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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.



 
GeorGian Medical news  
no 2 (311) 2021

© GMN 5 

Содержание:

Tanskyi V., Ostrovsky Yu., Valentyukevich A., Shestakova L., Kolyadko M.
SURGICAL METHODS OF TREATMENT OF END-STAGE HEART FAILURE ......................................................................... 7

Agdgomelashvili I., Mosidze B., Merabishvili G., Demetrashvili Z.
ENHANCED RECOVERY AFTER SURGERY VS TRADITIONAL CARE 
IN ELECTIVE COLORECTAL SURGERY: A RETROSPECTIVE COHORT STUDY................................................................ 17

Kanadashvili O., Belykh E., Soborov M., Alekseev V., Stolyarchuk E., Atayan A.
NECROTIC FASCIITIS AS A COMPLICATION OF ACUTE DESTRUCTIVE APPENDICITIS ............................................... 21

Kakabadze Z., Janelidze M., Chakhunashvili D., Kandashvili T., Paresishvili T., Chakhunashvili D.G.
EVALUATION OF NOVEL PORCINE PERICARDIAL BIOMATERIAL FOR VENTRAL 
AND INGUINAL HERNIA REPAIR. THE RESULTS OF A NON-RANDOMIZED CLINICAL TRIAL.................................... 27

Podobed A.
INTRAVASCULAR LIPOMA OF THE RIGHT BRACHIOCEPHALIC VEIN
AND SUPERIOR VENA CAVA: A CASE REPORT AND LITERATURE REVIEW ................................................................... 33

Кушта А.А., Шувалов С.М.
ПОСЛЕОПЕРАЦИОННАЯ КОНТРОЛИРУЕМАЯ АНАЛГЕЗИЯ 
У БОЛЬНЫХ С ОНКОПАТОЛОГИЕЙ ГОЛОВЫ И ШЕИ ......................................................................................................... 36

Malinina O., Chaika H., Taran O.
FEATURES OF ANTHROPOMETRIC PARAMETERS IN WOMEN 
OF DIFFERENT MORPHOTYPES WITH POLYCYSTIC OVARY SYNDROME ...................................................................... 41

Hruzevskyi O., Kozishkurt O., Nazarenko O., Platonova Ye., Minukhin V.
COMPREHENSIVE BACTERIOLOGICAL STUDY 
OF THE VAGINAL DISCHARGE DURING BACTERIAL VAGINOSIS .............................................................................. 46

Kvaratskhelia S., Nemsadze T., Puturidze S., Gogiberidze M., Jorbenadze T.
MORPHOLOGICAL CHANGES IN PERIODONTAL TISSUE DURING PERIODONTITIS .................................................... 50

Akimov V.V.,  Kuzmina D.,  Fedoskina A., Vlasova T.,  Dvaladze L.,  Ryzhkov V., Akimov V.P.
ASSESSMENT OF LASER AND ANTIOXIDANT THERAPY EFFICACY 
IN TREATMENT OF CHRONIC GENERALIZED PERIODONTITIS ......................................................................................... 54

Drobyshev A., Klipa I., Drobysheva N., Ilina N., Zhmyrko I.
SURGICALLY ASSISTED RAPID MAXILLARY EXPANSION: 
RETROSPECTIVE ANALYSIS OF COMPLICATIONS 2012-2017 ............................................................................................. 58

Savchuk O., Krasnov V.
WAYS TO IMPROVE THE EFFICACY OF ORTHOPEDIC TREATMENT 
OF PATIENTS WITH SEVERE EXCESSIVE TOOTH WEAR ................................................................................................ 63

Popov K., Bykova N., Shvets O., Kochkonian T., Bykov I., Sulashvili N.
PECULIARITIES OF EVALUATION OF THE ORAL FLUID ANTIOXIDANT ACTIVITY 
IN PATIENTS WITH LOCAL OR SYSTEMIC DISEASES ........................................................................................................... 68

Bondarenko I., Privalova E., Shumina Y.
SONOGRAPHY OF THE FACE AND NECK REGION SOFT TISSUES IN ASSESSMENT 
OF THE COMPLICATIONS CAUSES AFTER FACIAL CONTOURING .................................................................................... 74

Kajaia T., Maskhulia L., Chelidze K., Akhalkatsi V., Kakhabrishvili Z.
ASSESSMENT OF EFFECTS OF NON-FUNCTIONAL OVERREACHING 
AND OVERTRAINING ON RESPONSES OF SKELETAL MUSCLE 
AND CARDIAC BIOMARKERS FOR MONITORING OF OVERTRAINING SYNDROME IN ATHLETES .......................... 79

Sanikidze Q., Mamacashvili I., Petriashvili Sh.
PREVALENCE OF HYPERURICEMIA IN PATIENTS WITH CHRONIC HEART FAILURE ................................................... 85



6

 
МедицинСкие новоСти грузии

cfmfhsdtkjc cfvtlbwbyj cbf[ktyb

Lobzhanidze K., Sulaqvelidze M., Tabukashvili R.
FACTORS ASSOCIATED WITH DECLINE OF FEV1 
IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE ............................................................................................................ 89

Данилов Р.С., Карнаушкина М.А., Бабак С.Л., Горбунова М.В.
ЭОЗИНОФИЛЬНЫЙ КАТИОННЫЙ ПРОТЕИН КАК ЧУВСТВИТЕЛЬНЫЙ БИОМАРКЕР ЭОЗИНОФИЛЬНОГО 
ВОСПАЛЕНИЯ И ПРЕДИКТОР ТЯЖЕЛОГО ТЕЧЕНИЯ ХРОНИЧЕСКОЙ ОБСТРУКТИВНОЙ БОЛЕЗНИ ЛЁГКИХ ... 92

Александров Ю.К., Семиков В.И., Шулутко А.М., Гогохия Т.Р., Горбачева А.В., Мансурова Г.Т.
ПОДОСТРЫЙ ТИРЕОИДИТ И COVID-19 (ОБЗОР) ................................................................................................................... 98

Tsyhanyk L., Abrahamovych U., Abrahamovych O., Chemes V., Guta S.
BONE MINERAL DENSITY AND THE PREVALENCE OF ITS DISORDERS 
IN PATIENTS WITH SYSTEMIC LUPUS ERYTHEMATOSUS AND SYNTROPIC COMORBID LESIONS ......................... 103

Sannikova O., Melenchuk N., Sannikov A.
ADVENTUROUSNESS OF PERSONALITY: CONSTRUCT AND DIAGNOSTICS ................................................................. 109 

Prytula V., Kurtash O.
RECONSTRUCTIVE FUNCTIONAL RESERVOIRS IN TREATMENT
OF CHILDREN WITH AGANGLIONOSIS AFTER TOTAL COLECTOMY ...............................................................................115

Vorobiova N., Usachova E.
INFLUENCE OF CARBOHYDRATE MALABSORPTION SYNDROME 
ON THE CLINICAL COURSE OF ROTAVIRUS INFECTION IN CHILDREN AT AN EARLY AGE ...................................... 120

Asieieva Y.
PSYCHO-EMOTIONAL CHARACTERISTICS OF CYBER-ADDICTION IN YOUNGSTER ADOLESCENTS .................... 125 

Tugelbayeva А., Ivanova R., Goremykina М., Rymbayeva Т., Toktabayeva B.
REACTIVE ARTHRITIS IN CHILDREN (REVIEW) ................................................................................................................... 130

Chakhunashvili D.G., Kakabadze A., Karalashvili L., Lomidze N., Kandashvili T., Paresishvili T.
RECONSTRUCTION OF THE ABDOMINAL WALL DEFECTS USING 
GELATIN-COATED DECELLULARIZED AND LYOPHILIZED HUMAN AMNIOTIC MEMBRANE .................................. 136

Kachanov D., Atangulov G., Usov S., Borodin A., Gadzhiibragimova Z.
THYROID STATUS: IS IT POSSIBLE TO RESTORE MYELIN? ............................................................................................... 143

Pkhakadze G., Bokhua Z., Asatiani T., Muzashvili T., Burkadze G.
LOSS OF CAS3 AND INCREASE OF BAX EXPRESSION ASSOCIATED 
WITH PROGRESSION OF CERVICAL INTRAEPITHELIAL NEOPLASIA ............................................................................. 147

Bobyr V., Stechenko L., Shyrobokov V., Nazarchuk O., Faustova M.
MORPHOLOGICAL CHARACTERISTICS OF SMALL INTESTINE MUCOSA IN DYSBIOSIS 
AND AFTER ITS CORRECTION BY PROBIOTICS AND ENTEROSORBENTS .................................................................... 151

Роговый Ю.Е., Цитрин В.Я., Архипова Л.Г., Белоокий В.В., Колесник О.В.
ИСПОЛЬЗОВАНИЕ МОЛЕКУЛЯРНОГО ВОДОРОДА В КОРРЕКЦИИ СИНДРОМА NO-REFLOW 
НА ПОЛИУРИЧЕСКОЙ СТАДИИ СУЛЕМОВОЙ НЕФРОПАТИИ ........................................................................................ 156

Косырева Т.Ф., Абакелия К.Г., Катбех Имад, Тутуров Н.С., Хасан А.М.
ВЛИЯНИЕ ПИЩЕВЫХ ЖИДКОСТЕЙ НА ЗУБОЧЕЛЮСТНУЮ СИСТЕМУ 
(ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ) ........................................................................................................................ 163

Шарашенидзе Т.Г., Мамамтавришвили Н.Н., Енукидзе М.Г., Мачавариани М.Г., Габуния Т.Т., Саникидзе Т.В.
ЭФФЕКТ ПРОПРАНОЛОЛА НА ПРОФИЛЬ ЦИТОКИНОВ В ЭКСПЕРИМЕНТАЛЬНОЙ МОДЕЛИ 
T-ЛИМФОЦИТОВ ЧЕЛОВЕКА (КЛЕТКИ JURKAT) IN VITRO ............................................................................................. 169

Ebralidze L., Tsertsvadze A., Bakuridze L., Berashvili D., Bakuridze A.
BIOPHARMACEUTICAL UNDERSTANDING OF FORMULATION PREPARATION VARIABILITY 
OF PLGA NANOPARTICLES LOADED WITH ERYSIMUM EXTRACT ................................................................................. 173

Zaborovskyy V., Fridmanskyy R., Manzyuk V., Vashkovich V., Stoika A.
THE BOUNDARIES OF GENDER TOLERANCE IN THE MODERN SOCIETY AND LEGAL STATE (REVIEW) .............. 178



 
GeorGian Medical news  
no 2 (311) 2021

© GMN 79 

Пациентам с жалобами после контурной пластики лица по-
казано ультразвуковое исследование кожи и мягких тканей для 
дифференциальной диагностики причин жалоб, определения 
тактики лечения и планирования косметологических процедур.

reziume

saxis da kisris rbili qsovilebis sonografia, 
saxis konturirebis Semdgomi garTulebebis 
mizezebis Sefaseba

i.bondarenko,  e.privalova,  i.Sumina

sxivuri diagnostikis centraluri samecniero-
kvleviTi instituti, moskovi, ruseTis federacia

ultrabgeriTi kvleviT Seswavlilia 132 qali 
saxis konturuli plastikis Semdeg, filerebis 
Seyvanidan ori kviridan 15 wlis vadaSi, CivilebiT 
SeSupebaze, hiperkoreqciaze, asimetriasa da dis-
komfortze, aseve, wuxilis gamo rbil qsovilebSi 

preparatis arsebobis vadebis gaxangrZlivebas-
Tan dakavSirebiT.
111 (84,1%) SemTxvevaSi Seyvanili iyo filere-

bi hialuronis mJavas safuZvelze, 13 (9,8%)SemTx-
vevaSi  – silikoni, 6 (4,5%) SemTxvevaSi - kalci-
umis hidroqsiapatiti, 1 (0,8%) SemTxvevaSi  – po-
limeTilmetokrilati, 1 (0,8%) pacients – ucno-
bi warmoSobis arahialuronuli bunebis file-
ri. ultrabgeriTi kvlevis Sedegebis mixedviT, 
filerebis an fibrozuli cvlilebebis ultra-
bgeriTi niSnebis lokalizebis yvelaze xSir 
midamos maTi Seyvanis proeqciaze warmoadgenda 
cxvir-sacremle arxis midamo da warbTSorisi 
naWdevi – 54  pacienti, aseve, tuCebis da cxvir-
tuCis naoWis are – 52 SemTxveva.
konturuli plastikis Semdeg Civilebis 

mizezebis diferenciuli diagnostikisaTvis, 
mkurnalobis taqtikis gansazRvrisa da kos-
metologiuri procedurebis dagegmvisaTvis 
naCvenebia kanis da rbili qsovilebis ultra-
bgeriTi kvleva.

ASSESSMENT OF EFFECTS OF NON-FUNCTIONAL OVERREACHING AND OVERTRAINING 
ON RESPONSES OF SKELETAL MUSCLE AND CARDIAC BIOMARKERS 

FOR MONITORING OF OVERTRAINING SYNDROME IN ATHLETES

Kajaia T., Maskhulia L., Chelidze K., Akhalkatsi V., Kakhabrishvili Z.

Tbilisi state Medical University, Georgia

In professional sports, the focus on success in training and 
competition creates a driving force for a higher level of fitness, 
which requires greater workload from athletes, longer sports sea-
son and greater frequency of competitions. Sports training pro-
gram commonly comprises a component of repetitive overload-
ing to initiate structural and functional changes in an attempt to 
achieve favorable adaptation to the workouts and enhance ath-
lete’s sports performance, but with an inadequate recovery time 
or an abrupt increase in training load, overloading may produce 
undesired effects. If overreaching is extreme and combined with 
an additional stressor, non-functional overreaching (NFO), and 
then overtraining syndrome (OTS) may result [12,13]. Because 
of imbalance between training and recovery, athletes are at risk 
of becoming overtrained, subsequently increasing the possibil-
ity of cardiac damage [9,16]. Early detection of NFO is very 
important in terms of prevention of overtraining, as well as for 
interruption of NFO/OTS progression.

Physiological, biochemical, immunological, psychological 
and performance markers of OTS are intensively investigated. 
During the last years, growing interest is set on biomarkers 
aiming at evaluating health-related aspects which can be mod-
ulated by regular physical activity and sport. The use of spe-
cific biochemical markers for the diagnosis of OTS are still in 
discussion. However, serum creatine phosphokinase (CK) has 
for years been measured and evaluated in exercise science as 
an essential parameter for the determination of muscular stress. 
Elevated baseline values of CK may indicate trauma or over-

training, also, its concentration can be used to monitor activity 
of athletes with a muscle injury [15].

Numerous studies have suggested that prolonged exercise 
may induce a transient appearance of cardiac-specific troponins 
(such as cTnI or cTnT), normally indicative of myocyte necrosis 
[14,17-20]. The troponin level post-exercise corresponds to re-
lease from the cytosolic compartment of cardiomyocytes. There 
are many causes of increased membrane permeability of cardio-
myocytes and, among them, production of reactive oxygen spe-
cies and imbalance between oxidative and antioxidant status is 
of growing interest. Other causes of permeability growth might 
be alterations in calcium, pH, glucose/fat metabolism or in com-
munication between integrins, as well as various mechanisms 
can be suggested, among them increased cardiovascular stress, 
inflammation, vasculitis, dehydration, or expression of cardiac 
troponin in skeletal muscle [3,21]. However, “the presence of 
measurable troponin amounts in the blood should not be inter-
preted as cardiac damage in the absence of clinical symptoms or 
instrumental findings of myocardial disease” [1], such as altera-
tions of echocardiographic parameters of systolic, diastolic or 
right-sided heart dysfunction. Results of previous studies about 
continuous ultraendurance activities were inconclusive in terms 
of appearance of cardiac-specific troponins in the blood. On the 
other hand, some studies on exercises like marathon and triath-
lon showed no increase in these markers [10]. Recent studies 
showed that cardiac troponin I and T were strongly correlated 
following exercise [7,8]. Therefore, with respect to abovemen-
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tioned uncertainty regarding increase of the troponins after high 
and ultra endurance activities, it is critical to investigate chang-
es in the biomarkers in high intensity and strengths oriented 
(sprinting, jumping, weight lifting, training with resistance, etc.) 
as well as in team sports (basketball, football, water-polo, etc.) 
owing that little detailed information is available on the level 
and pre-season/in-season dynamics of these biomarkers. On the 
other hand, it is very important to study chronic effects of exer-
cises via responses of biomarkers for understanding of muscle 
fatigue and cardiac damage to identify athletes who are at risk of 
poor adaptation to training and development of OTS. 

The aim was to study the effects of non-functional overreach-
ing and overtraining on responses of biomarkers of the skeletal 
muscle cell (CK-NAC) and cardiomyocyte injury (cTnI and 
CK-MB) and their use in monitoring OTS. 

Material and methods. Initial stages of the study were con-
ducted in the Clinical Center of Sports Medicine and Rehabili-
tation of Tbilisi State Medical University during 2015-2018. 
Physical condition and health status of 348 high level male 
athletes (aged 22±4,7 y.o.) were examined and among them 43 
subjects with NFO/OTS were revealed. Diagnosis of OTS was 
based on the checklist provided by the consensus statement of 
the European College of Sports Science (ECSS) and the American 
College of Sports Medicine (ACSM) [12], and other clinical condi-
tions were ruled out as explanation for decreased performance. Out 
of 43 subjects with NFO/OTS, 37(10,6%) athletes met criteria for 
non-functional overreaching and 6 (1,7%) athletes fell under crite-
ria of OTS of different severity and duration [4,5]. 

On the initial stage of this study, in abovementioned 348 elite 
male athletes a pre-season measurement of the serum creatine 
kinase (CK-NAC and CK-MB) took place. Therefore, in the 
following, prospective in-season evaluation of the dynamic of 
CK (CK-NAC and CK-MB) changes, along with in-season/
peak-season measurement and interpretation of cardiac troponin 
with sensitive cTnI were performed. For this reason, along with 43 
athletes with NFO/OTS, 40 age matched athletes of the same sport-
ing disciplines but without NFO/OTS – control athletes (CA) were 
involved. Data were collected over a two-year period because of the 
rare nature of overtraining syndrome. Assessment of biomarkers in 
the blood serum were performed with analytical microprocessor-
controlled photometer systems HUMALYZER 2000 for CK-NAC 
and CK-MB, and HUMAREADER Single Plus for cTnI Elisa test 
based on the principle a solid enzym linked imunosorbent assay 
(HUMAN, Gesellschaft für Biochemica und Diagnostica mbH, 
Germany). Normal range for CK-NAC levels is considered 24-
190 U/I in men and 24-170 U/I in women, and for CK-MB levels 
<25U/I. Reference range for cardiac troponin I levels is considered 
<0,1 ng/ml. According to the most current approach [15], CK lev-
els in the blood serum respond to the exercise duration and inten-
sity, and there is smaller rise of CK concentration in athletes than 
in sedentary, showing adaptation due to training. Nevertheless, in 
athletes, interpretation of the baseline CK level in the blood serum 
has to be following: 200 U/I –training adaptation, 200-250U/I – el-
evated training levels, >300U/I – possible overtraining and muscle 
damage [15]. 

Experimental procedures included measurement of the CK 
and cTnI levels 24 hours before the strenuous exercise appropri-

ate to the sport-specific peak-season intensity, immediately after 
completion of the work-load, after 6 hours, 48 hours, and again 
after 72 hours post-exercise. 

Baseline (24 hours before exercise) and post-exercise clini-
cal assessment and echocardiography was performed within 6 
hours, and then 48 hours after the strenuous session to evaluate 
cardiac symptoms and measure ventricular function, volumes, 
and wall motion. Echocardiography (M-mode, 2D, Doppler, 
Tissue Doppler Imaging-TDI) was performed in accordance 
with recommendations from the American Society of Echo-
cardiography (2015) [11]. The presence of significant valvular 
disease or intracardiac shunts was excluded by means of color 
Doppler. Left ventricular end-diastolic volume (LVEDV) and 
end-systolic volume (LVESV), as well as biplane LV ejec-
tion fraction (EF), were calculated from four-chamber and two 
chamber images, by modified Simpson rule. Mitral inflow mea-
surements were obtained from the four-chamber view, and early 
filling LV velocity (E) and atrial filling velocity (A) waves, E/A 
ratio as well as E wave deceleration time (DT) were measured. 
TDI measurements were assessed in the apical four-chamber, 
and diastolic myocardial velocities - peak early myocardial tis-
sue velocity (E´), peak late (or atrial) myocardial tissue velocity 
(A´), and E´/A´ ration were recorded, as well as and E/ E´ ratio 
was calculated. Right ventricular (RV) measurements and tricus-
pid annular plane systolic excursion (TAPSE) performed.

Above mentioned specific time point was chosen based on the 
assumption, that 6 hours would allow sufficient time to develop and 
detect inflammation, corresponding to the time when cTnI is typi-
cally detectable in ischemic models [1]. On the other hand, 48 hours 
is sufficient recovery time due to high-level athletes’ physiological 
adaptation to intensive physical training, among them in terms of 
stabilization and recovery of CK concentrations in blood serum. 

SPSS 26 software was used for statistical analysis. Obtained 
data were processed according Student’s t-criterion, and data are 
presented as mean ± SD. The level of statistical significance was 
set as p value <0,05.

Results and discussion. Retrospective analyzes of baseline 
data obtained during off-season, after at least 1 week resting 
period, showed no significant difference of CK levels between 
athletes with NFO/OTS and control group, and the values didn’t 
exceed reference range, p>0.05 (Table 1). 

Pre-exercise clinical assessment of study groups did not re-
veal subjective or objective cardiac symptoms, whereas in total 
5 athletes mentioned mild injury of lower extremities during 
training and small pain associated to those injuries.

During the season pre-exercise measurements of CK in all ath-
letes – athletes with NFO, athletes with OTS and control athletes 
exceeded off-season values, but were less than 300U/I, and fell 
within the “elevated training level” range (Table 2). Similar rising 
trend of CK-NAC and CK-MB values was observed immediately 
after exercise, reaching peak values after 6 hours in all athletes - 
with NFO/OTS and control group, however, the peak values in 
NFO athletes and OTS athletes were significantly greater than in 
controls. The CK-NAC and CK-MB values after 48 hours of re-
covery were significantly higher than entry values in athletes with 
NFO and athletes with OTS, but in controls it remained elevated 
solely for CK-MB parameter. As for inter-group comparison, in re-

Table 1. Off-season measurement of the serum creatine kinase (CK) in studied groups
CK-NAC, U/I CK-MB, U/I

Athletes with NFO/OTS 171±25.6 3.87±0.61
Control athletes 164±31.4 3.29±0.45
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covery phase, after 48 hours, CK-NAC and CK-MB values were 
significantly higher in athletes with NFO and OTS athletes than in 
controls, showing greater retention of biomarkers in blood serum 
and slower/prolonged recovery, and CK-NAC levels falling within 
the “possible overtraining and muscle damage” levels in OTS ath-
letes, even after 72 hours of recovery (Table 2). Concentrations of 
cTnI increased markedly from baseline, reaching peak values after 

6 hours in all athletes - with NFO/OTS and control group, however, 
the peak values in athletes with NFO and athletes with OTS were 
significantly greater than in controls, and at the same time, slightly 
exceeded reference range. Cardiac TnI levels were declining after 
48 hours, but remaining significantly higher than entry values in ath-
letes with NFO and athletes with OTS. In these athletes pre-exercise 
levels of cTnI values were reached after 72 hours of recovery (Table 3).

Table 2. Levels of CK-NAC (U/I) and CK-MB (U/I) in studied groups pre- and post-exercise (Mean±SD)

Pre-exercise Immediately after 
exercise After 6 hours After 48 hours After 72 hours

C
K

-N
A

C

C
K

-M
B

C
K

-N
A

C

C
K

-M
B

C
K

-N
A

C

C
K

-M
B

C
K

-N
A

C

C
K

-M
B

C
K

-N
A

C

C
K

-M
B

Athletes 
with NFO

269±
34,6

5.2±
0.59 485±56,2 9.8±

0.61
937±
62,6*

18.2±
4.3*

547±
74,6▪ ^

13.4±
3.6▪ ^ 286±31,4 6.2±

0.24
Athletes 

with OTS
276±
24,7

5.4±
0.36 493±45,6 10.±

0.42
955±
81,3*

19.1±
5.4*

601±
56,2▪ ^

15.2±
3.9▪^

325±42.6
^^

11.6±
3.1^^

Control 
athletes

257±
56,8

4.7±
0.81 461±74,4 9,3±

0.45
807±
54,1

15.6±
2.7

324.7±
57.3

9.3±
2.5^ 243±27,4 4.2

±3.7
*p<0,05 - CK-NAC and CK-MB data after 6 hours, compared between NFO/OTS athletes and CA; 

▪ p<0,05 - CK-NAC and CK-MB data after 48 hours, compared between NFO/OTS athletes and CA;
^ p<0,05 - CK-NAC and CK-MB data pre-exercise and after 48 hours;
^^ p<0,05 - CK-NAC and CK-MB data pre-exercise and after 72 hours

Table 3. Level of cTnI (ng/ml) in studied groups (Mean±SD)

Pre-exercise
Post-exercise

Immediately after 
exercise After 6 hours After 48 hours After 72 hours

Athletes with NFO 0.021±0.026 0.052±0.078 0.128±0.092* 0.041±0.046▪ ^ 0.024±0.035
Athletes with OTS 0.031±0.017 0.070±0.043 0.137±0.061* 0.053±0.075▪ ^ 0.035±0.012

Control athletes 0.023±0.034 0.061±0.012 0.081±0.046 0.028±0.008 0.019±0.017
*p<0,05 - cTnI data after 6 hours, compared between NFO/OTS athletes and CA; 

▪ p<0,05 - cTnI data after 48 hours, compared between NFO/OTS athletes and CA;
^ p<0,05 - cTnI data pre-exercise and after 48 hours

Table 4. Echocardiographic variables of NFO/OTS athletes baseline (pre-exercise) 
and after strenuous exercise: within 6 hours and after 48 hours, (Mean±SD)

Variable Pre-exercise
Post-exercise

Within 6 hours After 48 hours
LV EDV, ml 116±22 103±25* 115±24
LV EDS, ml 41±17 38±21 40±26

LV EF, % 61±4 62±6 61±7
LA indexed volume, mL/m² 26±2 26±3 27±3

RV fractional area change, % 48±4 45±5 47±5
TAPSE, mm 22±2 24±3 23±2

E, m/s 0.78±0.11 0.69±0.17* 0.75±0.12
A, m/s 0.53±0.12 0.65±0.16* 0.59±0.11

E/A ratio 1.47±0.25 1.06±0.14* 1.40±0.09
DT, ms 209.14±29.78 214.35±24.01 210.23±30.15
E´, cm/s 13.56±1.1 11.23±1.8* 13.15±2.6
A´, cm/s 9.25±1.5 9.96±1.3* 9.46±1.7

E´/A´ 1.45±0.8 1.13±1,5* 1.38±1.6
E/ E´ ratio 5.67±1.1 6.15±1.7 5.70±1.5

*p<0.05 post- versus pre-exercise
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When compared to pre-exercise echocardiography data, we 
detected small, but significant decrease (p<0.05) of post-exer-
cise left ventricular end-diastolic volume, E/A ratio (due to a 
decrease of the E wave and an increase of the A wave), and E´/
A´ ratio (due to a decrease of the E´ wave and an increase of the 
A´ wave), but all still within the conventional reference ranges 
[11]. However, after 48 hours of recovery all mentioned changes 
were normalized. Other measurements post-exercise were not 
different from values observed pre-exercise. Thus, our study 
demonstrated that after strenuous workload LV systolic function 
as well as RV systolic parameters are preserved and there are 
only small decrease of LV diastolic volumes and minor signs of 
diastolic impairment detectable, even though transient, due to 
slight modifications of the LV filling patterns, but without ad-
ditional signs of diastolic dysfunction (Table 4). 

A, mitral A wave filling velocity; A´, peak late (or atrial) myo-
cardial tissue velocity; DT, mitral deceleration time; E, mitral E 
wave filling velocity; E´, peak early myocardial tissue veloc-
ity; LVEDV, left ventricular end-diastolic volume; EF, ejection 
fraction; LVESV, left ventricular end-systolic volume; HR, heart 
rate; LA, left atrium; LV, left ventricular; RV, right ventricle; 
TAPSE, tricuspid annular plane systolic excursion

Post-exercise clinical assessment of the studied athletes didn’t 
reveal any significant cardiac symptoms, whereas most of the 
athletes noted continuous trauma during game/combat con-
tact events (football, basketball, rugby, boxing) and associated 
muscular pain of various severity, though, quite rapid recovery 
in vast majority of cases. Herewith, 2-year follow-up and ret-
rospective analyze demonstrate that most of the OTS athletes 
showed no signs of full recovery. Three athletes (football player 
and two wrestlers) struggled from muscular pain, mostly lower 
limbs, and cramps in lower limbs. After 6 month of follow up, 
these athletes were not able to train regularly because of slow re-
covery from training and the presence of muscle pain and gener-
al fatigue, contributing to a detraining. Other OTS athletes were 
able to train regularly with some cautious planning, but their 
training volume had not returned to normal and they required 
more time for recovery from a training session than usual.

In our study prevalence of NFO and OTS was seen in team 
sports (football, water-polo, rugby, basketball) and in sporting 
disciplines with mixed high and high-to-moderate intensity 
workload (boxing, wrestling), among them 27(62,8%) NFO and 
4 (9,3%) OTS cases, particularly, majority of NFO/OTS were 
revealed in wrestling: NFO- 19(44,2%) and OTS- 4(9,3%) [4]. 
Most of these sports can be considered as “tackle plays” (foot-
ball, rugby) or “combats” (boxing, wrestling) causing muscular 
injury. Muscle damage and disruption of skeletal muscle mem-
brane may cause plasma CK leakage. Higher pre-exercise values 
of CK compared to off-season, can be associated with various 
severity (mostly mild) of muscular trauma which may occur 
during training or competition, though, their persistence can 
be a signal of overtraining. However, in athletes, persistently 
elevated CK levels, and at the same time, reduced exercise 
tolerance can be suggestive of OTS. With regards of markers 
of myocardial injury, increased CK-MB levels post-exercise, 
though, never exceeding upper cut-off value, and cTnI slight-
ly exceeding conventional reference range after 6 hours of 
strenuous exercise, may represent reversible involvement of 
cardiomyocyte membrane, benign by nature, caused by ex-
cessive cardiac workload. These changes were not associated 
with any sustained alterations of echo-parameters of LV and 
RV systolic and diastolic functions, and do not reflect clini-
cally threatening myocardial damage. Minor diastolic chang-

es can be attributed to the isolated modification of the trans-
mitral inflow pattern due to adaptation to the post-exercise 
haemodynamic changes rather than intrinsic alterations in LV 
relaxation or compliance properties [2].

Detection of elevated values of cardiac markers after strenu-
ous exercise can be linked to increased cellular permeability and 
cardiac troponin leakage. On the other hand, oxidative stress 
existent in OTS athletes [6] may significantly contribute to in-
crease of cardiomyocyte membrane permeability, owing higher 
values of cTnI in this group compared to controls and athletes 
with NFO. The release of troponins from the cardyomyocites 
was transient and recovered quite rapidly, without irreversible 
pathophysiological and clinical consequences. Bearing in mind 
that after 48 hours of recovery in athletes with NFO and athletes 
with OTS the CK levels were still high, the training regimen 
comprised of proper set of intensive-to-less intensive exercise 
sessions and corresponding duration of recovery phases should 
be suggested. Such strategy could prevent overtraining, as well 
as could interrupt NFO to OTS progression. 

Conclusions. In our study sport-specific intensive exercise 
could cause mild injury to skeletal muscle and transient increase 
of the CK-MB and cardiac TnI, without irreversible pathophysi-
ological and clinical consequences, and any sustained alterations 
of echocardiographic parameters of systolic and diastolic func-
tions, suggesting mostly benign cardiac involvement, though 
amplified by existent oxidative stress in athletes with OTS. 
Monitoring responses via alterations of biochemical parameters 
can be helpful to guide athletic training, reveal incomplete re-
covery and suggest trauma or overtraining, and prevent OTS or 
interrupt NFO to OTS progression.
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SUMMARY

ASSESSMENT OF EFFECTS OF NON-FUNCTIONAL 
OVERREACHING AND OVERTRAINING ON RE-
SPONSES OF SKELETAL MUSCLE AND CARDIAC BI-
OMARKERS FOR MONITORING OF OVERTRAINING 
SYNDROME IN ATHLETES

Kajaia T., Maskhulia L., Chelidze K., Akhalkatsi V., 
Kakhabrishvili Z.

Tbilisi state Medical University, Georgia

The aim was to study the effects of non-functional overreach-
ing and overtraining on responses of biomarkers of the skeletal 
muscle cell (CK-NAC) and cardiomyocyte injury (cTnI and 

CK-MB) and their use in monitoring OTS. In 43 athletes with 
non-functional overreaching (NFO)/overtraining syndrome 
(OTS) and 40 athletes without NFO/OTS –control athletes (CA) 
off-season measurements of creatine kinaze (CK-NAC and CK-
MB) were performed, followed by peak-season evaluation of 
the dynamic of CK-NAC, CK-MB and cardiac troponin I (cTnI) 
changes. CK and cTnI levels were obtained 24 hrs before the 
strenuous exercise appropriate to the sport-specific peak-season 
intensity, immediately after completion of the work-load, after 
6, 48, and 72hrs.  Baseline and post-exercise clinical assessment 
and echocardiography were performed in 6 and 48 hrs after 
strenuous session.

Similar rising trend of CK-NAC, CK-MB, and cTnI levels 
was observed immediately after exercise, reaching peak val-
ues after 6 hours in all athletes, though, significantly greater in 
NFO/OTS athletes than in controls. After 48 hours of recovery 
in athletes with NFO/OTS CK-NAC, CK-MB, and cTnI values 
were significantly higher than on entry, showing slower recov-
ery. CK-NAC fell within the “possible overtraining and muscle 
damage” levels in OTS athletes, even after 72 hours of recov-
ery. Most of the athletes noted continuous trauma during game/
combat contact events, though, mostly recovered after 48 or 72 
hours. Two year follow-up showed no signs of full recovery 
in the OTS athletes. Echocardiography didn’t reveal any sus-
tained alterations of systolic and diastolic functions, or clinically 
threatening myocardial damage, only minor diastolic changes 
due to adaptation to the post-exercise haemodynamic. Elevated 
values of cardiac markers after strenuous exercise can be linked 
to increased cellular permeability and cardiac troponin leakage, 
amplified by oxidative stress existent in OTS athletes.

In our study sport-specific intensive exercise caused mild 
injury to skeletal muscle and transient increase of the CK-MB 
and cTnI, without irreversible pathophysiological and clinical 
consequences, suggesting mostly benign cardiac involvement, 
though amplified by existent oxidative stress in athletes with 
OTS. Monitoring responses via alterations of biochemical pa-
rameters can be helpful to guide athletic training, and prevent 
OTS or interrupt NFO to OTS progression.

Keywords: Non-functional overreaching, overtraining syn-
drome, biomarker, skeletal muscle damage, cardiomyocyte 
damage.

РЕЗЮМЕ

ОЦЕНКА ЭФФЕКТОВ НЕФУНКЦИОНАЛЬНОГО 
ПЕРЕНАПРЯЖЕНИЯ И ПЕРЕТРЕНИРОВКИ НА РЕ-
АКЦИЮ СКЕЛЕТНЫХ МЫШЦ И СЕРДЕЧНЫХ БИО-
МАРКЕРОВ, С ЦЕЛЬЮ МОНИТОРИНГА СИНДРО-
МА ПЕРЕТРЕНИРОВКИ СПОРТСМЕНОВ

Каджаия Т.З., Масхулия Л.М., Челидзе К.Л., 
Ахалкаци В.И., Кахабришвили З.Г. 

тбилисский государственный медицинский университет, 
грузия

Целью исследования явилось определение ответной реак-
ции биомаркеров повреждения скелетных мышц (CK-NAC) 
и миокардиоцитов (cTnI и CK-MB), вызванной нефункцио-
нальным перенапряжением и перетренировкой, для монито-
ринга синдрома перетренировки спортсменов. 

У 43 спортсменов с нефункциональным перенапряже-
нием (НФП)/синдромом перетренировки (СП) и спор-
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тсменов без НФП/СП (контрольная группа - КГ) перед на-
чалом спортивного сезона оценивался уровень креатин-
киназы - CK (CK-NAC и CK-MB), затем, на пике сезона, 
исследовалась динамика изменений в уровнях CK-NAC, 
CK-MB и кардиального тропонина I (cTnI). Измерения 
концентраций CK и cTnI проведены за 24 часа перед ин-
тенсивной, спорт-специфической, соответствующей пику 
сезона нагрузкой, затем сразу по окончании, спустя 6, 48, 
и 72 часа после нагрузки. Проведены начальная и после-
нагрузочная (спустя 6 и 48 часов) клиническая оценка и 
эхокардиография. 

Одинаковая тенденция роста уровней CK-NAC, CK-MB 
и cTnI отмечена у всех спортсменов сразу по окончании на-
грузки, которая достигала пиковых значений спустя 6 часов 
и была достоверно выше у НФП/СП, чем у спортсменов КГ. 
Спустя 48 часов восстановления у спортсменов с НФП/СП 
уровни CK-NAC, CK-MB и cTnI были достоверно выше, 
чем перед нагрузкой, что свидетельствует о медленном вос-
становлении. У спортсменов с СП концентрация CK-NAC 
соответствовала уровню “возможная перетренировка и по-
вреждение мышц“ даже после 72 часов восстановления. 

Большинство спортсменов отмечали частую травму во 
время игровых/боевых контактных событий, однако, в ос-

новном, спустя 48 или 72 часа восстанавливась. Два года 
наблюдения не выявили признаков полного восстановления 
у спортсменов с СП. Эхокардиография каких-либо устойчи-
вых изменений систолической и диастолической функций 
сердца или клинически угрожающего повреждения миокар-
да не выявила, отмечались только незначительные диасто-
лические изменения ввиду адаптации к гемодинамическим 
изменениям после нагрузки. Обнаружение повышенных 
значений сердечных маркеров после интенсивных нагрузок, 
по всей вероятности, связано с повышенной клеточной про-
ницаемостью и утечкой cTnI, усиленной оксидационным 
стрессом, существующим у спортсменов с СП.

Спорт-специфические интенсивные нагрузки могут вы-
звать легкое повреждение скелетных мышц и временное 
увеличение CK-MB и сердечного TnI, без необратимых 
патофизиологических и клинических последствий, что 
предполагает в основном доброкачественные изменения, 
усиливающиеся существующим оксидационным стрес-
сом у спортсменов с СП. Использование изменений био-
химических параметров с целью мониторинга обеспечит 
возможность управления спортивными тренировками, 
предотвращения СП или прерывания прогрессирования 
НФП в СП. 

reziume

ConCxis kunTebis da kardiuli biomarkerebis pasuxze arafunqciuri gadaZabvis 
da gadawvrTnis efeqtis Sefaseba, sportsmenTa gadawvrTnis sindromis monitoringis mizniT

T.qajaia, l.masxulia, k.WeliZe, v.axalkaci, z.kaxabriSvili 

Tbilisis saxelmwifo samedicino universiteti, saqarTvelo

kvlevis mizans warmoadgenda arafunqciuri 
gadaZabviT da gadawvrTniT gamowveuli ConCxis 
kunTebisa (CK-NAC) da kardiomiocitebis da-
zianebis (cTnI and CK-MB) biomarkerebis pasuxis 
Seswavla da Sedegebis gamoyeneba sportsmenebSi 
gadawvrTnis sindromis monitoringisTvis. spor-
tuli sezonis dawyebis win Sefasda kreatin- 
kinazas (CK-NAC da CK-MB) done arafunqciuri 
gadaZabviT (afg)/gadawvrTnis sindromiT (gws) 
sportsmenebSi (n=43) da sakontrolo jgufSis 
(sj) sportsmenebSi (n=40) afg/gws-s gareSe. Semdeg 
sezonis pikze gamokvleul iqna CK-NAC, CK-MB da 
kardiuli troponin I (cTnI)-s cvlilebebis dina-
mika. CK da cTnI monacemebi miRebulia intensiuri 
sport-specifikuri datvirTvamde 24  saaTiT adre, 
datvirTvis damTavrebisTanave da datvirTvis 
dasrulebidan 6, 48 da 72 saaTis Semdeg. sawyisi 
da datvirTvisSemdomi klinikuri da eqokardio-
grafiuli Sefaseba ganxorcielda 6 da 48 sa-
aTis Semdeg. 
msgavsi zrdis tendenciiT xasiaTdeboda CK-

NAC, CK-MB da cTnI–s done datvirTvis dam-
Tavrebisas da piks aRwevda 6 saaTis Semdeg yve-
la sportsmenSi, Tumca afg da gws sportsmenebSi 
pikuri monacemebi sarwmunod aRemateboda sakon-
trolo jgufisas. aRdgenis periodSi, 48 sa-aTis 
Semdeg afg da gws sportsmenebSi CK-NAC, CK-
MB da cTnI-s done sarwmunod aRemateboda sawyis 
maCveneblebs, rac metyvelebs Senelebul aRd-

genaze. aRdgenidan 72 saaTis Semdeg gws sport-
smenebSi CK-NAC -is done “SesaZlo gadawvrTnas 
da kunTis dazianebas” Seesabameboda. 
sportsmenTa umetesoba aRniSnavda mudmiv da-

zianebebs TamaSis/orTabrZolis dros, Tumca, 
umetes SemTxvevaSi aRdgena xdeboda 48 an 72 saaT-
Si. orwliani dakvirvebiT, gws sportsmenebSi sru-
li aRdgenis niSnebi ar SeimCneoda. eqokardio-
grafiiT ar gamovlinda gulis sistoluri da 
diastoluri funqciis raime mdgradi cvlilebe-
bi an klinikurad saxifaTo dazianeba. SesaZloa, 
mcire diastoluri cvlilebebi gamowveuli iyos 
varjiSis Semdgomi hemodinamikuri adaptaciiT. 
savaraudoa, rom kardiuli markerebis gazrdili 
maCveneblebi kavSirSia ujredis SeRwevadobis zrda-
sa da kardiuli troponinebis gadinebasTan, ro-
melic gaZlierebulia gws-s mqone sportsmenebSi 
arsebuli oqsidaciuri stresis gamo.
amgvarad, sport-specifikurma intensiurma dat-

virTvebma SesaZloa gamoiwvios ConCxis kunTebis 
zomieri dazianeba da CK-MB da cTnI-s donis gar-
damavali zrda, Seuqcevadi paTofiziologiuri 
da klinikuri Sedegebis gareSe, Tumca, gws sport-
smenebSi gasaTvaliswinebelia oqsidaciuri stre-
sis arsebobiT ganpirobebuli gavlena. monitorin-
gis mizniT bioqimiuri parametrebis cvlilebebis 
gamoyeneba uzrunvelyofs sportuli datvirTvebis 
marTvis, gws-s drouli diagnostikis da afg/gws-s 
progresirebis prevenciis SesaZleblobas. 


