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Abstract:

This study, considering the diverse views of researchers on the impact of vibration on
human sensory systems, investigates its effect on the auditory system. Low-frequency
mechanical oscillations increase cell membrane permeability and enhance the circula-
tion of organic compounds in blood vessels, thereby accelerating or normalizing me-
tabolism. Vibration also activates redox processes in muscle tissues. However, analysis
of current literature reveals no consensus among domestic and foreign researchers
regarding its clinical application.

Aim: To investigate the effect of low-frequency vibration on the auditory system and
to evaluate functional changes in the acoustic reflex during a temporary five-minute
exposure applied in the treatment of sagittal malocclusion.

Materials and Methods: The study involved 20 patients aged 12-17 years with distal
malocclusion and normal hearing, confirmed by pure-tone and speech audiometry.
Pure-tone threshold audiometry was performed within the frequency range of 125-
8000 Hz, along with speech audiometry.

Results: Recording of the acoustic reflex of the middle ear muscles before and after
five minutes of vibration—using ipsilateral and contralateral presentation of a 1.0 kHz
sound stimulus (1000 ms)—showed a 15.8% increase relative to baseline. In 52.6%
of ipsilateral and 36.8% of contralateral cases, the reflex remained unchanged or de-
creased. After a ten-minute rest, amplitudes returned to baseline in 61.6% (ipsilateral)
and 57.9% (contralateral) cases. By the 20th minute, full recovery was observed in all
patients.

Conclusions: A five-minute exposure to an orthodontic vibrating device does not af-
fect auditory sensitivity. Instead, it promotes activation rather than inhibition of the
neuromuscular mechanism of the acoustic reflex, likely at the brainstem level. This
effect is transient and does not alter the functional state of the auditory system.

OyHKuioHanbHi 3miHK CyXoBoro aHanisaropa
npy TUMYaCcoBOMY BN/IMBI HU3bKOYACTOTHOI Bibpauii
nif Yac niKyBaHHA cariTaNbHUX aHOManii NpUKycy

AHnomauis

Y crarri, 3 ypaXyBaHHAM pO30DKHOCTelT y HOIVLA/iaX HayKOBLiB IOf10 BIUIMBY BiOpariil
Ha CEeHCOPHi cycTeMM JIIOAVIHY, JOCTIIKeHO Ailo Bibpalil Ha opran ciayxy. Bcranose-
HO, LIJ0 MEXaHiYHi KOJMBAHHA HMU3bKOI YaCTOTH IiBUILYIOTh IIPOHMKHICTh KIITMHHUX
MeMOpaH Ta IOKpPAIlylOTh LVPKYIALI0 OPraHiYHUX CHONYK y CyAUHAX, IO € BU3Ha-
YaIbHUM (aKTOPOM /LA IPUCKOPeHHA abo HopMaiisanii Metabonismy. JJoBeneHo, 1o
Iif BIUIMBOM Bibpallii akTMBYIOTbCA OKVICHO-BITHOBHI IIpoLiect y M'SI30BUX TKaHUHAX.

BopHo4vac aHamis cy4acHOi HayKOBOI JIiTEpaTypy CBilYUTH NPO BifICYTHICTH €JUHO-
rO MiAXOAY BITYM3HSHUX Ta 3aPYyODKHIX y4eHMX LIOAO 3aCTOCYBAHHs BiOpauiitHOro
BIIINBY.

Mema. Jocmiguty BIVIMB HM3bKOYACTOTHOI Bibpallii Ha CTyXOBY CHCTeMY Ta OL[iHUTK

(YHKLIOHAIbHI 3MIHM CTyXOBOTO aHa/Ii3aTOpa 3a YMOBU IT ITMXBIIMHHOTO BiOpariii-
HOTO BIUIMBY IIifi 9acC JiKyBaHHSA CariTaJbHUX aHOMAJIill IPUKYCY.

Mamepianu ma memoou. Y ROCTimKeHHI B3smu ydacth 20 mamieHTiB Bikom 12-17
POKiB i3 AUCTaNIbHUM NPUKYCOM Ta HOPMAJIbHMUM CTAaHOM CIyXy 3a JaHUMMU TOHA/b-
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HOI Ta MOBHOI ayfioMeTpii. Byso sacTocoBaHo 3aranbHOK/IIHIYHY IOPOrOBY TOHANIbHY
aypioMeTpitoo B AiamasoHi yacTorT Bif 125 go 8000 I, a TakoXX MOBHY ay#ioMeTpilo.

Pesynvmamu. Ilpu peectpanii akycTUYHOro pedieKCy BHYTPILIHbOBYIIHUX M A-
3iB (APBM) po Ta micns 5-XBWIMHHOrO BibGpaljiiiHOro BIUIMBY 3 iIci- Ta KOHTp-
a/JaTepajbHMM IIpe[ ABJICHHAM 3BYKOBOTO CTMMYyNy 4acToToro 1,0 kI1 TpmBaicTio
1000 mc, cnocrepiramocsa 10ro 3poctaHHA Ha 15,8 % BiZHOCHO BUXiZHOIO piBHA.
¥V 52,6 % Bumnapkis npm inci- ta y 36,8 % mpu KOHTpanaTepanbHill CTUMYMALl TOKa3-
HUK 3a/IMIIaBCsA He3MiHHMM ab60 3HIOKyBaBcs. [ToBTopHe pocmimkenna APBM micna
10-XBUIMHHOTO BiTIOYMHKY IPOJEMOHCTPYBA/IO MOBEPHEHHA 3HA4Y€Hb aMIUIITYAU [0
BUXiJHUX BeNM4MH y 61,6 % BUMIAAKiB mpy imnci- ta y 57,9 % npu KoHTpanaTepaabHO-
My Ipep sBiaeHH] ctumyny. IIpore mo kiHis 20-i XBMIMHY BifIIOYMHKY BifHOB/IEHHS
aMIUTITYJHO-4acoBUX XapakTepuctuk APBM fo mo4aTkoBoro cTaHy BifOymocs y BCix
6e3 BMHATKY JOCTII>KyBaHVX IIal[i€HTIB.

Bucnosxu. IligcymoByo4n, mpoBefeHe NOCTiIPKeHHA NPOIEMOHCTPYBAJO, 10 5-XBN-
JIVHHUII BIUIMB OPTOJOHTUYHOTO BiOpaliiflHOrO MPKUCTPOI0 Ha 3yOHMII PAX HEe BIUIN-
Ba€ Ha CIyXOBY YYTIMBICTh opraHa ciyxy. BopgHodac BiH cnpmsae akTuBalii, a He
IIPUTHIYeHHI0 HEepBOBO-M 530BOro MexaHismy APBM, mjo, oueBupHO, BifOyBaeTbca
Ha piBHi cTOBOYpa I'OJIOBHOIO MO3KY, Ma€ KOPOTKOYACHUII TPAaH3UTOPHUII XapaKTep

i He TO3HAaYaeThCA Ha PYHKITIOHATBHOMY CTaHi CTyXOBOTO aHa/i3aTopa.

Introduction

The treatment of distal malocclusion depends not
only on its clinical form and the anatomical level
of manifestation, including growth patterns of the
upper and lower jaws, but also on the patient’s age
[1]. The complexity of treating this anomaly lies in
the risk of relapse, which necessitates a prolonged
retention period [2].

Various therapeutic approaches are employed,
including biological, appliance-based, surgical,
and physiotherapeutic methods. Appliance ther-
apy remains the primary method for managing
dentoalveolar anomalies and deformities, includ-
ing distal malocclusion. However, this approach
has age-specific indications and biological lim-
itations [3]. In cases of established dentoalveolar
deformities, especially in adult patients, multidis-
ciplinary treatment methods are indicated. One
such approach is surgical treatment, which may be
either primary or auxiliary. The surgical method
is considered primary when malocclusion is cor-
rected directly through surgical intervention. The
auxiliary method is designed to facilitate ortho-
dontic treatment; it involves not only weakening
the cortical layer of the jaws but also modulating
biochemical processes in bone tissue through in-
duced inflammation. As a result, bone tissue de-
calcification occurs, increasing its plasticity. How-
ever, clinical practice shows that surgical methods
are traumatic and can lead to various complica-
tions. Consequently, modern orthodontic practice
favors less invasive stimulation methods, such as
low-frequency vibration exposure.

It is known that low-frequency mechanical os-
cillations increase cell membrane permeability and

enhance the circulation of organic compounds in
blood vessels, which plays a crucial role in acceler-
ating or normalizing metabolism. Exposure to vi-
bration activates redox processes in muscle tissue.
However, an analysis of modern scientific litera-
ture reveals a lack of consensus among researchers
regarding the clinical application of vibration. In
particular, some experts highlight the adverse ef-
fects of vibration on the human body, especially
on the auditory system.

According to S. A. Levytska [4], tympanometry
is an effective supplementary method for diagnos-
ing otitis media with effusion (OME), as otoscop-
ic and tympanometric features of the condition
demonstrated markedly higher sensitivity (92%).
Another study [5] examined the condition of the
vocal apparatus and middle ear in children with
complaints of hoarseness. Impedance audiometry
revealed that 17 out of 24 patients exhibited a type
C tympanogram, and 7 of them showed a signif-
icant reduction in tympanic compliance, indicat-
ing specific disorders in the sound conduction
system. In the study by K. V. Liakh [6], the effect
of microdebrider-assisted correction of the torus
tubarius on Eustachian tube function in children
without middle ear pathology was evaluated. Ex-
perimental results showed that torus tubarius
hypertrophy was detected in 31.3% of patients
undergoing primary adenotomy. The microde-
brider technique for torus tubarius correction is
considered safe with respect to the pressure-equal-
izing function of the auditory tube. Research by
T. A. Shydlovska [7] underscores the importance
of measuring distortion product otoacoustic emis-
sions (DPOAEs) in patients with acute combat-re-
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lated trauma, contributing to the timely and ob-
jective detection of lesions of receptor structures
within the auditory system.

Aim. To investigate the effect of low-frequency
vibration on the auditory system, taking into ac-
count divergent scientific perspectives on its im-
pact on human sensory functions, and to evaluate
functional changes in the auditory system during
a short-term (five-minute) vibration exposure ap-
plied in the treatment of sagittal malocclusion.

Materials and Methods

We examined 20 patients aged 12 to 17 years with
distal malocclusion and normal hearing, as con-
firmed by pure-tone and speech audiometry. Clin-
ical assessment included pure-tone threshold audi-
ometry in the frequency range of 125-8000 Hz, as
well as speech audiometry. Additionally, an objec-
tive method for assessing the auditory system was
employed: dynamic impedance audiometry, which
enables precise determination of changes occurring
in middle ear structures. Amplitude dynamics were
calculated using the formula proposed by B.Y. Li-
mar et al. (1977). The acoustic reflex recording
curves were processed using statistical variation
analysis (L. N. Frantsevych, 1980) to identify un-
derlying patterns. For this purpose, the arithme-
tic mean (M) and the standard error of the mean
(xm) were calculated. To measure variability and
compare mean values with distribution series, the
standard deviation (o) was determined. Statistical
significance was assessed using Student’s -test.

Millimeter-wave resonance therapy (MRT) was
performed according to our methodology (“Meth-
odology of millimeter-wave resonance therapy
(MRT) for stimulation of orthodontic treatment
in patients with distal malocclusion”). Rational-
ization Proposal No. 12/93 (1615), June 17, 1993.

Results

Baseline tympanometry with a probe tone of 226
Hz was performed to exclude subclinical patholo-
gy, including tympanic membrane hypermobility,
patulous Eustachian tube, or residual dysfunc-
tion (salpingo-otitis). Following this, the initial
threshold for eliciting the acoustic reflex of the
intratympanic muscles (ARIM) was determined
in each ear using ipsilateral and contralateral
presentation of a 1.0 kHz sound stimulus with a
duration of 1000 ms. The stimulus intensity was
then increased by 10 dB above threshold, and the
acoustic reflex was recorded with a time base of
100 ms/cm.

After recording the initial audiometric and
ARIM data, a five-minute vibration exposure was
applied to the teeth and alveolar process. Imme-
diately thereafter, the audiological assessment
was repeated. Upon completion of the vibration
exposure, functional changes in the ARIM were
observed; therefore, the study was repeated after
ten- and twenty-minute rest periods.

The following temporal characteristics of the
ARIM were calculated (in ms):

o T, (latency): time required for contraction of the
intratympanic muscles to reach 10% of maximum;

o T, (rise time): time required to reach 90% of
maximum;

o T, (duration): interval during which the ARIM
curve maintains maximum activity;

o T, (decay period): time when reflex activity de-

creases to 10%;

o T (total time): overall duration of the reflex re-
sponse;

o A (reflex amplitude): value ranging from 10%
to 90% of maximum, measured in cm®.

Given the divergent scientific opinions regard-
ing the effect of vibration on human sensory sys-
tems, we investigated its impact on the auditory
system. We evaluated functional changes in the
auditory analyzer during a short-term (five-min-
ute) low-frequency vibration exposure generated
by the proposed orthodontic device. Twenty pa-
tients aged 12 to 17 years with distal occlusion and
normal hearing, and without clinical evidence of
ENT pathology according to pure-tone and speech
audiometry, were examined. Our findings demon-
strated that auditory sensitivity in the frequency
range of 125-8000 Hz remained unchanged in
all subjects following the five-minute therapeutic
low-frequency vibration exposure.

When recording the acoustic reflex of the in-
tratympanic muscles (ARIM) before and after a
five-minute vibration exposure—with ipsilateral
and contralateral presentation of a 1.0 kHz sound
stimulus (1000 ms duration)—we observed a
15.8% increase compared to baseline. In 52.6% of
cases with ipsilateral stimulation and 36.8% with
contralateral stimulation, the reflex remained un-
changed or decreased. After a ten-minute rest, a
follow-up study of the ARIM showed that ampli-
tude values had returned to baseline in 61.6% of
ipsilateral and 57.9% of contralateral presentations.
However, by the end of the 20th minute of rest,
restoration of the initial amplitude-temporal char-
acteristics was observed in all patients without ex-
ception.
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Conclusions of the neuromuscular mechanism of the intratym-
In summary, our study demonstrates that a panic muscle acoustic reflex (ARIM). This effect,
five-minute exposure to the orthodontic vibrating | which likely occurs at the level of the brainstem, is
device on the dentition does not affect the audi- short-term and transient, with no lasting impact on
tory sensitivity of the hearing organ. At the same | the functional state of the auditory analyzer.
time, it promotes activation rather than inhibition
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