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Abstract. The objective of this study was to analyse the postoperative outcomes between umbilectomy and the
umbilicus-retaining procedure in patients presenting with umbilical sepsis. Patients presenting to the surgical clinic
with umbilical sepsis were randomised into two groups of 25 patients each based on inclusion and exclusion criteria.
Postoperative factors such as pain score, wound infection, recurrence, hospital stay, and cosmetic satisfaction were
analysed during follow-up. The parameters observed were statistically analysed using the chi-square test. A p-value of
<0.05 was considered statistically significant. The mean age at surgery in both groups was similar (48 vs. 49, p=0.9191).
Based on the pain score after surgery, there is a significant difference (p=0.0183) between the two groups, with higher
pain reported in patients undergoing the umbilicus-retaining procedure. Considering wound infection as a parameter,
the statistical significance is less (p=0.096). Hospital stay was observed in both groups, and there were no significant
differences (p=0.7055). The study population consisted of 23 men and 27 women. Cosmetic satisfaction of patients
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was assessed, and no statistical significance was found (p = 0.644) between the two groups, irrespective of gender.
Recurrence of symptoms was observed more in the group where the umbilicus is retained (p=0.0073). Considering all
the parameters and their statistical significance, it is concluded that postoperative outcomes were comparable in both
groups of patients. The results of this study provide insights for surgeons into the concept of retaining or removing the
umbilicus and its impact on postoperative morbidity of patients presenting with umbilical sepsis

Keywords: cosmesis; pain scale; recurrence; infection; umbilicus; surgery

INTRODUCTION

The umbilicus is an important aesthetic landmark, marking
the waistline, and its absence can result in poor self-image.
The aesthetics of the abdomen mainly involve the umbili-
cal scar. The ideal umbilicus should have a natural contour,
prominent depth, minimal additional scars, and appropri-
ate superior hooding. Surgical treatment is often prefera-
ble to conservative treatment options for many umbilical
pathologies, as conservative treatment generally involves
a longer healing time and a higher rate of recurrence. By
focusing on these aesthetic principles and opting for sur-
gical solutions when appropriate, healthcare providers can
better address umbilical issues and enhance both the func-
tional and cosmetic aspects of abdominal health.

K. Perez et al. [1] discussed an analysis of 408 patients
who underwent umbilectomy and found that umbilectomy
significantly decreased the number of patients presenting
with wound infection but increased the risk of seroma for-
mation. S.M. Aso et al. [2] discussed conservative non-oper-
ative management of 114 patients presenting with umbil-
ical pilonidal sinus and found that umbilical preservation
is highly possible using an umbilical injection mixture.
G. Nisi et al. [3] discussed types of umbilical reconstruc-
tion techniques and the cosmetic significance of umbilical
preservation using U-scoring. A. Sisti et al. [4] conducted a
literature review on umbilical reconstruction techniques,
noted that removal of the umbilicus often becomes inevi-
table, leaving surgeons in a dilemma whether to retain or
remove the umbilicus. M. Gardani et al. [5] discuss multiple
different options for umbilical reconstruction techniques,
which clearly define the difference between umbilical pres-
ervation and neoumbilicoplasty. Y.H. Kim et al. [6] empha-
sised the importance of preoperative imaging of patients
with umbilical sinus, which aids in the decision-making
process regarding the possibility of removing the umbilicus
intraoperatively. K. Painter et al. [7] highlighted the man-
agement of umbilical sepsis and also emphasised wound
debridement in a selected group of patients. M. Chua et
al. [8] discussed the significance of umbilical blood supply
in umbilicus preservation techniques, which might pro-
duce umbilical necrosis if not done properly.

Literature evidence from many studies lacks clarity on
several factors, such as: a) what are the most common post-
operative issues patients face after umbilicus surgeries;
b) which patients require umbilicus preservation; c) what
are the cosmetic aspects of removing the umbilicus for the
patient; d) what are the future approaches to treating pa-
tients with umbilical sepsis. This study aimed to address all
these factors and guide surgeons involved in treating pa-
tients with umbilical sepsis. The objective of this study was
to analyse the clinical characteristics and postoperative
outcomes of umbilectomy versus the umbilicus-retaining
procedure in umbilical sepsis.

MATERIALS AND METHODS
This is a prospective, randomised controlled study of post-
operative outcomes in patients who underwent umbilec-
tomy versus the umbilicus-retaining procedure for umbil-
ical sepsis. The study included a total of 50 patients who
underwent surgery for umbilical sepsis from January 2022
to September 2023 in the Department of General Surgery.
The study population comprised 23 male and 27 female
patients in total. Group A included 11 male and 14 female
patients out of 25, and Group B included 12 male and 13
female patients out of 25. All patient-related demographics
were collected while registering the patients for the study.
Patients were randomised using a random allocation tech-
nique to either group of 25 patients, based on inclusion and
exclusion criteria. The random allocation technique was
performed by using pre-numbered opaque sealed enve-
lopes sequentially numbered from 1 to 50. Patients were al-
located to either Group A or Group B in the same order they
were inducted into the study by opening the sealed enve-
lopes. Group A consisted of patients where the umbilicus
was removed as part of the surgical incision, and Group B
consisted of patients where the umbilicus was retained.

All patients undergoing surgery for umbilical sepsis
were elective as well as emergency. Conditions included
umbilical sepsis, umbilical pilonidal sinus with abscess,
and umbilical granuloma with abscess. Exclusion crite-
ria included patients with uncontrolled diabetes, chronic
smokers, morbid obesity, prior laparotomy, and those at
extremes of age (paediatric, adolescent, geriatric).

The surgical technique used for both groups was al-
most similar, except the umbilicus was removed in the
umbilectomy group. In Group A where the umbilicus was
removed, the abdominal incision was either vertical or
horizontal, enclosing the umbilicus all around. The inci-
sion was deepened, and the umbilicus along with its stalk,
was disconnected from the linea alba and excised. Wound
debridement was performed. After washing the wound with
normal saline, the skin was sutured with non-absorbable
sutures and covered with a sterile dressing. In Group B,
where the umbilicus was retained, the incision was similar,
either vertical or transverse, abutting the umbilicus. The
incision was deepened, and infected tissue around the um-
bilicus was debrided. The wound was washed with saline,
and the skin was sutured with non-absorbable sutures.

Patients’ follow-up was analysed up to the 6-month
postoperative period. Postoperative outcomes such as pain
scale, recurrence of symptoms, wound infection, hospital
stay, and cosmetic satisfaction were compared between
the two groups of patients, and conclusions were drawn
based on the statistical significance of these outcomes.
Postoperative outcomes were assessed based on stand-
ard practices. Pain intensity was assessed using the Uni-
versal Pain Assessment Tool (UPAT) [9], which combines
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a Visual Analog Scale with a Numerical Rating Scale, a
standard pain index scoring method accepted and prac-
tised in surgical wards. Pain scoring was recorded on the
3 and 7™ postoperative days, and the average was taken
for analysis (Table 1). To reduce the chance of confounding
factors such as wound infection or use of painkillers [10],

which can influence pain characterisation, two readings
were taken on postoperative day 3 and day 7, and the ag-
gregate was used for analysis. For the postoperative pain
grading, the Universal Pain Assessment Tool was used to
define the amount of pain experienced by patients in each
group (Fig. 1).

Table 1. Universal Pain Assessment Tool (format)

Pain intensity Scoring Day 3 Day 7
No pain 0
Very mild pain 1
Discomforting pain (Hurts a little bit) 2
Tolerable pain 3
Distressing pain (Hurts a little more) 4
Very distressing pain 5
Intense pain (Hurts even more) 6
Very intense pain 7
Utterly horrible pain (Hurts a whole lot) 8
Excruciating / Unbearable pain 9
Unimaginable / Unspeakable pain (Hurts worst) 10
Source: compiled by the authors
NO MILD MODERATE SEVERE WORST PAIN
PAIN PAIN PAIN PAIN POSSIBLE
0 1 2 3 4 5 6 7 8 9 10
No hurt Hurts a Hurts a Hus Hurts a Hurts
little bit little more  Evenmore  whole lot worst
. . . . . Utterly =~ Unimaginable
No pain Discomforting Distressing Intense horrible unspeakable
0 1 2 3 4 5 6 7 8 9 10

. Very . Excruciating
Very mild Tolerable distressing Very intense unbearable
+ T
NO PAIN MILD MODERATE  INTENCE UNSPEAKABLE

Figure 1. Postoperative pain grading

Source: [9]

Wound infection [11] was assessed by the presence of
at least either discharge or slough tissue. A third-genera-
tion cephalosporin [12] was the standard antibiotic used for
3 days following surgery for all participants in both groups.
Recurrence was assessed at the end of the 6-month post-
operative period. Hospital stay was assessed based on the
number of days patients were admitted as inpatients. The
cosmetic satisfaction questionnaire was given to patients at

the end of 6 months when they returned to the hospital for
review, and their opinions were recorded for analysis. This
questionnaire was prepared based on inputs from hospital
plastic surgery and general surgery consultants and also
from a previous similar study [13]. Cosmetic satisfaction
was assessed by administering a questionnaire (Table 2) to
all 50 patients postoperatively. It is categorised as equivocal
(score 1), satisfied (score 2), and highly satisfied (score 3).

Table 2. Cosmetic satisfaction questionnaire (format)

Study Title

Randomised clinical trial in umbilical sepsis:
A comparative analysis of postoperative outcomes of umbilectomy and umbilicus-retaining procedure

Patient Name

IP number
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Continued Table 2.

Score 1
Equivocal

Score 2
Satisfied

Score 3
Highly satisfied

Kindly give your feedback :

Source: compiled by the authors

Since the same questionnaire was given to all 50 pa-
tients, standardisation of this questionnaire was main-
tained. The study was conducted taking into account all the
ethical concerns as per the hospital’s institutional ethical
committee norms. Consent was obtained while registering
for the study, which included analysis of collected data
from patients. The statistical test used for analysis was the
two-way chi-square test. A p-value of <0.05 was considered
significant. The study also adhered to the ethical norms of
the Declaration of Helsinki [14].

+ RESULTS

Statistical analysis of various factors was done, which in-
cluded pain score, wound infection, recurrence of symp-
toms, hospital stay, cosmetic satisfaction, and conclusions

were drawn. In the umbilectomy group, 15 patients (60%)
experienced mild pain (score 2), 8 patients (32%) ex-
perienced uncomfortable pain (score 4), and 2 patients
(8%) experienced distressing pain (score 6). In the group
where the umbilicus was preserved, 10 patients (40%)
experienced mild pain (score 2), 12 patients (48%) ex-
perienced uncomfortable pain (score 4), and 3 patients
(12%) experienced distressing pain (score 6) (Fig. 2). The
average pain score was found to be 2.96 in the umbilecto-
my group, and in the umbilicus-preserving group, it was
3.44. Using the chi-square test, the p-value for the pain
factor was found to be 0.0183, and hence pain is consid-
ered a significant differentiating factor between the two
groups. Pain levels seem higher in patients where the
umbilicus is preserved.

16 1 Pain Score

14 -

12 m umibilicus removed
‘2 umbilicus retained
o 10 4
"3
S 8 4
St
©
S 6
4

4 4

N 0

0

Score 1 Score 2 Score 3 Score 4 Score 5 Score 6

Figure 2. Pain score analysis of both groups

Source: compiled by the authors

Wound infection recorded in both groups of pa-
tients was analysed (Fig. 3). In the umbilectomy group,
wound infection was noted in 5 patients (20%), and in
the group where the umbilicus was preserved, wound
infection was noted in 8 patients (32%) (Fig. 3), of which
2 patients developed flap necrosis of the umbilicus.
All the patients were conservatively treated except for
those with flap necrosis, where minimal debridement
was done. The p-value for wound infection between the
two groups was found to be 0.096. The statistical signif-
icance is less between the two groups, and hence, the
groups are comparable.

35 1 Wound infection
30 4
25
20
15 -
10

5 -

patients (%)

Group A Group B

Figure 3. Wound infection in both groups
Source: compiled by the authors
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Recurrence of symptoms recorded at the end of 6
months was analysed (Figure 4), and it was found that 1
out of 25 patients (4%) in the umbilicus removal group de-
veloped recurrence, whereas, in the group where the um-
bilicus was preserved, 4 patients (16%) out of 25 had local
symptom recurrence (Fig. 4). The p-value for symptom re-
currence, using the two-way chi-square test between the
two groups, was 0.0073 and is considered statistically sig-
nificant. Recurrence of symptoms was observed more in the
groups where the umbilicus is retained.

18 Recurrence
16 -
14 1
12 1

patients (%)
IS

Group A Group B

Figure 4. Recurrence in both groups
Source: compiled by the authors

Hospital stay, in terms of the number of days, recorded
in both groups of patients was analysed. The average num-
ber of days patients stayed in the ward was found to be 3
days in the umbilicus removal group, whereas it was 4 days
in the umbilicus preserving group. The p-value concerning
hospital stay was found to be 0.7055. Although there is a
small apparent advantage for the umbilicus removal group,
it is not statistically significant.

15 patients were classified as satisfied, 3 patients were
classified as highly satisfied, and 7 patients were classi-
fied as equivocal in the umbilicus removal group. In pa-
tients where the umbilicus is preserved, 15 patients were
classified as satisfied, 4 patients were classified as highly
satisfied, and 6 patients were classified as equivocal. The
p-value between the two groups, while considering cos-
metic satisfaction, was found as 0.644, and hence there is
no statistical significance. This factor of cosmetic satisfac-
tion must be interpreted while considering multiple other
factors. In this study, we have included both male and fe-
male patients. Cosmesis concerning the umbilicus is more
important from a feminine point of view. Although statisti-
cally this factor is considered non-significant in this study,
there is a need for another study involving only females to
achieve a proper interpretation of this factor (Table 3).

Table 3. Results with statistical analysis

S. No. Factors analysed Group A Group B p-value
1 Postoperative pain (Average score) 2.96 3.44 0.0183
2 Wound infection (%) 20% 32% 0.0960
3 Recurrence (%) 4% 16% 0.0073
4 Hospital stay (Days) 3 days 4 days 0.7055
5 Cosmetic satisfaction (Average score) 1.84 1.92 0.6440

Source: compiled by the authors

There were no reported incidences of any major com-
plications related to anaesthesia or surgery, except for a
few minor ailments which were not included in this study.
Some of the factors noted included minor seroma forma-
tion and hematoma formation, which were resolved with
routine care. Two patients in Group B, where the umbilicus
was retained, also developed scarring that was not consid-
ered for analysis.

Postoperative outcomes such as postoperative pain, the
incidence of wound infection, and recurrence were found to
be comparatively higher in Group B where the umbilicus
was retained. Length of hospital stay was only one day more
on average in Group B. Cosmetic satisfaction was found
to be better in Group B. Statistical analysis showed that
postoperative pain and recurrence were higher in Group B.

DISCUSSION

The data collected in this study were compiled and analysed
further. Previous studies on similar aspects were taken into
account, and results from those studies were also analysed.
Although many studies have been conducted on umbilical
pathologies, the literature shows only a few studies that did
a comparative analysis of postoperative outcomes follow-
ing the removal and retention of the umbilicus.

Figure 1 shows the Universal Pain Assessment Tool,
which is the standard pain scale used in this study. Fig-
ure 2 shows that only 8% of patients in Group A and 12%
of patients in Group B experienced distressing pain. The
majority of patients involved in the study experienced
mild to moderate intensity pain (92% in Group A vs 88% in
Group B), which indicates that the morbidity of the partic-
ipants involved in this study is low (p=0.0183). I. Hortu et
al. [15] used the Numerical Rating Scale to assess the effi-
cacy of postoperative analgesia at the umbilical port site.
Numerical Rating Scale values were significantly lower in
the study group where local anaesthetic was injected into
the surgical wound (median of 2 vs 4; p<0.01). Effective
postoperative analgesia encourages early patient mobilisa-
tion, which is a basis for the Enhanced Recovery After Sur-
gery (ERAS) protocol. N. Dubey et al. [16] used the Visual
Analog Scale to compare the pain efficacy following local
injection and also classified postoperative complications
according to the Clavien-Dindo classification as major, mi-
nor, or moderate. Other pain scales in use include the ver-
bal pain scale, verbal rating scale, and generic Linkert scale.
The Universal Pain Assessment Tool used in this study ef-
fectively incorporates both the Numerical Rating Scale and
the Visual Analog Scale.
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Figure 3 shows the percentage of patients presenting
with wound infection in both groups in this study (20% in
Group A vs. 32% in Group B, p=0.0960). Wound infection
depends on multiple factors, including umbilical hygiene
of the patient before surgery, microbial flora status for each
patient, prior use of antibiotics, diabetes or other immuno-
deficiency conditions, and antibiotic preference post-sur-
gery [16]. Third-generation cephalosporins were standard
antibiotics used in this study to ensure that wound in-
fection rates remained comparable. Wound infection was
comparatively high (32%) in Group B, where the umbilicus
was retained and only 20% in the umbilectomy group. Since
the primary pathology was umbilical sepsis, the overall in-
cidence of wound infection was high (26%) in this study.
K. Tanaka et al. [17] discuss the importance of selecting
the appropriate antibiotic in patients with umbilical infec-
tion and also the high prevalence of multidrug resistance
in patients with umbilical infection. Umbilical microflora
exhibits a high degree of cephalosporin resistance (46.1%).
Coagulase-negative Staphylococcus aureus was found to
be the most frequent colonising bacteria in the umbilicus.
Hence, the choice of antibiotic has been found to influence
the incidence of wound infection.

Figure 4 represents the comparison between Group A
and Group B concerning the recurrence of symptoms. The
recurrence rate was found to be 16% in Group B, which is
higher than the 4% in Group A. Patients presenting with
recurrence of symptoms were re-evaluated and recom-
mended for an umbilectomy procedure, which was not
a part of this study. Overall, 10% of the study population
developed recurrence among those who presented with
umbilical sepsis (p=0.0073). T. Almas et al. [18] discussed
the importance of preoperative MRI imaging in a selected
group of patients to ascertain the depth of umbilical in-
volvement. H. Huang et al. [19] discuss preoperative imag-
ing, which provides an idea of the depth of involvement,
the involvement of adjacent organs, and the probability of
recurrence post-surgery.

Hospital stay was comparable in both groups of pa-
tients, measured as the number of days admitted as inpa-
tients (mean days: 3 vs. 4, p=0.7055). C.A. Steiner et al. [20]
assessed the option of hospital-based ambulatory sur-
gery to reduce the number of days of hospital stay, which
thereby reduces the cost factors involved in treatment for
patients. As hospitals become more capable of handling
outpatient surgery, ambulatory surgery or outpatient sur-
gery accounts for a majority of surgeries in recent years,
showing an increase in the trend from inpatient care to
hospital-based ambulatory surgery (57% in 1994 to 66% in
2014). A comparison of ambulatory surgery with inpatient
surgery can provide insights into postoperative complica-
tions, length of hospital stay, and hospital cost savings.

Cosmetic satisfaction was assessed at 6 months of age
based on a questionnaire-analysed score (mean score: 1.84
vs. 1.92, p=0.6440). M..E. Miscia et al. [21] assessed cosmetic
satisfaction in umbilical incisions and found that transum-
bilical incision provides better cosmetic results compared
to subumbilical incisions, but with a higher incidence of
wound infection in the transumbilical incision. Operat-
ing time, incidence of granuloma, and surgical site infec-
tion were also assessed [15]. ]. Raakow et al. [22] evaluated

long-term outcomes regarding cosmesis and chronic pain
in umbilical surgery using the Patient and Observer Scar
Assessment Scale (POSAS). Pain, itching, colour, pliability,
thickness of scar, and relief are considered for cosmetic as-
sessment in the POSAS score. Standardised cosmetic eval-
uations were done based on photographs of the patient’s
scar by independent surgeons. K.S. Yazar et al. [23] used an
aesthetic outcome questionnaire given to patients and two
independent surgeons to assess the effectiveness of the
umbilicoplasty technique.

Overall, all the postoperative outcomes assessed were
compiled and subjected to statistical analysis using the
two-way chi-square test. Statistical significance was cat-
egorised by p-value. Based on the assessment of postop-
erative outcomes and their statistical significance, conclu-
sions were drawn.

CONCLUSIONS

The primary objective of this study was to compare the
postoperative patient outcomes between umbilectomy and
umbilicus-retaining procedure for umbilical sepsis. This
objective was reasonably achieved based on a carefully de-
signed methodology, the surgical team involved, coopera-
tion from patients, and proper data analysis. The evaluated
postoperative outcomes, which have the potential to affect
patient morbidity, were chosen based on multiple liter-
ature searches conducted prior to the start of this study.
In this study, it was observed that the pain factor (p-val-
ue=0.0183) and recurrence of symptoms (p-value=0.0073)
were comparatively higher in patients where the umbilicus
was preserved. Hospital stay (p-value =0.7055), wound in-
fection (p-value=0.0960) and cosmetic satisfaction (p-val-
ue = 0.6440) were comparable in both groups without any
significant difference. Regarding the postoperative pain
factor, in the umbilicus-retaining group, the umbilicus was
fixed to the linea alba with Vicryl, which could have possi-
bly caused increased pain in visual analogue scoring; thus,
this statistical difference should be interpreted with cau-
tion. Regarding the recurrence of symptoms at the end of 6
months, patient umbilical hygiene post-discharge from the
hospital could not be monitored between the two groups
of patients, which could have impacted the statistical sig-
nificance. Hence, in this study, considering the overall per-
spective authors have concluded that postoperative out-
comes were comparable in both groups of patients.

The study is practically significant as it guides clini-
cians in deciding on umbilectomy in a given scenario. Re-
taining the umbilicus or removing the umbilicus should be
judged based on the individual situation. Factors such as
patient symptoms, duration of symptoms, scar, cosmesis,
recurrence, emergency or elective settings, and patient pref-
erence must be carefully analysed, and a decision should be
made accordingly. Future studies with additional parame-
ters, if conducted, could provide more insights into the deci-
sion-making process of removing or retaining the umbilicus.
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AHoTauif. MeTol0 1bOTO AOCTIMKEHHS 6YI0 TTpoaHali3yBaTy Micasonepaliiiidi pe3yabTaT Mik yMOiIeKTOMi€lo Ta
mpolenypaMy 36epeskeHHs IyTKa Y Malli€eHTiB 3 YITKOBUM cercyucoM. [arieHTH, iKi 3BepHyYIMCS 10 XipypriuHoi KmiHiku
3 TYIIKOBMM CEIICMCOM, Oy/IY BUITaJKOBMM YMHOM PO3TOAiJIEHI HAa JBi Ipynu Mo 25 MaIieHTiB y KOXHii, BiAmoBigHO
IO KpUTEPiiB BKIOUEHHS Ta BUKIIOUEHHS. Ilicisonepaliiiidi ¢pakTopu, Taki K mkaaa 600, iHQeKIlis paHu, peluans,
TPUBAJIICTh TOCHiTai3alil Ta KOCMeTUYHE 3a/J0BOJIEHHS, OY/IM IMpOaHalIi30BaHi ITiJi Yac MOJaablIOTO CIIOCTEPEXKEHHS.
CrocrepeskeHi mapameTpy OyaM CTaTUCTMYHO IpoaHanizoBaHi. CTaTUCTMUHMII aHasi3 MPOBOAMUBCS 3a IOMOMOTOI0
TecTy Xi-KBagpaT. 3HaueHHs p < 0,05 BBakajsocs CTaTUCTUYHO 3HauynuMm. CepenHiit Bik Ha MOMEHT omepariii B 060X
rpymnax 6yB cxosxkum (48 mpotu 49, p=0,9191). Ha ocHOBI 1mkamm 6010 /s orepalrii CrocTepira€ThCs CYTTEBA Pi3HUIIS
(p =0,0183) mixk ;BOMa rpymnamu, e 6iab BUSBUBCS GibIIMM y MALi€EHTIB, Y IKMX MyIoK 36epiraBcs. [llomo iHbexkii
paHM SIK IMapaMeTpa, CTaTUCTUYHA 3HauylicTh MeHa (p =0,096). TpusasicTp rocmiTanisalii B 3araJbHOMY YMCJIi JHiB
OyJ1a criocTepeskeHa B 000X Ipymnax, i CyTTeBMx BigMiHHOCTEN He 6ys10 (p=0,7055). [Tomyssiist JOCTiIKeHHS CKJ1amanacs
3 23 4osioBiKiB i 27 XiHOK, /le KOCMeTUYHe 3a/I0BOJIEHHS MAalli€EHTIB OL[iHIOBAIOCS i He 6YJI0 CTaTUCTUYHOI 3HAUYIIOCTi
(p =0,644) Mixx IBOMa rpyramMy, He3aJeKHO Bif cTaTi. PeluauB cMMIITOMIB criocTepiraBcs 6isibliie B IpyTi, e MyToK
36epirascs (p =0,0073). BpaxoBywouu Bci mapaMeTpy Ta iX CTaTUCTUYHY 3HAUYIIICTh, MOKHA 3POOUTY BUCHOBOK, IO
micsonepaniifdi pe3ynbrati 6yy MOpiBHAHHI B 060X Ipymax maiieHTiB. Pe3ynbraTy 1iei po60TH HAJAIOTh Xipypram
VSIBJIEHHSI TIPO KOHIEIIiI0 36epeskeHHsT ab0 BMUIANTEHHs MyIKa Ta oro BIUIMB Ha MicisorepaliifHy Mop6iIHicTb
MAali€eHTiB 3 MYITKOBUM CETICCOM

KniouoBi cnoBa: KOCMeTHYHMIT Pe3y/IbTaT; lIKaia 60/TI0; peruanB; iHdeKIis; MymoK; Xipypris
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Abstract. A new direction in cell therapy for ischemic stroke has been the use of mesenchymal stromal cells, which
have shown a positive impact on functional changes in the central nervous system due to their neuroprotective
effects, reduction of ischemia-reperfusion-induced injury, inhibition of ischemia-reperfusion-induced apoptosis, and
restoration of motor function. This study aimed to investigate the effect of mesenchymal stromal cells of different
origins, their lysate, and citicoline on the functional state of the central nervous system in rats with experimental brain
ischemia-reperfusion. The study considered the effect of mesenchymal stromal cells derived from human umbilical cord
Wharton’s jelly, human and rat adipose tissue, rat embryonic fibroblasts, as well as mesenchymal stromal cell lysate and
citicoline on the emotional and behavioural responses of sexually mature Wistar rats (3-4 months) weighing 160-190 g.
The behavioural responses of rats were studied using the open field test on the 7th and 14th days of the experiment; the
following behavioural acts were recorded: ambulation (locomotion), climbing, rearing, and grooming. The significance
of differences was determined using the non-parametric Mann-Whitney U test. It was established that after ischemia-
reperfusion, animals with control pathology showed a significant decrease in the duration of episodes of ambulation
in peripheral and central squares, vertical locomotor activity, and exploratory activity compared to the sham-operated
group. In rats that received citicoline and transplanted human umbilical cord Wharton’s jelly mesenchymal stromal
cells, a significant increase in the duration of episodes of horizontal locomotor activity was observed compared to other
types of stem cells and the control. Intravenous administration of rat embryonic fibroblasts increased the emotional
activity of the experimental animals. The least impact on locomotor and adaptive exploratory activity in rats with
ischemia-reperfusion was registered in groups of animals that received mesenchymal stromal cells from human and
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rat adipose tissue, as well as mesenchymal stromal cell lysate. The practical significance of the study lies in the search
for the most effective class of stem cells with neuroprotective properties for the creation of an injectable drug for
intravenous transplantation in the treatment of patients with acute ischemic stroke

Keywords: stem cells; ischemia-reperfusion; adaptive behaviour; emotional activity; open field test

INTRODUCTION

Vascular pathology, and the associated ischemic stroke,
according to the 2019 report from the American Heart
Association’s Statistics Committee, are leading causes of
neural dysfunction, characterised by high morbidity, dis-
ability, and mortality [1]. The Stroke Expert Collaboration
Group [2] has highlighted the substantial socioeconom-
ic impact of stroke on households, underscoring the im-
mense burden this disease places on families, communi-
ties, and nations. Stem cell transplantation has emerged as
a promising avenue within regenerative strategies. Stem
cells possess the unique ability to differentiate into vari-
ous cell types and continuously self-renew [3]. Y. Zhang et
al. [4] have demonstrated that stem cell transplantation
can effectively treat neurodegenerative diseases, includ-
ing stroke. Among stem cells, mesenchymal stromal cells
(MSCs) are the most commonly employed cell type in ad-
vanced therapies for a wide range of diseases, many of
which involve inflammation [5]. MSCs constitute a hetero-
geneous population of stem cells and exhibit neuroprotec-
tive properties when used to treat ischemic stroke. These
properties manifest in reduced ischemic-reperfusion inju-
ry, inhibition of ischemia-reperfusion-induced apoptosis,
and restoration of motor function [6]. Numerous preclini-
cal studies have demonstrated the ability of MSCs to miti-
gate tissue damage, thereby promoting functional recovery
through various mechanisms, including immunomodula-
tion, pro-angiogenic signalling, secretion of neurotrophic
factors, and neuronal differentiation [4, 7]. For instance, a
research group led by J. Li et al. [7] discovered that MSCs
can facilitate cell migration, angiogenesis, immunomodu-
lation, neuroprotection, and the restoration of neural cir-
cuits. The paracrine action of MSCs can also provide neu-
rotrophic effects and enhance functional recovery. In a few
clinical studies, notably the STARTING-2 study conducted
by a research team led by ].W. Chung et al. [8], autologous
modified MSCs demonstrated significant improvements
in lower limb motor function in patients with chronic is-
chaemic stroke. Furthermore, MSCs offer several advan-
tages over other stem cell types due to easier procurement
methods, a low risk of tumorigenicity, and the absence of
ethical concerns [9]. However, several questions remain re-
garding the nature of the cell product, the delivery route,
and the optimal cell dose and administration schedule [10].
MSCs can be derived from adipose tissue, dental buds and
pulp, bone marrow, liver or umbilical cord, umbilical cord
blood, and placenta [11]. Previous studies [12] have shown
that different types of MSCs can influence mortality and
neurological deficits in rats subjected to a model of brain
ischaemia-reperfusion (IR).

Numerous studies investigating the effects of various
factors on the behavioural responses of rats have not ad-
dressed how ischaemia-reperfusion injury of the brain in
rats, or correction using MSCs, affects adaptive exploratory
behaviour. Therefore, this study aimed to investigate the

effects of MSCs from different sources, MSCs lysate, and
citicoline on the functional state of the central nervous
system (CNS) in rats with experimental brain IR.

MATERIALS AND METHODS

The study was conducted between 2021 and 2023 at the
educational and research laboratory for preclinical evalua-
tion of new drugs and biologically active compounds “Far-
madar” of the National Pirogov Memorial Medical Univer-
sity, Vinnytsya (NPMMU) (technical competence certificate
No. 031/18 valid until 31.10.2023), using sexually mature
(3-4 months old) Wistar rats weighing 160-190 g, bred in
the vivarium of NPMMU. Animals were kept in standard
vivarium conditions with natural lighting and had free
access to water and food. MSCs and MSCs lysate were ob-
tained from the Institute of Molecular Biology and Genet-
ics (IMBG) of the NAS of Ukraine. The transfer of cells was
carried out based on the Agreement on Scientific Cooper-
ation between IMBG NASU and NPMMU dated 22.09.2017.
Cell viability was assessed by staining the cell sample for
live-dead with trypan blue while counting the number of
cells in the Goryaev chamber, with viability ranging from
95-98%. Cell quality was checked on a flow cytometer for
the presence of minimal MSC markers — CD34, CD73, CD90,
CD105. Occasionally, the ability of cells to differentiate
into adipocytes and chondrocytes, which is characteristic
of MSCs, was checked. Cell morphology was constantly
monitored by assessing the shape (spindle-shaped).

Rats were used as experimental animals because the
angioarchitecture and morphology of the rat cerebral cortex
are similar to those of humans. An experimental model of IR
was created by bilaterally ligating the internal carotid arter-
ies (ICAs) for 20 minutes under propofol anaesthesia (Propo-
fol-novo, LLC Novofarm-Biosyntez, Ukraine, 60 mg/kg).
The chosen model reflects the clinical picture of cerebral
infarction and is optimal for experimental studies of po-
tential neuroprotective substances [13]. The distribution of
animals into experimental groups is presented in Figure 1.

The test substances were administered intravenously
into the femoral vein immediately after IR, as early trans-
plantation of MSCs has been shown to promote better
neurological recovery, reduce infarct volume, and require a
smaller number (1x10°) of donor cells to achieve a positive
effect [14]. Adaptive behaviour and emotional reactivity of
the animals were assessed using the open field test twice:
on the 7th and 14th days after the experimental model of
brain IR. Observations of animals in the open field were
carried out using a standard setup — a rectangular cham-
ber (100x100 ¢cm) with transparent walls 40 cm high. The
floor was divided into 25 (20x20 cm) equal squares [15].
Recording was performed using the EthoWatcher: A TOOL
FOR BEHAVIORAL AND VIDEO-TRACKING ANALYSIS IN
LABORATORY ANIMALS software-computer complex for
studying the behavioural reactions of animals, for two days
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at the same time of day under the same conditions in the
laboratory, which was located in the vivarium of NPMMU.
The exposure time for each animal in the open field was
3 minutes. The special room had a stable temperature
(18-22°C), relative humidity (40-60%) and illumination of
250 lux. The first and second testing of the experimental
animals was carried out to study the effect of treatment on
the behavioural reactions of animals with brain IR. In the

individual behaviour of rats, the following behavioural acts
were recorded: ambulation (locomotion) — gradual move-
ment of the animal in a horizontal plane (crossing central
and peripheral squares); according to indicators of verti-
cal locomotor activity — climbing (wall vertical stance on
hind legs) and rearing (free vertical stance on hind legs)
and emotional activity - grooming (number of washes and
number of boluses during defecation).

Group 1 (n = 10): sham-operated animals + intravenous injection of 0.9% sodium chloride solution, 2 mL/kg

Group 2 (n = 40):ischemia-reperfusion+ intravenous injection of 0.9% sodium chloride solution, 2 mL/kg

Group 3 (n = 20):ischemia-reperfusion +intravenous transplantation of humanumbilical cord Wharton's jelly MSCs, 106cells/animal

Group 4 (n = 20): ischemia-reperfusion+intravenous transplantationofrat embryonic fibroblasts, 10 cells/animal

Group 5 (n = 25):ischemia-reperfusion+intravenous transplantation of humanadipose tissue MSCs, 10° cells/animal

Group 6 (n = 25):ischemia-reperfusion+intravenous transplantationofrat adipose tissueMSCs, 106 cells/animal

Group 7 (n = 25):ischemia-reperfusion+intravenous injectionof cell lysate fromhumanumbilical cord Wharton's jelly MSCs, 0.2 mL/animal

Group 8 (n = 25):ischemia-reperfusion +intravenous injection of citicoline (“Neuroxon”, Corporation” Arteium”, Ukraine), 250 mg/kg

Figure 1. Distribution of animals in the experiment

Source: compiled by the authors

Statistical analysis of the obtained data was per-
formed using Microsoft Excel 2010 and Statistica 6.1 soft-
ware. The significance of differences was assessed using
the unpaired nonparametric Mann-Whitney U test. Dif-
ferences between the measured parameters were consid-
ered statistically significant at p < 0.05. All manipulations
with experimental animals were carried out following the
International Rules and Standards of the Directive of the
Council of the European Communities 86/609/EEC and
the principles of the “European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and

Other Scientific Purposes” [16] and the Law of Ukraine
dated 21.11.2006 No. 3447-IV “On the Protection of An-
imals from Cruelty” [17]. The research protocol was ap-
proved by the Bioethics Committee of NPMMU (protocol
No. 2 dated January 31, 2024).

RESULTS
The open field test allows for the examination of rat behav-
iour by assessing levels of emotional and behavioural re-
activity, the dynamics of individual behavioural elements,
and locomotor stereotypy (Table 1).

Table 1. Comparison of behavioural response indicators

in rats with a model of brain ischemia-reperfusion and amid a correction (M *m)

Sham-operated
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 14 Days 7 Days 14 Days
Ambulation (peripheral) 2.26+1.03 0.30+0.18 18.00+1.22 12.43+1.68 115.27+3.28 101.20£9.48
Ambulation (centre) 5.05+3.28 21.11+19.17 3.14%£0.60 1.43+0.52 11.97+1.81 3.05+1.61
Climbing 13.89+3.07 34.07+12.56 11.43+0.88 5.86+1.83 23.47+2.87 14.82+4.67
Rearing 33.41%22.77 00 0.86%0.50 00 1.52+0.85 00
Grooming 96.90* 14.06 41.02+10.57 2.43+0.88 3.29%0.81 24.02+4.55 40.26+7.46
Ischaemia-reperfusion (IR)
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.16%0.17 0.65%0.71 16.00+3.01 12.83+2.14 74.05+11.38* 91.66%13.64
Ambulation (centre) 12.03+6.49 3.35%£2.20 1.83+0.59 1.50+0.68 5.23*1.91* 5.65%2.26
Climbing 16.14+8.12 20.41+12.40 9.83+2.76 5.50%£1.46 20.50+4.29 12.11+3.19
Rearing 5.02+5.50 14.42+15.79 0.17+0.18 0.50%0.55 0.28+0.30 0.90+£0.99
Grooming 61.13+12.59 61.51+18.8 1.67+0.23 2.17+0.34 13.91+4.36 16.36+6.18*
IR + human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.29+£0.94 5.72+5.48 14.57+2.18 12.57+2.89 114.13+12.58# 99.57+21.15
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al)

Table 1. Continued

IR + human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
Ambulation (centre) 16.03£10.58 5.16+2.76 2.57+0.88 2.00+0.53 8.63£3.10 6.98+3.64
Climbing 10.99+£3.23 16.94£4.76 7.14+1.55 6.14+1.79 11.02£3.70* 12.52£3.63
Rearing 16.36+11.41 00 0.43+0.32 0£0 0.43+0.36 00
Grooming 62.27%22.98 40.09+9.58 2.86+1.01 3.00%0.71 14.74+4.70 19.18+4.01*
IR + rat embryonic fibroblasts
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.50%1.07 0.55+0.44 14.50+1.12 15.67+3.17 87.10%13.45* 76.94+10.03
Ambulation (centre) 6.00+6.04 3.24+3.10 2.17+0.34 1.83%1.00 7.57+2.49 4.13+2.42
Climbing 8.83+1.29 15.57+7.12 7.50+0.97 8.17+2.67 13.98+3.64 17.81+6.64
Rearing 15.51+17.00 30.16%26.27 0.17+0.18 0.50+0.37 0.28+0.30 0.55%0.43
Grooming 35.84+8.34* 13.41+4.64# 4.17+0.52# 4.33%0.67# 39.12+11.83# 25.66+5.78
IR + human adipose MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.55%0.39 3.05+1.80 13.50%+2.03 6.83+1.15%# 105.34+14.84 53.99+12.44*
Ambulation (centre) 12.12+8.53 0+0 1.83£0.77 0.50+0.24 4.95+2.23 3.05+1.80
Climbing 34.23+23.13 0.39+0.40* 6.67+2.03 1.00£0.75* 14.89+4.28 2.24+1.66*#
Rearing 8.70+9.53# 0+0 0.33+0.37 0£0 0.54+0.59 00
Grooming 52.65+17.27 43.62+31.31 2.83+0.87 0.83+0.44* 21.84+8.32 4.22%2.32%#
IR + rat adipose MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 0.01+0.01 0.01+0.01 14.50+3.30 7.33+1.08* 69.48+14.09*$ 63.47+10.50*
Ambulation (centre) 7.27+5.68 00 1.00£0.40 0£0 2.99+£1.57* 0£0
Climbing 6.21%3.12 13.73£6.31 5.50+2.80 3.00£0.69 11.63£6.65 7.92+2.66
Rearing 11.84+8.21 0+0 0.67+0.46 0£0 1.17£0.82 0£0
Grooming 54.41+23.71 25.10%9.43 4.33+0.88# 2.00£0.69 29.14%13.40 31.30+18.22
IR + cell lysate from human Wharton’s jelly MSCs
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 1.55+1.70 0.52%0.36 16.83%£4.19 9.83+3.27 75.48+13.34*$ 69.36+6.36*
Ambulation (centre) 8.38+7.92 3.17+3.48 1.67+0.73 0.50+0.24 6.06%2.12 0.78+0.38
Climbing 20.73+14.87 8.79+7.17 9.00+3.49 3.33+2.44 20.95+7.94 6.50+4.23
Rearing 27.63+£19.87 0+0 0.50+0.37 00 0.74+0.57 00
Grooming 48.03+17.59* 53.74+29.40 3.00+1.33 1.83%£0.96 16.12+8.83 15.25+8.06*
IR + Citicoline
Latent period Number of episodes Duration of episodes
7 Days 14 Days 7 Days 7 Days 14 Days 7 Days
Ambulation (peripheral) 3.10+1.21 0+0 14.17+2.07 11.33£2.11 125.90+10.91# 79.66+16.34
Ambulation (centre) 3.03+3.32 11.36£10.25 2.50+0.68 0.83+0.44 9.68+2.34 1.42£0.70
Climbing 13.95+2.02 6.03+2.55* 8.33+2.01 5.83+1.40 14.52+4.24 10.91+2.48
Rearing 00 0+0 00 00 00 0%0
Grooming 47.40%7.58* 43.19+24.74 3.00+0.75 2.33+0.78 21.97+£7.34 19.28£7.67

Notes: * — p<0.05 compared to the sham-operated rats index; # — p <0.05 compared to the control pathology index;
$ — p<0.05 compared to the citicoline group index
Source: compiled by the authors

The analysis of rat behaviour in the open field test,
based on the “number of crossings” parameter, character-
ises the overall level of activation. As shown in Table 1, on
the 7 day after IR, in animals with control pathology, the
duration of ambulation episodes in peripheral and central
squares decreased on average by 35.8% and 56.3% respec-
tively (p < 0.05), compared to the sham-operated group.
Therapeutic correction of IR injury using embryonic fibro-
blasts and MSCs from rat adipose tissue, as well as MSCs
lysate, did not have a positive effect on the horizontal

motor activity of the experimental animals, as observed
in a significant decrease in the duration of episodes of hor
izontal locomotor activity on average by 24.4%, 39.7%, and
34.5%, respectively, compared to the sham-operated group.
The use of citicoline, as well as the transplantation of hu-
man umbilical cord Wharton’s jelly MSCs during the study
period, proved to be the most effective methods of treating
rats with IR brain injury when studying behavioural reac-
tions in the open field, as manifested in an increase in the
duration of episodes of horizontal locomotor activity on
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average by 70.0% and 54.1% (p < 0.05), respectively, com-
pared to the control.

On the 14 day of the experiment, there was a trend
towards a decrease in horizontal motor activity in the ex-
perimental groups of rats during open field testing com-
pared to the results obtained on the 7" day of observation
(Table 1). A decrease in horizontal locomotor activity with
crossings of peripheral squares was also observed in groups
of animals that received MSCs from human and rat adi-
pose tissue, as well as MSCs lysate, on average by 46.6%,
37.3%, and 31.5% respectively (p < 0.05), compared to the
sham-operated group.

Vertical motor activity indicates the exploratory behav-
iour of the animals. A greater number of stances suggests
a lower level of anxiety. Therefore, in the studied periods
of the experiment, in groups of rats with control patholo-
gy and with its correction, compared to the sham-operated
group, a tendency towards a decrease in vertical locomo-
tor activity and exploratory behaviour was observed. In
rats that received MSCs from human adipose tissue in the
context of IR, on the 14™ day of the experiment (Table 1),
wall rearing was significantly less frequent compared to
sham-operated animals and those with control pathology.

Emotional activity in the experimental animal groups
on the 14th day of observation (Table 1) led to a decrease
in the duration of grooming episodes by an average of 2-3
times compared to the sham-operated group. At the same
time, a significant increase in the number of grooming ep-
isodes was observed on the 7™ and 14" days of the experi-
ment in the group of animals that received rat embryonic
fibroblasts as a correction, on average 2.5 and 2 times, re-
spectively, as well as on the 7" day of observation in the
group of rats that were transplanted with MSCs from rat
adipose tissue in the context of IR, on average 2.6 times,
relative to the control pathology indicator. Acts of defeca-
tion and urination during the study in the open field condi-
tions were absent in animals of all groups.

The 20-minute model of IR ICAs induced functional
disturbances in the CNS of rats, manifested by a significant
decrease in the number of vertical stances, squares crossed,
and entries into the centre, indicating a suppression of loco-
motor and exploratory activity. There was also a tendency to-
wards a decrease in emotional activity, and reduced feelings
of anxiety and fear under stressful conditions, as represent-
ed by the open field test. The therapeutic use of citicoline
and human umbilical cord Wharton’s jelly MSCs in rats with
IR brain injury led to a significant increase in the duration of
episodes of spontaneous horizontal motor activity compared
to the group of animals with control pathology. The use of
rat embryonic fibroblasts as a therapeutic correction con-
tributed to an increase in the emotional activity of the ex-
perimental animals with ischemic-reperfusion brain injury.

DISCUSSION
There is no consensus in the literature regarding the mo-
tivations that determine rat behaviour in the open field.
Most authors believe that the factors determining this
behaviour are exploratory motivation and so-called emo-
tional reactivity [18]. The latter, in turn, is associated with
such brain structures as the limbic system and hippocam-
pus. For example, a study by Q. Lei et al. [19] using a mouse
model with permanent middle cerebral artery occlusion

found that transplantation of MSCs derived from the bone
marrow of knockout (SRC3 ") mice had a minimal impact
on reducing cognitive disorders, motor impairments, and
anxiety, as assessed by the Morris water maze test and
open field test. However, in another study conducted by
M.K. Tobin et al. [20], it was shown that intravenous ad-
ministration via the retro-orbital sinus of MSCs contrib-
uted to functional recovery in experimental animals with
a 90-minute occlusion of the right middle cerebral artery
according to the open field test.

Ischemia leads to progressive cerebral injury. Clinical-
ly, treating ischemic stroke remains challenging. Therefore,
an increasing number of researchers are focusing on find-
ing effective methods to reduce ischemic reperfusion injury
in cerebral ischemia. MSC transplantation may be effective
in slowing or stopping this process [21, 22]. Recent studies
have shown that MSC transplantation therapy has a posi-
tive impact on the course of cerebral ischemia [23, 24]. In
a study by J. He et al. [23], it was found that olfactory mu-
cosa MSCs during cerebral ischemia-reperfusion attenuate
apoptosis and oxidative stress in models of ischemic stroke,
reduce infarct volume, and improve neurological deficits in
rats. Many preclinical studies, as well as clinical trials, have
demonstrated the efficacy of MSC therapy in preclinical
stroke models and the safety of MSC treatment in clinical
trials [14, 20, 25]. Researchers L. Zhou et al. [24] determined
that MSC therapy is safe and effective for acute, subacute,
and chronic ischemic stroke. In the acute phase of ischem-
ic stroke in rats, MSC therapy enhanced neuronal plasticity
and functional recovery by protecting mitochondria, sup-
pressing neuronal pyroptosis and apoptosis, and reducing
microglia activation in the penumbra. In the subacute phase
of ischemic stroke, human umbilical cord MSC therapy ef-
fectively improved behavioural deficits, reduced infarct vol-
ume, and glial scar formation, and promoted angiogenesis
in the ischemic penumbra. In a chronic stroke model in rats,
transplantation of human umbilical cord MSCs maintained
blood-brain barrier integrity, improved behavioural respons-
es in animals, and promoted neurogenesis and angiogenesis.

In the study of Y. Chen et al. [14], it was noted that
sensory and motor functions were significantly improved
following the therapeutic application of human MSCs in
rats that had undergone ischemic stroke. Additionally, a
significant improvement in the recovery of behavioural re-
sponses and a reduction in infarct volume was observed in
the group of animals that received an intravenous injection
of 1x10°human MSCs per animal.

However, the extent of recovery following MSC treat-
ment is not fully understood. Most clinical trials using
stem cell therapy have applied this treatment to patients
with subacute stroke [25-27]. Other experiments have fo-
cused on patients with chronic stroke [28, 29]. For instance,
research by K.R. Nalamolu et al. [26] established that treat-
ment with MSCs derived from human umbilical cord blood
mitigates post-stroke brain damage and significantly im-
proves neurological recovery in both male and female rats
with induced stroke. In previous preclinical studies, sci-
entists have demonstrated better neurological recovery
after stroke in rats that received exosomes isolated from
MSCs, as manifested by a reduction in infarct size and ip-
silateral hemisphere swelling, preservation of neurological
function, and facilitated recovery of rats [27]. Based on the
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results obtained, the authors concluded that treatment
with exosomes secreted from MSCs, under appropriate ex-
perimental conditions, attenuates post-stroke brain dam-
age and improves neurological deficits. Y. Ogawa et al. [28,
29] found in their studies that intravenous transplantation
of bone marrow mononuclear cells was insufficient for the
treatment of chronic stroke, however, cell therapy-assisted
training was effective.

The results of the few clinical trials have been incon-
sistent, particularly the intravenous transplantation of
allogeneic adipose-derived MSCs (AMASCIS) for acute is-
chemic stroke (AMASCIS). E. de Celis-Ruiz et al. [30] con-
ducted a randomised, double-blind, placebo-controlled,
single-centre, pilot clinical trial that included elderly pa-
tients with moderate to severe acute stroke, as measured
by the National Institutes of Health Stroke Scale (NIHSS) of
8-20 points. A two-week course of MSC treatment did not
show significant differences in outcomes after 24 months
of follow-up (median NIHSS scores were not significantly
lower compared to the placebo group). For this reason, the
authors of this study decided to determine whether MSCs
of different origins and MSCs lysate could be beneficial for
treating acute ischemic stroke. To do this, rats were sub-
jected to 20 minutes of cerebral ischemia-reperfusion and
intravenously transplanted with the studied MSCs imme-
diately after reperfusion; the behavioural adaptation of the
rats was assessed using the open field test.

J. Zheng et al. [31] aimed to investigate whether mes-
enchymal stem cells (MSCs) could improve their survival
and alleviate cerebral ischemic injury in an ischemic mi-
croenvironment. The researchers used ischemic brain tis-
sue to culture MSCs and evaluated the functional changes
in rats after the administration of pre-treated MSCs with
brain tissue following stroke. It was established that trans-
plantation of MSCs promoted proliferation and the release
of growth factors, enhanced neurogenesis, reduced be-
havioural changes, decreased infarct size, and suppressed
apoptosis, representing an effective strategy for the treat-
ment of cerebral ischemic injury.

J.-R. Chen et al. [32] found that MSC transplantation
significantly improved behavioural deficits in rats associ-
ated with induced ischemia-reperfusion. Behavioural im-
provements in the performance of elevated body swing test
and forelimb stride length were achieved as early as 7 days
after MSC implantation. The authors observed a sustained
improvement in the elevated body swing test and stride
length during locomotion, but only a slight improvement at
one time point for the adhesive sensory stimulus-induced
test. According to the authors, this suggests that MSC trans-
plantation primarily improves motor functional recovery.

In the study by M.K. Tobin et al. [20], a significant im-
provement in functional recovery of the CNS was demon-
strated in experimental animals with ischemic stroke that
received treatment using interferon-y-activated mesen-
chymal stem cells (aMSCy). In animals that received aM-
SCy, a significant reduction in infarct size and inhibition
of microglial activation was observed. In another study,
conducted by Y.S. Fu et al. [33], it was shown that MSCs
derived from human umbilical cord Wharton’s jelly, when
transplanted into rats with middle cerebral artery occlu-
sion, had therapeutic benefits for chronic ischemic stroke.
The open field test enabled for the detection of changes

in adaptive behaviour and emotional reactivity in animals,
as well as disorders in locomotor stereotypy resulting from
ischaemic reperfusion injury to the brain in rats. It also as-
sessed the corrective effects of transplanting MSCs of vari-
ous origins, MSCs lysate, and the reference drug citicoline.
Thus, the analysed data are consistent with those of other
researchers; however, the results of this study demonstrat-
ed an increase in the duration of episodes of spontaneous
horizontal motor activity when using citicoline and MSCs
from human umbilical cord Wharton’s jelly. Intravenous
transplantation of rat embryonic fibroblasts promoted in-
creased emotional activity in experimental animals with IR
brain injury. The least impact on locomotor and explorato-
ry activity in rats with IR was recorded in groups of animals
that received MSCs from human and rat adipose tissue, as
well as MSCs lysate.

CONCLUSIONS

The results of the study revealed a positive therapeutic ef-
fect of MSCs of various origins, MSCs lysate, and the refer-
ence drug citicoline on the functional state of the CNS in
rats with experimental brain IR. An experimental study of
the effects of 20 minutes of brain ischemia-reperfusion on
the behaviour of rats in the open field test revealed a signif-
icant decrease in the duration of episodes of ambulation of
peripheral and central squares by an average of 35.8% and
56.3%, respectively, on day 7, and a tendency towards a de-
crease in vertical locomotor, exploratory and emotional ac-
tivity, a decrease in feelings of anxiety and fear, compared
to the sham-operated group of rats. The use of citicoline
and transplantation of MSCs from human umbilical cord
Wharton’s jelly proved to be the most effective treatment
methods, as evidenced by an increase in the duration of ep-
isodes of horizontal locomotor activity by 70.0% and 54.1%
(p < 0.05), respectively, compared to the group of animals
with control pathology. The least impact on locomotor and
exploratory activity in rats with ischemia-reperfusion was
recorded in groups of animals that received MSCs from hu-
man and rat adipose tissue, as well as MSCs lysate: a sig-
nificant decrease in horizontal locomotor activity with the
crossing of peripheral squares was observed on day 14 of
the experiment, which averaged 46.6%, 37.3%, 31.5%, re-
spectively, compared to the sham-operated group of rats.
The use of rat embryonic fibroblasts as a therapeutic cor-
rection promoted an increase in the emotional activity of
experimental animals with cerebral ischemia-reperfusion
injury with an increase in the number of grooming epi-
sodes by 2.5 times; when MSCs from rat adipose tissue
were administered — by 2.6 times, relative to the control
pathology indicator (p <0.05).

The data obtained from this research will be used to ex-
plore new avenues for treating brain ischemic reperfusion
injury. These results will provide experimental evidence
to justify clinical trials of an injectable drug based on the
most effective class of MSCs for a new application, namely
as a neuroprotectant in patients with ischemic stroke.
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AHoTauif. HoBuM HampsIMKOM KJIiTMHHOI Teparmii mpw inmeMiyHOMY iHCY/JbTi CTaJ0 BUKOPUCTAHHS Me3eHXiMaJbHUX
CTPOMANbHUX KITITUH, 1[0 BUSBUJIO TO3UTMUBHY AMHAMiKy Ha QYHKI[iOHAIbHI 3MiHM B IIeHTPaIbHili HEPBOBiil cucTeMi,
3aBISIKY iXHBOMY HEMPONPOTEKTOPHOMY e(deKTy, 3MEHIIEHHIO ileMiuHO-pernepdy3iiiHO-iHIYKOBAHOTO MOIIKOIKEHHS,
iHri6yBaHHO imemiuHO-penepdy3iifHO-iHIYKOBAHOTO aroNTo3y Ta BiZHOBAEHHIO pPyxoBoi GyHKUii. MeTa poboTu
MoJisirana y BUBUEHHI BIUVIMBY Me3eHXiMaJlbHUX CTPOMAIbHUX KIITUH Pi3HOTO MOXOIKEHHS, iX JIi3aTy Ta IUTUKOIIHY Ha
dyHKITioOHAIBHMIL CTaH LIeHTPATbHOI HEPBOBOI CMCTEMU IIYPiB 3 eKCIIepMMEHTAIbHOIO illleMi€elo-penepdy3sieio roI0BHOTO
MO3KY. PO3IVISIHYTO BIUTVB Me3eHXiMaTbHUX CTPOMAaIbHMX KITiTUH, OTPUMAaHMX i3 MTyTIOBMHHOI TKAHVHU JIIOJUHY, SKUPOBOI
TKaHVHY JIIOAVHY Ta 1ypa, eM6pioHambHMX Hi6po6IacTiB MIypa, a TAKOXK J1i3aTy Me3eHXiMaJbHUX CTPOMAIbHUX KITITUH
Ta UUTUKOJIIHY HAa CTaH eMOLIi/fHO-TIOBEeIiHKOBMX peaklliit ctaTeBo3pimux 1ypiB (3-4 mic) aiHii Bicrap i3 macorw Tina
160-190 . IoBeniHKOBI peakilii MypiB TOCTIAKYBaIM 32 TECTOM «BiIKpuUTe Toje» Ha 7-y Ta 14-y mo6y eKCIepuMeHTy;
peecTpyBay Taki MOBeIiHKOBI aKTH K aMOY/ISILiSI (JIOKOMOIIisT), KTIaMOiHT, pepiHr i rpymiHTr. [JocTOBipHiCTh BigMiHHOCTe
BM3Haua/lIM 3 BUKOPUCTAaHHSIM HenapaMeTrpuyHoro U kputepito MaHHa-YiTHi. BctaHoBeHo, o micis imemii-penepdysii
y TBapMH 3 KOHTPOJIbHOIO IATOJIOTI€I0, TPUBAMICTL emi30fAiB aMOy/siii mepudepiiiHux Ta LEHTpaIbHUX KBaAPATiB,
BepPTUKAIbHOI JIOKOMOTOPHOI aKTMBHOCTI Ta JOCIiJHUIIBKOI aKTUBHOCTI JOCTOBIPHO 3HVKYBA/INCh, TOPiBHSHO 3 TPYIIOI0
TICeBIO00TNIePOBAHMX LTYPiB. Y LIypiB, IKMM BBOAWIM LIUTUKOJIH i TPAHCIIJIAHTYBAIM Me3eHXiMaJlbHi CTpOMaibHi KIITUHU
BapToHOBMUX [parjiB IYIIOBUHM JIIOAVIHU, BUSBJIEHO AOCTOBipHE 30iJbIIIEHHS TPUBAIOCTi €Mi30fAiB TOPU3OHTAIbHOI
JIOKOMOTOPHOI aKTYMBHOCTI, TOPiBHSIHO 3 iHIIMMM TUTTaMM CTOBOYPOBUX KJTiTVH Ta KOHTPOJIeM. BHYTpilllHbOBEHHE BBEIEHHST
eM6pioHambHUX (Hi6GPO6IACTIB ITypa MiABUIITYBAIO eMOLiiiHY aKTUBHICTDb MigAOCTiZHMX TBapuH. HaliMeHIIit BIIMB Ha
JIOKOMOTOPHY Ta OPi€HTYBaJTbHO-IOCTITHUIIBKY aKTUBHOCTI y IIypiB 3 ilmemicio-pernepdysieio 6ya0 3apeecTpoBaHO B
rpyrax TBapyH, [0 OTPUMAaIV Me3eHXiMasIbHi CTPOMaJIbHI KJIITUHM i3 )KMPOBOi TKAHMHM JIIOOVMHM Ta 1ypa, & TAKOX Ji3aT
Me3eHXiMaJIbHUX CTPOMATbHUX KIiTHH. [[pakKTMYHA IIHHICTb JOCTiIKEHHS TOJISATA€ B MOIIYKY Ha6iNblI eheKTUBHOTO
3a HEPOIMPOTEKTOPHMMM BIACTUBOCTSIMM KJIaCcy CTOBOYPOBMX KJIiTMH 3 METOI CTBOPEHHSI Ha /10TO OCHOBI iH €KIIiiTHOTO
npernapary Ij1s1 BHyTPilTHbOBEHHOI TPaHCIIaHTallil P JIikyBaHHI XBOPUX i3 TOCTPUM illleMiUHUM iHCY/IbTOM

KntouoBi cnoea: cToBOYpOBi KIiTHHY; illleMisi-periepdysist; amanTuBHa MOBeIiHKa; eMOIliliHa aKTUBHICTb; TECT «BiIKpUTE
rose»
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Abstract. The systematic review aimed to determine the effect of strength training on physiological and morphological
adaptive capacities in healthy young men. A search was conducted for randomised clinical trials containing information
on the effect of resistance exercise on physical and functional changes in young men aged 18-45 years. As a result, 13
publications that met the search criteria were found, of which 9 studies were selected after excluding inappropriate ones.
Most of the studies were assessed as good-quality research with a score of 7-9 on the PEDro scale. Long-term strength
training has been shown to significantly improve strength, muscle volume and explosive abilities in trained individuals.
Strength training 3 times a week can increase lean body mass and left ventricular mass index, with a decrease in body fat.
Light training stimulates hypertrophy of the gastrocnemius muscle more than heavy training, which has a greater impact
on the middle and lateral heads of the gastrocnemius muscle. The sequence of exercises does not affect the increase in
maximum strength, but the effect on pectoral muscle hypertrophy may be better when performing multi-joint exercises
after isolated exercises. The appearance of microRNAs does not show specificity in the early acute state of training, with
changes in expression observed 8 hours after training. The duration of weightlifting training has a positive effect on

anthropometric and physiological parameters, but not on biochemical parameters

Keywords: resistance exercise; systematic review; functional adaptation; muscle hypertrophy; sports medicine

INTRODUCTION

Lack of physical activity can have significant negative
health consequences. Systematic exercise can improve
health by contributing to the prevention of cardiovascu-
lar, musculoskeletal, and metabolic disorders [1]. Strength
training (ST) is becoming increasingly popular among
young men as a means of improving physical fitness and
increasing muscle mass and strength [2]. However, many
young men lack adequate information about safe and effec-
tive training methods. To properly prescribe and monitor
ST, clinicians need to know the health effects of exercise
to design optimal exercise programmes and reduce the
risks of injury and complications. There are many studies
describing the general effects of ST, but there is a lack of
systematic reviews that evaluate specific changes in func-
tional and physical status in men. This study will provide a
comprehensive assessment of the impact of ST on somatic
health, considering physiological and biochemical changes
that occur in the body.

Suggested Citation:

Muscle strength is defined as the ability to produce
force against resistance [3]. The stress-recovery-adapta-
tion model assumes that training stress causes the body
to recover and adapt to the load, which is manifested in
increased performance. This cycle of stress, recovery, and
adaptation is the basis of an effective ST programme [2].
The regeneration of damaged tissues occurs through the
transfer of daughter nuclei from satellite cells after they
have multiplied and fused. Over time, bones also increase
their mineral density to withstand increasing loads [4].

Resistance training helps to increase muscle strength
and mass, improve balance, bone mineral density, walking
speed, and the ability to climb stairs [5]. They reduce sys-
tolic blood pressure (SBP), back pain, and local and total
fat mass, and increase intestinal transit time, which can
reduce the risk of colon cancer in healthy men [6]. The
mechanism of prevention of metabolic syndrome and
type 2 diabetes mellitus is associated with a decrease in
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visceral fat and an increase in lean body mass, as well as
the ability to insulin-independent glucose uptake, which
is activated by muscle contraction [7]. ST is an effective
method of counteracting sarcopenia, which is character-
ised by a decrease in muscle mass and strength. Scientific
studies show that ST significantly improves grip strength
and upper limb function in patients with sarcopenia [8].
Individually tailored and periodised ST programmes can
slow the progression or development of sarcopenia by in-
creasing muscle strength [9].

The effectiveness of different modes of training loads
for the development of physical qualities in students was
studied by I. Skibytskyi et al. [10] in an experiment during
gymnastics classes. As determined, the greatest increase
in muscle mass was observed at 80% of the maximum
weight. For strength development, 90% of the maximum
weight was the most effective, while 60-70% of the maxi-
mum weight was the best for strength endurance. The rec-
ommended training regimes include 3 sets with a 3-min-
ute rest for strength development, 3 sets of 12 repetitions
for muscle growth, and 3 sets with a 60-second rest for
strength endurance.

The study of the relationship between the risk of
low muscle mass and the frequency and duration of ST
involved 126,339 people from Korea. The results of the
study by J.H. Park et al. [11] showed that regular ST (3-4
days a week) reduces the risk of low muscle mass by 22%
and performing more than 5 days a week — by 27%. The
duration of training also matters training for 1-2 years
reduces the risk by 19%, and for more than 2 years - by
41%. The greatest effect is achieved with training for
more than 2 years.

M.H. Stone et al. [12] and H. Momma et al. [13] stud-
ied aspects of ST and their impact on health. It was found
that STs confirm the existence of a strength-endurance
continuum (S-EC), with two main aspects: high-load,
low-repetition exercises (power stimulus) and high-vol-
ume, low-load exercises (HIEE stimulus). Dynamic
matching of training principles improves the transfer
of results to real-world performance. Studies have also
shown that muscle-strengthening activity is associated
with a 10-17% reduction in the risk of all-cause mortal-
ity, cancer, cardiovascular disease, metabolic disorders
and lung cancer, while no association was found with the
risk of colorectal, renal, bladder and pancreatic cancer.

The effect of a single high-intensity ST on memo-
ry was studied by T. Hashimoto et al. [14]. The training
group demonstrated improved memory two days after
the strength training session, particularly in cued recall
and free recall. Free recall was associated with increased
connectivity in the left posterior hippocampus. This
suggests that short, intense ST can have a positive ef-
fect on memory and neural plasticity without requiring
repeated training.

The study of the long-term impact of strength train-
ing on the physical health of young people, addressing
individual differences, psychological aspects and optimal
recovery methods, remains relevant. The study presents a
systematic review of studies of the effect of ST on func-
tional and physical changes in men aged 18-45 years.

MATERIALS AND METHODS

This systematic review was conducted following the PRIS-
MA 2020 guidelines for systematic reviews and meta-anal-
yses [15]. Relevant scientific publications were selected
by searching PubMed, Google Scholar and Wiley Online
Library databases. A combination of keywords in English
was used, and a time filter was set to select publications
published between 2019 and 2024. To ensure the accu-
racy and completeness of the search, logical operators
AND/OR were used. The following combination of search
queries was used for Google Scholar: (“young men” AND
“strength training” AND “health” AND “research”) OR
(“healthy men” AND “physiological changes” AND “waist
circumference” AND “volume”). The search phrases used
in PubMed and Wiley Online Library were “young men”
AND “strength training” AND “health” AND “research”.
The process of literature selection was carried out follow-
ing the PRISMA flowchart, which allows us to systematise
and visualise the stages of publication selection.

Study inclusion criteria were developed based on
the PICOS model (population, intervention, comparison,
outcomes, study design). The study included publica-
tions that analysed functional and physiological changes
in healthy men aged 18-45 years under the influence of
strength training of varying intensity. Studies where the
population consisted of both men and women were in-
cluded only if separate indicators for men were available.
The intervention consisted of ST of different intensities:
low, moderate and high. It also included a combination of
strength exercises with other types of training. The so-
matic assessment of participants’ health was carried out
before and after the training period, and a comparison
was made between groups with different intensities of ex-
ercise, and exercises for different muscle groups.

The results were assessed by comprehensive indica-
tors of physical characteristics, anthropometry, muscle
function and biochemical parameters related to strength
training. Exclusion criteria included the presence of acute
or chronic diseases of the cardiovascular, musculoskeletal
or respiratory systems, and metabolic disorders that could
affect exercise performance. Individuals with bad habits
and those who used androgenic and anabolic steroids
during the study were also excluded.

Only randomised controlled trials were included in
the review. The risk of bias was assessed using the PEDro
scale. Data from the selected studies were organised and
entered a Microsoft Excel spreadsheet. The collected data
elements included the author’s name and year of pub-
lication, number of participants, their level of physical
fitness at the beginning of the study, specifics of the STs
performed, including duration, frequency and intensity,
and combination with other training exercises. Methods
for assessing physical activity, somatic condition, and
genetic and biochemical parameters were also carefully
documented. The data also included baseline measures of
participants’ condition at the beginning of the study or
before the intervention, as well as the dynamic changes
that occurred as a result of regular resistance exercise. A
systematic search for relevant articles identified 9 publi-
cations. The search process is shown in Figure 1.
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Identification of studies through databases and registries

Records identified with *:
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women in the study (n=4) reports (n=0)
Other reasons: (n=1)
3 Studies included in the
= review (n=9)
'Ea Reports on included

studies (n=0)

Figure 1. PRISMA flowchart for selecting literature that meets the inclusion criteria

Source: compiled by the author

RESULTS AND DISCUSSION
ST is based on progressive overload: a gradual increase
in the load, which stimulates physiological adaptation.
At the initial stage, this can be achieved by simply in-
creasing the weight while keeping other training param-
eters unchanged [2]. Most studies scored between 7 and
9 on the PEDro scale (Table 1), which indicates a high
quality of methodology, but there are limitations to ob-
jectivity due to the lack of blinding of participants and
researchers. The main results of the included studies are
presented in Table 2. The studies evaluated the effect of

ST on the physiological parameters of men of different
ages and fitness levels. Participants underwent various
ST programmes that included exercises for the upper
and lower extremities with varying intensity and volume.
Muscle strength, endurance, muscle hypertrophy, chang-
es in cardiac and vascular function, as well as cellular
respiration and levels of inflammatory biomarkers were
assessed. The pre-and post-intervention scores were
compared to determine physiological changes, such as
increased muscle mass, strength, improved cardiac func-
tion and endurance.

Table 1. Evaluation of the quality of studies of the effect of ST on the body of young men using the PEDro scale

, A. Grand- BJ. T.G. Bal- BJ. E.A.Daw- | E.L Liht- L. G.D. P.
Author’s name ) Schoen- Schoen- L. -
d perrin et feld et al. shaw et al. feld et al. son et al. | eenmiki et | Brandao et | Telles et al. | Deku et al.
ancyeas al. [16] : [18] : [20] al.[21] | al[22] 23] [24]
[17] [19]
The selection
criteria were 1 1 1 1 1 1 1 1 1
defined as follows
Participants
were randomly
. 1 1 1 1 1 1 1 1 0
assigned to
groups
The distribution 1 1 0 0 0 0 1 0 0
was hidden
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The groups were
similar at baseline
in terms of the
most important
prognostic
indicators

Table 1. Continued

All participants
were anonymised

All therapists
who conducted
therapy were
anonymised

All evaluators
who measured
at least one key
outcome were
anonymised

More than 85% of
the participants
achieved one
outcome

All participants
received
treatment or
control condition
as defined

Results of
intergroup
statistical
comparisons
are reported for
at least one key
outcome

The study
provides both
point estimates
and measures
of variability for
at least one key
outcome

ST

Notes: ST - total score 0-10 points
Source: compiled by the author based on [25]
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Table 2. Data from studies of power loads on the physiological characteristics of young men

CT 3 times/week for 16
weeks. 70% of 1-RM
(leg press, squats, leg

extension and flexion),

trunk (butterfly, bench

of the 16-
item Global
Physical Activity
Questionnaire
version 2, adapted
(GPAQ-2) to collect
data on sedentary

1-RM bench press
(kg) 67.9%19.1; 1-RM
squat (kg) 82.5 +20.9;
fat-free body weight
(kg) 36.9 = 3.9; body
fat mass (%) 23.0 £ 6.1;

1-RM bench press
(kg) 87.9 = 17.5; 1-RM
squat (kg) 118.7 £ 16.4;
fat-free body weight
(kg) 37.6 % 3.9; body
fat mass (%) 22.6 £ 5.7;

17 men aged | press, incline bench press, behaviour and i cardiac morphology and
. . L. cardiac morphology . .
18-40 years. vertical pull-ups and physical activity . ] function: LVMi (gm?)
A. . . . . and function: LVMi
X Exercise no horizontal rowing), arms in three areas: 109.2 £12.9; wave E
Grandperrin . . (gm2) 89.1 % 9.6; wave
more than 1 and shoulders (triceps commuting, work (cms™) 77.6 £ 15.5; wave
etal [16] . . . E (cms™)71.7 £ 16.8;
hour/per 3 curl, rope pull, military | activities and leisure A (cms™t) 29.5+6.1;
. L . wave A, (cms™) ,
years press, barbell biceps activities during , E’ mean, (cms™)
; . . 35.2+6.9; E' mean
curl, side/front raises, a typical week. 10.60 = 1.37; EF (%)
. (cms™) 10.49 + 1.81; EF
dumbbell biceps curl). 4 Anthropometry, 63.9 = 2.9; GLS (%) —
- . (%) 62.2 = 4.4; GLS, % —
sets of 10 repetitions with | blood pressure, and 18.65 +1.39; LAVI
X 19.56 # 1.76; LAVI (ml.
a 90-second rest between | date. Cardiac output, .| (mlm?) 25.3+4.2;LV
. m?) 23.9 + 3.9; reservoir . X
sets body composition, . reservoir function (%)
K function LP(%) 30.5 + 7
function and 30.8+9.1
morphology
Squats (1RM) (kg): Squats (1RM): 1SET:
1SET: 104.5 = 14.2, 123.4+12.9, 3SET:
3SET: 114.9 £ 26.1, 126.6 = 25.0, 5SET:
8 weeks, 3 r/week, (1SET) 5SET: 106.6 = 24.0. 122.2 +19.0. Bench
1 set per exercise per Bench press 1-RM (kg): press 1-RM: 1SET:
. K Anthropometry,
34 men aged training session, (3SET) — muscle mass 1SET: 94.1 + 16.1, 3SET: 102.6 £ 15.5,.3SET:
g 3 sets per exercise per . 100.2 +20.6, 5SET: 108.6 +20.6. 5SET:
18-35 years, . K thickness
; training session, (5SET) — 91.1 £ 20.9. Bench press 100.7 + 22.3. Bench
experience k (ultrasound). The .
five sets in the upper endurance (repetitions): press endurance:
of ST (3/ . endurance of the
week>1 vear and lower extremities. 7 upper body muscles 1SET: 21.3+5.0. 1SET: 23.0 £ 4.2,
3 rouyS' exercises per session for D\Eas asseised b 3SET: 2.1 +5.6.5SET: 3SET:24.9+5.2,5
group all muscle groups: bench R Y 23.6 = 7.4. Muscle SET: 25.3 + 8.0. Biceps
low volume . bench pressing at . . .
B.J. press, military bench press, . thickness (mm): biceps muscle thickness:
of CT (1SET) . . 50% of 1-RM until
Schoenfeld et (n-11) wide-grip lateral stretches, the moment of 1SET: 39.7 £ 4.7, 3SET: | 1SET:40.7 = 4.7.3SET:
al. [17] ’ seated cable row, barbell R R 42.2+4.0,5SET: 43.6+4.1. 5SET:
moderate . maximum failure. . .
back squat, simulator 41.7 + 4.6. Triceps 44.6 + 4.7. triceps:
volume . Muscle hypertrophy
leg press, and unilateral . . (mm): 1SET:47.4+ 4.6, | 1SET:48.2 +4.7, 3SET:
(3SET) L. was examined using
leg extension in the 3SET: 47.7+ 6.1, 5SET: 49.4+6.2,5SET:
(n=12), . . B-mode ultrasound
. simulator. 8-12 repetitions 47.2 + 6.8. Rectus 50.2 % 6.6. rectus
high volume . for elbow flexors and . .
performed to the point of femoris muscle (mm): femoris muscle after:
(5SET) . . extensors, as well as
(n-11) instantaneous concentric for the middle and 1SET: 54.2 # 5.3, 3SET: | 1SET:55.3+5.8, 3SET:
failure, 90 seconds of rest, K 52.2+5.0,5SET: 54.6 5.8, 5SET:
lateral thigh

and 120 seconds between
exercises.

54.9 + 5.4. Lateral
broad muscle bone
(mm): 1SET: 57.9 £ 6.8,
3SET: 56.4 + 5.6, 5SET:
57.9*6.4

57.3+5.8. The lateral
broad muscle bone
after: 1SET: 59.0 = 6.7,
3SET: 58.8 £ 5.7, 5SET:
62.6 5.8

Bulletin of Medical and Biological Research. 2024. Vol.6, No. 2




Assessment of physical (somatic) health of young men...

Table 2. Continued

T.G. Belshaw
etal. [18]

n = 63.2
groups: UNTs
(n=49) had
not engaged
in lower body
ST for >18
months in
total. Physical
activity level
according
to MOFA:
2326 £ 1337
IU min/week.
LT-MST group
(n=14):
performed
systematic
heavy
quadriceps ST
for >3 years.
Physical
activity level:
5568 £ 1457
IU min/week

Long-term maximal ST
(LT-MST) several knee
extensions exercises 3
times a week (squats,

lunges, step up and

leg press). Participants

underwent an introductory
session, which included
unilateral isometric
voluntary maximal and
explosive contractions,
as well as evoked
contractions on an
isometric dynamometer
for knee extension/
flexion. Neuromuscular
measurement sessions
with the dominant leg. LT-
MST group performed knee
extension exercises 3 times
per week

CSA of the

quadriceps (QACSA
wax)s quadriceps
by MRI). Maximal

voluntary

torque (MVT),
Electromyography

(EMG) from

quadriceps (QEMG),
hamstring muscles

(HEMG)

For UNT: MVT knee
extension (nm):
245 + 45; QEMG (cm?):
90+ 12

For LT-MST MVT, knee
extension: 407 * 63;
QEMG: 138 + 14;
LT-MST showed
significantly higher
maximal strength and
CSA values of +66%
and +54%, respectively.
The absolute explosive
power was also higher in
LT-MST (+41% to +64%).
The relative explosive
power was lower in LT-
MST (by 11% to 16%).
LT-MST showed slower
contractile properties,
which did not depend
on differences in
the activation of the
neuromuscular system

B.J.
Schoenfeld et
al. [19]

26 untrained
men. Average
metrics
Height:
175.7 cm;
weight: 77.3
kg; adipose
tissue: 20.5%;
age: 22.5
years

LT (20-30 repetitions)
and WT (6-10) for the
calf muscles. Sitting and
standing shin raises 2/
week 8 weeks, 4 sets, 90s
rest between sets, 3 min
between exercises

Muscle thickness
(ultrasound) and
muscle strength
(dynamometer)

WT: soleus (mm)
18.8 = 4.4; medial calf
muscle (mm) 18.3 + 3.2;
lateral calf muscle (mm)
15.9 + 2.6; isometric
plantar flexion (N-m)
154 +48.

LT: soleus (mm)
18.2 £ 4.3; medial calf
muscle 17.7 = 3.0;
lateral calf muscle
15.6 +2.8; isometric
plantar flexion 153 + 47

VT: soleus 20.1 £ 4.6;
medial calf muscle
19.7 £ 3.1; lateral calf
muscle 17.9 = 2.5;
isometric plantar
flexion 170 = 41.

LT: soleus 19.7 = 4.6;
medial calf muscle;
lateral calf muscle
17.9 £ 3.2; isometric
plantar flexion 168 + 41.

Hypertrophy of the
psoas muscle: LT:
10 # 10% more; WT:
7 £ 8% more.

Hypertrophy of the calf
muscles: LT: 15 £ 30%
more; VT: 20 + 25%
more
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Table 2. Continued

E.A. Dawson
et al. [20]

35 healthy
young men

Two programmes of 4
weeks: ST and endurance
training (END). ST 3
times a week on a leg
extension machine. 4 sets
of 10 repetitions of 80% of
1-RM for each leg, 2 min
break between sets. END
was performed on a cycle
ergometer and 30 minutes
of cycling with a maximum
heart rate of 70% in the
first 3 sessions. In sessions
4-6, 5 intervals of 1 min at
90% of the maximum heart
rate, followed by 5 min
at 70% of the maximum
heart rate. Sessions 7-9
30 minutes cycling at 80%
of the maximum heart
rate. Sessions 10 and 11
included 5 intervals of 1
min each with an intensity
of 90% of the maximum
heart rate and 5 min
with a load of 80% of the
maximum heart rate

Anthropometric
measurements,
CPET testing,
brachial artery
vascular function
assessment
(ultrasound), peak
VO,, RER, genotype
PCR, power output
for END

For CT: 1-RM (kg)
56 + 14; total load (kg)
5,874 + 1,456; peak VO,
(ml'min*1) 47.5 £ 11.0

For END: Output power
(W) 113 £ 23; maximum
CPET: VO, peak,

(ml'min'kg') 46.5 9.4

For CT: 1-RM (kg)
67 +13; total load (kg)
7,208 + 1,563; peak
VO,, (ml'min™' kg™)
46.4 + 104.

For END: Output
power (W) 123 * 25;
maximum CPET: Peak
VO,, (ml'min' kg™)
49.6 £ 10.4

Total load increased
by 23% (7,208 % 1,563
kg), a 1-RM increase
from week 1 to 4.
1-RM, one maximum
repetition: 67 * 13. Peak
VO, mlI'min -1 kg-1:
46.4*+10.4.

Output power (END)
123 +25.1k VO,,
ml-min-1-kg-1:

49.6+10.4

E.I
Lahteenmaki
etal [21]

12 trained
healthy men

Isokinetic bench press
on the Smith isokinetic
machine with 5 sets
of 10 repetitions of
maximum load with a rest
of 2 minutes. Subjects
performed (1) concentric
(C) only, (2) eccentric
(E) only, or (3) combined
eccentric-concentric (E+C)

contraction exercises in

random order on the Smith

isokinetic machine for 3 to

5 s with 15 s rest between
trials

The levels of
leukocytes,
interleukin 6(IL-6),
C-reactive protein
(CRP), creatine
kinase (CK), venous
blood lactate and
maximal voluntary
isometric strength
were measured
at the same time
points. Cellular
respiration of
intact VSMCs was
measured using a
high-resolution
respirometer

Maximum isometric
force (N) = 1.084 +4.1;
PBMC cellular
respiration: Regular
breathing (umol O,/
min/ml): 2.5 +0.2; Free
routine activity: Before
training: 1.0 = 0.1; ET-
capacity (umol O,/min/
ml): 3.0 £0.2; Lactic
acid (10 mmol L-(+)-
lactic acid): pH = 7.4

Maximal isometric
force = 1.084+4.1;1
min after E+C: reduced
t0950+5.0;24 h
after E+C: restored to
1.050 * 4.8. Regular
breathing: 5 minutes
after E+C: reduced to
1.8 £0.3; 24 h after E+C:
restored to 2.4 £0.2;

free routine activity:
5 minutes after E+C:
reduced to 0.7 £0.1; 24
h after E+C: restored to
0.9 £0.1. ET-capacity:
5 minutes after E+C:
reduced to 2.3 £0.3.
24 hours after E+C:

restored to 2.9 £0.2.
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E.L.
Lahteenmaki
etal. [21]

Table 2. Continued

Lactate (20 mmol
L-lactate sodium):
insignificant effect on
cellular respiration.
Lactic acid (10 mmol
L-(+)-lactic acid): 5
min after exercise: pH
decreases to 7.2. 24
hours after exercise: pH
restored to 7.3

L. Brandao et
al. [22]

43 young men

CT 10 weeks 2 r/week
group 1: bench press with
bench triceps press (MJ+S],
n = 12); group 2: bench
triceps press plus bench
press (SJ]+MJ, n = 10);
group 3: bench triceps
press (S],n=11) group 4:
bench press (M], n = 10).
8 repetitions of 50% 1RM,
2 min rest, 3 repetitions
of 70% 1RM and single
repetitions of heavier
weights until failure

CSA of the cross-
sectional area of
the pectoralis major
muscle (PMM) and
the triceps brachii of
the shoulder (MRI)

1-RM for bench press
(kg) MJ: 72.3 % 19.3;
SJ: 77.6 £ 21.1; MJ+S]:
75.2 +23.5; SJ+M]J:
76.6 + 11.5; elbow
extension (kg):
MJ: 36.6 £9.5; SJ:
42.9%12.6; MJ+S]:
37.2+14.0; SJ+M]:
39.8 % 6.6. CSA (cm?)
for VGM: MJ: 413 + 3.7,
SJ: 40.5 + 8.9; MJ+S]J:
39.1#9.4; S]+MJ:
41.0 £4.2; for TM:
MJ: 36.6 £9.5; SJ:
42.9%12.6; MJ+S]:
37.2+14.0; SJ+M]:
39.8+6.6

1-RM for bench press
increased by (%) MJ
27.1 # 17.7; MJ+S]:
23.6 * 144; S]+M]J:
22.3+15.4; for SJ:
9.9 £10.9 (there
was no significant
difference); for triceps
press, it increased by
(%): MJ: 36.6 £ 9.5;
SJ:23.2+14.0;
MJ+SJ: 35.3 £ 26.3;
SJ+M]J: 26.3 £ 17.2;
for MJ 26.3 + 17.2 (no
significant difference).
CSA increased by (%) for
PMM: MJ: 9.1 £ 5.6; SJ:
40.5 £ 8.9; MJ+SJ+M]J:
5.6 £ 5.1; for §J, the
metric was 0.8 + 1.9; for
TM: S]: 9.5 £ 4.8; MJ+S§]J:
11.5£5.1; SJ+M]J:
10.4 + 6.1; for M] metric
was 4.8 4.2

G.D. Telles et
al. [23]

Nine
untrained
young men

2 sets of 10 repetitions of
ST, 2 sets of leg press and
leg extension HIIE — 12
sets of 1-minute sprints
with a 1-minute rest. SE
(HIIE after ST) separated
by 1 week

Skeletal muscle
biopsy before
training, during
training (0 h), after
4 and 8 hours,
followed by RNA
quantification

Expression of miR-1-3p, miR-133a-3p, miR-133b,
miR-181a-3p, miR-486 8 hours after training was
higher than before exercise. Expression was lower
after HIIE compared to CT and SE
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Table 2. Continued

Physiological
Assessment/ ) )
. ) ) Metrics before the changes associated
Author, date Sample Impact/intervention surveillance/ ) ) )
) ) intervention with ST (after the
inspection X .
intervention)
A positive association was found between DBP
and arm circumference (r = +0.331, P = 0.022).
Differences in the mean values of CC (P = 0.013)
and AC (P = 0.010). Maximal oxygen consumption
BREWTQ (P=0.010) V8 P
. : was positively correlated with HDL, total
questionnaire, . )
L. cholesterol, total protein and globulin levels,
The majority (61.3%) anthropometry, . K .
. . i . with the strongest correlation with cholesterol
trained for 120 minutes physiological (SBP, . i i
. . levels. BP was positively correlated with BMI, hip
P. Deku et al. 66 per session, 46.7% trained DBP, heart rate), X .
. . X i X circumference, CC, creatinine and LDL-C levels,
[24] weightlifters | 5 days a week,and 41.3% | biochemical studies | . . . . .
o with the most pronounced relationship being with
had been training for about | (total cholesterol, . . .
1-5 vears trielveerides. total creatinine levels. Positive correlation between
4 g y ' SBP and total cholesterol, CC, arm circumference,
protein, creatinine, . . .
creatinine and HDL. HR had a positive correlation
urea, LDL, HDL) . . . .
with all anthropometric and biochemical
parameters, except for total cholesterol, LDL,
cholesterol, urea, total protein and globulins,
which had a negative correlation

Notes: 1-RM - one repetition with maximum weight; DBP - diastolic blood pressure; LVMi - left ventricular mass index;
EF - emission fraction; LP — left atrium; LAVI — left atrial volume index; CSA — cross-sectional area; LT — light training;
WT - hard workout; UNT — untrained; LT-MST - Long-Term Maximal Strength Training; MOFA - international physical
activity questionnaire; ME — metabolic equivalent; CPET — maximum cardiopulmonary exercise capacity; RER - respiratory
exchange rate; peak VO2 - oxygen uptake; PCR - polymerase chain reaction; PBMC - peripheral blood mononuclear cells;
VGM - pectoralis major muscle; TM - triceps brachii muscle; HIIE - high-intensity interval training; CT - cardio training;
SBP - mean arterial pressure; BMI — body mass index; HDL — high-density lipoprotein; LDL — low-density lipoprotein;

CC - chest circumference
Source: compiled by the author

The ST program led to improvements in muscle
strength, and body composition, and contributed to mor-
phological remodelling of the heart (enlargement of the
LV, RV) in a study by A. Grandperrin et al. [16].

B.]. Schoenfeld et al. [17] demonstrated that a sig-
nificant increase in muscle strength can be achieved in
individuals who engage in ST with only three 13-minute
sessions per week. The results of such training are simi-
lar to those achieved with significantly more time spent
on medium-load training (8-12 repetitions per set). This
is relevant for those with time constraints, allowing for
efficient strength gains that can contribute to a greater
commitment to physical activity among the population.
The increase in muscle hypertrophy is dose-dependent,
with greater gains being achieved with higher training
volumes. To maximise muscle growth, it is recommend-
ed to spend more time training every week. However, the
amount of training does not affect the endurance of the
upper body muscles.

T.G. Belshaw et al. [18] also confirmed that prolonged
maximal ST significantly improves strength, muscle vol-
ume and explosive muscle capacity in trained individu-
als compared to untrained individuals. B.]. Schoenfeld et
al. [19] determined that a light training programme in-
duced greater hypertrophy of the gastrocnemius muscle
compared to a heavy training programme, while heavy
training promoted greater hypertrophy of the middle and
lateral heads of the gastrocnemius muscle.

ST and END have a positive effect on men’s physi-
ological parameters. E.A. Dawson et al. [20] determined
that peak VO, increased significantly after endurance
training, and brachial artery vascular function increased
after both types of training. Both training plans led to a
significant improvement in endothelium-dependent vas-
odilation of the brachial artery, but the overall adaptation
to peak VO, was more significant after END. Eccentric ex-
ercises without concentric exercises have a significant im-
pact on PBMC respiration. Combined eccentric-concentric
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exercise caused the greatest muscle fatigue, reducing
PBMC respiration and lactate levels, while eccentric exer-
cise alone had the least effect. The effect of anaerobic me-
tabolism did not change PBMC respiration in the study by
E.I. Lahteenmdki et al. [21].

The sequence of exercises does not affect the increase
in 1-RM in bench press and bench triceps extension.
L. Brandao et al. [22] argued that performing these exer-
cises in any sequence is effective for achieving maximum
strength. There was a moderate decrease in CSA increase in
the pectoralis major when an isolated triceps exercise was
performed before a multi-joint exercise. It may be worth
performing exercises where the pectoral muscles are the
main agonist muscles first in the sequence if the goal is
to maximise hypertrophy of this muscle complex. Perform-
ing a combination of exercises that vary in length-tension
ratio is preferable for maximising the development of all
three triceps heads.

The microRNA responses in the study by G.D. Telles et
al. [23] were specific, in the early acute state during differ-
ent types of skeletal muscle training, no specificity was ob-
served for miR-1-3p, miR-133a-3p, miR-133b, miR-378aa-
5p,aswell as for the expression of miR-181a-3p and miR-486
between ST, HIIE or CT in untrained individuals. This indi-
cates that changes in expression occurred mainly approx-
imately 8 hours after training. ST had a more pronounced
effect on the expression of miR-23a-3p and miR-206 com-
pared to HIIE. This is relevant for the formation of the mo-
lecular basis of adaptive responses for each type of exercise.
P. Deku et al. [24] determined that the duration of weight-
lifting training had a positive effect on anthropometric and
physiological parameters, but not on biochemical parame-
ters (glomerular filtration rate and total protein). Increas-
ing the duration of training was associated with an increase
in breast and arm volumes (P < 0.05). There was a signifi-
cant increase in DBP with training duration (P = 0.038).

A systematic review by B.S. Currier et al. [26] includ-
ed 192 studies evaluating the effects of various resistance
training protocols on muscle strength and hypertrophy.
The highest effects for both indicators were observed in
protocols with high load and training frequency. The over-
all risk of bias in the studies was moderate, suggesting that
the results should be interpreted with caution. The main
conclusion is that high load and frequency of training pro-
vide the greatest gains in strength and hypertrophy, high-
lighting the importance of intensity in ST programmes.

In this review, most studies used different levels of vol-
ume and intensity in the number of sets (1, 3, 5) and rep-
etitions (10-30). After analysing 2083 articles comparing
the responses to training with different volumes to induce
muscle hypertrophy, E. Baz-Valle et al. [27] determined
that for the quadriceps and biceps brachii there were no
significant differences between moderate and high-volume
training, but high volume training was better at stimulat-
ing muscle mass gain in the triceps brachii. The optimal
volume for muscle hypertrophy in young, trained men was
12-20 sets per week.

STs, as an acute stressor, affect the sympathetic and
parasympathetic nervous systems, as well as the hypotha-
lamic-pituitary-adrenal axis (HPA axis). During intense
training or competition, the HPA axis is activated to mo-
bilise the body’s resources [28]. The hypothalamus signals

the pituitary gland to produce adrenocorticotropic hor-
mone (ACTH), which stimulates the adrenal glands to
produce cortisol. Cortisol regulates metabolism, anti-in-
flammatory processes, and recovery. After exercise, cor-
tisol levels usually decrease, allowing the body to recover
and adapt. Regular training can lead to HPA-axis adap-
tation, where the body becomes less sensitive to stress
or recovers faster after exercise [29, 30]. The HPA axis is
activated when endurance exercise reaches high and pro-
longed intensity [31].

During muscle contractions, skeletal muscles increase
oxygen consumption, which leads to the formation of ox-
ygen-dependent free radicals that can cause tissue dam-
age [32]. Accordingly, at the cellular level, muscles adapt
through the activation of endogenous antioxidant enzymes
and stress proteins (HSPs), which protect against oxidative
stress during subsequent exercise [33]. The maximum hy-
pertrophic effect of muscles can be achieved by performing
multiple sets, which increases p70S6 kinase phosphoryl-
ation and muscle protein synthesis (MPS), as opposed to
exercises with a single set [17].

Before starting intense physical activity, the patient
must undergo a medical examination, with a complete his-
tory, examination and necessary tests. Contraindications
to strength training include valvular heart disease, ven-
tricular hypertrophy, dangerous arrhythmias, and malig-
nant hypertension. Patients with obesity, bronchial asth-
ma, diabetes, and haemoglobinopathies should undergo a
stress test before exercise, including measurement of heart
rate, blood pressure, and electrocardiogram [6].

STs may have a positive effect on traditional cardio-
vascular risk factors such as blood pressure, glucose, lipids,
body composition, and systemic inflammation [34-36].
Evidence for these effects is mostly based on randomised
controlled trials of medium duration (2-6 months); data
from studies longer than 6 months are limited. Most stud-
ies used moderate to high intensity exercise programmes
(40-80% of maximal effort) 2-3 times per week [37-39].

STs contribute to an increase in muscle strength and
power due to neuromuscular adaptation, an increase in
muscle cross-sectional area (CSA) and changes in connec-
tive tissue stiffness. The initial rapid increase in strength
during exercise mastery gradually slows down with mus-
cle development [40]. According to some studies, both high
and low loads can effectively activate muscle protein syn-
thesis and hypertrophy, and blood flow restriction at low
loads can also promote hypertrophy [41]. To achieve opti-
mal hypertrophy, a combination of mechanical stress and
metabolic stress must be ensured. Achieving optimal neu-
romuscular adaptation or increasing CSA is possible with
different variations in the intensity and volume of training
programmes [42]. Individuals seeking to optimise muscle
hypertrophy are advised to implement a hypertrophic-ori-
ented ST programme, which includes 3 to 6 sets with 6 to
12 repetitions of the programme [43]. The rest interval be-
tween sets should be 60 seconds. The intensity of the effort
is from 60 to 80% of one repetition of the maximum. It is
also important to increase the volume of the current load
to 12-28 sets [44]. The American College of Sports Medi-
cine (ACSM) advises untrained individuals to perform 1-3
sets of each exercise, with the number of repetitions in
the range of 8-12, using a load of 70-85% of the maximum
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effort per repetition. For people with training experience,
it is recommended to perform 3-6 sets with the number of
repetitions from 1 to 12, using a weight in the range of 70-
100% of 1RM. Normally, loads in the range of one 1RM to
10RM with the number of repetitions from 4 to 12 are used.

The results of studies reflect the different effects of ST
on the physiological characteristics of young men. In most
studies, there was an increase in I-RM in exercises such
as bench presses and squats. Increases in muscle mass
were evident in both large muscle groups (thighs, pec-
torals) and smaller muscle groups (biceps, triceps). This
suggests that regular strength training contributes to sig-
nificant improvements in muscle strength and hypertro-
phy. W. Kassiano et al. [45] demonstrated that the choice
of different exercises can affect muscle hypertrophy and
strength gains. Systematic variation in the training pro-
gramme enhances regional hypertrophic adaptation and
maximisation of dynamic strength, whereas increased or
chaotic variation can negatively affect muscle mass gain.
Excessive stimulus or frequent exercise rotation can inter-
fere with muscle adaptation.

CONCLUSIONS
The systematic search identified 9 relevant publications.
Most studies showed high methodological quality (7-9
points on the PEDro scale). The review showed that dif-
ferent strength training regimens have a positive effect on
physical and physiological parameters in healthy young
men. Frequent strength training significantly improves
1-RM, lean body mass, and morphological and functional
parameters of the heart. A higher volume of training (5 sets)
may be more effective in improving strength performance
and muscle hypertrophy compared to lower volumes (1 or
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AHoTauifa. MeTol0 IIbOrO CUCTEMATHMYHOTO OIsiAy Oyl0 BM3HAUEHHS BIUIMBY CWJIOBMX BMpaB Ha disionoriuni Ta
MOpdOIoTivHi amamnTailiiiHi MOXIMBOCTI Y 3I0POBMX MOJIOAMX YOJOBiKiB. By/lO 3[iliCHEHO TONIYK PaHIOMi30BaHUX
KIHIYHUX IOCTiAKeHb, 0 MICTSITh iHGOpMaIllil0 PO BIUIMB BIpaB 3 ornopoM Ha (ismuHi Ta QyHKIIOHAIBHI 3MiHN Y
MOJIOIMX YOJOBiKiB 18-45 pokiB. Byno 3HaiigeHo 13 mybmikaniit, o migXoAsTh KPUTEPiSIM TOLIYKY, 3 IKUX BifgibpaHo
9 mocifkeHb Mic/Ist BUKTIOUEHHST HeBiAMOBigHMX. BifbIicTh cTaTeit 6yau OlliHeHi, IK JOCTiIKeHHsT XOPOIOoi SIKOCTi 3
OIIiHKOI0 7-9 6asiB 3a mKkaaoo PEDro. Bysio BUSIBJIEHO, 1[0 TPUBaJe CUI0BE TPEHYBAHHS 3HAUHO MTOKPAIIYE CUITY, M'SI30BMIA
06'em Ta BUOYXOBi 3i6GHOCTI y TpeHOBaHMX 0Ci6. CMJIOBi TpeHYBaHHS 3 pasyu Ha TYOKOEHb 3aTHI 301IbIINTYA 6Ge35KMPOBY
Macy Tijia Ta iHJeKc Macy JIiBOTO IIJIYHOYKA, 3i 3MEHIIIeHHSIM Macy Kupy. JIerki TpeHyBaHHSI CTUMYJIIOIOTD rinepTpodito
KaMbaJiornomibHoro M'si3a Oisblie Hixk BaykKi, sIKi 6ijibIlle BIUIMBAIOTh HAa CEPEIHIO Ta JIATEPaIbHY FOJIOBKM IMTKOBOTO M's13a.
YeprosicTh BIIpaB He BIUIMBA€E HA MiABUIIEHHS MAaKCMMaabHOI CHIK, aje BIUIMB Ha TinepTpodilo rpyqHUX M’sI3iB MOsKe
6yTH KpaluM MPY BUKOHAHHI 6araTocyrio60BMX BIIPaB Mic/s i3onboBaHux. [TosBa MikpoPHK He mokasye crienyidiuHocTi
Y PaHHBOMY FOCTPOMY CTaHi TPeHYBaHb, 3MiHM B €KCITPeCii CrIocTepiraloThesi Yepes 8 ToAVH Mic/is TpeHyBaHHS. TpuBamicTb
TpeHyBaHb 3 MiTHSITTS Baru MO3UTMUBHO BIUIMBAE HA aHTPOIIOMETPUYHi Ta (isiosoriuHi MokasHMKM, ajie He Ha GioxXiMiuHi
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Abstract. Patients with dental braces are more likely to experience rapid accumulation of dental plaque and gum
inflammation, therefore, antimicrobial mouthwashes that enhance daily oral hygiene can effectively remove and control
bacterial plaque, improve gum health, and are safe preventive agents without side effects. The aim of the study was to
evaluate the quantitative and qualitative composition of the soft dental plaque microbiocenosis under the influence of an
alcohol-free oral hygiene product in patients undergoing orthodontic treatment. The study included patients undergoing
orthodontic treatment. Samples were taken from the surface teeth of the maxilla. The obtained swabs from the surface
of the upper molars were examined using a bacteriological method with subsequent identification: microscopic, cultural,
and biochemical. Comparison of the effectiveness of an alcohol-free mouthwash in terms of changes in the quantitative
and qualitative composition of microorganisms and the condition of periodontal tissues in patients undergoing stationary
orthodontic therapy carried out after three months of use. The study revealed gram-positive and gram-negative bacteria
and Candida fungi with a subsequent insignificant decrease in gram-negative bacteria (p = 0.999) after using the
mouthwash. The results obtained showed changes in the taxonomic composition, namely, a decrease in the number of
bacterial genera from 11 to 9. In addition to the mentioned results, changes were found at the population level of the soft
dental plaque microbiota in patients who used the alcohol-free mouthwash for three months, namely, a decrease in the
number of Streptococcus spp. a p(x < T)=0.9958, Propionibacterium spp. p(x < T) =0.9837, while changes in Streptococcus
spp. B and Streptococcus spp.y were minimal. A comparison of the population level of microorganisms before and after the
use of mouthwash revealed significant differences (p < 0.05). Determination of the gingival index demonstrated a slight
improvement in the periodontal status of the examined subjects. The conducted study is of great importance for the
development of new strategies for the prevention and treatment of oral cavity diseases

Keywords: microbiocenosis; microorganisms; oral cavity; gingivitis; dental brace
INTRODUCTION

The placement of orthodontic appliances on teeth often
leads to an increase in bacterial colonisation on both the

of microorganisms, any external intervention, such as fixed
orthodontic appliances, can disrupt the microbial balance

visible and hidden biofilm of the tooth surface. This, in turn,
plays a significant role in the inflammation of gum tissues
during orthodontic treatment. Given the highly complex
ecosystem of the oral cavity, inhabited by a diverse range
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within the microcenosis of the oral cavity [1, 2].
S.M.Hamdoon et al. [3] and D.T. Mahjoub et al. [4] state

in their research that orthodontic treatment leads to an

increase in the number of cariogenic bacteria, specifically

Kravets N, Derkach S. Mouthwash as a factor in controlling the formation of soft dental plaque in patients with orthodontic treatment.

Bull Med Biol Res. 2024;6(2):38-46. DOI: 10.61751/bmbr1/2.2024.38

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-7593-1753
https://orcid.org/0009-0006-2535-2004

N. Kravets and S. Derkach

Streptococcus and Lactobacillus, as well as fungi and oth-
er periodontal pathogens associated with dental plaque.
A.K. Shahi et al. [5] also demonstrated the effects of vari-
ous types of antibacterial agents (Ozonated Olive Oil Gel,
Chlorhexidine gel, and mouthwash Amflor) on Streptococ-
cus mutans and Lactobacillus bacteria.

N. Manashchuk et al. [6] conducted a review of vari-
ous oral hygiene products, particularly dental elixirs and
mouthwashes, and classified them based on their compo-
sition and intended use. They emphasise that any such
product should be used in conjunction with toothpaste and
a brush, serving as a secondary step in oral care. This is
because they are used to clean hard-to-reach areas of the
periodontium and interdental spaces.

N. Bila et al. [7] noted in their research that the use
of antiseptic agents leads to qualitative changes in the
composition of the oral microbiome. They emphasised the
importance of consulting a healthcare professional regard-
ing the choice of mouthwash for daily oral hygiene, as an
excessive amount of sodium fluoride may have adverse ef-
fects on the human body, including potential impacts on
the thyroid gland, cognitive abilities, and more.

G.M. Tartaglia et al. [8] and M. Selvaraj et al. [9] demon-
strated the importance of conducting research into the side
effects of mouthwashes, such as local morphological chang-
es (oral mucosa and dental-crown staining, mucosal lesions)
and functional changes (taste modifications, abnormal oral
sensation). Given that mouthwashes are commonly used
as an adjunct to mechanical tooth brushing, they high-
light the need for detailed studies into the combinations
of ingredients in these liquids and their impact on reduc-
ing dental plaque and improving periodontal tissue health.

S. Ayesha et al. [10] highlight the importance of select-
ing the right mouthwash, especially for patients under-
going orthodontic treatment, as they are prone to dental
plaque accumulation, gum inflammation, and mineral loss
from tooth enamel. They assert that chlorhexidine and Aloe
vera mouthwash have shown good results in controlling
inflammatory processes in periodontal tissues, gingival
bleeding, and plaque accumulation. However, prolonged
use of chlorhexidine can have adverse side effects, making
plant-based mouthwashes an effective alternative.

However, there is a lack of research investigating the
in vivo effects of daily oral hygiene products on patients
undergoing orthodontic treatment, and analysing their
impact on the oral microbiome and gingival tissues. This
issue requires further study and a better understanding of
the relationship between the substances contained in such
mouthwashes and the composition of microorganisms
forming soft dental plaque. This study aimed to analyse the
quantitative and qualitative composition of the microbio-
cenosis of soft dental plaque in patients undergoing ortho-
dontic treatment, under the influence of an alcohol-free
oral hygiene product.

MATERIALS AND METHODS
A randomised controlled trial design was developed to
assess and compare the effectiveness of an alcohol-free
mouthwash in reducing the quantity and quality of mi-
croorganisms in 8 patients undergoing orthodontic treat-
ment at a private dental clinic in Ternopil (commenced in
2023 and ongoing in 2024). These changes were assessed

at regular intervals. Inclusion criteria for patients in the
study group were: aged 15-40 years; at the initial or inter-
mediate stages of dentition correction; undergoing fixed
orthodontic treatment with brackets on the upper teeth.
Exclusion criteria for patient selection were: no signs of
tooth decalcification; no known hypersensitivity to oral
hygiene products; no known medical conditions or med-
ication that could affect oral tissues. Samples were col-
lected from the surface of the upper molars of 8 patients
undergoing orthodontic treatment. Samples were col-
lected using a swab moistened with 0.9% saline solution.
Samples were transported at a temperature of +18-22°C
within 1-2 hours of collection.

For culturing on nutrient agar plates, an inoculum of
microorganisms was prepared at a defined concentration
(using the McFarland scale (HiMedia, India)). The inocu-
lum, diluted to 10 in a volume of 100 pl, was applied to
nutrient agar plates: Endo agar (Farmaktiv, Ukraine) for
the isolation of gram-negative microorganisms, blood
agar (Farmaktiv, Ukraine) for the isolation of streptococci,
mannitol salt agar (Farmaktiv, Ukraine) for the isolation of
staphylococci, Sabouraud agar (Farmaktiv, Ukraine) for the
isolation of Candida species, anaerobic agar (Brewer) (Far-
maktiv, Ukraine) for the cultivation of anaerobic bacteria,
and Blickfeldt agar (Farmaktiv, Ukraine) for lactobacilli.

Cultivation of facultative anaerobic bacteria was car-
ried out in a thermostat (TS-20, MIS-MA, Ukraine) at a
humidity of approximately 70-80% and a temperature of
+37°C for 24-48 hours. For the cultivation of Candida spe-
cies, the incubation time was extended to five days at a
temperature of +22°C. To create anaerobic conditions, a
GENbox with a gas pack (bioMerieux, France) was used, and
the incubation time for anaerobic bacteria was 48-72 hours
at a humidity of approximately 70-80% and a temperature
of +37°C. For identification, the following methods were
used: colony morphology, Gram staining (BioGnost, Cro-
atia), and biochemical tests: catalase test (Biolife Italiana
S.r.l., Italy), coagulase test (Biolife Italiana S.r.l., Italy),
Olkenitskyi medium (Farmaktiv, Ukraine), Voges-Proskau-
er test (Farmaktiv, Ukraine), and indole test (Farmaktiv,
Ukraine) [11, 12]. Quantitative analysis was performed by
determining the colony-forming units (CFU/mL) in 1 mL of
the sample and calculated using the formula [13]:

NxA
TCC ==+, (€))
where TCC is the total colony count, 1g,, CFU/mL, N is the
number of colonies in a sector, CFU; A is the dilution fac-
tor; V is the volume applied to the plate, mL.

To assess the microbial population, a constancy index

(C) was determined using the formula:

_ nx100
C= N (2)

where C is the constancy index, %; n is the number of sam-
ples in which the studied species was detected; N is the to-
tal number of samples analysed.

Reference values were taken as follows: dominant
>50%, frequent 20-50%, infrequent 1-19%, and rare <1%.
Loe and Silness’s gingival index was used as a basis for
assessment [14]. The gingival index scoring scale was
as follows: 0 — indicates no inflammation of the gingiva;
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1 - shows mild inflammation (slight changes in gingival
condition); 2 — moderate inflammation (characterised by
swelling and slight enlargement); 3 — severe inflamma-
tion (marked swelling of the gums). To investigate the ef-
fect of the mouthwash on the quantitative and qualitative
composition of the microcenosis and gingival status, an
alcohol-free oral hygiene mouthwash with a plant-based
component was selected with the following composition:
water, glycerin, propylene glycol, xylitol, disodium EDTA,
poloxamer 407, allantoin, methylparaben, cetylpyridinium
chloride, sodium fluoride, Aloe barbadensis leaf juice, ace-
sulfame potassium, propylparaben, menthyl acetate, glyc-
erin, flavour, CI 19140, C1 42051, limonene.

The initial stage of the examination involved assessing
the condition of the soft and hard tissues of the oral cavity
to detect any changes during the study and determine their
possible association with the use of mouthwash. Patients
used the mouthwash twice a day, morning and evening, af-
ter brushing their teeth, and were informed not to use any
other mouthwash throughout the study. They were also
required to return the empty container to monitor prod-
uct usage. Samples were collected from the tooth surface
before the start of use, serving as a control in the study,
and again after three months of using the mouthwash. The
treatment period of 3 months was chosen because gingi-
vitis is a chronic condition, and to avoid interfering with
the hygiene habits of the individuals involved in the study.
Regarding the study period, these typically last 6 months
with an interim assessment at 3 months to evaluate both
the efficacy and safety of the chemicals for patients. How-
ever, mouthwashes are also used and prescribed for short-
er periods to assess their efficacy over shorter timeframes,
which is of scientific interest [15].

Statistical analysis was performed using the STATISTI-
CA 10 and Microsoft Excel 2016 software packages. Mean
values (M) with standard error of the mean (¥m) were cal-
culated. Non-parametric tests were used for datasets with
distributions differing from normal: the Mann-Whitney
U-test for comparing two independent samples, the Wil-
coxon signed-rank test for assessing dynamic changes
within groups, and the Student’s t-test. The level of signif-
icance was set at p<=0.05.

The study was conducted following the recommenda-
tions outlined in the “Council of Europe Convention on Hu-
man Rights and Biomedicine” [16], taking into account the
ethical principles set out in the Declaration of Helsinki of
the World Medical Association regarding research involv-
ing human subjects, and in compliance with Order No. 690
of the Ministry of Health of Ukraine dated 23.09.2009, as
well as the requirements of the bioethics committee of
I. Horbachevsky Ternopil National Medical University of
the Ministry of Health of Ukraine (protocol No. 75 dated
1.11.2023). All patients provided informed consent to par-
ticipate in the study.

RESULTS
A study was conducted on 8 clinical samples from patients
undergoing orthodontic treatment. Analysis of the gender
and age composition of the patients: women predominated
among the patients (6 women - 75.0%), and there were sig-
nificantly fewer men (2 men - 25%, patient age from 17-37
years (median 20).

An analysis of soft dental plaque on the surface of the
maxillary molar of the examined subjects with dental brac-
es was carried out before and after the use of mouthwash
after 90 days of its application. The isolated microorgan-
isms belonged to gram-positive bacteria, the number of
which was 63.63% and 70%, gram-negative bacteria 27.27%
and 20.0%, and representatives of the other group 9.09% —
10.0% respectively (p = 0.999). The results of the paired
t-test showed that there was a negligible difference be-
tween the two groups and demonstrated a slight decrease
in gram-negative bacteria over the group of gram-positive
bacteria (Fig. 1).
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Figure 1. The proportion of microorganism groups
before and after using the mouthwash
in the examined subjects (n=38)
Source: compiled by the authors

The taxonomic composition of the soft dental plaque
microbiocenosis in the examined subjects was represented
by microorganisms belonging to 11 genera of bacteria and
Candida fungi and 9 genera and Candida yeasts after the
use of mouthwash. Determination of the constancy index
indicated the proportion of representatives of different
genera in the studied samples before (group 1) and after
(group 2) using the mouthwash after 3 months of appli-
cation. In particular, the dominant ones include Lactoba-
cillus spp., Streptococcus spp. B, Streptococcus spp. a, Strep-
tococcus spp. v, Corynebacterium spp., Propionibacterium
spp., and Candida spp. (from 50.0-100%), which belong to
both gram-negative and gram-positive bacteria, however,
representatives of Corynebacterium spp. were not found
after application. Further analysis of the obtained sam-
ples demonstrated the presence of Staphylococcus aureus,
Staphylococcus spp., Peptostreptococcus spp., Neisseria spp.,
which belong to the frequently occurring ones (from 25.0-
37.5%) with the difference between the two groups of bacte-
ria of the genus Neisseria spp., which were not found in the
second group. Representatives of microorganisms that are
not often found were Actinomyces spp. and representatives
of the allochthonous oral microbiota, bacteria of the ge-
nus Escherichia, namely E.coli — 12.5% respectively (Fig. 2).
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Figure 2. Constancy index in the examined patients with dental braces

Source: compiled by the authors

Study of the population level of various microorgan-
isms in the microbiocenosis on the surface of the upper

molar in patients with dental braces before and after using
the mouthwash (Fig. 3).

E. coli 1 2
Candida spp. 2.6 4.51 group 2
Fusobacteria spp. 1 2 group 1
Veillonella spp. .0 9
Neisseria spp. .0 9
2 Propionibacterium spp. 1.33 2.51
-é Corynebacterium spp. 1 1.61
‘go Lactobacillus spp. 5.25 571
g Actinomyces spp. 1 9
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Streptococcus spp. Y ;%g
Streptococcus spp. BB 55 5.91 ’
Streptococcus spp. a 6.33 8.49
Staphylococcus spp. 1 456
Staphylococcus aureus 1 2
0 1 2 3 4 5 6 7 8 9

Population level 1g10 CFU/mL

Figure 3. Population level of soft dental plaque microbiota
in patients undergoing orthodontic treatment before and after using the mouthwash

Source: compiled by the authors

The composition of soft dental plaque is formed by au-
tochthonous lactobacilli, Streptococcus spp. o, y, B, which,
on average, reach a significant population level and belong
to the group of microorganisms with a high dominance in-
dex. The determination of differences between the popu-
lation composition in patients before and after the use of
mouthwash for Streptococcus spp. a p(x < T)=0.9958, Pro-
pionibacterium spp. p(x < T) =0.9837 is statistically signifi-
cant concerning the mean values p < 0.05. However, when
comparing the mean values for Streptococcus spp. B, it was
found that there were no significant differences, and it was
p(x<T)=0.6544, so it can be considered that such differences

are insignificant. For Lactobacillus spp. (p(x € T) = 0.631),
Streptococcus spp. y (p(x € T) =0.5873) the comparison of
data between group 1 and group 2 was also insufficient to
be statistically significant. The determination of differences
at the population level between groups 1 and 2 for the con-
ditionally pathogenic representative of the genus Candida
spp. by paired t-test (p(x < T) = 0.04374) indicates insuffi-
cient differences between the mean values in both groups.

Other conditionally pathogenic microorganisms such
as staphylococci, E. coli, Veillonella, Neisseria, fusobacte-
ria, and Actinomyces have low population-level bacterial
counts. When comparing the average values of all detected
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microorganisms before and after the use of mouthwash in
the subjects, it was established that the differences between
the groups are statistically significant p(x<T)=0.01273, and
are at the significance level p <0.05. When comparing the
population levels before and after the use of alcohol-free
mouthwash using a paired t-test, it showed that there is

After group 2 6

Studied groups

Before group 1 4

a significant difference between before and after p=0.005.

One of the important criteria for choosing a mouth-
wash is its effect on periodontal tissues. Thus, to determine
this effect, the gingival index was chosen, which was deter-
mined before the use of mouthwash and after three months
of its use (Fig. 4).

Inflammation absent Slight gingival inflammation

2

0% 10% 20% 30%

40%

50% 60% 70% 80% 90% 100%

Percentage,%

Figure 4. Comparison of periodontal tissue condition in patients before and after using the mouthwash

Source: compiled by the authors

A review of the subjects before the start of the exper-
iment demonstrated an equal ratio of patients with mild
tissue inflammation and those without it was 1:1, after use
1:3. When comparing the gingival index of the two groups
based on the results of the paired t-test, a slight difference
was demonstrated between before and after, p=0.451, the
use of alcohol-free mouthwash and was verified using the
Wilcoxon signed-rank test, which confirmed that there is a
small difference between before and after, Z=-0.7,p=0.484,
r=-0.3. As a result, the use of alcohol-free mouthwash for
the oral cavity by patients undergoing orthodontic treat-
ment did not reveal a negative impact on the mucous mem-
brane. However, its use led to a decrease in the microbial
composition at the population level and an improvement
in the condition of the periodontal tissues.

DISCUSSION
The presence of orthodontic appliances in the oral cavity
makes it difficult to maintain proper hygiene. To overcome
this problem during the active phase of orthodontic treat-
ment, various hygiene procedures are carried out to reduce
the accumulation of bacterial plaque and reduce the risk
of periodontitis in patients. The conducted study, regard-
ing the change in the quantitative and qualitative compo-
sition of the microbiota of soft dental plaque of the max-
illary molars, demonstrated insignificant changes in the
taxonomic composition of the identified microorganisms,
in particular, after the use of mouthwash, no represent-
atives of the genera Veillonella and Neisseria were found,
before the use of mouthwashes, the taxonomic representa-
tion was 11 genera, and after 9 genera, respectively, which
was reflected in the decrease in bacteria belonging to the
group of gram-negative from 27.0% to 20.0%, and an in-
crease in gram-positive microorganisms from 64.0% to
70.0%, respectively. This is confirmed by the results of a
study by a group of scientists, namely R. Bescos et al. [17],
who indicate an increase in gram-positive bacteria (Firmi-
cutes) and a decrease in representatives of gram-negative

bacteria (Bacteroidetes), which is due to an increase in the
acidity of the oral cavity pH, which is one of the factors
influencing the physiological processes of microorganisms’
development.

Theresults of the study show that the use of alcohol-free
mouthwash with cetylpyridinium chloride significantly al-
ters the oral microbiota. A comparison of the constancy
index before and after three months of using the mouth-
wash revealed a decrease in the number of Corynebacterium
spp. and Neisseria spp., Veillonella spp., after application.
The predominance of Lactobacillus spp., Streptococcus spp.,
Propionibacterium spp., and Candida spp. remained high
(from 50.0 to 100%). It is worth noting that in the study
of Z.L.S. Brookes et al. [18] the results of research on the
microbiome composition under the influence of chlorhex-
idine were demonstrated, using the genome sequencing
method and indicated a decrease in the number of bacteria
of the genus Veillonella, which led to a slight increase in
fungi of the genus Candida spp., which is reflected in a de-
crease in the taxonomic diversity of microorganisms after
the use of mouthwash, this is consistent with the obtained
results, in particular, a decrease in the number of bacterial
genera from 11 to 9, and the presence of Candida spp. in
the study group of patients undergoing orthodontic treat-
ment according to the constancy index refers them to the
dominant group, yeasts are commensals of the oral cavity,
however, they have pathogenic potential when the balance
in the oral cavity is disturbed. I. Chatzigiannidou et al. [19]
and A. Al-Kamel et al. [20] found that broad-spectrum an-
timicrobial agents do not always promote healing and can
lead to further disruption of the microbiome, as confirmed
by studies on the effects of chlorhexidine on oral biofilms,
although chlorhexidine reduced the microbial load, how-
ever, this led to non-selective destruction of the oral mi-
crobiome and contributed to an increase in the number of
taxa associated with periodontitis, namely Fusobacterium,
which is consistent with the obtained results, regarding
the increase in bacteria of the genus Fusobacterium at the
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population level p(x<T)=0.01273 (p < 0.05). However, the
use of alcohol-free mouthwash in the subjects after three
months of use revealed statistical differences (p < 0.05) be-
tween before and after its use, both in terms of the quan-
titative and qualitative composition of dental plaque.

In a study conducted by M. Rajendiran et al. [21], which
compared the composition of different mouthwashes and
their effect on plaque formation and gingivitis, it was
found that the use of an oral hygiene product containing
cetylpyridinium chloride demonstrated a significant re-
duction in gum inflammation due to disruption of dental
plaque maturation. This is consistent with the results ob-
tained during the study, the condition of the periodontal
tissues improved in two patients, as confirmed by the gin-
gival index (p=0.451), and the quantitative indicators of
the population level of microorganisms in the formation
of soft dental plaque also decreased, as confirmed by the
obtained statistical indicators.

A study conducted by A. Albert-Kiszely et al. [22]
demonstrated that after 3 and 6 months of rinsing, there
were no significant differences (p =0.05) between the ex-
perimental cetylpyridinium chloride and control groups
regarding overall gingivitis, gingival bleeding, and plaque
accumulation when examining mean values. However,
when dichotomous data were examined, there were no sta-
tistically significant differences, but they were found over
time. For example, 49.0% of samples were positive for Por-
phyromonas gingivalis at baseline. At the 6-month exami-
nation, 43.9% were positive (p=0.24) for P. gingivalis. After
analysing the data on the gingival index, no statistically
significant differences were found in gingival bleeding be-
tween the two study groups. However, after 3 and 6 months,
a statistically significant decrease in gingival bleeding was
demonstrated, but between 3 and 6 months these results
were not statistically significant. Such an effect was ob-
served in the study in some patients with bleeding gums,
in whom the condition of the periodontal tissues improved,
leading to a decrease in inflammation.

K. Becker et al. [23] suggest that the use of chemi-
cal mouthwashes as an adjunct to regular oral hygiene
practices was effective in reducing plaque and gingivitis,
thereby improving oral health over a 30-day experimental
period. To study the effect, a 0.07% solution of cetylpyrid-
inium chloride was used; the results showed a significant
difference between pre- and post-observations at signifi-
cance levels of 0.05% and 0.01% for cetylpyridinium and
the control group in reducing gingival bleeding and plaque
index. However, for the gingival index, such differences
were not significant. This is also confirmed by studies by
Z. Brookes et al. [24], who published a review of scientific
papers on mouthwashes with different chemical compo-
sitions. They indicate that the evidence for the effective-
ness of these agents on the microbiome has some limi-
tations. In particular, while exerting a bacteriostatic and
bactericidal effect on opportunistic or pathogenic micro-
organisms in vitro, acting against plaque and gingivitis in
vivo, over-the-counter mouthwashes can cause dysbiosis
of the oral microbiota. Most research on the clinical effi-
cacy, namely the antimicrobial effect, has been conducted
for antiseptic agents containing chlorhexidine. There is
much less research on other such agents. In a randomised
controlled trial, F.A. Adam et al. [25] noted that, regarding

the long-term efficacy of cetylpyridinium chloride for pa-
tients without orthodontic treatment, the use of a 0.07%
solution of cetylpyridinium chloride for mouth rinsing
was effective in reducing plaque levels. Gingival bleeding
scores did not differ after 6 months. The tested product
was well-tolerated and did not cause any serious clinical
adverse effects or negative impact on the microbiota. This
is emphasised by studies on the effect of mouthwash on
the state of the oral microbiota, as well as the condition of
teeth and gums, and does not indicate a negative impact
on the composition of the microbiome.

In the study by B.A. Newman et al. [26], it was demon-
strated that the number of Porphyromonas, Corynebacteri-
um, Abiotrophia, and other known periodontal pathogens
did not increase in supra-gingival plaque during 21 days
of experimental gingivitis induction in the presence of
cetylpyridinium chloride. At the same time, a slight increase
in gum inflammation and bleeding was observed compared
to the beginning of the study. The authors assert that a
mouthwash containing cetylpyridinium chloride, when
used as the sole oral hygiene product, provides significant
benefits in reducing gingival inflammation by disrupt-
ing the maturation process of dental plaque (i.e., gingivi-
tis-associated microbiota) and balancing the diversity and
composition of the oral microbiota (i.e., health-associated
microbiota). The results show a decrease in the number of
Corynebacterium spp. and a reduction in periodontal tissue
inflammation after the use of alcohol-free mouthwash.

L. Chen et al. [27], conducting a study on changes in
the microbiota during orthodontic treatment using the
sequencing method, argue that there is an increase in mi-
crobial richness in such patients compared to the control.
Therefore, the use of mouthwashes as an auxiliary hygiene
tool is justified and is confirmed in studies by U. Hussain et
al. [28] regarding the use of chlorhexidine, which helps to
control plaque formation and gingivitis but requires careful
use due to possible side effects. G.P.]. Langa et al. [29] and
M.M.T. Qo et al. [30] in their scientific papers argue that the
use of a mouthwash containing cetylpyridinium chloride
compared to provides a reduction in plaque and gingivitis
index compared to patients who do not use mouthwashes
to improve oral hygiene.

To summarise the results obtained regarding the use of
alcohol-free mouthwash, it can be noted that it is insuffi-
cient as the sole oral hygiene agent for reducing plaque and
improving the condition of periodontal tissues. However, in
a comprehensive care regimen, when used in conjunction
with a toothbrush, toothpaste, and mouthwash, it can help
control plaque formation and maintain oral hygiene.

CONCLUSIONS
The study demonstrated that the use of an alcohol-free
oral hygiene product in patients undergoing orthodontic
treatment affects the composition of the microbial cenosis
in soft dental plaque. A decrease in gram-negative (from
27.27% to 20.0%) bacteria compared to gram-positive (from
63.63% to 70%) (p =0.999) indicates the effectiveness of
this product in reducing pathogenic microbiota. It was also
found that at the population level of the microbiocenosis
of the molar surface, after the application of the prod-
uct, the number of representatives of Streptococcus spp. o
p(x € T) =0.9958, Propionibacterium spp. p(x < T) = 0.9837
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differences were statistically significant p<0.05, for bac-
teria of the genera Streptococcus spp. p(x € T) = 0.6544,
Lactobacillus spp. (p(x € T) = 0.631), Streptococcus spp. y
(p(x £ T) =0.5873) and fungi of the genus Candida spp.
(p(x<T)=0.04374) differences were insignificant, however,
a trend towards their decrease was observed. A decrease in
the quantitative composition of microorganisms in den-
tal plaque leads to a decrease in the products released by
them, which act as activators of gum inflammation. It has
also been demonstrated that the population levels of mi-
croorganisms change significantly before and after using
the product, confirming its effectiveness in reducing the
number of bacteria in the oral cavity. The anti-inflamma-
tory effect of the mouthwash on the condition of the gums
of the subjects was better, due to a decrease in bleeding
sites, as demonstrated by the gingival index, which was

determined before and after use (p=0.451). Therefore, the
studied mouthwash caused insignificant changes in the
quantitative and qualitative composition of dental plaque
and improved the condition of the gum tissues, compared
to the baseline. This study is important for creating new
strategies for the prevention and treatment of oral dis-
eases. However, it is necessary to conduct a double-blind,
randomised, clinical trial to supplement the data on the
impact on the oral microbiome, since even alcohol-free
agents can have both positive and negative effects.
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AHoTauif. [TalieHT 3 6peKeT-cUCTeMaMy YacTillle CTUKAIOThCS 3 TPO6IEeMOI0 IBUIKOTO HAKOITMUEHHS 3yGHOTO HATbOTY
Ta 3aTaJIeHHS SICeH, TOMY aHTUMiKpOOHi OMoTicKyBayi 11t pOTOBOI MOPOKHMHMY, SIKi TTOKPAIIYIOTh MIOAEHHMI TOMAIIHi it
TOTJISIT, MOXKYTh 3a6e3meunTi eGeKTMBHe BUAAIEHHS i KOHTPOIb 6aKTepiallbHOTO HAIbOTY, MMOKPAIIEHHS CTaHy SICEH
Ta € 6esneuHumMu npodinakTuuHummu 3acobamu 6e3 1mob6iunHoi mii. MeTow mOCTigKeHHS 6Y/I0 OLIHUTY KibKiCHUIT Ta
SIKICHMIA CKIa], MiKpOG6iolleHO3y M’SIKOTO 3y6GHOTO Ha/lbOTY IiJ BIVIMBOM 0e3aJKOTOIbHOTO 3ac00y IJISl TirieHu poToBOI
MOPOKHMHM Y TIALi€HTIB, 1[0 OTPMMYBaIM OPTOLOHTUYHE JIiKyBaHHS. Y HNOCTiMKeHHi 6pany ydacTb MallieHTH, sKi
MIPOXOISITh OPTOMOHTUYHE JIiIKyBaHHSI, 3a6ip MaTepiany BiiOyBaBcs 3 MOBEPXHi 3y6iB BepXHbOi 1mieeny. OTpyrMaHi Mas3Ku 3
MTOBEPXHi BEPXHiX MOJSPiB JOCTIKyBaIM 6aKTEPiONOTiYHMM METOAOM 3 ITOAAJIBIIOI0 ieHTHdiKalli€l0: MiKPOCKOMIYHOIO,
KYJIbTYypabHOM0, 6i0XiMiuHOI0. [TOpiBHSIHHST e(beKTUBHOCTI 6€3aJIKOTOIBHOTO OTOTiCKyBaya, MOA0 3MiH KiIbKiCHOTO Ta
SIKICHOTO CKJIaZy MiKpOOPTaHi3MiB Ta CTaHy TKaHMH apOAOHTY Y Malli€HTiB, SIKi TPOXOASATh CTallioHAPHY OPTOAOHTUYHY
Teparilo, 3AiMCHIOBaIM MiCIA TPbOX MICSILiB 3aCTOCYBaHHS. Y OOCTIIKeHHSI Oy70 BMSIBIEHO TPaMIIO3UTUBHI Ta
rpamMHeraTuBHi 6akrepiiTarpubu CandidaTa 3 moganbliMM He3HAYHYM 3MeHIIIeHHSIM rpaMHeraTuBHUX 6akrepiit (p=0,999)
TiCJIS 3aCTOCYBAHHS OToTickyBaua. OTpuMaHi pe3yinbTaTy MOKa3aay 3MiHM TAKCOHOMIYHOTO CKIaAy, & caMe, 3MeHIIeHHSI
KibKOCTi popiB 6akrepiit Bim 11 mo 9. KpiMm 3a3HaueHMx pe3ynbTaTiB 6y/I0 BUSIBJEHO 3MiHM Ha MOMYJISALITHOMY piBHi
MiKpO6iOTH M’SIKOTO 3y6GHOTO HAIBOTY MAIiEHTIB, SIKi BUKOPUCTOBYBaIM 6€3aJIKOTOJIbHMIA OTOJTiCKYBay MPOTSITOM TPhOX
MicsI1[iB, BUSIBJIEHO, 3MEHILIEHHST KiJIbKOCTi Streptococcus spp. a p(x < T)=0,9958, Propionibacterium spp. p(x <T)=0,9837,
mono Streptococcus spp. B, 3 Streptococcus spp. y 3MiHuM Oynu He3HayHMMM. [Ipy MOPiBHSIHHI MOMYJSLIAHOTO PiBHS
MiKpoopraHi3miB 10 Ta Mic/Isl 3aCTOCYBaHHSI ONOTicKyBava 6y/10 BUSIBJIEHO IOCTOBipHi BigMiHHOCTI (p<0,05). BusHaueHHs
iHZeKcy TiHTiBiTY TPOIeMOHCTPYBAaB He3HAUHE TTOKPAIeHHS CTaHy MTapOJOHTY y 06CTesKyBaHMX. IIpoBeieHe JOCTiAKeHHS
Ma€ BaK/IMBe 3HAYEHHS )1 PO3POOKM HOBMX CTPATEriit MpodiakTvKy Ta JIiKyBaHHS 3aXBOPIOBAHb IMTOPOSKHMHM POTA
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Abstract. Energy drinks are popular among young people to increase performance and attention. However, their impact
on metabolic processes and physiological functions has led to restrictions on their consumption in many countries. The
study aimed to determine the levels of glycolytic intermediate metabolites in rat brain neurons under conditions of energy
drink consumption. The study was conducted on sexually mature Wistar rats weighing 180-200 g. The animals were
divided into groups, and biological material was collected for experimental purposes. Brain homogenate was prepared
using a homogeniser and a cold extraction medium in a ratio of 1/9. In the obtained brain homogenate and blood serum,
the concentrations of glucose, pyruvate, lactate, and the activity of the glycolytic enzyme - lactate dehydrogenase were
determined. It was investigated that the consumption of an energy drink by animals led to an increase in blood glucose
levels and the development of persistent hyperglycaemia. Regarding the glucose content in the brain, there was an
observed increase in its utilisation by neurons. It was also established that in brain cells, the concentration of lactate (the
final product of anaerobic glycolysis) and the activity of the key glycolytic enzyme, lactate dehydrogenase, increased. A
decrease in the level of the glycolytic intermediate metabolites, pyruvate, was investigated in neurons. However, in blood
serum, opposite changes in pyruvate levels were observed: at the beginning of the experiment, the level of pyruvate
increased relative to the intact control with a tendency to normalise in the later experimental periods. By changing the
level of glycolytic intermediate metabolites in the brain homogenate, it is possible to determine the course of metabolic
processes and the intensity of the energy supply of brain cells

Keywords: lactate; pyruvate; brain; lactate dehydrogenase; carnitine; caffeine

INTRODUCTION

The study of the effects of energy drinks is becoming in-
creasingly relevant today. This is because the consumption
of these drinks elicits conflicting opinions: interest from
young people and warnings from doctors. Energy drinks
are classified as non-alcoholic, highly carbonated beverag-
es containing carbohydrates (glucose, sucrose), alkaloids of
the xanthine group (caffeine, theobromine, theophylline),
extracts of guarana and ginseng, carnitine, vitamins (A, B,
B,, B,, B,,, C, P), amino acids (taurine), and macro- and mi-
croelements: magnesium, potassium, manganese, sodium,

Suggested Citation:

iron, chlorine - all of these are considered stimulants for
the body. Therefore, they are used to prolong the period
of wakefulness, relieve fatigue, increase productivity, and
enhance memorisation during exams by students, among
other purposes. Most teenagers do not adhere to consump-
tion recommendations. According to modern literature
sources, the most powerful psychostimulant in the drink is
caffeine, which reduces feelings of fatigue, improves cogni-
tive function, increases heart rate, and has a diuretic effect.
Under the influence of caffeine, not only mental activity
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but also physical activity increases, and the reaction-re-
sponse to external influences is enhanced. The period of
stimulation is followed by fatigue.

I. Klishch et al. [1] point out that under the influence
of caffeine, such metabolic processes as glycolysis, lipol-
ysis, general metabolism and oxygen demand accelerate,
and hyperglycaemia may occur. J.P. Higgins et al. [2] iden-
tify another component of the drink — theobromine, but
it has a less stimulating effect. It is an alkaloid of the pu-
rine series, and in its physical properties, it is transparent
crystals that are bitter in taste. The therapeutic dose of
theobromine is significantly higher than that of caffeine.
This compound has a relaxing effect on smooth myocytes.
Carnitine (a component of the drink) also enhances car-
bohydrate metabolism, has a positive effect on cardiovas-
cular activity, and is sometimes used in medical practice.
In her study, I. Yastremska [3] notes that L-carnitine acts
as an active regulator of intermediate metabolism and en-
ergy supply processes. Therefore, the use of L-carnitine in
the treatment of myocardial infarction, in addition to its
pronounced energy-producing activity and antioxidant ef-
fect, had an effective impact on the endothelial function of
blood vessels. Guarana and ginseng are natural stimulants
with different effects, they also reduce fatigue and increase
mental and physical activity. B vitamins are important co-
factors in biochemical transformations but do not possess
“energy-giving” properties. There are serious safety con-
cerns about the safety of these products, especially with
such a composition. In scientific publications, I.M. Na-
deem et al. [4] mention disorders of the nervous system as
a result of the consumption of energy drinks (irritability,
fatigue, sleep disturbances, cramps). Therefore, studies of
the effect of energy drinks on metabolic processes in the
brain cells that ensure the overall functioning of the nerv-
ous system and occur with the loss of energy resources
will be important. The intensity of energy metabolism is
a leading factor limiting brain activity. The brain obtains
energy (ATP) as a result of the aerobic breakdown of glu-
cose (glycolysis), which ensures normal brain function:
the conduction of excitation by nerve fibres, the synaptic
transmission of signals, the specific activity of nerve cen-
tres, and the molecular mechanisms of integrative brain
functions — memory, thinking, consciousness. Kh. Part-
sei [5] highlights information about the effect of energy
drinks on carbohydrate metabolism in erythrocytes, in

particular, an increase in glucose catabolism, as evidenced
by an increase in lactate concentration and LDH activity.
The authors Kh. Partsei et al. [6] investigated the changes
in the pro- and antioxidant systems of rat erythrocytes un-
der conditions of energy drink consumption. Their study
presents the effect of energy drinks on free radical oxida-
tion processes, which are accompanied by the activation of
lipid peroxidation and protein peroxidation, which leads to
aviolation of the structural and functional ability of eryth-
rocyte cell membranes, as well as an increase in the activity
of superoxide dismutase. There is no data on carbohydrate
metabolism in the brain. The purpose of the study was to
investigate changes in carbohydrate metabolism in brain
cells of experimental animals as a result of energy drink
consumption.

MATERIALS AND METHODS

The experimental work was carried out at the “Centre of
Bioelementology” of Ivano-Frankivsk National Medical
University (accreditation certificate — CDL No. 037/19 of
13 June 2019) from October to December 2021. The study
involved determining the effects of energy drinks on the
metabolic processes of sexually mature male rats weigh-
ing 180-200 grams. A total of 56 animals were used in the
experiment. The experimental animals were kept on a
standard vivarium diet under appropriate temperature and
lighting conditions (12-hour light cycle), adhering to all re-
quirements and recommendations [7, 8]. Before the start of
the experiment, all animals underwent a 10-day acclimati-
sation period to avoid the influence of stress factors on the
measured parameters. At each stage of the experiment, the
weight of the animals was recorded. The volume of the en-
ergy drink was calculated individually for each laboratory
rat, based on the threshold limit value for a healthy adult
human (indicated on the drink packaging) recalculated per
kg of animal weight. The energy drink was administered
orally. Experimental animals were divided into groups, the
experimental model is presented in Table 1. All animals
had free access to drinking water. The composition of the
studied energy drink includes the following substances:
purified water, sugar, carbon dioxide, citric acid, sodium
citrate, taurine, preservatives, potassium sorbate, sodium
benzoate, sugar colour, flavourings, caffeine, inositol, vita-
mins (niacin, B,, B,), guarana extract, and the antioxidant
ascorbic acid.

Table 1. Distribution of animals in groups

Number
Animal groups i Influence Term of biomaterial collection
of animals
. 1st’ 101}1, 20th’ Soth’
Group 1 (intact control) 28 rats that consumed water after discontinuation of the drink
2" group (experimental) 7 rats that consumed 1 day, after discontinuation of the drink
the energy drink for 30 days ’
3 group (experimental) 7 rats that consumed 10 days, discontinuation of the drink
the energy drink for 30 days ’
40 . rats that consumed . . . .
group (experimental) 7 the energy drink for 30 days 20 days, discontinuation of the drink
5 . | rats that consumed . . . f the drink
group (experimental) 7 the energy drink for 30 days 30 days, discontinuation of the drin

Source: compiled by the authors
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Before collecting biological samples, the experimental
animals were anesthetised with sodium thiopental. Since
the sampling was conducted under identical conditions for
all groups, the effects of the collection methods on glyco-
Iytic intermediate metabolites and the anaesthetic effect
are neutralised. The brain and blood of experimental ani-
mals were collected. Brain homogenate was prepared us-
ing a homogenizer and a cold extraction medium in a 1:9
ratio. In the obtained brain homogenate and blood serum,
the levels of glucose (glucose oxidase method), pyruvate
(by the amount of 2,4-dinitrophenylhydrazone deriva-
tives), lactate (by reaction with para-oxydiphenylene), and
lactate dehydrogenase (LDH) activity were determined.
The enzymatic activity of LDH was determined spectro-
photometrically. Statistical analysis of the results was
performed using the STATISTICA 8 program, taking into
account the Student’s t-test. Differences were considered
significant at p<0.05.

RESULTS AND DISCUSSION
Glucose is the primary energy source for brain cells, so even
slight fluctuations in glucose levels can disrupt metabolic
transformations in brain neurons [9]. The brain uses 70%
of the glucose synthesised in the liver and that obtained

from food [10]. In neurons, approximately 90% of glucose
is oxidised to CO, and H,0 in the Krebs cycle (aerobic gly-
colysis), 5% is spent in the process of anaerobic glycolysis
with the formation of lactate, and 5% in the reactions of
glycogen, sphingolipids, cerebrosides, sulfatides, glycopro-
teins, and neurotransmitter synthesis [11]. As a result of
the conducted research, changes in glucose content were
observed as early as the 1t day after 30 days of consuming
the energy drink — the glucose content increased by 19.38%
compared to the intact control; on the 10" day, the glu-
cose concentration remained slightly elevated by 6.3%; on
the 20" day, the glucose level was within the normal range.
Such changes in glucose indicators (Fig. 1) are predictable,
since according to the literature, the effect of all compo-
nents of energy drinks is aimed at achieving an energy
boost effect [12]. However, already on the 30" day of dis-
continuing the energy drink, the glucose content decreased
by 11.59% compared to the control. This may lead to the
exhaustion of neurons, feelings of fatigue, apathy, and oth-
er disorders of the nervous and other systems. The author
Kh. Partsei [5] presented a study of an increase in glucose
content in erythrocyte hemolysate under the influence of
an energy drink by 1.8 times, and after discontinuation of
the drink, the glucose level decreased by 1.2 times.

8 %
. 589 ] | A I - ® 1st — Control
* d_

_'ﬂ 5 | | | 1 | 2nd —Day 1

é 4 P - - - - 31— Day 10
3 j | | | | | 1 [ —Day 20
9 | | | | | | L
1 | | | | | 1 L 5th — Day 30
0

- Control 2M-Day1l 39-Dayl0 4%-Day20 5% - Day30

Figure 1. Changes in glucose levels in the brain homogenate in response to energy drink consumption (M # m), n="7

Notes: *
2 of animals (p < 0.05)
Source: compiled by the authors

The level of glucose in the blood is also influenced by
carnitine, a component of the drink. In the studies of H. Fa-
thizadeh et al. [13], it is noted that the treatment of patients
with carnitine led to a decrease in the level of glucose and
insulin in fasting plasma. At the same time, this study exam-
ined the level of glucose in blood serum (Fig. 2), which made

- significant compared to the data of group 1 of animals (p < 0.05); **

— significant compared to the data of group

it possible to establish the development of persistent hy-
perglycaemia throughout the entire experimental period. In
rats of the 2" group, the glucose content in blood serum in-
creased by 21.78% compared to intact animals and remained
elevated throughout the entire study period: in the 34
group — by 17.94%, in the 4" — by 11.27%, in the 5 — by 6.79%.

8
7 mf o o sk
6 I
% i = brain
E 3 blood serum
2
1
O
- Control 2™ -Day1 39d-Dayl10 4%-Day20 5% - Day 30

Figure 2. Comparative analysis of changes in glucose levels in brain homogenate
and blood serum in response to energy drink consumption M=m),n=7

Notes: *
2 of animals (p < 0.05)
Source: compiled by the authors

- significant compared to the data of group 1 of animals (p < 0.05); **

- significant compared to the data of group
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Comparative analysis of glucose content (Fig. 2) in
brain homogenate and blood serum showed an increase in
the second experimental group of animals. Glucose levels
in animals of the third group decreased in both studied
substrates compared to the second group but remained el-
evated relative to the intact control (1% group). Initially,
glucose levels in the brain decreased. By the 20t day of the
experiment, the glucose level in the brain normalised, but
in the blood serum, it remained elevated by 1.12 times. In
the 5™ experimental group, a decrease in the glucose level
in the brain homogenate was observed, but in the serum,
it exceeded the norm by 1.07 times. It is worth noting that
the glucose level, after consumption of the energy drink,
immediately increased in the brain and blood serum, but
after discontinuation of this drink, the glucose level in the
brain homogenate was lower than the intact control, while
in the blood serum, it remained elevated.

To understand glucose metabolism, it is important to
study the products of intermediate metabolism, in par-
ticular pyruvate and lactate. Pyruvic acid (pyruvate) is
formed during glycolysis and during the conversion of lac-
tate under the action of lactate dehydrogenase [14]. Under
aerobic conditions, pyruvate is oxidised to acetyl-CoA,

0.3

0.2
0.15
0.1
0.05

mmol/L

15t — Control 2nd -Day 1

0.25 : o

can enter the Krebs cycle and provide energy for the body
or be used for other metabolic pathways (in particular,
for the synthesis of fatty acids or cholesterol) [15]. The
concentration of pyruvate in the brain (Fig. 3) on the
1st day, after discontinuation of the energy drink, was
0.231+£0.0012 (mmol/L), which is 10.8% lower than the
intact control indicator.

On the 10™ and 20™ days, the level of pyruvic acid
remained decreased by 12.33%, and on the 30™ day - by
4.12% with a tendency to normalise (0.248+0.02 mmol/L).
However, in the studies of Kh. Partsei [5], the content of
pyruvate in erythrocyte hemolysate steadily increased by
3.9 times compared to the intact control during the con-
sumption of the energy drink and decreased in the sub-
sequent periods of the study (10™, 20™, and 30™ days of
the experiment). R. Ostapiv [16], in his studies of the effect
of taurine on energy processes in cells, notes that when a
smaller dose of taurine (40 mg/kg) is administered, the glu-
cose content decreases relative to the control group of ani-
mals, and when a larger dose is administered (100 mg/kg),
the glucose level increases. Taurine is a derivative of sul-
phur-containing amino acids, present in energy drinks,
and can increase tissue sensitivity to glucose.

s i = ]st — Control
2nd —Day 1

31d — Day 10
4th — Day 20
5th — Day 30

34 _Day10 4th-Day20 5% - Day 30

Figure 3. Changes in pyruvate levels in brain neurons in response to energy drink consumption (M = m), n =7

Notes: * - significant compared to the data of group 1 (control) of animals (p<0.01); ** — significant compared to the data

of group 2 of animals (p<0.01)
Source: compiled by the authors

0. Remennyk [17] believes that an increase or decrease
only in pyruvate in the blood is not a diagnostic sign; usu-
ally, the ratio of lactate to pyruvate is determined, which
characterises the state of glycolytic and oxidative conver-
sion of carbohydrates. It is well known that in cells with
limited oxidative capacity or under hypoxic conditions, the
tricarboxylic acid cycle is blocked, and pyruvate, under the
action of lactate dehydrogenase, is converted to lactic acid,
lactate. In this case, only 2 ATP molecules are formed [18]
and hyperlactatemia occurs. The reasons for its appearance
may be congenital diseases (type I glycogenosis), vitamin
B deficiency, administration of adrenaline, sodium nitro-

0.3
0.25 .- o T
0.2 T F
0.15 b b
0.1 t t
0.05 t t
0

mmol/L

1 2 3

prusside into the blood, in case of alkalosis, epilepsy, the
intake of too much fructose, sorbitol or xylitol [19]. An in-
crease in the level of pyruvic acid in tissues may indicate a
disruption of the balance between oxygen supply systems
to tissues and the need for it. It has been established that
the level of pyruvate in the blood increases as a result of
decompensation for hypoxic conditions [20]. In blood se-
rum (Fig. 4), the content of pyruvate increased on the 1st
day after discontinuation of the energy drink by 29.6%, on
the 10% day - by 24%, on the 20" day — remained elevated
by 13.6% and with a tendency to normalise the level of this
indicator on the 30 day.

® brain
blood serum

4 5

Figure 4. Comparative characteristics of changes in pyruvate levels
in brain homogenate and blood serum in response to energy drink consumption (M£*m), n="7
Notes: * - significant compared to the data of group 1 of animals (p < 0.05); ** — significant compared to the data of group

2 of animals (p < 0.05)
Source: compiled by the authors
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Regarding the comparative characteristics of pyruvate
content in brain homogenate and blood serum, the chang-
es are observed to be in different directions (Fig. 4). In
the brain homogenate, in almost all experimental groups
of animals, the level of pyruvate is lower than the intact
control, only in the last period of the experiment is there
a tendency towards normalisation. Regarding the pyruvate
content in blood serum, an increase in this indicator was
noted in the 2, 3 and 4™ groups of animals and a return
to normal in the 5% group relative to the intact control.

15t - Control 2" -Day 1

The study of lactate (Fig. 5) in brain homogenate
showed an increase in this indicator in the 2™ group of
animals by 20.39%, in the 3 and 4th groups - by 13.37%
and 4.98% respectively, and in the 5% group, the lactate
content stabilised relative to the control group of animals.
In their article, Kh. Partsei [5] also presents an increase in
lactate content in erythrocyte hemolysate in the 24, 314
4™ and 5% experimental groups by 1.9 times, 1.6 times, 1.2
times, and 1.1 times, respectively, under the influence of
the energy drink.

= st — Control
2nd _Day 1
31— Day 10
4th _ Day 20
5th — Day 30

31d—Day 10 4th—Day 20 5t - Day 30

Figure 5. Changes in the level of lactate in brain neurons in response to energy drink consumption (M + m), n="7
Notes: * - significant compared to the data of group 1 of animals (p < 0.05); ** — significant compared to the data of group

2 of animals (p < 0.05)
Source: compiled by the authors

A similar trend of increasing lactate and pyruvic acid
content was observed by G. Khitry et al. [21] in their study
of changes in carbohydrate metabolism metabolites in rats
under general hypothermia. High lactate content can be
observed during hypoxia, diabetes mellitus, excessive in-
take of sucrose and other substances, as well as with im-
paired lactate elimination by the liver (60%) and kidneys
(30%). An increase in lactate concentration above 2 mmol/L
is a diagnostic indicator of sepsis, and an increase above
4 mmol/L serves as a criterion for multiple organ dysfunc-
tion syndrome [22]. Lactate is a product of anaerobic gly-
colysis and is formed from pyruvate under the action of
the enzyme lactate dehydrogenase with limited oxygen
supply [23]. Reduces the activity of the enzyme inosine, a
component of the energy drink [24]. R. Ostapiv & V. Man-
ko [25] studied the effect of taurine on carbohydrate me-
tabolism; the results of their research indicate that taurine
regulates calcium metabolism and increases the activity of
lactate dehydrogenase, therefore, it can be effective during
intense muscular work.

The conducted studies of lactate dehydrogenase in
brain homogenate showed a significant (p < 0.05) increase

U/L
vl
<)

15t - Control 2" -Day 1

of 49.78% in the brains of rats in the 2" group. As seen in
Figure 6, the enzyme activity remained high (by 43% com-
pared to the intact control) for 10 days after discontinua-
tion of the drink, and on the 20" and 30* days, there was a
tendency towards normalisation. In the study of Kh. Part-
sei [5], research on the activity of lactate dehydrogenase in
erythrocyte hemolysate under the influence of an energy
drink is presented. According to the author, the activity
of lactate dehydrogenase increased by 2.6 times relative
to the intact control, on the 10%, 20, and 30 days, the
enzyme activity remained elevated by 1.4 times, 1.9 times,
and 2.1 times, respectively, compared to the indicators of
the second group. According to the results of studies on
the effect of taurine on energy metabolism, R. Ostapiv &
V. Manko [25] reported an increase in lactate dehydro-
genase activity in rat erythrocytes — by 59%, and in the
brain — by 80% compared to the control. The authors sug-
gest that such changes are possible with a limited oxygen
supply. Prolonged administration of taurine leads to a de-
crease in the mass of organs, compared to the control, but
the mass of the brain increases, which is explained by the
positive effect of taurine on energy supply.

= 1st — Control
2nd —Day 1
31d - Day 10
4th _ Day 20
5th — Day 30

HE
A

31d_Day 10 4% -Day20 5% - Day 30

Figure 6. Changes in the activity of lactate dehydrogenase
in brain cells in response to energy drink consumption (M £ m),n="7

Notes: * - significant compared to the data of group 1 of animals (p<0.05);

2 of animals (p<0.05)
Source: compiled by the authors
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In their research, E. Choo et al. [26] note that the
consumption of caffeine leads to an increase in blood
glucose levels. According to the results of this study, the
level of glucose in blood serum and brain homogenate
also increases under the conditions of consuming an
energy drink. According to the article by S.M. Seifert et
al. [27], an overdose of caffeine or energy drinks leads to
loss of sleep, increased blood pressure, nausea, nervous-
ness, muscle tone loss, cramps, changes in heart rhythm,
and feelings of anxiety. Thus, the consumption of an en-
ergy drink by experimental animals leads to changes in
some intermediates and enzymes of glycolysis (increased
glucose and lactate content, increased lactate dehydro-
genase activity, but decreased pyruvate level) in brain
neurons and blood serum, which are described in the fol-
lowing conclusions.

CONCLUSIONS
This studyaimed toinvestigate the impact of energy drinks
on the organism of experimental animals, specifically fo-
cusing on carbohydrate metabolism parameters over 30
days of energy drink consumption and a 30-day post-ex-
periment period. The main objective of this study was to
identify changes in the content of glucose and intermedi-
ate glycolytic metabolites (pyruvate, lactate) in brain cells
and serum. To assess the energy supply of neurons and the
course of oxidative processes, changes in lactate dehy-
drogenase activity were studied. During the experiment,
an increase in glucose concentration in the brain cells of
experimental animals was found from 5.82+0.02 mmol/L
(intact control) to 7.17 £0.03 mmol/L on the 1st day, af-
ter 30 days of energy drink consumption. The following
periods of the study were accompanied by the normali-
sation of this indicator to 5.11+0.008 mmol/L (30% day,
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AHoTauif. EHepreTuyHi HaIoi MOMy/AsSpHi cepel; MOJIOAI SIK 3aco6M AJis MiABUIEHHS Mpale3aaTHOCTi Ta yBaru. OqHak
ix BIIuB Ha MeTabosiuHi mpoiecy Ta disionoriuHi QyHKIIiT MpU3BOAUTH A0 06MEXKEHb iX BXKMBAHHS B 6araTbox KpaiHax.
MeTol0 IOCTiIKeHHS OYyJI0 BUSHAUEHHST PiBHS IMPOMIXKHMX iHTepMe/iaTiB ITiK0Ji3y Y HelipoHax MO3KY IIypiB 3a YMOB
CITOXKMBAHHSI €HepPreTUYHOro Haroo. J[ocaimKkeHHs O6y/lo MPOBeOeHO Ha CTAaTeBO3PiMX IMypax JiHii Bicrap, macoro
180-200 r. TBapuH 6y/0 po3MpenisieHo MO Ipynax. 3 eKCIepuMeHTaaAbHOI0 MeToI0 3AilicHIoBaau 3a6ip 6iomarepiany.
T'oMoreHaT TOJIOBHOTO MO3KY TOTYBJIM 3 BUKOPUCTAHHSIM rOMOTEHi3aTOpa Ta OXOJOMKEHOTO CepelOBUINA BUIITEHHS
B criBBigHOIIEeHHi 1/9. B oTpMaHOMy roMmoreHaTi MO3Ky Ta CMPOBATIIi KPOBi MPOBOAMIN BU3HAUEHHST KOHLIEHTpallii:
[JII0KO3U, TipyBaTy, JIaKTaTy Ta aKTMBHOCTI IVIIKOTITUYHOTO €H3MMY — JIaKTaTAeriiporeHasu. Byno mowiimskeHo, 10
CTIOXMBAHHS €HepreTMYHOro HaIlol TBapMHAMM MPU3BOAMIO OO MiABUINEHHS PiBHS IVIIOKO3M B KPOBi i BUHMKHEHHS
crifikoi rinepriaikemii. IIJomo BMicTy INIIOKO3M B TOJOBHOMY MO3KY CIIOCTEpIrazaoch IOCuieHe il BMKOPUCTaHHS
HelipoHaMu. TakoX GY/I0 BCTAHOBJIEHO, IO Y KJIITMHAX TOJIOBHOTO MO3KY 3pOCTa/ia KOHIIEeHTpallis JakTaTy (KiHI[EBOTO
MPOIYKTY aHaepPOOHOT0 MTiKOJTi3y) Ta aKTUBHICTh KJIIOUOBOTO eH3UMY ITiKOTi3y — TaKTaTAerigporeHasu. Byno qociimskeHo
Yy HelipoHax 3HMKEHHSI PiBHS ITPOMIKHOTO iHTepMe[liaTy ITiKomi3y — mipyBary. [IpoTe, B cupoBaTiii KpOBi AOCTiAKEeHO
MPOTUJIEXXHI 3MiHM DiBHS MipyBaTy: Ha MOYATKYy eKCIIepUMEHTY piBeHb IipyBaTy MifBUILYBaBCs BiHOCHO iHTAKTHOTO
KOHTPOJTIO 3 TEHIEHIIi€10 0 HOpMaUtisallii B KpaiiHi ;octigHi mepioan. 3a 3MiHOO piBHS TPOMiKHMX METa60JIiTiB ITiKOMTi3y
B TOMOT€HAaTi MO3KYy MOKHA BM3HAYATY IMepebir MeTaboIiyHMX MPOIeCiB Ta iHTEHCUBHICTb eHepro3abes3neueHHs KIiTUH
TOJIOBHOTO MO3KY
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Abstract. This study was conducted to determine the effectiveness of orthodontic appliances in improving cerebral
circulation. The 24 participants of the study underwent a rheoencephalographic examination before and during the use
of mouth guards. Its results analysed the changes in blood filling and blood flow in the brain vessels and evaluated the
dynamics of treatment. According to the results of the study, insignificant, and slight positive treatment dynamics were
detected in 58.33% of the subjects, no negative dynamics were detected, and no significant changes were recorded in
41.67% of the participants. This effect of orthodontic appliances on improving cerebral circulation is explained by the
fact that by alleviating the symptoms of craniomandibular dysfunction, they affect the balance of the centre of gravity of
the skull, reduce tension and spasm in the neck muscles, and protect the joints from mechanical irritation, which helps
to reduce vascular tone and improves blood filling and blood flow in the masticatory muscles and jaw joint. The blood
filling of the chewing muscles and jaw joint has no direct connection with the blood filling of the brain vessels, as these
structures are supplied from different arteries, However, a decrease in vascular tone in the craniomandibular system and
in the muscle bed of the cervical spine can affect blood pressure reduction and venous outflow in the jaw joint, which
will indirectly improve cerebral circulation. The obtained results indicate that orthodontic problems can be factors of
deterioration of blood filling and blood flow in the vessels of the brain, so the use of mouth guards is an effective method
that should be used in the complex treatment of patients with cerebral circulation disorders

Keywords: craniomandibular dysfunction; masticatory muscles; jaw joint; blood pressure; venous outflow; carotid basins

INTRODUCTION
There are two main reasons for the importance of finding  and other neurodegenerative diseases that affect the blood
alternative approaches to improve cerebral circulation: the  supply to the brain and the limited availability of exist-
high prevalence of stroke, dementia, Alzheimer’s disease, ing treatments that are not always effective or have side
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effects. The potential advantages of using orthodontic ap-
pliances (mouth guards) to improve cerebral blood flow are
the absence of side effects typical of traditional therapeutic
methods and the possibility of improving cerebral circula-
tion by reducing vascular tone due to the redistribution
of masticatory pressure. To evaluate the potential of this
method, it is important to conduct research to determine
the biological mechanism of mouthguards’ impact on im-
proving cerebral circulation and to determine the level of
their effectiveness and safety. As with any research related
to the effectiveness of new therapies, there are a number of
significant problems with studying the feasibility of using
mouthguards to improve cerebral circulation. The first is
the lack of scientific evidence on the effectiveness of their
use in this area.

The few works related to this topic are mainly focused
on identifying the correlation between the occlusal balance
achieved with the help of certain orthodontic devices and
certain indicators of brain functioning measured by instru-
mental methods. A study of the modification of cognitive
functions caused by a functional orthodontic device was
conducted by F. Pachi et al. [1]. Their results were based on
observations of the electrical activity of the brain of 10 sub-
jects. Cognitive functions, stress, arousal, and concentra-
tion were chosen as qualitative indicators for comparison,
which, according to the results of observations, had sig-
nificant differences between the three phases of the study
(initial occlusion, occlusion changed by a functional ortho-
dontic device and occlusion after removal of the device).

G. Sadvandi et al. [2] conducted a systematic review of
the effect of experimental orthodontic tooth displacement
on brain activation assessed by functional magnetic reso-
nance imaging. The results showed that patients who used
orthodontic separators experienced changes in the activa-
tion of brain areas associated with nociception, emotion,
and cognitive functions.

Based on the observations of C. Kariya et al. [3], it was
determined how the process of chewing, depending on the
bite, affects cerebral blood flow. They analysed the cerebral
blood flow measured by functional near-infrared spectros-
copy during chewing. The results showed a correlation be-
tween jaw movement and cerebral blood flow, indicating an
adverse effect of an anterior open bite on brain function.
Despite the fact that all studies provide evidence of a cor-
relation between dental occlusion and brain function, the
limited size of their samples does not allow for definitive
conclusions about the effectiveness of the method of im-
proving cerebral blood flow through the impact on the bite.

Another problem with the study is the lack of under-
standing of the biological mechanisms by which orthodon-
tic structures could affect cerebral circulation. P. Proff et
al. [4] studied local vascularization during orthodontic
tooth movement in a rat model. Using magnetic resonance
imaging, the authors analysed the effect of orthodontic
tooth movement on blood flow in the surrounding tissues
and confirmed the hypothesis of increased perfusion in the
areas of periodontal ligament tension during orthodontic
tooth movement, but the relationship between local vas-
cularization and cerebral blood flow was not established.

The relationship between the immune system and or-
thodontic tooth movement based on cellular and molec-
ular mechanisms was analysed by Y. Gao et al. [5]. They

investigated the mechanism of interaction of bone and soft
tissue remodelling, cement resorption, orthodontic pain
and relapse with immune cells and immunological active
substance. And the interaction of cytokines in orthodontics
was studied by F. Inchingolo et al. [6]. The results revealed
the influence of cytokines on the cellular activity and
metabolism of bone and soft tissue of the tooth through
inflammatory processes and processes occurring due to
tension and compression in the periodontal ligament. Al-
though the activity of the immune system is related to the
blood circulation process, the mechanisms of influence of
orthodontic tooth movement on cerebral circulation have
not been established in the above works.

An important problem of the study is the possibility
of risks for patients using orthodontic constructions. I. Ku-
mar et al. [7] emphasized the possible risk of orthodontic
procedures for patients with cardiovascular diseases and
blood coagulation disorders. G. Gokgce [8] identified aller-
gic reactions and chronic fatigue syndrome among the side
effects associated with orthodontic treatment. The risks
that may affect cerebral circulation were not considered in
these studies.

An additional problem may be created by the lack of
a clear understanding of gender and age differences that
may affect the results of using orthodontic appliances.
When studying the impact of malocclusion on improving
patients’ oral health-related quality of life in adolescents,
L. Schwarz et al. [9] found that the initial type of malocclu-
sion has an impact on this indicator, while the gender and
age of children do not correlate with it. Given that the par-
ticipants of the study were adolescents, it was not possible
to determine the differences in the impact of orthodontic
treatment in different age groups based on its results.

Studying the relationship between the impact on oral
health and personality profiles among orthodontic pa-
tients, A.A. Al. Nazeh et al. [10] determined that the impact
of orthodontic treatment on oral health differs depending
on the patient’s gender. The results of the study were ob-
tained in accordance with the methodology for assessing
the profile of impact on oral health, which did not include
determining the impact of orthodontic treatment on cere-
bral circulation or other indicators of brain function, so in
the context of the tasks of this work, their use is incorrect.

The purpose of the study was to determine the effective-
ness of the use of mouth guards to improve cerebral circula-
tion.Its tasks were to conduct rheoencephalographic studies
with a sample of patients, assess the dynamics of treatment
and establish the biological mechanisms of the effect of or-
thodontic appliances on changes in cerebral circulation.

MATERIALS AND METHODS
To determine the effectiveness of using REHASPLINT
mouthguards to improve cerebral circulation, rheoenceph-
alographic studies of patients were conducted at the Kyiv
Regional Mental Health Centre, a municipal non-profit en-
terprise of the Kyiv Regional Council, in Vorzel, from 1 to
29 March 2023. The instrumental examination was carried
out using a digital rheoencephalograph, which recorded
changes in the electrical resistance of the head tissues us-
ing sensors and provided the results in the form of graphs
and tables. The patients were examined in a standard po-
sition. It assessed blood flow velocity and volume, vascular
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tone and vascular resistance. The study group consisted of
24 men with an average age of 28.5 years. The inclusion
criteria were met by participants who had cerebrovascular
disorders and needed to use orthodontic appliances (mouth
guards) to solve orthodontic problems of varying severity
or to protect the jaw during active or vigorous activity. The
exclusion criteria excluded people under the age of 18 and
those with contraindications to rheoencephalographic ex-
aminations: head injuries with damage to the skull bones,
intracranial haemorrhages, acute infectious brain diseas-
es, mental disorders, neurological disorders, epilepsy, se-
vere cardiovascular diseases and hypertension. The study
was conducted in accordance with the ethical standards
that must be met in research involving human subjects,
as outlined in the Declaration of the Helsinki Group of the
World Medical Association [11]. All participants provided
informed consent to participate in the study.

In accordance with the recommendations for the use of
REHASPLINT orthodontic appliances, during the month of
the study, the participants wore the aligners for 30 minutes
2-3 times during the day and throughout the night. They
did not eat, drink or talk while wearing the aligners.

The first rheoencephalograph measurements were tak-
en before wearing the mouthguard, and the second during
the wearing. Significant changes in cerebral circulation in-
dices were determined by the difference in blood filling in
the basin of the superior middle artery (SMA), vascular tone
in the SMA, tone of the main arteries in the SMA, tone of
the resistance arteries in the SMA between the two meas-
urements. Their determination was based on the relation-
ship between the average blood flow velocity in the frontal
lobe of the brain (FMs), the average blood flow depth in
the frontal lobe of the brain (FMd), the average blood flow
velocity in the parieto-occipital region of the brain (CMs),
average blood flow depth in the parieto-occipital region of
the brain (CMd) and vascular resistance (Oa), an indicator
of low-frequency blood flow fluctuations associated with
vasomotor activity (al), an indicator of medium-frequency
blood flow fluctuations associated with respiration (¢2), an
indicator of high-frequency blood flow fluctuations associ-

ated with the pulse wave (B), the volume of blood passing
through the brain vessels per unit of time (Vo), an indicator
of the ratio between blood flow volume and vascular resist-
ance (R1), blood flow velocity in the brain capillaries (MKi),
blood flow volume in the brain capillaries (MKd), the ratio
between the frequency and duration of blood flow fluctu-
ations (a/T), and the biological age of the vessels (BCA).
Based on the analysis of the dynamics of treatment of each
of the studied patients, the effectiveness of using REHA-
SPLINT orthodontic appliances to improve cerebral circu-
lation was determined. The method of descriptive statistics
was used to process the data.

The biological mechanisms by which orthodontic ap-
pliances can affect cerebral circulation were determined
based on the results of rheoencephalography and analysis
of scientific sources in the relevant field. The sources were
searched for in PubMed, Web of Science, Google Scholar
and Scopus databases using the following keywords: “bi-
ological mechanisms associated with the occlusion pro-
cess”, “relationship between occlusion and cerebral circu-
lation”, “the effect of orthodontic structures on cerebral
circulation”, “relationship between occlusion and cerebral
blood vessels”, “the relationship between dental occlusion
and vascular tone”, “negative effects of malocclusion”,
“the impact of orthodontic structures on biological pro-
cesses associated with the brain”, “factors affecting cer-
ebral circulation”. The inclusion criteria were papers that
contained relevant information on the subject of the study
(theoretical studies related to the mechanisms of ortho-
dontic pathologies, results of cerebral circulation meas-
urements, assessment of cognitive function, assessment of
quality of life, etc.), and the exclusion criteria were papers
published before 2010.

RESULTS
According to the results of the rheoencephalographic ex-
amination, all the examined patients had cerebrovascular
disorders of varying severity. A descriptive analysis of the
examination results before and during the use of the ortho-
dontic appliance (mouthguard) is given in Table 1.

Table 1. Analysis of the results of rheoencephalographic examination
of patients before and during the use of orthodontic structures (caps)

Data based on measurements before using caps Assessment of the impact of
Patient Type of cerebral orthodor.ltic str.uctures on cerebral
number ciranikion LoelizmEion e Faeiar blood circulation (assessment of
deemias treatment dynamics)
Slight violation of
1 Mostly in the carotid pools Hypovolaemia No significant dynamics were found
venous blood flow Y P P &n i
A slight positive trend is observed
in terms of compensation of the left
9 Violation of blood From the right sides of the VBP and Increase in sections of the VBP and carotid basins
supply carotid basins vascular tone at the expense of the right sections. A
slight violation of blood supply on both
sides persists
Violation of blood . . . Increase in .. .
3 In carotid basins from 2 sides No significant dynamics were found
supply vascular tone
Increase in There remains a slight violation of
Violation of . ascular tone in enous outflow compared to previous
4 In VBP from 2 sides v . . v . W . .p p v
venous outflow the carotid basins | examinations, positive dynamics were
from 2 sides noted
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Table 1. Continued

Decreased blood Spasm of blood There is a slight improvement in the
5 In VBP and carotid basins from 2 sides P blood supply in the VBP and carotid
supply vessels . . .
basins on the right side
Hypovolaemia
Marked violation and increased Venous stasis remains. A positive trend
6 of venous outflow In VBP from 2 sides tone of blood is observed in the reduction of vascular
vessels in VBP tone on the left side of the left ventricle
from 2 sides
iolati f bl I i
7 Violation of blood In VBP and carotid basins from 2 sides nereasen No dynamics detected
supply vascular tone
X . Slight increase in . .. . .
1 f bl A sligh hi
3 Violation of blood In VBP from 2 sides blood vessel tone sligl Fposmve trend is obse.rved in the
supply . reduction of vascular spasm in the VBP
in VBP
. In the VBP from 2 sides (on the left side On the right side of the VBP, the blo!:)d
A slight decrease . . Spasm of blood supply has recovered, on the left - it
9 . of the pool, a decrease in blood supply is . -
in blood flow vessels remains at the same level, but positive
observed to a greater extent) .
dynamics are observed.
Violation of . . . . . . .
In carotid basins from 2 sides . There is a slight improvement in blood
venous outflow Increase in .. . .
10 filling in the VBP, venous stasis in the
P PR - vascular tone . . .
Violation of blood | In VBP, it is directly proportional from carotid basins remains at the same level
supply 2 sides
. . . There is normalization of vascular
s In VBP and carotid basins from 2 sides. . . . X
Violation of L . . tone in the carotid basins from 2 sides
11 Violation of venous outflow is greatest Hypovolaemia .
venous outflow . . and improvement of venous outflow,
in the carotid artery . . . R
especially in the carotid basins
12 Violation of blood In VBP and carotid basins from 2 sides Increase in Thereisa sl.lght 1mpr0\{emenjt in blood
supply vascular tone flow in the carotid basins
13 Violation of blood In VBP from 2 sides Increase in There is a sh.ght 1mp.roveme.r1t in bl.ood
supply vascular tone supply, but its deficiency still persists
Significant
violation of blood | In VBP and carotid basins from 2 sides . . . . .
14 supply Increase in There is a slight improvement in blood
T - - - vascular tone flow in the carotid basins
Violation of It is present in all pools, but is most
venous outflow pronounced in the carotid
Positive dynamics were noted due to
15 Violation of In the carotid basins on both sides Hypovolaemia partial compensation by the right carotid
venous outflow (mostly observed on the left side) P basin of the violation of venous outflow
in the left basin
Significant Increase in Sjight dynamics are observed, but the
16 violation of blood In carotid basins from 2 sides increased tone of blood vessels still
vascular tone .
supply remains
Indicators of blood filling are within
normal limits — the volume of blood in
Slight violation of Increase in the vessels of the brain has normalised;
17 g In VBP and carotid basins from 2 sides venous outflow has improved, but its
venous outflow vascular tone . . .
disturbances are still observed, which are
insignificant and can be considered as a
variant of the norm for a specific patient
Violati f blood . . . I i . .
18 folation ot bloo In VBP and carotid basins from 2 sides nerease in No significant dynamics were found
supply vascular tone
19 Slight violation of In carotid basins from 2 sides Hypovolaemia No significant dynamics were found
blood supply P gn yn
Violati f I i
20 lolation o In VBP from 2 sides nerease No significant dynamics were found
venous outflow vascular tone
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Table 1. Continued

iolati f bl I i
21 Violation of blood In VBP and carotid basins from 2 sides pereasein No significant dynamics were found
supply vascular tone
Slight violati f
22 'ght violation o In VBP from 2 sides Hypovolaemia No significant dynamics were found
venous outflow
Violati f blood . . . I i . .
23 tolation ot bloo In carotid basins from 2 sides nerease in No significant dynamics were found
supply vascular tone
Violati f bl I i
24 iolation of blood In VBP and carotid basins from 2 sides nereasein No significant dynamics were found
supply vascular tone

Notes: VBP - vertebrobasilar pool
Source: compiled by the authors

A significant number of patients (13 patients/54.17%)
who underwent rheoencephalographic examination, be-
fore the use of mouth guards (REHASPLINT orthodontic
constructions), had blood filling disorders, two of them
had minor disorders, one - significant; in one-third of the
study subjects (8 patients/33.33%) had venous outflow
disorders, two of which were mild and one severe; two pa-
tients (8.33%) had both disorders; one subject had a mild
venous blood flow disorder. The main factors influencing
these disorders were increased vascular tone and hypo-

3 (18.75%)

1 (6.25%)

Tangible positive
dynamics

O = N W b U1 O N

Slight positive dynamics

volaemia. The localization of the disorders was deter-
mined in the carotid basins and/or the VBP on one or both
sides. During the use of the mouthguard, the rheoenceph-
alogram recorded positive dynamics of various intensities
associated with improved cerebral circulation in 58.33%
of patients, while in 41.67% of subjects, no changes were
observed. In most cases, the positive dynamics were in-
significant or mild. The dynamics of cerebral circulation
improvement separately by different types of disorders
are shown in Figures 1 and 2.

7 (43.75%)

No dynamics detected

5 (31.25%)

Insignificant positive
dynamics

Figure 1. Dynamics of improvement of cerebral circulation in patients with blood filling disorders

Source: compiled by the authors
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3 (30%)

2 (20%)

Tangible positive
dynamics

Slight positive dynamics

4 (40%)

1 (10%)

Insignificant positive
dynamics

No dynamics detected

Figure 2. Dynamics of improvement of cerebral circulation in patients with venous blood flow disorders

Source: compiled by the authors
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In 56.25% of patients with blood filling disorders, pos-
itive dynamics was observed due to the use of orthodontic
appliances, in most of them (55.56%) it was insignificant,
in one-third (33.33%) it was mild, and in 11.11% it was
noticeable. The positive dynamics of the use of aligners in
patients with venous outflow disorders was slightly better
compared to patients with blood filling disorders (60% vs.
56.25%). Half of them had a mild improvement in outflow,
one third had a significant improvement, and 16.67% had a
slight improvement.

In none of the cases did the use of mouthguards as a
treatment procedure lead to complete elimination of blood
filling or venous outflow disorders. The main mechanisms
of influence of orthodontic constructions on the positive
dynamics in the restoration of normal cerebral circulation
were a decrease in vascular tone, reduction of vascular
spasm, compensation of blood filling or venous outflow
disorders in one of the basins by another.

Analysing the results of rheoencephalographic exam-
ination, it is possible to assess the effectiveness and safety
of the use of mouth guards (REHASPLINT orthodontic ap-
pliances) to improve cerebral circulation. The low level of
dynamics of this treatment method indicates low efficien-
cy. Therefore, it is inappropriate to use it for severe cases
of cerebral circulation disorders. Instead, it can be effective
for minor disorders of blood filling or blood flow or used
as an adjunct to traditional treatments, provided that their
combination is safe, which should be determined by a doc-
tor. The use of mouth guards in combination with certain
physiotherapeutic procedures, such as neck and head mas-
sage, may have potential. Given that no negative dynamics
of treatment (deterioration of blood filling or blood flow
during the use of mouthguards) was recorded in any of the
cases, this method can be considered safe for use to im-
prove cerebral circulation.

The development of craniomandibular dysfunction
(CMD) involves biological processes associated with the
dysfunction of one or more components of the cranioman-
dibular system (CMS). Muscle dysfunction can occur under
the influence of bruxism, stress or other factors that can
lead to spasm and inflammation of the masticatory mus-
cles, restriction of jaw movement, pain and discomfort, and
changes in muscle tone or muscle structure. Joint dysfunc-
tions can be manifested by inflammation of the articular
disc, cartilage damage, and changes in the position of the
articular head. The consequences of such disorders are
pain, clicking, stiffness, restriction of movement, or dis-
location of the jaw [12]. Among the neurogenic factors of
CMD, the most common are trigeminal nerve dysfunction
and changes in the level of neurotransmitters, in particu-
lar serotonin and dopamine, effects on nerve endings, and
increased activity of the sympathetic nervous system [13].

CMD has several mechanisms of action on blood
vessels. Spasms of the masticatory muscles, a common
symptom of CMD, can negatively affect blood circulation.
Spasmodic masticatory muscles can mechanically com-
press blood vessels localised in the CMS area, leading to
a decrease in blood flow, and prevent venous outflow from
the head and neck, causing venous congestion. At the same
time, spasms of the masticatory muscles can mechanically
compress the nerves, damaging nerve fibres and disrupt-
ing the transmission of signals to the blood vessels, which

leads to vascular dysfunction and impairs their ability to
regulate blood flow. Prolonged pain, as a result of constant
spasm of the masticatory muscles, affects the sensitization
of nerve endings, developing hypersensitivity to stimuli,
which can lead to excessive vasoconstriction in response
to minor stimuli, thus exacerbating vasoconstriction [14].

Inflammation of the joints and muscles, which is also
common in CMD, can negatively affect blood vessels. It can
provoke endothelial damage and the release of chemicals
that constrict blood vessels, including endothelin-1 [15].
This process is accompanied by a change in vascular tone
and can lead to a violation of their ability to regulate blood
flow, increasing vasoconstriction. The inflammation-in-
duced release of vasoactive substances (prostaglandins and
leukotrienes), which have the ability to constrict or dilate
the vessel, can lead to blood flow instability and impaired
blood pressure regulation [16]. Using its own mechanisms
of influence on platelets, clotting factors, fibrinogen and
the fibrinological system, inflammation can lead to coagu-
lation disorders (increased risk of blood clots) and cause cir-
culatory disorders and damage to inflamed tissues [17, 18].

CMD can have a certain effect on blood vessels through
neurogenic factors. The mechanisms of such effects in-
clude changes in the activity of the sympathetic nervous
system, effects on nerve endings that regulate blood flow,
and effects on the central nervous system and the noocic-
eptive system, which is responsible for the perception and
processing of pain signals [19]. In most cases, the main fac-
tors of influence are spasms or inflammation of the masti-
catory muscles and joints caused by bruxism, joint deform-
ity or other CMD factors, but additional negative effects
are caused by psycho-emotional factors, including stress
and anxiety, and medication side effects of certain drugs,
such as antidepressants, non-steroidal anti-inflammatory
drugs, hormones, etc [20].

The masticatory muscles and jaw joint are supplied with
blood from different arteries. The masticatory artery is the
largest artery supplying the masticatory muscles, branches
from the carotid artery and divides into a deep branch sup-
plying the medial masseter, lateral masseter and tempora-
lis muscles, and a superficial branch supplying the masseter
and buccal muscles [21]. The temporalis and buccal muscles
are supplied by the parotid artery, and the bicuspid and hy-
oid muscles by the deep neck artery. The arteries supplying
the jaw joint include the superior maxillary artery, which
supplies the articular disc and capsule of the jaw joint;
the middle meningeal artery, which supplies the articu-
lar process of the temporal bone and the articular fossa of
the zygomatic bone; and the ascending pharyngeal artery,
which supplies the posterior capsule of the jaw joint [22,
23]. Depending on the individual anatomical features, the
blood supply to the masticatory muscles and jaw joint may
vary, but in most cases, the general blood supply to these
components of the CMS corresponds to the described one.

There are several small connections (anastomoses) be-
tween the arteries of the CMS and the arteries of the brain,
which allow blood to flow in small amounts from one sys-
tem to the other, but they do not have a significant effect
on the blood supply to the brain [24]. The arteries supply-
ing the jaw joint and masticatory muscles do not have a
direct connection to the cerebral vessels. They are part of
the external carotid artery, which is one of the two main
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branches of the carotid basin, a network of arteries that
supplies blood to the face, neck, and scalp, and the blood
supply to the brain is carried out through the internal ca-
rotid arteries, which are also part of the carotid basin, and
the arteries of the vertebrobasilar system [25].

The effect of decreased blood flow in the masticatory
muscles or jaw joint on cerebral circulation deterioration
may be exerted by indirect mechanisms. Reduced blood
flow in the masticatory artery can be a factor in increasing
blood pressure, which can lead to cerebral blood flow de-
terioration due to reduced perfusion pressure, narrowing
of the arteries and a decrease in the volume of blood cir-
culating in the body [26, 27]. Spasm-induced mechanical
compression of the vessels passing through the mastica-
tory muscles can lead to a decrease in blood flow to the
brain. Damage to nerve fibres caused by muscle spasm or
inflammation can lead to disruption of nerve signals and
become a factor in reducing the ability of blood vessels to
regulate blood flow in the masticatory muscles and jaw
joint, which can cause changes in blood pressure. When
analysing the mechanisms of the impact of CMD on cer-
ebral circulation, it should be noted that there is no direct
connection between the arteries of the CMS and the brain,
so impaired blood flow in the masticatory muscles and
jaw joint may have a minor impact on cerebral circulation
mainly through the impact on blood pressure.

Another reason for the deterioration of blood circula-
tion in CMD is impaired venous outflow. Its main factor is
mechanical compression of the veins in the jaw joint, which
occurs due to displacement or curvature of the articular
disc; spasm of the masticatory muscles; reduction of space
in the jaw joint due to changes in the position of the artic-
ular head; swelling as a result of inflammation of the jaw
joint; formation of cuspid growths caused by degenerative
changes associated with arthritis; anatomical features of
the structure of the venous canals that affect their width;
severe impact or dislocation of the jaw [28]. Impaired ve-
nous outflow in the jaw joint area has a direct impact on
the outflow of blood from the brain. The deep venous net-
work collects blood from the muscles, bones, and skin of
the face, including blood from the jaw joint, and flows into
the jugular vein, which draws blood from the head and
neck and then flows into the superior vena cava [29]. The
submandibular plexus, located under the lower jaw, con-
nects to the deep venous network and other plexuses that
drain blood from the brain. Impaired venous outflow in
the jaw joint can lead to blood stasis in these plexuses and
compression of the jugular vein, which will impede blood
flow from the brain and provoke an increase in intracra-
nial pressure, nerve damage, and cerebral circulation [30].

In addition to affecting the blood vessels localised in
the CMS, dental occlusion disorders lead to an imbalance
in the musculoskeletal system. This occurs due to a shift
in the centre of gravity of the skull and loss of support
from the dental arches due to changes in the position of
the temporomandibular joint. This imbalance leads to an
increased load on the neck muscles to hold the head in a
new position, which provokes spasms and changes in their
tone and causes vertebral displacement. Such a cascade of
mechanical processes triggered by a change in the position
of the temporomandibular joint causes a change in the bi-
ophysics of blood vessels and nerves that are surrounded

by the neck muscles. The mechanism of such changes is
that under the influence of increased muscle load, the
vessels located in the muscle bed of the cervical spine are
compressed, resulting in a decrease in their diameter, and,
accordingly, a decrease in blood flow and an increase in
blood pressure. This leads to a decrease in the volume of
blood filling and difficulty in the outflow of blood from the
head. The use of orthodontic appliances aimed at fixing the
correct position of the jaws allows balancing the centre of
gravity of the skull, reducing the load on the neck muscles
and eliminating vascular compression, and therefore nor-
malizing haemodynamics - restoring the tone and diam-
eter of blood vessels in accordance with the needs of the
body and return blood pressure to the physiological norm.

Thus, by affecting masticatory muscle dysfunction and
jaw joint position changes, CMD can be a factor in cerebral
circulation deterioration. The use of mouthguards allevi-
ates the symptoms of CMD by reducing muscle tension and
spasms, protecting the joints and altering sensory infor-
mation. Thanks to its shape, the REHASPLINT orthodontic
appliance is able to correct the correct position of the lower
jaw, thus reducing the load on the masticatory muscles and
temporomandibular joint and reducing occlusal pressure,
which helps to relax the muscles, reduce spasm and elim-
inate pain. As a joint protector, the mouthguard creates a
cushioning effect by absorbing part of the chewing pres-
sure, which helps protect the articular cartilage and other
structures of the jaw joint from damage. At the same time,
the smooth surface of the orthodontic appliance reduc-
es friction between the teeth, eliminating the source of
discomfort. An important function of the mouthguard is
neuroproprioceptive stimulation — it can provide sensory
information about the position of the lower jaw, helping
to restore the balance of the centre of gravity of the skull,
reprogramme muscle activity and reduce spasm and pain.
This function is further enhanced by the mouthguard’s abil-
ity to reduce nociceptive stimulation in the mouth. Hav-
ing an understanding of the mechanism of the impact of
aligners on cerebral circulation, it is possible to analyse the
results of a rheoencephalographic study in more detail —
to determine what the therapeutic effect of the orthodon-
tic appliance is and why it turned out to be insignificant.

The therapeutic effect of using orthodontic appliances
is torelax the masticatory muscles and protect the joints, re-
duce vascular spasm and tone, and reprogramme muscle ac-
tivity through sensory information about the position of the
lower jaw. These mechanisms have a direct effect on improv-
ing blood filling and venous outflow in the CMS area, and an
indirect effect on improving blood circulation in the brain.

To analyse the therapeutic effect, it is important to
separate cases of impaired blood filling and venous outflow,
as they have different mechanisms of influence on cerebral
circulation. A slight or mild therapeutic effect was found
in subjects who had blood-filling disorders on one or both
sides of the VBP and/or carotid basins before the procedure,
due to the fact that the arteries supplying the jaw joint and
masticatory muscles do not have a direct connection to
the cerebral vessels. Although the external carotid artery,
which includes the arteries supplying the jaw joint and
masticatory muscles, and the internal carotid artery, which
supplies the cerebral vessels, branch off from the common
carotid artery, they do not have a direct connection to each
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other. An indirect effect on the blood flow to the brain can
be caused by an increase in blood pressure as a result of
increased vascular tone in the masticatory muscles or jaw
joint. Blood pressure has a significant impact on the blood
supply to the entire body. By increasing the strength of
heart contractions, it can increase blood filling, and by in-
creasing blood flow resistance and capillary permeability,
it can temporarily reduce it [31]. Hypovolaemia can also
be a factor in lowering blood pressure, as fluid deficiency
leads to a decrease in the volume of blood circulating in the
body [32]. Impaired venous outflow in the CMS has a direct
impact on the outflow of blood from the brain, as it is car-
ried out through the only way — through the jugular vein.

Summing up the results of the rheoencephalographic
study and analysis of the biological mechanisms of the ef-
fect of orthodontic appliances on cerebral circulation, it can
be noted that the use of mouth guards is an appropriate and
effective way to improve cerebral blood flow in cases where
its disorders are caused by the effect of CMD symptoms
on the vessels of the masticatory muscles and jaw joint.

DISCUSSION

Analysing the results of the study, which revealed the low
effectiveness of the impact of mouthguards in improving
cerebral circulation, it is worth noting that their primary
task is to eliminate orthodontic pathology of moderate or
mild severity. The impact of such pathology causes signif-
icant local discomfort for the patient, but does not have a
significant immediate effect on the body as a whole. How-
ever, like any problem without proper attention and treat-
ment, orthodontic dysfunctions can worsen over time and
affect other body systems. In this case, by alleviating the
symptoms of CMD, aligners improve the blood filling of the
vessels of the masticatory muscles and jaw joint, and help
to establish venous blood flow in the CMD area. Therefore,
their insignificant effect, recorded at a certain moment, can
be beneficial in the future, inhibiting the development of
negative factors (impaired blood filling and/or venous con-
gestion), which, when aggravated, can cause greater harm
to cerebral circulation.

An observational study of the effect of the mandibular
resting position on cerebral circulation and physical bal-
ance was conducted by T. Heit et al. [33]. The researchers’
observational study involved 9 participants, seven of whom
were healthy male athletes and two were women with mul-
tiple sclerosis. Cerebral blood flow was measured while the
subjects clenched their teeth on both jaws using transcra-
nial Doppler. The results of the observation showed that
the physiological position of the lower jaw at rest can affect
the increase in blood flow to the brain. The conclusions of
scientists can be compared with the results of this study, as
the use of orthodontic appliances is aimed at eliminating
certain defects and bringing the jaws closer to their phys-
iological position. Therefore, it is worth agreeing with the
results of the authors and noting that for further research
on the effect of orthodontic appliances on improving cer-
ebral circulation, it would be advisable to partially use the
methodology proposed by Canadian scientists, namely the
use of transcranial Doppler to measure cerebral blood flow,
given the accuracy and informativeness of the procedure.

The search for a link between dental occlusion and
brain activity was conducted by S.S. Ulloa et al. [34] in their

work. Scientists have found that bite changes can affect
the sensorimotor cortex of the brain, so it would be fair to
assume that occlusion plays a pivotal role in the develop-
ment of anxiety and stress and even Alzheimer’s disease or
senile dementia. The authors emphasise the importance of
continuing research in this area to find out how much brain
functioning changes, which parts of the brain are affected
by malocclusion, and what biological mechanisms contrib-
ute to this. Despite the different objectives of the study
by S.S. Ulloa et al. [34]and the present study, both have a
common aspect — confirmation of the influence of jaw po-
sition on brain function. To a certain extent, the results
of the study confirm the authors’ theoretical assumptions,
noting that impaired venous outflow can lead to increased
intracranial pressure and nerve damage, which can cause
many neurological disorders, as well as anxiety and stress.

The impact of tooth loss on cognitive function was
studied by P. Galindo-Moreno et al. [35]. After analysing
data from two US national health surveys based on a total
sample of 102,291 people, the researchers found that the
number of teeth in the mouth directly affects the cognitive
status of a person. At first glance, the work may seem to
have little to do with the results of this study, but it also
develops the concept of the relationship between occlu-
sion and brain function. Given that the use of the REHA-
SPLINT mouthguard can help reduce the pressure on the
gums and jaw associated with tooth loss, thus reducing
the risk of further tooth loss, it can be assumed that or-
thodontic appliances have an indirect effect on improving
cognitive function.

When evaluating the effectiveness of using mouth
guards as a way to improve cerebral circulation, it is impor-
tant to pay attention to individual patient characteristics
such as age, gender, and health status. Children have more
pliable skull bones and more elastic blood vessels than
adults. Therefore, it is likely that orthodontic appliances
will have a greater impact on children’s cerebral blood flow.
It should be added that children, in most cases, do not have
concomitant diseases typical of middle-aged and elder-
ly people, which can be additional factors in orthodontic
pathologies and cerebral circulation deterioration.

The difference in the effect of orthodontic structures
on cerebral circulation in men and women may be ex-
plained by their anatomical differences between the mas-
ticatory muscles and the jaw joint. The temporalis muscle,
masseter muscle, and medial pterygoid muscle are typ-
ically larger in men than in women, which may result in
greater chewing force in men. The masticatory muscles in
men may have a more pronounced shape than in women.
The distribution of muscle fibres in the masticatory mus-
cles may differ between the sexes, thus affecting the nature
of their chewing movements. In men, the articular fossa of
the temporal bone and the condylar fossa of the mandible
are usually larger than in women. The articular fossa of the
temporal bone in men is more rounded and the condylar
fossa of the mandible is more conical, while in women the
articular fossa is more oval and the condylar fossa is more
rounded. These differences in the size and shape of the
parts of the articular structure may explain the greater mo-
bility of the male jaw. Also, the articular cartilage in men is
usually thicker, and the ligaments that hold the jaw joint in
place are stronger than in women, which affects the greater
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resistance of male joints to certain irritations. These ana-
tomical differences indicate that men’s jaws are subjected
to greater stress due to the force of chewing, which leads to
greater compression of blood vessels, but at the same time
they are also more resistant to technical stimuli, which re-
duces the risk of mechanical pressure on the arteries and
veins in the occlusion area. Thus, the anatomical differ-
ence between the masticatory muscles and the jaw joint in
women and men is not likely to have a significant impact
on the evaluation of the effectiveness of orthodontic ap-
pliances in improving cerebral circulation. Instead, it can
be affected by factors that lead to orthodontic pathologies.
These include contact sports, facial injuries of varying se-
verity, and other activities that can cause damage to the
jaw vessels, which are usually more common in men. The
study involved mainly young and middle-aged men, so it
was not possible to analyse the effect of orthodontic ap-
pliances on cerebral circulation separately between women
and men in this case. G. Kummer et al. [36] analysed the
impact of gender on the results of orthodontic treatment
based on an analysis of published studies. According to the
authors, only a small proportion of published clinical trials
included an assessment of the gender impact on treatment
outcomes. In a quarter of those that took into account
gender-specific effects, the impact of gender on the effec-
tiveness of orthodontic treatment was reported. It is worth
agreeing with the authors’ conclusions about the impor-
tance of analysing the study groups taking into account
not only age or physiological characteristics, but also the
gender of the participants.

The effectiveness of the use of caps to improve cerebral
circulation is also influenced by the health status of the sub-
jects. Diseases of the cardiovascular system (hypertension,
atherosclerosis, coronary heart disease, arrhythmias, heart
failure), diabetes mellitus, hypercholesterolaemia, obesity,
sleep apnoea, and inactive lifestyle, smoking and alcohol
abuse are independent factors of cerebral circulation de-
terioration, so without a systematic approach to treatment
or lifestyle changes, reducing pressure in the vessels of the
lower jaw and improving their blood filling and blood flow
will not significantly affect cerebral circulation.

In general, orthodontic problems have a significant
impact on other body systems. Depending on their com-
plexity, such an impact can manifest itself quickly or, on
the contrary, have a cumulative effect. It is worth noting
that dental occlusion disorders are often the result of a
congenital defect rather than external factors. This prob-
lem was analysed by S. Kahn et al. [37] in their study. The
main problem of the jaw epidemic, as the authors of the ar-
ticle called the problem of dental occlusion, they consider
not genetic factors, but, despite the too limited time period
for full evolutionary changes. Agreeing with the authors’
conclusions, it is important to emphasise that the study
of the impact of evolutionary changes on the anatomical
features of the jaws is an essential component for under-
standing the causes and mechanisms of dental occlusion
disorders and finding methods to eliminate them, in par-
ticular with the help of orthodontic appliances.

In addition to evaluating the effectiveness of mouth
guards in improving cerebral circulation, this study has re-
vealed biological mechanisms linking cerebral blood flow
and blood flow to the masticatory muscles and jaw joint.

Using the connection of such seemingly different struc-
tures made it possible to expand the number of methods
for influencing the blood filling and blood flow of the brain
vessels. Since the way to effective treatment is to take into
account and eliminate all possible causes that affect the
development of the pathological process, the use of mouth
guards in a systemic approach to improving cerebral circu-
lation is an effective and justified means that at the same
time meets the principles of personalised medicine.

CONCLUSIONS

Rheoencephalographic studies conducted to determine the
effectiveness of the use of mouth guards to improve cere-
bral circulation revealed a slight and mild positive trend
in 58.33% of patients, in 41.67% — no significant changes
were recorded, and no negative effects were recorded in
any of the 24 subjects. This effect and its intensity are ex-
plained by the therapeutic effect of orthodontic appliances,
which is to alleviate the symptoms of CMD. These symp-
toms include muscle dysfunction, which leads to spasms
and inflammation of the masticatory muscles, changes
in muscle tone, muscle structure, and restriction of jaw
movement; joint dysfunction, which causes inflammation
of the articular disc, cartilage damage, and changes in the
position of the articular head. Spasms and inflammation
of the masticatory muscles and jaw joint as factors of me-
chanical compression of blood vessels and nerves in the
CMS area lead to changes in vascular tone and impaired
blood flow regulation (decreased blood filling in this area
and impaired venous outflow). Reduced blood filling in the
vessels of the masticatory muscles and jaw joint does not
have a direct impact on changes in the cerebral circulation,
as these structures are supplied through various arteries
of the carotid basin, but it can affect the increase in blood
pressure, reducing the total volume of circulating blood
and thus worsening the blood filling in the brain vessels.
Disruption of venous outflow in the jaw joint has a direct
impact on the same process in the brain, as it is carried out
through the only way - through the jugular vein. The effect
of orthodontic appliances (aligners) on improving cerebral
circulation is achieved by restoring the balance of the cen-
tre of gravity of the skull, reducing muscle tension, spasms
and joint protection, which leads to a decrease in vascular
tone and improved blood circulation in the masticatory
muscles and jaw joint.

The effectiveness of orthodontic appliances in improv-
ing cerebral blood flow and blood flow makes it possible to
recommend their use in a systemic approach to the treat-
ment of patients with cerebral circulatory disorders requir-
ing orthodontic treatment. The limitation of the study was
the insufficient gender and age representativeness of the
sample. Therefore, to extend the results obtained, the main
direction of further research may be to analyse the effec-
tiveness of orthodontic appliances in improving cerebral
circulation, taking into account gender and age anatomical
differences in patients.
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Abstract. The World Health Organisation predicts that by 2050, up to 10% of the world's population will need rehabilitation
to address disability-related hearing loss. The purpose of this study was to identify the main mechanisms of hearing loss
associated with Severe Acute Respiratory Syndrome Coronavirus 2 infection. The study included modern English-language
scientific publications, mainly those with a high citation index, through the professional platforms MEDLINE/PubMed
and Index Medicus. A total of 48 sources were selected. Research papers devoted to the development of conductive or
sensorineural hearing loss, which occurred directly as a result of a viral disease, or is associated with the processes that
accompany it (treatment, concomitant pathology, vaccination, etc.), were analysed. It was found that the development of
viral-induced hearing loss in COVID has a multifactorial nature. The heterogeneity of audiological changes is primarily
conditioned by direct viral damage to auditory analyser cells that express membrane receptors of the angiotensin-
converting enzyme of the second type. In addition, there is a reactivation of latent viral infection, extravasation of exudate
into the middle ear cavity, blood clotting disorders, immune-mediated cell damage, local and generalised inflammatory
reactions that affect both sound conduction and sound perception in one ear or both. Some cases of audiological disorders
may also be of iatrogenic origin, since post-vaccination complications and ototoxic effects of medications used in the
treatment of COVID-19 are not excluded, which should be considered by clinicians at all levels of healthcare to effectively
manage a specific clinical scenario

Keywords: audiology; conductive hearing loss; sensorineural hearing loss; coronavirus; ototoxicity; vaccination

INTRODUCTION

The problem of hearing loss is one of the most pressing
for the global medical community. More than 430 million
people on the planet require rehabilitation for hearing
loss, which leads to disability [1]. There are 34 million chil-
dren among them. 25% of adults over the age of 60 need
rehabilitation. According to forecasts of the World Health
Organisation (WHO), by the middle of the 215 century,
hearing loss can be diagnosed in 2.5 billion people, and at
least 700 million of them will need rehabilitation. However,
timely and effective treatment prevents the development

Suggested Citation:

of hearing loss in 60% of cases in both children and adults,
especially when it is caused by exposure to noise or oto-
toxic drugs.

One of the causes that can cause hearing loss is viral
infections, including intrauterine ones. J. Saniasiaya [2]
indicates that viral infection is a recognised aetiological
factor of hearing loss, which varies significantly depend-
ing on the type of causal virus: from mild to deep deafness,
can be conductive or sensorineural, unilateral or bilateral,
reversible and non-reversible. The prognosis is influenced
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not only by the morphological and virulent properties of
the pathogen, but also by the use of specific antiviral drugs.

X. Shi et al. [3] describe the pathogenesis of audiolog-
ical disorders in infection with cytomegalovirus, herpes
simplex or herpes zoster viruses, influenza, Epstein-Barr
viruses, Zika, Lassa, enteroviruses, and many others.

The first quarter of the 21 century was marked by out-
breaks of coronavirus infections. In 2003, the disease with
a predominant lesion of the respiratory system and a high
mortality rate was called SARS-CoV - Severe Acute Res-
piratory Syndrome-related COronaVirus. The names of the
next two epidemics reflected their geographical and tem-
poral features. In 2012, the first cases of MERS-CoV - Mid-
dle East Respiratory Syndrome COronaVirus were recorded
in the Arabian Peninsula, and COVID-19 or coronavirus
disease (“COronaVIrus Disease” SARS-CoV-2) was first de-
scribed in 2019 [4]. The latter, according to the statement
of WHO Director-General Tedros Adhanom Gebreyesus
dated May 5, 2023 [5], although it no longer has the status
of an emergency, does not cease to pose a threat.

From its first days, as in the previous two, the main
attention was focused on respiratory manifestations. But
there are steadily increasing reports of the prevalence and
diversity of sensory disorders [6] and hearing loss [7] asso-
ciated with COVID-19. In particular, K.M.C. Ong et al. [8]
noted that most individuals included in their review and
had auditory and vestibular disorders, within one month
of positive diagnostic tests for SARS-CoV-2 or clinical con-
firmation of this infection, began to experience hearing
loss. In addition, sensorineural hearing loss was sudden
in 23.1% of cases. According to the recommendations of
the American Academy of Otolaryngology—-Head and Neck
Surgery, sudden sensorineural hearing loss (SSNHL) occurs
within 72 hours and is a hearing loss of >30 dB on at least
3 consecutive frequencies [9].

An active vaccination campaign against coronavirus
has led to an increase in researchers’ interest in a possible
link between it and the occurrence of otological symptoms.
However, their claims are quite ambiguous, especially re-
garding the frequency, severity, and prognosis of hearing
loss. H. Wichova et al. [10] reported the occurrence of tin-
nitus and vertigo in patients shortly after vaccination, and
an increase in cases of newly diagnosed idiopathic senso-
rineural hearing loss doubled over a 30-day period in 2021
compared to the same period in 2019 and 2020.

In contrast, E.J. Formeister et al. [11], based on the
analysis of the results of a survey of more than 86 mil-
lion people vaccinated against SARS-CoV-2 in the United
States in the winter of 2020-2021, found that the incidence
of sudden SARS-CoV-2-induced sensorineural hearing loss
after immunisation did not exceed those inherent in the
general population.

The growing number of long-term consequences of
COVID-19 [12] and not encouraging forecasts regarding
the weakening of the virulent properties of the virus en-
courage [13] the search for modern effective methods of
their prevention and treatment at all stages of medical
care, from primary care physicians to specialised otolar-
yngological and sign language practice. And this, in turn,
requires a clear understanding of the mechanisms of oc-
currence and development of audiological disorders. That
is why the purpose of the study was to investigate the

main mechanisms of hearing loss associated with SARS-
CoV-2, based on world experience, by analysing available
information and literature sources.

To achieve this goal, the authors analysed scientific
publications mainly with a high citation index published in
English in 2018-2024. The search was conducted in January
2024 using electronic database of medical and biological
publications MEDLINE/PubMed. Keywords in English were
used to search for potentially relevant materials: “COVID”
and “Hearing Loss” (378 publications) or “SARS-CoV-2”
and “Hearing Loss” (181 publications), followed by a selec-
tion of papers that met the chosen goal. A total of 48 sci-
entific sources were selected. Later additions to the review
included five papers, which were published after January
2024 and were discovered after the initial screening. In
particular, the main criteria for inclusion in the systematic
review and meta-analysis were: established SARS-CoV-2
infection; vaccination or treatment of this infection, first-
time detected sensorineural or conductive hearing loss,
and temporal correlation between the two events.

SARS-COV-2-INDUCED

CONDUCTIVE HEARING LOSS

Viruses can infect and cause inflammation of the middle
ear cavity. Inflammatory oedema and increased permeabil-
ity of the vascular wall lead to exudate effusion into its cav-
ity and, as a result, cause conductive hearing loss. The role
of coronaviruses in the development of the inflammatory
process of the middle ear has been known for more than 20
years [14]. At the beginning of the development of the coro-
navirus pandemic, this problem was not widely covered. It
can be assumed that this is due to difficulties in establish-
ing a diagnosis during strict epidemiological measures, a
large number of asymptomatic cases of the disease, or the
fact that respiratory and other manifestations of the dis-
ease came to the fore. However, there have been isolated
reports and their number is growing.

Sound conduction can change as a result of the upward
spread of infection from the nasopharynx, which leads to
exudation into the middle ear cavity, otitis media, otalgia,
and tinnitus [15]. Colonisation of the middle ear and mastoid
process by SARS-CoV-2 at the beginning of the pandemic
was detected during autopsy [3, 16]. Therefore, the question
remained whether SARS-CoV-2 migrated to the middle ear
of living patients during or possibly after primary infection,
or whether it passively entered the ear post mortem [17].

In 2021, N. Raad et al. [18] described clinical cases of
eight patients with otitis media who were treated in two
specialised clinics in Iran in April and May during the
COVID-19 pandemic. All of them had no previous history
of otolaryngological pathology and all of them were con-
firmed to be infected with coronavirus. In addition, accord-
ing to the authors, the atypical time of occurrence of the
problem is in favour of SARS-CoV-2-induced inflammatory
process of the middle ear: in the spring and summer peri-
od, the incidence of otitis media is usually the lowest, and
its peak occurs in autumn and winter. Five of the patients
had clinical signs of SARS-CoV-2-related damage to other
organs (cough, shortness of breath, fever, etc.), which was
confirmed by instrumental studies. Two had concomitant
chemosensory dysfunction. The case of a young woman
who, after contact with a COVID-19 patient, experienced
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only ear pain and hearing loss without any systemic man-
ifestations of infection is interesting. Examination of the
ear revealed an effusion in the middle ear on the left, fluid/
air level, and severe eardrum swelling. The result of a pol-
ymerase chain reaction (PCR) smear from the oropharynx
for COVID-19 was negative; however, a PCR test for COV-
ID-19 with middle ear fluid was positive. All patients were
successfully treated. A thorough analysis indicated that
otitis media, which develops as a result of exudation and a
decrease in pressure in the middle ear cavity, may be both
one of the symptoms of COVID-19 and its complication.

S. Bhatta et al. [19] investigated the presence of con-
ductive hearing impairment in 331 patients with COVID-19
at nine institutes in India and Nepal between July 01, 2020
and April 30, 2021. The criteria for inclusion in the study
were not only the absence of appropriate pathology in the
anamnesis, in addition, age was taken as a factor in the de-
velopment of presbyacusis in older people and excessive
subjectivism in the examination of children, and specific
treatment for COVID-19, considering its potential ototox-
icity. According to their results, only 11.2% of patients in-
dependently complained of audiological symptoms (tinni-
tus, hearing loss, otalgia, etc.), considering them the main
ones, and 88.8% of patients noticed them only after a ques-
tionnaire and examination [19]. The most standard meth-
od for quantifying the sensitivity of an auditory analyser
is tonal threshold audiometry. The degree of hearing loss
is determined by the thresholds of auditory perception in
the frequency range from 500 to 4,000 Hz, that is, at the
so-called speech frequencies (Table 1).

Table 1. Severity of hearing loss
based on audiogram metrics

Hearing Range dB
Normal -10-25
Mild 26-40
Moderate 41-55
Moderately Severe 56-70
Severe 70-90
Profound 91+

Source: [20]

Accordingto S.Bhatta et al.[19], when audiometric test-
ing with pure tone, a conductive type of hearing loss of up to
40 dB was found in 3.2% of patients with COVID-19. And the
registration of tympanograms of type B and C in a number
of patients indicated the presence of Eustachian tube dys-
function. The patients’ hearing recovered after 3 months.

Subsequently, Y. Fan et al. [21] found that almost 70%
of fluid samples obtained from the middle ear cavity in pa-
tients with COVID-19 were PCR-positive for SARS-CoV-2.
This allowed the researchers to suggest that exudative oti-
tis media may also be a symptom of coronavirus disease.
This assumption was confirmed by the result of treatment:
complete recovery was observed in 40.7%, and 51.9% of
patients were diagnosed with hearing improvement, which
averaged 14.5+8.1 dB, with an average decrease in the air-
bone interval by 13.5+9.0 dB. Similar data were found for
infection with the Omicron strain [22, 23], in which the in-
cidence of otitis media increased by 15% [24]. Thus, SARS-
CoV-2 can infect the middle ear cavity and cause an inflam-

matory response. Oedema, exudation into the tympanic
cavity or mastoid cells, and auditory tube dysfunction im-
pair sound conduction and, as a result, lead to hearing loss.

CLINICAL CHARACTERISTICS OF SARS-COV-2-
INDUCED SENSORINEURAL HEARING LOSS
The relation between sensorineural hearing loss and COV-
ID-19 was first noticed by W. Sriwijitalai & V. Wiwanitkit [7]
back in spring 2020. And over time, the possibility of a neg-
ative impact of the virus on the cells of the inner ear began
to attract more and more attention. V. Fancello et al. [25] in
their study found that sensorineural hearing loss (SNHL)
can occur both during and after SARS-CoV-2 infection. In
addition, in 12.7% of patients, this is described as an iso-
lated symptom; while in the majority (87.3%), hearing loss
was accompanied by other additional signs. Among them,
tinnitus prevailed (100%); vertigo was noted in almost half
of the patients (45.5%); and facial palsy — in 5.5%. The re-
searcher focuses on three cases when the lesion of the n.
facialis had a clear connection with SNHL. Chemosenso-
ry dysfunction has also been described in 25% of patients
with perceptual hearing loss: anosmia, hyposmia, ageusia,
and dysgeusia. These changes were confirmed by radiologi-
cal diagnostic data indicating lesions of the cochlea, crani-
al nerves VIII and/or VII, haemorrhagic lesions of the brain
parenchyma, intra-labyrinth micro-hemorrhages, numer-
ous cochlear fibrosis foci, etc. In 75% of cases, otoacous-
tic emission (OAE) results indicate possible damage to the
outer hair cells. In this study, a fairly wide range of hearing
loss was found: 58.7% of patients had mild to moderate
hearing loss, 4.8% had moderate to severe hearing loss, and
36.5% had severe to deep hearing loss (Table 2).

Table 2. Severity of hearing loss
in the patients included in the study

Hearing Range Degrees of sensorineural hearing loss
Mild 20.6%
Mild - Moderate 6.3%
Moderate 31.7%
Moderate — Severe 4.8%
Severe 11.1%
Severe — Profound 20.6%
Profound 4.8%

Source: [25]

The positive effect of treatment (improvement of hear-
ing from mild to almost complete recovery) was achieved in
more than a third of patients. At the same time, the return
of hearing acuity to the initial level (before infection with
coronavirus) was observed only in 12.5% of cases [25]. A
similar trend has been confirmed in other studies.

However, it is not always possible to establish a timely
link between the sudden onset of hearing loss in the acute
period of COVID. Most patients are hospitalised in the in-
tensive care unit or are isolated during this period, and
there is a potential risk of infection, which in combination
makes impossible a performing of comprehensive audi-
ological examination. Therefore, SNHL detection is often
delayed [9], which negatively affects the urgency of pre-
scribing adequate treatment and prognosis. According to
]. Jeong et al. [6], in only one in ten patients, the first signs
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of infection were hearing loss, tinnitus, or dizziness. The
vast majority of people reported fever, cough, shortness of
breath, or fatigue 21 days before the onset of audiological
symptoms. In addition, after the SNHL was detected, typ-
ical general manifestations of the disease continued for
another 2 weeks. Even in the latent course of the disease,
in the absence of obvious clinical signs, changes in the
thresholds for perception of high-frequency pure tone and
OAE amplitude indicate a damaging effect of SARS-CoV-2
on hair cell function [26].

Chemosensory manifestations of coronavirus disease
confirm the neuroinvasiveness of SARS-CoV-2. According
to V. Fancello et al. [25], the site of entry of the virus into
the central nervous system may be the olfactory nerve,
since a quarter of patients with SARS-CoV-2-induced per-
ceptual hearing loss reported certain changes in taste and
smell, while symptoms of viral damage to the facial nerve
were observed 5 times less often. Changes detected in mag-
netic resonance imaging (MRI) of the brain also indicated
the involvement of n. vestibulocochlearis and n. facialis.

Signs of damage to these nerves, confirmed by MRI re-
sults, are described by J. Jeong, et al. [6]: 30% of patients
showed signs of virus entry into the central nervous sys-
tem; 20% had dysgeusia and anosmia. In their opinion, in
these patients, the most likely spread of the virus through
the cerebrospinal fluid to the cranial nerves, and subse-
quently to the inner ear.

Damage to the sensory systems, including the auditory
system, occurs in most people infected with coronavirus.
In clinical practice, tonal audiometry is mainly used to

Nervus cochlearis /

(VZV, HSV, EBV)
Cochlear ganglion
(CMV, Measles)

Vestibular membrane

determine the presence of hearing loss. To substantiate the
causal relationship between hearing loss and damage to
the cells of the organ of Corti, auditory pathway or auditory
cortex, the results of otoacoustic emission, registration of
acoustic reflexes, auditory evoked potentials, radiological
examinations, etc. are needed, timely implementation of
which at the beginning of the disease is not always possi-
ble. Delayed diagnosis and, consequently, treatment may
be one of the factors that slow down and complicate the
full recovery of hearing in some patients. The results of di-
agnostic tests are often ambiguous and require careful in-
terpretation, considering the understanding of the patho-
physiology of this disease.

PATHOGENETIC ASPECTS
OF SARS-COV-2-INDUCED
SENSORINEURAL HEARING LOSS
Possible mechanisms for the development of virus-in-
duced sensorineural hearing loss and other audiological
or vestibular disorders can be divided into direct and in-
direct mechanisms. Direct viral cytotoxicity is directed at
the cells of the inner ear, in particular, the spiral organ
and vestibulocochlear nerve. Activation of inflammato-
ry mechanisms, neuroinflammation, and secondary im-
mune-mediated processes play a significant role in dam-
age to these structures. The reactivation of latent viral
infection in the inner ear is also of some importance [27].
It is not only the cells of the inner ear that are susceptible
to coronavirus; this virus can affect the auditory pathway
in different parts of it (Fig. 1).

Scala vestibuli

Stria vascularis
(CMV, HSV,
EBV, HBV,
Mumps,
Meales,
SARS-COV-2,
Rubella)

Tectorial membrane
(CMV, EBV, Mumps)

Organ of Corti

(CMV, VZV, HSA,
Mumps, Measles,
HIV, SARS-COV-2)

Hair cell

Scala tympani

Figure 1. Schematic diagram of the infected area of the virus in the auditory pathway

Source: [3]

Nerve cell damage and the clinical manifestation of
this process are observed both during the acute phase of
infection and after it. Current understanding of the mech-
anisms of neurological symptoms remains imperfect. Most
likely, the occurrence and progression of SNHL is character-
ised by multifactorial nature, when the key is not only the

variety of additional contributing factors and mechanisms,
but also the variability of their combination. These are pri-
marily direct viral invasion/damage, hypoxia, immune-me-
diated damage, and blood clotting disorders [25, 28].

In the process of viral infection and further devel-
opment of the disease, a significant role is played by the
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unequal organ expression of specific receptors on the
membranes of target cells and the selective sensitivity
of viruses to them. For the coronavirus, the angioten-
sin-converting enzyme 2 receptor (ACE2) located on the
human cell membrane is a necessary binding component
for its Spike protein to the human cell [29]. W. Ni et al. [30]
explain the lack of specific and diverse extrapulmonary
symptoms in COVID-19 by the fact that these receptors
are present on the cell membranes of many human or-
gans. The SARS-CoV-2 adhesive protein binds to the host
cell’s ACE2 receptor. For further penetration of the virus
into the cell, hydrolysis and cleavage of the ACE-2 pro-
tein by transmembrane protein serine 2 (TMPRSS2) are
required [31].

The development of audiological symptoms is also
associated with the high affinity of SARS-CoV-2 for ACE2,
which is widely represented in cochlear hair cells, on the

<

membranes of middle ear cells, and Eustachian tube cells
(Fig. 1) [32]. In addition, adult inner ear cells in addition to
ACE2 receptors, according to J. Jeong et al. [6] also express
the cofactors TMPRSS2 and FURIN, which are necessary for
the virus to enter the cell.

Functional changes or damage, including viral dam-
age, to the outer hair cells are confirmed by the results of
otoacoustic emission (OAE), during which, in response to
stimulation with a signal of a certain frequency, a sound
created by the displacement of the cochlear basilar mem-
brane from the base to the apex is recorded [33]. Internal
hair cells, which numbers are three times smaller, form
synapses of 90-95% of the auditory nerve fibres and trans-
mit almost all acoustic information to the brain [34]. It
would be logical to assume that they also undergo changes,
but it is not yet possible to clinically determine their func-
tional state (Fig. 2).

Figure 2. Potential paths for SARS-CoV-2 entry into the inner ear

Source: [6]

SARS-CoV-2 canenter the inner ear in several ways. The
first pathway - through the nose and olfactory sulcus of the
frontal lobe (lat. sulcus olfactorius lobi frontalis) to the cen-
tral nervous system, as shown above in patients with che-
mosensory symptoms. The second pathway — through the
endolymphatic sac (lat. saccus endolymphaticus), it is indi-
cated by the abbreviation ES in Figure 2. Functionally, itisan
immunological interface for the inner ear and regulates its
fluid level. The proof of this postulate is the stated reverse
development of SNHL. That is, some patients developed
hearing loss due to endolymphatic hydrops due to the pen-
etration of SARS-CoV-2 through the endolymphatic sac [6].

Third possible path — haematogenic. The virus spreads
through the vascular tissue (lat. stria vascularis), between
the epithelial cells of which a network of capillaries passes.
The stria vascularis is the only structure in the spiral organ
that concentrates enzymes, ensures the diffusion of ions
and other substances both in and out of the endolymph. Its
damage disrupts the potassium homeostasis of the coch-
lear endolymph and endocochlear potential. In addition,
systemic inflammation increases vascular permeability, for
example arteria labyrinthi, which in Figure 2 is indicated by
the abbreviation LA. This can promote the penetration of
the virus and pro-inflammatory cytokines into the inner
ear. SARS-CoV-2 can damage the blood-brain barrier, and
the blood-brain and blood-labyrinth barriers are structur-
ally and functionally similar (Fig. 1, Fig. 2) [35, 36]. It can be
assumed that this pathway is most likely for patients with

severe COVID-19, who are characterised by uncontrolled
and excessive cytokine secretion, the so-called “cytokine
storm”. According to the haematogenic theory described
by J. Saniasiaya [2], the coronavirus attaches to haemoglo-
bin via the B-chain, enters red blood cells, which become a
kind of viral transporter, that is, spread through the blood,
infecting all tissues that express ACE2.

The fourth pathway — SARS-CoV-2 penetration through
the membranes of the round (abbreviation RW in Fig. 2) or oval
(abbreviation OW in Fig. 2) windows. This assumption is based
on data on colonisation of the mastoid process and middle
ear by SARS-CoV-2 [37]. However, the likelihood of this path-
way being implemented seems to be low, given the absence
of signs of infection and exudation into the tympanic cavity.

A significant amount of ACE2 is found on the mem-
branes of medulla oblongata cells, in the brain, in particu-
lar in the temporal lobe. It is in the temporal lobes of the
cerebral cortex that the central (cortical) part of the audi-
tory analyzer, the so-called auditory cortex, is located, the
defeat of which also leads to perceptual hearing loss. After
amplification, SARS-CoV-2 leaves the host cell and inocu-
lates into cells of the auditory cortex that express a large
number of ACE2 receptors, which, in turn, leads to hearing
loss (Fig. 1) [3, 38]. Contact of the virus with the surface
receptors of the temporal lobe triggers the release of in-
flammatory mediators, including cytokines, which are also
capable of direct cell damage, that is, they deepen func-
tional and structural changes in brain cells [2].
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Among the mechanisms that lead to sudden senso-
rineural hearing loss, J. Saniasiaya [2] indicated not only
inflammation of the auditory pathway from the cochlea to
the auditory cortex, cross-reaction between inner ear cells
and viral antigens, and negative effects on perilymphatic
tissue. Of great importance is deoxygenation of red blood
cells under the influence of coronavirus, and, as a result,
constant hypoxia of the auditory cortex neurons.

Another likely hypothesis of hearing loss is reduced
perfusion of the hearing organs due to ischaemia. Accord-
ing to R. Knight et al. [39], the incidence of arterial and
venous thromboembolic events remains quite significant
even 49 weeks after the diagnosis of COVID-19. If in-
creased blood clotting in the veins is clinically manifest-
ed mainly by pulmonary embolism, deep vein thrombosis,
usually in the legs, etc., then arterial thrombosis leads to
ischemia and tissue necrosis. This hypothesis is support-
ed by elevated levels of D-dimer in the blood and micro-
thrombosis in SARS-CoV-2 infected individuals with audi-
ological symptoms [40].

Figure 3 illustrates the diversity of localisation of po-
tential thrombosis, which can lead to the development
of audio-vestibular disorders due to arterial occlusion.
For example, increased coagulation in the terminal cap-
illary bed, which starts from the labyrinth artery and pro-
vides vascularisation of the inner ear, leads to cochlear
SNHL [41]. Even temporary hypoxia has a stressful effect
on the inner ear cells, increasing the concentration of re-
active oxygen species, which can cause additional damage
to hair cells. On the other hand, a blood clot in one of the
vessels feeding the upper auditory pathways can lead to
central hearing loss [40].

Vascular
occlusion
due to
thrombosis

Figure 3. Indirect Virus Effect

Source: [40]

Changes in the blood clotting rate can cause both mac-
ro- and/or microthrombosis [42], followed by transient or
permanent ischaemia/hypoxia in the auditory pathways,
and the development of haemorrhagic complications, such
as intra-labyrinth haemorrhage [43] or haemorrhagic le-
sions of the brain parenchyma [25], which also determines
the onset, duration, and prognosis of audiological disor-
ders. Virus-induced sensorineural hearing loss may result
from direct viral damage, inflammation, and secondary ef-
fects like ischemia and thrombosis.

OTHER ETIOLOGICAL
AND PATHOPHYSIOLOGICAL FACTORS
OF HEARING LOSS NOT ASSOCIATED WITH
THE DIRECT ACTION OF THE SARS-COV-2 VIRUS
From the first days of the fight against SARS-CoV-2,
A. Ciorba et al. [44] focused the attention of the world
medical community on the ototoxicity of certain drugs. In
particular, chloroquine and hydroxychloroquine can cause
sensorineural hearing loss or tinnitus, which are rarely
reversible, especially if these drugs are used for weeks or
months. The use of macrolide antibiotic azithromycin can
also cause both reversible and irreversible sensorineural
hearing loss and tinnitus, and it has often been used in
combination with hydroxychloroquine to enhance the ef-
fect. And in some countries, ototoxic chloroquine and hy-
droxychloroquine were administered to treat SARS-CoV-2
infection at doses significantly higher than those used to
treat malaria [45].

The fact that potentially ototoxic furosemide, antiviral
analogues of adenosine nucleotides (remdesivir and favi-
piravir), and the nucleoside reverse transcriptase inhibitor
lopinavir, which are associated with the occurrence of per-
ceptual hearing loss after several weeks of administration,
were used in the treatment of patients with COVID-19.
The ototoxic effect of lopinavir has also been confirmed in
vitro [25, 44]. The severity of audiological symptoms usu-
ally depends on the dose of the drug, the duration of ther-
apy, comorbidity, and the use of other medications that
may potentiate negative effects or have synergistic effects
when used in combination or sequentially.

Cochlear hair cells, which have a high metabolic activ-
ity and are particularly sensitive not only to toxic, but also
to hypoxic or ischemic effects, are considered the most
vulnerable [44]. That is, their damage is possible both as a
result of blood clotting disorders, and persistent hypoven-
tilation and hypoxygenation in the presence of SARS-
CoV-2 associated respiratory or cardiovascular pathol-
ogy. In addition to significant advances in the treatment
of SARS-CoV-2-related diseases, a landmark event in the
fight against the virus was that some COVID-19 vaccines
became commercially available in the first half of 2021.
However, their use had its own risks.

F. Zoccali et al. [46] provide stories of a 40-year-old
man and a 67-year-old woman who developed audio-ves-
tibular disorders after the third dose of the vaccine. In
man - after five days (Pfizer-BioNTech vaccine), and in
woman - after seven days (Moderna vaccine). The appear-
ance of dizziness, tinnitus, and sudden perceptual hearing
loss (a unilateral increase in audiometric thresholds in a
man was up to 70 dB, in a woman - up to 60 dB at each
frequency), was attributed to a possible cross-immune re-
sponse between the components of the vaccine and hu-
man host cells, a possible spasm of the internal auditory
artery or increased blood clotting, which leads to throm-
bosis. Ultimately, the structures of the inner ear are very
sensitive to circulatory disorders and ischaemia, which
are one of the main causes of sudden idiopathic sensori-
neural hearing loss.

M. Canales Medina & M. Ramirez Gémez [47] also de-
scribed clinical cases of newly identified postvaccinal tinni-
tus and acute sensorineural hearing loss. In most of the pa-
tients, these symptoms appeared a few days after the second
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dose of the Astra Zeneca vaccine was administered. Hearing
loss ranged from mild to severe, which was confirmed by the
results of tonal audiometry. The researchers note a positive
effect of the use of systemic corticosteroids to restore hear-
ing in this cohort of patients. The researchers point to a
decrease in perfusion and ischaemia of the hearing organs
as a result of increased thrombosis caused by the Astra
Zeneca vaccine from COVID-19 as the most likely hypoth-
esis regarding the pathogenesis of audiological changes.

Discussing the possible link between vaccination and
sudden sensorineural hearing loss, J. Jeong & H.S. Choi [48]
suggested that viral antigens after vaccination, leading
to the development of antibodies and the release of cy-
tokines, can trigger autoimmune immunocomplex media-
tion against cells of spiral organ. Additionally, immune and
inflammatory responses can lead to vasculitis and vascular
ischaemia. The immunosuppressive and anti-inflammatory
effects of corticosteroids, which are effectively used in the
treatment of such patients, are also considered. In order
to prevent post-vaccination complications, researchers [46,
48] suggest that instead of using systemic steroids, intra-
tympanic steroids should be considered, which will suppress
the systemic immune response to a much lesser extent.

Analysing the effect of vaccine immunisation on the
degree of hearing loss, X.W. Liew et al. [20] determined the
thresholds of auditory perception in pure tone audiometry.
According to their results, the association between vaccina-
tion and sensorineural hearing loss (SNHL) is insignificant.
In most patients, with effective treatment, hearing was re-
stored to normal levels within a few weeks or months. Ac-
cording to the researchers, the incidence, prevalence, and
post-vaccination occurrence of SNHL in most countries re-
mains insignificant and is likely to remain unchanged over
time. Some mechanisms of development of post-vaccina-
tion hearing loss, including delayed hearing loss, remain to
be elucidated. There are assumptions about a certain effect
(payload) of mRNA and an autoimmune mechanism, such
as the response to the lipid nanoparticle delivery agent,
and the production of immunoglobulin G in the 10-14-
day period after vaccine administration, which coincides
with the period of occurrence of SNHL after vaccination.

For over 20 years, the SARS-CoV-2 virus has been
challenging doctors around the world: the absence of spe-
cific symptoms and the ability to prolong them, the heter-
ogeneity of pathophysiology and multiorgan damage, and
the absence of a decrease in virulence with mutation -
this is not a complete list of its diversity. Hearing loss is
only one of the symptoms of its harmful effects on the hu-
man body, which requires the search for new approaches
in prevention, treatment, and diagnosis, since timely and
effective detection of changes is an undoubted condition
for significantly reducing risks. Patients with SARS-CoV-2
are completely isolated during the disease, which compli-
cates, and sometimes makes it impossible, both otoscopic
and audiometric diagnostics. This problem could be solved
by developing methods for remote audiological monitor-
ing, which is one of the challenging tasks of the future.
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medical practice. In the pathogenesis of hearing loss
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The sensorineural component of hearing loss, in
most cases, is the result of direct viral cytotoxicity di-
rected at auditory pathway cells with high expression of
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auditory function. The influence of COVID vaccines as
a probable etiological factor in the development of sen-
sorineural hearing loss was investigated. Diagnosis of
hearing disorders after COVID-19 includes audiometry
(determination of audibility thresholds), otoacoustic
emission (assessment of the function of external hair
cells) and, in some cases, magnetic resonance imaging
(MRI) to detect structural changes in the brain.

The results of the study are important for clinical
practice. They highlight the need for early diagnosis
and treatment of hearing disorders in patients who
have had COVID-19. In addition, the data obtained can
be used to develop new methods for the prevention and
treatment of these disorders. Further research is needed
to investigate the long-term effects, develop new treat-
ments and prevention, and create effective rehabilita-
tion systems. A multidisciplinary approach involving
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the successful treatment of patients with COVID-19-re-
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AHoTauif. 3a mporHozamu BcecBiTHBOI opranisailii oxopoHu 3m0poB’s g0 2050 poky mo 10 % HaceleHHS TUIAHETU
noTpe6byBaTUMyTh peabismiTallii st po3B’si3aHHS TTPo6aeMM iHBaTiAM3YIOUOi BTpaTu CIyxy. MeTolo 1iei ctaTTi 6yso
3’ICyBaT¥ OCHOBHI MeXaHi3MM 3HVDKEHHS C/IyXy, TOB’si3aHOro 3 iHdikyBaHHSIM Severe Acute Respiratory Syndrome
Coronavirus 2. ITix yac gocmigskeHHs 6y onpalboBaHi CyyacHi aHIIOMOBHI HAayKOBi Mmy6iKailii mepeBakHO 3 BUCOKUM
iHmekcom 1uTyBaHHA yepe3 daxosi miatdopmu MEDLINE/PubMed Ta Index Medicus. Beboro 6yno o6pano 48 mkepent.
byno mpoaHasi3oBaHO CTATTi MPUCBSYEHi PO3BUTKY KOHAYKTMBHOI ab0 CEHCOHEeBPaJbHOI IMPUITYXYBAaTOCTi, siKa
BMHMK/IA 6e3MocepeJHbO BHACTIIOK BipyCHOTO 3aXBOPIOBAHHS, a60 MOB’SI3aHA 3 MPOIeCAMM, SIKi 10TO CYMIPOBOMIKYIOTh
(J1iKyBaHHSI, CyITyTHSI [MaTOJIOTis, BAKIMHAILisl TOII0). BcTaHOBIIEHO, 1110 PO3BUTOK BipyCHO-iHIYKOBAHOI MPUTTYXOBATOCTI
npu COVID mae wmynbTuUdaKTOpHY TMpupony. leTeporeHHIiCTh aymionorivHMx 3MiH Hacammepen o06yMoBeHa
MpSIMMM  BipyCHMM TIOLIKO[KEHHSIM KJITMH CIyXOBOTO aHaji3aTopa, sIKi eKCIpecylTb MeMOpaHHi pelenTopu
aHTiOTEeH3MHIIEPETBOPIOBAIILHOTO GepMeHTy Apyroro tuiy. Kpim Toro, BinOyBaeThCss peakTHUBallisl JaTeHTHOI BipycHOI
iHdexk1iii, ekcTpaBasallis eKCyaaTy B TOPOXXHMHY CepeIHbOTO ByXa, TOPYIIEeHHS 3TOPTaHHS KPOBi, iMyHOOTIOCEpeIKOBaHe
TIONIKO/IKEHHSI KJIiTMH, MiclieBa i reHepasi3oBaHa 3amajbHa peakilis, siKi BIUTMBAIOTD SIK HA JJAHKY 3BYKOIIPOBEIeHHS,
TaK i Ha 3BYKOCIPUIHATTS, SIK HA OJHOMY BYCi, Tak i Ha 060x. [lesiki BUIMAAKM aymioNOTiYHMX PO3/IAIiB MOXKYTh OYTU
i ATPOTEHHOr0 TOXOMKEeHHS, OCKiJIbKM He BUK/IIOUEHi ITOCTBAKIMHAAbHI YCKJIaJHEHHSI Ta OTOTOKCMUUHMUII BIUIUB
MeAVKaMEeHTIB, sIKi BUKOPUCTOBYIOTbCS Y JikyBaHHI COVID-19, mo ciif, BpaxoByBaTM KIiHILMCTaM Ha yCiX PiBHSAX
MeIMYHOI JOTIOMOTH 17151 eeKTUBHOTO MeHeIKMeHTY KOHKPeTHOr0 K/IiHiYHOro CcLieHapio

KniouoBi cnoBa: aygiosnorisi; KOHAYKTMBHA IPUINIYXYBaTiCTh;, CEHCOHEBpaJbHA IPUIIYXYBaTiCTh; KOPOHABIpyC;
OTOTOKCUUHICTb; BaKI[MHAIIisI
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Abstract. The lack of a unified reporting system for clinical outbreaks of mycobacterioses makes it difficult to objectively
assess the epidemiological situation and identify patterns in the epidemic process, despite the growing relevance of this
issue in human and veterinary medicine. The aim of this review was to study the epidemiological and aetiopathogenetic
aspects of mycobacterioses in Ukraine and other countries on different continents. A comparative-geographic method
and epidemiological analysis method were used in the study. As a result, it was found that in Ukraine, mycobacterioses
in humans are widespread, with 94% of cases manifesting as pulmonary forms, often forming mixed infections with
tuberculosis, making them difficult to diagnose. The most common aetiological factor is M. avium complex and disseminated
mycobacteriosis usually develops in HIV-infected patients. In most of the analysed countries (Japan, South Korea, Iran,
Turkey, Pakistan, Saudi Arabia, Egypt, Oman, Kuwait, China, France, Great Britain, Italy, Greece, Czech Republic, Poland,
USA, Canada, Brazil, Australia and several African countries) during the period 2000-2023, there was an observed increase
in the incidence of lung diseases caused by non-tuberculous mycobacteria, including an 8-fold rise in South Korea; an
annual growth of 8% in the USA; and a 2.3-fold increase in Queensland (Australia) from 11.1 pcm in 2001 to 25.88 pcm in
2016. It was established that the epidemiological features of mycobacterioses are the predominant infection of patients
with rapidly growing mycobacteria; an increased risk of mycobacterial infection with increasing age; detection of M. avium
complex, M. abscessus complex, M. kansasii and M. fortuitum as the most common cause of mycobacterioses

Keywords: human mycobacterioses; nontuberculous mycobacteria; epidemiology of mycobacterioses; M. avium complex

INTRODUCTION

According to the World Health Organisation’s 2022 tu-
berculosis report, the annual number of diagnosed cases
worldwide is around 6.4 million [1]. Nontuberculous myco-
bacteria (NTM) are the second most common cause of my-
cobacterial infections. M. Lipman et al. [2] established that
there are about 190 species and 14 subspecies, with their
number continuously increasing. Data from J.E. Gross et
al. [3] and J.W. Alffenaar et al. [4] show that mycobacteri-
oses of the nontuberculosis complex are a growing problem

Suggested Citation:

in human medicine that is becoming increasingly relevant
each year. There are many uncertainties regarding the
treatment of nontuberculous mycobacterial lung diseases
(NTM-LD), the peculiarities of their epidemiology have
not been studied, methods of a comprehensive diagnosis
of mycobacterioses and laboratory diagnosis, in particular,
have not been unified, treatment protocols have not been
unified, and prevention measures are extrapolated from
the Guidelines for the control of other infections [5, 6].
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The nation’s health is, first and foremost, healthy
food free of pathogens common to humans and animals.
Healthy food can be obtained from healthy animals. Cur-
rently, about a dozen species of NTM are known to be caus-
ative agents of mycobacterioses in humans and animals [7,
8]. In this context, the prevention of mycobacterioses in
animals caused by NTM is an urgent problem for veteri-
nary medicine in Ukraine [9, 10]. L. Pavlik et al. [8] found
that every year in Ukraine, during planned allergic tests for
tuberculosis in cows in 250 or more dairy farms, animals
are found that give pseudo-allergic reactions to tuberculin,
which indicates sensitisation of their bodies to NTM.

Research by P. Boiko et al. [11] indicates that patho-
logical changes were found in the bodies of animals that
reacted positively to PPD-tuberculin, and NTM were iso-
lated, including M. scrofulaceum and M. fortuitum. This led
to the conclusion that an infectious mycobacterial process
was present in the cows reacting to tuberculin and that an
epizootological process of mycobacteriosis caused by NTM
was occurring in the herd. The isolation and identification
of these pathogens are evidence of their importance as
etiological factors of human mycobacteriosis. Mycobacte-
rioses of productive, domestic and wild animals are also
widespread in other countries of the world [12].

The absence of data on the diagnosis of mycobacteri-
oses caused by NTM in official reports from government in-
stitutions responsible for epidemiological surveillance and
control of infectious diseases in Ukraine, as well as in the
World Health Organisation’s global registry, hinders the
ability to recreate a complete picture of the spatial-tempo-
ral dynamics of the epidemiological situation concerning
NTM-caused mycobacterioses. Therefore, the study aimed
to systematise and analyse the epidemiological results of
studies of human mycobacterioses conducted by scientists
from different countries, including Ukraine.

Epidemiological analysis was conducted on 49 scien-
tific studies on the role of NTM in the infectious process
of human mycobacterioses, its forms and duration, the
impact of environmental factors and its manifestation in
various countries worldwide from 2000 to 2023. The crite-
ria for the scientific search were indicators that, first of all,
characterise the intensity of the manifestation of the ep-
idemiological process of mycobacterioses, the analysis of
the role of various aetiopathogenetic factors, the influence
of contributing and predisposing factors on the intensity of
the epidemiological situation regarding human mycobac-
terioses for the specified period. The study used compara-
tive-geographical and statistical research methods, as well
as the method of epidemiological analysis.

ENVIRONMENTAL MYCOBACTERIA -

POTENTIAL PATHOGENS OF HUMAN

AND ANIMAL MYCOBACTERIOSES

Mycobacteriosis (Latin: mycobacteriosis) is an infectious
disease of humans and animals caused by representatives
of a large group of NTM, including Mycobacterium avium,
M. fortuitum, M. kansasii, M. scrofulaceum, M. xenopi and
others [13, 14]. They are also called atypical mycobacteria
(ATM) or environmental mycobacteria. During 2010-2020,
there was a significant increase in the prevalence of NTM
and the incidence of infections caused by them [15]. My-
cobacterioses has become a major public health problem

worldwide. Among the numerous species of NTM, the
Mycobacterium avium Complex (MAC) is the predominant
species, which has been recognised as a ubiquitous micro-
organism - it is isolated from polluted water and soil [16].
However, the main causes of the increase in MAC-associat-
ed disease are not yet fully understood. This is mainly be-
cause human infection with MAC is associated with various
sources of the infectious agent [17].

Identifying the causal links between the source of the
infectious agent and its epidemiology is a crucial step to-
wards developing new prevention strategies and effective
control of MAC infection. This issue pertains not only to
M. avium but also to most NTM. As research by many sci-
entists indicates, the majority of these microorganisms are
sapronoses. Only some of them, such as the M. avium-in-
tracellulare complex, M. kansasii, M. abscessus, M. chelonae
and some others, have formed the features of facultative, or
even completed pathogens. This fully applies to M. ulcer-
ans, which causes Buruli ulcer and is found in regions with
hot tropical climates — Africa, Australia, Mexico and others
[18]. This is evidence that the evolution of pathogenicity in
these microorganisms continues [19].

Due to the widespread distribution of NTM in var-
ious biotic and abiotic environments, confirming their
aetiopathogenetic role requires repeated isolation of
these microorganisms from the source of infection. Con-
sequently, the American Thoracic Society has developed
microbiological, clinical, and radiological criteria for de-
termining the etiological role of NTM in HIV-infected and
non-HIV-infected patients [20].

Although NTM were discovered after M. tuberculosis,
their potential ability to cause human lung disease was not
recognised until the 1950s. In 1954, the Runyon classifica-
tion of NTM was proposed [14], which divides mycobacteria
into four main groups based on their growth rate, colony
morphology, and ability to produce pigments. The most
common NTM in clinical practice includes the M. avium-in-
tracellulare complex (MAIC-complex), M. kansasii, M. fortu-
itum, M. abscessus, M. chelonae, M. marinum, and several
others. These bacteria are frequently isolated from water,
soil, and other environmental sources [21, 22].

Monitoring the epidemiological characteristics and
aetiology of mycobacterioses in different countries of the
world usually concerns NTM isolated from patients with
pulmonary pathology, while skin and soft tissue infections
are analysed much less frequently. However, the results of
microbiological studies of clinical samples indicate that
NTM were isolated from extrapulmonary tissues (maxil-
lary and frontal sinuses, wounds and skin) no less often
than from pulmonary samples [23]. These data indicate
the pleiotropic pathogenic action of mycobacteria on dif-
ferent tissues and organs of the infected organism, which
in turn suggests that NTM possess a broad spectrum of
aggressive factors with genotypic control and phenotypic
expression. The epidemiological process of mycobacterio-
sis includes the interaction of three main components: the
source of infection, the mechanisms of transmission of the
pathogen, and organisms susceptible to the disease. This
interaction takes place under the influence of various envi-
ronmental factors. At the same time, the latter factor often
plays a decisive role in the manifestation of the infectious
process of mycobacteriosis [24].
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The sources of mycobacterial infections in humans are
individuals infected with NTM. However, given the relative-
ly young age of the problem of mycobacterioses, the first
link in the epidemiological chain has been insufficiently
studied. However, it has been established that NTM is pres-
ent in water, biofilms, soil, and aerosols, meaning these mi-
crobes are ubiquitous. They are natural inhabitants of the
human environment, especially drinking water distribution
systems. Thus, it is quite likely that everyone is exposed to
them daily. This is one of the reasons for the increase in the
incidence of mycobacterial infections caused by environ-
mental mycobacteria [25]. It is obvious that the incidence
of mycobacterioses caused by environmental NTM will con-
tinue to grow. This growth will be partly due to increased
awareness of these microbes as human disease pathogens,
and partly to improved methods of detection, cultiva-
tion and identification of the pathogens themselves [26].

Mycobacterioses, according to some scientists, main-
ly have a tuberculosis-like clinical pattern and therefore
are difficult to identify using classical diagnostic methods.
They often occur in the form of mixed infections with other
mycobacterioses, including tuberculosis [27]. In addition,
atypical mycobacteria are characterised by a wide range of
resistance and are potentially pathogenic for humans and
animals. Up to 80% of cases of human mycobacterioses
are caused by M. avium complex. Mycobacterioses are most
commonly found in people infected with the human im-
munodeficiency virus (HIV), and a CD4+ lymphocyte count
below 50/pL can lead to the development of disseminated
mycobacteriosis. The causative agent of this type of myco-
bacterial infection is usually MAC (90% of cases) [28]. Con-
sidering that the reservoir of M. avium is open water bodies,
NTM aerosols formed over the water surface infect people
by air. Sick poultry are also a powerful source of NTM and
thus play an important role in the local functioning of the
epidemiological process of mycobacteriosis.

It has been established that disinfection may, in part,
contribute to the resistance of M. avium and M. intracellu-
lare in drinking water distribution systems. Thus, M. avi-
um and M. intracellulare are many times more resistant to
chlorine, chloramine, chlorine dioxide, and ozone than
other waterborne microorganisms. Therefore, disinfection
of drinking water leads to the predominance of mycobac-
teria over other water microbiota. In the absence of com-
petitors, even slowly growing mycobacteria can proliferate
in the water distribution system [29]. Studies of the spati-
otemporal characteristics of the spread of mycobacterioses
in Ukraine and around the world can help to identify new
patterns in the development of epidemic processes and de-
termine their defining factors for mycobacterioses.

MYCOBACTERIOSES IN HUMANS:
SPATIOTEMPORAL PATTERNS
OF THE EPIDEMIC PROCESS IN UKRAINE
AT THE BEGINNING OF THE 21T CENTURY
The increasing incidence of mycobacterioses caused by
NTM in different regions of the world is attracting in-
creasing attention from scientists. It has been noted that
the geographical location of a country affects the species
prevalence of NTM [12, 16]. Studying the epidemiologi-
cal situation of mycobacterioses in Ukraine, L. Todoriko
& 0. Shevchenko [14] found that the incidence of this

infectious disease is 2.3 per 100,000 population (2.3 pcm). It
has been established that mycobacterioses in humans can
manifest in various forms, including pulmonary (nodular
bronchiectatic form usually occurs in older (70 years old)
women; cavitary form (fibro-nodular) is typical for men
40-50 years old who smoke and abuse alcohol; hypersen-
sitivity lung syndrome, which usually proceeds subacutely;
patients are more often young people who do not smoke).

Pulmonary manifestation of the infection is the prima-
ry form and is observed in 94% of cases. In addition, dis-
seminated mycobacterioses are often diagnosed, which de-
velop in patients with stage IV AIDS, after kidney or heart
transplantation, with prolonged use of GCs (glucocorticos-
teroids) and patients with leukaemia. The main causative
agents are M. avium and M. kansasii. Another form of mani-
festation of mycobacterioses is lymph node damage, which
occurs mainly in children under 5 years of age. The affected
lymph nodes are typically tonsillar, preauricular, and/or
submandibular on one side. The causative agent in most
casesis MAC. Without treatment, the lymph node may spon-
taneously rupture, leading to the formation of a fistula [14].

0. Shevchenko et al. [27] demonstrated that in the clin-
ic of internal infectious diseases, mycobacterioses of var-
ious types are increasingly being diagnosed, indicating a
growing role of atypical mycobacteria in the development
of respiratory system pathology. The clinical pattern re-
sembles tuberculosis, they are difficult to diagnose, and
often form mixed infections with tuberculosis. NTM are
characterised by a wide range of resistance to disinfect-
ants, antibacterial agents, and environmental factors and
are potentially pathogenic for humans.

It has been established that risk factors for developing
mycobacterioses include a history of respiratory diseases
(COPD, bronchiectasis, pneumoconiosis, cystic fibrosis),
previous tuberculosis (mycobacterial disease incidence
increases tenfold compared to the population level), work
with farm animals and poultry; increased joint stress, mitral
valve prolapse, gastroesophageal reflux disease, rheuma-
toid arthritis, taking GCs in doses greater than 15 mg/day
for more than 14 days, and immunosuppressants [14].

O. Zhurilo et al. [17] studied the species diversity of
NTM on the territory of Ukraine during 2014-2018. Phe-
notypic identification of isolates was carried out using
cultural and biochemical methods. The most common iso-
lates were M. avium-complex — 45.5%, the number allocated
M. fortuitum — 13.5%, less often — M. xenopi (7.1%), M. kan-
sasii (5.8%) and M. scrofulaceum — 3.2%. At the same time,
slowly growing mycobacteria were isolated 6 times more
often than rapidly growing.

Based on the genotypic identification of mycobacterial
cultures using GenoType Mycobacterium CM/AS, 11 NTM
species were identified, 7 of which were assigned to slowly
growing NTM groups (groups I-III according to Runyon),
including M. avium, M. intracellulare, M. gordonae, M. kan-
sasii, M. xenopi, M. malmoence, M. scrofulaceum, and 4 to
the group of rapidly growing NTM (group IV according to
Runyon), including M. abscessus, M. chelonae, M. fortui-
tum, M. peregrinum. The frequency of MAC among NTM in
general was 53.24% (71/133). However, regional variations
were observed, with MAC predominating among slowly
growing NTMs in the Dnipropetrovsk, Zhytomyr, Cherni-
hiv, Chernivtsi, and Cherkasy regions.
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In contrast, in the Poltava and Kyiv regions, MAC was
not the predominant group among slowly growing NTM.
A notable feature of the Chernivtsi region was that within
the MAC group, M. intracellulare was more common than
M. avium, whereas, in all other regions, M. avium predomi-
nated within the MAC group. Among rapidly growing NTM,
the predominant species in all regions of Ukraine was
M. fortuitum (86.96% among rapidly growing NTM). Single
isolates of M. abscessus, M. chelonae i M. peregrinum were
identified [17].

The data show that significant attention is paid to the
study of the aetiopathogenesis and epidemiological fea-
tures of human mycobacterioses in Ukraine. However, the
problem of mycobacterioses is multifaceted and requires a
deeper study of other aspects of the infectious and epide-
miological process of this infectious pathology.

EPIDEMIOLOGICAL ASPECTS
OF HUMAN MYCOBACTERIOSES
IN THE WORLD DURING 2000-2023
Aiming to predict the epidemiological situation and clini-
cal manifestations of lung diseases caused by NTM, (NTM-
LD) and tuberculosis, Japanese scientists conducted a
multifactorial epidemiological analysis of all cases of my-
cobacterial isolation at Fukujuji Hospital during the peri-
od 2006-2016. Identification of mycobacterial isolates was
carried out according to the microbiological criteria of the
American Thoracic Society and the Infectious Disease So-
ciety of America. It was found that the most common iso-
lates were the M. avium complex (87.3%), the M. abscessus
complex (5.5%), and M. kansasii (3.9%) [30].

In studying the characteristics of the epidemic process
and the dynamics of the intensity of the epidemic situa-
tion regarding mycobacterioses of the population of South
Korea from 2001 to 2015, Korean scientists found that the
incidence of NTM-LD increased nearly 8-fold during this
period - from 7.0 pcm (in 2001) to 55.6 pcm (in 2015). Just
like in Japan, in South Korea, the most common causative
agent of NTM-LD was the M. avium complex (n=1,746;75%),
M. abscessus (n=519; 22%) and M. kansasii (n=64; 3%) [31].

In China, lung diseases caused by NTM are being di-
agnosed more and more often each year. This is causing
growing concern in the healthcare sector. A study of the
aetiology and epidemiological characteristics of mycobac-
terioses in the population of South China during the peri-
od (2013-2016) showed that the most common causative
agents of this infectious pathology were the M. avium com-
plex (44.5%), the M. abscessus complex (40.5%), and much
less often M. kansasii (10.0%) and M. fortuitum (2.8%). The
authors believe that the epidemiological characteristics
of mycobacterioses are as follows: significantly higher in-
fection rates with rapidly growing mycobacteria compared
to slowly growing ones; a sharp increase in the risk of in-
fection with rapidly growing mycobacteria with advancing
age; and pulmonary diseases caused by rapidly growing
mycobacteria being more common among migrants than
among the resident population [32]. The data obtained by
Chinese scientists confirm the conclusions drawn by Jap-
anese and Korean researchers and indicate that the most
commonly identified causative agents of mycobacteri-
al infections are M. avium complex, M. abscessus complex,
M. kansasii and M. fortuitum.

Scientific research by a team of authors is dedicated to
highlighting individual aspects of the epidemiology of my-
cobacterioses caused by NTM in Middle East countries [33].
They found that out of 1,084 strains isolated from primary
clinical samples, 434 (40.0%) were identified in Iran, 280
(25.8%) in Turkey, 137 (12.6%) in Saudi Arabia, 116 (10.7%)
in Pakistan, 47 (4.3%) in Egypt, 43 (3.9%) in Lebanon, 14
(1.2%) in Kuwait, and 13 (1.1%) in Oman. At the same time,
637 (58.7%) isolates were identified as slowly growing my-
cobacterial species, and 447 (41.2%) as rapidly growing;
M. fortuitum was the most common isolate (269 out of 447;
60.1%) [34]. The data obtained give reason to assert that
in Middle Eastern countries, mycobacterioses is not an un-
common phenomenon in infectious pathology, but a ful-
ly formed nosological unit that should be under constant
control of infectious disease specialists.

According to scientific publications, mycobacterioses
of the population caused by NTM are registered annually
in almost all countries of the American continent. Thus,
during 2015-2017 in the USA, the incidence of mycobac-
terioses caused by NTM ranged from 2.3 to 3.9 pcm. The
prevalence of NTM-LD in the United States in 2019 was sig-
nificantly higher than the prevalence of tuberculosis. The
results of epidemiological monitoring confirm an annual
increase in the incidence of NTM-LD by 8% annually [35].

Analysis of the results of microbiological studies of
clinical samples from 20,617 patients with lung diseas-
es in the population of Ontario (Canada) for the period
2001-2013 showed that in 10,936 cases, which is 53%,
NTM were isolated, including MAC and M. abscessus com-
plex, which were more often isolated from clinical sam-
ples taken from female patients [36]. This fact requires
prolonged and repeated validation to be considered an
objective pattern, but it merits the attention of infectious
disease specialists.

Monitoring the aetiology of mycobacterioses in the
USA is primarily focused on NTM isolated from patients
with pulmonary pathology, while skin and soft tissue in-
fections are analysed much less frequently. The results
of microbiological studies of clinical samples from 1,033
patients in North Carolina (USA) indicate that M. chelonae
and M. fortuitum (both rapidly growing species) were most
often isolated from extrapulmonary tissues (maxillary and
frontal sinuses, wounds and skin), while M. avium was iso-
lated from pulmonary samples [37].

The incidence of pulmonary diseases caused by nontu-
berculous mycobacteria is also growing in South America.
For example, in Brazil (Rio Grande do Sul state) in Porto
Alegre, data from 100 patients with NTM-LD were analysed
during the period 2003-2013. It was found that the most
common NTM species isolated from patients were M. avium
complex (MAC) - in 35% of cases; M. kansasii — in 17%; and
M. abscessus — in 12% [38].

The data obtained indicate, on the one hand, that the
dominant NTM species in human infectious pathology in
Asian countries are the same as in American countries, in-
dicating that the main pathogenicity factors of Asian NTM
species differ little in virulence from American ones. On
the other hand, this may be evidence that the evolution of
mycobacterial pathogenicity proceeded simultaneously on
all continents, with the formation of the main mechanisms
of the aetiopathogenesis of mycobacterioses occurring
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against the backdrop of the interaction between microor-
ganisms and macroorganisms. In this interaction, the key
factor from the microorganism’s side was the development
and expression of pathogenic factors, while from the mi-
croorganism’s side, it was the multifaceted mechanism of
specific protection against these factors.

In the European Union countries during 2011-2016,
there has been an increase in the tension of the epidemi-
ological situation regarding NTM infections, in particular,
the incidence of various population groups is growing an-
nually, both in individual countries and on the continent
as a whole [39]. Thus, in Greece, the epidemiological situ-
ation regarding pulmonary NTM infections is largely un-
known. However, a multifactorial epidemiological analysis
and the results of bacteriological studies of clinical sam-
ples for the period 2007-2013 showed that the incidence of
pulmonary NTM infections of the aetiology of the popula-
tion of Greece is 18.9 pcm among inpatients and 8.8 pcm
among outpatients. Identification of isolates was carried
out according to microbiological criteria established by the
American Thoracic Society and the Infectious Disease So-
ciety of America. At the same time, the microbial spectrum
of NTM species was quite wide and amounted to 13 species,
but most often M. avium - 13%, M. intracellulare — 10%,
M. gordonae — 14%, M. fortuitum — 12% were identified [40].

NTM play a significant role in the aetiology of infec-
tious lung diseases in France. Thus, among 1,582 patients
with cystic fibrosis, the prevalence of NTM was between
3.7-9.6%. The most commonly identified were M. absces-
sus complex and M. avium complex. At the same time, iso-
lates of the first species predominated in groups of persons
aged 11-15 years, while isolates of the second species were
in patients older than 25 years. Scientific observations of
the prevalence of NTM-related diseases conducted at the
Bordeaux University Hospital (France) for the period 2002-
2013 showed that lung diseases were detected in 170 pa-
tients (54.1%), followed by skin and soft tissue infections
(22.9%), disseminated cases (10.6%), lymphadenitis (7.7%),
bone and joint infections (2.9%), and the remaining 1.8%
were catheter-related infections. A total of 16 NTM spe-
cies were identified. The most commonly isolated were
M. avium (31.8%) and M. intracellulare (20%), M. marinum
(13.5%), M. kansasii (10.6%), M. xenopi (9.4%); at the same
time, rapidly growing mycobacteria accounted for 9.4%,
and slowly growing mycobacteria — 5.3% [41].

Epidemiological aspects of pulmonary infections
caused by NTM were studied in Poland by G. Przybylski et
al. [42] during 2013-2022. Of the 395 patients with infec-
tious lung pathology, 149 cases met the diagnostic criteria
for NTM-LD. At the same time, M. kansasii (51.68%) and
M. avium complex (46%) were most often identified.

In Ttaly during the period 2004-2014, 42,055 clinical
samples collected from 15,000 patients with suspected
mycobacterial infection were tested. At the same time, my-
cobacteria were isolated from 595 patients. In 448 (75.3%)
patients, M. tuberculosis complex was isolated, and NTM
was isolated from 147 (24.7%) patients. A total of 16 NTM
species were identified, the most common of which was M.
avium subsp. hominissuis (41.5%). This was followed by the
number of identified cases: M. intracellulare — 14.3%, M.
gordonae - 11.6%, M. xenopi — 9.5%, M. fortuitum - 6.8%
and M. kansasii — 4.8% [43].

The species profile and incidence of NTM-related dis-
eases were significantly different in the historical terri-
tories of Moravia and Silesia (Czech Republic). A team of
scientists conducted an epidemiological analysis of the
incidence of NTM-related mycobacterioses for the period
2012-2018 and investigated the correlation with some so-
cio-economic and environmental factors. It was found that
the most commonly isolated NTM were M. avium-intracel-
lulare, M. kansasii and M. xenopi. The incidence of NTM-LD
in the population was 1.10 pcm, while among men it was
1.33 pcm and 0.88 pcm among women [44].

The conclusions made by the authors suggest that ge-
ographical living conditions influence the species compo-
sition of mycobacterioses pathogens, the intensity of the
epidemic process as indicated by disease incidence, and
the greater susceptibility of men compared to women. This
may reflect the impact of provoking (such as hypodynamia,
psychogenic stress) and/or contributing (such as smoking,
alcohol abuse, etc.) factors on the male organism.

Regarding the United Kingdom, there is limited ana-
lytical data on the incidence of NTM-LD. At the same time,
there is no consensus on the optimal treatment regimens
for this infectious pathology. A team of scientists conduct-
ed a retrospective study of NTM-LD at a London teaching
hospital for the period 2000-2007. The criteria for inclusion
in the retrospective analysis were as follows: only cultures
of slowly growing mycobacteria were considered, the age
of patients was over 18 years, they were HIV-negative, and
the NTM isolates met the criteria of the American Thoracic
Society. As a result, it was found that M. kansasii was iden-
tified in 93% of patients, M. avium intracellulare in 63%,
M. malmoense in 60%, and M. xenopi in 25% [45].

A study of the aetiopathogenesis and the intensity of
the epidemiological situation regarding NTM infections in
the Netherlands from 2013 to 2019 showed that the isola-
tion of NTM increased from 1.0% to 3.6% during this peri-
od. Single isolation of NTM in adults was 53.7% and in chil-
dren - 60.0%. M. abscessus and M. avium complex were most
commonly identified — 47.1% and 30.9%, respectively. The
authors conclude that the increase in the number of posi-
tive cases of NTM identification is a consequence of unsat-
isfactory treatment outcomes and the associated decline in
lung function. The researchers emphasise that NTM-LD is
a serious health problem among patients with cystic fibro-
sis in the Netherlands [46]. Analysing the data presented
in this and the previous article, it can be noted that in the
aetiology of mycobacterioses, the predominant influence
on the manifestation of the infectious and epidemiological
process comes from contributing and predisposing factors,
rather than the pathogenic properties of NTM.

The overall prevalence of NTM in pulmonary samples
in Sub-Saharan Africa (Nigeria, Mali, Ghana, Zambia, South
Africa, Kenya, Uganda, Tanzania, and Ethiopia) was 7.5%
(7.2-7.8%). MAC species constituted 28.0% of all isolated
NTMs. The prevalence of MAC complex NTM in Tanzania
ranged from 15.0% to 57.8% [47]. Regional variability in
the distribution of NTMs was observed. Specifically, 76.4%
(2,355 isolates out of 3,084) of MAC complex isolates from
South Africa were M. intracellulare, while all MAC complex
isolates from Mali were M. avium. Rapidly growing myco-
bacteria, such as M. fortuitum, M. chelonae and M. abscessus,
accounted for only 1.2% [48, 49].
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From 2001 to 2016, there were 12,219 registered cas-
es of NTM in patients over the age of 18 in Queensland,
Australia. The most common species were M. intracellulare
(39.1%), M. avium (9.8%), M. abscessus (8.5%), M. fortuitum
(8.3%), M. chelonae (3.3%), and M. kansasii (2.4%). Over 15
years (2001-2016), the incidence rate increased 2.3-fold,
from 11.1 pcm in 2001 to 25.88 pcm in 2016 [16].

As can be seen from the data presented, the species
composition of aetiopathogenetic NTM species on the
Australian continent is similar to that in most countries of
the world. At the same time, there is a steady increase in
the incidence of mycobacterioses in the population of Oce-
ania, which, first of all, indicates an increasing role of NTM
in the infectious pathology of the respiratory system and
other body systems of humans. Summarising the above, it
can be stated that the problem of mycobacterioses requires
comprehensive study in each individual country and the
world as a whole.

CONCLUSIONS

According to the results of the epidemiological analysis of
the spatiotemporal features of the spread of mycobacteri-
oses caused by NTM in Ukraine and on different continents
of the world from 2000 to 2023, a significant increase in the
incidence of these infections has been identified. In 94% of
cases, mycobacterioses in Ukrainian patients manifest as
pulmonary diseases, often forming mixed infections with
tuberculosis. At the same time, M. avium complex is the
isolated aetiological factor in almost 80% of cases. In most
of the analysed countries, an increase in the incidence of
NTM-LD was observed throughout observation, including
an 8-fold increase in South Korea; an annual increase of 8%
in the USA; and a 2.3-fold increase in Queensland (Austral-
ia) from 11.1 pcm in 2001 to 25.88 pcm in 2016.

Among the epidemiological characteristics of myco-
bacterioses, it is noteworthy that patients are predomi-
nantly infected by rapidly growing mycobacteria, the risk
of infection increases with age, and there is a higher prev-
alence of mycobacterial lung infections among migrants
compared to the local population. The most frequently
isolated strains from biological samples were the M. avium
complex (87.3%), M. abscessus complex (5.5%), and M. kan-
sasii (3.9%). The data presented by various researchers
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EnigeMiyHa cuTyauia wono Miko6akTepiosiB
B YKpaiHi Ta cBiTi Ha noyaTtKy XXI cToniTra: ornap nitepatypm
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AHoTauif. BigcyTHicTb €qMHOI cMCTeMM 3BiTHOCTI ITPO KIIiHIUHI criasaxy Miko6akTepiosiB yCKIagHIOE 06>EKTUBHY OIIiHKY
erniieMiyHOI cuTyarlii Ta BUSIBJIeHHS] 3aKOHOMipHOCTeI elileMiYHOTO ITPoLiecy, He3BaKalouy Ha 3pOCTaluy aKTyalbHICTh
niei mpobiemMu B TYMaHHi Ta BeTepuMHApHiil MenuuyHi. MeTOW IbOro OMIALY Oy/0 BMBUYEHHS eIifeMioNoriyuHmMx Ta
eTioTaTOreHeTUYHMX ACTEeKTiB MiKo6aKkTepio3iB sIK B YKpaiHi, Tak i B iHImMX KpaiHax pi3HMX KOHTMHEHTIB. B po6orTi
BUKOPMCTAHO MOPiBHSUIbHO-TeorpadiuHmii MeTos, Ta MeTOZ, eriieMionoriyHoro aHasizy. BHaciiIok nposeneHoi po6oTu
BCTQHOBJIEHO, 110 B YKpaiHi Miko6aKkTepio3u Mrofeli MaloTh 3HAUHE MOMMUPEHHS, Y 94 % BUIA/IKiB Tepe6iraioTh y JereHeBiit
dopmi, yactTo bopMyroTh MiKCT-iHbEKIIIT 3 TY6epKY/IbO30M, & TOMY BaKKO IiarHOCTYIOThCs. Hajtuacrtiie eTionorivuumm
YMHHMKOM BUcCTymae M. avium complex, a y BlJI-iHdikoBaHUX mallieHTiB 3a3BMuaii PO3BMBAETHCS MMCEMiHOBAHMIL
Mikob6akTepios. V 6inbirocTi aHanmizoBanux Kpain (nowis, ITiBmenHa Kopes, IpaH, TypeuunHa, ITakucraH, CaygoBcbKa
Apagis, Erunet, Oman, Kyseiit, Kutaii, ®paniiist, Benmukobpuranis, ITanis, [penis, Yexis, [Tonbina, CIIA, Kanamga, Bpaswtis,
ABcTpastisg Ta HU3Ka KpaiH Adpuku) 3a nepiog 2000-2023 pp. criocTepiragocss 3poCTaHHS 3aXBOPIOBAHOCTI HaCeJEHHS
Ha XBOPOOU JIeTeHb, CIIPUUMHEHI HETYOepKY/IbO3HUMHU MikoGakTepisimu, 3okpema y IliBmenniii Kopei y 8 pasis; y CIIA
mopiuHo Ha 8 %; y Kincimenni (ABctpaitis) y 2,3 pasu — 3 11,1 pcm 'y 2001 poui mo 25,88 pcm y 2016 porii. BctaHoBieHo,
IO €IiJeMioNIOTIYHUMM OCOOIMBOCTSIMM MiKOOAKTepio3iB € mepeBakHe iHGIKyBaHHS TAIi€HTIB HMIBUAKOPOCTYUMMMU
MiKOGaKTePisIMI; 3pOCTAHHS PU3NKY iHGbIKYBaHHS MikKoOGaKTepisiMu i3 361/TbIIIeHHSIM BiKy; BUSBIEHHS M. avium complex,
M. abscessus complex, M. kansasii i M. fortuitum, ik HajtyacTinroi NPUIMHU MiKOOaKTepio3iB

KnioyoBi cnoBa: Miko6akTepios3u MOAVHN; HETY0epKY/IbO3HI MikoGakTepii; emimemMionoris miko6akrepiosis; M. avium
complex
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Abstract. The high frequency of thyroid gland disorders is currently being established, indicating that regular assessment of
its condition and hormone levels may aid in the early detection of disease development. This study aimed to analyse current
scientific data on methods for diagnosing the state of the thyroid gland. A randomised systematic review of 43 scientific
sources published between 2015 and 2024 was conducted. The article provides an overview of traditional and modern
methods of thyroid gland examination. It has been established that modern diagnostic methods are used to determine
the condition of the thyroid gland and to characterise formations. Among them, thyroid ultrasound examination is the
main non-radiation diagnostic tool for establishing diseases and monitoring observation. The advantages of ultrasound
examination include speed, availability, and information content of the method. In addition, an important role is played
by the physical examination of the patient and laboratory tests. Currently, fine-needle aspiration biopsy is considered
the gold standard for the study of thyroid nodules. Positron emission tomography combined with computed tomography
is used to assess tumour response and for the diagnosis, prognosis, and staging of thyroid cancer. To determine the
functional state of the thyroid gland, the level of thyroid hormones in the blood serum is established: triiodothyronine,
thyroxine, thyroid-stimulating hormone, thyroid peroxidase antibody, thyroglobulin antibodies, thyroid stimulating
hormone receptor antibodies, thyroglobulin, and calcitonin. Thus, various clinical, instrumental, and laboratory research
methods are used to determine the state of the thyroid gland

Keywords: hormones; diagnostic methods; structure; functional state; ultrasound examination

INTRODUCTION
Over 200 million people worldwide have thyroid gland pa-  thyroid diseases has increased by 52% in women and by
thology [1, 2]. It has been established that in developed 17% in men [3]. According to the Ministry of Health, from
countries of the world, the incidence of newly diagnosed 2015 to 2020, the incidence of the disease in Ukraine
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increased fivefold [3]. These changes depend on the state
of the environment, iodine deficiency, a person’s lifestyle,
stress, nutrition, and concomitant diseases.

Thyroid gland pathologies include autoimmune thy-
roiditis (enlarged thyroid gland due to inflammation);
hypothyroidism (hormone deficiency); hyperthyroidism
(excess hormones); and thyroid gland neoplasms. For accu-
rate diagnosis, instrumental (ultrasound examination and
laboratory methods (hormone tests, tumour markers) are
currently used. For a more accurate diagnosis, computed
tomography (CT), magnetic resonance imaging (MRI) and
biopsy of thyroid nodules are used [4].

Ultrasound is of great importance in the early detec-
tion of structural changes and thyroid cancer [4, 5]. The
modern level of ultrasound technology and the improve-
ment of the standard of living gradually increase the level
of detection of thyroid nodules. This type of study can de-
tect from 30% to 67% of thyroid nodules [4]. In most cases,
due to the subjective assessment of ultrasound images by
radiologists and their use of different classifications, there
are difficulties in the visual differentiation of benign and
malignant thyroid nodules [6, 7]. L. Yang et al. [4] indicate
that the effectiveness of ultrasound assessment of thyroid
nodules differs in different approaches to determining risk
groups, which leads to the appearance of different data on
the level of diagnostic specificity and sensitivity of meth-
ods. This indicates that this type of study does not allow for
an accurate diagnosis of the malignancy of thyroid tumours
due to the dependence on individual visualisation features,
which requires the creation of detailed evaluation criteria.
Currently, fine-needle aspiration biopsy allows differentia-
tion of benign and malignant from 5% to 96% of cases. This
method is effective and accurate in cases of suspected ma-
lignant neoplasms [8]. However, in about 25% of cases, the
cytological result is inconclusive. In such cases, molecular
tests are proposed. They help to carry out a more accurate
preoperative diagnosis, which allows to reduce the number
of diagnostic operations. The high cost of these molecu-
lar markers and their unavailability in all medical centres
make their use in clinical practice impractical.

T.L.M. Barbosa et al. [8] emphasise the importance of
acknowledging the strengths of various diagnostic features
in current ultrasound examination programs and guide-
lines. Combining these features will allow the development
of effective diagnostic criteria. Additionally, standardising
the parameters for evaluating the thyroid gland across dif-
ferent hospitals will assist in multicentre validation of clin-
ical trials and enhance diagnostic effectiveness.

A wide range of clinical, instrumental, and laboratory
research methods are used to diagnose the functional and
structural state of the thyroid gland. These methods allow
for the detection of thyroid gland pathologies and the de-
termination of the effectiveness (dynamics) of treatment.
The aim of the study was to analyse modern scientific data
on methods for diagnosing the state of the thyroid gland.

To search for publications from 2019 to 2024 in the
scientometric databases PubMed, Web of Science, Scopus,
and Google Scholar, the keywords “hormones”, “diagnostic
methods”, “structure”, “functional state”, and “ultrasound
examination” were used. A randomised systematic review
of 43 scientific sources was conducted. The inclusion cri-
teria were the study and analysis of scientific publications

in Ukrainian and English. The theoretical search for pub-
lications was aimed at analysing, comparing, and summa-
rising data from modern scientific research on effective
methods for diagnosing the state of the thyroid gland. The
process of selecting publications included screening and
quality assessment stages, where each article was care-
fully analysed in terms of its scientific content and meth-
odological aspects. This approach helps to systematical-
ly summarise the literature data and allows for a deeper
consideration of the literature data and allows for a deeper
consideration of the publications selected for the study.

CLINICAL METHODS

OF THYROID GLAND EXAMINATION

A family history of thyroid gland pathology is a predictor of
its development. The presence of malignant thyroid neo-
plasms in first-degree relatives increases the risk of thyroid
cancer by nine times [1]. Additionally, the presence of co-
morbidities plays a crucial role. Often, chronic diseases and
severe forms of illness lead to iron deficiency anaemia, in
which thyroid nodules are more frequently detected. Com-
mon signs of thyroid gland disease include changes in body
weight, mood swings, elevated body temperature, dry skin,
discomfort when swallowing, changes in heart function,
somnolence, and muscle pain [2].

A crucial diagnostic method is the physical examina-
tion of the thyroid gland. Palpation of the thyroid gland
can be performed in various ways, including with one or
both hands from the anterior or posterior approach. Dur-
ing the examination of the thyroid gland, the placement,
shape, size, symmetry, surface condition, and degree of
gland movement during swallowing are assessed. The size
of the gland is crucial during the examination; if chang-
es are detected, the nature of the enlargement needs to be
determined (diffuse, nodular, or mixed); the surface con-
dition — smooth or covered with tubercles; consistency
(soft-elastic or firm); mobility; adhesions to surrounding
tissues; and the patient’s sensations during palpation [9].

Thyroiditis is an inflammatory process associated with
the damage to the thyroid gland. It is characterised by ele-
vated serum concentrations of thyroid antibodies, such as
thyroid peroxidase antibodies (TPOAb) and thyroglobulin
antibodies (Tg Ab). Autoimmune thyroiditis (Hashimoto’s
thyroiditis) is one of the most common autoimmune dis-
eases of the thyroid gland. Researchers by O. Ggsiorowski et
al.[10] have found that it is diagnosed five times more often
in women than in men. Autoimmune thyroiditis is found in
7% of men and 27% of women, with prevalence increasing
with age. Additionally, it is estimated that approximately
1% of men and 5% of women have altered thyroid gland
structure. The pathological features of autoimmune thy-
roiditis include lymphocytic infiltration and fibrosis, which
lead to stiffness of the thyroid parenchyma [10].

The prevalence of hypothyroidism depends on iodine
availability, sex, and age. In 4.70% of cases, hypothyroidism
is undiagnosed, while 4.11% have subclinical hypothyroid-
ism and 0.65% have overt hypothyroidism [11, 12]. Patients
with hypothyroidism typically present with a range of
nonspecific symptoms that overlap with other conditions.
These include low mood, feeling cold, weight gain, mus-
cle aches/cramps, weakness, dry skin, brittle hair and nails,
carpal tunnel syndrome, or dysmenorrhea. Inevitably,
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many people continue to struggle with these nonspecific
symptoms, possibly attributing them to other causes with-
out discussing them with their general practitioner. This
may be particularly relevant for subclinical hypothyroid-
ism, where the severity of thyroid symptoms is likely to be
less than in a person with overt clinical hypothyroidism.
The diagnosis of hypothyroidism is biochemical and is
established based on changes in thyroid-stimulating hor-
mone (TSH) levels above the normal range [11]. The study
by S.P. Fitzgerald et al. [13] found that clinical hypothyroid
symptoms have correlational links with thyroid hormone
levels (particularly free T4 or T3) rather than TSH. In the
future, this could form the basis for recommendations and
aid in better identification of patients with hypothyroidism.

Another common thyroid condition is goitre [12]. De-
pending on the aetiology of the disease and the presence
of cancerous tissues in patients, various clinical manifesta-
tions and levels of thyroid hormones are observed. In 15% of
patientswith goitre, canceris diagnosed,indicating the need
for screening of patients with goitre for thyroid cancer [1].

Thyroid nodules are defined as lesions that can be
differentiated from normal thyroid parenchyma through
physical examination or imaging methods [1, 9]. Thyroid
nodules detected by palpation are a common occurrence,
affecting approximately 7% of patients, with 20% of these
being cancerous [1]. The detection rate of thyroid nodules
is estimated to be 2-6% on physical examination, 19-67%
on ultrasound, and 8-65% in autopsy series. Thyroid lesions
that are not identified during physical examination can be
detected using radiological imaging methods [14]. Micro-
nodules may increase in size over time and are more fre-
quently found in elderly women [15]. M.A. Al-Shammari et
al. [1] found that the presence of an enlarged thyroid gland
increased the risk of thyroiditis detected by ultrasound.
Meanwhile, iron deficiency anaemia, vitamin D deficiency,
other autoimmune diseases, and hypertension were asso-
ciated with an increased risk of thyroid nodules. Among
endocrine neoplasms, thyroid cancer occupies one of the
top positions and is diagnosed in 2.1% of all neoplasms
worldwide (excluding carcinoma in situ and skin cancer).
It should be noted that from 2000 to 2023, the incidence of
thyroid cancer has been rapidly increasing [10].

Thus, the first step in the timely and high-quality di-
agnosis of the thyroid gland is clinical methods, which in-
clude collecting anamnestic data to determine the patient’s
complaints and physical examination of the thyroid gland.
If necessary, further laboratory and instrumental research
methods are carried out to determine the thyroid hormone
spectrum, possible autoimmunity, metabolic disturbanc-
es, and assess pathomorphological changes in the thyroid
gland. In addition, it is necessary to find out whether other
family members (parents, brothers and sisters) had malig-
nant neoplasms or other diseases to stratify the risk and
timely carry out the prevention and diagnosis of thyroid
gland diseases.

INSTRUMENTAL METHODS
FOR THYROID GLAND EXAMINATION
Ultrasound is one of the main methods for visualising the
thyroid gland, detecting its pathology, and monitoring dy-
namic changes. Moreover, this method is accessible and
safe [6, 15]. When the results of ultrasound are insufficient

to determine organ dysfunction, other research methods
are used: MRI, CT, and PET/CT based on fluorine-18 fluoro-
deoxyglucose (18F-FDG). These methods are insensitive to
microlesions of the thyroid gland and are more expensive
and radioactive.

Currently, radioisotope studies (radionuclide scanning
and scintigraphy) are necessary for patients with hyper-
thyroidism, in the diagnosis of various forms of goitre, and
for the determination of iodine-dependent tissue follow-
ing surgical intervention in thyroid cancer. Radionuclide
scanning and scintigraphy are methods for obtaining gam-
ma-topographic two-dimensional images of the gland,
which determine the distribution of the radionuclide io-
dine-133 or 99 mTc-pertchnetate in the thyroid gland.
This allows for a more accurate determination of the places
where radioactive iodine or other nucleotides accumulate
and are processed, as well as determining the necessity and
strategy for surgical intervention. It has been established
that cancer cells concentrate less radioactive iodine than
healthy ones [15]. While other studies have shown the low
effectiveness of these methods, it has been established that
the tissues of benign formations also poorly accumulate ra-
dioactive iodine [15, 16]. The high resolution of ultrasound,
its simplicity, and the absence of the need to introduce ra-
dioisotopes have been shown. This diagnostic method has
high sensitivity, specificity, and diagnostic accuracy for di-
agnosing thyroid swellings, with values of 86.66%, 91.66%,
and 90.66%, respectively [17].

Heterogeneous hypoechoic echogenicity and a lobed
contour are specific grayscale features. Shear-wave elas-
tography (SWE) is a new real-time non-invasive imaging
technology for the thyroid gland that quantitatively as-
sesses tissue stiffness. To increase the sensitivity of de-
termining the degree of the disease and the activity of
the process, B-mode ultrasound is used [18]. A direct re-
lationship was found between SWE indicators and AT-TG
levels, gland volume, between Tg Ab and TPOAD levels, and
an inverse relationship between SWE and echogenicity. In
addition, T. Kara et al. [19] established specific numerical
ranges for determining thyroid gland pathology, namely,
29.45 kPa was proposed as a sensitive-specific cut-off val-
ue for determining Hashimoto’s thyroiditis. However, SWE
is better and more practical than other ultrasound methods
for determining disease progression, as SWE allows quanti-
tative assessment of the degree of fibrosis.

Currently, the gold standard for early diagnosis of thy-
roid tumours is fine-needle aspiration biopsy of nodules
under ultrasound guidance with subsequent cytological
examination. The results of cytological studies, together
with the clinical picture and laboratory data, can help in
complex and difficult cases. This method is simple, safe,
requires minimal costs, and has high diagnostic accura-
cy [20-22]. Studies have shown that this method has 83%
sensitivity and 92% specificity, and has 1 to 21% failures,
which occur due to the technique and experience [23]. In
another study, the authors P. Singh et al. [22] showed its
83.3% sensitivity and 100% specificity. Y.K. Lee et al. [23]
established a correlation between the number of thyroid
FNA and the number of thyroid cancer diagnoses.

Another method is sonography, which allows for the
detection of micronodules (incidentalomas) in the thy-
roid gland. While sonography can provide very important
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information about the nature of the thyroid lesion, it does
not allow for the differentiation of benign lesions from
cancer [15, 24]. To address this issue, the non-invasive
diagnostic and visualisation method *F-FDG PET/CT has
been proposed. PET allows for obtaining data on the quan-
titative parameters of the metabolic activity of tissues.
18F is a radioisotope of fluorine produced by a cyclotron,
which emits positrons and has a short half-life of about
109.7 minutes [25]. This allows the labelling of numerous
molecular indicators, the images of which can be obtained
within a few hours after injection. FDG is a glucose analogy
and is taken up by living cells through glucose transport-
ers on the cell membrane, then incorporated into the first
step of the normal glycolytic pathway. The accumulation
of FDG in tissues is proportional to the amount of glucose
utilisation. Increased glucose consumption is characteris-
tic of most cancers and is partially associated with overex-
pression of glucose transporters and increased hexokinase
activity. It has been shown that FDG PET/CT is a sensitive
visualisation method for the detection, tumour volume
determination, staging, and assessment of treatment re-
sponse in oncology [25]. In a study by A. Akbas et al. [14], it
was found that the frequency of malignant neoplasms with
increased focal 18F-FDG uptake, accidentally detected on
PET/CT, was 18.8%. It was determined that ¥F-FDG PET/
CT uptake of the thyroid gland can be diffuse or nodular.
Diffuse uptake does not require additional examination, as
it is usually accompanied by benign thyroid diseases. Pa-
tients with nodular uptake with a satisfactory general con-
dition require additional examination due to the high rates
of malignancy [14].

Recent studies have allowed the identification of can-
cer-associated fibroblasts, which have been proposed for
low-molecular-weight nuclear diagnostics. In these fibro-
blasts, fibroblast activation protein (FAP) is overexpressed,
while it is not found in normal tissues. It has been shown
that FAP is highly expressed on the membrane of can-
cer-associated fibroblasts in approximately 90% of epithe-
lial tumours, which is observed in cases of tissue damage,
remodelling or chronic inflammation, as well as in benign
conditions [26, 27].

A new class of radiopharmaceuticals based on the
FAP-specific inhibitor (FAPI) based on quinoline has been
developed, which have been recognised as preclinically
promising as molecular targeting imaging probes [28, 29].
FAPI PET/CT is a new diagnostic method in the imaging
of oncology patients. In contrast to 18F-FDG, no diet or
fasting is required before the examination, and image ac-
quisition can potentially be started within a few minutes
after the indicator application. The tumour-to-background
contrast ratios were the same or even better than those of
18F-FDG. In direct comparison, 68Ga-FAPI PET/CT sur-
passes 18F-FDG PET/CT in sensitivity and specificity for
the characterisation of primary, nodular, and metastatic
lesions of various types of thyroid tumours [26, 29].

H. Liu et al. [30] found that diffusely increased
68Ga-FAPI uptake in the thyroid gland is mostly related to
chronic lymphocytic (Hashimoto’s) thyroiditis. 68Ga-FAPI
uptake level correlated neither with the degree of hypo-
thyroidism nor with the TPOAb content. Immune-relat-
ed thyroiditis with immune checkpoint inhibitors may be
accidentally found on 68Ga-FAPI [30]. Therefore, modern

imaging methods such as ultrasound, MRI, CT, and PET/CT
are used to determine the structure and size of the thyroid
gland and its nodules. Additional studies of the thyroid
gland are needed for more accurate diagnosis and treat-
ment planning.

LABORATORY MARKERS

FOR THYROID GLAND EXAMINATION

The thyroid gland produces the hormones triiodothyronine
(T3), thyroxine (T4), and calcitonin. These hormones regu-
late basal metabolism, protein synthesis, and several other
processes, including development [31]. Thyroid function is
assessed and monitored by measuring TSH levels. Euthy-
roidism (normal TSH and thyroid hormone levels), overt
thyroid dysfunction (abnormal TSH and thyroid hormone
levels), subclinical thyroid dysfunction (abnormal TSH/
normal thyroid hormone levels), and isolated hyper/hy-
pothyroxinemia (normal TSH/abnormal thyroid hormone
levels) are determined [13].

S.P. Fitzgerald et al. [13] believe that thyroid hormone
levels are associated with clinical parameters. In their re-
search, K. Inoue et al. [32] found that low levels of thyroid
hormones are linked to various cardiovascular disease risk
factors, including diastolic hypertension, weight gain, in-
sulin resistance, hypercholesterolemia, and dyslipidem-
ia. Hypothyroidism with a serum TSH level greater than
10 mIU/L is associated with a higher risk of heart failure.

Studies have shown problems that arise when inter-
preting laboratory data. The number of results is influ-
enced by various physiological factors such as pregnancy,
metabolic status, obesity, and the presence of comorbid-
ities. These factors affect hormone metabolism and reg-
ulation [33]. Research by Y.C. Zhou et al. [34] indicates a
connection between TSH and metabolic syndrome. Thyroid
hormone levels influence metabolic state and energy bal-
ance. Changes in hormone levels (whether an increase or
decrease) lead to insulin resistance, glucose metabolism
disturbances, and alterations in lipid levels, which in turn
affect the patient’s metabolic parameters.

In the study conducted by A. Punda et al. [35], an as-
sociation was found between TSH and the development
of insulin resistance; a reciprocal relationship between
free T3 and T4 concentrations and insulin resistance; and
a reciprocal relationship between free T3 and T4 levels
and cholesterol levels. Additionally, hypo- and hyperthy-
roidism may influence the development of atherosclerotic
cardiovascular diseases, which is related to the impact of
hormones on lipid metabolism and increased blood pres-
sure [36]. TSH is associated with lipid metabolism and its
seasonal fluctuations are established [37]. O. Ustinov [2]
notes that an increase in hormone levels leads to weight
loss, while a decrease results in weight gain.

Testing the hormonal spectrum constitutes a signifi-
cant portion of the workload in laboratories worldwide. For
screening, diagnosing, and monitoring thyroid diseases
of various aetiologies across all age groups, different test
systems for in vitro diagnostics and measurement devices
are used. These range from classical radioimmunoassay
to modern highly sensitive immunochemiluminescent
methods for determining thyroid hormones and TSH lev-
els in human serum. Identifying deviations in the hormo-
nal spectrum allows for the assessment of thyroid gland
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functional status, which complements the diagnosis of
thyroid diseases. Radioimmunoassay methods for meas-
uring thyroid hormone levels have low sensitivity. To im-
prove sensitivity, new non-isotopic immunological anal-
ysis technologies have been developed: enzyme-linked
immunosorbent assay (ELISA), chemiluminescent assays,
and immunofluorescent assays. These methods are used
to determine: markers of thyroid gland functional status
(TSH, total and free T3, total and free T4); markers of au-
toimmune pathology (Tg Ab, TPOAb, thyroid stimulating
hormone receptor antibodies (TSHR-Ab)); and markers of
oncological pathology (thyroglobulin and calcitonin).

Many factors (population, health status, applied tech-
nology, and timing) can affect the assessment of the meas-
ured parameter. The rhythmic variations described for thy-
roid hormones imply that differences in sample collection
timing and the duration of the study can lead to variations
in the results. All these factors need to be considered dur-
ing analysis. Additionally, the standardisation and effec-
tiveness of the analytical method in terms of accuracy and
specificity also impact the values obtained [33, 34]. It is ev-
ident that technological advancements will lead to chang-
es in generations of analytical systems, meaning that over
time, such analytical characteristics will significantly im-
prove [37-39]. Therefore, laboratory marker results should
be interpreted only in conjunction with the clinical picture
of the disease, as well as with data from other diagnostic
methods (ultrasound, CT, MRI, SWE, PET/CT).

Currently, there is progress in technological tools
within medical science. Machine learning algorithms are
actively being introduced into visualisation programs,
which will help reduce diagnostic time and increase the
diagnostic accuracy of fine-needle aspiration biopsy of the
thyroid gland [40-42]. Recent research by D.D.E. Range et
al. [43] has demonstrated the high effectiveness of ma-
chine learning in predicting malignant thyroid neoplasms.
Machine learning-based diagnosis using digital imaging
of biopsy samples is comparable to the effectiveness of a
cytopathologist. Specifically, the machine learning algo-
rithm for detecting malignancy achieved a sensitivity of
92.0% and a specificity of 90.5%. The area under the curve
for predicting malignancy was 0.931 for cytopathologists
and 0.932 for machine learning. Machine learning effec-
tively distinguished between benign and malignant nod-
ules in cases with indeterminate diagnoses [40]. However,
machine learning-based diagnostic tools for fine-needle
aspiration biopsy of the thyroid gland have not yet been
implemented in practice, so further research is needed be-
fore they can be applied in clinical settings.

CONCLUSIONS
In the course of analysing the literature, the objectives
of the study were achieved and contemporary scientific
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AHoTauif. Hapasi BCTAaHOBJIIOETHCS BMCOKA YACTOTA BUSIBJEHHSI 3aXBOPIOBAHb LIMTOIOAIOHOI 3a703M i 1ie O3HAuae,
IO pery/aspHe OOCTiIKeHHs ii cTaHy Ta BM3HAUYEHHS FOPMOHIB MOXXe AOTIOMOTTM PAaHHbOMY BUSIBJIEHHIO PO3BUTKY
3aXBOpPIOBaHHS. MeTo10 po60THM GYI/I0 MPOBEIEHHS aHATi3y CydyaCHMX HAaYKOBMX JaHUX MO0 METO/IiB AiarHOCTUKM CTaHy
muTonoaibHoi 3ano3u. B xoi pob6oTu 6yso MpoBeeHo paHAOMi30BaHMIT CUCTEMAaTUYHMIT OIS 43 HAaYKOBUX IKepert,
sIKi ory6sikoBaHi B mepiof 3 2015 o 2024 poku. Y cTaTTi HaJaHO 3araabHy iHPOPMAIIiIo OO0 TPAAMUIIITHUX Ta CYYaCHUX
METO/IiB AOCTiIKEHHS UTONOAIOHOI 3a1031. By/io BCTAaHOBJIEHO, IO /ISt BUSHAUEHHS CTAHY IIUTOMNOAi6HOT 3a/1031 Ta
XapaKTepPUCTUKYU YTBOPEHb BUKOPUCTOBYIOTh Cy4YacHi AiarHocTuuHi MeTonu. Cepef, SIKUX yAbTPa3BYKOBE TOCTiIsKEHHS
MIUTOTOAI6HOT 321031 € TOMOBHMM Oe3pafialliifHMM [iaTHOCTMYHMM iHCTPYMEHTOM IIPY BCTAHOBJIEHHI 3aXBOPIOBAHb
Ta MOHITOPUHTY CIIOCTepeskeHHsI. [Io TlepeBar yabTpa3ByKOBOTO JOCTiIKeHHS MOXKHA BiHECT IBUAKICTb, JOCTYITHICTD,
indopmaruBHicTh MeTomy. KpiM TOro, BasiMBY POib BigBOOSThH (i3MKaJIbHOMY OIVISAY TAI[i€HTA Ta ITPOBEJEHHIO
snabopaTopHuX TecTiB. Hapa3si TOHKOroIKOBa acmipatliiiHa 6iorcist BBayka€ThCs 30JI0TMM CTaHIaPTOM JOCITiIKEeHHS BY3JIiB
murononibHoi 3amosu. [TosuTpoHHO-eMiciliHa Tomorpadist pasoM i3 KOMIT'I0TEPHOIO TOMOTpadi€i0 BUKOPUCTOBYETHCS
IIJIST OLIiHKY BiZIIOBiIi MyXJIMHM, & TAKOX JIJI AiarHOCTVKM, TIPOTHO3Y Ta BU3HAYEHHS CTalil paKy IMUTOMNOAi6HOI 3a1031.
It BU3HAUeHHST QYHKIIIOHAIBHOTO CTAHY IIMTOIOAIOHOI 3a/103M B CMPOBATIli KPOBi BCTAHOBJIIOIOTh PiBEHb TOPMOHIB
HIMTOIOAIOHOT 3a/1031: TPUIIOATUPOHIH, TUPOKCUH, TMPEOTPOITHMIT TOPMOH, aHTUTI/Ia 10 TUPEOIePOKCUIA3M, aHTUTiIa
IIO0 TUPEOTIOBYITiHY, aHTUTIIA IO TipEOTPOITHOTO FTOPMOHY, TUPEOTTIO0Y/IiH Ta KaabIIUTOHIH. OTKe, pi3HOMaHiTHI KJTiHiYHi,
iHCTpyMeHTasbHi Ta 1ab0paTOPHi MeTOAY OOCTiIKeHHST 3aCTOCOBYIOTHCS [IJIs1 BUSHAUEHHS CTaHY HIMTOTOAIOHO 3271031
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