the buccal view)

The fragments of SEMG cycles of examined

patient (Fig. 5-7) presents dates duaring
general chewing at stable and advanced
positions of the mandibular. Comparing

of parametrs of stable and advanced position
of mandibular revealed increasing in 1,5 times
of the chewing maximal amplitude of the lateral

Fig. 5. Patient 14 years old. Diadnosis:
distal occlusion, Class II1, diastema, vestibular
position of the teeth 13, 23
(plaster casts from the frontal, buccal
and occlusal view)

temporalis anterior muscle and significant
increasing in 4,6 times of the chewing maximal
amplitude of the lateral masetter muscle while
increasing of the chewing maximal amplitude
of the right temporalis anterior and right masseter
was insignificant.

Diagnosis: distal occlusion.

VIA STOMATOLOGIAE 55
Tom 1 Ne 1 (2024)



VIA STOMATOLOGIAE
Tom 1 Ne 1 (2024)

™ 200 wefifaen P Twa | 250mc/amn Dcromrae TADSETON | [ mTamsHOCTI Samioe ()
HyBcTeRTensHoCTE adBep

O Karian 2 (Right Temporals Anterior) 990 Kaman 1 [Left Temporais Antersor) RTARM | LTALM | RTALTA| RiAM
e T N N T R N N
Alc), i 2568 42,24 08,07 67,75 062 0,24 164 0,63
5, 8% 51,84 31,43 117,04 170,53 03 0,44 0,9% 1,496
T, c 628 564 933 64 087 067 05 0.7
g e 13,73 2437 06 ST L4 L5 L03 L4
b ! ) voctl A ISP b T/ 02 023 04 02 084 05 08 081

I Uscrara, w053 0 077 08 1 0,7 L1307
Mimemwoo) % i1} 3 » 1 0.7 L12 om

Kavian 4 (Right Masseter) 000 Mawan 3 (Left M.“..-r.-r)

TiOAMGYT OMSAAS DHAMDAMAA  Hpyprofsn Quarpasss

o 1200

g

e el

MBCIMANs = A AT, M

- % 888

Fig. 6. Fragment of EMG during the general chewing cycle of the 14-year-old patient
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Fig. 7. Fragment of EMG during during stable position of the mandible of the 14-years-old patient.
Diagnosis: distal occlusion

Conclusion.  Investigation of sEMG of records, a significant decrease in the activity
of the patients with distal occlusion expressed of the average amplitude of their biopotentials,
functional changesintheactivity ofthemasticatory an increase in the period of bioelectric activity
muscles, which consisted in violation of the clarity  and a decrease in rest.
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Fig. 8. Fragment of EMG during advanced position of the mandible
of the 14-year-old patient. Diagnosis: distal occlusion
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