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Abstract

INTRODUCTION. The bioelectric activity of the masticatory muscles is influenced by many factors due to the
parameters of the craniofacial complex — morphometric parameters of the head. However, there is no datain
the literature on the effect of the type of jaw growth during periods of alternating bite on the functional activity
of the muscles that lift the lower jaw.

AIM. To determine the impact of jaw growth type, associated with the transition from deciduous to permanent
teeth, on the bioelectrical activity of the masticatory muscles.

MATERIALS AND METHODS. A survey of 150 children aged 5 to 14 years was conducted, randomized into
5 groups - group | —the final period of milk bite and preparation of the jaw for tooth replacement. Group Il — the
first permanent molars and incisors of the lower jaw erupted. Group Il — there was a change of permanent milk
incisors. Group IV — there was a complete change of all baby teeth. Group V - the second permanent molars
have erupted. An analysis of the telerentgenogram and the functional activity of the masticatory muscles is
presented by determining absolute and relative indicators.

RESULTS. In patients of groups |, Il and lll, low bioelectric activity was detected, which increases during the
complete change of all baby teeth and the eruption of the second permanent molars, which is due to the
formation of chewing activity of the muscles. Also, during this period, the symmetry and synchronicity of the
work of the masticatory and temporal muscles proper was noted.

CONCLUSIONS. Minimal changes during jaw growth due to the change of baby teeth lead to a change in
the functional activity of the masticatory muscles, which may subsequently be a predictor factor for the
development of neuromuscular imbalance in the maxillofacial region.
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BanaHMe TMNA pocTa YesioCTew,
06ycnoBneHHOro cMeHOM MOJIOUHbIX 3y60B,
Ha 6M031eKTPUUECKYI0O AKTUBHOCTb YKeBaTeJ IbHbIX MbILLL|
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Pe3iomMe

BBEAOEHME. Ha 6noanekTpmnyeckyio akTUBHOCTb XeBaTeIbHOM MyCKynaTypbl BINSET MHOXECTBO (hakTOpPOB,
06ycnoBneHHbIE NapaMeTpamMmn KpaHno-daumanbHOro KoMmnaekca — MoppoMeTpruyeckme napameTpbl roo-
Bbl. OgHako, B nuTepatype OTCYTCTBYIOT AaHHblE O BAUSHUM TUMNA pPocTa YentioCTeEN B NEPNOAbl CMEHHOIO
npukyca Ha GYHKLUWOHAbHYIO @KTUBHOCTb MbILLL,, MOAHUMAIOLMX HUXHIOK YENOCTb.

LIENTb NCCNEOOBAHUA. Onpenennts BANsSIHWE TUNA POCTA YENOCTEeN, 0OYCNOBAEHHOrO CMEHO MOMOYHbIX
3y00B, Ha BNO3NEKTPMNHECKYIO aKTUBHOCTb XEBATENbHbIX MbILLL,.
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MATEPUAbI N METO/bI. MpoBeaeHo o6cnenosaHme 150 pneteit B Bo3pacTte oT 5 oo 14 neT, paHAOMNU3NPO-
BaHHbIE Ha 5 rpynn — | rpynna — 3aBepLialoLLmii NEPUOL MOJSIOYHOMO MPUKYCAa 1 MOATOTOBKA YENOCTU K CMEHe
3y60B.. Il rpynna — npope3anucb NepBble NOCTOSIHHLIE MOJIAPLI U pe3Lubl HUXKHeN YentocTu. Il rpynna — npo-
M30L1a CMEHA MOJIOYHbIX PE3L0B NOCTOSHHbIMK. IV rpynna — nponsoLwia nojiHas CMeHa BCEX MOJIOYHbIX
3y60B. V rpynna — npope3anncb BTOPbIE NOCTOSIHHbIE MONSIPLI. [peacTaBNeH aHaNN3 TeIEPEHTIeHOrpaMmbl
1 OYHKLMOHANbHOM aKTUBHOCTU XEBATENbHOM MYCKYNaTypbl C MOMOLLBIO onpeneneHns abCconoTHbIX N OT-
HOCUTESNbHbIX MOKa3aTenen.

PE3YJbTATbI. Y nauymenTos |, Il n Il rpynn BbisBNeHa HM3kasa bruoanekTpuyeckas akTMBHOCTb, KOTopas B ne-
p1oA, NOMHOM CMEHbI BCEX MOMOYHbIX 3yOOB 1 MPOPe3bIBaHUS BTOPbIX MOCTOSIHHbIX MOJIIPOB YBENNYMBAETCS,
4TO 00YyCNOBNEHO GOPMUPOBAHMEM XeBaTeslbHOW akTUBHOCTU MYCKYnaTypbl. Takxe B AaHHbIM nepuog oT-
Meyanacb CUMMETPUYHOCTb U CUHXPOHHOCTb Pab0Tbl COOGCTBEHHO XEBATENbHOW U BUCOYHOW MbILLILL.
BbIBOAbl. MuHnManbHble n3aMeHeHns B nepnog, pocTta YyentocTteinr, 06yCNnoBNEHHbIE CMEHO MOJIOYHbIX 3Yy-
0B, NPUBOAAT K NUBMEHEHWNIO PYHKLIMOHAbHOM akTUBHOCTW XeBaTeslbHbIX MbILL, KOTOpas BNocneacTsnm
MOXET SBNATbCS HaKTOPOM-NPEeanNKTOPOM Pa3BUTUS HEMPOMBILLEYHOro ancbanaHca YentoCTHO-INLLEBOWN
obnactu.

KnioueBble cnoBa: CMEHHbIN NPUKYC, TENIEPEHTreHorpamMmma, anekTpommorpadums, pocT HeNtoCcTn
UHdopmauumna o ctaTbe: noctynuna — 29.04.2025; ncnpasneHa — 03.06.2025; npuHaTta — 17.06.2025
KoH)AUKT uHTepecoB: ABTOPbI cO0OLLLal0T 06 OTCYTCTBUM KOHDINKTA UHTEPECOB.

BnarogapHocTu: MiccnegoBaHue BbINOJIHEHO B paMKax peanuMaauum rpaHta AogMuHucTpauum Bonrorpag-
cKoii obnacTtu — cornaweHne N2 1 — 2024.

Ana yutuposanua: LLkapuH B.B., Anpenko W.B., MakegoHosa lO.A., Amutpuenko C.B., ApbirnHa E.H., MNaB-
noea-Apamosud A.lL, OroHsH E.A. BnnsHue Tuna pocta yenocteinr, 06yCNOBAEHHOr0O CMEHOM MOJIOYHbIX
3y60B, Ha OMOINEKTPUYECKYID aKTUBHOCTb XeBaTeNbHbIX MbllLl,. SHA0A0HTMS Today. 2025;23(3):385-392.
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INTRODUCTION

Morphometric parameters of the craniofacial com-
plex determine the characteristics of the masticatory
muscles, as demonstrated by previous studies [1].
However, during the mixed dentition period, structural
transformations occur as a result of jaw growth as-
sociated with the eruption of primary and permanent
teeth [2]. To date, the literature provides detailed data
on changes in craniofacial parameters in children du-
ring the transition from primary to permanent dentition.
Researchers have observed that the most significant
dimensional changes occur in the facial region of the
skull and are related to the phases of occlusal height
increase following the eruption of key teeth [3].

At the same time, international literature reports that
by the time of dental replacement, the dimensions of
the neurocranium in children reach approximately 90%
of adult values. It is therefore evident that the size of
cranial bones contributes to the anatomical and func-
tional features of the masticatory musculature [4]. Mor-
phometric peculiarities of the facial skeleton in children
during the early mixed dentition stage have also been
documented in the presence of occlusal abnormalities,
particularly in terms of vertical skeletal parameters.
During this period, active growth of the mandibular ra-
mus continues, accommodating the developing buds of
permanent molars [5].

Furthermore, the type of facial skeletal growth is in-
fluenced by the gonial angle, which ranges from 118° to
122°in cases of neutral growth patterns. Consequently,
the orientation of the muscle attachment site at this an-
gle is presumed to affect the bioelectrical activity of the
masticatory muscles [6]. However, no current literature
provides data on the influence of jaw growth during the
mixed dentition period on the functional activity of mas-
ticatory muscles.

dHdodoHmus
————TLT

Electromyography remains the principal method
for assessing the bioelectrical activity of the mastica-
tory muscles and is well documented in both textbook
and scientific literature [7]. Surface electromyography
(sEMG) is one of the primary auxiliary diagnostic tools,
enabling objective assessment of the functional state
of the masticatory muscles, including their bioelectri-
cal activity [8]. While this method is described in both
domestic and international publications, the majority
of studies offer comparative analyses between patient
groups and controls without clearly defined quantitative
criteria [9; 10].

Several studies have reported asymmetry in the bio-
electrical activity of the masticatory muscles in children
with physiological occlusion, whereas in malocclusion
cases, the temporal and masseter muscles exhibit syn-
chronized function. However, these investigations have
not addressed the typological changes in the functional
state of the masticatory muscles during tooth replace-
ment in relation to jaw growth. This gap in knowledge
formed the rationale for the present study.

AIM

To examine the influence of jaw growth patterns as-
sociated with the transition from primary to permanent
dentition on the bioelectrical activity of the masticatory
muscles.

MATERIALS AND METHODS

The study was conducted at the Department of Den-
tistry and the Department of Prosthetic Dentistry and
Orthodontics of the Institute of Continuing Medical and
Pharmaceutical Education at Volgograd State Medical
University. In accordance with the study standardization
protocol, specific inclusion, non-inclusion, and exclu-
sion criteria were developed.
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Inclusion criteria

® Age 5-14 years

® Absence of chronic somatic diseases

® Absence of periodontal diseases

® Absence of temporomandibular joint dysfunction
® Informed voluntary consent of the parents

Exclusion criteria

® Presence of pain on percussion of the tooth

® Unwillingness to undergo procedures

® Simultaneous participation in another clinical trial
® Socially vulnerable population groups

Exclusion criteria

® |Individuals under 5 years and over 14 years of age

® Low patient compliance

® Patient’s withdrawal from further participation in the study
® Orthodontic treatment

® Administration of botulinum toxin type A

Fig. 1. Inclusion, Non-inclusion, and Exclusion Criteria
for Study Participants

Puc. 1. Kputepuu BkOHEHWS / HEBKIIIOYEHWS /
WCKJTI0YEHNS NALMEHTOB B UCCNeaoBaHne

All participants were divided into five equal groups
(80 individuals each), based on the eruption stage of
specific tooth groups:

— Group | - final stage of primary dentition and prep-
aration of the jaws for tooth transition.

— Group Il — eruption of the first permanent molars
and mandibular incisors.

— Group lll - replacement of primary incisors with
permanent ones.

— Group IV - complete replacement of all primary
teeth.

— Group V- eruption of the second permanent
molars.

Dental examinations were carried out using both
basic and supplementary diagnostic methods. Clinical
oral evaluation was performed using a dental mirror and
probe. The dental status and presence of periodontal
conditions were assessed. Lateral and posteroanterior
cephalometric radiographs were obtained using the
Evolution (Italy) imaging system.

Electromyographic (EMG) examination was con-
ducted using the Synapsis system in accordance with
standard protocols. Surface electrodes were placed on
the masseter and temporalis muscles, with an intere-
lectrode distance of at least 1 cm. Patients were seated
in a dental chair in a relaxed, resting state.

During the “rest” trial, the following parameters were
recorded:

— maximum and mean amplitudes of the masseter
and temporalis muscles on both sides;

— Temporalis Muscle Symmetry Index (TMSI);

— Masseter Muscle Symmetry Index (MMSI);

— Center of Muscle Coordination (CMC);

— Torsion Index (TORS).

3587

Mean amplitude values were considered absolute
parameters, measured in microvolts (uV). Relative pa-
rameters — TMSI, MMSI, CMC, and TORS - were auto-
matically calculated by the software and expressed as
percentages.

Statistical analysis was performed using Statistica
10.0 Enterprise. Descriptive and inferential statistics
were applied, including the calculation of the mean (M),
standard error (£fm), standard deviation (c), and inter-
group comparisons using Student’s t-test to assess
statistical significance.

RESUTLS

Analysis of the mean amplitude of the temporalis
and masseter muscles revealed group-dependent dif-
ferences in bioelectrical activity. It is evident that the
functional activity of the examined muscles depends
on the type of jaw growth and the number of erupted
teeth. In Group I, the mean amplitude of the temporalis
muscle was statistically significantly lower compared to
other groups: 21.4% lower than Group Il, 25% lower than
Group lll, 33.9% lower than Group IV, and 66.8% lower
than Group V. No statistically significant differences
were observed between Groups Il, lll, and IV (p>0.05).
However, in Group Vchildren with erupted second per-
manent molarsthe mean amplitude was 36.7% higher
than in Group Il, 32.9% higher than in Group I, and 24%
higher than in Group IV (children with complete primary
tooth replacement).

The values of mean masseter muscle amplitude fol-
lowed a similar trend to the temporalis muscle. The lo-
west value was recorded in Group | (81.4+2.1 uV), which
was 16% lower than in Group Il, 22.2% lower than in
Group lll, 24.6% lower than in Group IV, and 45.7% lo-
wer than in Group V (p<0.05). No significant differences
were noted among Groups I, lll, and IV (p > 0.05), which is
likely due to the presence of first permanent molars in all
three groups. The replacement of incisors alone does not
appear to affect the functional state of the masticatory
muscles, as these teeth are primarily involved in incising
rather than chewing. In contrast, the eruption of second
permanent molars significantly enhances the bioelectri-
cal activity of both the temporalis and masseter muscles,
as confirmed by the statistical analysis (p<0.05).

Table 1. Absolute values of bioelectrical activity, uv

Ta6nuua 1. AOCONIOTHbIE 3HAYEHUS
ON03NEeKTPUYECKON aKTUBHOCTU, MKB

Indicators Group Mean amplitude

| 56.3+2.4
Il 68.1£3.2

Temporalis muscle 11 70.2+3.1
v 75127
\ 93.4+3.1
| 81.4+2.1
Il 93.9+2.4

Masseter muscle 1l 98.7+2.6
v 101.3+2.7
\ 118.4+£3.3
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Table 2. Relative indicators of bioelectrical activity, %

Ta6bnuua 2. OTHOCUTENbHbIE NOKa3aTeNmn

6103 NeKTPNYECKON aKTUBHOCTH, B %

Group TMSI MMSI TORS CcMC
| 19.7+4.6 20.3+3.1 22.4%£3.6 23.1£3.5
Il 15.2+£3.6 16.9+£2.0 15.9+£1.8 14.7+2.1
1l 15.6+1.4 16.7+1.7 15.2£1.9 15.6+£1.5
v 16.1£1.5 15.6+2.4 15.1%£1.6 14.9+£2.0
\Y 11.9%£1.8 18.7£2.1 14.8£1.7 15.3%1.4

Relative electromyographic parameters reflecting
the dynamics of neuromuscular changes are presented
in Table 2.

The analysis of the relative indicators of masticatory
muscle activity revealed no statistically significant dif-
ferences between the comparison groups (p>0.05).
In children at the stage of primary dentition and in the
preparatory phase for tooth transition, higher symmetry
indices were observed. These values tended to decrease
with age and over time. Greater symmetry and stability
of muscle activity were noted during the eruption of the

Fig. 2. Patient M., cephalometric radiograph: A — frontal view, B — lateral view
Puc. 2. MNaumeHT M., TenepeHTreHorpamma: A — B npssMoin npoekumn, B — B GOKOBOI NpoekLumnmn
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Fig. 3. Patient M., cephalometric radiograph in frontal (A) and lateral (B) views of a child following the eruption
of the first permanent molars and mandibular incisors

Puc. 3. MNaumeHT M., TenepeHTreHorpamma B npsmoim (A) n 6okoBoi (B) npoekuunsax pebeHka
rnocne Npope3biBaHMSA MEPBbIX MOCTOSAHHbBIX MOJIIPOB U HUXKHUX PE3L,OB

dHdodoHmus
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second permanent molars, with the corresponding pa-
rameters demonstrating high reproducibility.

An increased torsion index in Group | children indi-
cates an unbalanced activity of the masticatory mus-
cles. In Groups Il, lll, and IV, the values were averaged,
showing no predominance of either muscle group.

A cephalometric radiograph of patient M. from
Group |, in both frontal and lateral views, is presented in
Fig. 2.

; R LLAGIRP
T
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Cephalometric radiograph of Patient P. from
Group Il, shown in both frontal and lateral projections,
is presented in Fig. 3.

Cephalometric radiograph of Patient O. from
Group lllis presented in Fig. 4.
Cephalometric radiograph of Patient K. from

Group IV is presented in Fig. 5.
Cephalometric radiograph of Patient V. from Group V
is presented in Fig. 6.

Fig. 4. Patient M., cephalometric radiograph in frontal (A) and lateral (B) views after the replacement

of primary incisors (Fig. 5)

Puc. 4. MNauneHT M., TenepeHTreHorpamMmma B npsimon (A) u 6okoBoi (B) npoekumnsax

rnocJsie CMeHbl MOJIOYHbIX Pe3L0B (puc. 5)

Fig. 5. Cephalometric radiograph in frontal (A) and lateral (B) views of a child after the complete replacement

of all primary teeth

Puc. 5. TenepeHTtreHorpamma B npsimori (A) u 6okosoi (b) npoekumsax pebeHka

nocJie CMeHbl BCEX MOJIOYHbIX 3y6OB

Tom 23 N2 3/ 2025 ‘ Endodont(cs
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Fig. 6. Cephalometric radiograph in frontal (A) and lateral (B) views of a child after the eruption

of the second permanent molars

Puc. 6. TenepeHTreHorpamma B npsimoit (A) n 60koBoli (B) npoekumax pebeHka

nocJie npope3biBaHNA BTOPbIX MOCTOAHHbIX MOJIAPOB

CONCLUSION

Thus, the present study demonstrated a direct cor-
relation between jaw growth patterns during the transi-
tion from primary to permanent dentition and the bio-
electrical activity of the mandibular elevator muscles.
It was established that children in the final stage of
primary dentition exhibited reduced functional acti-
vity of the masticatory muscles. During the eruption of
the first permanent molars and mandibular incisors, as
well as during the replacement of primary incisors with
permanent ones, the bioelectrical activity remained
slightly diminished. However, during the complete re-
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