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Abstract. Introduction. Complete absence of teeth is a very common pathology, especially in the elderly, and removable 
dentures are mainly used for its treatment. Various local and general mechanisms are used to reduce the process of 
adaptation to dentures in patients with complete absence of teeth. We suggest using the principle of biofeedback, which 
is safe, does not require medical support, and optimizes the adaptation process by activating the human body’s own 
reserves, through active patient involvement and conscious training of the musculoskeletal system. The aim of the study 
is to optimize the adaptation process of primary prosthetic patients with complete removable plate prostheses using the 
principle of biofeedback. Materials and methods. The research was aimed at substantiating the effectiveness of the 
biofeedback method to optimize the adaptation of patients to removable dentures after complete tooth loss. The study 
involved 50 elderly people (60–74 years old). All patients were treated for complete absence of teeth with removable 
dentures, but the patients of the main group received biofeedback therapy at the treatment stages to optimize adaptation. 
Results. When comparing the results of the group receiving traditional treatment and the group using correction with 
biofeedback, it was found that the adaptation to full removable plate prostheses occurred faster in the second group. 
According to electromyography and gnathodynamometry data, patients receiving biofeedback therapy at the treatment 
stages had already adapted to full removable plate prostheses on day 14. We have proved the effectiveness of the 
implementation of the proposed technology to optimize the process of adaptation to removable dentures. Conclusion. 
Based on the results of objective physiological and subjective studies, it can be seen that the use of the author’s algorithm 
based on the principles of biofeedback makes it possible to shorten the period of adaptation of patients to complete 
removable plate prostheses, thereby optimizing the process of getting used to complete removable orthopedic structures.
Keywords: electromyographic biofeedback, complete absence of teeth, physiological adaptation to removable plate 
prostheses
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Резюме. Введение. Полное отсутствие зубов является весьма распространенной патологией, особенно 
у пожилых людей, для ее лечения в основном применяют съемные пластиночные протезы. Для сокращения 
процесса адаптации к протезам у пациентов с полным отсутствием зубов используют различные локальные 
и общие механизмы. Мы же предлагаем использовать принцип биологической обратной связи (БОС), который 
безопасен, не требует медикаментозной поддержки, оптимизирует процесс адаптации за счет активизации 
собственных резервов организма человека путем активного вовлечения пациента и осознанной тренировки 
мышечного звена зубочелюстной системы. Цель исследования — оптимизация процесса адаптации пер-
вично протезируемых пациентов полными съемными пластиночными протезами с использованием принципа 
БОС. Материалы и методы. Исследования были направлены на обоснование эффективности применения 
метода БОС для оптимизации адаптации пациентов к съемным пластиночным протезам после полной потери 
зубов. В исследовании приняли участие 50 человек пожилого возраста (60–74 года). Всем пациентам было 
проведено лечение полного отсутствия зубов съемными пластиночными протезами, но пациенты основной 
группы на этапах лечения для оптимизации адаптации получали терапию с БОС. Результаты. При срав-
нении результатов группы, получающей традиционное лечение, и группы, использующей коррекцию с БОС, 
установлено, что у второй группы адаптация к полным съемным пластиночным протезам наступила быстрее. 
У пациентов, получающих БОС-терапию, на этапах лечения уже на 14-й день по данным электромиографии 
и гнатодинамометрии наступила адаптация к полным съемным пластиночным протезам. Нами доказана 
эффективность внедрения предложенной технологии оптимизации процесса адаптации к съемным зубным 
протезам. Заключение. По результатам объективных физиологических и субъективных исследований видно, 
что применение авторского алгоритма, основанного на принципах БОС, позволяет сократить период адаптации 
пациентов к полным съемным пластиночным протезам и тем самым оптимизировать процесс привыкания 
к полным съемным ортопедическим конструкциям.
Ключевые слова: электромиографическая биологическая обратная связь, полное отсутствие зубов, 
физиологическая адаптация к съемным пластиночным протезам

INTRODUCTION

Restoration of chewing function, dental aesthetics and 
quality speech in the complete absence of teeth is one of 
the urgent tasks of modern dentistry. Removable dentures 
are mainly used to treat the complete absence of teeth. 
Adap tation to removable dentures is different for each 
individual patient, and often even a correctly manufac-
tured denture with good fixation does not guarantee rapid 
adap tation [1–4]. The process of adaptation to removable 
dentures is influenced by many factors: atrophy of the 
alveolar process, physiological characteristics of the pa-
tient’s body as a whole, and psychological characteristics 
of each individual patient [5–7]. Various local and general 
mechanisms are used to reduce the adaptation time to 
removable dentures in patients with a complete absence 
of teeth. A significant share of the influence is exerted by 
topical medications. A number of authors recommend using 
various adhesive agents, modified adhesive compositions 
[8–10]. Foreign literature describes digital technologies for 
the manufacture of complete removable dentures, which 
improve their quality and accelerate the process of getting 
used to them [11, 12].

When choosing a method for optimizing patient adapta-
tion to complete removable dentures, we proceeded from 
the fact that the principle of biofeedback is safe. It also 
does not require medication support, optimizes the adapta-
tion process by activating the human body’s own reserves 
through active patient involvement and conscious training 
of muscles of the stomatognathic system [13–15]. Thus, it 
seems relevant to use biofeedback to optimize adaptation 
to complete removable dentures. 

AIM

The aim of the study is to optimize the adaptation pro-
cess of primary prosthetic patients with complete removable 
dentures using the principle of biofeedback.

MATERIALS AND METHODS

Two groups of individuals were surveyed to determine the 
effectiveness of the approach we developed to optimize the 
adaptation process. The 1st group (control group) received 
traditional treatment, while the 2nd group (main group) re-
ceived biofeedback therapy. Each group included 25 patients. 
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In accordance with the Standards of Medical Care, the condi-
tion of all patients met the following criteria and signs: complete 
absence of teeth on one or both jaws; absence of sharp bone 
prominences (exostoses); absence of pronounced atrophy of 
the alveolar process (with complete absence of teeth on one or 
both jaws). Complete absence of teeth on the upper jaw with 
a high alveolar process of the upper jaw, uniformly lined with 
dense mucosa, with well-defined maxillary tuberosity, deep pa-
late, poorly expressed torus or its absence allowed to classify 
patients as type I according to the Schroeder classification. 
Complete absence of teeth on the lower jaw with a pronounced 
alveolar ridge, when the transitional fold is located far its crest, 
allowed to classify patients as type I according to the Keller 
classification. Healthy oral mucosa is moderately flexible, mo-
derately mobile, pale pink, well-moistened. This allowed us to 
classify patients as I class according to the Supple classifica-

tion. In addition, the patients did not have pathology of the tem-
poromandibular joint and masticatory muscles.  

The patient’s adaptation correction was carried out for 
10 days. It included: author’s complex of myogymnastic ex-
ercises (invention patent RU 2812832 C1 dated 02.02.2024), 
author’s method of training patients with complete absence 
of teeth using the principles of biofeedback (invention patent 
RU 2802148 C1 dated 22.08.2023), author’s training plastic 
base with a plastic roller (utility model patent RU 202617 U1 
dated 01.03.2021). Myogymnastics was carried out taking 
into account the individual physiological characteristics of 
the maxillofacial area of patients and using a plastic roller 
with a plastic base specially developed by us (utility model 
patent RU 213341 U1 dated 07.09.2022) [16–18].

Medical check-up of patients at the stages of treatment 
included: dental check-up of the maxillofacial area and the 

Table 1
Results of the assessment of patient adaptation at the stages of treatment with the traditional method and using correction 

with biological feedback according to gnathodynamometry data (M±m)
Таблица 1

Результаты оценки адаптации пациентов на этапах лечения традиционным методом и с использованием коррекции 
с биологической обратной связью по данным гнатодинамометрии (М±m)

Срок наблюдения / 
Observation period

Контрольная группа, с традиционным 
лечением / Control group, with 
conventional treatment (n=25)

Основная группа, с использованием 
БОС-терапии на этапах лечения / The 
main group, using biofeedback therapy 

at the stages of treatment (n=25)
t-кри-
терий 
Стью-
дента / 

Student's 
t-test

Рсила сокращения жевательных мышц, Н / 
force of contraction of masticatory muscles, N

сторона / side сторона / side

правая / right левая / left правая / right левая / left

Первое посещение / First visit 90,5±2,6 93,6±2,5 90,5±2,6 93,6±2,5 0,27 0,8

Шестое посещение / Sixth visit 91,0±2,3 93,6±3,3 92,0±2,3 94,5±2,3 0,61 0,5

3 дня после наложения 
протеза / 3 days after the 

prosthesis is applied

90,4±2,5 95,3±2,1 98,3±2,5 97,3±2,1 2,7 0,00005*

7 дней после наложения 
протеза / 7 days after 

the prosthesis is applied

100,4±1,5 105,3±2,2 115,4±2,5 116,3±2,1 4,18 0,000064*

14 дней после наложения 
протеза / 14 days after 
the prosthesis is applied

110,1±2,1 111,5±1,6 125,1±4,1 125,5±3,6 3,9 0,00017*

30 дней после наложения 
протеза / 30 days after 
the prosthesis is applied

130,1±4,3 131,1±3,2 139,1±2,3 139,1±2,2 2,35 0,02*

60 дней после наложения 
протеза / 60 days after 
prosthesis placement

135,5±6,3 134,1±4,1 140,1±4,1 139,6±6,3 0,5 0,6

* Differences in the same indicators between groups are statistically signifi cant (p <0.05).
* Различия одноименных показателей между группами статистически достоверны (p <0,05). 
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oral cavity itself, palpation, gnathodynamometry (GDM), elec-
tromyography (EMG), autonomic nervous system (ANS) tes-
ting, modified technique for assessing adaptation to orthopedic 
dental structures “AOS”, OHIP-14-Ru questionnaire for assess-
ing the quality of life, and maladjustment coefficient (MC). 

Statistical analysis of the data was performed using the 
STATISTICA 7.0 software package. The normality of distri-
bution was assessed using the Kolmogorov-Smirnov test 
followed by the parametric method. Differences were consi-
dered significant at p ≤0.05.

RESULTS

The vegetative Kerdo index (KI) values in patients of 
both clinical groups before the start of treatment did not 
differ significantly (mean value was 10.0), which was ad-
ditional evidence of the similarity of these clinical groups. 
On the first day after insertion of a complete removable 
denture, an increase in heart rate (HR) and, accordingly, KI 

(sympathicotonia) from 60.5 to 65.8% was recorded in both 
study groups. On the seventh day after insertion of a den-
ture, the HR and KI values in the main group approached 
normal values, and in the control group, sympathicotonia 
was observed, which is characteristic of a stress state 
(p <0.05 with the first group). During control visits after 30 
and 60 days of treatment, patients in both clinical groups 
had KI values within normal limits.

The gnathodynamometry values in patients of both 
groups before the start of treatment did not differ significant-
ly (mean value was 92N), which was additional evidence of 
the similarity of these groups (Table 1). 

On the first day after denture insertion, a slight increase in 
the chewing force from 1.5 to 1.8% was recorded in both clini-
cal groups, both on the functionally dominant and non-domi-
nant chewing sides. On the 7th and 14th days after insertion of 
a complete removable denture, the pressure force was par-
tially restored, but when using the traditional approach, it was 
only 102.4±7.7 N. At the same time, in patients of the  second 

Table 2
Results of the assessment of patient adaptation at the stages of treatment with the traditional method and using correction 

with biofeedback according to electromyography data of the masticatory muscles (M±m)
Таблица 2

Результаты оценки адаптации пациентов на этапах лечения традиционным методом и с использованием коррекции 
с биологической обратной связью по данным электромиографии жевательных мышц (М±m)

Срок наблюдения / 
Observation period

Контрольная группа, 
с традиционным лечением / 

Control group, with conventional 
treatment (n=25)

Основная группа, 
с использованием БОС-терапии 

на этапах лечения / The main 
group, using biofeedback therapy at 

the stages of treatment (n=25)

t-критерий 
Стью-
дента / 

Student’s 
t-test

Р
электромиография, мкВ / electromyography, μV 
сторона сторона

правая левая правая левая
Первое посещение / First visit 52,0±6,1 41,0±6,5 53,0±5,2 42,0±5,1 0,12 0,9
Шестое посещение / Sixth visit 150,1±6,5 120,0±5,4 140,0±7,6 100,0±5,5 1,04 0,3

3 дня после наложения протеза / 
3 days after the prosthesis 

is applied

160,5±5,5 120,0±4,5 100,9±5,7 70,0±4,6 7,57 0,00001*

7 дней после наложения протеза / 
7 days after the prosthesis 

is applied

130,2±4,4 100,0±5,3 70,1±3, 5 60,8±5,6 9,53 0,000001*

14 дней после наложения протеза / 
14 days after the prosthesis is applied

110,0±5,5 80,1±4,4 55,3±3,6 50,4±4,5 7,74 0,000001*

30 дней после наложения протеза / 
30 days after the prosthesis is applied

53,3±3,6 50,2±3,4 52,5±2,6 50,4±2,1 2,23 0,8

60 дней после наложения протеза / 
60 days after prosthesis placement

50,6±0,7 50,2±0,8 50,1±0,4 50,8±0,6 0,62 0,54

* Различия одноименных показателей между группами статистически достоверны (p <0,05). 
* Differences in the same indicators between groups are statistically signifi cant (p <0.05).
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group it was 115.3±8.9 N (p <0.05 with the first group). Dur-
ing control visits after 30 and 60 days of treatment, the GDM 
values were recorded in patients of both clinical groups within 
the normal limits. However, during treatment using the prin-
ciple of biofeedback, the values of the force of chewing pres-
sure of the muscles were higher than in the first group.

The bioelectrical activity (BEA) of the studied muscles 
was examined using the method of total electromyography 
(Table 2). Standard wireless sensors were used, which were 
placed along the course of muscle fibers on the right and 
left above the motor point of the masseter muscle. 

As a result of assessing the EMG parameters in the 
control group, at maximum muscle stress, a high-frequency 
curve was recorded with average amplitude of 52.0±6.1 μV 
on the right, and 41.0±6.5 μV on the left before prosthetics 
of the masseter muscle itself. Meanwhile, in the main group, 
values were 53.0±5.2 μV on the right side, and 42.0±5.1 μV 
on the left. Bioelectrical activity in men and women differed 
slightly, and therefore the electromyography data of men 
and women were considered together.

The next day after insertion of a removable denture 
(6th visit), according to the results of the EMG: in the control 
group, at maximum muscle stress, a high-frequency curve 
was recorded with amplitude of contraction of the mastica-
tory muscle itself of 150.1±6.5 μV on the right side, and 
120.0±5.4 μV on the left. At the same time, in the main 
group, values were 140.0±7.6 μV on the right side, and 
100.0±5.5 μV on the left. It is seen that in patients of the 
main and control groups there was a “jump” in the bioelec-
trical activity of the masticatory muscles immediately after 
insertion of a removable denture, since it is a strong irritant.

On the third day after insertion of a removable denture in 
the control group, at maximum muscle stress, a high-frequency 
curve was recorded on the EMG of the masticatory muscle it-
self with average amplitude of 160.5 ± 5.5 μV on the right side, 
and 120.0 ± 4.5 μV on the left before prosthetics. Meanwhile, 
in the main group, values were 100.9 ± 5.7 μV on the right 
side, and 70.0 ± 4.6 μV on the left. It is evident that in patients 
of the main and control groups of the study, according to the 
bioelectrical activity of the masticatory muscles of the right and 
left sides, signs of asymmetry of the indicators are preserved.

On the seventh day after insertion of a removable denture 
in the control group, at maximum muscle stress, a high-fre-
quency curve was recorded on the EMG with average ampli-
tude of 130.2±4.4 μV on the right side, and 100.0±5.3 μV on 
the left before prosthetics of the masticatory muscle itself. At 
the same time, in the main group, values were 70.1±3.5 μV on 
the right side, and 60.8±5.6 μV on the left. It is seen that in pa-
tients of the main group, the bioelectrical activity of the masti-
catory muscles of the right and left sides approached the initial 
values. Also, the indicators on the right and left are almost the 

same (which indicates a good prognosis for adaptation), while 
this is not observed in patients in the control group.

On the fourteenth day after insertion of a removable den-
ture in the control group, at maximum muscle stress, a high-
frequency curve was recorded on the EMG with average ampli-
tude of 110.0±5.5 μV on the right side, and 80.1±4.4 μV on the 
left before prosthetics of the masticatory muscle itself. Mean-
while, in the main group, values were 55.3±3.6 μV on the right 
side, and 50.4±4.5 μV on the left. It is evident that in patients 
of the main group, the bioelectrical activity of the masticatory 
muscles of the right and left sides approached the initial values. 
Also, the indicators on the right and left are almost the same 
(which indicates the onset of adaptation in the main group), 
while this is not observed in patients in the control group.

On the thirtieth day after insertion of a removable denture 
in the control group, at maximum muscle stress, a high-fre-
quency curve was recorded on the EMG with average ampli-
tude of 53.3±3.6 μV on the right side, and 50.2±3.4 μV on the 
left before prosthetics of the masticatory muscle itself. At the 
same time, in the main group, values were 52.5±2.6 μV on 
the right side, and 50.4±2.1 μV on the left. The masticatory 
muscles of the subjects in both groups work symmetrically, 
which is confirmed by the symmetry of their strength indica-
tors and can be considered a sign of successful adaptation.

On the sixtieth day after insertion of a removable den-
ture, a high-frequency curve was recorded on the EMG in 
the control group at maximum muscle stress with average 
amplitude of 50.6±0.7 μV on the right side, and 50.2±0.8 μV 
on the left before the prosthesis the masticatory muscle it-
self. Meanwhile, in the main group, the EMG values were 
50.1±0.4 μV on the right side, and 50.8±0.6 μV on the left. 
In patients of the main and control groups, the bioelectri-
cal activity of the masticatory muscles of the right and left 
sides is almost the same. The masticatory muscles of the 
subjects in both groups work symmetrically, which is con-
firmed by the symmetry of their strength indicators and can 
be considered a sign of successful adaptation.

When analyzing the data of the assessment of patients in 
both groups after insertion of removable dentures using the 
“Maladjustment Scale” (MC — maladjustment coefficient), it 
is shown that on the day of denture insertion in the first (con-
trol) group, MC was equal to an average of 122.4±0.3. In the 
se cond group MC was 107.2±0.3. During medical check-up 
of patients on the 7–14th day after insertion of removable 
dentures in the first (control group) and second (main group, 
patients received biofeedback therapy) groups, the MC was 
110±6.2 and 48.0±4.3, respectively. This indicates a relatively 
more favorable course of the adaptation process in patients 
in the case of using the myogymnastic complex with biofeed-
back in treatment. Medical check-up of patients on the 30th–
60th day after denture insertion revealed a further decrease in 
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KDA values to 6.3±0.4 in the main group and to 4.1±0.3 in the 
comparison group. It should be noted that adaptation is con-
sidered to have occurred already at values of KDA less than 
10. Thus, it is obvious that patients of the main group have a 
higher degree of adaptation to removable dentures (p <0.05).

Before treatment, the OHIP-14-Ru questionnaire scores 
(the “Quality of Life Questionnaire”) were higher than 
56 points in both groups and amounted to 65±7.4. Immedi-
ately after denture insertion, the OHIP-14-Ru questionnaire 
scores in the first (main) group were slightly higher than 
56 points and amounted to 57±5.7 points. In the second 
group (comparison group), the scores were 55±5.4 points, 
indicating a satisfactory level of quality of life (p <0.001). 

According to the data of electromyography and gnathody-
namometry of the masticatory muscles, adaptation in patients 
of the main group occurred on the 14th day after denture in-
sertion, and in patients of the control group — only on the 
30th day after fixation of the complete removable denture.

Thus, the application of biofeedback at the stages of 
treatment of patients with a complete absence of teeth us-
ing removable dentures reduces the level of maladaptive 
impact of dental manipulations on chewing function. In ad-
dition, this approach ensures more complete and acceler-
ated restoration of the main physiological characteristics of 
masticatory muscles of stomatognathic system.

CONCLUSION

Based on the results of objective physiological and sub-
jective studies, it can be seen that using the author’s algo-
rithm based on principles of biofeedback makes it possible 
to shorten the period of adaptation of patients to complete 
removable dentures, thereby optimizing the process of get-
ting used to complete removable orthopedic structures.

The tactics we have developed for managing patients with 
complete absence of teeth include a complex of myogymnas-
tic exercises, method for training patients with complete ab-
sence of teeth using principles of biofeedback, as well as the 
use of technical devices we have proposed (a training plastic 
base with a plastic roller). This tactic allows us to optimize the 
process of adaptation to removable dentures. Therefore, it is 
advisable to include it in the protocol for dental treatment of 
patients with complete absence of teeth. 
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